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Metabolic in jur ies  to skele ta l  m us c l e s  induced in albino ra t s  by subcutaneous injection of 
d imethylparaphenylenediamine were  invest igated by histological ,  h is tochemical ,  po l a r i za -  
t i on -mic roscop ic ,  and immunotopographic  methods .  The development of focal necrot ic  
changes in the m us c l e s  was assoc ia ted  with con t rac tu res  of the myof ibr i l s .  The loci of 
injury in the red  musc le  f ibers  fo rm "bands" and a re  accompanied  by rapidly developing 
and intensive imbibition of : p l a sma .  In white f ibers  the loc i  a r e  nodular  or  meda l - l ike  in 
shape, and the i r  p l a sma  imbibit ion develops m o r e  slowly and l e s s  intensively.  Differences 
in the shape of the foei a re  connected with functional d i f ferences  between red and white 
musc le  f ibe r s .  

Focal  degenerat ive  changes in somat ic  musc les  have been known for  a long t ime and have frequently 
been descr ibed  since the t ime  of Zenker  [16], but until recent ly  there  was no convenient exper imenta l  model 
of the in jur ies  produced in skele ta l  musc l e s  by metabol ic  d is turbances .  To study degenera t ive  changes in 
musc le  f ibers ,  local  p rocedures  such as  incisions in the musc l e s  [4], l igation of v e s s e l s  [5, 13], o r  the local  
appl icat ion of chemica l s  or  heat [9, 14, 15] have been used in mos t  invest igat ions.  Recently paper s  have 
been published in which les ions  produced in somat ic  musc l e s  by p a r e n t e r a l  injection of chemical  compounds 
have been descr ibed  [11, 12, 13]. 

In the s ea r ch  for  a model  reproducing metabol ic  les ions  in somat ic  musc l e s  the wr i t e r  has tes ted  the 
pa r en t e r a l  injection of the papain, cobalt  chloride,  and dimethylparaphenylenediamine (DPD) and has chosen 
the las t  of these subs tances  because  it yielded the mos t  constant  and c lear ly  defined changes in the musc le s .  
The mechan i sm of action of DPD is evidently connected with a dis turbance of oxido-reduct ion in the t i s sues  
and of cap i l l a ry  pe rmeab i l i ty  [10]. Unlike Jagmin  and Gareau [12], the wr i t e r  gave only a single injection 
of the compound, so that the p r o c e s s  could be studied dynamical ly.  

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

Exper iments  were  c a r r i e d  out on 102 albino ra t s  weighing 150-300 g, 10 of which were  controls .  The 
animals  rece ived  a single subcutaneous injection of DPD hydrochloride in 1~ aqueous solution in a dose of 
25 mg/100 g body weight. 

The ra t s  were  kil led at in tervals  f rom 15 min to 43 days f rom the beginning of the exper iment .  The 
gas t rocnemius  and soleus musc les  and the diaphragm were  investigated.  The musc l e s  fixed in situ in 10~ 
neutra l  fo rmal in  and embedded in paraf f in  wax. For  the immunotopographic  and his tochemical  react ions ,  
p ieces  of t i ssue  were  f rozen with liquid ni t rogen and sect ions cut in a c ryos ta t .  The sect ions were  stained 
with hema toxy l in - eos in ,  by Van Gieson 's  and Hale ' s  methods,  with toluidine blue, impregna ted  with s i l ve r  
by Gomor i ' s  method; the PAS react ion  was pe r fo rmed  with and without an amyla.~e, control ,  prote ins  were  
detected by m e r c u r i c  chloride and bromphenol  blue, t ryptophan by Adams '  method, acid phosphatase  by 
Gomor i ' s  method, and succinate dehydrogenase by Burs tone ' s  method. To invest igate  p l a sma  imbibition 
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Fig. 1 Fig. 2! 

Fig. 1. Cont rac tura l  les ions  of the f i r s t  type {bands) in a musc le  f iber:  a) 
approximat ion  of A disks {polarized light, 800 x); b) fusion of A disks {polar- 
ized light, 500 • c) g ranu la r  degenerat ion with ce l lu la r  inf i l t rat ion (PAS 
react ion,  hematoxylin,  orange; 250 x). 

Fig. 2. Cont rac tura l  les ions  of the second type (medal) in a musc le  f iber:  a) 
approximat ion  of A disks (polarized light; 1000 • b) nodule of cont rac t ion  
(polarized light; 630 x); c) f ragmenta t ion  of injured a r e a  of f iber ,  ce l lu la r  in-  
f i l t ra t ion (PAS react ion,  hematoxylin,  orange; 630 • 

the Coons'  method of labeled antibodies was used in the w r i t e r ' s  
previous  modificat ion [7]. Polar izat ion,  phase - con t r a s t ,  and 
luminescence  m i c r o s c o p y  were  used in the invest igat ions.  

