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Effects of Penfluridol  on Dopamine-Sens i t ive  Adenylate Cyclase in Corpus Str iatum and 
Substantia Nigra  of Rats 
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Summary. Penfluridol ,  a neurolept ic  wi th  d ipheny lbu ty l  p iper idine s t ructure ,  b locked the  dopamine-sens i t ive  adeny la t e  
cyclase in homogena tes  of corpus s t r i a tum and  subs t an t i a  nigra of rats ,  p robab ly  by  a compet i t ive  an tagon i sm versus 
dopamine.  

Since the  d iscovery  of COURVOISIER et  al. ~ t h a t  chlor- 
p romazine  blocks the  effects of adrenal ine  on blood pres-  
sure, m a n y  studies  were pe r fo rmed  to evaluate  t he  molec- 
ular mechan i sm of the  act ion of neuroleptics.  P r o b a b l y  a 
blockade of cent ra l  dopamine  receptors  seems to  be of 
par t icu lar  re levance for the i r  neurolept ic  and  anti-  
psychot ic  effects 3. This b lockade seems to occur by  a 
compet i t ive  mechan i sm agains t  dopamine  4, no t  only  in- 
duced by  phenothiaz ines ,  bu t  also by  bu ty ropheno n es  
and the  d ipheny lbu ty l  p iper idine der iva t ive  pimozide.  
However ,  all these  neurolept ics  have  o ther  effects in ad- 
d i t ion to the  b lockade of dopamine  receptors .  E v e n  
pimozide,  which  for some t ime was regarded as the  
'pures t '  dopaminerg ic  blocker,  has  effects on noradren-  
ergic 5 and serotoninergic  6 mechanisms.  On the  o ther  
hand,  N o s e  and TAKEMOTO 6, bas ing on a series of experi-  
ments ,  suggested t h a t  penfluridol ,  a compound  of the  
d ipheny lbu ty l  p iper id ine  series, migh t  block dopamine  
receptors  selectively. I t  seemed,  therefore,  of in te res t  to 
s t u d y  the  in te rac t ions  of this  drug wi th  dopamine  on the  
adeny l te  cyclase in two i m p o r t a n t  areas of the  ex t ra-  
py ramida l  sys tem,  name ly  in the  corpus s t r i a t um and 
tim subs t an t i a  nigra. The dopamine-sens i t ive  adeny la te  
cyclase seems to  be the  in vi t ro  sys t em mos t  appropr ia te  
for s tudy ing  subcellular  mechan i sms  of neuroleptics.  

Materials and methods. Male albino Wis t a r  ra ts  (TNO/ 
W70, F. "Winkelmann, D-4791 Borchen) of 150 200 g 
were used. The ra ts  were decap i t a t ed  and the  s t r ia ta  or 
subs tan t i ae  nigrae were rap id ly  prepared,  weighed and 
gen t ly  homogenized  by  hand  ill a glass homogenizer  wi th  
a tef lon pest le  in ice-cooled 50 volumes (w/v) (striata) or 
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a) Stimulation by dopamine of the adenylate cyclase in homogenates 
of rat striata in control tissue (continuous line) or in presence of 3 
~zM penfluridol (dotted line). Abscissa: dopamine concentration 
<*p.M~ b ordinate: stimulation of cyel. AMP synthesis during 5 rain 
by dopamine <,pmoles cycI. AMP/rag tissue ~ S. E. M.~L N is in- 
dicated by the numbers in brackets. Basal activities in controls: 
74.0 ~ 1.8, in penfluridobtreated tissue: 74.0 ~_ 1.9 pmoles cycl. 
AMP/rag tissue. Significances: p < 0.001 at 10 and 100 [zM dopa- 
mine r n, ~, at 300 ~M dopamine (Studeat's t-test), 

20 volumes (subst. nigrae) of 2 m M  tris-(hydroxymethyl)- 
aminoe thane  malea te  buffer  (pH --  7.4). The ac t iv i ty  of 
tile dopamine-sens i t ive  adeny la te  cyclase was e s t ima ted  
by a sl ight  modif ica t ion of the  m e t h o d  of CLEMENT- 
CORMIZER e t a l .  4, as descr ibed e lsewhereL the  concent ra -  
t ion of cycl. AMP by  GILMAN'S prote in  b ind ing  assay s. 
I t  was necessary  to pool the  subst ,  nigrae of a t  least  3 
animals  for one es t imat ion.  

