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A histological  and e l e c t r o n - m i c r o s c o p i c  study was made of the m y o c a r d i u m  of rabbi t s  a f te r  
the induction of neurogenic myocard ia l  degenerat ion by repea ted  injections of s t e r i l e  quartz  
sand into the pe r i tons i l l a r  region.  The dynamics of the morphologica l  changes indicate the 
impor tant  role  of c i r cu la to ry  d i so rde r s  in the product ion of neurogenic myocard ia l  degenera -  
tion. The combinat ion of u l t r a s t ruc tu ra l  changes in the myocard ia l  cells in neurogenic  de-  
genera t ion  is indicative ofanoxia.  The anatomical  bas i s  of exper imenta l  tonsfl logenic m y o -  
card ia l  degenerat ion is a r e v e r s i b l e  focal les ion  of the myocy tes ,  usual ly producing con- 
t r ac tu re ,  superposed  on c i r cu la to ry  d i so rde rs .  

Considerable at tent ion has been  paid to the study of the pathogenesis  of neurogenic  d is turbances  of 
the myoca rd ium [2]. However ,  the i r  morphological  bas is  has so  far  rece ived  l i t t le  study. 

This paper  desc r ibes  the r e su l t s  of a histological  and e l e c t r o n - m i c r o s c o p i c  study of the m y o c a r d i u m  
of rabbi t s  in which the r e c e p t o r s  of the tonsils  were  s t imula ted  mechanical ly .  Such a focus of pathological  
impulse act ivi ty  can play an impor tan t  pathogenic role  in the development  of rheumat ic  cardi t i s  [11, 12]. 

E X P E R I M E N T A L  METHOD 

Exper imenta l  tons i l logenic myocard ia l  degenera t ion  was produced in 24 chinchil la rabbi t s  weighing 
2.5-3 k g b y r e p e a t e d  injections of 20-40 m g  s t e r i l e  quartz  sand a l t e rna te ly  into the r ight  and lef t  pe r i t ons i l l a r  
regions at in tervals  of 4-5 days. The 16 control rabbi ts  r ece ived  injections of 0.2 ml  physiological  sa l ine  
into the pe r i t ons i l l a r  regions  or  subcutaneous injections of s t e r i l e  quartz sand into the cerv ica l  reg ion  in 
accordance  with the s a m e  t imetable .  The development  of myocard ia l  degenera t ion  was moni tored  e l ec t ro -  
and phonocardiographica l ly  and b iochemica l ly  [1, 3, 13, 14, 19]. The animals  we re  decapi ta ted 20, 40 and 
60 days a f te r  the beginning of the exper iment .  Myocardial  t i ssue f rom the aur ic les ,  ven t r ic les ,  and ven t r i c -  
ular  sep tum was fixed with fo rmal in  and embedded in paraf f in  wax. Sections were  s ta ined with hematoxyl in-  
eosin, p icrofuchsin ,  and by Selye ' s  method [18]. Small p ieces  of t issue for  e lec t ron  m i c r o s c o p y  w e r e  fixed, 
dehydrated,  and embedded in Araldi te .  Succinate dehydrogenase act ivi ty  [23] also was de te rmined  in the 
myocard ium.  Semithin sec t ions  s ta ined with azure  I I -me thy lene  blue were  used to se lec t  a r e a s  with patho-  
logical changes.  The a l t ra thin  sect ions were  s ta ined with lead c i t ra te  and examined in the J E ~ - 7  e lec t ron  
m i c r o s  cope. 

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  

No changes could be detected by the l ight m i c r o s c o p e  in the hear t  t i ssue  of the control  an imals .  In 
sect ions s ta ined by  Selye ' s  method single fuchsinophilic myocytes  were  p r e s e n t  in near ly  all the control  
animals .  
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Fig. 1. Changes in myoca rd ium during neurogenic  de-  
generat ion:  a) myoca rd ium of lef t  vent r ic le  of r abb i t on  
60th day of exper iment :  congest ion of blood v e s s e l s ,  
p e r i v a s c u l a r  and in ters t i t ia l  edema (hematoxyl in-eosin ,  
56 • b) edematous a r e a  of myoca rd ium of lef t  aur ic le  
of s a m e  rabbit ,  contract ion bands along the course  of the 
musc le  f ibers  (Selye's s ta in,  280 • c) fuchsinophilic 
myocytes  (arrows) in edematous myoca rd ium of r ight  
ventr ic le  of r abb i t  on 60th day of exper iment  (Selye's 
s ta in,  280 • d) e lec t ron  m i c r o g r a p h  of pa r t  of a m y o -  
cyte f rom right  vent r ic le  of a control rabbi t :  many  tiny 
glycogen granules  c a n  be seen  between the mi tochondr ia  
and myof[br i l s  (21,000 • ; e) pe r inuc lea r  edema,  sp l i t t i ng  
of myof ibr i l s  into bundles of pro tof ibr i l s  by swelling of 
mi tochondr ia  and absence of glycogen in myocyte  f rom 
edematous zone of r ight  ven t r i cu la r  myoea rd ium on 60th 
day of exper iment  (7400 • IV[C) Mitochondrion; IViF) m y o -  
f ibri l ;  T) tubule of T - s y s t e m ;  N) nucleus. 