Fig. 3: P l a s m a  imbibi t ion in focus 
of con t rac tu ra l  injury of the f i r s t  type 
in a musc le  f iber .  T r e a t m e n t  with lu-  
minescen t  an t ip lasma  s e r u m  by Coons'  
method.  Luminescence ,  500 • 

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

Lesions  of the somat ic  m u s c l e s  were  found 6 h a f t e r  in- 
jection of DPD. Degenerat ive  changes began with the appea r -  
nace of loci cover ing a smal l  a r e a  of the musc le  f ibe r  where  
anisot ropy of the A disks appea red  in po la r i zed  light. La t e r  
the A disks came c lo se r  together  (Figs. la ,  2a) and in the ex-  
t r e m e  degree  of this p r o c e s s  the c ro s s  s t r ia t ion was los t  and 
continuous anisotrophy of the affected a r e a  developed {Figs. 
lb, 2b). In ord inary  light the foci at this s tage appeared  homo-  
geneous and wax- l ike .  These  changes co r re sponded  to the con- 
t r ac tu re  type of les ion descr ibed  in the m y o c a r d i u m  [8] and 
somat ic  musc l e s  [3]. The next stage was f ragmenta t ion  of the 
affected a rea ,  accompanied  by a dec rea se  in the intensity of 
anisotrophy.  Pa ra l l e l  with f ragmenta t ion ,  d is in tegra t ion  of 
the myof ib r i l s  took place  with the fo rmat ion  of deeply stained 
m a s s e s ,  eventually b reak ing  down into tiny granules .  Cel lu lar  
infi l trat ion,  predominant ly  by macrophages ,  appeared .  With 
the i r  aid, r e so rp t ion  of the necrot ic  m a s s e s  took place ,  a f t e r  
which the blood and connective t i s sue  ce l l s  d i sappeared  f r o m  
the focus of injury,  and it was left  as  an empty tube of sarco~- 
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l e m m a  or  as a col lapsed band of s a r c o l e m m a .  Anisotropic  granules  pe r s i s t ed  in the focus for  a ve ry  long 
t ime,  often with p r e s e r v a t i o n  of the longitudinal, and some t imes  the t r a n s v e r s e  s t r ia t ion also.  The p ro -  
c e s s e s  descr ibed  were  not synchronized in the i r  course  in different foci, and in the per iod f rom the 1st to 
the 7th day var ious  s tages  of the p roce s s  could be seen s imul taneously  in the sect ions .  

A pos i t ive  PAS react ion,  not prevented  by t r ea tmen t  with amylase ,  was usually obse rved  in the f i r s t  
s tage of the degenera t ive  changes.  After  t r ea tmen t  with labeled an t ip lasma se rum,  a m o r e  or  l ess  intense 
luminescence  was found in the same  a r e a s  (Fig. 3). Tes t s  for protein,  especia l ly  tryptophan,  in the in- 
jured a r ea s  were  s t rongly posit ive; in the s tage of ce l lu la r  infi l trat ion acid phosphatase  act ivi ty appeared.  
The r e su l t s  of the react ion  for  succinate dehydrogenase agreed  with those obtained by o ther  worke r s  [12]. 

Two types of foci of cont rac tura l  injury were  obse rved  in the musc l e s  examined.  In the f i r s t  type the 
les ion appeared  over  a wide a r ea  along the length of the f ibers ,  the con t rac tu re  usually was not sharply  
demarca t ed  f r o m  the poles ,  f ragmenta t ion began la te r ,  and the f ragmented  f r agmen t  had the appearance  of 
a band {Fig. lc) .  Cel lu lar  infi l t rat ion usually took place equally intensively f rom the poles  and f rom the 
b o r d e r s  between the necrot ic  f iber  and s a r c o l e m m a .  Anisotropy of the granules  d i sappeared  m o r e  rapidly.  
The PAS react ion was s t rong and appeared  in the initial stage of con t rac ture .  Luminescence  of the foci 
t r ea t ed  with labeled an t ip lasma  s e r u m  was intense.  

The second type of cont rac tura l  lesion consis ted  of a smal l  focus.  The initial s tage was a con t rac ture  
affect ing a smal l  number  of s a r c o m e r e s  (20-30), and the contraction nodule had c l ea r  boundar ies  with the 
poles .  The f iber  at this place was swollen (Fig. 2b). Fragmenta t ion  began ear ly ,  and the f r agmen t  appeared  
like a medal  (Fig. 2c). Cel lular  inf i l t rat ion took place f rom the poles .  The an is t ropic  granules  p e r s i s t e d  
for  a long t ime.  A posi t ive  PAS react ion  appeared  la ter ,  and it was weaker  a t  the beginning of necrobios i s .  
Luminescence  of the foci t r ea t ed  with labeled an t ip lasma se rum was r a the r  weaker .  

In the exper imen t s  on isolated musc le  f ibers  the appearance  and sp read  of the les ions  in the musc le  
f iber  were  re la ted  to the i r  functional s ta te  at the t ime  of injury and with the c h a r a c t e r  of sp read  of the con- 
t rac t ion  wave [1, 2, 4]. The r e su l t s  of the p re sen t  exper iments  agree  with these conclusions and show that 
different types of foci of injury a r e  connected with different types of musc le  f ibers .  Band-shaped foci a r e  

c h a r a c t e r i s t i c  of f ibe r s  of the f i r s t  type {red), in which contract ion develops re la t ive ly  slowly and l as t s  a 
long t ime.  F ibe r s  of the second type (white) a r e  cha rac t e r i zed  by rapid and b r i e f  contract ion,  and the foci 
r e s e m b l e  meda l s  in appearance .  The la rge  number  of myof ibr i l s  in the white f ibers  and the i r  smal l  content 
of s a r c o p l a s m  led to rapid f ragmenta t ion of the affected a r ea  and delayed p l a s m a  imbibition, which in this 
case  evidently takes  place by diffusion through the s a r c o l e m m a  and not through the T sys tem,  the tubules 
of which a r e  open a f t e r  injury [6]. 

Pa r en t e r a l  adminis t ra t ion  of d imethylparaphenylenediamine thus provides  an exper imenta l  model  of 
focal degenerat ive  and necrobiot ie  changes in skele ta l  musc l e s  s i m i l a r  to the changes observed  in myo-  
pathies ,  and it can be used to study the dynamics  of the i r  development .  The model  m e r i t s  fu r the r  study. 
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