Results and discussion. In  homogena tes  of ra t  s t r ia ta ,  
dopamine ,  as expected,  s t imula ted  the  synthes is  of cycl. 
AMP in a dose -dependen t  m a n n e r  (figure, a). A very  
similar dose-re la t ionship  of dopanl ine  occurred in h o m o -  
genates  of the  subs t an t i a  nigra (figure, b), indica t ing  a 
similar p o t en cy  of dopamine  in s t r ia ta l  and nigral  tissue. 
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b) Stimulation by dopanfine of the adenylate cyclase in homogenates 
of the substantia nigra of rats in control tissue (continuous line) or 
in presence of 3 btM penfluridol {dotted line). Basal activities in con- 
trols: 10.28 -~ 0.40, in penfluridol-treated tissue: 9.40 4- 0.34 pmoles 
oycI. AMP/mg tissue. Significanees: p < 0.001 at 10 and p < 0.005 
at 100 IxM dopamine~ n, s, at 300 ~zM dopamine (Student's l-test), 
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However ,  the  max ima l  s t imula t ion  in nigral t issue was 
only abou t  one - t en th  of t h a t  in s t r ia ta l  tissue. Penf lur idol  
inhib i ted  the  dopamine-sens i t ive  adeny la te  cyclase in 
bo th  bra in  areas in a similar way,  inducing a shif t  of the  
dose-response-curve  to the  r ight .  

These results  clearly indica te  the  occurrence of a dop- 
amine - s t imu la t ed  adeny la te  cyclase in the  subs tan t i a  
nigra of rats.  This obse rva t ion  is in good ag reemen t  wi th  
t h a t  publ i shed  by  PHILLIPSON and Hor~N 9, jus t  when  our 
manusc r ip t  was in p repara t ion .  The dopamine  receptors  
in b o t h  brain  regions seem to have  a similar aff ini ty  for 
dopamine .  The reason for t he  difference in the  eff icacy 
of dopamine  migh t  be e i ther  a difference in the  dens i ty  
of dopamine  receptors  in b o t h  regions or a difference in 
t he  t ransmiss ion  f rom the  receptors  to the  enzyme.  If  
the  t heo ry  is correct  t h a t  dopamine ,  released f rom den-  
dr i tes  of dopaminergic  neurones  in the  subs tan t i a  nigra, 
again reacts  wi th  dopaminerg ic  neurones  ~0-~2 (in con t ras t  
to the  nerve  endings,  where  dopamine-sens i t ive  adenyla te  
cyclase p robab ly  reflects the  react ion of dopamine  wi th  
receptors  a t  non-dopaminerg ic  neurones),  t h e n  the  dop- 
amine-sens i t ive  adeny la te  cyclase seems to p lay  a role in 
au to - inh ib i to ry  act ions of dopamine ,  released f rom the  
dendr i tes  and act ing on dopaminerg ic  neurones,  or iginat-  

ing in the  subs t an t i a  nigra. I t  is t e m p t i n g  to  specula te  
t h a t  an adeny la te  cyclase sys t em migh t  also play a role 
in dopamine  receptors ,  located p resynap t i ca l ly  a t  the  
nerve  endings  in dopaminerg ic  neurones  ( 'autoreceptors ' ) ,  
a l though  the  bulk of cycl. A ~ P ,  fo rmed af te r  s t imula t ion  
by  dopamine ,  seems to be located pos t synap t i ca l ly  t~ and  
hence  m i g h t  mask  the  small  a m o u n t  of cycl. AMP, formed 
presynapt ica l ly .  

