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Experiments  on isolated guinea pig hearts  perfused with Ringer-Locke solution showed 
that t reatment  with anticardial  cytotoxic serum (ACS) produced marked changes in aur ic -  
u la r  e lectr ical  activity which follow a cer tain pattern. The initial, stimulant effect of 
ACS is reflected in sinus tachycardia,  an increased degree of arrhythmia,  and the appear-  
ance of extrasystoles .  In the second stage aur icular  activity is inhibited, as reflected by 
bradycardia ,  parasystole ,  a reduced amplitude of the P wave and, in some cases ,  aur ic -  
u la r  a r r e s t .  The effects of ACS were part ly abolished by rinsing the preparat ion with 
R i n g e r - L o c k e  solution. This was evidently because ACS acts through biologically active 
substances or  on account of a very  loose attachment of the antibody to the t issue antigen. 

The investigation described below is part  of a ser ies  of studies of the cytotoxic action of antibodies 
on excitable cell  membranes  conducted at the A. V. Vishnevskii Institute of Surgery,  Academy of Medical 
Sciences of the USSR [1]. 

This paper examines the changes in e lect r ical  activity of the auricles  produced by the action of anti-  
cardial  cytotoxic serum (ACS) using an extracardia l  recording system.  

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

Isolated guinea pigs '  hear ts  were perfused by Langendors ' s  method with R i n g e r - L o c k e  solution heated 
to 37~ The heart  was placed in a t ransparent  plastic rece iver  filled with perfusion fluid escaping from the 
chambers  of the heart .  To keep the volume of perfusion fluid in the r ece ive r  constant, an outflow tube was 
fitted at the level of the base of the heart ,  through which the solution escaped at a rate of one drop per  sec -  
ond. Stable cardiac activity was f i rs t  produced by perfusing the heart  for  the f i rs t  15-20 min with original 
R i n g e r - L o c k e  solution. The spontaneous e lect r ical  activity was then recorded,  and 1 ml ant iserum was 
then slowly injected into the flow of perfusion fluid. 

TABLE 1. Time of Manifestation of Action of Antiserum on Aur icular  
Elect r ica l  Activity (rain) 
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Fig. 1 Fig. 2 

Fig. 1. Initial ECG (I) and dysrhythmia of activity of main pacemaker  together  with 
aur icular  extrasystoles  during f i rs t  minutes af ter  injection of ACS (II). A) Eight- 
aur icular  unipolar ECG (RAECG) (active electrode glued to right auricle,  re fe rence  
electrode in R i n g e r - L o c k e  solution); B) right vent r icular  unipolar ECG (RVECG) 
(active electrode glued to right ventricle,  reference  electrode in R i n g e r - L o c k e  
solution); C) ECG of isolated heart ,  recorded by two electrodes placed in solution 
bathing the heart;  P) response of auricles  to excitation f rom main pacemaker ,  va r i -  
ations in duration of P -  P intervals f rom 0.55 to 0.58 sec; P') blocked aur icular  
extrasystoles  appearing 0.15 sec af ter  excitation of main pacemaker  and recorded  
only on RAECG. 

Fig. 2. Changes in aur icular  e lect r ical  activity in late stages af ter  injection of ACS. 
A, B, C) as in Fig. 1; P ' ,  P") response of auricle to excitation from various pace-  
makers ;  I) initial background (before injection of serum),  sinus rhythm With distinctly 
functioning main p a c e m a k e r -  P; II) appearance of heterotopic aur icu la r  pacemakers  
P '  and P";  Iil) parasys to le  of aur icular  complexes and dissociat ion of contract ions 
of auricles  and ventr icles;  IV) disappearance of aur icu la r  activity, a t r io -ven t r i eu la r  
rhythm recorded  in all leads. 

The e lec t r ica l  activity of the hear t  was recorded  by means of e lect rodes  mounted in the wall of the 
working chamber .  In some experiments  surface e lect rodes  also were glued to the various par t s  of the 
hear t  with MK-6 glue. In this way the ECG and the e lectr ical  activity of the a t r ia  and ventr ic les  were 
recorded.  

Arrhythmia  of the aur icular  contract ions was est imated quantitatively by a means of the a r rhythmia  
index, determined as follows. The duration of ten success ive  P -  P intervals was measured  and the mean 
(M) found. The sca t te r  was then determined, i.e., the difference between the maximal  and minimal  dura-  
tions of P -  P. The ratio between the sca t te r  and the mean was taken as the a r rhy thmia  index. Normal ly  
it varied f rom 0.01 to 0.09. If the duration of 10 (or more) P -  p intervals remained constant, the index 
was zero.  

The blood serum of rabbits immunized with solutions of cytoplasmic proteins f rom the guinea pigs '  
hear t  was used as the anticardial  cytotoxic serum (ACS). The immunological  pa ramete r s  of ACS have been 
fully descr ibed previously [1]. The f i rs t  portion of ACS reached the heart  40-50 sec af ter  its injection into 
the perfusion fluid. In control  experiments with methylene blue, to determine the dilution of ant iserum with 
Ringer- -Locke solution, it was found that af ter  2 min the initial ACS was diluted about six t imes,  af ter  3 
min by 24 t imes ,  af ter  4 rain by 60 t imes,  af ter  5 rain by 128 t imes  and af ter  6 rain no ant iserum could be 
detected in the working rece iver .  

