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The resu l t s  of  quanti tat ive analysis  of the u l t r a s t ruc tu ra l  organizat ion of the ca rd iomyocytes  
of  man  and animals  (rabbit, r a t ,  dog), by the point method,  a r e  descr ibed .  A s e r i e s  of s t e r e o -  
m e t r i c  constants  de termining the s t ruc tu ra l  homeos tas i s  of the card iomyocytes  was found: 
the total volume of mi tochondr ia  (rot) and myof ibr i l s  (mf), forming the "cardiomyocyt ic  con-  
s tant"  {Vmt + Vmf = Kst); the total inc rease  in volume of mt  and mf ,  equal to 0 (dVmt + dVmf = 
0); adaptive recons t ruc t ion  of mt  and m f  takes place within the range of 11% (AVmt = AVmf 
11%); s t ruc tu ra l  homeos tas i s  of  the ca rd iomyocytes  is maintained by a change in the u l t r a -  
s t ruc tura l  organizat ion within l imits  set  by the rule of "constancy of volumetr ic  p ropor t ions"  
(80, 10, 10%), of which Kst accounts  for  80%, the other  organel les  and inclusions (Vi) for  10%, 
and the cytoplasm (Vcp) for  10%o The possible  universa l i ty  of  s t e r eo m e t r i c  constants  is 
postulated~ 
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The way in which the pr inciples  of s t ruc tura l  homeos tas i s  [4] operate  cannot be understood without 
knowledge of the ru les  governing the in t race l lu la r  organizat ion and quantitat ive p a r a m e t e r s  of repara t ive  
p r o c e s s e s  [1]o An at tempt  to study these problems by s t e r eo m e t r i c  analysis  (SA) is descr ibed  below. 

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

Ste reomet r ic  analysis  of the ca rd iomyocytes  was undertaken in the following four s e r i e s  of observat ions  : 
s e r i e s  I) rabbi ts  aged 9 months ,  with 10 animals  in each group.  ~ group 1) normal  (M), 2) exper imenta l  a t h e r o -  
s c l e ros i s  (X), 3) coarc ta t ion  of the aor ta  (C), and group 4) XC. The durat ion of coarc ta t ion  of the aor ta  was 
1.5 months;  s e r i e s  II) r a t s ,  six groups with five animals  in each group,  normal  animals  and a f te r  coarcta t ion 
of the aorta  for 6 months;  s e r i e s  lID mongre l  dogs,  five animals  aged 9 months;  s e r i e s  IV) hear t s  (weighing 
600-700 g) f rom five persons  aged 70-75 yea r s  with a h i s to ry  of co rona ry  a the rosc l e ro s i s  and essent ia l  h y p e r -  
tension (death from causes  unre la ted  to hea r t  fai lure) .  

SA of the ca rd iomyocytes  of the left  vent r ic le  was ca r r i ed  out by a point method [1] under magnificat ion 
of 3000 • with a rec tangula r  tes t  sys tem with a constant  of 0.91, and the total a rea  investigated was 13,500- 
15,500 p2o The numer ica l  data and the e r r o r  of m easu rem en t s  were  moni tored  graphical ly  [2]. The following 
p a r a m e t e r s  of u l t r a s t ruc tu ra l  organizat ion were  studied: the coeff icient  of saturat ion of the cell  with s t r u c -  
tural  components  and inclusions (Ki) , the re la t ive  volumes of the mitochondria  (Vmt) and myof ibr i l s  (Vmf) , the 
total volume of  these  organel les  (Vmt + Vmf), the total volume of the other  s t ruc tura l  components (nucleus, 
re t icu lum,  etc~ and inclusions (glycogen, l ipids,  lipofuscin) in the ce l l s ,  in %: V i = K i - (Vmt + Vmf), the r e l -  
at ive volume of the basic cytoplasm of the cell  (Vcp), and the mi tochondr i a l /myof ib r i l l a ry  index (mt /mf) .  

