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A N e w  I n h i b i t o r  o f  D e c a r b o x y l a s e  o f  A r o m a t i c  
A m i n o  A c i d s  

The  m a i n  c o m p o u n d s  so far  k n o w n  to i nh ib i t  (lecar- 
boxylase  of a r o m a t i c  a m i n o  acids are caffeic acid deri-  
va t i ve sL  a - m e t h y l a t e d  a r o m a t i c  a m i n o  acids, and  car-  
bonyl  r eagen t s  '~. For  the  f irst  group,  in vivo i nh ib i t i on  
of deca rboxy la se  ha s  been  d e m o n s t r a t e d  on ly  by  indi rec t  
me thods  ( reduc t ion  of t h e  3 ,4 - d i hyd r ( l xypheny l - a l an i ne -  
induced  rise in bh)od pressure  of p i thed  ca ts  a or ra tsa) .  
a - M e t h y l a t e d  a r o m a t i c  a m i n o  acids,  e.g. a - m e t h y l - 3 , 4 -  
d i h y d r o x y - D L - p h e n y l a l a n i n e ,  = - m e t h y l - m - t y r o s i n e  seem 
to release m o n o a m i n e s  a n d  to i nh i b i t  deca rboxy la se  a ~. 
C a r b o n y l  reagen t s ,  e.g. isoniazid",  hydroxy lamine~° ,  are 
weak  inh ib i t o r s  a n d  in te r fe re  p r o b a b l y  on ly  wi th  the  
c o e n z y m e  p y r i d o x a l - 5 ' - p h o s p h a t e  u 1~. P o t e n t  in vivo 
inh ib i t o r s  of d e c a r b o x y l a s e  w i t h o u t  f u r t h e r  inf luence on 
m o n o a m i n e  m e t a b o l i s m  are the re fo re  of d i s t i nc t  in te res t .  
The  r ecen t ly  descr ibed  N - ( 3 - h y d r o x y b e n z y l ) - N - m e t h y l -  
h y d r a z i n e  (NSD 1034) is a s t rong  in vivo i n h i b i t o r  of 
deca rboxy lase ,  b u t  still  in te r fe res  to  some e x t e n t  wi th  
m o n o a m i n e  ox idase  ~'~, 1~ 

The  p re sen t  c o m m u n i c a t i o n  deals  w i th  N-(DL-sery l ) -  
N'-(2,  3, 4 - t r i h y d r o x y b e n z y l ) - h y d r a z i n e  (Ro 4-4602) (I) ~, 
a new and  p o t e n t  d e c a r b o x y l a s e  inh ib i to r ,  which  is no t  
inf luenced  b y  p y r i d o x a l - 5 ' - p h o s p h a t e  a n d  which  has  n(i 
effect  on  m o n o a m i n e  ox idase  in bra in .  

~,fethods. In  vitro: S u p e r n a t a n t  of homogen ized  hog  
k i d n e y  cor t ex  or  r a t  k i d n e y  w i th  or  w i t h o u t  add i t i on  of 
p y r i d o x a l - 5 ' - p h o s p h a t e  was i n c u b a t e d  wi th  3 ,4-d ihy-  
d r o x y p h e n y l a l a n i n e  and  5 - h y d r o x y t r y p t o p h a n  respec- 
t ive ly .  D e c a r b o x y l a t i o n  was m e a s u r e d  m a n o m e t r i c a l l y  
{CO~ fo rma t ion )  or b y  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  
of the  newly  formed amines  TM as desc r ibed  ear l ier  ~9. In  
some e x p e r i m e n t s  a m i x t u r e  of 10 ml  s u p e r n a t a n t  of r a t  
k i d n e y  a n d  Ro 4 4602 (final c o n c e n t r a t i o n  10 ~ 31) was 
twice  d ia lyzed  a g a i n s t  2 1 of p h o s p h a t e  buf fe r  (pH 6.S) 
w i t h i n  24 h. 

I n  vivo: F e m a l e  \Vis t a r  r a t s  of 60 80 g were p r e t r e a t e d  
w i th  Ro 4-4602 a n d  d e c a p i t a t e d  in o rder  to c a r r y  o u t  
t he  fol lowing m e a s u r e m e n t s :  (a) I )eca rboxylase  a c t i v i t y  
in t he  s u p e r n a t a n t  of b r a i n  or k idney  as i nd ica t ed  above .  
(b) M o n o a m i n e  oxidase  a c t i v i t y  in t o t a l  h o m o g e n a t e  of 
b r a i n  as  descr ibed  before  2°. (c) 5 - H y d r o x y t r y p t a m i n e  
a n d  c a t e e h o l a m i n e s  of va r ious  o rgans  b y  s p e c t r o p h o t o -  
f luo romet r i c  p rocedures  'zm2. U n t r e a t e d  r a t s  se rved  as 
cont ro ls .  

