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In expe r imen t s  on 20 rabb i t s  the myoca rd ia l  u l t r a s t r uc tu r e  was studied in the le f t  and r ight  
ven t r i c l e s  at  d i f ferent  t imes  of the year .  A definite seasona l  dynamics  was found in s eve ra l  
quanti tat ive e l e c t r o n - m i c r o s c o p i c  p a r a m e t e r s .  In pa r t i cu la r ,  co r re l a t ion  was found be-  
tween the eff ic iency of the mitochondrion (an in tegra l  value,  the product  of the a r e a  of the 
mi tochondr ion and the number  of mi tochondr ia l  c r i s tae)  and the a r e a  of the mitochondrion.  
With an i nc r ea s e  in the l a t t e r  to 0.85 # 2, co r re l a t ion  was posi t ive  and l inear  in c h a r a c t e r .  
On fu r the r  swelling of the mi tochondr ia  this re la t ionship  no longer held good. 

P rev ious  expe r imen t s  [3, 4] showed m a r k e d  seasonal  va r ia t ions  in the u l t r a s t r u c t u r e  of the intact  
myoca rd ium.  I t  was decided to examine the dynamics  of e n e r g y  format ion  in mi tochondr ia  of the card iac  
myocy tes  in re la t ion  to season and to examine the poss ib le  m e c h a n i s m s  control l ing it. 

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

Twenty Chinchilla r abb i t s  weighing 2.5-3.5 kg were  used. The an imals  were  divided into four groups 
(five rabb i t s  in each  group) in accordance  with the t ime  of yea r .  The an imals  were  ki l led at  the middle of 
January ,  Apri l ,  July,  and October  and an e l e c t r o n - m i c r o s c o p i c  study made  of the m y o c a r d i u m  of the lef t  
and r ight  ven t r i c l e s .  P i eces  of h e a r t  musc le  were  fixed in 1% buffered osmium te t roxide solution, ptI 7.2- 
7.4, and embedded in Araldi te .  Sections were  cut on the LKB-8800 u l t ra tome,  stained with lead hydroxide 
and uranyl  ace ta te ,  and examined in the UEMV-100 and Simmens  e lec t ron  m i c r o s c o p e s  under magni f i ca -  
tions of between 10,000 and 50,000 t imes .  One hundred e lec t ron  m i c r o g r a p h s  each  of the left  and r ight  
ven t r i c l e s  (for each season) were  subjected to quanti tat ive ana lys i s  under  a magnif icat ion of 20,000 t imes  
by the method desc r ibed  p rev ious ly  [t] and, in addition, the mean  eff ic iency of one mitochondrion (EM) was 
ca lcu la ted  as the product  of the a r e a  of the mitochondrion,  in square  mic rons ,  and the number  of c r i s t a e  
in that  mitochondrion.  This  p a r a m e t e r ,  including both the number  of mi tochondr ia l  c r i s t a e  and the a r ea  of 
the organel le ,  enabled the s ize of the e n e r g y - f o r m i n g  sur face  of the mitochondrion to be judged and its  en-  
e rgy  product ion defined. The numer ica l  r e su l t s  were  subjected to s ta t i s t ica l  analys is  with, in par t i cu la r ,  
co r re l a t ion  ana lys i s ,  so that  the p r e s ence  or absence  of s ta t i s t i ca l  co r r e l a t i on  between the individual pa-  
r a m e t e r s  of the e lec t ron  m i c r o g r a p h  could be es tabl ished.  

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

The seasona l  dynamics  of EM, the a r e a  of the mitoehondrion,  and the number  of c r i s t a e  a r e  shown in 
Fig.  1. F o r  convenience of compar i son  all th ree  p a r a m e t e r s  were  e x p r e s s e d  as pe rcen tages  (the max imal  
value of each p a r a m e t e r  was taken as  100%). The graph shows s imi l a r i t y  between the dynamics  of EM and 
of the a r e a  of the mitochondrion,  but the change in the number  of c r i s t a e  did not co r r e spond  to the dynam-  
ics  of these two p a r a m e t e r s .  Corre la t ion  ana lys i s  showed that  in both ven t r i c l e s  co r re l a t ion  was s ignif i -  
cant  between EM and the a r e a  of the mitoehondrion (coefficient of co r r e l a t i on  for  these  p a r a m e t e r s  + 0.93 
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Fig. 1. Dynamics of EM (1), a r ea  (2), and number of c r i s tae  
(3) in one mitoehondrion at different seasons in left (A) and 
right (B) ventr ic les .  
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Fig. 2. EM as a function of a r ea  of 
mitoehondrion (explanation in text). 
Abscissa ,  a r ea  of mitochondrion (in 
#2); ordinate,  EM. 

for the left and + 0.95 for the right ventricle).  The coefficients 
of cor re la t ion  between EM and the number of c r i s tae  in the mi -  
toehondrion were  + 0.19 and - 0 . 1 2  for the left and r ight  ventr i -  
cles,  respect ively,  i.e., corre la t ion  was weak and not significant. 

