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o n  t h e  con t rac t i l e  inf luences  of p y r u v a t e ,  we suggest,  as 
a work ing  hypothes i s ,  t h a t  such  ac t ion  could be  associa ted  
w i t h  a fas te r  r a t e  of t he  m e t a b o l i s m  of p y r u v a t e ,  a sub-  
:strate which,  w h e n  a c c u m u l a t e d  readi ly ,  depresses  the  
deve loped  t ens ion  of i so la ted  r a t  a t r i a  1,3. Indeed ,  t he  
.effects of c a t echo l amine  deple t ion,  f i -adrenergic b lock ing  
a g e n t s  and  ca t echo lamines  on t he  m y o c a r d i a l  m e t a b -  
ol ism of f a t t y  acid ~5,16 could resu l t  in changes  of t he  
t i ssue  levels of A-CoA, a m e t a b o l i t e  k n o w n  as a con t ro l le r  
of t he  a c t i v i t y  of p y r u v a t e  d e h y d r o g e n a s e  17 and  t h e r e b y  
as a r egu la to r  of t he  r a t e  of e n t r y  of p y r u v a t e  in t he  
~cricarboxylate cycle ~s, 19 

dans  les orei l le t tes  d6pl6t ion6es de ca th6cho lamines  ou en  
pr6sence de DL-propanolol  ou du  MJ  1999. 
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Rdsumd. La  r6duc t ion  de l ' a m p l i t u d e  de la t ens ion  
.contract i le  aur icu la i re  p rodu i t e  p a r  le DL-propanolol  ou 
pa r  le M J  1999 ne  p e u t  6tre consid6r6e u n i q u e m e n t  
c o m m e  une  cons6quence  du  b locage  des r6cep teurs  
f l -adr6nergiques .  D ' a u t r e  par t ,  Fac t ion  i no t rop ique  des 
drogues  cit6es est  n e t t e m e n t  d i f f6rente  s u i v a n t  que les 
ore i l le t tes  se t r o u v e n t  dans  u n  mil ieu c o n t e n a n t  de la 
g lucose  ou du p y r u v a t e .  L a  d6press ion con t rac t i l e  pro- 
voqu6e  p a r  l ' ag r6ga t  du  p y r u v a t e  fur  n e t t e m e n t  m o i n d r e  
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On the Mechanism of Amphetamine Potentiation by Iprindole 

R e c e n t  s tudies  w i t h  ty ros ine  h y d r o x y l a s e  i nh ib i t o r s  
h a v e  sugges ted  t h a t  a m p h e t a m i n e  is an  ind i rec t ly  ac t ing  
s y m p a t h o m i m e t i c  a m i n e  whose  cen t r a l  ac t ion  depends  
u p o n  t he  u n i n t e r r u p t e d  syn thes i s  of c a t echo l amines  1 3. 
D e s i p r a m i n e  (DMI) a n d  o the r  t r icycl ic  a n t i d e p r e s s a n t s  
w h i c h  b lock  t h e  u p t a k e  m e c h a n i s m  for n o r e p i n e p h r i n e  in 
c e n t r a l  n o r e p i n e p h r i n e  fibers4, ~ h a v e  been  shown to 
e n h a n c e  and  to  p ro long  t he  cen t r a l  effects el ici ted b y  
a m p h e t a m i n e  in t h e  rat6-% The  e n h a n c e m e n t  and  t he  
p r o l o n g a t i o n  of t h e  ac t ion  of a m p h e t a m i n e  a f te r  t he  
a d m i n i s t r a t i o n  of DMI- l ike  a n t i d e p r e s s a n t s  appea r s  to  be  
t he  consequence  of an  i nh ib i t i on  of t he  m e t a b o l i s m  of 
amphetamine1~ Ipr indole ,  a new t r icycl ic  an t idepres -  
sant ,  does n o t  a p p e a r  to  b lock  t he  u p t a k e  of norep ine-  
p h r i n e  t h r o u g h  t h e  n e u r o n a l  m e m b r a n e  b u t  never the les s  
s t r ik ing ly  enhances  m a n y  cen t r a l  effects of a m p h e t -  
a m i n e  15. The  p re sen t  s tudies  were u n d e r t a k e n  to  deter -  
m i n e  w h e t h e r  these  ac t ions  of ip r indole  m i g h t  also be  t he  
consequence  of a modi f i ca t ion  of t he  d i s t r i b u t i o n  or 
m e t a b o l i s m  of a m p h e t a m i n e .  