Results and Discussion. In  vitro: 10-~ 51 Ro 4-4602 
d i m i n i s h e d  d e c a r b o x y l a s e  a c t i v i t y  to  a b o u t  50% if 
i n h i b i t o r  and  s u b s t r a t e  ( 5 - h y d r o x y t r y p t o p h a n ,  I).05 211) 
were added  s imu l t aneous ly .  Add i t i on  of py r idoxa l -5 ' -  
p h o s p h a t e  was w i t h o u t  effect  on  the  inh ib i t ion ,  wh ich  
sugges ts  t h a t  Ro  4-4602  does no t  ac t  t h r o u g h  in ter -  
ference w i t h  t he  coenzyme.  

P r e i n c u b a t i o n  of t he  e n z y m e  t o g e t h e r  w i th  the  inhi-  
b i t o r  w i t h o u t  s u b s t r a t e  ( 5 - h y d r o x y t r y p t o p h a n )  in- 
c reased  d e c a r b o x y l a s e  i nh ib i t i on  progress ive ly  for 2 h. 
This  rise ha s  p r o b a b l y  to be  a t t r i b u t e d  to hydro lys i s  of 
the  seryl  h y d r a z i d e  l ink,  since t he  i n h i b i t i o n  caused  b y  
2, 3, 4 - t r i h y d r o x y b e n z y l h y d r a z i n e  (I1)17 ( a r a l ky l - hyd r a -  
zinc p a r t  of R o  4-4602  (I)) was  no t  progress ive .  
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Fig. I .  Inh ib i t ion  of 3, I < l i h y d r o x y p h e n y l a h m i n ( ,  de ( ' a rboxyhdi ( )n  in 
r a t  b r a i n  in vivo with  0.nd w i t h o u t  c o e n z y n w  addi t i (m to the  ill- 
cuba t i (m  m e d i u m .  Ordomtc: ]ef t :  e n z y m e  a c t i v i t y  (f l)rmati(m of :~- 
h y d r o x y t y r a m i n e  in y.M/~/h);  r i g h t :  inh ib i t ion  in % a,~ c o m p a r e d  t~ 
u n t r e a t e d  con t ro l s .  Abscissa: i .p. dose of R ,  | - I~o2  I h p r io r  to  
d e c a p i t a t i o n  ( l oga r i t hmic  scale).  I'ertical lines: s t a n d a r d  e r rors  of 
Ill(qlll valllOS. T|I(" lll('llll valll('~; aro ( ler ived fr()lll *~- |  I) ('XpOFillllqlI'- (11~ 

i n d i c a t e d  on the  top) ,  each  wi th  5 pooh,d  brain~.  
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Dia lys is  of s u p e r n a t a n t  a n d  Ro  4-4602  a g a i n s t  phos -  
p h a t e  buf fe r  d id  no t  s ign i f i can t ly  r educe  t he  i n h i b i t i o n  
of 3 , 4 - d i h y d r o x y p h e n y l a l a n i n e  d e c a r b o x y l a t i o n  ( inh ib i -  
t i on  w i t h o u t  d ia lys i s  : 89 4- 4% ; i n h i b i t i o n  a f t e r  d ia lys i s  : 
78 4- 2 % ,  p >  0.0l) .  

In  vivo: I n t r a p e r i t o n e a l  i n j e c t i o n  of 30-200 ~M/kg 
R o  4-4602 induced  m a x i m a l  i n h i b i t i o n  of 3, 4 - d i h y d r o x y -  
p h e n y l a l a n i n e  d e c a r b o x y l a t i o n  in  b r a i n  a n d  k i d n e y  
w i t h i n  20-60 rain.  T h e  d e c a r b o x y l a s e  a c t i v i t y  was  
r e s to red  a f t e r  a b o u t  3 days  w i t h  a n d  w i t h o u t  a d d i t i o n  
of p y r i d o x a l - 5 ' - p h o s p h a t e .  W i t h i n  1 h a 50% i n h i b i t i o n  
of deca rboxy la se  was o b t a i n e d  b y  42 ~M/kg Ro 4-4602  
(cor responding  to  a b o u t  12 mg/kg)  in  b r a i n  (Figure)  a n d  
b y  0.5 ~M/kg Ro 4-4602  in k idney .  A d d i t i o n  of pyr i -  
d o x a l - 5 ' - p h o s p h a t e  to  t he  i n c u b a t i o n  m e d i u m  h a d  no  
in f luence  on  t h e  effect  of t h e  inh ib i to r .  

