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TabeUe III. Hemmung der Phosphodiesterase aus Rattenherzen durch Theophyllin in Abh~ngigkeit yon 3 t, 5'-AMP, Inkubationsansatz 2,1 ml, 
lnkubationsdauer 20 rain 

Theophyllin (M/l) 

3t,5t-AMP Kontrolle 
(M]I) 

mM P/g Herz mM Pig Herz Hemmung mM Pig Herz Hemmung mM P/g Herz Hemmung 

10 -4 10 -4 % 5 x 10 -4 % 10 -3 % 

2,5 6,32 --}- 0,38 5,99 i 0,31 5 4,83 4- 0,74 24 3,97 ~ 0,52 37 
1 3,76 4- 0,27 2,75 4- 0,70 27 2,16 -}- 0,25 43 1,22 4- 0,29 68 

Die in den Tabellen I - I I I  angegcbenen \Verte sind Mittelwertc aus je 4 Einzelversuchen. Der Streubereich ist als + mittlerer Fehler des 
Mittelwertes angegeben. Signifikante Anderungen gegenfiber den Kontrollen sind mit einem * gekennzeichnet, 

dem In tensa in  sehr nahe  v e r w a n d t e  Metabol i t  die gleiche 
W i r k u n g  auf die Phosphodies te rase  h a t  wie In tensa in  
selbst. Tabel le  I I  zeigt, dass das Verse i fungsprodukt  nu t  
eine schwache H e m m w i r k u n g  besi tzt .  

Aus Un te r suchungen  von  ]~UTCHER und SUTHERLAND D 
ist bekannt ,  dass X a n t h i n - D e r i v a t e  die Phosphodies te rase  
hemmen .  W i r  un te r such ten  daher  den Einfluss von  Theo-  
phy l l in  auf  unsere  EnzymprApara t ion ,  einmal,  um unsere 
Versuchsanordnung  zu tiberprtifen, zum anderen,  urn 
einen Vergleich zur  Wirkungss tArke des In t ensa in  zu er- 
hal ten .  Die Ergebnisse  m i t  Theophyl l in  sind in Tabel te  I I I  
zusammengeste l t t .  E s  is t  deut l ich  zu sehen, dass Theo-  
phyl l in  e twa  die gleiehe WirkungsstArke wie In t ensa in  
zeigt.  E i n e  e t w a  50prozentige H e m m u n g  des E n z y m s  
wird bei einer  Konzen t r a t i on  von  5 × 10-4M Theophy l -  
lin/1 in Gegenwar t  yon  10 -4 M 3', 5 '-AMP/1 erreicht .  

Summary.  In tensa in  causes in v i t ro  a s ignif icant  and 
appa ren t ly  c o m p e t i t i v e  inhibi t ion of phosphodies terase ,  
which t ransforms the  3', 5'-A2~P to Y-AMP.  These  results  
exp la in  some in tensain  effects, especial ly the  per iod of 

l a tency  to reach the  m a x i m u m  effect, the  inotropic  
act ion and its react ion under  the  influence of fl-blocking 
and f l -s t imulat ing agentsl°- l~.  
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A c c e l e r a t i o n  o f  T u r n o v e r  o f  a 4 C - C a t e c h o l a m i n e s  i n  

Neurolept ics ,  e.g. ch lorpromazine  (CPZ) and haloperi-  
dol, are  supposed to enhance  the  cerebral  t u rnove r  of 
ea techolamines  under  no rmothe rmic  condit ions.  Fo r  this  
a s sumpt ion  only  indi rec t  ev idence  is avai lable.  Thus,  CPZ 
(a) increases the  fo rmat ion  of ~4C-catechol compounds  
f rom l*C-tyrosine1,~, (b) acce le ra tes ' the  d isappearance  of 
norepinephr ine  and  dopamine  af te r  inhibi t ion of t he  ca te-  
cholamine  p roduc t ion  8-s, (c) enhances  the  increase of 
no rme tanephr ine  as well  as of  3 - m e t h o x y t y r a m i n e  in- 
duced  b y  monoamine  oxidase  inhibi tors  s, and  (d) leads 
to  accumula t ion  of endogenous  homovani l l i c  acid 
(HVA) 7-1~. I t  may,  however ,  be a rgued  t h a t  (a) f ract iona-  
t ion and  measu remen t  of  the  specific r ad ioac t iv i t y  of 
the  var ious  ca techolamines  h a v e  no t  ye t  been carr ied out ,  
(b/c) neurolept ics  migh t  interfere  wi th  bo th  the  me tabo-  
l ism and the  effect of inhibi tors  of tyros ine  hydroxy lase  
and m o n o a m i n e  oxidase respect ively,  and (d) CPZ pos- 
sibly inhibi ts  a t r anspor t  sys tem for the  cerebral  out f lux  
of HVA 1~,14. 

