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die Mikrosomen der so rasch wie m6glich e n t n o m m e n e n  
Lebern  nach  vorher iger  Per fus ion  mi t  0,9%ig. Kochsalz-  
16sung gewonnen  6 und  der  mikrosomale  Gehal t  an 
Cytochrom P450 b e s t i m m t  ~. 

Wie die Tabelle zeigt, n i m m t  die Konzen t r a t i on  yon  
Cy tochrom P450 bei Th ioace tamid-ve rg i f t e t en  Tieren im 
Vergleieh zu unverg i f t e t en  deut l ich  ab. Nack p rophy-  
lakt ischer  S i lymar inappl ika t ion  ist eine s ta t i s t i sch  signifi- 
kan te  Normal is ie rung der  v e r m i n d e r t e n  Messgr6sse nach-  
weisbar  (2e < 0.01). 

Die vor l iegenden  Un te r suchungen  beriicksichtigei1 
nicht ,  inwieweit  das  L6sungsmi t t e l  Po lyv iny lpyr ro l idon  
den mikrosomalen  Gehal t  an Cy tochrom P 450 beeinflusst .  
Da  jedoch  alle un t e r such t en  Gruppen  in gleicher Weise  
mi t  Po lyv iny lpyr ro l idon  behande l t  wurden,  ist eine evtl.  

Die Wirkung von Silymarin-N-methyl.glucamin-Salz auf den 
mikrosomalen Gehalt yon Cytoehrom P450 der Rattenleber bei 
akuter Thioaeetamidintoxikation (Mittelwerte :ff Standardabwei- 
ehungen) 

nMol Cytoehrom P450/mg mikrosomales Protein 

B 0,42 4- 0,13 
K 0,25 :~ 0,01 $ 
v 0,37 =~ 0,10 * 

zusXtzliche Wi rkung  dieser Subs tanz  - der  Cy tochrom 
P 450-Gehalt  der  Bas isgruppe  betr / igt  e twa 2/a der  N o r m  - 
auI die un te r such te  Messgr6sse fiir die Versuchsaussage  
unerhebl ich.  Auff/illigerweise ist  die St reuung der  Mess- 
wer te  des Th ioace tamid-ve rg i f t e t en  Kontro l lkol lekt ivs  
im Vergleich zum Basiskol lekt iv  sowie zu den  mi t  Sily- 
m a t i n  behande l t en  Versuchs t ie ren  deut l ich  geringer, 
ohne dass hierftir  eine Erkl / i rung gegeben werden  kann.  
Bei A n w e n d u n g  eines pa ramete r f r e i en  Signif ikanztests  
wie des R a n g s u m m e n t e s t s  nach  Wi lcoxon  ist die unter -  
schiedliche Var ianz  der  un t e r such t en  Gruppen  jedoch 
ohne Einfluss  auf die s ta t i s t i sche  Sicherung der  Mess- 
ergebnisse.  

Summary. 24 h af ter  Th ioace tamide  appl ica t ion  
(300 mg/kg  body  weight)  on rats,  microsomale  Cyto- 
chrome P450 con ten t  is d imin ished  about  400/0 . P ro p hy -  
lactic i.p. appl ica t ion  of 400 mg S i lymar ine-N-methy l -  
glucamine salt, dissolved in 4% Polyviny lpyr ro l idone  
solution, given 1 h before appl ica t ion  of Thioace tamide ,  
counte rac t s  th is  d iminut ion .  
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B, unvergiftetes Basiskollektiv, n = I0 ; K, Thioacetamid-vergiftetes 
Kontrollkollektiv, n = 10; V, Thioacetamid-vergiftetes, mit Sily- 
marin-N-methylglucamin-Salz vorbehandeltes Versuehskollektiv, 
n = 9 (Einzelheiten s. Text). Statistiseh signifikante Untersehiede im 
Rangsummentest naeh Wileoxon: Kontrollkollektiv-Basiskollektiv: 
$, 2 c~ < 0,01; Versuehskollektiv-Kontrollkollektiv; *, 2 g < 0,01. 
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Dopamine Receptor Blockade by Neuroleptic Drugs in Aplysia Neurones  

