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T a r g e t  e l e c t r o n - m i c r o s c o p i c  and po la r i za t ion -op t i ca l  invest igat ions  were  made of the ske le ta l  
m u s c l e s  of r a t s  and rabbi t s  a f t e r  inject ion of toxic  subs tances  and e x p e r i m e n t a l  acute i s chemia  
of the l imbs .  Bes ides  cont rac t ion  in jur ies ,  two types  of focal  deaggrega t ion  of the myof ib r i l s  
a r e  desc r ibed .  The f i r s t  a r i s e s  on a bas is  of re laxa t ion  and is man i fes ted  as to ta l  d e a g g r e g a -  
t ion and lys i s  of the myof ib r i l s ;  in the second fo rm lys i s  a r i s e s  in the pa r t i a l ly  con t rac ted  
f ibe r  and begins in the I - d i s c s ,  leading to d ias t a s i s  of the A-d i s c s .  Foci  of t he  f i r s t  type a re  
c h a r a c t e r i s t i c  main ly  of white f ibers ,  those of  the second type of red f ibe r s .  
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white f ibe r s .  

The mos t  c h a r a c t e r i s t i c  r e sponse  of f ibers  of somat ic  and hear t  musc le  to injury is con t r ac tu re  [1, 
2, 7]. Meanwhile,  acute in jur ies  of another  type have been desc r ibed  in the m y o c a r d i u m  - " in t r ace l lu l a r  
m y o c y t o l y s i s , "  connected with deaggrega t ion  of the myof ib r i l s  [4, 6]. At the l igh t -opt ica l  level ,  and with 
the use  of po la r i zed  light, loci of d i sappearance  of the myof ib r i l s  have a lso  been found in the somat i c  m u s c l e s  
of albino r a t s  a f t e r  inject ion of emet ine  into the an imals  [8]. Such changes  a re  found less  f requent ly  and 
they are  l e s s  m a r k e d  during o rd ina ry  h is to logica l  invest igat ion than con t rac tu re  in jur ies  leading to coagu-  
lat ion n e c r o s i s ,  and for  that  r e a s on  they have r ece ived  little study. 

The object  of this  invest igat ion was to detect  foci of deaggrega t ion  of myof ib r i l s  a r i s ing  in somat ic  
m u s c l e s  during va r ious  e x p e r i m e n t a l  p r o c e d u r e s  and to desc r ibe  the morpholog ica l  p ic ture  of this  p r o c e s s .  

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

Expe r imen t s  were  c a r r i e d  out on 48 male  ch inch i l l a  rabbi ts  weighing 1.5-3 kg, and 96 male  Wis t a r  
albino r a t s  weighing 150-300 g. Injury was caused:  in the r a t s  by subcutaneous injection of d ime thy lp a r a -  
phenylenediamine  in a dose of 2.5 mg/100  g body weight, in t ravenous  injection of papain in a dose of 30-50 
rag/100 g body weight, and in t r ape r i tonea l  injection of cobalt  chlor ide in a dose of 1 mg/100  g body weight; 
in rabbi t s  by in t ravenous  inject ion of papain in the same  doses  as in ra t s ,  and by intravenous injection of 
d iphther ia  toxin in a dose of 1-1.5 MLD/kg  body weight. In 7 r a t s  the f emora l  a r t e r y  was l igated and in 27 
an imals  a r ubbe r  tourniquet  was applied to the thigh. The ra t s  were  ki l led with ch lo ro fo rm and the rabbi t s  
by a blow on the back  of the head. The an imals  were  kil led at va r ious  t imes  f rom 15 min  to 5 days a f t e r  
the beginning of the expe r imen t  or  r e m o v a l  of the tourniquet .  Healthy an imals  and the intact l imbs  of 
an imals  to which a tourniquet  was applied s e rved  as the control .  The d iaphragm and the leg m u s c l e s  (gas-  
t r o c n e m i u s  and soleus)  were  studied. Mate r ia l  was fixed with cold 4%para fo rmaldehyde  solution in 0.1 M 
phosphate  buffer ,  pH 7.4, containing 5% s uc ro se .  For  e l e c t r o n - m i c r o s c o p i c  invest igat ion,  a f t e r  fixation for  
2 h in formaldehyde  p ieces  m e a s u r i n g  0.5-1 m m  were  exc ised  and post  f ixedin cold 1%osmium te t roxide  
solution [9, 12]. Fo r  light m i c r o s c o p y  the m a t e r i a l  was embedded in paraff in  wax, for  e l ec t ron  m i c r o s c o p y  
in s t y r e n e - m e t h a c r y l a t e  [11] in the modif icat ions  [10, 13] with ce r t a in  changes adopted in the w r i t e r s '  l ab -  
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Fig. 1. Focal  deaggregat ion of myof ibr i l s  in a white fiber:  a) 
in po lar ized  light (objective 25, ocular  10); b) e l e c t r o m i c r o -  
graph showing total  deaggregat ion of myofibr i l s  in a focus of in- 
ju ry  (26,000x). 

