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Changes in humora l  and ce l lu l a r  r e sponses  were  studied during the development  of a l lerg ic  
les ions  of the m y o c a r d i u m  in rabbi ts .  These r e sponses ,  mani fes ta t ions  of hypersens i t iv i ty  
of delayed type, a re  connected with t r ans fo rma t ion  of ce l l s  of the act ive mesenchyme ,  r e spon-  
sible for  the p r o c e s s  of immunogenes i s ,  into lymphocytes  and p l a sma  cel ls .  In a l le rg ic  l e -  
s ions of the myoca rd ium hypersens i t iv i ty  of delayed type is mani fes ted  as a l y m p h o - m a r c r o -  
phagal react ion  in the i n t e rmuscu la r  s t r o m a  of the hear t ,  the thymus,  and the lymph glands 
and also as b las t  t r ans fo rma t ion  of the lymphocytes .  A complex  s e r i e s  of d i s turbances  of 
immunologic homeos ta s i s  a r i s e s ,  in which the p r i m a r y  components  a re  microangiopath ies ,  
b l a s t - t r a n s f o r m a t i o n  of lymphocytes  and act ivat ion of l y sosomal  enzymes .  
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A leading place among the reac t ions  of ce l lu la r  immunity  is occupied by hypersens i t iv i ty  of delayed 
type (HDT), which l ies  at  the bas i s  of many a l le rg ic  and infectious d i seases ,  autoimmune d i seases ,  etc. 

The object  of this invest igat ion was to study the immunomorphologica l  manifes ta t ions  of HDT, using 
a l lergic  les ions  of the myoea rd ium as the expe r imen ta l  model  [1]. 

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

Chinchilla rabbi t s  weighing 2.0-2.5 kg were  immunized repeatedly  with a 5% rat  hear t  homogenate.  
The homogenate  was injected together  with an adjuvant (10-15% a lumina  gel) in a dose of 4 ml subcutane-  
ously in tl~e inguinal region once a week, on both s ides  a l t e rna te ly ,  for 8 injections [2]. The an~mals were  
killed at var ious  per iods  of immunizat ion (after  the 2nd-8th injections of the antigen). 

The hea r t s  of 57 rabbi ts  were  studied. P ieces  of the r abb i t ' s  hea r t  were  fixed in L i l l i e ' s  fluid and 
embedded in paraff in  wax, Sections were  stained with hematoxyl in-eos in ,  p icrofuchs in-fuchsel in ,  i ron-  
hematoxylin,  and totuidine blue. The reac t ions  of Brachet ,  Einarson,  Feulgen,  and Shabadash were  c a r r i ed  
out. In s eve ra l  c a s e s  smal l  pieces  of hea r t  were  fixed in a 2.5% solution of glutaraldehyde and in o s m i u m  
tetroxide by Pa l ade ' s  method [14] and.embedded in a mix tu re  of Epon and Araldi te .  Ultrathin sect ions  were  
stained with lead c i t ra te  as descr ibed  by Reynolds [15] and studied in the JEM6C elec t ron  mic roscope .  

EXPERIMENTAL RESULTS 

The distinctive features of the antigenic stimulation used to produce allergy of delayed type were re- 
vealed when the antigen was injected together with adjuvant. 
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Fig. 1. Rabbit myocard ium 1 month a f t e r  the beginning of immunization:  a) extensive inf i l t ra t ion of 
the in t e rmuscu la r  s t r o m a  by lymphoeytes  (hematoxyl in-eosin,  280 x); b) swelling of the endothelium 
of an in t e rmuscu la r  cap i l l a ry  (25,000 x); c) uneven dis tr ibut ion of glycogen in muscle  f ibers  (stained 
with Schiff 's  reagent  by Shabadash ' s  method, 180 x). 

There  is evidence in the l i t e r a t u r e  [3, 4, 8] that lymphocytes  and mac rophages  (Fig. la) ,  which were  
the pr incipal  infi l t rat ing ce l l s  in these exper imen t s  and were  d i scovered  in the i n t e rmuscu la r  s t r o m a  of the 
rabbi t  myocard ium 30-35 days  a f te r  the beginning of immunizat ion,  r eac t  specif ical ly  with the antigen in 
HDT. Considerable  changes in the microc i rcu la t ion  - c a p i l l a r i e s ,  a r t e r i o l e s ,  and, in par t i cu la r ,  the ven-  
ules - took place in the zones of infiltration. Swelling of the endothelium (Fig. lb) and accummulat ion  of 
neut ra l  mucopolysacchar ides  in the basement  m e m b r a n e  of the cap i l l a r i e s  and the tunica media  of the a r -  
t e r io les  and venules were  obse rved  in them. These changes p rede te rmined  the migra t ion  of lymphocytes  
f rom the blood into the focus of the al lergic  react ion.  This s ta tement  was conf i rmed by u l t r a s t ruc tu r a l  
changes in the blood ve s se l s  of the s t roma.  The cap i l l a ry  endothelium fo rmed  cy top lasmic  appendages which 
fixed the lymphocytes .  The l a t t e r  left  the vesse l  through the endothelial  cell.  

