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Changes in the e lec t r ica l  act ivi ty and membrane  res is tance  of var ious types of a t r ia l  cell of guinea 
pigs were investigated in vi tro during an anaphylactic reaction.  

The work of A. D. Ado and his col labora tors  led to formulat ion of the hypothesis that a l lergic  changes 
take place in the smooth-musc le  cells themselves  during a l lergic  react ions of smooth-musc le  organs [1-3]. 
It was therefore  interest ing to study the e lec t r ica l  p roper t i es  of the membrane  of muscle cells during an 
a l lergic  reaction.  Myocardial  cells provide a suitable model for suchaninvest igat ion,  for there  is reason 
to suppose that the anaphylactic react ion of myocardia l  and smooth-musc le  cells obeys, in principle,  the 
same laws and that myocard ia l  cells,  like smooth-musc le  cel ls ,  can be a d i rec t  ta rget  for  action of an an t i -  
gen or  an t igen-an t ibody  complex [9, 13]. Meanwhile the study of an anaphylactic react ion on the hear t  also 
enables a separate  analysis  to be made of the pacemaker  function and of activation of the contracti le e l e -  
ments ,  which are  divided among different cells in the hear t ,  unlike these functions in smooth-musc les ,  
which a re  pe r fo rmed  by the same cells ,  although possibly  by different a reas  of the cell membrane  [12]. 

In this paper  resul ts  a re  descr ibed showing changes in the rhythmic act ivi ty and membrane  res i s tance  
of two types ef a t r ia l  f i b e r s - p a c e m a k e r  and c o n t r a c t i l e - o f  guinea pigs during an anaphylactic reaction.  

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on 31 male guinea pigs weighing 250-300 g. The animals  were sens i -  
t ized as descr ibed ea r l i e r  [2]. The exper iments  began 4 weeks af ter  the las t  sensi t izing injection of ant i -  
gen, on the isolated a t r ia  [7], which were placed in a special  chamber  for  isolated organs,  with a capaci ty  
of 6 ml. Constant perfusion with Kreb ' s  solution [2], sa turated with oxygen at the rate of 2 m l / m i n ,  was 
maintained during the exper iments .  The temperature  of the fluid was 37 ~ The glass mic roe lec t rodes  used 
in the work were filled with 3M KCI and their  impedance was between 10 and 50M~. A ~Disa Elect ronic  ~ 
e l ec t rome te r  with high-input impedance and compensation of input capacitance was used. To determine 
the cell res is tance  a bridge method was used, enabling a polar iz ing cur ren t  to be applied to the cell and 
potentials f rom it to be picked up by the same microe lec t rode  [4, 5, 8]. The principle underlying this meth-  
od is that the amplitude of the act ion potential changes when a weak polar iz ing current  is applied to the 
cell by an amount p rac t i ca l ly  equal to the change in rest ing potential, for  the res is tance  of the cell m e m -  
brane is considerably  reduced at the peak of the action potential, amounting in the case of the giant axon, 
the muscle fibers of the frog, and single cardiac  f ibers ,  for  example,  to less than 5~, of the membrane  r e -  
sistance at r e s t  [6, 10, 14], Hence, the amount by which the amplitude of the action potential changes is 
essent ia l ly  equal to the voltage drop at the membrane  res is tance caused by application of the polar iz ing 
cur ren t  to the membrane .  

Altogether  about 250 cells of the r ight a t r ium were studied. 

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

Types of e lec t r ica l  act ivi ty of the various types of atr ial  cells have been studied reasonably well [11]. 
The e lec t r ica l  act ivi ty of cells of pacemaker  type consists  of slow depolarization of the membrane  in the 
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Fig.  1. Anaphylact ic  reac t ion  of p a c e m a k e r  of r ight  a t r i um 
f of a guinea pig. The graph shows changes in f requency of 
act ion potent ials  (1) and m e m b r a n e  r e s i s t ance  (2) as p e r c e n t -  

i ages  of initial values .  O r d i n a t e - p e r c e n t a g e s ,  a b s c i s s a - t i m e  
iof r ecord ing  (in sec).  The a r r o w  denotes the t ime of addition 
Iof antigen. T r a c e s  a and b co r re spond  to the 10th, c to the 
i60th, d and e to the 90th, and f to the 120th second of recording.  
iTime m a r k e r  for  a,  e, d, and f 1 see ,  for  b and e 40 sec .  
Cal ibra t ion signal 10 inV. Upward deflection of beam c o r -  
r e s p o n d s  to depolar izat ion.  Strength of pulses  of hype rpo la -  
irizing cu r r en t  4 . 1 0  -9 A. 

Fig.  2. Anaphylact ic  react ion  of contract i le  f iber  of the r ight  
a t r i um of a guinea pig. T r a c e s  a and b co r re spond  to 10th, 
c and d to 100th, e to 120th, and f to 160th second of recording.  
Strength of pulses  of depolar iz ing cu r r en t  4 . 1 0  -9 A. Remainde r  
of legend as in Fig. 1. 

in terspike  per iod ,  until the threshold  is reached,  when an act ion potential  is produced with a f a i r ly  slow 
buildup per iod  (Fig. 1, b). The a t r i a l  contract i le  f ibers  a re  cha rac t e r i zed  by a stable m e m b r a n e  potential  
in the in te rsp ike  per iod,  by a f a s t  buildup of the act ion potential ,  and by a r e la t ive ly  prolonged phase of 
r epo la r i za t ion  (Fig. 2, b). 

