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]Effect of QT A on the rabbit  papil lary muscle. Lower row, control 
records; upper row, 10 min after QTA administration. A, D, action 
potential and mechanogram; 13 and E, rapid upstroke of the action 
potential; C and F, effective refractory period. Time calibration: 
A, C, D, F: 500 msee;- B, E: 10 msec. 

quinidine 9, ~ and QTA adminis t ra t ion  is similar. Fur ther -  
more,  QTA has prac t ica l ly  no nega t ive  inotropic effect, 
while quinidine alone causes a significant  decrease of the  
contract i l i ty .  

Theoret ical  explana t ion  :of the  act ion of QTA is at  
present  impossible,, b~cause the  essential  mechanisms of 
quinidine act ion are so far unknown.  Theophyl l ine  has 
been found to increase the  cMlular level of the  cycl ic-AMP 

as a result  of the  inhibi t ion of phophodies terase  ac t iv i ty  ~. 
I t  is possible t h a t  the  act ion of QTA is due to the  inter-  
ference wi th  the  proper t ies  of quinidine and cyclic-AMP. 

Regardless  of the  theoret ica l  considerations,  i t  seems 
i m p o r t a n t  t ha t  chemical  combinat ions  of some ant i -  
a r rhy thmic  drugs wi th  theophyl l ine  have  be t te r  prop- 
erties t han  those substances by  themselves.  Eva lua t ion  
of the  act ion of some other  combinat ions  of the  anti-  
a r rhy thmic  drugs wi th  theophyl l ine  or o ther  inhibi tors  of 
phosphodiesterase m a y  be useful. 

Zusammen/assung. Untersuchungen  fiber die Akt ion 
des Chinidin bis-(7-theophyllin acetat)  auf den isolierten 
Pappi la rmuskel  beweisen, dass die Substanz die Ver- 
lgngerung der Repolarisat ion,  der Refraktgrphase ,  als 
auch der Kon t rak t ionsdauer  bewirkt .  Ampl i tude  des 
Ruhe-  und Aktionspotent ia ls ,  Verlauf  der Depolar iza t ion 
und die iContrakt ionskraf t  bleiben prakt i sch  unbeein-  
flusst. 
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Interaction of Cocaine and Iproniazid on the Ha-Norepinephrine Uptake Mechanism on 
Isolated Strip .Ventricle of  Frog Heart 

The catecho!amines  uptal~e mechan ism by  sympathe t ic  
nerves of isolated frog vent r ic le  differs in some aspects 
wi th  the  ca techolamines  up take  mechanism by  adrenergic 
nerves of isolated a t r ium of guinea-pig 1, 3. In  a previous 
paper  3 we have  repor ted  tha t  the  po ten t ia t ion  by  cocaine 
of the  inotropic response to epinephrine and norepine- 
phr ine  on isolated frog v e n t r i c l e w a s  2,5-fold, while on 
isolated guinea-pig left  a t r ium it  was 30-fold. This fact  
p rompted  us t o  th ink  of a different  abi l i ty  of the  blockade 
by  cocaine of catecholamines  up take  on the  isolated frog 
ventr ic le  wi th  respect  to the  isolated a t r ium of the  guinea- 
pig. Ill  the  present  work we have  s tudied the  blockade by 
cocaine of the  I Ia-norepinephrine (H3-NE) uptake  on the  
isolated ventr ic le  of the  frog. 

On the  o ther  hand, i t  is established tha t  iproniazid 
(IPN) inhibi ts  monoamineoxidase  and avoids the  intra-  
neuronal  deamina t ion  of catecholamines  by  these enzymes ; 
so tha t  the  norepinephrine and epinephrine uptake  and 
re tent ion  by isolated a t r ium of the  guinea-pig is grea t ly  
increased ~, s. In  this paper  the  behavior  of the  I P N  wi th  
re la t ion to the  Ha-NE up take  and re ten t ion  by  the  iso- 
la ted  frog ventr ic le  has also been studied. 

