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Coronary  per fus ion  of the i so la ted  r a t ' s  h e a r t  with oxygenated Hanks '  solution containing 
glucose for  1-1.5 h led to the development  of typical  degenerat ive  and necrobiot ic  changes 
in individual m y o c a r d i a l  cel ls .  These changes p r o g r e s s e d  with continued perfusion.  On 
the addition of amino acids ,  noradrena l in  (4" 10 -8 g /ml ) ,  and insulin (0.08 uni t /ml)  to the 
balanced sa l t  solution, the pr inc ipa l  ce l lu la r  f o r m s  of injury were  cont rac tura l  changes 
and acute cloudy swelling of the myoca rd i a l  ce l l s .  

The study of the c h a r a c t e r  of degenera t ive  and necrobiot ic  p r o c e s s e s  developing in the myoca rd ium 
of the i so la ted  per fused  hea r t  is in teres t ing  as a means  of elucidat ing the role  of ex t r aca rd i a l  f ac to r s  and 
of p l a sma  imbibi t ion in the development  of acute focal  ("metabol ic")  les ions of the myocard ium.  In some 
recen t  pape r s ,  changes in the u l t r a s t ruc tu re  of the myoca rd ium obtained in the isola ted hear t  a f te r  a l t e r -  
ation of the po t a s s ium and ca lc ium ion concent ra t ions  in the per fus ion  fluid [8, 11, 12, 17] of i s chemia  
and hypercapnia  [15] have been descr ibed.  However ,  the poss ibi l i ty  of s t ruc tu ra l  changes in the m y o c a r -  
dium as soc ia t ed  with per fus ion  of the i so la ted  hea r t  i tself  has not been p rope r ly  evaluated,  although Anich-  
kov [1] found definite his tological  changes in the i so la ted  hear t  a f te r  per fus ion  for  only 30 min. 

In the invest igat ion desc r ibed  below, to study changes in the myoca rd ium during normal  per fus ion  
of the i so la ted  r a t ' s  hea r t ,  specia l  p o l a r i z a t i o n - m i c r o s c o p i c  and h i s tochemica l  c r i t e r i a  developed for  use 
in the ea r ly  diagnosis  of degenerat ive  and necrobiot ic  changes in the myocard ia l  cel ls  in expe r imen t s  in 
vivo [2-5] were  used. 

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

Isola ted  hear t s  taken under acute expe r imen ta l  conditions under Nembutal  anes thes ia  f r o m  54 albino 
r a t s  weighing 120-180 g were  per fused  v ia  the co rona ry  c i rcula t ion  for  per iods  ranging f r o m  5 rain to 4 h 
with oxygenated physiological  saline at 37~ One of the following solutions was used as the perfus ionf luid:  
Hank 's  solution (balanced sal t  solution with glucose in a concentrat ion of 1 g / l i t e r ) ,  Hank, s solution with 
noradrenal in  in a concentra t ion  of 4 �9 10-8 g / m l ,  med ium No. 199 (balanced sa l t  solution containing an a s -  
s o r t m e n t  of amino ac ids ,  v i t amins ,  and metabol i tes ) ,  and medium No. 199 with noradrena l in (4 -10  -8 g /ml )  
and insulin {0.08 uni t /ml)  . To stabi l ize the noradrena l in ,  a scorb ic  acid (20 rag / l i t e r )  and sodium e thy lene-  
diamine t e t r a a c e t a t e  (10 rag / l i t e r )  were  added to the per fus ion  fluid as r e c o m m e n d e d  by Ive r s en  [9]. 

Af ter  the end of per fus ion  the hea r t  was stopped with cold physiological  saline and fixed for  48 h with 
10% neutra l  fo rmal in .  To detect  the enzymes ,  half of the hear t  was f rozen  at  the t empe ra tu r e  of liquid ni -  
t rogen.  Paraffin sections, 6/~ in thickness were stained with hematoxylin-eosin and with picrofuchsin by 
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Fig. 1 Fig. 2 

Fig. 1. Area  of overs t re tching  of muscle f ibers ,  with anisotropic 
disks a considerable distance apart .  Photographed in polar ized 
light, objective 25x, ocular 6.3x. 

