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The  dependence of the durat ion of the  act ion potent ial  (AP) on the f requency of spontaneous ac -  
t ivi ty during the local  anaphylact ic  r eac t ion  (antigen egg albumin, 2" 10-4-2 �9 10 -5 g /m1)  and in 
r e s p o n s e  to h i s tamine  (1 .10-4-1  �9 10 -5 g/m1)  was invest igated on the r ight  a t r i a l  aur ic le  of guinea 
p igs  under  the following expe r imen ta l  conditions: in no rma l  Tyrode  solution, b) during blocking 
of the CA channels  by v e r a p a m i l  (2-4 r a g / l i t e r )  or  D-600 (0.2-1 m g / l i t e r )  and c) during block- 
ing of the p o t a s s i u m  channels by t e t r ae thy l ammon ium (10-20 mM). Ana lys i s  of in te rsp ike  in te r -  
val  v e r s u s  AP during clots revea led  a d i rec t  prolonged effect  of the antigen and h i s tamine  on the 
durat ion of the AP plateau,  which was masked  by the pos i t ive  chronotropic  effect  of these  agents.  
Re la t ive  lengthening of AP took p lace  over  the whole r ange  of f requencies .  The  r e su l t s  conf i rm 
the prev ious  hypothesis  of ac t ivat ion of the slow Na- -Ca  channels during the local anaphylaet ic  
r eac t i on  and in r e s p o n s e  to the act ion of h i s tamine  on the myocard ium.  
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P r e v i o u s  expe r imen t s  on p r e p a r a t i o n s  of  the aur ic le  of the guinea pig a t r ium depolar ized  by means  of 
20 mM KC1 showed [1, 5] that  during the local  anaphylact ic  r eac t i on  to egg albumin and a lso  during the action 
of h i s t amine  the duration of the p la teau  of the  evoked act ion potent ia l  (AP) is cons iderably  increased .  Since 
blocking of the slow N a - C a  channels of myocard ia l  cel ls  by means  of ve rapami l  or  compound D-600 weakened 
these  ef fec ts  of h i s t amine  and of the  antigen, it has  been suggested that  act ivat ion of the N a - C a  channels t akes  
p lace  during the action of these  agents .  T h e r e  a r e  individual s t a t ements  in the l i t e ra tu re  to the effect  that  
antigen and h i s t amine  prolong the  p la teau of AP of spontaneous cont rac t ing  p repa ra t ions  of the m a m m a l i a n  
hea r t  in no rma l  sal t  med ium [3, 2-4, 9, 10]. However  it is not known at what f requency of spontaneous activity 
AP s with inc reased  duration were  r eco rded .  However ,  it is known that  h i s t amine  and antigen (in sensi t ized 
animals)  have a ma rked  chronotropic  act ion [3-5, 10]; an inc rease  in frequency,  however ,  mus t  lead to r egu la r  
shor tening of AP duration [6, 11, 12]. In o rder  to distinguish the d i r ec t  effect  of these  agents  on the duration 
of the AP pla teau f r o m  thei r  effect  on this  p la teau  through a change in frequency,  in the p r e s e n t  investigation 
the dependence of AP durat ion on the p reced ing  in te rsp ike  in terval  was studied over  a wide range  of  spontane-  
ous f requencies :  under  no rm a l  conditions, during the  local  anaphylact ic  react ion,  a f ter  addition of h is tamine  
to t h e T y r o d e  solution, and a f te r  addition of blocking agents .  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  we re  c a r r i e d  out on the isolated,  spontaneously contract ing aur ic le  of the  guinea pig a t r ium.  
The  an imals  were  sens i t ized  to egg albumin by the scheme  of Feigin e t  al .  [10]. T h e  AP w a s  r eco rded  by in t ra -  
ce l lu lar  g lass  m i c roe l ec t rodes  filled with 3 M KC1, and contract ion was r eco rded  i somet r i ca l ly  by means  of 
the 6MKhIS mechanotron.  Throughout  the expe r imen t  the  aur ic le  was per fused  with Tyrode  solution, to which 
the blocking agents  and t e s t  subs tances  were  succes s ive ly  added. The  solution was sa tu ra ted  with a gas mix -  
t u r e  consis t ing of  96% O 2 and 4% CO 2. The  t e m p e r a t u r e  of the solution was maintained between 34 and 36~ 
and the pH between 7.2 and 7.4. T h e  durat ion of the AP was m e a s u r e d  at the leve l  of one- th i rd  (A) and two-  
th i rds  (B) of its ampl i tude.  Fo r  each  s e r i e s  of  expe r imen t s  g raphs  of in te rsp ike  in te rva l  ve r sus  AP duration 
(at two levels)  were  plotted: for  background effects  (Tyrode solution, subs tances  blocking slow N a - C a  channels,  
t e t r a e t h y l a m m o n i n m  - TEA) and for  h i s tamine  and the antigen. Such graphs  can be  used to study the action of 
the t e s t  agents  and its dependence on blocking agent for any in terspike  in terval  chosen. 
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Fig.  t. Duration of AP as a function of 
interspike interval in tyrode solution 
(a), af ter  addition of antigen in concen-  
t ra t ion  of 2 .10-4 -2  �9 10 -5 g / m l  (b), and 
his tamine in concentrat ions of 1" 10 -4- 
1- 10 -5 g / m l  (c). Ser ies  (b) ca r r i ed  out 
on prepara t ions  of a t r ia l  aur ic le  of p r e -  
viously sensit ized guinea pigs. On all 
graphs top curves  re f lec t  changes in 
AP duration at B level, bottom curves  - 
at A level. Abscissa ,  duration of in ter-  
spike intervals  (in msec);  ordinate, 
duration of AP (in msec).  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

