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Prolonged administration of homologous serum containing cardiac and streptococcal antibodies gives 
rise to physiological and morphological disturbances of the myoeardium. The electrocardiogram is mod- 
ified, vasculitts and diffuse proliferative cell reaction develop, and focal collections of cells resembling 
an Aschoff-Talalaev granuloma appear. If administration of the serum continues, profound degenerative 
changes develop in the myoeardium, and immunomorphologieal responses of the spleen and lymph glands 
are depressed. 

Attempts to simulate the autoimmune mechanism of rheumatic  cardi t is  experimental ly have been 
made by injecting animals with homogenate of homologous hear t  t i ssues  together with s t reptococci  [1, 4, 5, 
7, 11, 12], and also by injecting heterologous eytotoxie cardiac  se ra  in small  doses [2, 3, 6]. 

The object of the present  investigation was to make a physiological,  immtmologieal,  and morphologi-  
eal analysis  of autoimmunogenesis  and changes in the card iovascular  sys tem produced exper imental ly  by 
the action of homologous hear t  ant iserum. 

EXPERIMENTAL METHOD 

The animals (15 rabbits) of group 1 received intravenous in)eetions of horn , log ,us  se rum containing 
cardiac  antibodies (titer of complement-f ixing antibodies 1 : 20-1 : 40, latex-agglutinating 1 : 10,000- 
1 : 20,000, and hemagglutinating 1 : 16-1 : 32). The animals of group 2 (15 rabbits) received the same serum 
mixed with heat-kil led s t reptococcal  vaccine. The serum was injected in doses of 2-3 ml twice a week in 
a 6-week cycle,  with intervals  between cycles  of 1.5-2.5 months. Streptococcal  vaccine was injected twice 
a week in a dose of 250 million bacter ia l  ceils.  All the experimental  animals were subdivided into three 
se r ies :  in ser ies  I the animals received one cycle of injections, in se r ies  II three cycles ,  and in se r i e s  III 
eight cycles .  The control  group (10 rabbits) received se rum of intact animals in accordance with the same 
scheme. The experimental  and control  animals were tested immunologically every  10-12 days by the com-  
plement fixation reaction in the cold (CFR), the latex-aggiutination test  (LA), and Boyden's  agglutination of 
tanninized e ry throcy tes  test  (PHR). A resu l t  assessed  at not less than ++ was regarded as positive. Ant- 
reals not containing antibodies in their blood were chosen for the experiments .  The e l ec t roca rd iogram 
(ECG) was recorded  periodically.  After sacr i f ice  of the animals the organs  were examined morphological -  
ly, using his toehemical ,  histological ,  and e l ec t ron -mic roscop ic  methods. Altogether,3 0 animals were in- 
vestigated morphological ly  and 120 immunologieally. 

E X P E R I M E N T A L  R E S U L T S  

Virtually no antibodies were found in the blood of the control  animals receiving se rum of healthy rab-  
bits, but pa th ,morphological  react ions were found in the t issues and other organs.  Cardiac antibodies ap- 
peared in low concentrat ion in the biood of the experimental  animals at the end of the f i rs t  cycle of im- 
munization (CFR 1 : 10, PHR 1 ; 4, LA 1 : 10,000). The t i ters  rose  gradually to reach a maximum on the 
40th-50th day after the end of the cycle (1 : 20-1 : 40, 1 : 8-1 : 32, 1 : 20,000-1 : 40,000, respectively).  How- 
ever ,  the highest t i te rs  were observed at the same t imes in the animals of ser ies  II (1 : 40-1 : 160, 1 : 32- 

Institute of Rheumatism, Academy of Medical Sciences of the USSR, Moscow .(Presented by Academi-  
cian of the Academy of Medical Sciences of the USSR N. N. Zhukov-Verezhnikov.) Translated f rom Byul- 
leten'  I~ksperimental 'noi Biologii i Meditsiny, Vol. 68, No. 9, pp. 38-42, September,  1969. Original ar t icle  
submitted Feb rua ry  6, 1967. 