The  present  exper iments  h a v e  been  carr ied ou t  in order 
to measure  the  cerebral  t u rnove r  of ca techolamines  in a 
more  direct  way.  Fo r  this  purpose,  t he  specific radio- 
a c t i v i t y  of cerebral  dopamine  and norepinephr ine  was 

R a t  B r a i n  b y  C h l o r p r o m a z i n e  

de te rmined  in rats  g iven L-2-14C-tyrosine and L-2-x4C- 
3, 4 -d ihydroxyphenyla lan ine  (dopa) respect ively .  

Experimental. Groups  of 3 female  ra ts  of a closed colony 
of Wis ta r  origin (100-110 g body  weight) rece ived  CPZ 
i.p. (10 mg/kg) and were  subsequent ly  kep t  in an  environ-  
m e n t  of 31-32 °C to p r e v e n t  f luc tua t ions  in body t empera -  
ture.  Controls  were  admin is te red  saline and remained  a t  
r o o m  t e m p e r a t u r e  (22°C). L-2-14C-Tyrosine (5 mg]kg;  
105 #C]mg) and L-2-1~C-dopa (5 mg]kg;  125 #C/mg) 
respec t ive ly  were  inj ected s.c. I m m e d i a t e l y  af ter  decapi ta-  
t ion, the  to ta l  b ra in  was homogenized  in 0 .4N HCIO, ;  t he  
rad ioac t ive  metabo l i t es  were f rac t iona ted  on Dowex  50, 
X-4, and subsequen t ly  submi t t ed  to paper  ch roma tog ra -  
p h y  s imilar ly  to prev ious  exper iments  is. The  con t en t  of 
to ta l  norepinephr ine  and dopamine  respec t ive ly  was  
measured  spect rophotof luor imetr ica l ly  l~,x~. The  specific 
r ad ioac t iv i ty  of the  catecholamines  is ca lcu la ted  as 
follows: 

#g x4C-amine/g flesh bra in  × 100 

pg to ta l  amine /g  bra in  

Results. P r e t r e a t m e n t  wi th  CPZ increases the  specific 
r ad ioac t iv i ty  of dopamine  in r a t  b ra in  by  74% (p < 0.01) 
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30 and  60 min  alter iniection o/~C-tyrosine, whereas  the  
specific r ad ioac t iv i ty  of no rep inephr ine  shows no signifi- 
c a n t  a l t e ra t ion  (Table I). 

I n  t he  b ra in  of an imals  given ~C-dopa, s u b s e q u e n t  
t r e a t m e n t  w i th  CPZ decreases  t h e  specific ac t iv i ty  of 
d o p a m i n e  by  46% af te r  120 and  180 m i n  (p < 0.05). CPZ 
causes  a d i m i n u t i o n  of t he  specific a c t i v i t y  of norepine-  
phr ine  by  m a x i m a l l y  37% which,  however ,  is only  signifi- 
c a n t  a f te r  120 rain (Table II) .  The  c o n t e n t  in ~C-dopa  is 
no t  m a r k e d l y  changed  by  CPZ (p > 0.05). 

The  CPZ- induced  a l t e ra t ions  in t he  specific radio-  
ac t iv i ty  of the  ca techo lamines  are  due  to  changes  in the  
labelled and  n o t  in t he  endogenous  ca techolamines .  The 
to t a l  c o n t e n t  of d o p a m i n e  and  norep inephr ine  is t h u s  no t  
s ignif icant ly  a f fec ted  b y  CPZ (p > 0.05). 

Discussion. The  c o m bined  expe r imen t s  w i t h  ~C- ty ro -  
sine and  w i t h  x~C-dopa respec t ive ly  give more  d i rec t  
ev idence  t h a t  CPZ, unde r  n o r m o t h e r m i c  condi t ions ,  
accelera tes  t h e  t u r n o v e r  of cerebra l  d o p a m i n e  in r a t s  
because  of t h e  following f indings:  

(1) P r e t r e a t m e n t  wi th  CPZ increases  t h e  specific radio-  
a c t i v i t y  of cerebra l  d o p a m i n e  in  r a t s  in j ec ted  w i t h  
x*C-tyrosine (Table I) ind ica t ing  an  increased  d o p a m i n e  
fo rmat ion .  

(2) CPZ enhances  the  decrease  of  the  specific radio- 
ac t iv i ty  of cerebral  d o p a m i n e  labelled by  prev ious  injec- 

t ion of ~aC-dopa (Table II) ,  p r o b a b l y  by  an  in tens i f ied  
ca tabo l i sm of t he  amine.  

CPZ atso enhances  t he  decrease  in t he  specific ac t iv i ty  
of no rep inephr ine  in r a t s  in jec ted  wi th  *~C-dopa. This  
suggests  t h a t  CPZ accelera tes  t he  t u r n o v e r  of norepine-  
phr ine ,  too. I n  a g r e e m e n t  w i th  prev ious  resul ts  ~, CPZ 
seems,  however ,  to  affect  no rep inephr ine  less t h a n  dopa-  
mine.  Thus,  the  change  in t he  specific ac t iv i ty  of norepine-  
ph r ine  is smal ler  t h a n  t h a t  of d o p a m i n e  in laC-dopa-in- 
j ec ted  ra t s  and  a b s e n t  in the  e x p e r i m e n t s  wi th  ~aC-tyrosine. 