The relationship between the AP duration and length of the interspike interval in Tyrode solution is shown 
for 359 cells in 68 experiments  in Fig. la.  The smooth r i s e  of AP duration'with an increase  in interspike in- 
te rva l  will be noted. In 51% of cells  studied the duration of the interspike intervals  was 360-400 msec.  After  
addition of the antigen (87 cells) and of his tamine (33 cells) an increase  in the frequency of spontaneous activity 
was observed,  and this was ref lected on the graph as a shift of the range of interspike intervals to the left 
(Fig. lb, c). In most  cells the interspike interval did not reach  360 msec (86 and 90% of all cells  t reated with 
antigen and with histamine respect ively) .  Despite this marked chronotropic  effect, broadening of the AP pla-  
teau was c lear ly  defined, as will be clear  f rom Fig. 1. In response  to both factors  the broadening was s ta-  
t is t ical ly significant (P < 0.01 or  P < 0.05) within the range of interspike intervals f rom 200 to 270 msec.  As 
the intensity of the effect fell at interspike intervals of over 300 msec,  the broadening of the plateau ceased to 
be significant. 

The action of verapamil (2-4 rag/liter) and compounds D-600 (0.2-1 rag/liter), which blocks slow Na-Ca 
channels, on the spontaneously contracting preparations led to a gradual decrease in the frequency of spontane- 
ous activity. Of the 177 cells recorded in 20 experiments, in 77 (57%) the interspike intervals were distributed 
within the range from 450 to 2000 msec (Fig. 2a). In normal Tyrode solution (Fig. la) the duration of AP rose 
steadily with an increase in the interspike interval. Blocking of the Na-Ca channels caused a decrease in the 
duration of AP (P < 0.01) at high interspike intervals (from 500 to 2000 msec) compared with the characteristic 
level for the corresponding frequency ranges under normal conditions (compare the graphs la and 2a). The 
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Fig.  2. Durat ion o f  AP as  a func- 
t ion of durat ion of in terspike  in te r -  
val  during inhibition of slow N a -  
Ca channels  by v e r a p a m i l  in con- 
centra t ion of 2-4 r a g / l i t e r  or  by 
compound D-600 in concentra t ion 
of 0.2-1 r a g / l i t e r  (a) and a f t e r  ad-  
dition of antigen to these  solution 
in concentrat ion of 2 .10-4-2  - l0 -s 
g / m l  (b) and addition of h i s tamine  
in concentra t ions  of 1 .10-4-1  �9 10 -~ 
g / m l  (c). Se r i e s  (b) c a r r i e d  out 
on p r e p a r a t i o n s  of a t r i a l  aur ic le  
of prev ious ly  sens i t ized  guinea 
p igs .  Rema inde r  of legend as  in 
Fig.  i .  

agent  blocking the s low N a - C a  channels thus gave two effects;  b radyca rd ia  and nar rowing of the AP ; both these  
e f fec t s  developed pa ra l l e l  to one another  in t ime .  

