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Hyperplas t ic  p r o c e s s e s  in mi tochondr ia  of h e a r t - m u s c l e  ce l l s  of albino r a t s  during a d m i n i s t r a -  
tion of toxic doses  of adrenal in  were  studied exper imenta l ly .  E l e c t r o n - m i c r o s c o p i c  inves t iga-  
tion r evea l ed  th ree  types  of mitochondria .  Those of the f i r s t  type had d imens ions  and s t r u c -  
ture cha r ac t e r i s t i c  of myocard ia l  musc le  cel ls .  Those of the second type had an e x t r e m e l y  
dense,  finely g ranu la r  m a t r i x  and many c r i s t a e  per  unit a rea .  Mitochondria of the third type 
had two " c o m p a r t m e n t s "  differ ing in the densi ty of thei r  ma t r i x  and the a r r a n g e m e n t  and num-  
ber  of thei r  c r i s t a e  under  a common outer  m e m b r a n e .  It is postulated that  the u l t r a s t ruc tu r a l  
d i f fe rences  between the mi tochondr ia  of these th ree  types  re f l ec t  their  functional state.  
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Toxic doses  of adrenal in  a re  known to damage  the m y o c a r d i u m  and to cause  cont rac tual  changes  in 
the myof ib r i l s  and focal nec ros i s  [2, 4, 13]. Deformation,  swelling, and des t ruct ion of the mi tochondr ia  a re  
obse rvedunde r  these  c i r c u m s t a n c e s  in the musc le  ce i l s  [2, 10, 14, 19]. Meanwhile, during the f i r s t  day 
a f t e r  admin is t ra t ion  of adrenal in ,  the s t ruc tu re  of m o s t  musc le  ce l l s  is comple te ly  r e s t o r e d .  According 
to T s e l l a r i u s  and Semenova [13], th is  p r o c e s s  begins  with r e c o v e r y  of the mi tochondr ia l  appara tus .  

The object  of  this investigation was  to study hyperplas t tc  p r o c e s s e s  in the mi tochondr ia  of h e a r t -  
musc le  ce l l s  during adminis t ra t ion  of adrenalin.  

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

The myocard ium of 36 albino r a t s ,  in which signs of ca rd iovascu la r  fa i lure  developed on the second 
day af ter  a single injection of adrenalin,  was studied exper imenta l ly .  Adrenal in hydrochlor ide  was injected 
in t r amuscu la r ly  (into the thigh) as a 1 : 1000 solution in a dose of 3 mg/kg .  P i eces  of myocard ium f rom the 
left ven t r ic le  were  fixed in 1% OsO 4 solution by Caulf ie ld ' s  method and embedded in Araldi te .  E lec t ron  
m i c r o g r a p h s  were  obtained with the IEM-100V microscoIJe.  

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

E l e c t r o n - m i c r o s c o p i c  study of the h e a r t - m u s c l e  ce l l s  r evea l ed  degenera t ive  changes ref lec t ing  b a s i c -  
ally a d is turbance of lipid metabol i sm.  Meanwhile, in mos t  ce l l s  signs of in t race l lu la r  regenera t ion  were  
observed:  ma rked  hype rp la s i a  in the mi tochondr ia  and the format ion of new mitochondria .  

Mainly two types  of mitochondria ,  differing sharply  in s t ruc ture  (Fig. la) ,  were  found in many ce l l s  
containing numerous  lipid d rop le t s .  

The mi tochondr ia  of the f i r s t  type, 1.5-2 ~ in d iamete r ,  had the usual  s t ruc tu re  for  r a t  myocard ia l  
musc le  cel ls :  para l le l  o r  oblique in thei r  a r r angemen t ,  s eve ra l  curved  c r i s t ae ,  and a pale e l e c t r o n - t r a n s -  
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Fig. 1. Mitochondria of myocardia l  muscle cel ls  of ra t  r e -  
ceiving toxic dose of adrenalin (65,000 x); a) two different 
morphological  types of mitochondria;  b) mitochondrion con-  
sisting of two parts ,  differing in s t ructure .  

Fig. 2. Mitochondria differing in a r rangement  and in packing 
density of c r i s tae ,  a) Perpendicular  and oblique a r rangement  
of cr is tae  in two par t s  of a mitochondrion (100,000 x); b) dif- 
ference in density of mat r ix  and s t ructure  of c r i s tae  in two 
par t s  of mitochondria  (100,000 x); c) fragment:  common outer 
membrane for two par ts  of a mitochondrion (300,000 x). 

lucent matr ix .  The number  of c r i s tae  in the mitochondria  was 10-15. The c r i s tae  were a r ranged  at var ied  
dis tances f rom each other.  