Dopam ine  receptor  b lockade has been  suggested as an 
i m p o r t a n t  mechan i sm of act ion of an t ipsycho t i c  drugs 1. 
The evidence for th is  mechan i sm includes the  occurrence 
of ' pa rk inson ian '  side effects in pa t i en t s  dur ing t h e r a p y  
wi th  neurolept ic  drugs2-5. In  an imal  exper iments ,  
neurolept ic  drugs can reverse  s t e reo typed  behav ior  
induced  by  apomorph ine  and  a m p h e t a m i n e  S, L Pheno-  
th iazines  and  b u t y r o p h e n o n e s  enhance  dopamine  me t ab -  
olism, p robab ly  as a consequence  of a b lockade  of 
dopamine  receptors  in t he  bra in  s-~4. Such b lockade  
has  recen t ly  been  d e m o n s t r a t e d  in v i t ro  using dopamine-  
sensi t ive adenyl  cyclase f rom ra t  corpus  s t r i a tum 15,~6 
and  f rom calf re t ina  ~7 as a recep tor  sys tem.  The blockade 
of dopamine  recep tors  by  an t ipsycho t ic  drugs has  also 
been suggested by  the i r  conformat iona l  s imilari t ies  wi th  
dopamine  ~s. 

Neurophysiological  resul ts  are cons is ten t  w i th  the  
i n t e rp re t a t i on  t h a t  t he  mechan i sm of neurolept ic  ac t ion  
is by  dopamine  r ecep to r  blockade,  b u t  d i rect  evidence is 
scarce. Depress ion  of exc i t a to ry  responses  in the  cauda te  
nucleus by  haloperidol~9 and  an tagon i sm be tween  the  
act ion of dopam ine  and  ch lorpromazine  in s t r ia ta l  
neurones  have  been  ob ta ined  2~ b u t  local anes the t i c  
effects could no t  be ruled out  complete ly .  Chlorpromazine  
interferes  w i th  the  apo lnorph ine  effect  in nucleus soli- 
ta r ius  neurones  2~. An t ipsycho t i c  pheno th iaz ines  and  
haloper idol  inh ib i t  t he  depress ion of the  spon taneous  
f ir ing ra te  of mesencephal ic  dopaminerg ic  neurones  
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caused  b y  amphe tamineS2 .  These  resu l t s  p rov ided  
ind i rec t  ev idence  for d o p a m i n e  recep to r  b lockade  b y  a 
p o l y s y n a p t i c  n e u r o n a l  f eedback  m e c h a n i s m  8 w h i c h  was 
cons idered  to be respons ib le  for these  obse rved  changes  in 
s p o n t a n e o u s  a c t i v i t y  of dopam i ne r g i c  cells 2~. 

Recep to r s  of p u t a t i v e  s y n a p t i c  t r a n s m i t t e r s  m a y  be  
s tud ied  d i rec t ly  in  gangl ion  p r e p a r a t i o n s  of mol luscs  b y  
in t r ace l lu l a r  r ecord ing  of n e u r o n a l  a c t i v i t y  a n d  b y  
ex t r ace l lu l a r  mic roe l ec t rophore t i c  app l i c a t i on  of t h e  t e s t  
substances2a-29. Th i s  p r e p a r a t i o n  ha s  b e e n  u s e d s u c c e s s -  
ful ly  for s t u d y i n g  pha rmaco log ica l  effects on t h e  re- 
cep tors  25-29. W e  h a v e  app l i ed  t h i s  model  for t h e  in- 
ve s t i ga t i on  of t he  b lock ing  ac t ion  of a n t i p s y c h o t i c  
d rugs  on d o p a m i n e  receptors .  