In eight exper imenta l  rabbi ts  killed 20 days a f te r  the beginning of the exper imen t  the myoca rd ium was 
indist inguishable his tological ly  f rom the myoca rd ium of the control  animals  except  for  a s l ight  inc rease  in 
the number  of fuchsinophilic myocytes .  

In 7 of the 16 rabbi t s  killed in the s tage of e l ec t roca rd iograph ic  evidence of myocard ia l  degenerat ion 
(40-60 days a f t e r  the beginning of the exper iments )  changes whose intensi ty va r i ed  cons iderably  were  found 
in the hear t .  Edematous  thickening of the ep icard ium and, to a l e s s e r  degree ,  of the endocardium,  local  
separa t ion  of the ep icard ium f r o m  the myoca rd ium,  p e r i v a s c u l a r  and in ters t i t ia l  edema,  edematous thick-  
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Fig. 2. U l t r a s t ruc tu ra l  changes in myocard ium:  a) edema 
of s a r c o p l a s m ,  d i sappearance  of glycogen, des t ruct ion of 
c r i s t ae  of swollen mt tochondr ia  of myocyte  f rom edematous  
zone of r ight  ven t r t cu la r  myoca rd ium,  60th day of expe r t -  
ment  (16,800 •); b) unchanged nerve  f iber  in edematous ly  
widened in ters t i t ia l  space  of r ight  au r i cu la r  myoca rd ium,  
40th day of exper iment  (10,250 • c and d) succinate de- 
hydrogenase  act ivi ty in mi tochondr ia  of r ight  ven t r i cu la r  
myocy tes  of control  and exper imenta l  an imals ,  r espec t ive ly ,  
on 60th day of exper iment  (c, 10,000 • d, 6,000 • SL) 
S a r c o l e m m a ;  IV[) myocyte ;  A) axon. 

ening of the vesse l  wal l s ,  and w e l l - m a r k e d  venous hype remia  were  obse rved  (Fig. la) .  Area s  of in te rs t i t ia l  
edema were  main ly  connected with zones of p e r t v a s c u l a r  edema.  P e r i n u c l e a r  edema and sepa ra t ion  of the 
myof ib r i l s ,  together  with loca l ized  cont rac tures  of the myof ibr i l s  with the fo rmat ion  of eosinophil ic  and 
picr inophi l ic  "cont rac t ion  bands " [15] we re  obse rved  in the myocytes  in the edematous  zones of the m y o -  
card ium (Fig. lb). Occas ional ly  coci of homogenizat ion and cloudy swell ing of the myocytes  w e r e  found in 
some  animals .  Af ter  s taining by Selye ' s  method a c lea r  but i r r e g u l a r  fuchsinophil ia  of the s a r c o p l a s m  was 
found in whole groups of myocytes  in the subepicardia l  and subendocardia l  zones of the m y o c a r d i u m  and in 
some  places  in its in ter ior .  The fuchsinophilic myocytes  we re  a r r anged  in m o s a i c  fashion or  in bands (Fig. 
lc). 

The u l t r a s t ruc tu re  of the myocytes  f rom intact  a r e a s  of the myoca rd ium was unchanged (Fig. ld). 
Slight swelling of the mi tochondr ia  and dilatat ion of the tubules of the s a r e o p l a s m i c  re t i cu lum w e r e  obse rved  
only in individual cells .  
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Changes in the organel les  in myocytes  f r o m  a reas  with m a r k e d  edema were  cons iderable  (Fig. le).  
Severe  edema of the s a r c o p l a s m  was accompanied  by a dec rease  in the glycogen content, s epa ra t ion  of the 
myof ib r i l s ,  and spli t t ing of myof ibr i l s  into bundles of pro tof ibr i l s .  Trans lucency  of the nucleoplasm was 
obse rved  in the nuclei and the pe r inuc lea r  space  was widened locally.  Many mi toehondr ia  we re  swollen, 
the i r  ma t r ix  was t rans lucent ,  and the c r i s t ae  were  f ragmented  or  loose ly  a r r anged  (Fig. 2a). Somet imes  
individual a reas  of the myocytes  appeared  vacuolated because  of dilatation of the T- tubules .  Contracture  
of s eve ra l  s a r c o m e r e s  was combined with rupture  of the pro tof ibr i l s  of neighboring s a r c o m e r e s  and s o m e -  
t imes  with complete  d isorganiza t ion  of the archi tec tonics  of the myocyte .  L y s o s o m e s ,  aur icu la r  g r a n u l e s ,  
s a r e o l e m m a ,  and in te rca la ted  discs were  unchanged. Succinate dehydrogenase  act ivi ty  in the swollen m i t o -  
chondria was apprec iab ly  reduced  (Fig. 2c, d). 

