
16 Experientia 44 (1988), Birkh/iuser Verlag, CH-4010 Basel/Switzerland Short Communications 

this observation opens new avenues for research into the 
complex relationships which exist between protozoan para- 
sites and their mammal ian  hosts. 
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Tetrodotoxin slightly shortens action potential duration in ventricular but not in atrial heart muscle 
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Summary. Tetrodotoxin (TTX), at concentrations significantly decreasing maximal upstroke velocity (dV/dtmax) of the action 
potential, exerted variable effects on action potential durat ion (APD) in different myocardial preparations. APD was 
virtually unchanged by tetrodotoxin in the guinea pig atrium, but  slightly shortened in the guinea pig ventricle at maximally 
effective concentrations. In  the human  ventricle, both dV/dtma x and APD were reduced in the same concentrat ion range of 
TTX. These results suggest that a TTX-sensitive sodium current significantly contributes to the repolarization phase of the 
action potential in ventricular but  not  in atrial heart muscle. 
Key words. Atrial and ventricular myocardium; tetrodotoxin; window current;  action potential configuration. 

TTX has been reported to decrease APD in cardiac Purkinje 
fibers 1, at concentrations where an effect on dV/dtma x is not  
yet observed 2. This finding was taken as evidence for the 
existence of a sodium window current possibly due to the 
significant overlap of the steady state activation and inacti- 
vation curves of the sodium system 3. Experiments with 
lidocaine yielded similar results 4,5. More direct evidence for 
a significant contr ibut ion of a sodium current to the repolar- 
ization phase in cardiac Purkinje fibers was presented by the 
demonstrat ion of a persisting sodium current upon depolar- 
ization 6-s.  TTX shortens the action potential  durat ion in 
Purkinje fibers to a much greater extent than in the working 
myocardium 2,9. We show here the effects of TTX on intra- 
cellularly recorded action potentials from guinea pig heart 
(atrium and ventricle) and from human  ventricular prepara- 
tions obtained after cardiac surgery. 
Methods. The preparations were obtained from freshly 
stunned guinea pigs and from human  patients undergoing 
open heart surgery for mitral valve replacement (for details 
see Eckel et al. lo). Right atrial and ventricular trabeculae 
and left human  ventricular papillary muscle preparations 
were electrically driven at 1 Hz in Tyrode's solution (compo- 
sition in mmol/l :  NaC1, 136.9; KC1, 5.4; MgC12, 1.05; 
NaH2PO4, 0.42; NaHCO3,  11.9; CaC12, 1.8; glucose, 5.6) 
bubbled with 95 % 0 2 and 5 % CO 2 at 37 ~ (pH 7.4). Action 
potentials were recorded intracellularly with conventional  
microelectrodes techniques and evaluated for durat ion at 
20 % and 90 % of repolarization, APD2o and APD9o , respec- 
tively. The first time derivative (dV/dt) of  the action poten- 
tial was obtained by electronic differentiation and evaluated 
for dV/dtma x. 
Results and discussion. In guinea pig atrial heart muscle, 
TTX decreased dV/dtm, x in a concentrat ion-dependeut way, 
whereas APD remained virtually unchanged (figs la,  2a and 
2b). In the guinea pig ventricle, dV/dtm~ x was decreased by 