985 



c -rL' r 
1 I I I I ~ I I I I I f I f f I r I f I I l I ; I [ 

Fig. 1. ECG of normal  rabbi t  (A),after three  cyc les  of injec-  
tion of homologous hea r t  an t i s e rum (]~), and af ter  seven cy-  
c les  of injection of homologous hea r t  an t i s e rum (C). 

Fig.  2. Morphological  changes in m y o c a r d i u m  of expe r imen ta l  rabbi ts .  A) P e r i v a s c u l a r  g ranu loma with 
la rge  h y p e r c h r o m i c  h is t iocytes ;  B) product ive  vascul i t ies  in myoca rd ium,  p e r i v a s c u l a r  edema;  C) degen-  
e ra t ion  of myoca rd ium with development  of pe r inuc lea r  and in t e rmuscu la r  edema.  H e m a t o x y l i n - - e o s i n ,  
400 x. 

Fig. 3. E l e c t r o n - m i c r o s c o p i c  changes in m y o c a r d i u m  of expe r imen ta l  
rabbi t s .  A) Degenerat ion of myof ib r i l s  and mi tochondr ia  of m y o c a r d i -  
urn; B) modified nucleus of musc le  cel l  ( i r regular  shape,  d i sappearance  
of chromat in ,  and en l a rgemen t  of pe r inuc lea r  space) .  Uranyl  aceta te ,  
21,000 x. 

1 : 128, 1 : 80,000-1 : 120,000). In the an imals  of s e r i e s  III,  despi te  repea ted  injections of ca rd iac  an t i se rum,  
a g radua l  d e c r e a s e  in the antibody concentra t ion  in the .blood was obse rved ,  down to the level  of the i r  con- 
cent ra t ion  in the an imals  of s e r i e s  I, and s o m e t i m e s  even lower.  Meanwhile,  s t r ep tococca l  antibodies 
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were detected in the blood of the experimental  animals,  but in lower t i ters  (lower by 1-2 orders}. The dy- 
namics and intensity of antibody format ion were of the same pat tern when determined in the animals by the 
three serological  methods. 

No significant differences could be found between the immunologic and morphological  react ions  of 
the animals of groups 1 and 2. A study of the ECG of the animals in ser ies  I showed no appreciable changes 
except an increase  in the sensi t ivi ty to adrenalin, indicating the development of sympathicotonia (Fig. 1A). 
In the ECG of the animals of se r ies  II dis turbances  of excitability and conductivity appeared,  as shown by 
an increase  in voltage of the T wave and in the length of the P - - Q  interval,  changes in position of the iso-  
e lect r ic  line, and the appearance of ventr icular  ex t rasys to les  (Fig. 1B). Changes in the ECG in se r i e s  lit 
consis ted of a sharp decrease  in voltage of the QRS wave, lengthening of the P - - Q  interval,  deepening of 
the S wave, and single ventr icular  ex t rasys to les  (Fig. 1C). A sharper  decrease  in voltage of the QRS wave 
was observed in the experiments  in which se rum was injected mixed with s t reptococcal  vaccine. 

The resul ts  of morphological  investigations on the animals of se r ies  I showed the development of 
changes in the card iovascular  sys tem ref lect ing a state of sensit ization,  namely proliferat ion of the vascu-  
lar  endothelium, focal prol i ferat ion of the endothelium of the valves, and, in some cases ,  the appearance 
of small  collections of lymphocytes and his t iocytes  in the myocardium,  Groups of plasma cells  were seen 
in the spleen, the regional  lymph glands, and also in the kidneys and heart .  In the animals of se r ies  II, 
prol i ferat ive cell  react ions  of the connect ive tissue were more  intensive, with the appearance of groups of 
cardiohis t iocytes  and cells with a ves icular  nucleus in the valve. In some cases  focal collections of cells  
were observed in the myocard ium,  with a per ivascu la r  or subendocardiat  distribution. These c lus te rs  
were s imi lar  to the specific Aschoff- -  Talalaev granuloma (Fig. 2A)~ Productive vascult t is  developed in 
the blood vesse ls  (Fig. 2B). In se r ies  III degenerative changes of muscle  cells  were constantly found, with 
signs of per inuclear  edema and homogenization of the cytoplasm, and also areas  of lysis  of muscle  f ibers  
without a histiocyte react ion (Fig. 2C). The nuclei of most  muscle  cells have become i r regu la r  in shape 
and were deficient in chromatin.  Tes ts  for  r e sp i r a to ry  enzymes revealed areas  of myocard ium with an 
uneven distribution and a decreased  content of formazan granules ,  evidence of depress ion of cell  r e s p i r a -  
tion. In the animals of ser ies  III, prol i ferat ive cell  react ions  in the hear t  were less marked than in the 
animals of the preceding ser ies ;  react ions  indicative of disorganizat ion of the connective t issue were more  
pronounced, tn the spleen and lymph glands, emptying of the follicles of cells  were observed,  accompanied 
by absence of a p lasma-ce l l  reaction.  