Methods. The  e x p e r i m e n t s  were pe r fo rmed  on neu rones  
of t h e  i n t a c t  i so la ted  a b d o m i n a l  gang l ion  o f  t i le  m a r i n e  
mol lusc  Aplysia californica. I l l  o rder  to  p rese rve  m o r p h o -  
logical  o r i e n t a t i o n  a n d  to  p r e v e n t  losing t he  cells d u r i n g  
changes  of perfUsate,  t he  capsule  of t he  gangl ion  was no t  
dissected.  The  s o m a t a  of iden t i f i ed  neu rones  24 were 
p e n e t r a t e d  w i t h  microe lec t rodes  a n d  in t r ace l lu l a r  vo l tages  
were r ecorded  us ing  s t a n d a r d  t echn iques .  A n o d a l  c u r r e n t  
pulses  of 0.1 to  3.0 see d u r a t i o n  a n d  50 to  400 n A  were 
used to  i o n t o p h o r e t i e a l l y  e ject  d o p a m i n e  (0.5 M), 
ace ty lcho l ine  (1.0 M) or 5 - h y d r o x y t r y p t a m i n e  (0.05 M)  
f rom up  to 3 i n d e p e n d e n t  microe lec t rodes  pos i t ioned  on 
or nea r  t h e  cell surface.  The  i n v e s t i g a t e d  drugs  were added  
d i rec t ly  in  c o n c e n t r a t i o n s  of 10 ~zM to  100 ~zM to  t he  
ar t i f ic ia l  s eawa te r  pe r fusa t e  (pH 7.8-8.0, 16~ Halo-  
per ido l  a n d  f l uphenaz i ne  were chosen  as neu ro lep t i c  
agents ,  a n d  m e p a z i n e  was used as p h e n o t h i a z i n e  w i t h  
poor  a n t i p s y c h o t i c  effect  l. E a c h  p u t a t i v e  n e u r o t r a n s -  
m i t t e r  s u b s t a n c e  m a y  hype rpo la r i ze  (H) or depolar ize  (D) 
t he  m e m b r a n e  d e p e n d i n g  upon  t h e  t y p e  of cell. The  
d i f fe ren t  responses  a p p e a r  to  invo lve  a specific increase  in 
t he  m e m b r a n e  p e r m e a b i l i t y  for d i f fe ren t  ions 25, ~6, 2s. The  
r a p i d  desens i t i za t ion  of d o p a m i n e  a n d  5 - h y d r o x y t r y p t -  
a m i n e  recep to r s  26,~7 necess i t a t ed  t h e  use  of i n t e rva l s  of 
2 to  5 ra in  b e t w e e n  successive app l i ca t ions  of these  agents .  

Results. Haloper idol ,  a d d e d  to  t he  pe r fusa t e  in  a 
c o n c e n t r a t i o n  of 50 ~ziVI, decreased  or b l6cked  in 13 
neu rones  ( type  R 4 - R 1 2 ,  RB,  RC) H- response  and  in 

3 neu rones  ( type L7) D-response  el ic i ted b y  d o p a m i n e  
(Figure  la) .  F t u p h e n a z i n e  was t e s t ed  in  c o n c e n t r a t i o n s  of 
10 and  100 ~zM in 6 neu rones  ( type  R13(2), L7(2), R6  
a n d  LC). I n  4 of these  n e u r o n e s ,  10 ~ M  f luphenaz ine  
caused  a decrease  or b lockade  of t he  d o p a m i n e  response  
(Figure lb ) .  I n  all  6 cells responses  to  t he  t e s t  s t imu l i  of 
d o p a m i n e  were b locked  b y  100 ~zM f luphenaz ine ,  b u t  
sma l l  responses  could be  el ici ted in m o s t  cases b y  electro-  
pho re t i c  s t imu l i  of longer  d u r a t i o n  a n d  h ighe r  in t ens i ty ,  
sugges t ing  a compe t i t i ve  m e c h a n i s m .  B o t h  D- and  H -  
response  to d o p a m i n e  were af fec ted  s imi la r ly  b y  t he  drugs.  
Because  of d i f ferences  be tween  e x p e r i m e n t s  caused  b y  
i n t e r i n d i v i d u a l  v a r i a t i o n  in s t r u c t u r e  of t he  t i ssue  
cover ing  t he  i n v e s t i g a t e d  ceils and  t he  d i f fe ren t  pos i t ions  
of e lec t rophores i s  microelec t rodes ,  a q u a n t i t a t i v e  com- 
pa r i son  was no t  a t t e m p t e d .  D e p e n d i n g  on  t h e  t h i cknes s  
and  t o u g h n e s s  of the  capsule,  wh ich  de layed  t h e  per-  
m e a t i o n  of t he  drugs,  t he  effects  on  t he  response  to  
d o p a m i n e  were obse rved  be tween  8 and  40 mil l  a f t e r  
s t a r t i n g  t he  pe r fus ion  w i t h  s eawa te r  c o n t a i n i n g  t he  
neu ro lep t i c  drugs.  W a s h i n g  w i t h  drug-f ree  s eawa te r  for  
30-100 m i n  reversed  t he  effects of t he  neuro lep t i c  d rugs  
on  t he  d o p a m i n e  re sponse  in all  neurones .  I n  c o n t r a s t  to  
these  obse rva t ions ,  responses  to  mic roe lec t rophore t i c  
app l i c a t i on  of ace ty lcho l ine  or 5 - h y d r o x y t r y p t a m i n e  
were no t  i m p a i r e d  b y  per fus ion  w i t h  ha loper ido l  or 
f l uphenaz ine  (Figure 2). 