The changes in the organel les  differed in degree  in different  myocy tes  and even in different  pa r t s  of 
the s a m e  cell. The changes in the aur ic le  and vent r ic le  we re  identical  in cha rac te r .  

The capi l la ry  endothelium usually was unchanged, but occasional  endothelial cel ls  with t rans lucen t  
cytoplasm and swollen mi tochondr ia  were  found. 

Edematous  changes s o m e t i m e s  were  obse rved  in the cytoplasm of the Schwann cel ls  accompanying 
the axons,  but  no visible changes w e r e  p re sen t  in the axons themse lves  (Fig. 2b). 

The morphological  p ic ture  of neurogenic myocard ia l  degenerat ion of different  genes is  is usual ly domin-  
ated by c i r c u l a t o r y  d is turbances  [2, 6, 21, 24], but degenera t ive  and necrobiot ic  changes in the myocytes  
leading to focal necros i s  and f ibros is  of the myoca rd ium also a r e  presen t .  I n t h e p r e s e n t  exper iments  changes 
in the myocytes  of the "con t rac tu re  degenerat ion" [15] or  "con t rac tu re  dyst rophy" [5] type only r a r e l y  ended 
in necros i s  and no ce l lu lar  reac t ion  was obse rved  around the foci of cloudy swelling of the myocy tes .  Foci 

o f  nec ros i s  with an in f l ammatory  reac t ion  terminat ing  in s c a r  fo rmat ion  perhaps  a r e  not cha rac t e r i s t i c  of 
the exper imenta l  model  of myocard ia l  degenerat ion used or  did not have t ime to develop. 

Submicroscopic  changes in the myocytes  f rom the affected zones of the myoca rd ium point to some  
degree  of anoxia in them. S imi la r  but l e s s  m a r k e d  changes in the organel les  of myocytes  have been de- 
sc r ibed  in mice  af ter  in t rac ran ia l  injection of blood. Such les ions  of the m y o c a r d i u m  a re  cal led " i schemic  
card iomyopathy  of neurogenic nature"  [22]. Reduced succinate  dehydr0genase act ivi ty  in the swollen mi to -  
chondria  of the injured myocytes  has also been  descr ibed  in myocard ia l  degenera t ion  of the myoca rd ium 
deduced by e lec t r ica l  coagulation of the an te r io r  hypothalamus [8]. Stoida [20] desc r ibes  a dec rea se  in the 
r a t e  of r e s p i r a t i o n  and oxidative phosphoryla t ion in the myocard ia l  mi tochondr ia  af ter  divis ion of the vago-  
sympathe t ic  nerve  in dogs. 

Myocardia l  degenera t ion  can be r ega rded  as " m a r k e d  dis turbances  of the normal  course  of in t race l lu la r  
physiological  r egene ra t ion  of the u l t r a s t ruc tu re s  and of the molecu la r  p r o c e s s e s  lying on its bas i s "  [17]. 
Nervous regula t ion of t i ssue  nutr i t ion ensures  the " labi l i ty  of the rhy thm of in t r ace l lu la r  r egene ra t ive  p r o c -  
e s s e s "  [17] - an impor tan t  m e c h a n i s m  of t i ssue  adaptat ion to changing envi ronmenta l  condition and a d i s -  
turbance of nervous regula t ion consequently l imi t s  the adaptive powers  of the cells and leads to thei r  d e -  
generat ion.  

Diffuse-focal  fuchsinophilia of the myocytes  has also been  descr ibed  in myocard ia l  degenerat ion af ter  
e lec t r ica l  coagulation of the an te r io r  hypothalamus [8]. Fuchsinophilia is r ega rded  as an initial m a n i f e s t a ,  
tion of degenerat ion in the myocytes  ref lec t ing changes in the i r  s taining p rope r t i e s  although the i r  genera l  
morphology remains  re la t ive ly  intact. It is widespread  in rheumat ic  cardi t is  [7, 9, 16] and is connected with 
a dis turbance of the e lec t ro ly te  balance  [7, 10, 18]. 

The dependence of the degree  of fuchsinophilia on the durat ion of exis tence of the tons i l la r  focus gen-  
era t ing  nervous  impulses  is ve ry  interest ing.  In exper imenta l  tonsi l logenic myocard ia l  degenera t ion  b io -  
chemical  d is t rubances  appear  init ially in the region of the p o s t e r i o r  nucleus of the hypothalamus and a re  
followed by diffuse d is turbances  of b ioe lec t r ica l  act ivi ty of var ious  s t ruc tu re s  of the hypothalamus and hip- 
pocampus  with involvement  of the sympa th ico -ad rena l  s y s t e m  in the p roce s s  [4]. This fo rm of myocard ia l  
degenerat ion can thus be a s s um ed  to develop as the r e su l t  of a neurodys t rophie  p roce s s  a r i s ing  under the 
influence of pathological  impulses  f rom the pe r i tons i l l a r  reg ion  and upsett ing the cent ra l  r egu la to ry  m e c h -  
an isms .  
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