Methods. Ventricles" of frog (Rana pipiens) were pre- 
pared and mounted  as previous ly  described by  FURCH- 
GOTT et al. 6 for isolated a t r ium of guinea-pig. Ventricles 
were suspended in an  orgall  b a t h  conta ining 20 ml  of regu= 
lar Ringer  solution of the  following composi t ion (expressed 
in raM) : NaC1, 103.4; KC1, 1.013; CaC12, 0.9009; CO3HNa, 
1.851, conta ining 10 -5 g /ml  of e thylene d iaminete t raace t ic  
acid (EDTA).  A mix tu re  of 95% O, and 5% CO~ was bubb-  
led through the  ba th ing  solution. All prepara t ions  were 
electr ically dr iven at  a f requency of 30 beats  rain. Ventr ic-  

les were a t t ached  to force-displacement  t ransducer  (Grass 
model  F T  03), and mechanica l  ac t iv i ty  was recorded by  
means  of a Grass polygraph.  Each  ventr ic le  was subjected 
to a rest ing tension of 1 g. Under  the i r  respect ive  condi- 
t ions, halves were then  incuba ted  wi th  5 ng /ml  of D, L- 
H a N E  for 5 miI~, and then  thoroughly  w~shed. 4 addi t ional  
washes were g iven over  the  subsequent  40 min  period, a t  
the  end of which the  halves  were r emoved  for analysis of 
radioact iv i ty .  All prepara t ions  were performed at  room 
tempera ture .  

The  ca techolamine  ex t rac t ion  was per formed according 
to the  method  of ANTON and SAYRE ~ and rad ioac t iv i ty  
was counted in a Nuclear  Chicago Liquid  Scint i l la t ion 
Spec t rometer  model  725. All samples were corrected for 
quenching wi th  an au tomat ic  ex terna l  reference s tandard.  
Under  our working conditions,  the  r ad ioac t iv i ty  present  
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in  t h e  a l u m i n a  e lua tes  c a n n o t  b e a s c r i b e d  to  m e t abo l i t e s  of 
H3-NE b u t  to  H3-NE itself  s. Ha_NE is expressed  in  t e r m s  
of d i s in t eg ra t ions  ]per m i n  pe r  g of t i ssue  (dpm/g).  W h e n  
we refer  to  HS-NE up take ,  we m e a n  H3-NE u p t a k e  a n d  
r e t e n t i o n  b y  i so la ted  ven t r i c l e  of frog hear t .  S t a t i s t i ca l  
s ignif icance of t h e  dif ference be t w een  m e a n s  was d e t e r -  
m i n e d  b y  t he  t - tes t  for pa i r ed  da ta .  T he  drugs  used were:  
D, L-norep inephr ine-7-Ha-hydroch lor ide ,  specific a c t i v i t y  
16,7 C / m m o l  (New E n g l a n d  Nuc lea r  Corp), i p ron iaz id  
p h o s p h a t e  (Roche) a n d  cocaine hydroch lor ide .  

Results. I n  7 pa i red  expe r imen t s ,  b o t h  ha lves  were k e p t  
u n d e r  s t a n d a r d  cond i t ions  (95% O~, 5% CO 2 a n d  regu la r  
Ringer) .  Af te r  a 30-rain period,  t h e  e x p e r i m e n t a l  ha l f  was  
t r e a t e d  w i t h  cocaine  (5 • 10 -5 g /ml  in  t h e  o rgan  b a t h ,  for 
10 min) .  The  o t h e r  ha l f  se rved  as a control .  B o t h  ha lves  
were t h e n  i n c u b a t e d  w i t h  H~-NE. T a b l e  I shows a s ta t i s -  
t i ca l ly  s ign i f ican t  decrease  ( P  < 0.05) be t w een  t h e  t t a - N E  
u p t a k e  in p r e p a r a t i o n s  t r e a t e d  w i t h  cocaine a n d  t h e i r  con- 
trois.  

I n  a n o t h e r  series of 9 expe r imen t s ,  pe r fo rmed  l ike t h e  
p reced ing  series b u t  t r e a t e d  w i t h  ip ron iaz id  (5 • 10 -4 g /ml  
in  t he  o rgan  b a t h ,  for 20 rain) i n s t ead  of cocaine,  t h e  H3-NE 
u p t a k e  decreased  ( P  < 0.01) in  p r e p a r a t i o n s  t r e a t e d  w i t h  
I P N . w i t h  respec t  to  t h e i r  con t ro l s  (Table  II) .  

