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The local anaphylact ie  reac t ion  and the effects  of h is tamine during blocking of the slow sodium-  
ca lc ium channels  by isoptine were  invest igated in the spontaneously cont rac t ing  o rac le  of the 
a t r i u m  of a guinea pig p rev ious ly  sens i t ized  to egg albumin. Simultaneously with the in t r ace l -  
lu la r  record ing  of the potent ials ,  i some t r i c  cont rac t ions  of the p repara t ion  were  recorded  by 
means  of a mechanotron.  The invest igat ion showed that egg albumin (0.2 mg/ml )  and h i s t a -  
mine (0.1 m g / m l )  a r e  antagonis ts  of isoptine (2-16 m g / l i t e r )  as r ega rds  its effect  on auto-  
mat ic  cont rac t ion  and durat ion of the action potential.  It is postulated that this anaphylat ic 
reac t ion  is based  on act ivat ion of the slow sod ium-ca l c ium channels  in the sur face  m e m b r a n e  
of the myoca rd ia l  f ibers .  
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It has recen t ly  been shown that the so -ca l l ed  slow sod ium-ca lc ium channels  of an exci table  m e m b r a n e  
play an impor tan t  role  in the format ion  of the pla teau of the action potential  of myocard ia l  ce l l s ,  in the cou-  
pling of the exci tat ion and cont rac t ion  p r o c e s s e s  [3, 6, 7], and also,  evidently,  in the genes is  of  the automatic  
act ivi ty  of p a c e m a k e r s  [1, 8, 10]. This provides  a new bas i s  for  the elucidation of the m e c h a n i s m s  of the 
change in e l ec t r i ca l  and mechan ica l  ac t iv i ty  of the hear t  during exposure  to var ious  externa l  agents  and, in 
pa r t i cu la r ,  for  the study of the nature  of local  ca rd iac  anaphylaxis .  

In this invest igat ion an approach  was sought to the ana lys i s  of this phenomenon using the substance 
isoptine,  a specif ic  blocking agent  of the slow sod ium-ca lc ium channels  [5, 7].* The effect  of isoptine was 
studied on the development  of anaphylaxis  and also on the ef fec ts  of h i s tamine ,  the probable  media to r  of this 
reac t ion  [4]. 

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

Exper imen t s  were  c a r r i e d  out on the isolated,  spontaneously cont rac t ing  aur ic le  of the a t r ium of a 
guinea pig p rev ious ly  sens i t ized  to egg albumin by the scheme desc r ibed  in [2]. Potent ia ls  were  recorded  
by in t r ace l lu la r  g lass  m i c r o e l e c t r o d e s  filled with 3 M KC1. Throughout the expe r imen t  the aur ic le  was 
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perfused with Tyrode solution of normal  or  modified composi t ion,  sa tura ted  with a gas mix ture  of  96 % O 2 + 
4% CO 2. The t e m p e r a t u r e  of the solution was kept at  between 34 and 36~ and the pH at  7.2, Contract ions  
of the aur ic le  were  r eco rded  under  i somet r i c  conditions by means  of a mechanotron.  

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  

In seven control  expe r imen t s  the addition of egg albumin (0.2 mg /ml )  to the perfusion fluid induced a 
typical  anaphylact ic  reac t ion  of the sens i t ized  prepara t ion .  The frequency of its spontaneous act ivi ty  was 
increased  (by 24-98 %) and the cont rac t ions  were  s t rengthened by 1.5-2 t imes .  S imi la r  changes in the e l e c -  
t r i ca l  and mechanica l  act iv i ty  of the aur ic le  (both sens i t ized  and normal)  were  induced by his tamine (0.1 
mg/ml ) .  However,  whereas  during the anaphylact ic  reac t ion  these effects  were  t rans ien t  in c h a r a c t e r ,  in 
the case  of h is tamine the high f requency and s t rength of the cont rac t ions  pe r s i s t ed  s teadi ly  during the 30- 
40 min of action of the subs tance .  

