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A New Central Direct Dopaminergic Stimulant: l -(Coumaran-5-yl  Methyl)-4-(2-Thiazolyl) 
Piperazine Hydrochloride (S 3608) 

In 1971, CORRODI, F~JXE and UNGERSTEDT 1 described 
the potent dopamine receptor stimulating properties of 
Piribedil (ET 495) previously studied as a peripheral 
vasod i l a to r  2. T h e  chief  m e t a b o l i t e  of t h e  l a t t e r ,  is a 
ca techol ic  c o m p o u n d  (S 584)3. Th i s  ca techol ic  grouping ,  
wh ich  is also f o u n d  in d o p a m i n e  a n d  a p o m o r p h i n e  
molecules,  would  be  respons ib le  in p a r t  for  t he  dopa-  
minerg ic  a c t i v i t y  of Pir ibedi l ,  as i t  has  been  shown  b y  
COSTALL a n d  ~N'AYLOR'S e x p e r i m e n t s  4. These  resu l t s  
p r o m p t e d  us to  syn thes ize  new c o m p o u n d s  in which  t h e  
m e t h y l e n e d i o x y  group  of E T  495's molecule  would  be  
rep laced  b y  a m o i e t y  w h i c h  could  n o t  be  m e t abo l i z ed  
i n to  a ca techol ic  de r iva t ive .  Th i s  research  ha s  led to  t h e  
t i t le  c o m p o u n d  I I I  (S 3608), wh ich  was syn thes ized  
accord ing  to  t h e  fol lowing scheme : 

/ - - - X  N 

t 

m 

[5 -ch lo romethy l  c o u m a r a n  I (bp 109-110~ u n d e r  0.6 
mm)  n~ 5 1,57105 was  h e a t e d  w i t h  an  excess of 1-(2-thia-  
zolyl) p ipe raz ine  I I  (bp 111-113~ u n d e r  0,5 ram),  a t  
80 ~ for  1 h. 1 - (c0umaran-5-y l -methy l ) -4- (2- th iazo ly l )  
p iperaz ine  (S 3608) I I I ,  h a s  m p  97 ~ (E tOH) .  The  h y d r o -  
chlor ide  of I I I  ha s  m p  216-218~ ( E t O H ) ;  U V  ~[lVIeOH 
n m  (log s) :237 (3,96) 276,5 (4,02) ; p k a  25 ~ (HaO):6,7] .  

S 3608 is a new n e u r o p h a r m a c o l o g i c a l  a g e n t  i nduc ing  a 
p o t e n t  a c t i v a t i o n  of c en t r a l  dopamine rg i c  r ecep to r s  in  t h e  
ra t .  C o n t r a r y  to  Pi r ibedi l ,  S 3608 is devo id  of p o t e n t  
ca rd iovascu la r  proper t ies .  The  LDs0 (mice) of I I I  (hydro-  
chloride) were found  450 (385-527) m g / k g  i.p. a n d  
above  500 m g / k g  p.o. I t s  ac t ion  was s tud ied  us ing  i ts  
s t i m u l a t i n g  p rope r t i e s  on the e x t r a p y r a m i d a l  t r a c t  in t h e  
ra t .  

Methods.  Stereotyped behaviour. Charles  R i v e r  CD c? 
r a t s  (300 g) were used. T he  ERNSt'S r a t i n g  scale 6 was  
chosen.  The  an im a l s  of d i f fe ren t  e x p e r i m e n t a l  g roups  

rece ived  d i f fe ren t  doses of S 3608 (20-40-80  mg/kg) ,  
b y  s.c. route ,  in  w a t e r  solut ion,  or in  o t h e r  groups,  d i f fe ren t  
doses of a p o m o r p h i n e  HC1 ( B o y e r )  (0.3, 0.6, 1.25 a n d  
2.5 mg/kg) .  E a c h  e x p e r i m e n t a l  g roup  cons is ted  of 6 
animals .  The  effects  of each  dose, for t he  two  c o m p a r e d  
subs tances ,  were  success ive ly  s tud ied  on  isola ted r a t s  
(Makrolon cages:  25 • 16 • 14 cm),  a n d  also on  g rouped  
an ima l s  (3 r a t s  in  a Makro lon  cage:  36 • 22 • 18 cm). 

A piece of c o r r u g a t e d  p a p e r  was  p laced  on each  cage ' s  
floor. I n  all  expe r imen t s ,  an ima l s  were i nd iv idua l l y  
scored a t  5 ra in  in te rva l s ,  b y  t h e  same  expe r imen te r ,  
du r ing  1 h.  

