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The effect of histamine on electrical (recorded intracellularly) and mechanical (isometric 
contraction) activity of the auricular myocardial fibers of the guinea pig atrium was in- 
vestigated after preliminary blocking of the fast sodium channels by prolonged depolariza- 
tion with K + ions (20 raM) or with tetrodotoxin (3.2 • 10-7-2.0 • 10 -~ g/ml). Slowly increas- 
ing gradual responses to short stimuli were found to appear in the depolarized fibers~ 
Histamine (10 #g/ml) increased the amplitude and duration of these responses, and at the 
same time the amplitude of the contractions of the preparation ~ also increased. Compound 
D-600 (1 rag/liter), which specifically blocks calcium channels, inhibited the slow responses 
and mechanical activity of the preparation. After administration of tetrodotoxin alone orin 
combination with KCI, histamine also had a potentiating action of its own. It is concluded 
that histamine activates the slow sodium-calcium channels of the myocardial excitable 
menabrane. 
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In a previous investigation [2] on the spontaneously contract ing auricle of the guinea pig hear t  [2] it 
was postulated that changes in the e lec t r ica l  activity of the myocard ia l  cells during experimental  cardiac  
anaphylaxis [1] and during the action of histamine,  the probable media tor  of this response [3], are due to 
activation of the so-ca l led  slow s o d i u m - c a l c i u m  channels of the excitable membrane .  To test this hypoth- 
esis ,  in the present  investigation the effects of histamine were studied after  p re l iminary  blocking of the 
fast  sodium channels.  This was done e i ther  by prolonged potass ium depolarizat ion of the membrane  (to 
about 50 mV), inducing a lmost  total sodium inactivation [5-7], or  with the a~d of tetrodotoxin (TTX; 3.2 • 
10-7-2.0 x 10 -~ g/ml) ,  or  as a resul t  of the combined adminis t ra t ion of these fac tors .  The prepara t ion  
D-600 [4]* was used to block the slow channels.  

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 right (spontaneously active) and left aur ic les  of the guinea pig 
heart .  Elec t r ica l  activity was recorded  with glass  e lec t rodes  filled with 2.5 M KC1 solution and i somet r ic  
contract ions with the aid of a mechanotron.  The animals were immobil ized by a blow on the head, the chest  
was opened, and the heart  removed and placed in warm Tyrode ' s  solution saturated with a mixture of 95% 
O 2 and 570 CO 2. After removal  of the last  t r aces  of blood the aur ic les  were cut off and placed in the work-  
ing chamber  through which a cur ren t  of Tyrode ' s  solution flowed. One of the aur ic les  (depending on the 
aim) was then s t re tched on the f loor of the chamber  under i somet r ic  conditions. One end of the object was 
attached to the rod of the mechanotron and the other  fixed by means of a hook secured to a magnetic sup- 
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West Germany,  for  kindly providing the samples  of Isoptin and D-600. 
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Fig. 1. Effect of TTX, the prepara t ion  D-600, and histamine 
on slow e lec t r ica l  responses  of aur icu la r  cells of the guinea 
pig atr ium: A) spreading action potential of the spontaneously 
contract ing auricle in Tyrode ' s  solution of the original  compo- 
sition; B) spontaneous activity a r r e s t ed  by the addition of 20 
mM KC1 to the Tyrode ' s  solution. Slow response evoked by a 
shor t  (5 msec)  e lec t r ica l  st imulus;  C) the same, but af ter  addi- 
tion of TTX (2 • 10 -6 g/ml)  to the solution; D) combined ac t ion  
of TTX and D-600 (1 • 10 -6 g/ml);  E) rinsing the prepara t ion 
with Tyrode ' s  solution; F and G) the same as A and B respec -  
tively; H) addition of 2 • 10 -6 g /ml  TTX to the KC1 solution; 
I) the same, but with the addition of histamine (1 • 10-6g/ml).  
Calibrat ion:  ver t ica l ly  50 mV, horizontally 50 m s e c .  

port .  The composi t ion of the Tyrode ' s  solution was as follows (in raM): NaC1 136.9, KC1 2.68, NaHCO 3 
11.9, CaC12 1.8, NaH2PO 4- 2H20 0.42, and glucose 5.6. For  depolarizing the membrane  the KC1 concentra-  
tion in the Tyrode ' s  solution was ra ised  to 20 mM. The prepara t ions  were st imulated with square pulses 
15-150 V in amplitude and 5-10 msec  in duration by means of s i lver  e lec t rodes  applied to different ends 
of the preparat ion.  During the exper iments  the t empera tu re  was maintained at 35-37~ and the pH at 7.2- 
7.4. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Several investigators have shown [6-8] that a gradual electrical response (GR) connected with activa- 
tion of the slow sodium-calcium channels appears in fibers of the right ventricle of the sheep's and cat's 
heart, depolarized by potassium ions, to the application of a short stimulus. The present experiments con- 
f i rmed this conclusion. Increas ing the KC1 concentra t ion in the Tyrode ' s  solution to 20 mM (depolarizing 
solution) lowered the res t ing potential f rom--78 .02  ~7.5 t o - 5 0 . 2  ~9.7 mV (n=103 fibers;  P< 0.01). The 
spontaneous activity of the f ibers  was a r re s t ed .  GRs s imi la r  to those i l lustrated in Fig. 1B appeared in 
response to e lec t r ica l  st imulation. These responses  were relat ively insensitive to 1 x 10 -6 g /ml  TTX, and 
they were virtually completely suppressed by the prepara t ion  D-600 (1 rag/ l i ter) .  

