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Inactivat ion of the complement  in a rabbi t  a n t i s e r u m  agains t  guinea pig myoca rd ium by the 
action of heat  does not abolish the cytotoxic action of the antibodies on myocard ia l  e l e c -  
t r i ca l  act ivi ty.  Exper iments  on the i so la ted  hea r t  (perfused via the coronary  sys tem,  ECG 
recorded  by macroe lec t rodes )  r evea led  sinus or  nodal tachycard ia ,  a t r ioven t r i cu la r  block,  
a t r i a l  a r r e s t ,  etc. ,  4 -6  rain a f te r  injection of the an t i s e rum into the perfusion fluid. In a 
p repara t ion  of the spontaneously contract ing aur ic le  of the a t r ium (external  perfusion,  p o -  
tent ia ls  r eco rded  by in t race l lu la r  mic roe t ec t rodes ) ,  an initial  i nc rease  in spike frequency 
followed by a dec rea se ,  d is turbance of the rhythm,  and cessa t ion  of spontaneous act ivi ty 
were  obse rved  during the action of an t i s e rum in a dilution of 1 : 5 - 1 : 2 0 .  All these ef fec ts  
of the antibodies were  par t ly  or  complete ly  abolished when hepar in  (10-20 uni t s /ml)  was 
injected into the perfusion fluid containing the an t i s e rum.  It  was concluded that hepar in  has  
not only an t icomplementa ry  action, but also a d i rec t  anticytotoxic action.  

Modern views on the cytotoxic action of antibodies and the leading role  of complement  in these r e a c -  
tions [3-6, 8] are  based  mainly on the r e s u l t s  of morphological  invest igat ions (electron mic roscopy ,  p h a s e -  
con t ras t  ana lys is ,  h i s tochemis t ry ,  etc.) .  However,  invest igat ions of this type can revea l  only the com- 
para t ive ly  g r o s s  and advanced d is turbances  of the s t ruc ture  of cell  m e m b r a n e s .  The initial molecu la r  
changes in this s t ruc tu re ,  which de te rmine  the functional p rope r t i e s  of m e m b r a n e s  (their ionic p e r m e -  
abili ty,  potentials ,  and so on) a re  fa r  beyond the l imi t s  of reso lv ing  power of these methods .  

In the invest igat ion descr ibed  below, with the object  of studying the action of specific a n t i s e r u m  on 
the guinea pig hear t ,  e lec t rophysiological  indices r eco rded  by ex t race l lu l a r  and in t race l lu la r  e l ec t rodes  
were  accordingly chosen as indicators  of the cytotoxic effect .  

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

Exper imen t s  with ex t race l lu l a r  r ecord ing  of the potent ials  (ECG) were  ca r r i ed  out on the whole 
guinea pig hea r t  per fused  through the coronary  sy s t em with Tyrode solution (composit ion in raM: NaC1 
136.7, KC1 2.69, CaC12 1.8, NaHCO 8 1.9, NaH2PO 4 0.39, glucose 11.1), ae ra t ed  by a mixture  of 95% 02 and 
5% CO 2, and heated to 37~ 

The hea r t  was  placed in a t r anspa ren t  plast ic  chamber  with s i lve r  record ing  e lec t rodes  mounted in 
i ts  wal ls  and connected to a type ELKAR-4 e lec t rocard iograph .  In some of the expe r imen t s  the record ing  
e lec t rodes  were  secured  to the surface  of the a t r i a  and ven t r i c les  by means  of MK-6 glue. 
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Fig. 1. Changes in ECG of guinea pig hear t  under the 
influence of ant iserum and res tora t ive  effect of hepa- 
rin.  Complement inactivated by heat: a) initial back- 
ground, hear t  perfused via coronary  sys tem with Ty- 
rode solution; b) 5 rain after  injection of ant iserum 
into coronary  circulation; against the background of 
sinus tachycardia ,  periodic (3:2) a t r ioventr icular  
(AV) block; c) 6 min after  injection, 2 : 1 AV block; d) 
12 rain after  injection, complete AV block, every 3rd 
ventr icular  complex is a nodal extrasystole;  e) 13 
rain after injection, appearance of heterotopic pace -  
makers  in upper part  of bundle of His; f) 14 min after  
injection of ant iserum and 1 rain af ter  addition of 
heparin (10units/ml) to solution, res tora t ion  of pace -  
maker  activity of AV node. ECG recorded  by e l e c -  
t rodes  immersed  in solution bathing the hear t .  