Discussion. E x p e r i m e n t s  w i t h  cocaine.  T he  resu l t s  ob- 
t a i n e d  show t h a t  cocaine  g rea t ly  b locks  t he  HZ-NE up-  
t a k e  b y  isola ted s t r ip  of frog vent r ic le .  This  fac t  does n o t  
s u p p o r t  our  h y p o t h e s i s  t h a t  a d i f f e ren t  ab i l i t y  of b lockade  
b y  cocaine  of t he  N E  u p t a k e  of t h e  i so la ted  frog ven t r i c l e  
and  of t h e  i so la ted  a t r i u m  of gu inea-p ig  was respons ib le  
for t h e  d i i ferences  in  t he  s ens i t i v i t y  to  N E  obse rved  in 
b o t h  p r e p a r a t i o n s  in  t h e  p resence  of cocaine ~. 

I t  is well  k n o w n  t h a t  t h e  ino t rop ic  response  to  ca techol-  
amines  of t he  frog h e a r t  is m e d i a t e d  b y  ~-adrenergic  re- 
cep tors  9. Consequen t ly ,  t h e  differences  b e t w e e n  t h e  sensi- 
t i v i t y  to  N E  of t he  f i -adrenergic recep tors  obse rved  in t h e  
a t r i u m  of guinea-pig,  a n d  t h a t  obse rved  in t h e  frog ven-  
tricle,  are s t r ik ing.  Once h a v i n g  d i sca rded  t he  poss ib i l i ty  

Table L Uptake and retention of H3-norepinephrine by isolated 
ventricle of the frog heart pre~reated with cocaine 

N ~ Pretreated with H~-NE present H~-NE in tissue 
cocaine during 45 rain after wash- 

incubation out b (dpm/g) 

7 5 • 10 -s g/ml (10 min) 5 ng/ml (5 nfin) . 73,619 z~ 13,583 
Controls 5 ng/ml (5 min) 264,702 ~ 62,317 

Number of paired experiments, b Means • S.E.M. (see text for 
further details). 

Table II. Uptake and retention of H~-norepinephrine by isolated 
ventricle of frog heart pretreated with iproniazid 

of a d i f fe ren t  ab i l i t y  of t h e  b lockade  b y  cocaine we could 
exp la in  these  differences if we assume  t h a t  frog h e a r t  has  
a f l -adrenergic  r ecep to r  less sens i t ive  to  N E  t h a n  the  r - re-  
cep tor  f rom the  gu inea-p ig  hea r t .  I n  add i t ion ,  t h e  sensi t i -  
v i t y  of t he  a m p h i b i a  h e a r t  to  N E  w i t h  respec t  to  isopro- 
terenol ,  r epo r t ed  b y  severa l  au thors ,  is no t  t he  same  ; t he re  
is a g rea t  d i sc rePancy  a, 9,~~ These  facts  p r o m p t  us to  
t h i n k  t h a t  in  t he  a m p h i b i a  t h e r e  exis t  fac tors  t h a t  u n d e r  
d i f fe ren t  c i r cums tances  could mod i fy  t h e  s ens i t i v i t y  to  
N E  of the  f l -adrenergic receptors .  Th i s  fac t  could also be  
exp la ined  b y  suppos ing  t he  ex is tence  of a e x t r a n e u r o n a l  
O - m e t h y l a t i o n  of N E  more  ac t ive  in t he  i so la ted  frog ven-  
t r icle  t h a n  in the  i so la ted  a t r i u m  of t he  guinea-pig,  a n d  
a s suming  t h a t  i n  a m p h i b i a  t h i s  O - m e t h y l a t i o n  could be  
modi f ied  u n d e r  va r ious  phys io logica l  or  e x p e r i m e n t a l  cir- 
cumstances .  On t he  o t h e r  hand ,  t h i s  h y p o t h e s i s  could ex- 
p la in  t he  v a r i a t i o n s  in  c o n c e n t r a t i o n  of c a t echo l amines  
r epo r t ed  b y  severa l  i nves t iga to r s  in  a m p h i b i a  TM ~2. Fu r -  
t h e r  i nves t iga t ions  are needed  to s u p p o r t  t h i s  hypo thes i s .  

