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The s ta te  of the hea r t  musc le  cel ls  of 36 albino ra t s  was studied exper imenta l ly  a f te r  a single 
in t r amuscu la r  injection of adrenal in  hydrochlor ide  (3 mg/kg) into the thigh. E l e c t r o n - m i c r o -  
scopic invest igat ion of the hear t  musc le  cel ls  showed foci of overc0nt rac t ion  and o v e r s t r e t c h -  
ing of the myof ibr i l s ,  as  well  as numerous  myel in- l ike  fig-ares, often containing mitochondria  
and glycogen, and drops  of lipids. It is postulated that the ha rmfu l  act ion of adrenal in  is mani -  
fes ted through the act ivat ion of l ipolysis ,  leading to d issocia t ion of the p r o t e i n - l i p i d  compo-  
nents of the mi tochondr ia l  m e m b r a n e s ,  the accumulat ion of fat ty acids in the cy toplasm,  and 
r e syn thes i s  of new and unusual m e m b r a n e  format ions .  
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The s tate  of the hea r t  muse le  cel ls  under the influence of adrenal in  has been descr ibed  in detail  on 
s eve ra l  occas ions  [1-3, 6]. Cont rac tura l  changes in the myofibr i l s ,  considered to lead to focal  necros i s  of 
the myocard ium,  have been studied in the g rea t e s t  detail.  Tse l l a r ius  and Semenova [6] distinguished a spe -  
e i a l type  of injury to the musc le  cel ls ,  known as myocytolys is .  In the i r  opinion focal  lysis  of the myof ibr i l s  
takes  place through sudden act ivat ion of acid hydro lases  and the mass ive  fo rmat ion  of lysosomes .  Mean- 
while, e lec t ron-microsCopic  investigations of the myocard ium af te r  adminis t ra t ion  of adrenal in  in var ious  
doses have not revealed  the decis ive  ro le  of lysosomes  in the format ion  of des t ruc t ion  of the contract i le  
s y s t e m  of the myocytes  [4, 7, 17]. The mechan i sm of injury to the hear t  muscle  cel ls  in the p r e sence  of 
excess  of adrenal in  has not been adequately explained. 

The object of this investigation was to study the state of the u l t r a s t ruc tu re  of the hear t  musc le  cel ls  
at a t ime  of functional s t r e s s  of the myocard ium during the development  of ca rd iovascu la r  fai lure.  

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

Exper iments  were  ca r r i ed  out on 150 noninbred albino r a t s  weighting 200 g. A solution of adrenal in  
hydrochlor ide was injected in t r amuscu la r ly  (into the thigh) in a concentrat ion of 1 : 1000 and a dose of 3 rag/  
kg. On the second day a f te r  the single dose of adrenal in  36 r a t s  developed manifesta t ions of ca rd iovascu la r  
fa i lu re :  marked  dyspnea,  s e v e r e  tachycard ia ,  and adynamia.  The animals  were  decapitated.  Pieces  of 
myocard ium f rom the left  ven t r i c le  were  fixed in 1% OsO 4 solution by Caulf ield 's  method, dehydrated,  and 
embedded in Araldi te .  Elec t ron  mic rographs  were  p repa red  in the IEM-100B mic roscope .  

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

Two types of p r o c e s s e s  were  c l ea r ly  observed in the myocard ia l  musc le  cel ls  of r a t s  with signs of 
ca rd iovascu la r  fa i lure  on the second day a f te r  injection of adrenal in:  degenera t ive  and regenera t ive .  

The degenera t ive  p r o c e s s e s  in the hear t  muscle  cel ls  evidently largely  de termined the s eve r i t y  of 
the cl inical  p ic ture  following adminis t ra t ion  of adrenal in.  E l ec t ron -mic roscop ic  examinat ion revea led  mul-  
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Fig. 1. Format ion  of myel in - l ike  s t ruc tu r e s  in hear t  
musc le  cel l :  a) dis t r ibut ion of mitochondria  (M) on 
c i s t e rns  and tubules (20,000 • myel in - l ike  s t ruc tu re  
"creeping"  over  ami tochondr ion  (28,000 • c) drops  of 
lipids (lip) nea r  mye l in - l ike  f igures  (25,000 x); d) giant 
myel in - l ike  s t ruc tu r e s  in musc le  cel l  (20,000 x); e) mye l in -  
like s t ruc tu r e s  in ex t r ace l lu l a r  space  (18,000 x). 