Isoptine (12 exper iments )  had a mul t i l a t e ra l  action on the act ivi ty  of the auricle .  In concentra t ions  of 
isoptine of 2,4 m g A i t e r  the frequency of the spontaneous act ivi ty was reduced,  whereas  in a concentrat ion 
of 8-16 m g / l i t e r  this act ivi ty  ceased  complete ly .  In two expe r imen t s  the d e c r e a s e  in f requency was p r e -  
ceded by a shor t  inc rease .  Changes in the action potential  (AP) were  cha r ac t e r i s t i c  of isoptine. The m a x i -  
mal  s teepness  of r i se  of the AP was inc reased  by 25-50% and its durat ion (especial ly in the plateau phase) 
was cons iderab ly  shortened; in place of the f o r m e r  plateau,  a c l ea r ly  dis t inguishable notch appeared  (Fig. 
2b, d). In e v e r y  case  under  the influence of isoptine uncoupling of exci tat ion and cont rac t ion  took place:  
contract ion d i sappeared  a l m o s t  comple te ly  during the f i r s t  minutes of action of isoptine in concentra t ions  
of 4-8 mg / l i t e r .  All these r e su l t s  a re  in good a g r e e m e n t  in pr inciple  with those obtained by o ther  worke r s  

[51. 

Egg albumin (10 exper iments ) ,  admin i s t e red  a f t e r  isoptine, led to an inc rease  in the f requency of con-  
t rac t ion  of the sens i t ized  aur ic le  c h a r a c t e r i s t i c  of the anaphylact ic  react ion.  However ,  the frequency in 
this case  only reached the or iginal  values  obse rved  in the p repara t ion  before  adminis t ra t ion  of isoptine. If 
isoptine in a concentra t ion of 8 r ag / l i t e r  caused a r r e s t  of the aur ic le ,  the a tomat ic  cont rac t ions  were  r e -  
sumed under  the influence of egg albumin. 

\ I 

Fig. 1. Effect  of egg albumin and h i s -  
tamine on action potential  of spontane-  
ously cont rac t ing  myocard ia l  f ibers  of 
a sens i t ized guinea pig: a) p repara t ion  
in Tyrode solution; b) effect  of isoptine, 
4 m g / m l  l i ter ;  c) effect  of egg albumin 
in a dose of 0.2 m g / m l  a f t e r  previous  
admin is t ra t ion  of isoptine; d) repeated  
lengthening of pla teau of AP on addition 
of h i s tamine  (0.1 mg /ml )  to solution with 
isoptine a f t e r  d i sappearance  of effect  of 
egg albumin.  Mean f requency of exc i t a -  
tion of prepara t ion :  a) 120; b) 70; c) un- 
s table  rhythm; d) 60 (here and in Figs.  
2 and 3, cyc les  l as t  1 min). Cal ibrat ion:  
ve r t i ca l ly  50 mV; horizontal ly  50 msec .  
Exper iment  on Apri l  19, 1973. 

Under the influence of egg albumin the APs  of the 
myocard ia l  cel ls  underwent cha r ac t e r i s t i c  changes.  As will 
be c l ea r  f rom Fig. l c ,  during the anaphylact ic  reac t ion  in- 
duced by egg albumin the AP shor tened by isoptine was 
c l ea r l y  lengthened, both on account of the plateau and as a 
resu l t  of prolongation of the final phase  of repolar iza t ion .  
As a rule this lengthening of the AP was obse rved  only du r -  
ing the f i r s t  few minutes  of development  of the anaphylactic 
react ion,  and l a te r  the effect  of isoptine took p r io r i ty  and the 
AP was again shor tened (Fig. 2c and d). The addition of 
his tamine (0.1 mg/ml )  to the solution again lengthened the 
AP (Fig. ld). Egg albumin did not abol ish the uncoupling of 
excitat ion and contract ion caused by isoptine. However ,  if 
the contract ion was not comple te ly  inhibited, it was s t r eng th -  
ened by about 50 % during the anaphylact ic  react ion.  

Like egg albumin,  h is tamine  (five exper iments ) ,  given 
a f te r  previous  adminis t ra t ion  of isoptine,  caused an inc rease  
in the d ischarge  frequency. This i nc rease  was usually of 
shor t  durat ion and was followed by a f r e sh  dec rease .  The 
AP pla teau was dist inct ly lengthened by his tamine (Fig. 3c). 
If isoptine (8 mg / l i t e r )  suppres sed  the automat ic  con t r ac -  
t ions,  h i s tamine  r e s to r ed  them but the f requency of exc i t a -  
tion under  these c i r c u m s t a n c e s  was low. 