E x p e r i m e n t s  w i t h  i p r o n i a z i d . . T h e  e x p e r i m e n t a l  re- 
sui ts  o b t a i n e d  w i t h  isola ted ven t r i c l e  of frog, p r e t r e a t e d  
w i t h  IPN, show t h a t  t h i s  m o n o a m i n e o x i d a s e  i n h i b i t o r  be- 
haves  as a p o t e n t  b locker  of t he  u p t a k e  of Ha-NE.  Th i s  
f i nd ing  is u n e x p e c t e d  s ince t he  p r e t r e a t m e n t  w i t h  I P N  
grea t ly  ~ncreases t h e  Ha-NE u p t a k e  and  r e t e n t i o n  b y  iso- 
l a t ed  a t r i u m  of the  gu inea-p ig  4, 5. As t he  e x p e r i m e n t s  were 
car r ied  ou t  a t  r oom t e m p e r a t u r e  (15 ~ app rox ima te ly ) ,  in  
a p r e l i m i n a r y  p u b l i c a t i o n  11 we sugges ted  t h a t  in  frog 
ven t r i c l e  a ce r t a in  t e m p e r a t u r e  maY be  requ i red  for t h e  
i n h i b i t o r  effect  of I P N  to  b e c o m e  mani fes t .  

To t e s t  t h i s  idea, severa l  e x p e r i m e n t s  were c o n d u c t e d  a t  
d i f fe ren t  t e m p e r a t u r e s  (25~ 35~ and,  in  summer ,  a t -  
r oom t e m p e r a t u r e ,  t h a t  is ,  20~ a p p r o x i m a t e l y ;  un -  
p u b l i s h e d  results) .  However ,  I P N  also b locked  t h e  Ha-NE 
u p t a k e  in a s imi la r  m a n n e r  to  t h a t  de sc r ibed  in t h e  pres-  
en t  paper .  This  f ind ing  p rov ides  p r e s u m p t i v e  ev idence  t h a t  
I P N  is a b lock ing  agen t  of t he  H~-NE u p t a k e  b y  i so la ted  
ven t r i c l e  of frog. However ,  b y  t he  m o m e n t  we c a n n o t  say  
w h e t h e r  th i s  b lockade  is p roduced  b y  1. c o m p e t i t i o n  w i t h  
t he  labe l led  a m i n e  a t  t he  level  of t h e  t r a n s f e r  s i te  in t he  
n e u r o n a l  m e m b r a n e  or 2. c o m p e t i t i o n - w i t h  t h e  Ha-NE a t  
t he  level  of t h e  s torage  ves i c l e s ,  a c c o m p a n i e d  b y  a de- 
creased or  a n y  abi l i  W to  i n h i b i t  m o n o a m i n e o x i d a s e  of 
adrenerg ic  nerves  of t h e  i so la ted  ven t r i c l e  of frog hea r t .  

Resumen. E n  ven t r i cu lo  a is lado de Rana pipiens, la co- 
ca ina  b loquea  p o t e n t e m e n t e  la incorporac idn  de I tS-note  - 
p inefr ina l  La  iproniac ida ,  a su vez ,  se m u e s t r a  t a m b i 6 n  co- 
m o  b l o q u e a n t e  de la i nco rporac idn  y/o  r e t enc idn  de HS-NE 
en  la  m i s m a  p r e p a r a c i d n  farmacologica .  Se sugieren u n a s  
h ipo tes i s  p a r a  expl icar  los resu l t ados  obtenidos .  
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N~ Pretreated with Ha-NE present H3-NE in tissue 
iproniazid during 45 min after wash- 

incubation out b (dpm/g) 

9 5 • 10 -4 g/ml (20 min) 5 ng/mI (5 min) 121,412 • 30,521 
Controls 5 ng/ml (5 rain) 215,422 ~ 47,445 

Number of paired experiments, b Means q- S.E.M. (see text for 
further details). 
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