Fig. 2. Focal  deaggregat ion of myof ibr i l s  in a red fiber: a) 
in po la r ized  light (630 • b) e l e c t r o m i c r o g r a p h  showing deag-  
gregat ion of I -d i scs  (26,000• 

oratory. Paraf f in  sect ions were  stained by the ord inary  histological  method and by the PAS react ion.  U k r a -  
thin sect ions were  cut on the Tesla-490A u l t ra tome and stained with uranyl  acetate  and lead c i t ra te .  The 
ma te r i a l  was examined in ord inary  light, in po lar ized  light, and in the phase cont ras t  sys tem.  The in-  
vest igat ions in the e lec t ron  mic roscope  were  c a r r i e d  out by the ta rge t  method [3]: sect ions 3~ in thickness  
were f i rs t  cut f rom each  block intended for  e l e c t r o n - m i c r o s c o p i c  investigation and stained with toluidine 
blue; they were  then examined in the light mic roscope  in ord inary  and polar ized light. The u l t r a s t ruc tu ra l  
investigations were  c a r r i e d  out with the Tes l a  BS-513 e lec t ron  mic roscope ,  with an acce lera t ing  voltage 
of 80 kV. 

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

Besides focal contracture injuries [5], two types of foci of deaggregation of the myofibrils were found 
in the material studied. The first type occurred chiefly in white fibers. It consisted of foci of injury iso- 
tropic in polarized light. They had clearly defined, sharp borders, often with the appearance of a broken 
line. They varied in size: some were as large as the height of one sarcomere in both the longitudinal and 
the transverse direction, but often they covered the whole diameter of the fiber and were up to 20 sarcomeres 

72 



in length. The d imens ions  of  the loci a long the long axis were  only r a r e l y  g r e a t e r  than the t r a n s v e r s e  
d i a m e t e r  of the f iber .  Longitudinal  s t r u c t u r e s  - s o m e t i m e s  weakly an i so t rop ic  - r ema ined  in the i so t ropic  
focus but the c r o s s  s t r i a t ion  had d i sappea red .  Within the injured a r e a  the myof ib r i l s  had lost  both t he i r  
mutua l ly  pa r a l l e l  a r r a n g e m e n t  and t he i r  r e c t i l i n e a r  d i rec t ion along the long axis  of  the f iber .  The m y o -  
f b r i l s  in the focus of in jury appea red  s l ack  (Fig. l a ) .  In o rd ina ry  light and in unsta ined sec t ions  the i s o -  
t rop ic  segmen t s  were  l e s s  deeply s tained,  although often this  fea ture  was so inconspicuous that  the loci 
of injury of th is  type were  obs e rved  only in po la r i zed  light. 

Examinat ion  in the e l ec t ron  m i c r o s c o p e  showed that  the Z-bands  had d i sappeared ,  the p ro to f ib r i l s  
were  no longer  a r r a n g e d  s t r i c t ly  t r a n s v e r s e l y ,  and deaggrega t ion  and d isorganiza t ion  of the th ick and thin 
myof i l amen t s  were  obse rved ,  with the r e su l t  that  individual s a r c o m e r e s  could not be made out (Fig. lb}. 
The p r o c e s s  ended with f ragmenta t ion  and lys i s  of the myof ib r i l s .  