The effects  of egg albumin and his tamine were  c o m -  
pared  with the effect  of an inc rease  in the Ca ion concen-  
t ra t ion in the medium. A fivefold inc rease  in the Ca con-  
cent ra t ion  of the solution containing isoptine caused length-  
ening of the shor tened plateau; the cont rac t i le  act ivi ty not 
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Fig. 2 Fig. 3 

Fig. 2. Effect  of egg albumin (a-d) and of inc rease  in Ca- ion concentra t ion 
(e-f) a f t e r  p rev ious  admin is t ra t ion  of isoptine: a) AP in Tyrode solution; b) 
the same  a f t e r  addition of isoptine (8 rag / l i t e r )  to the solution; c,  d) 6 and 14 
rain of anaphylact ic  react ion;  e, f) 3 and 8 rain a f t e r  fivefold inc rease  in ex -  
te rnal  Ca concentrat ion.  Mean frequency: a) 180; b) 100; c) 120; e, f) 60. 
Cal ibrat ion:  ve r t i ca l ly  50 mV; hor izontal ly  25 msec .  Exper iment  on July 12, 
1973. 

Fig. 3. Effect  of h i s tamine  a f t e r  previous  admin is t ra t ion  of isoptine: a) AP 
in Tyrode solution; b) the s ame  af te r  addition of isoptine (8 rag/ l i ter ) ;  c) a f t e r  
9 rain of action of h i s tamine  (0.1 mg/ml ) .  Mean frequency:  a) 180, b) p r e p a r a -  
tion did not con t rac t  spontaneously,  c) 40. Cal ibrat ion:  ve r t i ca l ly  50 mV; 
hor izonta l ly  25 msec .  Exper iment  on Apri l  20, 1973, 

only was r e s to r ed  but was cons iderab ly  increased  above its initial level  (Fig. 2e, f). 

There  a r e  good grounds for  cons ider ing  that local  anaphylaxis  a r i s e s  as a r e su l t  of the l iberat ion of 
h is tamine f rom the m a s t  ce i l s  p r e sen t  in hear t  t i ssue through the influence of specif ic  interact ion between 
antigen (in this case ,  egg albumin) and antibody fixed on their  m e m b r a n e  [4]. On the bas i s  of modern  views 
on the m e c h a n i s m s  of action potential  genera t ion  in the myoca rd ia l  ce l l s  and on the connection between ex-  
citat ion and contract ion it is ve ry  tempting to sugges t  that the effects  of h is tamine are  linked with ac t iva -  
tion of the slow sod ium-ca lc ium channels  in the m e m b r a n e s  of these cei ls .  Strengthening of the slow inward 
cu r r en t  in the ce l l s  of the p a c e m a k e r  i n c r e a s e s  the ra te  of in terspike  depolar iza t ion  (pacemaker  potential) 
and a lso ,  poss ibly ,  lowers  the c r i t i ca l  potential  [2]. Strengthening of the inward flow of Ca ions in the ce l l s  
of the aur ic le  during the AP, on the o ther  hand, s t rengthens  their  contract ion.  According to this hypothesis  
h is tamine  acts  as an antagonis t  of isoptine,  for  the la t te r  induces d i rec t ly  opposite changes in the e lec t r i ca l  
act iv i ty  of the myoca rd i a l  ce l l s  - slowing of the rhy thm and weakening of thei r  contract ion.  However,  du r -  
ing the combined admin is t ra t ion  of  isoptine and h is tamine  or  isoptine and egg albumin, antagonism between 
them is mani fes ted  only as  r e g a r d s  their  effect  on the frequency and durat ion of the action potential:  h i s t a -  
mine and egg albumin inc rease  the rhythm and prolong the AP when shortened by isoptine. In this r e spec t  
the ef fec ts  of h is tamine d i f fer  s ignif icant ly f rom the effects  of Ca ions, which r e s t o r e  both the AP plateau 
and the myoca rd ia l  contract ions .  

The r ea sons  for  these d i f fe rences  a r e  not yet  c lea r .  Isoptine perhaps  blocks the ca lc ium channels  not 
only in the sur face  m e m b r a n e  but also in the m e m b r a n e s  of the sa rco tubu la r  sys tem.  Competi t ion between 
his tamine and isoptine takes  place,  however ,  only on the sur face  membrane .  Fur the r  invest igat ions will 
show how fa r  the hypotheses  suggested above co r re spond  to the true re la t ionships .  
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