Fig. 2 .  Reaction for  phosphorylase ,  positive only in some a reas  
of the myocardium.  

Fig, 3.. Small loci of injury to the 
myocardium.  Myocardial  cells in 
a state of granular  degeneration. 
Photographed in polar ized light, 
objective 25x, ocular 6.3x. 

Van Gieson's method; the PAS reaction was carried out in con- 
junction with staining for acid polysaccharides with colloidal iron 

and the PAS reaction was also performed after treatment of the 
section with diastase. Succinate dehydrogenase was demonstrated 
in frozen sections by Burstone's method [7], nonspecific acid phos- 
phatase by one-stage azo-coupling using AC-BC naphthel phosphate 
and fast red GG, nonspecific alkaline phosphatase was demonstrated 
by one-stage coupling with AC-MX naphthol phosphate and fast red 
TP, and phosphorylase "a" and "b" and phosphorylase kinase were 
detected by means of modified Takeuchi, s medium [7] and staining 
of the glycogen synthesized after  incubation of the section by the 
PAS reaction.  Stained and unstained sections were studied in pol-  
a r ized  light. 

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

Changes in the myocardia l  cel ls ,  consisting of bands of con- 
densation formed by strongly contracted a reas  of the cell, with 
increased  anisotropy and increased  affinity for acid and basic dyes, 
were found in isolated hear ts  perfused with Hank's solution and 
with medium No. 199 for not more  than 5 rain. Up to three such 
bands could be seen in one muscle cell, and between them the nor- 
real transverse striation with appreciably weakened anisotropywas 

still present. These changes in the myocardial cells were definitely related to the procedure of isolation 
of the heart and were evidently easily reversible, because they were virtually absent during more prolonged 
perfusion. 

Perfusion of the isolated hear ts  with Hank's solution for  1-1.5 h led to the appearance of contractural  
changes of degree I-II ,  in the classif icat ion of Tsel lar ius  et  al. [5], in individual myocardia l  cells.  In the 
neighboring muscle cel ls ,  a reas  of overs t re tching,  with a marked increase  in the distance between the an- 
isotropic disks (Fig. 1) were frequently seen. After perfusion for 2-4 h, the damage to the myocard ium 
was more  severe  in cha rac te r :  cells were found in stage III of contracture  and with acute granular  de- 
generation.  This was charac te r i zed  by the breaking up of the anisotropic substance into i r regu la r ly  shaped 
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granules ,  and loss  of the t r a n s v e r s e  s t r ia t ion.  The reac t ion  for  phosphorylase  in hear t s  per fused  wi th  
Hank 's  solution fo r  more  than 1 h was posi t ive only in the subepicardia l  zone and in individual ce l lu lar  r e -  
gions of the remain ing  pa r t s  of the m y o c a r d i u m  (Fig. 2). The reac t ions  for  succinate dehydrogenase and 
the nonspecif ic  phospha tases  showed no change f r o m  those in the intact  hear t .  

If the i so la ted  hea r t s  were  pe r fused  with Hank 's  solution containing noradrena l in  in a n e a r - p h y s i o -  
logical  concentra t ion,  con t rac ture  of degree  III and acute g ranu la r  degenerat ion were  found a f t e r  perfus ion 
for  1-1.5 h. The number  of damaged cel ls  i nc reased  with the durat ion of perfusion.  Muscle cel ls  showing 
con t rac tu ra l  changes s ta ined deeply with eos in  but did not give a posit ive PAS reac t ion  and were  r e s i s t an t  
to d ias tase .  When m ed i um  No. 199 was used  for  per fus ing  the hear t ,  smal l  foci of injury consis t ing mainly  
of myoca rd ia l  cel ls  in a state of acute g ranu la r  degenera t ion  (Fig. 3) were  fo rmed  in the myoca rd ium a f te r  
per fus ion  for  2 h. Addition of noradrena l in  and insulin to medium No. 199 led to an inc rease  in the number  
of myoca rd ia l  cel ls  in a state of g ranu la r  degenerat ion,  and the degenera t ion  i tself  was more  seve re  and 
was evidently i r r e v e r s i b l e  in c h a r a c t e r .  

