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The m y o c a r d i u m  f rom the aur ic le  of the left  a t r i u m  and the lef t  vent r ic le  of the hea r t  in 22 
patients undergoing opera t ions  for  rheumat ic  defects  was studied by ord inary  and h i s t o -  
chemica l  e l ec t ron -mic roscop ic  methods .  Marked changes were  found in succinate  dehy- 
d rogenase ,  adenos ine t r iphospha tase ,  phosphorylase ,  and acid phosphatase  act ivi ty a ccom-  
panied by changes in the mi tochondr ia ,  the s a r c o m e r e s ,  and other  u l t r a s t ruc tu ra l  e lements  
of the musc le  ce l l s .  

Analysis  of the enzyme act ivi ty of the in t race l lu la r  s t r u c t u r e s  at  whose level  speci f ic i ty  of s t r u c -  
ture and function is f i r s t  obse rved  [3] is  an impor tan t  c r i t e r ion  of the unity of s t ruc tu re  and function of the 
t i s sues  as a whole.  F r o m  this point of view e l ec t ron -mic roscop ic  and e lec t ron-h is tochemica l  studies of 
the myoca rd ium affected by var ious  rheumat ic  les ions is of cons iderable  in te res t .  

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

The myoca rd ium of 22 pat ients  aged 14-25 y e a r s ,  undergoing opera t ions  for m i t r a l  s tenosis  (6), com-  
bined mi t r a l  defects  (9), and combined m i t r a l  and aor t ic  defects  (7) was invest igated.  The pat ients  were  
admit ted to the hospi ta l  with decompensa ted  defects  (stages II-III in A. N. Bakulev ' s  terminology) .  At the 
t ime of opera t ion they were  all in a s ta te  of re la t ive  compensat ion of the i r  card iac  function. 

Morphological  ana lys i s  of the t i s sues  of the aur ic le  r evea led  signs of d isorganiza t ion  of the connec-  
t ive - t i s sue  f ibers  of the endocard ium and myoca rd inm,  ce l lu lar  pro l i fe ra t ion ,  infi l t rat ion with lymphocytes  
and h i s t iocy tes  (11 patients) ,  and also typical  g ranu lomatos i s  (6 patients) .  Five patients showed marked  
s c l e r o s i s  of the in te rs t i t i a l  t i ssue .  Three  had a combined mi t r a l  defect  while the other  two had a com- 
bined mi t r a l  and aor t ic  defect .  P ieces  f rom the aur ic le  of the left  a t r i u m  and the an te r io r  wall  of the left  
ven t r ic le  for  e l ec t ron -mic roscop ic  study were  fixed in 1% buffered osmic  acid solution, dehydrated in a l -  
cohols,  and embedded in bu ty lmethy lmethac ry la te  (4 : 1). Activity of adenos ine t r iphosphatase  [10], succi -  
hate dehydrogenase  [7], phosphorylase  [6], and acid phosphatase by G o m o r i ' s  method [4] was studied s imul-  
taneously  in the blocks of tissue. Incubation was carried out in a Warburg apparatus at 37~ in small 
flasks connected by a special device to the manometric stands. Sections cut on the LKB-880 ultratome 
were negatively stained with lead hydroxide by Reynolds' method or with uranyl acetate and examined in the 
U]~MV-100 microscope. 

EXPERIMENTAL RESULTS 

The invest igat ion r evea led  c h a r a c t e r i s t i c  changes in the u l t r a s t r u c t u r a l  components  of the myo ca r -  
dial musc le  cells~ The mi tochondr ia  we re  r ich  in succinate  dehydrogenase ,  which was found along the 
m e m b r a n e  and on the c r i s t a e  (Fig. 1). Mitochondrial  adenos ine t r iphosphatase  was local ized at  these  s ame  
p laces .  The intensi ty  of the enzyme reac t ions  va r i ed  in the di f ferent  o rgane l l es .  Activity of the enzymes  
in the c r i s t ae  in the numerous  swollen mitochondr ia  was reduced or absent ,  and r ema ined  only in the 
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Fig. 1. Succinate dehydrogenase 
in mitochondria,  9125 • 

Fig. 2. Different degrees  of acid 
phosphatase activity in lysosomal  
elements (L 1, L 2, L 3, L4), 13,200 • * 

membrane.  Foci of disintegration of the mitoehondria were regular ly  seen. In the myocardium of the left 
ventricle of patients with combined mitra l  and aort ic  defects,  mitochondria were few in number in the peri-  
nuclear zone of many of the cells.  They were polymorphic,  and their  succinate dehydrogenase and adeno-  
s inetr iphosphatase activity varied considerably.  

Lysosomes  were numerous in the muscle ceils and were found in the per inuclear  zone, between the 
myofibr i ls ,  and beneath the sa rco lemma.  The last  of these positions was more charac te r i s t i c  of the m y o -  
cardium of the aur ic les .  P r i m a r y  lysosomes  were surrounded by a single membrane  and contained a h o m o -  
geneous or  mic rogranu la r  e lect ron-dense mater ia l  react ing strongly for acid phosphatase. The secondary 
forms were much more  numerous than the p r imary  and consisted of conglomerat ions of osmiophilic bodies 
and lipid inclusions.  Acid phosphatase activity in these s t ruc tures  varied f rom a well-marked react ion in 
some to only t races  or  no react ion whatever in others (Fig. 2). There was a definite corre la t ion  between 
the number of lysosomes  and the intensity of myocardial  function depending on the type of lesion. In mitra l  
stenosis there were many more  lysosomal  elements in the muscle cells of the a t r ia  than in the myocar -  
dium of the left ventr ic le .  In lesions accompanied by hypertrophy of the left ventricle (combined mit ra l  or 
combined mitra l  and aort ic  defects) there were many tens of lysosomes in its individual muscle cel ls .  