In five pre l iminary  experiments the ability of the hear t  to contract  for  a long t ime in the initial pe r -  
fusion fluid without injection of ACS was tested. No significant changes in the e lec t r ica l  activity of the 
heart  were observed during observat ions  lasting 2-2.5 h. 
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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  

At the beginning of t h e  exper iments  the hear t  contracted in sinus rhythm.  The duration of the P -  P 
in te rva l  was 0.55 ~-0.065 sec .  The a r r h y t h m i a  index was 0.042 ~:0.016. Af ter  adminis t ra t ion  of the ACS 

t 

m a r k e d  changes occu r r ed  in the card iac  e lec t r i ca l  act ivi ty.  In the aur ic les  the f requency of generat ion of 
the sinus beats  was changed, the a r rhy thmia  index increased,  au tomat i sm of the heterotopic  cen te rs  ap-  
peared ,  and the ampli tude of the P wave was reduced.  The o rder  of appearance  of these  s igns  is impor tant  
f r o m  the standpoint of ea r ly  diagnosis of the development  of the cytotoxie react ion.  In these  exper iments  
it was as follows. To begin with the a r r h y t h m i a  index usually increased .  La t e r  o r  (in some exper iments)  
at the s a m e  t ime  the f requency of generat ion of sinus beats  increased .  The ampli tude of the P wave was 
mos t  f requent ly  reduced a f t e r  the appearance  of signs of a r rhy thmia .  In a few cases ,  however,  the dec r ea se  
in ampli tude was the f i r s t  e lec t rocard iograph ic  sign of the action of ACS on the hear t  (Table 1). When iden- 
tifying the beginning of development  of the cytotoxic react ion,  s t r e s s  cannot t he re fo re  be made on any p a r -  
t i cu la r  e l ec t roca rd iograph ic  sign, but they mus t  all  be considered.  

The signs d i scovered  also showed m a r k e d  quanti tat ive var ia t ion.  The initial i nc rea se  in f requency 
of genera t ion of sinus beats  was 13.4 �9 4.18% compared  with the or iginal  f requency.  The a r r h y t h m i a  index 
inc reased  by 11 t imes  ove r  the background level  during this per iod.  This was due to an inc rease  in dys rhy-  
thmia  of the main  p a c e m a k e r  and to the appearance  of au r i cu la r  ex t r a sys to le s  (Fig. 1). 

Immedia te ly  a f t e r  this f i r s t  per iod of changes in au r i cu la r  e l ec t r i ca l  act ivi ty  the re  was a per iod of 
re la t ive ly  no rma l  contract ion when the f requency and rhythm re turned  a lmos t  to the i r  initial va lues .  The 
sinus rhythm then suddenly became  s lower  and in some  cases  the aur ic les  ceased  to beat .  The mean  f r e -  
quency of genera t ion of sinus beats  fel l  by 80.9e:38.2% below the init ial  value. The a r r h y t h m i a  index in 
this per iod rose  by 28 t i m es .  The second wave of a r rhy thmia  was thus much l a rge r ,  quanti tat ively speaking, 
than the f i r s t .  P, waves of different shapes  and f requencies  appeared  at this t ime  in the au r i cu la r  ECG, 
evidence of t he i r  heterotopic  origin (Fig. 1: II, III). Whereas  during the f i r s t  wave of a r rhy thmia ,  au r i cu -  
l a r  ex t rasys to les  usual ly  occurred;  i .e. ,  he terotopic  act ivi ty was p resen t ,  in the second wave aur i cu la r  
pa r a sys to l e  was observed,  with dissociat ion of the function of individual pa r t s  of the aur ic les ,  d i sappearance  
of impulses  f rom the main  pacemaker ,  and t he i r  r ep lacement  by low-ampl i tude P" complexes  of lower  f r e -  
quency; i .e. ,  act ive he tero topia  was rep laced  by pass ive .  

The ampli tude of the P waves (cases  with a constant  p a c e m a k e r  a r e  considered) as a rule  fe l l  during 
the exper iments .  

As the hear t  was r insed with R i n g e r - L o c k e  solution, the au r i cu la r  act ivi ty was par t ly  r e s to red ,  so 
that  the f requency and rhythm of the au r i cu la r  ~mpulses re turned pa r t ly  to no rmal .  However ,  the function 
of the main  p a c e m a k e r  could be taken ove r  by another,  as shown by changes in the configurat ion of the P 
wave and a dec r ea s e  in ampli tude and f requency of the waves .  The initial card iac  act ivi ty  was neve r  c o m -  
ple te ly  r e s to red .  

Norma l  s e r u m  f r o m  unimmunized rabbi ts  was used  in the control  exper iments .  In four  of the eight 
exper iments  no changes were  found in card iac  e lec t r i ca l  activity,  and in the o thers  the re  was a sma l l  in-  
c r e a s e  in the a r r h y t h m i a  index and f requency of genera t ion of sinus beats .  However,  these  abnormal i t i es  
we re  ex t r eme ly  slight and bore  no compar i son  with the changes occur r ing  a f t e r  the action of ACS. 

It  can be concluded f rom these  observa t ions  that  the cytotoxic action of ACS led to cons iderable  
changes in the au r i cu la r  ECG. These  changes developed in a ce r ta in  o r d e r  and, as a rule,  s e v e r e  i r r e v e r -  
s ible  d i s turbances  were  p resen t  a f t e r  10 rain. Pa r t i a l  r e cove ry  of a u r i c u l a r  e l ec t r i ca l  act ivi ty during 
r ins ing of the p repa ra t ion  with R i n g e r - L o c k e  solution suggests  that  ACS exer t s  its effect  through biologi-  
cal ly act ive subs tances  o r  through a v e r y  loose a t tachment  of the antibody to the t i s sue  antigen. 
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