
PHYSIOLOGY 

A C T I O N  O F  M I C R O E L E C T R O P H O R E T I C  

O F  M E D I A T O R S  ON S I N G L E  C E L L S  O F  

G U I N E A  P I G  A T R I U M  

I .  S. G u s h c h i n  

I N J E C T I O N  

T H E  I S O L A T E D  

UDC 612.172.4 : 014.46 : 612.822.2 

Two-core  coaxial mic roe lec t rodes  were used to study the action of microphore t ic  injections 
of adrenal in,  histamine,  and acetylcholine (2M solutions) on e lec t r ica l  activity of single f i -  
bers  of the isolated right a t r ium,  recorded  intracel lular ly.  Adrenalin caused an increase  in 
the frequency of spontaneous action potentials in f ibers  of pacemaker  type, with a latent pe-  
riod of about 5 sec,  but did not modify the form and frequency of spontaneous action poten- 
tials of contract i le  f ibers.  Application of histamine to pacemakers  and contract i le  [ibers did 
not affect the cha rac t e r  of the e lec t r ica l  activity of these cells.  Application of acetylcholine 
to contract i le  f ibers  shortened the repolar izat ion phase of spontaneous action potentials with 
a latent period of 3.94• 0.34 sec.  P re l imina ry  addition of adrenalin (1 t~g/ml) to the a t r ia  did 
not change the duration of the latent period of the acetylcholine effect on contract i le  fibers.  
Atropine (0.1, 1, and 2 pg/ml) lengthened the latent period of the acetylcholine effect on atr ial  
contract i le  f ibers .  

The action of exci ta tory  and inhibitory media tors  on e lec t r ica l  act ivi ty of single cells of the isolated 
atr ium in animals  has so far  been studied by perfusion of a heart  prepara t ion with these substances.  C l e a r -  
ly, under these experimental  conditions, it is difficult to identify p rec i se ly  the point of application of the 
drug on par t i cu la r  types of cells  or  to a s se s s  what changes in e lec t r ica l  activity of par t icu lar  types of cells  
are  the resu l t  of the p r i m a r y  action of the drug on these cel ls  and which are  the indirect  resul t  of its action 
on other e lements  of the hear t  preparat ion [5]. 

This paper  descr ibes  the resul ts  of a study of the action of adrenalin, histamine, and aeetylcholine,  
injected mic roe lec t rophore t i ca l ly ,  on single ceils (pacemakers  and contract i le  fibers) of the a t r ium,  with 
simultaneous record ing  of e lec t r i ca l  activity of these cei ls  by means  of two-channel mie roe lec t rodes .  

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 at r ia  of 15 male guinea pigs weighing 250-300 g. The 
method of prepara t ion  of the specimen and the ,experimental technique were descr ibed previously [1]. Two-  
core coaxial mic roe l ee t rodes  [3] were used. The inner mic roe lec t rode ,  filled with 3 M KC1 (10-50 M~) was 
used for in t race l lu lar  record ing  of the cell  potentials.  The tip of the outer mic roe lec t rode ,  about 5-10 g in 
d iameter ,  was separa ted  from the tip of the inner microe lec t rode  by a distance of 30-50 p. The outer  m i -  
c roe lec t rode ,  filled with a solution of the corresponding drug, was used for microe lec t rophore t i c  injection 
of the tes t  substances  near to the cell  membrane .  The drugs were injected as cations. To diminish dif-  
fusion of the drugs in the period between injections,  a steady di rec t  cur ren t  was passed in the opposite di-  
rect ion through the outer e lect rode.  The theoret ical  c i rcui t  used for injection of the drugs is i l lustrated 
in Fig. 1. 
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Fig.  1. Action of mic ro in jec t ion  of adrenal in  and ace ty lcho-  
line on e l ec t r i ca l  act iv i ty  of single cel ls  in the r ight  a t r ium.  
A) Init ial  spontaneous act ivi ty  of p a c e m a k e r ;  B) dur ing in jec -  
tion of adrena l in  by cu r r en t  of about 300 pA; C) 20 sec  af ter  
switching off inject ing cur ren t ;  D) init ial  spontaneous act ivi ty  
of cont rac t i l e  f iber ;  E) during inject ion of acetylchol ine by 
cu r r en t  of about 100 pA; F) 15 sec a f te r  stopping injecting 
cu r ren t .  T ime  m a r k e r  for  D - F ,  20 m s e c ;  CF) cathode fo l -  
lower;  A) dc ampl i f ie r .  