The  n o n - a n t i p s y c h o t i c  p h e n o t h i a z i n e  mepaz ine  was 
t e s t ed  in 2 neu rones  (R6 a n d  LC) in w h i c h  d o p a m i n e  
response  was severely  depressed  b y  10 ~ M  f luphenaz ine  
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Fig. 1. Effects of drugs on the response to dopamine 
microelectrophoretically injected on the somatic 
membrane (50 nA for 1.0 sec in a and 0.5 sec in b and 
e, arrows), a) 50 [~M hMoperidol blocks D-response 
in cell L7. b and e) H-response in cell R6: blockade 
of dopamine response when fluphenazine is added to  
the perfusate in a concentration of 10 p~M (b}; the 
response to dopamine is not affected when the per- 
fusate contains 10 ~M mepazine (e). 
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Fig. 2. Effects of 10 [xM fluphenazine on responses to kC 
mieroeleetrophoretic application of dopamine (400 
nA for 1.5 see), 5-hydroxytryptamine (250 nA for 2.0 
see) and aeetyleholine (250 nA for 0.4 see) in a spon- 
taneously active cell type LC. The response to dopa- OA 1,5 seo 
mine is blocked; this effect is reversible by washing 
in drug-free seawater. Iontophoretie currents from 
electrode to ground, measured as potential differ- 
ences across a 2 MOhm resistance, are shown in lower 
trace of each recording. 
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and  comple t e ly  b locked  w i t h i n  15 m i n  b y  100 [zM 
f luphenaz ine .  I n  these  neu rones  10 a M  mepaz ine  h a d  no  
effect  (Figure lc) a n d  100 ~ M  mepaz ine  did  n o t  i m p a i r  
d o p a m i n e  response  a f te r  15 m i n  perfus ion.  W h e n  per fus ion  
w i t h  100 [zM mepaz ine  was c o n t i n u e d  for f u r t h e r  20 min,  
response  to d o p a m i n e  s t a r t e d  to  decrease.  However ,  t h i s  
decrease  did  no t  seem to  be  specific for d o p a m i n e  and  
was accompan ied  b y  i m p a i r m e n t  of t he  ace ty lcho l ine  
response  which  was also obse rved  a f t e r  long- las t ing  
per fus ion  w i t h  100 [ ,M f luphenaz ine .  

Discussion.The resul t s  p rov ide  a d i rec t  neurophys io log-  
ical ev idence  for t he  b lock ing  effect  of 2 a n t i p s y c h o t i c  
d rugs  on  d o p a m i n e  receptors  a n d  agree  w i t h  n e u r o c h e m -  
ical, pha rmaco log ica l  a n d  ind i r ec t  phys io logica l  observa-  
t ions .  Poor  so lub i l i ty  and  t he  long l a t ency  of effect  m a y  
h a v e  been  respons ib le  for an  ear l ier  f ind ing  t h a t  hMoperi -  
dol  was  n o t  a n  a n t a g o n i s t  of d o p a m i n e  on  mol luscan  
neu rones  3~ D- and  H-responses  to  d o p a m i n e  invo lve  
d i f fe rent  ionic m e c h a n i s m s  and  are  b locked  select ively  b y  
t u b o c u r a r i n e  a n d  s t r y c h n i n e  (D) 26,29 or e r g o t a m i n e  
(H)36. Thus ,  i t  h a s  been  conc luded  t h a t  t he  effects  of 
dopami l l e  are m e d i a t e d  b y  2 d i s t i nc t  receptors~% The  
revers ible ,  p r o b a b l y  com pe t i t i ve  b lock ing  effect  of an t i -  
p sycho t i c  d rugs  on  b o t h  t ypes  of responses  in  t he  p r e sen t  
s t u d y  m i g h t  ind ica te  t h a t  t he  recep tors  are  s t r u c t u r a l l y  
s imilar .  

