
M O R P H O L O G Y  AND P A T H O M O R P H O L O G Y  

CHANGES IN ULTRASTRUCTURE OF THE MYOCARDIUM 

PRODUCED BY TOXIC DOSES OF ADRENALIN IN THE INTACT 

HEART AND AFTER PHARMACOLOGICAL BLOCKADE 

OF fi-ADRENERGIC RECEPTORS 

K. S. Mitin, N. N. Beskrovnova, 

and A. A. Abinder 

UDC 612.172.014.2.014.46: 
[615.357.452+615.217.24 

A submicroscop ic  study of the effect  of toxic doses  of adrenal in  on different  p a r t s  of the 
intact  hea r t  showed damage to the m y o e a r d i u m  of the ven t r i c l e s  and a t r i a :  overcont rac t ion  
of the myof ib r i l s  (frequently with the i r  rupture) ,  deformat ion  of the mi tochondr ia ,  de s t ruc -  
tion of the tubules of the sa rco tubula r  sys t em.  Injection of propranolo l  alone caused no sig- 
nif icant  changes  in the u l t r a s t r u c t u r e  of the v e n t r i c u l a r  o r  a t r i a l  ce l l s .  If p ropranolo l  was  
injected before  the toxic dose of adrenal in,  it apprec iab ly  reduced  the ha rmfu l  action of 
adrenal in  but did not abolish it  a l together .  

P roprano lo l  is  one of a group of subs tances  with se lec t ive  abil i ty to block f i -adrenerg ic  r e c e p t o r s ,  
and it  is highly effect ive in the t r e a t m e n t  of t achycard ia  [7]. Bes ides  i ts  an t i a r rhy thmic  action, p ropranolo l  
also p o s s e s s e s  adrenolyt ic  p rope r t i e s .  The p rec i se  m e c h a n i s m  of action of this substance has  not yet  been 
explained [1, 2]. 

The object  of the p resen t  invest igat ion was to make  a submicroscop ic  study of va r ious  p a r t s  of the 
hea r t  following admin is t ra t ion  of toxic doses  of adrenal in  alone or  a f te r  p r e l i m i n a r y  blockade of the fi- 
ad renerg ic  r e c e p t o r s  by  p roprano to l ,  

EXPERIMENTAL METHOD 

Expe r imen t s  we re  c a r r i e d  out on 16 chinchil la  r abb i t s  weighing 3-4.5 kg. The rabbi t s  were  divided 
into 4 groups.  The an ima l s  of group 1 r ece ived  an in t ravenous  injection of adrenal in  (25-30 #g /kg  body 
weight), those of group 2 an in t ravenous  injection of p ropranolo l  (1.5 t~g/kg body weight), and group 3 p ro-  
pranolol  in the same dose,  followed a f t e r  15-20 min by adrenal in  in a dose of 25-30 pg/kg. The an imals  of 
group 4 were  the cont ro ls .  The hea r t  was  r e m o v e d  15-20 rain a f t e r  inject ion of the drugs .  P i eces  were  
f ixed by Caulf ie ld ' s  method,  embedded in me thac ry l a t e  and Araldi te ,  and examined in the Ut~MV-100 V 
e lec t ron  m i c r o s c o p e .  

EXPERIMENTAL RESULTS 

E l e c t r o n - m i c r o s c o p i c  examinat ion of the m y o c a r d i u m  af te r  admin is t ra t ion  of toxic doses  of adrenal in  
r evea l ed  significant changes in the musc le  ce l l s  of the ven t r i c l e s  and a t r ia .  The changes  obse rved  in both 
pa r t s  of the hea r t  we re  s i m i l a r  in c h a r a c t e r ,  but the des t ruc t ive  changes in the ven t r i c l e s  we re  m o r e  se-  
v e r e  than in the a t r ia .  The m os a i c  pa t t e rn  of damage to the m y o c a r d i u m  was  a conspicuous fea ture :  side 
by side with s eve re ly  damaged  musc le  cells, in every  case  the re  w e r e  ce l l s  which had p r e s e r v e d  the i r  no r -  
mal  s t ruc tu re .  
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Fig. 1. Myocardium of a rabbi t  20 rain af ter  injection of a toxic 
dose of adrenal in:  M) mitochondria ,  MF) myof ibr i l s .  Ar row 
indicates  focus of overcon t rac ted  myof ibr i l s ,  12,000• 

Fig. 2. Focus  of ove rcon t r ac -  
tion of myof ib r i l s  (indicated 
by ar row) .  F ragmenta t ion  of 
s a r c o m e r e  with rupture  of m u s -  
cle f i laments  (MF), 20,000• 

Fig. 3. Deformat ion  of m i t o -  
chondria  (M) with pa r t i a l  de- 
s t ruct ion of e r i s t ae .  Des t ruc -  
t ion of tubules of s a r cop la smic  
re t i cu lum (SPR), 28,000• 

