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Serial  sect ions through the myoca rd ium of r a t s  killed 1-24 h a f te r  an injection of adrenal in  
were  used.  The  r e s u l t s  of h i s tochemica l  reac t ions  for  succinate  dehydrogenase  (test for  
cell  injury) were  compared  with the r e su l t s  of  f ibr in  de te rmina t ion  by the Coons'  method.  
The p r e s e n c e  and c h a r a c t e r  of p l a s m o r r h a g i a  into i r r e v e r s i b l y  damaged  musc le  cel ls ,  giving 
the cha r ac t e r i s t i c  appearance  in the reac t ion  with n i t r o - B T ,  and the absence of f ibr in  in f i -  
b e r s  with fatty degenera t ion ,  r e f l ec ted  in c o a r s e - g r a i n e d  fo rmazan  depos i t s ,  were  demons t r a t ed .  
On the bas i s  of the r e su l t s  it i s  postula ted that the r e v e r s i b l e  and i r r e v e r s i b l e  in jur ies  to 
the myoca rd ium produced by  adrenal in  d i f fer  in the i r  pa thogenes is .  
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Diffusion of p l a s m a  pro te ins  into myoca rd ia l  ce i l s  during necrob ios i s  and nec ro s i s  has been demo n -  
s t ra ted  immunomorphologica l ly  [5]. Since p l a s m a  p ro t e in s  do not pene t r a t e  into intact  musc le  cel ls  [8] the 
suggestion has  been made [5] that p l a s m o r r h a g i a  is connected with a d i s tu rbance  of cell me tabo l i sm.  Chang-  
es in oxidative p r o c e s s e s  during e:~perimental myocard ia l  injury following injection of ca techolamines  
have been found during the f i r s t  minutes  or  hours  of the exper imen t  by h i s tochemica l  tes ts  for  the detect ion 
of act ivi ty of ox idoreductases  [4, 9]. 

The  object of this invest igat ion was to c o m p a r e  the dynamics  of p l a s m o r r h a g i a  into myoca rd i a l  ce l l s  
with changes in the i r  m e t a b o l i s m  as  re f lec ted  in succinate dehydrogenase  (SDH) act ivi ty .  

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

Injury to the m y o c a r d i u m w a s  produced i nnon inb red  male  albino r a t s  by  subcutaneous injection of 0.1% 
solution of adrenal in  hydrochlor ide  in a dose  of 0.2 ml /100 g body weight.  Al together  35 animals  were  
used;  10 intact  ra t s  acted as the control .  The r a t s  we re  decapi ta ted 1, 3, 6, 12, and 24 h af ter  rece iv ing  
the injection of adrenal in .  The  hear t  was immedia t e ly  removed ,  p laced in mel t ing  ice ,  and divided in the 
f ronta l  plane into two ha lves .  One half  was fixed in 10% neut ra l  formal in  and embedded in paraff in  wax, and 
sect ions  cut f r o m  it  were  stained with Toluidine Blue and Schiff 's  reagent  by McManus'  method,  with an ~ -  
amylase  control .  The  o ther  half  was f rozen in liquid ni t rogen and s e r i a l  sect ions  were  cut f rom it in a 
c r y o s t a t  for  immunomorpholog ica l  and h is toenzymologica l  examinat ion.  In each s e r i e s  of five sect ions 
four  (3 # in thickness) were  p r o c e s s e d  by  the indi rec t  Coons'  method,  and the reac t ion  fo r  SDH with n i t r o -  
BT was ca r r i ed  out [10] on the fifth sect ion (thickness 7 #), followed by staining fo r  l ipids with Oil Red 0. 
F o r  the immunomorpholog ica l  invest igat ion sect ions  were  t r ea ted  with rabbi t  a n t i s e r a  against  mouse  f ib r ino-  
gen, and pure  donkey antibodies agains t  rabbi t  T-globul in  were  used.  The  p r e s e n c e  of common antigenic 
de t e rminan t s  in mouse  and ra t  f ibr inogen [3] made it  poss ib le  to use  a n t i s e r u m  against  mouse  f ibrinogen 
to detec t  the antigen in r a t  t i s sue .  The  a n t i s e r a  used  formed a single p rec ip i ta t ion  band with the c o r r e s p o n d -  
ing antigen in Ouchter lony ' s  double diffusion tes t  in agar  and i m m u n o e l e c t r o p h o r e s i s .  Control  sect ions were  
t rea ted  with nonimmune rabbi t  s e r u m .  
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Fig. 1. Myocardia l  musc le  ce l l s  a f t e r  in-  
ject ion of adrenal in ,  a) Myocard ium of con-  
t ro l  ra t .  p r edominance  of l inear  f o rmazan  
deposi ts  ( react ion for  SDH; 500• b) 1 h a f te r  
inject ion of adrenal in ,  weakening of s taining 
of l inea r  f o r m a z a n  deposi ts  and appearance  
of fine granules  of f o rmazan  (react ion for  
SDH; 500• c) 3 h a f t e r  inject ion of adrenal in;  
haphazard ly  a r r anged  c o a r s e - g r a i n e d  fo rmazan  
deposi ts  ( react ion for  SDH; 500• d) " s t r iped"  
musc le  cell (right) 3 h a f t e r  injection of adrena-  
lin, (left) blood v e s s e l  (react ion for  SDH; 250• 
e) s ame  a r e a  (ser ia l  section) af ter  t r ea tmen t  
with rabbi t  a n t i s e r u m  against  mouse  f ibrinogen 
by indi rec t  Coons'  method;  l e f t -  blood vesse l ;  
f luorescence  mainly of s a r e o l e m m a s  of injured 
ce l l s  (250• 