The addition of histamine (10 #g/ml) to the depolarizing solution in all exper iments  (15) without ex-  
ception led to an increase  in amplitude and a marked increase  in the duration of the GR. In some cases  
the GRs lost  their  gradual cha rac t e r  and acquired a long and distinct plateau (Fig. 2C). This potentiating 
action of histamine was par t icu lar ly  well marked  during the f i rs t  5-10 rain af ter  its administrat ion,  and 
la te r  it weakened somewhat and became stabil ized. 

In 13 exper iments  histamine reduced the membrane  depolarizat ion evoked by KC1 only very slightly 
(the rest ing potential rose to - 5 7 . 7  * 12.3 mV, n= 83, P< 0.01), but no cor re la t ion  could be found between 
the intensity of the potentiating action of histamine and changes in the rest ing potential. Sometimes under 
the influence of histamine (three cases)  the spontaneous activity of the prepara t ion  was br ief ly res tored.  

As a rule (8 of 10 experiments)  depolarizat ion of the membrane  by K + ions led to a considerable de- 
c rease  in amplitude of the contract ions .  Only in two cases  was the opposite effect observed - the cont rac-  
tions were strengthened.  In all exper iments  histamine increased the amplitude of the contract ions of the 
prepara t ion  (Fig. 2C and D). Clearly defined antagonism between histamine and the prepara t ion  D-600 was 
observed as regards  the i r  effect on e lec t r ica l  and mechanical  act ivi ty of the f ibers .  Whereas in the absence 
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Fig. 2. Potentiat ing effect  of h is tamine 
on e l ec t r i c a l  and mechan ica l  act ivi ty of 
myoca rd ia l  cel ls :  A) action potential  
and i s o m e t r i c  cont rac t ion  of spontane-  
ously act ive aur ic le  of a t r i u m  in T y r o d e ' s  
solution (frequency 180 cyc le s /min ) ;  B) 
slow gradual  r e sponses  to s t imulat ion in 
depolar iz ing KC1 solution (20 raM). Super -  
posed curves  obtained with two s t rengths  
of s t imula t ion  (40 and 60 conventional  
units respec t ive ly) ;  C, D) the same ,  a f t e r  
the addition of h i s tamine  (1 x 10 -5 g /ml)  
to the solution, e f fec ts  a f t e r  1 and 5 rain 
r e spec t ive ly  (strength of s t imulat ion:  
C, 40 conventional units; D, 40, 60, and 
80 conventional units); E and F) combined 
act ion of h is tamine  and D-600 (10 -~ g /ml)  
4 and 8 rain l a t e r  r e spec t ive ly  (strength 
of s t imulat ion:  E, 40 conventional units;  
F, 40, 60, and 80 conventional  units).  
Cal ibrat ion:  ve r t i ca l ly  50 mV, 25 mg; 
horizontal ly ,  50 m s e c .  

of h is tamine ,  D-600 vir tual ly  comple te ly  supp re s sed  the 
e l e c t r i c a l  r e sponse  (Fig. 1D), if the two subs tances  were  
given together ,  this  r e sponse  p e r s i s t e d  (Fig. 2E and F). 

In five e x p e r i m e n t s  the act ion of h is tamine  was in- 
ves t iga ted  a f t e r  admin is t ra t ion  of TTX. In th ree  of these 
e x p e r i m e n t s  h is tamine was used during depolar iza t ion 
of the m e m b r a n e  by KC1 and in two e x p e r i m e n t s  in the 
p r e s e n c e  of the usual  concentra t ion  of K + ions. As was 
s ta ted  above,  TTX in a concent ra t ion  of 1 • 10 -6 g/m1 in 
depolar iz ing solution caused vir tual ly  no change in the 
GRs (Fig. 1C). When the TTX concent ra t ion  was inc reased  
to 2 • 10 -6 g /ml ,  the durat ion of the response  a f t e r  10~]5 
min  was apprec iab ly  reduced (Fig. 1H). The addition of 
h is tamine  to the solution caused a ma rked  inc rease  in 
the durat ion and ampli tude of the GRs (Fig. 1I). 