TTX in the same concentrat ion range and APD90 was slight- 
ly reduced at higher concentrations (figs lb,  2c and 2d). In 
human  ventricular heart muscle, both dV/dtma x and APD90 
were reduced in the same concentrat ion range (figs lc and 3). 
In all preparations, the upstroke of the action potential was 
gradually decreased by cumulatively increasing concentra- 
tions of TTX and finally completely abolished, albeit at very 
high concentrations. In contrast, the effect of  TTX on the 
repolarization phase was relatively weak (ventricular prepa- 
rations) or virtually absent (atrial preparations). This shows 
that the contr ibut ion of a TTX-sensitive current to the repo- 
larization phase of the action potential is relatively large in 
Purkinje fibers 1 - 3, relatively small in ventricular heart mus- 
cle 2'9 (this paper) and not  significant in the atr ium (this 
paper). 
There are two possibilities to explain the quantitatively dif- 
ferent results. First, a sodium window current may be differ- 
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Figure 1. Effects ofTTX 3 x 10  - 6  mol/1 on dV/dtm~ x and APD in guinea 
pig atrium (a), guinea-pig ventricle (b) and human ventricle (c). Original 
records under control conditions (1) and 5 rain after the addition of TTX 
(2) were superimposed (AP) or depicted side by side (dV/dt). 
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Figure 2. Effects of TTX on dV/dt~,~ (a,c) and APD (b,d) in guinea pig 
atrium (a,b; n = 6) and ventricle (c,d; n = 6). Concentration-response 
relationships obtained by cumulative addition (every 5 rain) of TTX. 
Symbols depict means _+ SEM. The asterisks denote statistically signifi- 
cant differences of test vs control values (p < 0.05 obtained by Student's 
t-test). 
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Figure 4. Effects ofTTX 3 x 10 -6 mol/1 on dV/dtm, x and APD of guinea 
pig ventricle in low (0.9 mmol/1) calcium (a) and in normal (1.8 mmol/1) 
calcium solution after the addition of (-)-desmethoxyverapamil 
10-6 mol/1 (b). Original records both under control and test conditions 
were superimposed (AP) or depicted side by side (dV/dt). In (a), records 
were obtained under control conditions (1) and 5 rain after the addition 
of TTX (2). In (b), records were obtained under control conditions (1), 
30 min after the addition of (-)-desmethoxyverapamil (2), and 5 min after 
further addition of TTX (3). Note that, in contrast to TTX, the calcium 
antagonist markedly shortened APD without an influence on dV/dtm~ x. 
Similar results were obtained in two other preparations from guinea pigs 
and in one human ventricular heart muscle preparation. 
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Figure 3. Effects of TTX on dV/dtma x (a) and APD (b) in human papil- 
lary muscle preparations. Concentration-response relationships obtained 
by cumulative addition (every 5 min) of TTX. Symbols depict means .t_ 
SEM. The asterisks denote statistically significant differences of test vs 
control values (p < 0.05 obtained by Student's t-test), n = 6. 

ently developed in var ious  regions of  the  heart .  Second, the 
du ra t ion  o f  the ac t ion potent ia l  in different  regions of  the 
hear t  may  be inf luenced by differences in b o t h  calcium in- 
ward  and  po tass ium ou tward  currents .  As evident  f rom 42K 
washou t  experiments ,  the po tass ium permeabi l i ty  is higher  
in atr ial  11 t han  in vent r icu lar  12 hear t  muscle. Exper iments  
in isolated singel cells have  conf i rmed this  concept  ~3. In 
addi t ion,  the  t ime cons t an t  of  inac t iva t ion  of  the calcium 
inward  cur ren t  is shor ter  in atr ial  14 t han  in vent r icu lar  
p repa ra t ions  15. These add i t iona l  factors  m ay  d iminish  the  
influence of  a sodium window cur ren t  of  equal  magn i tude  on  
the repolar iza t ion  phase.  I t  is unlikely t ha t  T T X  affects o ther  
currents  t h a n  the  sod ium inward  cur ren t  16. In  this context ,  
it is of  interest  to note  t ha t  the  effects of  T T X  persists in 
low-calcium solut ion (fig. 4a) and  tha t  the  effects of  T T X  
and  the calcium an tagon i s t  ( - ) -desmethoxyverapami117 on  
the repolar iza t ion  phase  are addi t ive (fig. 4b). 
The  observa t ion  t ha t  T T X  has  only mino r  or  vir tual ly no  
effects on  the repolar iza t ion  phase  in hear t  muscle,  is impor-  
t an t  in ano the r  context .  A n t i a r r h y t h m i c  drugs are of ten clas- 
sified wi th  respect  to thei r  effects on  act ion po ten t ia l  config- 
u ra t ion ,  an  effect on  dV/dtmax being ascribed to the  inh ib i t ion  

of  sodium inward  current  (local anes thet ic  effects similar to 
the effects of  TTX)  and  an  effect on  the repolar iza t ion  phase  
being ascribed to an  interference wi th  po tass ium/ca lc ium 
currents  18. This app roach  to drug  classification remains  
p rob lemat i c  bu t  may  yield clearer results in p repa ra t ions  
f rom the work ing  m y o c a r d i u m  than  in Purkinje  fibers. 
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