The second type of focal  deaggrega t ion  of the myof ib r i l s  was obse rved  in the red musc le  f ibe r s .  
A r e a s  of injury were  main ly  of cons iderab le  length in the long axis  of the f b e r ,  s o m e t i m e s  occupying the 
whole a r e a  of a f ibe r  caught in the sect ion.  In the ini t ial  s t ages  of the p r o c e s s  the pa t t e rn  of c r o s s e d  s t r i a -  
t ion was intact ,  and the A - d i s c s  showed inc rea sed  an i so t rop i sm in po la r i zed  light and w e l l - m a r k e d  d i a s t a s i s ,  
so that  the d is tances  between them were  g r e a t e r  than the o rd ina ry  heights of the I - d i s c s  (Fig. 2a). In-  
dividual groups of s a r c o m e r e s  appea red  to be s c a t t e r e d  in the focus of injury.  In o rd ina ry  light d i a s t a s i s  
of the A-d i s c s  a lso  was found, so that  they were  m o r e  deeply s tained,  whereas  in a r e a s  co r r e spond ing  to 
the I - d i s c s  no dye could be seen.  

E lec t ron  m i c r o s c o p y  r evea led  d i sappea rance  of the Z-bands  and comple te  deaggrega t ion  of the thin 
myof i l amen t s ;  where  the I - d i s c s  should be the re  were  numerous  shape less  f r a g m e n t s  which subsequent ly  
underwent  comple te  absorp t ion .  The thick myof i l amen t s  p r e s e r v e d  t he i r  typ ica l  s t ruc tu re  as well  as the 
mutual  a r r a n g e m e n t  of t he i r  A-d i sc s ,  which were  in a s tate  of d ias tas i s ,  e spec ia l ly  m a r k e d  along the long 
axis  of the f iber  (Fig. 2b). L a t e r  the thick myof i l amen t s  joined in the p r o c e s s ,  accompanied  by !ys i s  of 
the affected a r e a  of the f iber .  This  type of focal  deaggrega t ion  of the myof ib r i l s  p redomina ted  in i s c h e m i a s  
of the l imbs .  The f i r s t  type was found l e s s  f requent ly ,  and it o c c u r r e d  chiefly in genera l  d i s tu rbances  of 
m e t a b o l i s m  caused  by the p a r e n t e r a l  injection of toxic subs tances .  In focal  deaggrega t ion  of the m y c f b r i l s  
the reac t ion  both of the blood leukocytes  and of the connect ive t i s sue  ce l l s  was comple te ly  absent .  The PAS 
reac t ion  was negat ive in the loci of injury,  evidence of absence  of p l a s m a  seepage .  

These  obse rva t ions  suggest  that  the changes desc r ibed  in the soma t i c  musc le  f ibers  const i tute a 
spec ia l  type of injury that  develops on a bas i s  of  re laxa t ion  of the myof ib r i l s  and ends with t he i r  lys i s .  
Whereas  during con t rac tu re  in jury s t rong  connections appear  between the thin and thick myof i l amen t s  of 
the myof ib r i l s ,  p revent ing  t he i r  subsequent  lys i s  [7], in the types  of injury now desc r ibed  phenomena  of the 
opposite kind o c c u r r e d .  The i so t rop ic  fo rm of deaggrega t ion  of the myof ib r i l s  evident ly  a r i s e s  in f ibers  
in a s ta te  of re laxa t ion ,  as a r e su l t  of which the myof ib r i l s  undergo to ta l  deaggregat ion .  

In the second fo rm of in jur ies  desc r ibed  here ,  some cont rac t ion  of the m y o f b r i l s  evident ly  takes  
place ini t ial ly,  so that  the A - d i s c s  become m o r e  r e s i s t an t  to auto lys is  and the re  is a co r r e spond ing  in-  
c r e a s e  in t he i r  an i so t ropy ,  whereas  lys i s  develops init ial ly in the zone of the I - d i s c s .  

These  types  of  lyric in jur ies  of musc le  f ibe r s  desc r ibed  above have fea tu res  in common with the i n t r a -  
ce l lu l a r  myocy to lys i s  obse rved  in the m y o c a r d i u m  [7] and with the changes in the myof ib r i l s  during au to-  
lys i s  of musc le  t i s sue .  Activat ion of the autolytic p r o c e s s e s ,  which are  a lways p re sen t  to a sl ight degree  
in the l iving f iber  [14], t akes  place in all  p robabi l i ty  through a d is turbance  of oxidative p r o c e s s e s  and it 
is not a s soc i a t ed  with the l ibera t ion  of hydro lases  f rom the l y s o s o m e s ,  for  l y s o s o m e s  are  ve ry  r a r e l y  found 
in normal musc le  f ibe r s .  
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