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  

The action of adrena l in  hydrochlor ide ,  injected f rom a 2 M solution (pH 3.0), on e l ec t r i ca l  act ivi ty  of 
the r igh t  a t r i a l  p a c e m a k e r  is i l lus t ra ted  in Fig. 1A-C. The init ial  spontaneous act ivi ty  cons is t s  of c h a r -  
a c t e r i s t i c  act ion potent ia ls  for  this type of f iber ,  genera ted  a f te r  diastol ic  depolar iza t ion  r eaches  i ts  t h r e s h -  
old value (Fig. 1A). During inject ion of adrenal in  by a c u r r e n t  of about 300 pA, a definite i nc r ea se  in f r e -  
quency of act ion potent ia ls  was obse rved  (Fig. 1B), re tu rn ing  to the init ial  level  a f t e r  stopping the injecting 
cu r r en t  (Fig. 1C). The latent  per iod  of i nc r ea se  in f requency of action potent ia ls  at  the m o m e n t  of adrenal in  
inject ion was about 5 sec .  

Mic roe l ec t rophore t i e  inject ion of adrenal in  onto cont rac t i l e  a t r i a l  f ibe rs  with a cu r r en t  of up to 500 
pA, and durat ion of up to 40 sec ,  accord ing  to r e su l t s  obtained with 12 ce l l s ,  did not lead to any apprec iab le  
changes in the f requency  and fo rm of spontaneous action potent ia ls  of these types of cel ls .  

Mic roe l ec t rophore t i c  inject ion of h is tamine  dihydrochlor ide  (2 M solution) by a cu r r en t  of up to 500 
pA and durat ion up to 30 sec  caused no changes  in spontaneous act ivi ty  of the p a c e m a k e r  (on 8 cells)  o r  
cont rac t i le  f ibers  (10 cel ls)  of the r ight  a t r ium.  

The init ial  spontaneous e l ec t r i c a l  ac t iv i ty  of a cont rac t i le  r ight  a t r i a l  f iber  is  i l lus t ra ted  in Fig. 1D. 
The m e m b r a n e  potent ial  between individual action potent ia ls  is s teady,  the depolar iza t ion  phase  is  r e l a -  
t ive ly  fas t ,  and the r epo la r i za t ion  phase  is slow. Dur ing inject ion of acetylchol ine chlor ide (2 M solution) 
by a cu r r en t  of about 100 pA, the r epo la r i za t ion  phase  is  cons iderab ly  shor tened and the ampli tude of the 
act ion potent ials  reduced ,  with no change in the i r  f requency (Fig. 1E). Stopping the inject ing cu r r en t  was 
accompanied  by r e s t o r a t i o n  of the or iginal  shape of the act ion potent ia ls  (Fig. 1F). The action of a ce ty l -  
choline on cont rac t i l e  f i be r s  f requent ly  was apparen t  only when the holding cu r r en t  was switched off. The 
la tent  per iod  of the acetylchol ine effect  on act ion potent ia ls  of cont rac t i le  a t r i a l  f ibers ,  accord ing  to r e su l t s  
obtained on 22 ce l l s ,  was 3 .94•  sec  (from 1.6 to 7.1 sec).  

A spec ia l  s e r i e s  of e x p e r i m e n t s  was c a r r i e d  out to study the act ion of injected, acetylchol ine on the 
s a m e  cont rac t i l e  ce l l s  before  and a f t e r  addition of adrenal in  to the a t r i a l  p r epa ra t ion  in a concentra t ion of 
1 g g / m l ,  y ie lding the m a x i m u m  effec t  a s s e s s e d  as  an i nc r ea se  in f requency of spontaneous action poten-  
t ia ls .  Against  the background of adrenal in ,  the act ion of the injected acetylchol ine was tes ted  at a t ime of 
m a x i m a l  i n c r e a s e  in f requency  of the spontaneous ac t ionpo ten t i a l s .  In each case  the inject ing cu r ren t  was 
constant  in s t rength .  T h e  magni tude of the acetylehol ine effect  on the shape of the action potent ials  was 
a s s e s s e d  f rom i ts  la tent  per iod.  The latent per iod of the acetylchol ine effect  before  addition of adrena l in  



sec 

i i i __a./ag,/ml 
o,1 I,o 2.o 

Fig. 2. Effect  of addition of a t r o -  
pine to a t r i a  on latent  per iod of 
effect  of acetylchol ine  m i c r o i n j e c -  
rich. Absc i s sa ,  a t rop ine  concen-  
t ra t ion  (in ~g/ml) ;  ordinate ,  latent  
per iod  (in sec).  

to the a t r i a  was 3.57+0.53 sec (from 1.6 to 6.2 see) ,  and on the 
s ame  cel ls  agains t  the backgTound of adrenal in  act ion it was 3.38 ~- 0.38 
sec (from 1.6 to 5 sec ,  P>0.05) .  