Changes in the act ion potent ia ls  and m e m b r a n e  r e s i s t ance  of the p a c e m a k e r  during development of 
an anaphylaet ic  r eac t ion  of the a t r ium a re  i l lus t ra ted  in Fig. 1. The initial pa t te rn  cons is t s  of act ion po-  
tent ia ls  with a f requency  of about 150/ ra in ,  cha r ac t e r i s t i c  of the t rue  p a c e m a k e r .  The durat ion of slow 
depolar iza t ion  in the pe r iod  preceding  the act ion potential  is 286 m s e c ,  and i ts  ra te  0.028 V / sec .  The du ra -  
t ion of the buildup per iod  is  27 m s e c ,  and of the repo la r i za t ion  phase 124 m s e c .  On the graph the change in 
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frequency of the spontaneous action potentials is plotted as a percentage of the initial value, taken as I00. 
The frequency of the action potentials increased considerably 30 sec after addition of the specific antigen 
(ovalbumin, I00 ]~g/ml), reaching a maximum by 60-70 sec. Against the background of the maximal in- 
crease of frequency, no appreciable change took place in the duration of the buildup and repolarization pe- 
riods of the action potential. Meanwhile, the slow depolarization in the period preceding the action potential 
was speeded up considerably, its rate reaching 0.99 V/sec. The threshold level of the potential also fell. 
Changes in the relative values of the membrane resistance of the test cell are also illustrated in Fig. I. 
The increase in amplitude of the spontaneous action potentials during application of the hyperpolarizing cur- 
rent (4 �9 10 -9 A) to the cell before addition of antigen was taken as I00. Subsequent changes in the increase 
of amplitude of the action potentials during application of a hyperpolarizing current of the same strength are 
expressed as percentages of the initial value. It is clear from Fig. 1 that almost simultaneously with the 
development of an anaphylactic reaction of the atrium, as judged from the increase in frequency of the spon- 
taneous action potentials [7], the membrane resistance fell significantly. This decrease reached its greatest 
value after 50-60 sec, after which the membrane resistance gradually returned to its initial value. The 
frequency of the action potentials remained higher than initially. 

Changes in the same indices of electrical activity of the membrane of an atrial contractile fiber dur- 
ing an anaphylactic reaction are illustrated in Fig. 2. The frequency of the spontaneous action potentials 
was increased 30 sec after addition of the antigen, reaching a maximum (up to 160-170%) by 70 sec. It will 
be seen in Fig. 2 that the changes in spontaneous action potentials are characterized by slowing of the build- 
up period, lengthening of the repolarization phase, and some decrease in amplitude. Development of the 
anaphylactic reaction of the contractile atrial fiber likewise was accompanied by a marked decrease in 
resistance of the cell membrane after addition of antigen. The relative value of the membrane resistance 
of the cell was restored before the initial frequency of the spontaneous action potentials. 

The results of more recent investigations [9, 13] have shown that the myocardial cells of sensitized 
guinea pigs maybe the direct target for action of a specific antigen. These findings have been confirmed 
morphologically: fixation of the antigen on the surface of sensitized myocardial cells has been demonstrated 
[9]. It may therefore be concluded that the mechanisms of development of the anaphylactic reaction of 
smooth-muscle and myocardial cells are analogous in principle [3]. 

The experimental results demonstrate that the character of electrical activity of smooth-muscle and 
atrial fibers during an anaphylactic reaction corresponds to the state of excitation of these units during 
excitation by other factors. For atrial fibers of pacemaker type these changes during the anaphylaetic 
reaction consist of an increase in the frequency of the spontaneous action potentials, due to two mecha- 
nisms simultaneously: acceleration of the slow depolarization in the period preceding the action potential 
and lowering of the threshold potential level. Changes in the electrical activity of the atrial contractile 
fibers consist of an increase in frequency of the spontaneous action potentials. The amplitude of the action 
potentials is slightly reduced in these circumstances, the buildup period is lengthened, and the repolariza- 
tion phase is increased, in agreement with published data [7, 13]. As a continuation of the present investi- 
gation, the relative values of the membrane resistance of the types of atrial cells investigated were deter- 
mined during an anaphylactie reaction. At the moment of development of the anaphylactic reaction of the 
atrium a transient decrease in resistance of the membrane developed both in fibers of pacemaker type and 
in the contractile fibers. In both cases the duration of the decrease in membrane resistance did not coin- 
cide with the duration of the period of increase in frequency of the spontaneous action potentials, and the 
membrane resistance was restored much sooner than the frequency of the action potentials. 

The results relating to changes in resistance of the atrial cell membranes may be compared with 
those obtained by investigating the ionic permeability of smooth-muscle during an anaphylactic reaction [I]. 
The decrease in resistance of the membrane of the investigated cells is perhaps an expression of increased 
permeability of the membrane to potassium ions, in turn brought about by the modifying action of the antigen 
[1]. 
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