The mos t  impor tan t  changes were  obse rved  in the cont rac t i le  e l ements  of the musc le  cel ls .  Numer -  
ous a r e a s  of ove rcon t r ac t ed  myof ib r i l s  (focal contrac tures)  we re  v is ib le  in them.  Somet imes  seve ra l  such 
loci  of ove rcon t rac ted  myof ib r i l s  apparent ly  joined together  to f o r m  dist inctive nodules of cont rac t ion  
(Fig. 1). These  a r e a s  w e r e  of i nc reased  densi ty and a p p e a r e d h o m o g e n e o u s ,  and the r e g u l a r  a r r a n g e m e n t  
of the i r  musc le  f i laments  was  dis turbed.  The  myof ib r i l s  of adjacent  a r e a s  were  in a state of cont rac t ion  
or re laxat ion,  vary ing  in degree .  As the r e su l t  of s t rong overeont rac t ion ,  the r egu l a r  a r r a n g e m e n t  of the 
cell  o rgane l les  was dis turbed.  The myof ib r i l s  and mos t  of the mi tochondr ia  were  displaced toward  the 
poles  of the cell ,  whe rea s  the cen t ra l  pa r t  r e m a i n e d  f r ee  and contained single mi tochondr ia  and f r a g m e n t s  
of musc le  f i laments  and m e m b r a n o u s  s t ruc tu res .  Rupture and f ragmenta t ion  of the myof ib r i l s ,  with the i r  
total  des t ruc t ion  in the region of the I -d i sk s ,we re  f requent ly  obse rved  (Fig. 2). E lements  of the sa rco tubu la r  
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s y s t e m  were  par t ly  des t royed.  However ,  individual tubules of the t r a n s v e r s e  T s y s t e m  rema ined  intact.  
In this case  they appeared  dilated. The content of l ipoprote in  complexes  in the s a r c o p l a s m  was  increased .  

The mi tochondr ia  showed changes of a specia l  kind. Most cha rac t e r i s t i c a l l y  they underwent m a r k e d  
deformat ion .  The mi tochondr ia  appeared  to be c rushed  or  shrunken, with an i r r egu l a r l y  condensed mat r ix ,  
and with d i s a r r anged  and par t ly  des t royed  c r i s t a e  (Fig. 3). 

Submicroscopic  study of the m y o e a r d i u m  of an ima l s  rece iv ing  propranolo l  alone showed no significant 
changes  in the u l t r a s t r u c t u r a I  organiza t ion  of the ven t r i cu t a r  or  a t r i a l  musc le  cel ls ,  in. a g r e e m e n t  with the 
r e s u l t s  of physiological  inves t iga t ions  [6, 11]. 

After  pha rmaco log ica l  blockade of the f l -adrenerg ic  r e c e p t o r s  by propranolo l  the same  doses  of 
adrena l in  did not produce such m a r k e d  changes  in the myoca rd ium.  The total  numbe r  of damaged ce l l s  was  
l e s s  than a f t e r  inject ion of adrenal in  alone. Isola ted a r e a s  of ove rcon t rac t ed  myof ib r i l s  were  seen in the 
musc le  cel ls .  However ,  the num ber  of nodules and the degree  of the i r  cont rac t ion  were  l e s s  than a f te r  in- 
ject ion of adrenal in  alone. Most mi tochondr ia  re ta ined  the i r  no rma l  u l t r a s t r ue tu r a l  organizat ion under 
these  conditions. Only in some ca se s  was  po lymorph i sm of the mi toehondr ia  obse rved ,  as  re f lec ted  by v a r -  
iat ion in the s ize and a r r a n g e m e n t  of the c r i s t ae .  The changes  in u l t r a s t r uc tu r e  desc r ibed  above thus show 
that  p ropranolo l  apprec iab ly  r educes  the ha rmfu l  action of toxic doses  of adrenal in  but does not abolish it 
a l together .  