During the development  of HDT (on the 55th-60th day of immunization) b las t  t r ans fo rmat ion  of lympho-  
cytes  was obse rved  in t.he myocard ia l  s t roma.  The b las t  ce i l s  were  bigger  than the lymphocytes  and had a 
we l l -marked  pyroninophilic cy top lasm,  r ich in acid phosphatase.  

An inc rease  in acid phosphatase activity and a dec r ea se  in succinate dehydrogenase act ivi ty,  the bas i s  
of the chemica l  aggress ion  of the lymphocytes  [10-12, 16], have been demons t ra ted  by b iochemica l  m e t h o d s  
[13] in t r ans fo rmed  pe r iphe ra l  blood lymphocytes .  Invest igat ions have shown [19] that an inc rease  in the 
act ivi ty  of lysosomal  enzymes  leads to an increase  in t issue pro teo lys i s  as a resu l t  of the i r  l iberat ion 
through the lysosomal  m e m b r a n e s  into the t i ssues .  

The cytopathic effect  of lymphocytes  is one Of the chief  fea tures  of HDT, for  it is connected with in- 
jury  to the myocard ium.  The lesion cons is t s  of balloon degenerat ion and cloudy swelling of the muscle  f i -  
be r s ,  followed by their  necrobios i s ,  with homogenization of the cy top lasm and a sharp  dec rea se  in its con-  
tent of mucopolysacchar ides  and, in par t i cu la r ,  of glycogen (Fig. lc).  Single musc l e  f ibers  underwent d i s -  
coid f ragmenta t ion  and lysis .  In many groups changes in the muscle  f iber  were  detected only by e l ec t ron -  
mic roscop ic  examination.  They took the fo rm of condensation of the nucleolus,  swelling of the mitochondria ,  
and dilatation of the tubules of the endoplasmic ret iculum. A ve ry  smal l  dec rease  in the glycogen content 
was observed :  the glycogen was local ized as rose t t e s  chiefly around the mitochondria ,  which were  c lus te red  
into large o r  smal l  groups.  The outl ines of the nuclei were  indented. The amount of chromat in  was in- 
c reased .  

The lympho-macrophaga l  react ion  in the s t r o m a  of the rabbi t  myoca rd ium took place against  a back-  
ground of p r o g r e s s i v e  lymphoid hyperp las ia  and blas t  t r ans fo rmat ion  of lymphocytes  in the lymph glands 
and thymus and of high s e r u m  t i t e r s  of complement - f ix ing  immunoglobulins.  The lymphocyte count in the 
pe r iphera l  blood was increased  (60-90 per  100 leukocytes) .  

The specif ic  fea tu res  of HDT were  de te rmined  not only by lymphocytes  but also by macrophages .  They 
were  localized in the loci of infi l tration in the s t roma ,  more  espec ia l ly  around dying o r  degenera t ing  m u s -  
cle f ibers .  The functional s tate of the monocytic  sys t em was depressed :  a f t e r  the f i r s t  injection of antigen 
the numbers  of promonocytes  and monocytes  were increased ,  the l a t t e r  considerably .  Af ter  repeated  in-  
jections of antigen the ce l l s  showed reduced prol i fera t ion  but increased  differentiat ion,  indicating d e p r e s -  
sion of the "act ive mesenchyme"  and a d is turbance of genera l  react ivi ty .  
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Coagulation studies revea led  the phasic c h a r a c t e r  of the changes.  

Analys is  of the m a t e r i a l  showed that these changes in the humora l  and ce l lu la r  reac t ions  during the 
development  of a l le rg ic  les ions  of the m y o c a r d i u m  a re  a s soc ia t ed  with lymphocyte and p l a s m a - c e l l  t r a n s -  
format ion  of ce l l s  o f  the "act ive mesenchyme , "  the s t ruc tu re  responsib le  for  the p r o c e s s  of immunogenesis .  
HDT is the e a r l i e s t  phase of the immune response ,  before  antibody format ion  and the production of p l a sma  
cel ls .  

The appearance  of HDT is based on fac to r s  of ce l lu la r  immunity.  Various ce l l s  par t ic ipa te  in the 
development  of HDT: thymus-dependent  lymphocytes  and macrophages .  In a l lerg ic  myocard ia l  injury HDT 
is mani fes ted  as a l ympho-mac rophaga l  reac t ion  in the i n t e rmuscu la r  s t r o m a  of the hear t ,  the thymus,  and 
the lymph glands as well  as b las t  t r ans fo rma t ion  of the lymphocytes .  

A complex  d is turbance  of immunologic homeos t a s i s  a r i s e s ,  in which the p r i m a r y  changes a re  m i c r o -  
angiopathies ,  b las t  t r ans fo rma t ion  of the lymphocytes ,  and act ivat ion of the lysosomal  enzymes  of the l y m -  
phocytes.  
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