Unilateral nigro-neostriatal lesions. Char les  R ive r  CD 
c~ r a t s  (150 g) were used a n d  UNGERSTEDT'S 7 m e t h o d  was  
employed.  Af te r  a p e n t o b a r b i t a l  (50 m g / k g  i.p.) in jec t ion ,  
t h e  h e a d  of t h e  a n e s t h e t i z e d  r a t  was  immobi l i zed  in a 
L P C  s te reo tax ic  device.  The  needle  t ip  of an  H a m i l t o n  
syr inge  (5 ~I) was  inse r t ed  in to  t h e  lef t  s u b s t a n t i a  n ig ra  
site, us ing  t he  fol lowing coord ina te s :  A P  ~- 2.42 m m ;  
H = 2.5 m m ;  L = 1.5 m m  (KONIG a n d  KLIPPELS}; 4 ~zl 
of a 6 -OH d o p a m i n e  (Aldrich) so lu t ion  (8 ~g) were  
i n j ec t ed  in 4 m i n  30 sec. Les ionned  r a t s  were employed  
a f t e r  a 20 days  delay,  a n d  t r e a t e d  w i t h  P i r ibed i l  ~ or 
S 3608. E a c h  r a t  was  i n t r o d u c e d  in a " R o t o m e t e r "  a n d  
t h e  t u r n i n g  b e h a v i o u r  t o w a r d s  t he  r i g h t  side was t h e n  
m e a s u r e d  d u r i n g  30 ra in  a f t e r  i.p. a d m i n i s t r a t i o n  of 
25 m g / k g  of P i r ibed i l  or S 3608. I n  a n o t h e r  expe r imen t ,  
t h e  t o t a l  m e a n  n u m b e r  of t u r n s  was d e t e r m i n e d  d u r i n g  
3 h a f t e r  t he  i.p. i n j ec t ion  of 6 m g / k g  of t he  c o m p a r e d  
compounds .  E a c h  e x p e r i m e n t a l  g roup  cons is ted  of 6 
an imals .  

In f luence  on morphine- induced rigidity.  5 groups  of 8 
r a t s  were used for  t he  ca l cu la t ion  of t h e  ca t a ton igen ic  
EDs0 of m o r p h i n e  HC1. T h e  fol lowing doses of m o r p h i n e  
were 5, 7.5, 11.2, 16.8 and  25.3 m g / k g  (i.p. route) .  An ima l s  
are i nd iv idua l l y  scored 15 a n d  30 m i n  a f te r  in jec t ion .  The  
t o t a l  n u m b e r  of r a t s  in  comple te  c a t a t o n i a  of each  exper -  
i m e n t a l  g roup  was  o b t a i n e d  b y  a d d i t i o n  of t he  two  
m e a s u r e m e n t s  1~ The  ca t a ton igen i c  EDs0 of t h e  analgesic  
was  d e t e r m i n e d  b y  Li tchf ie ld  a n d  Wi lcoxon ' s  me thod .  
I n  d rug  i n t e r a c t i o n  expe r imen t s ,  analgesic  doses were  
iden t i ca l  to  t h o s e  a d m i n i s t e r e d  in  con t ro l  expe r imen t s ,  
b u t  al l  r a t s  were p rev ious ly  t r e a t e d  w i t h  S 3608 (8 m g / k g  
i.p.), 30 m i n  pr io r  to  m o r p h i n e  in jec t ions .  The  ca t a ton i -  
genic EDs0 of m o r p h i n e  modi f ied  b y  c o m b i n a t i o n  w i t h  
3608 was t h e n  ca lcula ted .  I n  o t h e r  c o m p a r a t i v e  exper t -  
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Time 

Intensity of stereotyped behaviour ERNST rating scale. Each 
experimental point is the mean ( ~  SEM) obtained from 6 ani- 
mals, during 60 rain experiments. ID, Apomorphine (1.25 mg/kg, 
s.c. isolated rats. ~,  Apomorphine (1.25 mg/kg, s.c.) grouped rats. 
O, S 3608 (80 mg/kg, s.c.) isolated rats. O, S 3608 (80 mg/kg, s.c.) 
grouped rats. 
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men t s ,  r a t s  were p r e t r e a t e d  w i t h  e rgocorn ine  ( m e t h a n e -  
su l fona te :  5 m g / k g  i.p.), CB 154 (2-Br ~-ergocrypt ine  
mesy l a t e :  5 m g / k g  i:p.) n ,  or y o h i m b i n e  HC1 (Merck) 
(1 m g / k g  i.p.), 20 m i n  before  m o r p h i n e  in jec t ions .  