The experiments  with intracel lular  r e -  
cording of the potentials were ca r r i ed  out on a 
preparat ion of the isolated auricle of the right 
atr ium, contract ing spontaneously. The prepa-  
ration was placed in a glass  chamber  through 
which Tyrode solution was passed.  The poten- 
tials were recorded  by glass  microe lec t rodes  
filled with 2.5 M KC1 solution, f rom which they 
were fed to a cathode follower (Nihon Kohden, 
Japan) and 2-channel  de amplif ier  ("Disa" 
Universal  indicator). The anticardiac serum 
was prepared by immunizing rabbi ts  with 20% 
saline ext rac t  of guinea pig hear t  t issue, pre-  
viously freed f rom t races  of blood. The resul t -  
ing sera  reacted  in the complement fixation test  
in dilutions of 1 : 8 0 - 1 : 3 2 0 ,  and in the r i n g - p r e -  
cipitation tes t  with homologous antigen diluted 
to a protein concentrat ion of 15-30 pgo In both 
ser ies  of experiments  the ant isera  were diluted 
1 : 5 - 1 : 2 0  with Tyrode solution. In the control 
experiments  normal  serum of unimmunized 
rabbits  was used. 

To inactivate the complement  the tes t  
se rum was heated at 56~ for 30 mino t tepar in  
was used in concentrat ions of 5-20 units/ml.  

E X 1 D E R I M E N T A L  R E S U L T S  

AND D I S C U S S I O N  

In all 22 experiments  on the whole heart ,  
injection of ant icardiac serum into the perfusion 
fluid caused marked dis turbances of e lec t r ica l  
activity of the hear t .  The ECG changes in the 
control experiments  with normal  serum were 
slight in degree and t ransient  in duration. 

A cytotoxic effect was found as ear ly  as 4 -6  rain after the beginning of perfusion: sinus or nodal 
tachycardia  appeared, harmony between the working of the ventr icles  and atr ia  was lost, partial or com- 
plete a t r iovent r icular  block developed, and heterotopie loci appeared in conjunction with atr ial  a r r e s t  
(Fig. l a -e ) .  The less diluted the ant iserum given, the more  marked these changes were.  

gepar in  had a definite protective action. If the heparin was added to the perfusion solution when 
changes in the ECG were already established (Fig. lf),  the changes were r eve r sed :  a regular  rhythm of 
excitation appeared, a t r ioventr icular  conduction was partly or  completely res to red ,  and the amplitude of 
the ECG waves increased (8 experiments) .  If, however,  the an t i sera  were added to the perfusion solution 
containing heparin (10 units /ml) ,  the cytotoxic effect was ei ther  absent (in 4 of 8 experiments) or weak and 
t ransient  (4 experiments) .  

The preparat ion of the atrial  auricle was perfused initially with Tyrode solution of normal  composi-  
tion (Fig. 2a). The amplitudes of the rest ing potential and action potential and the maximal gradient  of the 
ascending phase were 52.2 • 8.4 mV, 64.9 =~ 7.8 mV, and 92.2 ~= 21.9 V/sec ,  respect ively (45 fibers were 
tested). The firing rate varied f rom 69 to 160/rain. 

Replacement of the Tyrode perfusion solution by solution containing ant iserum in most  experiments  
caused initially a marked increase in the frequency of the spontaneous activity (Fig. 2b), followed by slow- 
ing of the activity and a r rhy thmia  (Fig. 2c), leading ultimately to complete abolition of spontaneous activity 
(Fig. 2d). The firing rate in the initial stage of action of the ant iserum was usually increased by 2-2.5 
t imes,  to reach 300-350/min in cer ta in  cases .  The duration of the action potentials was sharply reduced 
under these conditions. In some exper iments  no increase in frequency occurred,  but there was a decrease  
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Fig. 2 Fig. 3 

Fig. 2. Changes in spontaneous activity of single a t r ia l  f ibers  (right aur i -  
cle) under  the influence of an t i se rum,  a) Initial  background in Tyrode solu- 
tion: spreading  action potential  f rom p a c e m a k e r  (bottom line), max imal  
gradient  of ascending phase of spike (top line; for convenience of reading 
the r eco rd  is shifted to the left), and res t ing  potentials  (distance between 
top and bot tom lines in in terval  between spikes); b) stage of inc reased  f r e -  
quency; c) stage of dec reased  frequency and ar rhythmia ;  d) cessa t ion  of 
spontaneous activity; e) p repara t ion  r insed  in Tyrode solution. Exper iment  
on July 9, 1970. 