In no rma l  T y r o d e ' s  solution, TTX in a concentra t ion 
of 2 x 10 -6 g / m l  caused hyperpo la r i za t ion  of the m e m b r a n e  
of the f ibers  (the res t ing  potential  was i n c r e a s e d t o  - ] 0 5 . 6  
�9 6.0 mV, n=14;  P< 0.01). The spontaneous act ivi ty of 
the aur ic le  p e r s i s t e d  but the conduction of e l ec t r i ca l  i m -  
pulses  between sepa ra t e  f ibers  of the m y o c a r d i u m  was 
dissocia ted .  The leading edge, ampli tude,  and duration 
of the action potent ia ls  were  apprec iab ly  lowered.  His-  
Famine inc reased  the durat ion of the e l ec t r i ca l  r e sponses  
on account of the prolongat ion of the descending phase  
of the action potential .  The leading edge and ampli tude 
of the r e sponses  were  lowered,  probably  because  of the 
continued act ion of the TTX. Pa ra l l e l  with lengthening 
of the e l ec t r i c a l  r e s p o n s e s ,  the ampli tude of the con t rac -  
t ions was inc reased  (Fig. 3). 

The w r i t e r s  showed prev ious ly  [2] that h is tamine  
and the substance Isoptin,  blocking slow s o d i u m - c a l c i u m  
channels,  are  antagonists  as r ega rds  the i r  effect  on the 
rhy thm of spontaneous act ivi ty and on the durat ion of the 
plateau of action potent ia ls  of the au r i cu l a r  myocard ia l  
f ibe r s  of the quinea pig a t r ium:  Isoptin slows the rhythm 
and g rea t ly  shor tens  the durat ion of the descendingphase  
of the act ion potential  by ~'cutting off" the plateau.  His ta-  
mine (10 p g /ml)  if added to the solution containing Isoptin, 
r e s t o r e d  the spontaneous rhythm (or i nc reased  i ts  f r e -  

quency if it had not been  comple te ly  suppressed)  and cons iderab ly  prolonged the shor tened act ion potential ,  
t he reby  r e s t o r i n g  the pla teau.  S imi la r  changes in e l ec t r i ca l  act ivi ty  of the a t r ia l  aur ic le  were  obtained if 
an antigen (egg albumin) to which the guinea pig had p rev ious ly  been sensi t ized,  was given during the per iod 
of act ion of Isoptin.  During the local  anaphylact ic  reac t ion  the spontaneous act ivi ty of the aur ic le  was r e -  
sumed or  its f requency was inc reased ,  and the descending phase of the action potential  was lengthened. 
However,  these  e x p e r i m e n t s  were  c a r r i e d  out during a t ime of no rma l  functioning of the fas t  sod iumchan -  

n e l s  and, for  that reason ,  they are  open to a different  in te rpre ta t ion .  In the p r e s e n t  invest igat ion,  in o rde r  
to t es t  the hypothesis  e x p r e s s e d  above, the e f fec ts  of h is tamine were  tes ted a f t e r  p r e l i m i n a r y  inact ivat ion 
of the sodium channels  o r  the i r  pha rmaco log ica l  blocking by TTX. We have seen  that the action of h i s t a -  
mine not only would not weaken under  these conditions, but on the con t ra ry ,  it became  pa r t i cu l a r ly  c l ea r .  
The gradual  r e sponses  connected with the functioning of the slow channels  were  inc reased  by h i s tamine ,  
and they were  ve ry  cons ide rab ly  prolonged as the r e su l t  of plateau format ion .  Meanwhile the cont rac t ion  
of the aur ic le  was s t rengthened.  Distinct antagonism was found between the e f fec ts  of h is tamine andthese  
of the subs tances  D-600 (the methoxy der iva t ive  of Isoptin),  blocking the slow channels .  All these o b s e r v a -  
t ions conf i rm the view that  the slow channels  play a role in the m e c h a n i s m  of the changes in e l ec t r i ca l  
act ivi ty  of the myoca rd i a l  cel ls  under  the influence of h is tamine.  P r e l i m i n a r y  e x p e r i m e n t s  c a r r i e d  out 
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Fig. 3. Action of histamine af ter  p re l iminary  adminis t ra -  
tion of TTX: A-C) spreading action potentials and i somet -  
r ic  cont rac t ion  of spontaneously active auricle  of the a t r ium 
(frequency 210 cyc les /min) :  A) in Tyrode ' s  solution; B) ad- 
dition of TTX (2 x 10 -G g/m1) to the solution, f requency 80 
cyc les /min ;  C) combined action of TTX (2 x 10 -6 g/ml)  and 
histamine (1 x 10 -5 g/ml) ,  f requency 80 cyc les / ra in .  Cal ibra-  
tion: ver t ical ly ,  50 mV, 125 rag; horizontally,  50 msec .  

on guinea pigs sensi t ized to egg albumin showed that blocking the fast  sodium channels by TTX and (or) 
of potass ium depolar izat ion does not prevent  the development of a local anaphylactic react ion which, in 
the case in question, is exp re s sed  as the strengthening and lengthening of the slow responses .  In other  
words,  here  also the effects  of histamine and the antigen coincide.  
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