Penflur idoI  is a p p a r e n t l y  a compet i t ive  inhibi tor  of 
dopamine  in b o t h  brain  regions, since it induces a parallel-  
shif t  of t he  dose-response-curves  of dopamine  to the right.  
A L ineweave r -Burk -p lo t  of our resul ts  (which is no t  
shown here) clearly suppor t s  these  conclusions.  
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P o t e n t i a t i o n  by  T a u r i n e  of the  I n o t r o p i c  Effect  of O u a b a i n  and  the  C o n t e n t  of I n t r a c e l l u l a r  Ca ++ a n d  
T a u r i n e  in the  H e a r t  
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Summary. U n d e r  cer ta in  condi t ions ,  taur ine  (3.0 mM) po t en t i a t ed  cardiac  contract i le  response  to ouabain  in the  normal  
medium.  The po ten t i a t i on  by  taur ine  was also observed in the  low K+ medium,  in which the  posi t ive inotropic  effect  
of ouabain  increased. The po t en t i a t i on  as seen in b o t h  media  was, a t  [east in par t ,  due to the  increase by  taur ine  of 
Ca++ c o n t e n t  in the  hear t .  Taur ine  in the  hea r t  was no t  d i rec t ly  re la ted  to th is  po ten t ia t ion .  

Taurine is p resen t  in m a m m a l i a n  hear t s  in large quan-  
t i t ies  2-~, and the  concen t ra t ion  of myocardia l  taur ine  can 
be al tered by  some diseases 5-7 and  drugs 7; its funct ion in 
the  hear t ,  however ,  has  long been unknown.  At  present ,  
t aur ine  is known to p o s s e s s  an a n t i a r r h y t h m i c  effect. 
For  ins tance,  READ and NV~LTV 8 repor ted  t h a t  i .v.  tau-  
r ine depressed the  deve lopmen t  of ep inephr ine- induced  
ven t r icu la r  p r ema tu re  con t rac t ion  and s topped  digoxin- 
induced  a r r h y t h m i a s  in vago tomized  dogs. In  addi t ion,  
the  p re sen t  au thors  showed t h a t  taur ine  p r even t ed  the  
pro longa t ion  of P R intervals  caused by  acute ly- infused 
ouabain  in rats  ~, and the  T wave-d i sappearance  in the  
guinea-pig  t r ea ted  chronical ly  w i th  digi toxin  ~~ Unlike 
the  effect  of taur ine  in whole animals ,  in isolated hear t s  
taur ine  increased cont rac t i le  response  to s t r ophan t h i n -  
K 11 and inhib i ted  a decrease of contract i le  force by  Ca ~+- 
free media  12. 

Ca ++, an i m p o r t a n t  ion in an exc i t a t ion-con t rac t ion  
coupling, was shown to be t aken  up more ex tens ive ly  in 
t he  t au r ine - t r ea t ed  hea r t  t h a n  in the  cont roN 2 and wi th  
the  sarcoplasmic re t icu lum isolated f rom ra t  skeletal  
muscle,  t aur ine  slowed a ra te  of loss of Ca ++ t r a n s p o r t  
caused by  phosphol ipase  C ~a, suggest ing t h a t  taur ine  was 
act ing as a m e m b r a n e  stabilizer.  

We therefore  a t t e m p t e d  to f ind whe the r  or no t  the  
po t en t i a t i on  by  taur ine  of the  posi t ive  inotropic  effect  of 
ouaba in  paralleled changes  in intracel lular  Ca ++ and  tau-  
r ine con ten t s  irl isolated h e a r t  p repara t ions .  In  addi t ion,  

since the  inotropic  response to ouabain  was increased in 
a low K+ medium14, i t  was also examined  whe the r  or no t  
taur ine  could p o t e n t i a t e  fu r ther  the  ouaba in- induced  
ino t rop i sm in the  medium.  
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