Fig. 3. Protec t ive  effect  of heparin:  a) initial background (the same  as in 
Fig. 2a); b) combined adminis t ra t ion  of an t i s e rum (1 : 15) and hepar in  (10 
uni t s /ml) ;  c) above solution replaced  by an t i s e rum solution (1:15) without 
heparin;  expe r imen t  on July 14, 1970; d) cessa t ion  of spontaneous act ivi ty 
under the influence of an t i s e rum (1:10); e) r e s to ra t i on  of spontaneous a c -  
tivity on addition of hepar in  (10 uni t s /ml)  to the solution. Exper imen t s  on 
July 13, 1970'. 

f r om the ve ry  beginning, to be followed by complete  d i sappearance  of the action potentials .  It is in t e res t -  
ing that during all these'  changes in e l ec t r i ca l  act ivi ty the res t ing  potential  of the myocard ia l  cel ls  r ema ined  
vi r tual ly  constant.  For  instance,  in the per iod of cessa t ion  of spontaneous act ivi ty the res t ing  potential of 
the a t r ia l  f ibers  was 53 =~ 6.1 mY (10 f ibers) .  In mos t  cases  these ef fec ts  were  r eve r s ib l e :  r ins ing the 
p repara t ion  with Tyrode  solution led to par t ia l  or  complete  r e cove ry  of e l ec t r i ca l  act ivi ty (Fig. 2e). 

Hepar in  in concentra t ions  of 5-10 un i t s /ml  i tself  caused no significant changes in the e lec t r i ca l  ac-  
t ivity of the a t r ia l  f ibers  but had a definite protect ive  action when used in conjunction with an t i se rum.  This 
was mani fes ted  e i ther  as prevent ion of the cytotoxic effect  if the s e r u m  was added to perfusion solution al-  
r eady  containing hepar in  (Fig. 3a, b) or  as abolition of the a l ready  developed cytotoxic reac t ion  if the h e p -  
ar in was added to the solution a f te r  the s e r u m  had begun to act  (Fig. 3d, e). With this concentrat ion of 
heparin,  the degree  of its pro tec t ive  action was d i rec t ly  dependent on the degree  of dilution of the anti- 
s e rum.  In the expe r imen t s  in which r insing the p repara t ion  in Tyrode solution did not r e s t o r e  e l ec t r i ca l  
act ivi ty,  it was r e s t o r e d  by the addition of hepar in .  

Since in these expe r imen t s  the complement  contained in the an t i s e rum had been inact ivated by p re -  
l iminary  heating, the obse rved  changes in e l ec t r i ca l  act ivi ty can be in te rpre ted  as the r e su l t  of the d i rec t  
action of antibodies on the exci table cell  m e m b r a n e s .  

The s imi l a r i ty  between the changes in e l ec t r i ca l  act ivi ty of the myocard ia l  cel ls  in the initial stage 
of the cytotoxic reac t ion  (the phase of tachycardia)  and those previously  found during local  anaphylaxis  of 

1124 



these cells [1] was noted~ The react ion between antibodies and antigen on the surface of the membrane 
evidently had a marked effect on the state of its sodium and potassium canals.  Evidence of this was given 
by changes in the spike frequency, the cessat ion of spontaneous activity, the shortening of the action po-  
tentials,  and the blocking of a t r ioventr icular  t ransmiss ion .  

The protective action of heparin dese rves  special attention. Heparin is known to block complement 
[7] and thus to protect  cells against its destruct ive action. In the present  experiments ,  however,  the com- 
plement has been inactivated by heat.  It thus follows that under these par t icular  conditions heparin has a 
di rect  inhibitory effect on the development of the cytotoxic react ion.  The mechanism of this protective 
action of heparin is not yet  c lear .  The simplest  explanation would be that heparin prevents the react ion 
between the antibodies and cell antigens. However, information in the l i terature  on this problem is con- 
flicting: some workers  found no effect of heparin on adsorption of antibodies on the cell surface [11,12], 
while others ,  on the other hand, r epor t  that this adsorption is appreciably weakened in the presence of 
heparin [9, 10]. The possibili ty likewise cannot be ruled out that heparin,  with its high negative charge 
[2, 7], can somehow or other counteract  the molecular  changes which develop in the membrane during 
antigen--antibody interaction.  Be that as it may, it must  be accepted that besides  its ant icomplementary 
action, heparin also possesses  a d i rec t  antitoxic action. 

The authors are  grateful  to Academician of the Academy of Medical Sciences of the USSR A. A. 
Vishnevskii,  P ro fe s so r  L. L. Shik, and Pro fesso r  A. S. Kharnas for their  valuable advice and help in the 
course  of this investigation. 
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