Zusammen[assung. I n  Aplysia Gangl ienze l len  blockier-  
t en  F l u p h e n a z i n e  u n d  Ha lope r ido l  in  K o n z e n t r a t i o n e n  
zwischen 10 u n d  100 {zM hyperpo la r i s i e rende  u n d  depola-  
r i s ie rende  A n t w o r t e n  auf  m i k r o e l e k t r o p h o r e t i s c h  appl i -  
z ier tes  D o p a m i n .  A n t w o r t e n  auf  Ace ty lcho l in  u n d  5- 
H y d r o x y t r y p t a m i n  b l ieben  unbee inf luss t .  Mepazine,  ein 
P h e n o t h i a z i n  ohne  a n t i p s y c h o t i s c h e  Wi rkung ,  h a t t e  
wenig  Effekt .  Die Ergebn i s se  s ind ein d i r ek t e r  neuro-  
phys io logischer  Beweis  ftir die spezif ische Blockade  yon  
D o p a m i n r e z e p t o r e n  d u r c h  Neuro lep t ika .  

W. -D. HEISS and  J. HOYER al 

Institut [i~r allgemeine und vergleichende Physiologic 
Schwarzspanierstrasse 77, A-?090 Wien (Austria); and 
Neurologische Universitiitsklinik, Lazarettgasse 14, 
A-7090 Wien (Austria), 4 April 1974. 

80 G. N. WOODRUFF, R. J. WALKER and G. A. KERKUT, Comp. gen. 
Pharmac. 7, 54 (1970). 

31 Acknowledgement. This work was supported by ~3sterreiehiseher 
Fonds zur FSrderung der wissenschaftlichen Forschung. We thank 
Dr. M. KAROBATH for his critical comments and Mrs. G. THAL- 
HAMMER for excellent technical assistance. 

Effec t  of  6 - H y d r o x y d o p a m i n e  o n  R e t i n a l  D e v e l o p m e n t  in  t h e  C h i c k  1 

A t t e m p t s  h a v e  been  m a d e  to cor re la te  the  ontogenes is  
of r e t ina l  n e u r o t r a n s m i t t e r  sys tems  w i t h  t he  d e v e l o p m e n t  
of opt ic  funct ion .  T he  role of va r ious  n e u r o t r a n s m i t t e r  
sys tems,  pa r t i cu l a r l y  t he  chol inergic  a n d  m o n o a m i n e r g i c  
sys tems  in t he  r e t i n a  is largely  obscure,  a l t h o u g h  i t  is well  
e s t ab l i shed  t h a t  b o t h  chol inergic  and  adrenerg ic  inner-  
r a t i o n s  are found  in t he  layers  and  cells of t h e  r e t i n a  in 
mos t  m a m m a l i a n  a nd  a v i a n  species2-% For  example ,  in 
t he  deve lop ing  ch ick  re t ina ,  SHXN e t a l .  ~ h a v e  d e m o n s t r a t -  
ed h i s tochemica l ly  t he  presence  of chol ines te rase  (ChE) 
in t he  p rospec t ive  gangl ion  cells as ear ly  as t he  4 th  day  of 
i ncuba t ion ,  and  ace ty lcho l ines te rase  was shown in t he  
i n n e r m o s t  layer  a n d  t he  amac r ine  cells on t he  6 th  day.  
LINI)EMAN S r epo r t ed  t he  presence  of ace ty lcho l ine  (Ach) 
and  C h E  a c t i v i t y  in  t he  r e t i n a  on  t h e  8 th  day.  The  peak  

ra t e  of i n c r e m e n t  in C h E  a c t i v i t y  cor responds  to the  
a p p e a r a n c e  of t he  cons t r i c to r  ref lex on  t he  19th  day.  
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