Results. Stereotyped movements. S 3608 induced  au to -  
m a t i c  m o v e m e n t s  s imi la r  to  those  p roduced  b y  apo-  
m o r p h i n e  (sniffing, l icking),  b u t  less i m p o r t a n t  (b i t ing  
reduced)  (Figure) .  The  s t i m u l a t i n g  effects of apomor -  
p h i n e  a p p e a r e d  dose d e p e n d e n t .  I n  g rouped  animals ,  t h e  
a p o m o r p h i n e  effects (1.25 mg/kg)  was g r e a t l y  e n h a n c e d  
c o m p a r e d  to  t h a t  o b t a i n e d  in i so la ted  ra ts .  On  t h e  con-  
t r a ry ,  S 3608 a t  80 m g / k g  s.c. n e v e r  i nduced  a h i g h  
i n t e n s i t y  c o m p o n e n t  of t he  s t e r eo t yped  ac t iv i ty ,  as 
r epo r t ed  w i t h  Piribedi112,13. T he  i n t e n s i t y  of s t e r e o t y p y  
was n o t  e n h a n c e d  b y  increas ing  t h e  dosage over  40 mg/kg,  
or b y  g roup ing  animals .  F u r t h e r m o r e ,  S 3608 even  a t  
80 m g / k g  did  n o t  induce  ag res s iv i ty  in  g rouped  rats ,  
c o n t r a r y  to  a p o m o r p h i n e  a t  2.5 m g / k g  (Figure).  

Rotations. S 3608 a n d  P i r ibed i l  (25 m g / k g  i.p.) i nduced  
a t u r n i n g  behav iour ,  c o n t r a l a t e r a l  to  t he  lef t  les ionned 
n ig ro -neos t r i a t a l  t r ac t .  T he  t o t a l  n u m b e r  of t u r n s / r a t  • 
SE were r e spec t ive ly  in 30 m i n  = 222 • 92 a n d  214 • 84 
(n = 6). The  same  c o m p o u n d s  a d m i n i s t e r e d  a t  6 m g / k g  
i.p., i nduced  in 3 h a t o t a l  n u m b e r  of r o t a t i o n s  of 1151 
(-t-370) and  957 (~ 261) for  S 3608 a n d  Pir ibedi l ,  respec-  
t i ve ly  (n = 6). The  effect  of t he  two  subs t ances  a p p e a r e d  
s imi lar  on  t h e  r o t a t i o n  model  a n d  was of a long du ra t i on .  

Interaction with morphine catatonia. The  ca t a ton igen i c  
EDs0 of m o r p h i n e  a lone was 8.2 m g / k g  (6-11).  Af te r  a 
p rev ious  t r e a t m e n t  w i t h  S 3608 (8 mg/kg) ,  t he  m o r p h i n e  
induced  r ig id i ty  was modif ied,  a n d  t he  EDs0 va lue  was 
27.3 m g / k g  (15-47) (p < 0.05). On t he  o t h e r  h a n d ,  
ergocornine ,  CB 154 a n d  y o h i m b i n e  gave  ev idence  of 
a n t a g o n i s t i c  proper t ies . .  I n  these  expe r imen t s ,  t he  new 
ca t a ton igen i c  EDs0 of m o r p h i n e  were respect ive ly ,  38 mg/  
kg  (18-79), 23.5 mg /kg  (13-40) a n d  23.3 m g / k g  (12-43) 
(p < 0.05). 

Conclusion. The  cen t r a l  s t i m u l a t i n g  effect  of S 3608 
in t he  r a t  induced  a s t e r eo t yped  b e h a v i o u r a l  response,  
s imi la r  to  t h a t  of apom or ph i ne .  T he  i n t e n s i t y  of s t imula -  
t ion  was sel f - l imited and  inc reas ing  t he  dosage of S 3608 
above  40 m g / k g  d id  n o t  mod i fy  t he  response.  T he  s tereo-  
t y p e d  response  was on ly  e n h a n c e d  in h ighe r  doses in t he  
case of apomorph ine .  On t he  con t r a ry ,  these  changes  were 
n o t  obse rved  w i t h  S 3608 i n d i c a t i n g  t he  cen t r a l  s t i m u l a n t  

effect  is d i f fe ren t  in  n a t u r e  or  i n t ens i t y .  S 3608 a n d  
P i r ibed i l  i nduced  t u r n i n g  in ra ts ,  c o n t r a l a t e r a l  to  a lesion 
in  t h e  s u b s t a n t i a - n i g r a .  The  2 c o m p o u n d s  h a v e  a su s t a ined  
effect, t h e  c en t r a l  dopamine rg i c  s t i m u l a n t  p o t e n c y  be ing  
comparab l e .  S 3608 exe r t ed  a de l ay  on  t he  onse t  of 
m o r p h i n e  c a t a t o n i a ,  mod i fy ing  t h e  EDs0 of t he  analgesic .  
E rgoco rn ine  a n d  CB 154 b e h a v e d  as power fu l  a n t a g o n i s t s  
on  m o r p h i n e  c a t a t o n i a ,  t h e  fo rmer  c o m p o u n d  induc ing  
p e r i p h e r a l  n e u r o v e g e t a t i v e  signs, b u t  t h e  a n t a g o n i s t i c  
effect  of CB 154 was obse rved  w i t h o u t  a n y  v e g e t a t i v e  
signs. Y o h i m b i n e  modi f ied  t he  m o r p h i n e  r ig idi ty ,  i nd i ca t -  
ing t h a t  a b lock  of t h e  cen t r a l  s y m p a t h e t i c  a c t i v i t y  m a y  
be  de t ec t ed  in t he  m o r p h i n e  model ,  as well  as a s t rong  
d i rec t  dopamine rg i c  s t i m u l a n t  effect. 

