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A preparation of the right auricle of the guinea pig atrium, preliminarily sensitized to egg 
albumin, was placed in Tyrode solution containing 20 ml~,I KCh Because of inactivation of 
the "fast" sodium channels of the membrane under these conditions stimulation of the prep- 

aration evoked only slow low-amplitude responses associated with activation of the "slow" 
sodium-calcium channels. These responses increased in amplitude and duration when egg 
albumin (2 • i0 -4 g/ml), histamine (i • 10 -4 g/ml), and adrenalin (5 • I0 -6 g/ml) were added 
to the solution. The results confirm the h~-pothesis of the leading role of "slow" sodium- 
calcium cham]els in the mechanism of the changes produced by cardiac anaphylaxis in the 
electrical activity of the myocardial fibers. 
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The writers showed previously that the drug verapamil, which blocks "slow" sodium-potasskum chan- 
nels, reduces the heart rate and the duration of action potentials (APs) of the spontaneously contracting 
preparation during the development of anaphylaxis [5]. If the "fast" sodium channels of the membrane are 
inactivated by an excess of K + or blocked by tetrodotoxin, histamine causes an increase in the amplitude 
and duration of the electrical responses of the myocardial fibers, whereas a substance blocking the "slow" 
sodium-calcium channels (compound D-600) completely suppresses these responses [i]. 

On this basis the ~riters postulated that changes in electrical activity of the myocardial cells during 
local anaphylaxis and exposure to its probable mediator (histamine) are based on activation of the "slow" 
sodium-calcium channels of the excitable membrane. 

The object of this investigation, part of a general investigation of the membrane mechanisms of im- 
mune reactions [i, 4-6], was to determine whether a local anaphylactic reaction can be obtained in myo- 
cardial fibers when the "fast" sodium channels are inactivated and, if so, to compare the changes in elec- 
trical activity during anaphylaxis and during the action of histamine. 

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

Exper iments  were  ca r r i ed  out on the isolated r ight  aur ic le  of the g~ainea pig a t r ium pre l iminar i ly  
sensi t ized to egg albumin by the method of Feigen and P r a g e r  [8]. In t racel lu lar  act ivi ty was r eco rded  by 
glass e lec t rodes  fi l led with 2.5 lXl KCI. All the solutions used for perfusion were saturated xxith a gas mix-  
ta re  consist ing of 96% 02 and 4% CO 2. The t empera tu re  of the solutions was maintained throughout the ex-  
per iment  at between 36 and 37~ and the pH between 7.2 and 7.4. All the exper iments  were  ca r r i ed  out on 
regu la r ly  contract ing prepara t ions .  Each preparat ion was perfused init ially with Tyrode solution of the 
following composit ion (in raM): NaC1 136.9, KCI 2.68, NaHCO 3 11.9, CaC12 1.8, NaH2PO 4- 2H20 0.48, and 
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Fig.  1 Fig. 2 

Fig.  1. Development  of local  anaphylact ic  reac t ion  in p a r -  
t ia l ly  depolar ized  guinea pig myoca rd ia l  f ibers :  at spreading  
APs  of spontaneously contract ing p repara t ion  of aur ic le  in 
original Tyrode  solution; b) slow re sponse  to e l ec t r i ca l  s t i m -  
ulation in solution with K + concentration raised to 20 raM; c- 
e) effect of egg albumin (2 • 10 -4 g/mlt on amplitude and 
shape of slow response 2, 8, and 16 min, respectively, after its 
addition to "depolarizing" solution. Upper short line on left 
side of each frame shows zero potential level. Calibration: 
horizontally i00 msec, vertically 50 inV. 

Fig. 2. Comparison of action of antigen and histamine (i x 
10 -4 g/roD on depolarized myocardial cells in same experi- 
ment: at AP in Tyrode solution; bt slow response of cell on 
addition of 20 mM KC1 to or iginal  solution; c, dt r e sponses  of 
cei ls  10 and 21min~ respec t ive ly ,  a f te r  addition of antigen (2 x 
10 -4 g /ml) ;  e) i nc rea se  in ampli tude and duration of slow r e -  
sponse in Tyrode  solution containing h is tamine  (1 x 10 -4 g /ml t .  
Calibration:  hor izonta l ly  100 r e se t ,  ve r t i ca l ly  50 inV. 

glucose 5.6. The KCI concentrat ion in the solution was then r a i s e d  to 20 mM to depolar ize  the aur ic le .  
The remain ing  solutions were  made up in this "depolar iz ing"  solution: egg albumin (2 • 10 -4 g /ml ) ,  h i s -  
tamine ( lX 10 -4 g /ml ) ,  and adrenal in  (5 x 10 -5 g /ml ) .  Evoked act ivi ty  of the myoca rd ia l  f ibe rs  was r e -  
corded under  these  conditions in r e sponse  to s t imulat ion by square  pulses ,  30-130 V in ampli tude and 5-10 
m s e c  in duration.  Silver e lec t rodes  applied to different  ends of the p repa ra t ion  were  used  for s t imulat ion.  
During exposure  to each solution f rom 7 to 56 r e sponses  were  r eco rded  f r o m  one or s eve ra l  cel ls .  The 
r e s t ing  potential  (RP) and the ampli tude and duration of the AP at  two levels  (1/3 and z/3t of height of the 
pulse were  m e a s u r e d  in all f r ames .  Effec ts  we re  r ega rded  as  significant  for which P<  0.01. 