Under the influence of toxic doses  of adrenal in ,  the m e t a b o l i s m  of the hear t  is  dis turbed,  and this 
subsequently leads  to degenera t ive  changes in the myoca rd ium [13]. Two types  of degenerat ion take place 
as the r e su l t  of the toxic ef fec ts  of adrenal in:  Cloudy swelling and fat ty  "degeneration [5]. In the loci  of 
cloudy swell ing the m us c l e  f i b e r s  appeared  homogeneous ,  they had lost  the i r  c r o s s  s t r ia t ion,  and they were  
i r r e g u l a r  in th ickness .  Vedeneeva [3] and Danilova [5] conf i rmed  that the damage is mainly  confined to the 
cont rac t i le  e lements ,  but they were  unable to demons t r a t e  the nature  of these  changes by his tological  
methods .  By the use of po la r iza t ion  and p h a s e - c o n t r a s t  m i c r o s c o p e s ,  together  with o ther  methods,  Tse l -  
l a r i u s  and c o - w o r k e r s  [10] dist inguished two types  of damage to the myof ib r i l s :  con t rac tu re  and myocy-  
to lys is .  The con t rac tu ra l  changes were  e x p r e s s e d  as  intensified anisot ropy of the myof ibr i l s ,  approx ima-  
tion of the an iso t ropic  disks ,  and s o m e t i m e s  the i r  total  fusion. In myoeyto lys i s ,  the myof ib r i l s  had appar -  
ently me l t ed  and ceased  to be vis ible .  The authors  ci ted cons ider  that  an act ive pa r t  in the development  of 
myocy to lys i s  is  p layed by the l y s o s o m a l  s y s t e m  of the cell .  The p resen t  authors  have shown [8] that mainly  
one type of damage  to the myof ib r i l s  i s  obs e rved  in the musc le  ce l l s  of the myoca rd ium,  and this  c o r r e -  
sponds to the con t r ac tu ra l  type of changes .  Other  w o r k e r s  have  also r e p o r t e d  s im i l a r  findings [4, 14]. So 
f a r  a s  myocy to lys i s  is concerned,  no changes of this  type could be found.  No inc rease  in l y sosoma l  act ivi ty  
could be found in the e lec t ron  mic roscope  in the damaged  ce l l s  20 rain a f te r  injection of adrenal in.  Indeed, 
it would be hard  to imagine that the ly sosomal  r e sponse  cotfld play any significant role  in this p roce s s  over  
a per iod of a few minutes .  The re  is thus eve ry  r e a s o n  to cons ider  that t rue  l iquefaction (myocytolysis)  does 
not take place at this  s tage.  The r e s u l t s  of the p resen t  invest igat ion show that  because  of s t rong overcon-  
t rac t ion ,  the myof ib r i l s  in some a r e a s  cease  to be v is ib le .  Simultaneously with contract ion and rup ture  of 
the myof ib r i l s ,  some apparen t  mechan ica l  d i sp lacement  of the organel les ,  including f r a g m e n t s  of the myo-  
f ib r i l s  and mitochondr ia ,  takes  place toward the poles  of the cell ,  as  a r e su l t  of which a pa t t e rn  of reduced 
densi ty  is produced, and this  may  be taken as myocy to lys i s .  The mosa ic  c h a r a c t e r  of damage to the myo-  
ca rd ium is evidently connected with d i f fe rences  in the intensi ty  of function of the cel ls ,  as  is  a lso obse rved  
under  physiological  conditions [8]. 

The functional act iv i ty  of the ca techo lamines  is mani fes ted  by an i nc rea se  in the s t r e n ~ h  and ra t e  of 
contract ion of the m y o e a r d i u m  (posi t ive inotropic effect).  An impor tan t  ro le  in the m e c h a n i s m  of th is  p ro-  
c e s s  is played by the ATPase  of the sa rco tubu la r  sys tem.  The abil i ty of adrenal in  to block the act ivi ty of 
the ATPase  of the sa rco tubu la r  s y s t em  has  been  demons t ra t ed  [12], and this  may  lead to an i nc rea se  in the 
f r ee  ca lc ium concentra t ion  in the cel l .  Accumulat ion of ca lc ium in the s a r c o p l a s m  evidently leads  init ially 
to overcon t rac t ion  and subsequently to the changes  in the cont rac t i le  s t ruc tu re s  desc r ibed  above, leading 
u l t imate ly  to the i r  n e c r o s i s .  

The changes  obse rved  in the u l t r a s t r u c t u r a l  organizat ion of mi tochondr ia  and the inc reased  content 
of l ipoprote in  complexes  could be  evidence of metabol ic  d i s tu rbances ,  for  not only does adrenal in  inhibit 
oxidative phosphorylat ion,  but it a lso  d i s tu rbs  the coordinat ion between aerobic  and anaerobic  metabo-  
l i sm  [9]. 
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The mechan i sm of deformat ion  of the mi tochondr ia  is  not yet  comple te ly  c l ea r .  The re  a re  two pos-  
sible explanations of this  phenomenon. F i r s t ,  as  a r e su l t  of s t rong overcont rac t ion  of the ce l l s  the mi to-  
chondria  may  be mechanica l ly  compres sed .  Second, the possibi l i ty  of a d i rec t  effect  of adrenal in  on the 
ac tomyosin  p resen t  in the mi tochondr ia  cannot be ruled out. 

The r e su l t s  of the p resen t  invest igat ion conf i rm that  a f ter  pharmacolog ica l  blockade of the f i - ad ren -  
erg ic  r e c e p t o r s  the ha rmfu l  action of toxic doses  of adrenal in  is cons iderably  reduced.  
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