Male Sp rague -Dawley  r a t s  (180-220g)  were used. 
A m p h e t a m i n e  was a d m i n i s t e r e d  i.v. as t h e  su l fa te  sa l t  
a n d  ip r indole  was in jec ted  i.p. as t he  h y d r o c h l o r i d e  
30 m i n  before  t he  a d m i n i s t r a t i o n  of a m p h e t a m i n e .  
D - A m p h e t a m i n e - H S - s u l p h a t e  (general ly  labeled,  4.23 
c /mmol)  was  o b t a i n e d  f rom t he  New E n g l a n d  Nuc lea r  
Corpora t ion .  The  d rug  was assayed  b y  a mod i f i ca t ion  of 
t he  m e t h o d  of AXELROD 16 as p rev ious ly  descr ibed  10. 
P s y c h o m o t o r  s t i m u l a t i o n  was m e a s u r e d  in W i l l i a m s o n  
a c t i v i t y  cages over  a per iod  of 10 h. 

A single dose of ip r indole  enhances  and  s t r ik ing ly  
pro longs  t he  p s y c h o m o t o r  a c t i v i t y  el ici ted b y  D-amphe t -  
a m i n e  (Figure 1). Fo r  example ,  in r a t s  p r e t r e a t e d  w i t h  
ipr indole  (2 mg/kg);  D - a m p h e t a m i n e  (2 nlg/kg) el ici ted a 
m a r k e d  p s y c h o m o t o r  s t i m u l a t i o n  as long as 9 h a f te r  i ts  
a d m i n i s t r a t i o n .  I n  an i m a l s  wh ich  h a d  no t  been  p r e t r e a t e d  
w i t h  ip r indole  t he  ac t ion  of the  same  dose of a m p h e t a m i n e  
pers i s ted  for on ly  2 h, w i t h  t h e  m a x i m u m  a c t i v i t y  
occurr ing  a t  1 h. Ip r indo le  g iven  a lone  d id  no t  evoke  a 
m e a s u r a b l e  s t imu la t ion .  I t  is n o t e w o r t h y  t h a t  a f ive-fold 

increase  in t he  dose of ipr indole  did  n o t  increase  t he  
p o t e n t i a t i o n  and  p ro longa t i on  of t h e  ac t ion  of a m p h e t -  
amine .  

The  m e a s u r e m e n t  of H a - D - a m p h e t a m i n e  in b r a i n  
revea led  t h a t  t he  levels of D - a m p h e t a m i n e  decreased  
loga r i t hmica l ly  (Figure 2) in  b o t h  con t ro l  and  ip r indole  
p r e t r e a t e d  animals .  I n  an ima l s  p r e t r e a t e d  w i t h  ipr indole ,  
t he  b r a i n  levels of D - a m p h e t a m i n e  were no t  on ly  h igher  
t h a n  those  of con t ro l  an ima l s  b u t  decl ined a t  a s lower 
r a t e  (t-1/2 for a m p h e t a m i n e  a p p r o x i m a t e l y  1 h, t-1/2 for 
ipr indole  and  a m p h e t a m i n e  a p p r o x i m a t e l y  4 h ) .  The  
analys is  of the  h o m o g e n a t e s  of t he  bodies  of these  an ima l s  
showed t h a t  p r e t r e a t m e n t  w i t h  ipr indole  no t  on ly  resu l ted  
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Fig. 1. Effect of iprindole on psychomotor stimulation elicited by 
D-amphetamine. O--Q, n-amphetamine; A--A, iprindole (2 mg/kg) 
+ D-amphetamine; A--A, iprindole (10 mg/kg) + D-amphetamine; 
----, iprindole (10 mg/kg). Psychomotor activity is expressed as 
integrated counts per hour. Each value represents the mean of 6 10 
animals. Iprindole was given i.p. 30 min before D-amphetamine 
(2 mg/kg per i.p.). 
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in higher  body  levels of a m p h e t a m i n e  bu t  also increased 
the  biological halflife of the  drug (Figure 3). Since pre- 
t r e a t m e n t  wi th  ipr indote resul ted in b o t h  a sus ta ined 
increase in the  concen t ra t ion  of D-amphe tamine  in bra in  
as well as in a marked  increase in the  body  levels of 
D-amphetamine ,  it  m a y  be concluded t h a t  iprindole, like 