Mitochondria of the second type were ra ther  smal le r  (diameter 0.9-1.8 #), and they were distinguished 
by an extremely dense, finely granular  osmiophilic matrix.  The cr i s tae  were always s t r ic t ly  paral lel  to 
one another and their number  per unit a rea  was 2-3 t imes g rea te r  than in ord inary  mitochondria.  

Meanwhile, mitochondria  consist ing of two different par ts ,  a denser  par t  and a more  swollen and 
loosely packed part,  were frequently seen in the hea r t -musc le  cells  (Fig. lb). These mitochondria had 
what looked like two "compar tments"  separated by the membranes  of a single septum, beneath a common 
outer membrane  (Figs. lb  and 2). Charac ter i s t ica l ly  the c r i s tae  in the two different par t s  of the mitochon- 
drion were often ar ranged perpendicular ly  or  obliquely to each other (Fig. 2a). The membranes  of the 
c r i s tae  were c lear ly  outlined in the "dense" par t s  of the mitochondrion and the matr ix  was finely granular  
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Fig. 3. Division and "budding" f o r m s  of mi tochondr ia  (80,000 • 
a) rup ture  of outer  m e m b r a n e  of mitochondrion;  b) i n t r ami to -  
chondrial  "buds".  

and s t rongly osmiophi l ic .  Cr i s t ae  of the ~loose" par t  of the mitochondrion were  curved,  twis ted ,  and ex-  
t r e m e l y  haphaza rd ly .a r ranged  (Fig. 2b). Often the m e m b r a n e s  of the c r i s t a e  in this pa r t  of the mi tochon-  

dr ioa  had b lu r r ed  and indist inct  outl ines.  The pa r t  of the mitochondrion with a pale ma t r i x  and with 
loosely  packed c r i s t a e  was in a swollen or even f r agmen ted  s ta te .  Somet imes  rup ture  of the c o m -  
mon outer  m e m b r a n e  and commencing separa t ion  of the two pa r t s  of the mitochondrion could be seen  
(Fig. 3a). Inside some  mi tochondr ia  the re  were  dist inct ive membraneous  s t r u c t u r e s  r e sembl ing  tiny 
mi tochondr ia  in the i r  appearance  (Fig. 3b). These  in t rami tochondr ia l  ~buds" as a rule  were  bounded 
by two m e m b r a n e s  and contained 2-4 sep ia .  

E l e c t r o n - m i c r o s c o p i c  study of the mi tochondr ia  of  h e a r t - m u s c l e  ce l l s  a f te r  adminis t ra t ion  of ad rena -  
l in  thus revea led  the appearance  of mi tochondr ia  with sharp ly  different  s t ruc ture :  different  in the optical  
densi ty  of their  ma t r ix  and in the number  and a r r a n g e m e n t  of thei r  c r i s t ae .  The u l t r a s t r u c t u r a l  f ea tu res  of 
the mi tochondr ia  desc r ibed  above evidently re f l ec t  the i r  functional s tate  by de termining  the level  of i n t r a -  
ce l lu la r  regenera t ion .  

If the r e s u l t s  desc r ibed  above a re  compa red  with those of b iochemica l  invest igat ions some pa ra l l e l s  
can be drawn for the re la t ionsh ip  between the s t ruc tu re  and function of these o rgane l les .  

Mitochondria  isolated f rom the t i ssue cons is t  chiefly of two conformat ional  types  - Condensed and 
orthodox mi tochondr ia  [15, 16]. Condensed mitochondr ia  have a dense,  finely granular  osmiophil ic  mat r ix ,  
widened c r i s t ae ,  and a high r e s p i r a t o r y  quotient, and they contain more  than twice as  much RNA as mi to -  
chondria  of the or thodox type [1, 5]. Mitochondria  with a compac t  s t ruc tu re  and continuous outer  m e m b r a n e  
with c l ea r ly  ma rked  e r i s t a e  have been shown to be in a state of f i rm coupling of r e sp i r a t i on  and phosphory-  
lat ion and to have a high content  of ATP [8l. Koze l ' t sov  and Khoroshkov [7], who studied the mi tochondr ia  
of the ~heavy" fract ion,  analogous in s t ruc ture  to condensed mitochondria ,  also desc r ibe  the high r e s p i r a -  
to ry  act ivi ty of mi tochondr ia  of this  type and the i r  abili ty to incorpora te  thymidine-C 14 and leucine-C 14 and 
to synthesize DNA and var ious  prote ins .  Mitoehondria with a pale ma t r ix  and only a few c r i s t a e  (orthodox 
mitochondria) ,  on the other  hand, a r e  c h a r a c t e r i z e d  by p r o c e s s e s  of uncoupling of oxidation and phosphory la -  
tion, a low r e s p i r a t o r y  quotient, much l e s s  active incorporat ion of thymidine-C 14 and leucine-C 14, inabili ty 
to synthesize  DNA, and a low ra te  of prote in  synthesis  [7, 9]. Beketova [1] cons ide rs  that mi tochondr ia  of 
the condensed type a re  in a s tate  of energy  accumulat ion,  whereas  the orthodox type a re  cha r ac t e r i z ed  by a 
state of functional o v e r s t r e s s .  Mitin and Beketova [9] showed co r re l a t ion  between the s t ruc tu re  of mi to -  
chondr ia  in the t i ssue and definite configurat ional  types of isolated mitochondria .  