The sa rco l emma and in te rca la ry  disks showed a high adenosinetriphosphatase concentrat ion (Fig. 3). 
Signs of e d e m a - s e p a r a t i o n  of the sa rco lemma f rom the sa rcop lasm in a rcades ,  widening of the sa rcop las -  
mic r e t i c u l u m - w e r e  found in the muscle cells.  Rupture of the cell membrane and l iberation of the popu- 
lations of mitochondria,  lysosomes ,  and other u l t ras t ruc tura l  elements into the surrounding space could 
occur.  In combined mit ra l  and aort ic  defects frequently the in te rca la ry  disks were frequently widely s e p -  
arated.  Under these conditions the adenosinetriphosphatase of the disk membranes  was distributed i r regu-  
larly,  its activity in some places being considerably inhibited. 

In the myofibri ls  there  were zones of s a r c o m e r a l  contract ion alternating with those of s a r c o m e r a l  
elongation. In the eontrac ture  band, s t r ia t ion had faded. Here the sediment indicating the localization of 
phosphorylase showed dispers ion without any s t ruc tura l  orientation. Sarcomera l  extension was accompanied 
by diffusion of the enzyme whose activity had decreased.  In many myofibri ls  we saw areas  of f ine-granular  
disintegration. The muscle  cell nuclei were r ich in acid phosphatase, phosphorylase,  and adenosinetr iphos-  
phatase. In cases  of chromat in  marginat ion the enzymes displayed thei r  activity at the site of nueleoplasmic 
concentration. We also noticed numerous lipid granules lacking specific localization. 

In lesions of the hear t  profound changes thus take place in the membranous s t ruc tures  and contracti le 
elements in the myocardia l  muscle cells.  During swelling and loss of the matr ix  the protein content in the 
mitochondria is reduced [8, 12]. These changes,  as was pointed out above, are accompanied by inhibition 

*As in Russian original.  
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Fig. 3. Adenosinetriphosphatase 
in membranes  of in te rca la ry  disk 
(ID) of a muscle cell, 30,000 • 

of succinate dehydrogenase phosphatase and adenosinetr iphospha- 
tase activity especial ly in the cr is tae ,  evidence of a decrease  in the 
intensi tyof the energy metabol ism. During functional s t r e ss  of the 
myocardium of the left vent r ic le  (in combined mitral  and aor t ic  de- 
fects) the damage of the mitochondria is more  severe  and affects the 
per inuclear  zone of the cell.  This state of affairs  may influence metab-  
olic p rocesses  in the nuclei, as a resu l t  of which their ability to 
synthesize RNA and protein is limited. 

Activation of the lysosomal elements in the myocardial  mus-  
cle cells,  observed by many invest igators  in rheumatic  fever  [1, 2] 
is par t icu lar ly  interesting.  The present  investigation revealed not 
mere ly  an increase  in the number of lyso somes,  especial ly of the sec-  
ondary forms,  but also differences in the level of functional activity (as 
shown by the intensity of the react ion for acid phosphatase) in dif- 
ferent  s t ruc tures .  An increase  in the number of lysosomes  in the 
t issues of the auricle is found constantly whether the disease pur- 
sues an active or  a latent course .  However,  it must  be emphasized 
that, r egard less  of the phase of the process ,  accumulation of l y so -  
somes is observed in the myocardium of the left ventricle in com- 
bined defects (combined mitra l ,  mi t ra l  and aortic) which are  known 
to involve functional s t r e ss  and definite s t ructura l  changes in the 
hear t .  It must  therefore  be supposed that the increased intensity 
of the lysosomal  react ion is largely  associa ted with the need for 
removing products of intermediate metabol ism and imperfect  s t r u c -  
tural  components of the organel les ,  ar is ing in the intensively func-  
tioning myocardium in the presence of a defect, f rom the cell. 

Charac ter i s t ic  changes also were found in the s a r comere s ,  which showed excess ive  contract ion and 
stretching. The accompanying disturbance of phosphorylase activity indicates profound changes in the an- 
aerobic par t  of the energy formation cycle.  These  p rocesses  are  accompanied by marked changes in the 
sarcolemma,  the in te rca la ry  disks, and the endoplasmic re t iculum. The ruptures  observed in these mem-  
branes unquestionably disturb the connection between the sa rco lemma and contract i le  proteins in the same 
cell [9] and between individual muscle cells of the myocardium [5, 11], n e c e s s a r y  for normal  function. 

When assess ing  the functional capaci ty of the myocard ium in pneumatic hear t  disease considerat ion 
must  therefore  also be paid as far as possible to all the qualitative changes at the level of the u l t r a s t r uc -  
rural components of the muscle cells. 
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