Af ter  superpos i t ion  of the act ion of the  antigen and h is tamine  on the act ion of the agents  blocking the slow 
N a - C a  channels no red is t r ibu t ion  of in te rsp ike  in te rva l s  took place:  mos t  cel ls  (73 and 57% respec t ive ly)  had 
in te r sp ike  in tervals  within the r ange  f r o m  450 to 2000 msec .  The antigen, like his tamine,  when superposed  on 
the act ion of agents  blocking N a - C a  channels,  induced widening of AP (Fig. 2b, c), which led to r e s to r a t i on  of 
the l inea r  re la t ionship  between the duration of AP and the duration of the in te rsp ike  in terva l  as obse rved  p r e -  
viously in Ty rode  solution and dis turbed by the blocking agents .  The data on the broadening of AP under  the 
influence of antigen and h is tamine ,  superposed  on the act ion of the agents  blocking N a - C a  channels a r e  s t a -  
t i s t i ca l ly  s ignif icant  for  in te rsp ike  in terva ls  between 450 and 2000 msec  (P < 0.01). 

In a spec ia l  s e r i e s  of expe r imen t s  the ef fec t  of antigen and h i s t amine  on the duration of AP was inves t i -  
gated dur ing blocking of the K channels  by means  of TEA. In concentrat ions of 10-20 mM, TEA d e p r e s s e s  the 
outward cu r r en t  o f  K ions by 60-90%, as  has  been shown on f rog  skele ta l  musc les  [15]. In the five expe r imen t s  
now c a r r i e d  out to study the action of TEA in these  concentra t ions  b radyca rd ia  developed, and this was a c c o m -  
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TABLE 1 

Extexnal conditions 

T)rode solution 
TEA 
TEA + histamine 

Daration of AP, msec 

level A level B 

30,2-+-10,7 49,2___14.3 
43,5+I ,5 65,5-+-2,6 
58.9~2,2 87.4+1.8 

panied by para l le l  widening of AP. However,  when comparing the duration of AP associa ted  with identical 
interspike intervals,  the wr i t e r  concluded that the inc rease  in the durat ion of AP under the influence of TEA 
is not the r e su l t  of bradycardia .  A s an example, values of the durat ion of AP for  normal  conditions, TEA t r ea t -  
ment,  and the combined action of TEA and his tamine over  the range of interspike intervals  f rom 300 to 350 
msec  a re  given in Table 1. 

In normal  Tyrode  solution a f requency of this  range was r e c o r d e d  in only 22% of cel ls  (79 of 359); as a 
r e su l t  of the development of bradyeardia  during the action of TEA the number  of ce l ls  with this f requency fell  
even more  - to 12% (4 of 37 cells); however,  af ter  the addition of his tamine to the TEA solution the frequency 
increased  again, and 38% of cel ls  were  within this range  (14 of 37). It will be c lea r  f rom Table  1 that the dura-  
tion of AP during the action of TEA was longer than normal  (P < 0.1); the addition of his tamine to the TEA so-  
lution caused an even fur ther  increase  in the duration of AP (P < 0.01). 

Analysis  of the dependence of the duration of AP on the interspike in terval  over  the whole spec t rum of 
f requencies  thus gave s ta t is t ical ly  significant confirmation of the prev ious  data on the broadening of AP during 
local  cardiac anaphylaxis and during the action of his tamine [1, 3-5, 8, 10]. It was shown that the effect  of AP 
broadening under these  conditions is independent of the p resence  or absence of the chronotropic  action of the 
agents. Manifestation of the AP broadening effect  is prevented nei ther  by blocking of the slow N a - C a  channels 
no rb lock ingof the  outward potass ium current .  The  blocking of these  sys t ems  by i tself  var ies  the duration of 
AP of the myocard ia l  cel ls  in different  ways: blocking N a - C a  channels shor tens  AP, whereas  blocking of the 
K channels lengthens it. Antagonism between the actions of fac tors  blocking slow N a - C a  channels and the 
effect  of antigen and his tamine on the duration of AP conf i rms the hypothesis  put  forward  original ly by the 
p re sen t  wr i te r  [1, 5, 7, 8] and subsequently by other workers  [13, 14], that the phenomenon descr ibed is based 
on activation of slow N a - C a  channels.  
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