The mi toehondr ia  with a dense,  f ine ly-granula r ,  osmiophi l ic  ma t r ix  and with a la rge  number  of densely  
packed c r i s t ae ,  pa ra l l e l  to each other ,  obse rved  in these  invest igat ions evidently co r respond  in thei r  func- 
t ional c h a r a c t e r i s t i c s  to condensed mitochondria ,  and they ha~]e a high level  of synthetic p r o c e s s e s  and a 
high degree  of coupling of r e sp i r a t i on  and phosphorylat ion.  Mitochondria with a pale ma t r i x  and loosely 
packed c r i s t ae ,  on the other  hand, co r r e spond  to the orthodox type and a re  in a s tate  of energy  production 
and functional s t r e s s .  
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The dist inguishing fea tu res  of mi tochondr ia  consis t ing of two pa r t s  of different  s t ruc ture ,  and contain-  
ing in t rami techondr ia l  "buds," a re  connected with active metabol ic  p r o c e s s e s .  Sarkisov  [11] s ta tes  that hy-  
pe rp las t i c  p r o c e s s e s  can take place in mitochondria ,  and he cons ide rs  that under  conditions when rapid  fo r -  
mat ion of new mitochondr ia  and r e p l a c e m e n t  of damaged mi techondr ia  by them do not take place,  the s t r u c -  
ture  of the damaged mi tochondr ia  can be r e s t o r e d  through regenera t ion  of their  component  pa r t s ,  i .e.,  
through in t raorganoidal  ( intramitochondrial)  r egenera t ion .  Adrenal in is  known to evoke profound changes in 
the me tabo l i sm  of the musc le  ce l l s  in the myoca rd tum and, in par t i cu la r ,  changes  in lipid and phospho l ip id  
me tabo l i sm  [6]. Activation of l ipolys is  and, correspondingly ,  of the mi tochondr ia l  phospholipase A, by ad ren -  
alin, may lead to changes  in phospholipids of the mitochondria l  m e m b r a n e s  [12, 17, 18], and this l imi t s  the 
fo rmat ion  of new mi tochondr ia  by t r a n s v e r s e  division or  budding. At the same  t ime it has  been shown that 
the f rac t ion  of s t ruc tu ra l  p ro te ins  of the mi tochondr ia  (inner and outer  membranes )  has  a s t imulant  action 
on templa te  act ivi ty of mi tochondr ia l  DNA, and thereby  p romo te s  templa te  synthes is  of RNA [3]. 

The p re sence  of mi tochondr ia  with a dense osmiophil ic  mat r ix ,  with numerous  c r i s t ae ,  and consis t ing 
of d i f ferent  s t ruc tu ra l  divis ions is evidence of the marked  hyperplas t ic  p r o c e s s e s  taking place as the r e -  
sult of the action of adrenalin.  

In that  case  a specia l  type of in t raorganoidal  r egenera t ion  can evidently take place - r e g e n e r a t i o n  
through act ivat ion of in t rami tochondr ia l  synthes is  and, in par t i cu la r ,  high act ivat ion of synthesis  of RNA and 
pro te ins  in individual s i tes  of the mi tochondr ia l  ma t r ix .  The increased  intensity of prote in  synthes is  is 
pe rhaps  brought  about by the s t imulant  action of the d issoc ia ted  p r o t e i n - l i p i d  component  of the mi tochon-  
dr ia l  m e m b r a n e s .  These  p r o c e s s e s  may  affect  not the whole mitochondrion,  but only pa r t  of i t ,wi th  sub -  
sequent separa t ion  and independent functioning of the o rgane l les .  
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