t iple foci of overcon t rac t ion  and ove r s t r e t ch ing  of the myof ibr i l s  in the musc le  cel ls  and lipids were abun- 
dant in the cy top lasm.  The myof ibr i l s  and myof i laments  in a s tate  of overcont rac t ion  lost  thei r  r egu la r  
or ientat ion and became  osmiophil ic ,  dense, and homogeneous.  Converse ly ,  in the foci of overs t re tch ing  of 
the myof ibr i l s  d i sappea rance  of the cont rac t i le  e lements  was observed  in some  places  and only occas ional  
myof i laments  were  r e g u l a r l y  a r r anged  along the long axis of the cell .  The s t ruc tu re  of the s a r c o m e r e s  
was indist inguishable.  

In the zone of ove r s t r e t ch ing  of the myof ibr i l s  and a lso  beneath the s a r c o l e m m a  marked  changes were  
observed in the mitochondria .  Often the mi tochondr ia  appeared  to have lost the i r  outer  membrane  and to 
be  " s ca t t e r ed"  into s e p a r a t e d  c losed  c i s t e r n s ,  tubules ,  and v e s i c l e s  (Fig. l a ) .  Some of the tubules 
surrounded the nea rby  mitochondr ia  in a s e m i c i r c l e .  In some cases  the c i s t e rn s  and tubules were  flattened 
and formed double-contoured myel in - l ike  s t ruc tu re s .  Myelin- l ike f igures  were  v e r y  often found close  to 
drops  of lipids (Fig. lc) .  Somet imes  in t imate  contact  was found with m e m b r a n e s  60-70 A in th ickness  which 
seemed  to e m e r g e  d i rec t ly  f r o m  the lipid drops.  Double m e m b r a n e s  formed complex concentr ic  f igures ,  
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often consis t ing of 15-20 layers .  A r egu la r  f ea tu re  was that  these "myel in"  s t ruc tu re s  seemed to envelop 
individual mitoehondria  (Fig. lb) and to i m m u r e  them.  In most  cases  a va r iab le  number  of glycogen g ran -  
ules was found between the myel in- l ike  m e m b r a n e s  and the mitochondria  enclosed in them. Gradual ly  the 
double m e m b r a n e  format ions  complete ly  surrounded the mitochondria ,  the s t r u c t u r e  of which was cons ide r -  
ably dis turbed:  Obl i tera t ion of the outlines of the c r i s t a e  and inc reased  osmiophil ia  of the mat r ix  were  ob- 
served .  

In some cases  the myel in- l ike  s t ruc tu res  attained a cons iderable  s ize,  namely  15-20 ~ in d i ame te r  
(Fig. ld) and were  found in the ex t race l lu la r  space  (Fig. le) .  Cells of macrophaga l  type were  frequently 
found in the i r  neighborhood. 

The changes in the u l t r a s t ruc tu re  of the hear t  muscle  cel ls  during the development  of ca rd iovascu la r  
fa i lure  caused by injection of adrenal in,  as descr ibed  above in the f o r m  of multiple loci of overcont rac t ion  
and overs t re tch ing  of the myof ibr i l s ,  cons iderable  changes in the mi tochondr ia l  m e m b r a n e s ,  the fo rmat ion  
of mult iple concentr ic  myel in- l ike  s t ruc tu re s ,  and the appearance  of drops  of lipids in the cytoplasm,  can 
thus be regarded  as a manifes ta t ion of degenera t ive  p r o c e s s e s .  

The loci  of overeont rac t ion  and overs t re teh ing  of the myof ibr i l s  observed in these  exper iments  were  
evidently due to an inc rease  in the coneenteation of f ree  ca lc ium in the cy toplasm of the musc le  cel ls  through 
a dec r ea se  in A T P a s e  act ivi ty  of the sa reo tubu la r  sys t em resul t ing f rom the action of adrenal in  [9]. These  
findings a r e  in ag reemen t  with the r e su l t s  of e l e c t r o n - m i c r o s c o p i c  invest igat ions by Mitin and Beskrovnova 
[4], David et al.  [7], Wenzel et al. [17], and others .  