0.6 

-~ 0~- ~ Amphetamine 
~ ;  o--.o Iprind01e+ 

amphetamine 

Fig. 2. Effect of iprindole on brain levels of D-amphetamine. Iprindole 
(10 mg/kg) was given i.p. 30 rain before the administration of 
~-amphetamine (3 mg/kg per i.p.). Each point represents the mean 
value of 4 animals. Vertical bars indicate the standard deviation 
of the mean. 
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Fig. 3. Effect of iprindole on body levels of I>amphetamirle. For 
details, see legend Figure 2. 

DMI and other  tricyclic an t idepressan ts ,  inhibi ts  t h e  
me tabo l i sm of D - a m p h e t a m i n e  in vivo. Since ipr indole  
does not  block the  up take  of norep inephr ine  ~, the  resul ts  
of the  p resen t  s tudies indicate  t h a t  the  po ten t i a t i on  of 
a m p h e t a m i n e  by  iprindole is a consequence of th i s  
metabol ic  interact ion.  Moreover,  the  results  of the  presen~ 
studies  fur ther  emphas ize  the  impor tance  of metabol ic  
considerat ions  in the  proper  in te rp re ta t ion  of drug in ter-  
act ion s tudies  1L 

Zusammen/assung. Ipr indol  verst~irkt und verl&ngert 
die psychomotor i sche  Aktivi tXt  yon  D-Amphe tamin  in 
der Ra t te ,  eine Potenzierung,  die mi t  e rh6hter  Konzen-  
t r a t ion  und  verl&ngerter Ha lbwer t sze i t  yon D-Ampheta-  
rain in Gehirn und K6rper  e inhergeht .  Ipr indol  sche in t  
/~hnlich wie die Ant idepress iva  der  Im i p rami n -K l a s se  
den StoffwechseI von A m p h e t a m i n  in vivo zu h emmen .  
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Die Wirkung  von  Theophyl l in  auf den celluliiren 

Die pos i t iv  inot rope  Wi rkung  von  Theophyl l in  wird  
wie d ie  yon  Adrena l in  an isolierten Meerschweinchen-  
vorh6fen  d u t c h  Vorgabe  y o n  zweiwert igen Mangan- Ionen  
abgeschwgcht  =. Da  Mn++ den an versch iedenen  Herz-  
p r g p a r a t e n  w&hrend der E r regung  messba ren  3-5 Ca- 
E i n s t r o m  un te rd r i i ck t  6, wurde  aus diesen Befunden  ge- 
schtossen, dass  die kon t r ak t ionsk ra f t s t e ige rnde  Wi rk u n g  
yon  Theophyl l in  zumindes t  teilweise fiber einen e rh6h ten  
E i n s t r o m  yon  ext raze l lu lgrem Ca wghrend  des Er re -  
gungsprozesses  zus tande  k o m m t .  U m  diese H y p o t h e s e  
wel te r  zu pr t i fen wurde  all isolierten Pr~paratei1 aus 

Ca-Stof fwechse l  des  Warmblf i terherzens  ~ 

Warmbl i i t e rhe rzen  1. der  Einf luss  yon  Theophyl l in  auf 
dell zellul&ren 45Ca-Umsatz sowie 2. auf I{ont rakt ions-  
k ra f t  und  gleichzeitig auf Ca-abh~Lngige M e m b r a n p o t e n -  
t ial&nderungen un te rsuch t ,  denen,  wie i n . v o ran g eh en den  
U n t e r s u c h u n g e n  7, s gezeigt wurde,  wahrschein l ich  ein Ca- 
E i n s t r o m  in die Myokardzel le  zugrunde  liegt. 

Methode. 1. Isol ier te  l inke MeerschweinchenvorhSfe  
(mit  170 Imp / r a i n  gereizt  oder  ruhend)  w u rd en  60 rain 
lang ill Tyrodel6sung mi t  0,45 m M  CaCI~ ~iquilibriert und  
anschl iessend fiir 2-60 rain in 46Ca-haltiger Tyrode l6sung  
([Ca], 0,45 raM) ohne ulld mi t  5 x 10-~ g/ml  Theophyl l in  