M o n o a m i n e  ox idase  a c t i v i t y  in  b r a i n  was n o t  i n h i b i t e d  
s ign i f i can t ly  (p < 0.01) w i t h i n  16 h a f t e r  i.p. app l i c a t i on  
of doses as h i g h  as 1.0 m b ! / k g  (293 mg/kg)  Ro  4-4602.  
• Accord ing  to  t h e  a b o v e - m e n t i o n e d  resul ts ,  R o  4-4602  

p r o b a b l y  i n h i b i t s  d e c a r b o x y l a s e  in vivo. I t  can,  however ,  
n o t  be  exc luded  t h a t  a n  in vitro effect  m i g h t  be invo lved .  
Ro  4 -4602  p r e s e n t  in  t h e  b lood  a n d  t h e  ex t r ace l l u l a r  
f luid poss ib ly  causes  or  e n h a n c e s  d e c a r b o x y l a s e  i n h i b i t i o n  

Effect of repeated i.p. administration of Ro 4-4602 (6 x 500 mg]kg 
within 4 days) on catecholamine and 5-hydroxytryptamine content 

of various organs. 

Endogenous monoamines in ~/o of controls 
Catecholami0es 5-Hydroxytryptamine 

Mice Brain 88 4- 5 ~ 58 4- 6 
Heart 48 4- 5 

Guinea pigs Brain 64 4- 5 64 =~ 6 
Heart 41 4- 10 
Duodenum 65 4- 8 
Adrcnals 26 4- 5 

0.01 <~ p ~ 0.05; p of all other values ~ 0.01. 

on ly  a f t e r  h o m o g e n i z a t i o n  of t he  t issues,  whe reas  in vivo 
t h e  p e n e t r a t i o n  of t h e  d r u g  to  t h e  si te  of t he  enzyme 
m i g h t  be  h inde red .  

P r e l i m i n a r y  m e a s u r e m e n t s  of t h e  5 - h y d r o x y t r y p t a -  
m i n e  a n d  c a t e c h o l a m i n e  c o n t e n t  of va r i ous  organs 
showed,  however ,  t h a t  Ro  4-4602  h a s  a t  l eas t  some 
a c t i v i t y  in vivo. Thus ,  a f t e r  single a n d  r e p e a t e d  doses 
of t he  c o m p o u n d  t h e  level  of t he  a m i n e s  in  different  
t i ssues  decreased  (Table) .  F u r t h e r m o r e ,  t he  increase  of 
5 - h y d r o x y t r y p t a m i n e  in  h e a r t  a n d  b r a i n  i n d u c e d  b y  5- 
h y d r o x y t r y p t o p h a n  could  be  c o m p l e t e l y  i n h i b i t e d  by  
1~o 4-460223. These  effects  are  p r o b a b l y  p roduced  by  
i n h i b i t i o n  of t he  d e c a r b o x y l a t i o n  of t h e  m o n o a m i n e  
precursors ,  such  as 5 - h y d r o x y t r y p t o p h a n  a n d  3,4-di- 
h y d r o x y p h e n y l a l a n i n e .  I t  r e m a i n s  to  be  e luc ida ted  why  
r e p e a t e d  h i g h  doses of lZo 4-4602  dec reased  t h e  con t en t  
of endogenous  m o n o a m i n e s  on ly  mode ra t e ly .  The  follow- 
ing  e x p l a n a t i o n s  h a v e  to  be  cons ide red :  (a) On ly  a small  
f r ac t i on  of t h e  deca rboxy la se  a c t i v i t y  ava i l ab le  in  no rma l  
t i s sues  m i g h t  be  suff ic ient  for t he  phys io logica l  r a t e  of 
d e c a r b o x y l a t i o n .  (b) T h e  a m i n e  s tores  c a n n o t  be  com- 
p le t e ly  dep le ted  desp i te  m a r k e d  r e d u c t i o n  of mono-  
a m i n e  fo rma t ion .  