The p r e sence  of numerous  myel in- l ike  s t ruc tu r e s  with mitoehondria  embedded in them,  d iscovered  
in these  exper imen t s  in the cy toplasm of the musc le  cel ls  of the ven t r i c les ,  c o r r e l a t e s  with the r e su l t s  of 
l ight-opt ical  s tudies by Danilova [2] and Tse l l a r i u s  and Semenova [6]. The f i r s t  worker  cited, who studied 
adrenal in  myocard i t i s ,  observed dist inct ive granules  in cer ta in  pa r t s  of the musc le  f iber  and regarded  them 
as swollen s a r c o s o m e s .  The two last  worke r s ,  40-60 rain af ter  injecting adrenal in,  by means of a combina-  
tion of polar iza t ion  and p h a s e - c o n t r a s t  mic roscopy ,  found granules  of different  s izes  and dens i t ies  in zones 
of what they descr ibed  as myocytolys is ,  and which in thei r  opinion bore  al l  the signs of mitochondria .  Some 
of these  granules  were  basophilic on staining, o thers  fuchsinophilic.  Thei r  react ion  for  acid and alkaline 
phosphatases  was negative,  but individual granules  gave a posi t ive reac t ion  for  succinate dehydrogenase 
and they stained weakly in the reac t ion  for  t ryptophan.  

The myel in- l ike  f igures  observed in the p r e sen t  exper iments  in zones of disorganizat ion of the con- 
t r ac t i l e  s t ruc tu re s  of the muscle  cel ls  evidently cor respond  to the granules  descr ibed  by Danilova and by 
Tse l l a r iu s  and Semenova [2, 6]. 

What is the nature  of fo rmat ion  of these  myel in- l ike  s t ruc tu r e s ,  not normal ly  found in myocytes ,  in 
the cy toplasm of the musc le  cel ls  ? Catecholamines  and, in pa r t i cu la r ,  adrenal in  a re  known to cause ac t i -  
vation of l ipolysis  and, correspondingly ,  of l ipases  which s t imulate  mobil izat ion of nonester i f ied fat ty acids 
f rom adipose t i s sue  [8]. Under the influence of adrenal in  phosphol ipase  A, the only phospholipase p resen t  
in mitochondria ,  is evidently act ivated [10, 13, 15, 16]. This,  in turn,  may lead to hydrolysis  of the phos-  
phatides of the mitochondria l  m e m b r a n e s .  Phosphol ipase  A has been shown to hydrolyze the membra n e  
phosphat idylethanolamine,  with a resul t ing Inc rease  in the content of lysophosphat idylethanolamine and fatty 
acids in the cy top lasm [11, 14]. Meanwhile r e syn thes i s  of phospha t idy le thano lamine -  one of the mos t  im-  
por tant  s t ruc tu ra l  and functionally act ive phosphatides of m e m b r a n e s  [5] - is a lso poss ible .  

The inc rease  observed in the number  of lipid drops and the p r e sence  of myel in- l ike  s t r u c t u r e s  a re  
an express ion  of the indirect  action of adrenal in  on the mi tochondr ia l  m e m b r a n e s ,  causing dissocia t ion of 
their  p r o t e i n - l i p i d  s t ruc tu ra l  components  and, at the same  t ime,  the r e syn thes i s  of new and unusual m e m -  
brane  format ions ,  ref lec t ing profound degenera t ive  changes and, in pa r t i cu la r ,  a d is turbance of lipid me tab-  
olis m. 

The foci of overcont rac t ion  and over s t r e t ch ing  of the myof ibr i l s  detected in the musc le  cel ls ,  the p r e s -  
ence of numerous  myel in- l ike  s t ruc tu r s  and lipid drops in the cytoplasm,  and the des t ruc t ion  of individual 
mitochondria  r e f l ec t  marked  degenera t ive  p r o c e s s e s  in the myocard ium under the influence of adrenal in  
and they a re  among the fac to r s  r espons ib le  for  ca rd iovascu la r  fa i lure .  
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