The degenera t ive  and necrobiot ic  changes in the myocard ia l  cel ls  descr ibed  above developed in the 
i so la ted  h e a r t  exposed  to no specia l  pathogenic agent.  The appearance  of the f i r s t  m ic roscop ic  signs of 
degenera t ive  and necrobiot ic  changes in the m y o c a r d i u m  of the i so la ted  hea r t  1-1.5 h a f t e r  the beginning 
of per fus ion  sugges ts  that these changes a re  the morphologica l  equivalent  of a dis turbance of the metabol ic  
s tabi l i ty  of the myoca rd ium,  which, according  to some inves t iga tors  [6, 10, 13, 14, 18], invar iably a r i s e s  
at this per iod.  Loss  of the functional s tabi l i ty  of the isolated,  pe r fused  hea r t  is a lso assoc ia ted  with these 
metabol ic  d i so rde r s .  The use of solutions containing noradrenal in ,  insulin, and amino acids ,  in concen-  
t ra t ions  s i m i l a r  to those used in the p resen t  invest igat ion,  for  the per fus ion  of the isola ted hea r t  s tabi l ized 
the myoca rd ia l  me tabo l i sm  to some extent  and had a m a r k e d  ef fec t  on the p r o c e s s e s  of exci ta t ion and con- 
t r ac t ion  [9, 16, 18]. On this bas i s ,  a dec rease  in the intensity of the damage to the myocard ia l  cel ls  would 
be expected.  However ,  the opposite pic ture  was o b s e r v e d -  a f te r  the use of per fus ion  fluid containing n o r -  
adrenal in ,  insulin , and amino acids ,  more  seve re  f o r m s  of damage to the muscle  ce l l s ,  with the fo rmat ion  
of smal l  foci and involvement  of a l a r g e r  number  of cel ls  in the degenerat ive  p roce s s ,  took place at  a more  
rap id  ra te  in the i so la ted  hear t .  This paradoxica l  phenomenon was obse rved  agains t  the background of 
an obvious i m p r o v e m e n t  in the contract i le  act ivi ty  of the isola ted hear t ,  a s s e s s e d  on the bas is  of its ap-  
pea rance .  Hence it can be concluded that the functional and  s t ruc tu ra l  d is turbances  of the isola ted hea r t  
a re  based  on dif ferent  metabol ic  d i s o r d e r s .  Those metabol ic  changes connected with dis turbance of ex -  
c i ta t ion and contract ion p r o c e s s e s  a re  abol ished by the addition of noradrenal in ,  insulin, and amino acids 
to the per fus ion  fluid. Those metabol ic  changes d i rec t ly  causing the development  of degenera t ive  changes 
in the musc le  ce l l s  st i l l  p e r s i s t .  The i nc rea sed  intensity of function of the isola ted hear t ,  despite the con-  
tinued opera t ion  of the f ac to r s  causing the development  of degenerat ive  changes,  can account for  the g r e a t e r  
s eve r i ty  of damage  to the myoca rd ium.  

Observa t ions  on the degenerat ive  and necrobiot ic  changes developing in the isola ted per fused  hea r t  
emphas ize  the nonspecif ic  cha rac t e r  of these changes ,  the absence  of any connection between the nature  
of the pathogenic f ac to r  acting in the intact  o rgan i sm,  and the c h a r a c t e r  of the changes in the myocard ia l  
ce l l s .  Degenera*Ave changes found in the i so la ted  hea r t  a r e  v e r y  s i m i l a r  to those desc r ibed  in a number  of 
pathological  si tuations [2-5]. The only spec ia l  fea ture  of the necrobiot io changes in the myoca rd ium during 
per fus ion  of the i so la ted  hear t  with sa l t  solutions is the absence  of a d i a s t a s e - r e s i s t a n t  diffuse PAS r e -  
act ion in the con t rac tu ra l ly  modif ied musc le  cel ls .  This conf i rms  the view [4, 5] that this fea ture  is linked 
with p l a s m a  inhibition, and it shows that p l a s m a  imbibit ion does not play a decis ive role in the genes i s  
of coagulat ion nec ros i s  of the myocard ia l  ce l l s .  
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