The resul t s  of the e l ec t ron -mic roscop ic  study of the myoeard ium in animals receiving homologous 
se rum over a long period (series III) revealed considerable changes. The myofibri ls  became thinner, and 
developed vacuoles and a granular  s t ructure ,  tn many places the muscle f ibers were split apar t  or  com-  
pletely destroyed.  The intercalated disks were broken up. Lipid inclusions were present  between the myo-  
f ibri ls ,  indicating degenerative changes in the muscle  cells.  The a r rangement  of the mitoehondria  was 
disturbed,  and the mitochondria  themselves  showed degenerat ive changes: the double outline of the mem-  
brane was disturbed,  the c r i s tae  were par t ia l ly  destroyed,  and vacuoles appeared in many mitochondria  
(Fig. 3A). Changes in the shape of the nuclei, d isappearance of chromatin,  and a marked increase  in size 
of the per inuclear  spaces were found in the muscle  f ibers and connect ive- t issue cells (Fig~ 3B). 

The dynamics of antibody formation in the experimental  animals suggests  that injection of homolo-  
gous cytotoxic serum stimulates mechanisms of autoimmunogenesis. This is confirmed by the fact that 
the concentration of heart antibodies was higher in the serum of the recipient animals than of the donors. 
The uniform pattern of the results of the immunologic tests is evidence of the consistency of the immuno- 
logic response of the experimental animals. The appearance of streptococcal antibodies in the animals of 
group 1 receiving only cardiac antiserum without streptococci may have been brought about because the 
heart tissue contained components also present in streptococci [8-10]. The cytotoxic action of the injected 
sera could have helpted to bring about this manifestation of the antigenic properties of these components 
in the body. 

Morphological observations with the optical and electron microscopes constantly revealed degenera- 
tive changes in the myocardium, most marked in rabbits receiving cardiac antiserum for long periods. 
Changes in the structure of the mitochondria were evidently responsible for the decrease in content or 
activity of r e s p i r a t o r y  enzymes  in the myocardinm.  The ECG gave evidence of profound changes develop- 
ing in the myocardiurn:  a sharp dec rease  in amplitude of the QRS waves. Comparison of the morphologi-  
cal and serologic  data showed that they were in agreement  and ref lected fluctuations in the intensity of 
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immunogenesis  during the per iod of the exper iments .  In the f i r s t  two se r ies  of the investigation, for  in- 
stance,  highest  t i t e r s  of antibodies were observed and the p lasma-ce l l  react ion in the spleen and lymph 
glands, and also in the hear t ,  kidneys, and lungs, was correspondingly  widespread.  Prol i fera t ive  cell  r e -  
actions of granulomatous type were c l ea r ly  seen in the hea r t  of these animals.  In the exper iments  of 
series III, serologic, immunological, and morphological reactions were, on the other hand, slight in inten- 
sity, and the tendency to form granulomatous cell clusters was only slight. The results of these experi- 
ments support the view of those workers [13] who consider that granulomatous cell reactions in the heart 
are a specific manifestation of the intensity of immunogencsis. The results described above further dem- 
onstrate the important role of autoimmune mechanisms in the pathogencsis of rheumatic heart disease. 
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