Addition of a t ropine  to the a t r i a l  p r epa ra t ion  in concentra t ions  
of 0.1, 1, and 2 rag / ro t  lengthened the latent  per iod of the ace ty l -  
choline effect  (Fig. 2). 

In the f i r s t  p lace ,  the r e su l t s  of these expe r imen t s  give d i rec t  
evidence of the action of adrenal in  on p a c e m a k e r s  of the isola ted 
guinea pig a t r ium.  At the same  t ime,  no apprec iab le  changes in the 
f requency or shape of spontaneous act ion potent ia ls  of the contract i le  
f ibe rs  were  found in this invest igat ion in r e sponse  to m i e r o e l e e -  
t rophore t i e  appl icat ion of adrenal in  to them. 

Resu l t s  of the study of adrena l in  act ion on e l ec t r i ca l  act iv i ty  
of cont rac t i l e  f ibe r s  of the m a m m a l i a n  a t r ium during per fus ion  of a 
whole p r epa ra t i on  by this drug a re  cont radic tory .  In some  ca se s  no 
changes whatever  were  found in the shape of the action potent ia ls ,  
while in o the rs ,  a sl ight i nc rease  in durat ion of the repo la r i za t ion  

phase  was r eco rded  [4, 5t. The absence  of changes in shape of action potent ia ls  of cont rac t i le  f ibe rs  during 
e l ec t rophore t i c  appl icat ion of adrena l in  to them indicates  that lengthening of the r epo l a r i z a t i onphase ,  s o m e -  
t imes  obse rved  a f t e r  appl icat ion of adrenal in  to the a t r i um,  is not n e c e s s a r i l y  the r e su l t  of the p r i m a r y  
act ion of this me d i a t o r  on the cont rac t i l e  f ibe rs  of the a t r ium.  

The absence  of change in f requency of act ion potent ials  of p a c e m a k e r  f ibers  or  in the shape of action 
potent ia ls  of cont rac t i l e  f ibe r s  obse rved  in this invest igat ion dur ing m i c r o e l e e t r o p h o r e t i c  applicat ion of 
h is tamine  to them con f i rms  the hypothesis  that the posi t ive  chronotropic  action of h is tamine  on the hear t  
p r epa ra t i on  is not due to the d i rec t  act ion of h is tamine on myoca rd i a l  cel ls ,  but is pe rhaps  the r e su l t  of 
exci ta t ion of postgangl ionie  sympathe t ic  nerves  [7]. 

The d i rec t  ac t ion  of m i e r o e l e c t r o p h o r e t i c a l l y  injected acetyleholine on the cont rac t i le  f ibe rs  of the 
a t r ium cons i s t s  of a cons iderab le  shor tening of the r epo la r i za t ion  phase  of the spontaneous potent ials  with 
no change in the i r  f requency.  This  effect  of acetylchol ine on the shape of the action potent ia ls  of contract i le  
f ibe rs  is analogous to the act ion of this med ia to r  when added to the whole a t r ia l  p r epa ra t i on  [4, 6]. 

Some authors  [2] have postula ted that ad renerg ie  and ehol inergic  r e c e p t o r s  of hea r t  m u s c l e  a r e  iden-  
t ica l ,  and in suppor t  of this they adduce, in pa r t i cu l a r ,  the fact  that  the acetylchol ine effect ,  a s s e s s e d  f rom 
the cont rac t i le  r e s pons e  of the m y o c a r d i u m ,  can be reduced by p r e l i m i n a r y  addition of adrenal in  to the 
hear t  p repa ra t ion .  According to the p re sen t  r e su l t s ,  adrenal in  in concentra t ions  producing a max imu m 
inc r ea se  in f requency of action potent ia ls  did not modify the durat ion of the latent  per iod of a c t i o n o f a c e t y l -  
choline when injected onto cont rac t i le  f ibers .  

If this d e c r e a s e  in acetylehol ine  r e sponse ,  as r e f l ec ted  by the mechan ica l  r e sponse  of the hear t  
musc le  agains t  the background of adrena l in  act ion, is  in fact  due to in te rac t ion  of both m e d i a t o r s  on the 
s a m e  r e c e p t o r  p ro te in  molecule  [2], then in that case  inhibition of another  index of acetylchol ine action on 
the cel l  m e m b r a n e  would a l so  be expected agains t  the background of adrenal in ,  namely  the i nc rea se  in 
latent period of action of injected acetylcholine on the electrical activity of the myocardial cells. Lengthen- 
ing of the latent period of the acetylcholine effect was clearly observed when cholinergic receptor structures 
were blocked by atropine. 
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