The analysis  of the relat ionship between EM and the area  
of the mitoehondrion, allowing for the normal distribution for 
all var iants  (Fig. 2), showed that the function was not the same 
for different degrees of swelling of the mitochondria.  Over the 
region to 0.85 # 2 the function was l inear:  S =a �9 EM, where 
a=0 .94 .  In the region f rom 0.85 to 1.2 ~ 2  with an increase  in 
a rea  of the mitochondrion EM fell, but af ter  1.2 ~ 2 the sca t ter  
was so great  and the number of points so smal l  that it was ira- 
possible to speak of any definite relationship, for the difference 
between the means in this range of values was not significant. 

Two principles emerge  f rom the resul ts  descr ibed above: 
1) the value of EM is determined by the a rea  of the mitochon-  
drion, and the number of mitochondriM cr i s tae  does not s ig-  
nifieantly affect  this pa ramete r ;  2) 0.85 #2 is the l imiting a rea  
of the mitochondrion after  which any further  increase  is not 
associa ted  with an increase  in energy output. 

The following expIanation can be suggested for the r e -  
suits. 

A change in the number of er is tae  per mitochondrion cannot significantly affect the output of energy 
if, at the same time, the volume of the organelle changes since swelling or contract ion of the mitoehondrion 
leads not only to a change in a rea  of its internal surface but also to a change in the a rea  of the cr is tae ,  
which "expand" during swelling and reduce their surface a rea  during contract ion [51. The principal r egu-  
lator of the output of energy f rom the mitoehondria  can thus be assumed to be a change in their volume. 
The change in volume of the mitochondria  is a much faster  p rocess  than destruct ion or synthesis of mi to-  
chondrial  c r is tae .  By virtue of this mechanism,  the level of energy formation can thus be regulated to a l -  
low for the demands presented to the hear t  by external environmental  factors .  During the p rocess  of in t ra -  
cel lular  regenerat ion there  is known [2] a rapid destruct ion and formation of subcellular  o rgand ie s ,  e s -  
peeially mitoehondria.  The w r i t e r s '  investigations demonstra ted an a lmost  universal  destruct ion of the 
outer mitochondria!  membranes  in the intensively functioning heart ,  with liberation of fatty acids f rom 
their lipid components.  These acids a re  agents uncoupling resp i ra t ion  and phosphorylation and causing 
swelling of the mitochondria  [7], as a resu l t  of which the energy production of these organelles increases  
and the intensively functioning cell rece ives  an additional supply of energy.  The p rocess  of swelling and 
contract ion of the mitochondria  is thus a regula ter  of cellular  energy formation,  

However, the role of regula tor  of mitochondrial  swelling can be played only up to a cer tain degree,  
because of the s t ruc ture  and a r rangement  of the r e sp i r a to ry  groups on the surface of the inner mitoehon-  
drial  membrane  and the mitoehondrial  c r i s tae .  In the modern view [6], r e sp i r a to ry  groups of mitochon-  
dria a re  analogous to the e lementa ry  par t ic les  located on their membranes .  Definite spatial relat ions be- 
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tween the elementary particles are necessary for the normal function of the respi ra tory  chain. The sug- 
gestion has been made that every such particle contains molecules of one type of electron ca r r i e r  and that 
neighboring particles interact with each other by means of oscillatory movements limited by the length and 
flexibility of their pedicle [5]. During marked swelling of the mitochondria and "overstretehing" of their 
membranes the distance between the individual particles may exceed the amplitude of oscillations of the 
respi ra tory  groups, as a resul t  of which a particular portion of the respira tory chain is inactivated. 

During quantitative analysis of electron micrographs of both the normal and the altered heart  it is 
thus essential not only to calculate the area of one "average" mitochondrion but  also to determine the re l -  
ative numbers of mitochondria with normal volume and those with an area exceeding 0.85 #2  
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