Zusammen/assung. N-(D L- Seryl)-N'-( 2, 3, 4- t r ihydroxy-  
b e n z y l ) h y d r a z i n  (Ro 4-4602)  b e w i r k t  in vitro s ta rke  
H e m m u n g  de r  Deca rboxy lase ,  die d u r c h  Pyr idoxa l -5 ' -  
p h o s p h a t  n i c h t  u n d  d u r c h  Dia lyse  n u r  w e n i g  ver-  
m i n d e r t  w e r d e n  k a n n .  N a c h  i.p. A p p l i k a t i o n  de r  Sub-  
s t a n z  k o m m t  es zu s t a r k e r  V e r m i n d e r u n g  de r  D e c a r b o x y -  
l a s e - A k t i v i t ~ t  u n d  zu m~ss iger  H e r a b s e t z u n g  yon  5-Hy- 
d r o x y t r y p t a m i n  u n d  N o r a d r e n a l i n  in  v e r s c h i e d e n e n  Or- 
ganen .  M o n o a m i n o x y d a s e  des Geh i rn s  wi rd  in vivo d u t c h  
t~o 4-4602  n i c h t  bee inf luss t .  

W.  P. BURKARD, K. F. GEY, a n d  A. PLETSCHER 
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T h e  Golgi Apparatus in the Male Germ-Cells o f  

Vaginu la  ( P u l m o n a t a )  

NATH 1, in  h i s  rev iew of work  on  spe rmatogenes i s ,  
refers  to  m y  p a p e r  on  t h e  s pe r m a t ogenes i s  of VaginulaZ 
(a p u l m o n a t e )  a n d  s t a t e s  t h a t  t h e  Golgi  b o d y  desc r ibed  
b y  me  as such  is n o t  Golgi  b o d y  ' a s  all t h e  o t h e r  p rev ious  
workers  on  t h e  s p e r m a t o g e n e s i s  of t he  p u l m o n a t e  gas t ro -  
pods  h a v e  desc r ibed  t he  Golgi  b o d y  as a d i c t y o s o m e ' .  
He  refers  to  h i s  ear l ie r  v i ew a t h a t  t he  inc lus ion  I h a v e  
desc r ibed  as Golgi  b o d y  is a c h r o m a t o i d  body .  I t  is 
d i f f icul t  to  m a k e  ou t  w h a t  ha s  led NATH to  ho ld  th i s  
view. Is  i t  because  I f ind  t h i s  b o d y  to  be  sphe r i ca l  r a t h e r  
t h a n  p la te- l ike  ? If  t h e  b o d y  I h a v e  desc r ibed  is n o t  a 
Golgi body ,  t h e n  th i s  organel le  m u s t  be  r e p r e s e n t e d  b y  
some o t h e r  cy top l a smic  inclus ion.  T he  i l l u s t r a t ions  in  
m y  ful ler  p a p e r  4, to  w h i c h  NATH does n o t  refer,  m a k e  i t  
a b u n d a n t l y  c lear  t h a t  t h e r e  is no  o t h e r  c y t o p l a s m i c  b o d y  
w h i c h  can  be  t a k e n  to  r ep re sen t  t h e  Golgi  a p p a r a t u s .  
Sure ly  NATH would  n o t  go to  t he  l e n g t h  of t h i n k i n g  t h a t  
t h e r e  is no  Golgi  b o d y  in  t he se  cells a t  all. Also, m y  
s k e t c h  of t h e  Golgi  a p p a r a t u s  of Vaginula 4 shows i t  

to  be s t r u c t u r a l l y  s imi la r  to  t he  Golgi  e l e m e n t s  of o the r  
p u l m o n a t e s  as desc r ibed  b y  GATENBY, BAKER et  al. I t  is 
co r rec t  t h a t  I f ind  i t  spher ica l  r a t h e r  t h a n  a f l a t  p la te le t ,  
b u t  so does BAKER 5, in Helix. I h a v e  aga in  s tud ied  the  
s p e r m a t o c y t e s  of Vaginula w i t h  p h a s e - c o n t r a s t  micro-  
scopy  a n d  f ind  I c a n  on ly  con f i rm  m y  p rev ious  descrip-  
t ion .  

NATH f u r t h e r  s t a t e s  t h a t  to  t he  b e s t  of h is  knowledge  I 
a m  t h e  o n l y  w o r k e r  ' w h o  ha s  den ied  a n y  connec t ion  
b e t w e e n  t he  ac rosome  a n d  t h e  Golgi  c o m p l e x ' .  This  is 
incorrec t .  One of t h e  works  l i s ted  b y  NATH in  his  references  
is BAKER'S p a p e r  on  Helix ~, in  w h i c h  he  c lear ly  s ta tes  
t h a t  t he re  is no  c o n n e c t i o n  b e t w e e n  t h e  Golgi  a p p a r a t u s  
a n d  ac rosome- fo rma t ion .  BAKER 5 (p. 303} s t a t e s  ' t h e  
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