CPZ is unl ikely to  increase t he  cerebra l  deca rboxy la t ion  
of dopa  as shown by  earl ier  experiments~S, xo as well as by  
the  p re sen t  obse rva t ion  t h a t  CPZ does no t  ma r k e d l y  
change  the  level of ~aC-dopa in the  b ra in  of ~aC-dopa- 
in jec ted  rats .  Therefore,  the  p re sen t  resul ts  confirnl  t he  
previous  sugges t ion  t h a t  CPZ increases  the  h y d r o x y l a t i o n  
of ty ros ine  ~,~ wh ich  seems to  be  the  ra te - l imi t ing  s tep  of 
d o p a m i n e  fo rmat ion .  The  accelerat ion of ca t echo lamine  
fo rma t ion  by  CPZ is p r e s u m a b l y  due  to  a f eedback  
m e c h a n i s m  which  m i g h t  be evoked  b y  an  e n h a n c e d  l ibe- 
r a t ion  of s to red  ca techolamines .  This  l ibe ra t ion  poss ib ly  
represen t s  a c o m p e n s a t o r y  reac t ion  to  t h e  p r i m a r y  
b lockade  of ca techo laminerg ic  recep tors  b y  CPZ. 

Addendum to the proo[. Af te r  submiss ion  of the  m a n u -  
scr ipt ,  NYB;iCK e t a l .  ~0 r epo r t ed  --  in a g r e e m e n t  wi th  
the  p r e s e n t  f indings  - -  t h a t  CPZ increases  the  convers ion  
of m*C-tyrosine to ~aC-dopamine in ra t  b ra in  in vivo.  

Table I. Pretreatment with ehlorpromazinc (CPZ) in rats injected 
s.c. with L-2-x~C-tyrosine 

Min after Specific radioactivity p Change 
~-2-~C - in % 
tyrosine Controls Chlorpromazine 

Dopanfine 

30 2.41 4- 0.04 3.63 ~ 0.30 < 0.01 + 50 
60 2.71 4- 0.15 4.71 4- 0.31 < 0.01 + 74 

110 2.77 -4- 0.10 3.06 4. 0,06 :> 0.05 + 11 

Norepinephrine 
30 0.77 4. 0.I0 0.57 4. 0.07 > 0.05 -- 26 
60 1.36 -4- 0.04 1.48 4- 0.08 > 0.05 + 9 

110 1.77 q- 0.t0 1.50 :J: 0.03 > 0.05 -- 15 

10 mg/kg CPZ were injected i.p. 120 min before decapitation. The 
results represent means of 2-8 experiments-t-S.E. In controls 
without CPZ the total level of cerebral dopamine and norepinephrine 
was 0.53 -4- 0.03/~g/g and 0.30 4- 0.01/~g/g wet brain respectively; in 
CPZ-treated rats the dopamine level was 0.61 4- 0.04/~g and that 
of norepinephrine 0.30 :j: 0.01/zg respectively. 

Table II. Effect of chlorpromazine in rats previously injected with 
L-2A4C-dopa 

Min after Specific radioactivity 

L-2-~*C - Chlor- Controls Chlor- 
dopa promazine promazine 

p Change 
in % 

Dopamine 
60 - 5.03 4- 0.60 - 

120 60 2.39 4- 0.40 1.28 4. 0.07 < 0.05 -- 46 
180 120 0.91 ~ 0.08 0.49 4- 0.04 < 0.05 -- 46 

Norepinephrine 
60 - 10.49 4- 1.19 - - 

120 60 8.15 4- 1.15 5.02 4. 0.31 < 0.05 -- 37 

180 120 3.91 4- 0.59 2.90 4- 0.27 > 0.05 -- 26 

The results represent means ~ S.E. of 3 or 4 experiments. 

Zusammen/assung. V o r b e h a n d l u n g  mi t  10 mg/kg  Chlor- 
p r o ma z i n  (CPZ) i.p. bewi rk t  bei  R a t t e n ,  denen  ~aC-Tyrosin 
inj iz ier t  wurde,  eine Z u n a h m e  der  spezif ischen t~adioakt i -  
vitXt yon  x*C-Dopamin im Gehirn.  CPZ besch leun ig t  be i  
Tieren,  de ren  zerebrale  Ka techo la ln ine  du rch  L-2-x~C-Dopa 
m a r k i e r t  wurden ,  den  Abfal l  de r  spezif ischen Rad ioak t i -  
vit~it von  D o p a m i n  u n d  Noradrena l in .  D a r a u s  wird  ge- 
schlossen,  dass  CPZ den  U m s a t z  zerebra ler  K a t e c h o l a m i n e  
e rh6ht .  
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