The  d a t a  s u p p o r t  t h e  h y p o t h e s i s  t h a t  S 3608 is a new 
d i rec t  c en t r a l  d o p a m i n e  s t i m u l a n t ,  d i f fe ren t  f rom apo-  
morph ine ,  q u a l i t a t i v e l y  a n d  q u a n t i t a t i v e l y .  In  t he  ro t a -  
t i on  model ,  t he  p o t e n c y  of s t i m u l a t i o n  is s imi la r  to  t h a t  of 
Pi r ibedi l .  F u r t h e r  e x p e r i m e n t s  are  in progress  to  e luc ida te  
t he  m e c h a n i s m  of ac t ion  of S 3608 on  cen t r a l  dopamine rg i c  
a n d  no rad rene rg i c  mechan i sms .  

Rdsumd. Le S 3608 El - (coumaran-5-y l  m6thyl ) -4- (2-  
th iazolyl )  pip6razineJ p r o d u i t  une  i m p o r t a n t  a c t i v a t i o n  
des r6cep teurs  c e n t r a u x  de d o p a m i n e  chez le ra t .  Les 
r6su l t a t s  p e r m e t t e n t  de fo rmule r  l ' h y p o t h 6 s e  d ' u n  mdca-  
n i sme  d ' a c t i o n  d i r ec t  a u x  doses faibles.  
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Ultrastructural Changes in the Neural Lobe of the 

Since 1952 1 and  19552 t h e r e  h a v e  been  r epo r t s  on  t he  
i n h i b i t o r y  role of amines  on  t he  release of an t i d iu r e t i c  
ho rmone .  The  h i s tochemica l ly  d e m o n s t r a b l e  aminerg ic  
i n n e r v a t i o n  of t he  neu rosec re to ry  cells in  t he  s u p r a o p t i c  
nucleusa,  4 or t h e  d i rec t  amine rg ic  i n n e r v a t i o n  of t he  
neu ra l  lobe 5 are b o t h  l ikely si tes for in f luenc ing  n e u r o n a l  
control .  The  o b s e r v a t i o n  t h a t  reserp ine  deple tes  neuro -  
sec re to ry  granules  f rom t h e  neu r ons  of sup raop t i c  
nuc leus  4 led us to  s t u d y  f u r t h e r  t h e  effect  of reserp ine  on  
t h e  u l t r a s t r u c t u r e  of t h e  neu ra l  lobe. 

The  dosages of reserpine,  Serpasi l  | (Ciba), were t hose  
genera l ly  used for  dep le t ion  of amines  f rom t he  b r a i n  
t issue. Serpasi l  | was  in jec ted  i.p. in  10 mg/kg ,  5 mg/kg ,  
2.5 mg/kg ,  and  1 m g / k g  dosages  24 h before  ki l l ing t h e  
rats .  28 ma le  a lb ino  t a t s  of Sp rague -Dawley  s t ra in ,  weigh-  
ing a b o u t  200 g, were used for t h e  p r e s en t  s tudy .  Gomor i ' s  
c h r o m - a l u m  h a e m a t o x y l i n  s t a in ing  6 for neu rosec re to ry  
m a t e r i a l  was  pe r fo rmed  on t h e  n e u r a l  lobes of 2 r a t s  in  

Rat Pituitary Induced by Reserpine Treatment 

eve ry  dosage group  a n d  on  4 controls .  The  o t h e r  r a t s  
were per fused  v ia  t he  lef t  ven t r i c l e  w i t h  2 .5% g lu ta ra l -  
d e h y d e  0.1 M p h o s p h a t e  buf fe r  so lu t ion  for 15 min .  The  
neu ra l  lobes were t h e n  excized a n d  i m m e r s i o n  f ixed for  
4 h in t he  same f ixa t ive ,  pos t f ixed  in 1% OsO 4 for  1 h,  
d e h y d r a t e d  and  e m b e d d e d  in Epon-Ara ld i t e .  T h e  u l t r a -  
t h i n  sect ions  were s t a ined  w i t h  lead c i t r a t e  r a n d  u r a n y l  
a ce t a t e  s. 
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