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

After  injection of adrenal in  the appea rance  of the 
f o r m a z a n  deposi ts  in the musc le  cel ls  changed. Some 
weakening of staining of the s o - c a l l e d  l inear  f o r m a z a n  
depos i t s ,  which p redomina te  in the intact  myoca rd ium 
(Fig. Ia ) ,  was obse rved  1 h af ter  the beginning of  the 
expe r imen t s  and there  was a cor responding  sharp  in- 
c r ea se  in the n u m b e r  of fine fo rmazan  granules  (Fig. lb) o 
Th i s  change in the c h a r a c t e r  of depos i t s  of the reac t ion  
products  means  inc reased  enzyme act ivi ty compared  
with the control  [1]. No specif ic  f luorescence  of  f ib r ino-  
gen (fibrin): was found at this t ime .  

After  3 h, against  the background of cel ls  with 
inc reased  enzyme act ivi ty ,  musc le  f i be r s  and groups 
of f i be r s  were  seen in which fo rmazan  was p r e sen t  as 
c o a r s e - g r a i n e d d e p o s i t s  (Fig. l c ) .  Af te r  12 and 24 h 
the fo rmazan  granu les  inc reased  in s ize  and d e c r e a s e d  
in number ,  and staining for  l ipids always revea led  an 
accumulat ion of lipid d rops  in these cel ls .  The  p ic ture  
descr ibed  is evidence of lower  SDH activi ty than in the 
control  [1]. Specific f luorescence  of f ibr in  was  absent  
in the cel ls .  

At the same  t ime (3 h) and in the s ame  pa r t s  of 
the myoca rd ium deformed  a r ea s  of musc le  f ibe r s  we re  
found in wMch zones of a s t rong but diffuse reac t ion  with 
n i t ro -BT a l te rna ted  with co lo r l e s s  zones,  giving them 
a s t r iped  appearance  (Fig. ld) .  The  number  of these 
a r e a s  inc reased  toward the end of the f i r s t  day. By 
this t ime the staining of some of these foci was reduced 
in in tens i ty  or  had d i sappea red  comple te ly .  Deformed 
cel ls  ( "s t r iped"  and co lor less )  stained a deep homogene-  
ous c r i m s o n  color  with Schiff 's  reagent  at all  t imes  of 
the exper iment ;  the staining was not p reven ted  by p r e -  
l iminary  incubation of the sec t ions  with s - a m y l a s e .  
According to s eve ra l  worke r s  [2, 4, 5], these cel ls  a r e  
in a s ta te  of nec rob ios i s  or  n e c r o s i s .  

By the use  of the Coons'  method specif ic  f l uo re s -  
cence of s a r c o l e m m a s  of the " s t r ipped"  cel ls  was ob- 
se rved  a f t e r  3 h (Fig. l e ) .  After  6 h the f luorescence  
in the region of the s a r c o l e m m a  was s t ronge r  and indi- 
vidual a r e a s  of s a r c o p l a s m  also gave f luorescence .  By 
12 h these  a r e a s  we re  l a r g e r ,  they had joined together ,  
and the intensi ty  of f luorescence  had inc reased .  After  
24 h the musc le  cei ls  gave diffuse specif ic  f luorescence  
of the i r  whole s a r c o p l a s m .  

Compar i son  of the resu l t s  of the h is tochemica l  
and immunomorpholog ica l  invest igat ions  shows that the 

sharp  fall in oxidat ive p r o c e s s e s  occur r ing  immedia t e ly  a f te r  the phase of act ivat ion of me tabo l i sm in some 
ce l l s ,  accompanied  by accumulat ion of neut ra l  l ipids in their  s a r c o p l a s m  as a r e su l t  of a t e m p o r a r y  d i s t u r -  
bance  of the ut i l izat ion of fatty acids [2, 4], is not accompanied  by p l a s m o r r h a g i a .  P l a s m o r r h a g i a  was ob- 
se rved  only in i r r e v e r s i b l y  injured cel ls  showing the cha r ac t e r i s t i c  appearance  in the reac t ion  with n i t ro -  
BT.  According to obse rva t ions  by Semenova and Martynyuk [6], d i sappea rance  is due to con t rac tu re  of the 
myof ibr i l s  and redis t r ibut ion  of mi tochondr ia  in these  ce l l s .  

The  sharp dis tance between the r e v e r s i b l y  and i r r e v e r s i b l y  injured cel ls  as r ega rd s  s t ruc tu re  and 
h is tochemica i  and h is toenzymologica i  p r o p e r t i e s ,  is conf i rmed both by th~ re su l t s  of the p r e s e n t  inves t iga-  
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tion and data in the l i terature [2, 7]. This suggests a different pathogenesis for the reversible and i r r eve r s -  
ible injuries caused by injection of adrenalin. From this point of view a fact of special importance is the 
discovery of initial fibrin deposits along the sareolemma of cells in which features of contraction and 
neerobiosis are observed. Localization of this plasma protein in this manner may perhaps lead to serious 
disturbances of nutrition of the cell, followed by its death. The cause of this selective deposition of fibrin 
on the sarcolemma of some injured cells and the absence of this phenomenon in other equally injured ce l l s  
(fatty degeneration) is not yet clear .  The results are in agreement with the opinion expressed by Rona and 
co-workers  [11], who consider that the penetration of fibrin into the myocardial cell is an early sign of 
i r revers ibi l i ty  of its injury. 
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