EXPERIMENTAL RESULTS AND DISCUSSION 

In the original solution RP of the myocardial fibers varied from -68 to -87 mV and the amplitude of 
AP from 99. to 107 mV (n= 63). With an increase in the K + concentration to 20 mM the membrane was 
gradually depolarized and spontaneous activity of the preparation ceased. After perfusion for 5-15 rain 
with the "depolarizing" solution RP gradually became stabilized and varied in different experiments from 
38 • 3.2 to 55.4 -~ 2.1 inV. Electrical stimulation evoked slowly increasing low-amplitude responses. 

On the addition of the antigen to the "depolarizing" solution as a rule considerable changes took 
place in the shape and duration of the slow r e sponses .  These  changes quickly (in the cour se  of 2-3 mint 
r eached  a m a x i m u m  and then gradual ly  declined. The effect  was studied in 160 f ibers  ( f rom 7 to 43 in one 
exper iment) .  In four exper imen t s  addition of the antigen to the "depolar iz ing n solution was followed by an 
inc rease  in both ampli tude and duration of the response .  In two expe r imen t s  only the ampli tude of the slow 
response ,  and in one only i ts  duration,  was inc reased .  The max ima l  i nc rea se  in ampli tude was 150% and 
in duration 180%. 

It will be clear from Fig. 1 (experiment carried out on one cell) that during perfusion of the prep- 
aragon with the depolarizing solution the original spontaneous activity (Fig. la) stopped, after which slow 
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Fig.  3. Changes in shape and ampl i -  
tude of slow responses  of depolar ized 
myocard ia l  f ibers  produced by egg a l -  
bmmin (2 • 10 -4 g/ml) ,  adrenal in  (5 x 
10 -6 g/ml), and histamine (1• 10-4 g/ 
ml): a) AP in Tyrode solution. Prep- 
aration rinsed with "depolarizing" so- 
lution (c, d, D before addition of egg 
albumin (b), adrenalin (e), and hista- 
mine (g) to solution. Calibration: hor- 
izontally 100 reset, vertically 50 inV. 

responses  developed to stimulation in the par t ly  depolar ized 
f iber  (lb).  During the action of  the antigen on the preparat ion 
(Fig. lc) these responses  f i r s t  inc reased  in both amplitude 
and duration, but then (Fig. le) gradually r e tu rned  to their  
original low level in the course  of 20-30 rain. 

In the exper iment  i l lus t ra ted  in Fig. 2, af ter  the end of 
the react ion to the antigen (Fig. 2(t) his tamine was added to 
the solution (Fig. 2e). Comparison of the r eco rds  in Fig. 2c 
and d shows that the changes in e lec t r i ca l  act ivi ty of the myo-  
cardia l  cel ls  under the influence of the antigen and histamine 
were  ex te rna l ly  ve ry  s imi lar .  In one exper iment  (Fig. 3) 
changes in e lec t r ica l  act ivi ty of par t ia l ly  depolar ized myo-  
cardia l  cel ls  evoked by antigen (Fig. 3c), adrenalin (Fig. 3e), 
and his tamine (Fig. 3g) were  compared.  The changes in the 
amplitude and duration of the responses  were  s imi la r  in all 
three  cases .  

The tempora l  course  of the react ion to the antigen in a 
solution with excess  K + was exact ly  the same as the course  
of local  cardiac  anaphylaxis in Tyrode  solution [2, 5, 8]. The 
effect  of the antigen in both cases  was expres sed  as an in-  
c r ea se  in the duration and amplitude of the responses .  There  
a re  indications in the l i t e ra tu re  that in the course  of the 

anaphylactic react ion,  despite tachycardia ,  slight lengthening of the descending phase of the AP is observed 
[2, 8]. The changes in AP descr ibed  in this paper  were presumably  t rue manifestat ions of anaphylaxis 
which are  masked by tachycardia  in a normal  sal t  medium. In other words,  membrane  depolarizat ion p ro -  
duced by elevation of the external  K + concentrat ion does not p revent  the development of the anaphylactic 
reaction. 

Responses  of depolar ized myocard ia l  f ibers  a re  depressed  by agents blocking "slow" sodium-calc ium 
channels: verapami l  and compound D-600 [14]. This suggests that the inc rease  in amplitude and duration 
of the responses  in the course  of exper imenta l  anaphylaxis and during the action of his tamine takes place 
through activation of "slow" sodium-calc ium channels.  Both his tamine and the antigen evoked slight r e -  
polar izat ion of the depolar ized membrane  in these exper iments .  This repolar iza t ion  could weaken inac-  
t ivation of the "fast" sodium channels and could thus increase the amplitude of the responses to the fast 
sodium current. However, this cannot explain the increase in duration of the response or, still less, the 
appearance of a plateau. The similarity between the effects of antigen and histamine, on the one hand, and 
that of adrenalin, which activates [7, 13] "slow" sodium-calcium channels, on the other hand, also confirms 
the role of the latter in the changes in electrical activity" arising during anaphylaxis and exposure to his- 
tamine. In most animals, including the guinea pig [ii], both Ca ++ and Na + ions pass along these channels 
of myocardial fibers at the moment of AP generation [9, i0, 12]. The fact that an m]aphylactic reaction 
can be obtained in the absence of Ca ++ [3] thus does not conflict with the writers' conclusions regarding 
the role of "slow" sodium-calcium channels in the development of anaphylaxis. 
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