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

The SA showed (Table 1) that the re la t ive  volumes of the energy- forming  and contract i le  s t ruc tu re s  of the 
ca rd iomyocytes  were  dist inguished by the i r  var iabi l i ty  (Nos. 1, 2, 3, 4, 10, 11, 12), possibly because of the d i f -  
f e r en t  Conditions under which the myocard ium functioned. For  each period of postnatal  development  (Nos. 1, 5, 
6, 7, 8, 9, 11, 12) t he re  was an optimal var iant  of volumetr ic  propor t ions  of  these organel les .  Coincidence of 
the values of these p a r a m e t e r s  in d i f ferent  r ep re sen ta t ives  of  the m am m al s  for c lose ly  s imi la r  functional 
s ta tes  of the myocard ium (NOSo 1 and 7, 6 and 11, 3 and 10) can be explained by the general  pr inciples  of u l t r a -  
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TABLE 1. Resul ts  of S te reomet r i c  Analys is  of  Card iomyocytes  

Description of 
series 

Rabbits 

Rats 

I Group 
No. 

5 
6 
7 
8 
9 

10 

Characteristic: 
of group of Vmt 
observations _+ v, 20 

N 33,10 
X 29,70 
C 34,25 
XC 40,60 

Mean values 
Whole-number values 

I month 38,20 
6 months 32,40 
9 months 33,00 

12 months 34,00 
24 months 36,60 
9 months (I< ~ 35,30 

Mean values 
Whole-number values 

Vm t 
• v, 20 

70--75years[ 39,40 I 

47,80 
50, i0 
46,10 
39,60 

41,40 
47,60 
47,20 
46,10 
43,60 
44,80 

Vmt+Vmt _+0,40 

80,90 
79,80 
80, 35 
80,20 

80,31 
80 

79,60 
80,00 
80,20 
80,10 
80,20 
80,10 

80,03 
80 

Vi 
4:_0,40 

8,50 
10,30 
10,75 
10,20 

10,40 
I0,00 
9,90 
9,90 

I0, I0 
I0,I0 

10,06 
10 

I Ki 
• .40 

89,40 
90,10 
91,I0 
90,40 

90,25 
90 

90,00 
90,00 
90,10 
90,00 
90,30 
90,20 

I 10,60 
9,90 
8,90 
9,60 

9,75 
i0 

10,00 
10,00 

: 9,90 
i I0,00 
i 9,70 
i 9,90 

�9 Index 
mt/mf 

' �9 0.002 
I 

0,6925 
0,5928 
0,7429 
1,0252 

I 0,9227 
0,6807 
0,6991 

[ 0,7375 
I ,8394 
} 0,7879 

i r 90,I0 e 9 ~ I 
90 10 I 

I I Dogs I 1 9 months 32,00 48,00 80,00 i0,00 90,00 i0,00 i 0,fi,%6 

Man 12 40,70 80,I0 9,60 89,70 10,30 0,9680 

s t r u c t u r a l  organizat ion and analogous m e c h a n i s m s  of adaptive reac t ions .  This is conf i rmed  by the c lose ly  
s i m i l a r  values  of the s t e r e o m e t r i c  p a r a m e t e r s  of the mi tochondr ia  and myof ib r i l s  of the e lder ly  human m y o -  
card ium and of the rabbi t  m y o c a r d i u m  during exper imenta l  reproduct ion  of chronic  hea r t  fa i lure  of  a t h e r o -  
sc le ro t i c  genes is  (Nos. 4 and 12). Adaptive changes  in the o rgane l les  of the cell  (Nos. 10 and 8-9),  caused by 
a change in the conditions of function of the o rgan  (C), "shift" the values  of the s t e r e o m e t r i c  p a r a m e t e r s  toward 
o lder  age  groups  ("aging" of the myoca rd ium) ,  a r e su l t  which can be explained by the s t e reo typed  c h a r a c t e r  
of  r e p a i r  p r o c e s s e s  during hyperf imct ion and age involution. 

One o ther  p r o p e r t y  of  the s t ruc tu ra l  organiza t ion  of the ca rd iomyocy te s  was d i scove red ,  name ly  con-  
s tancy of the combined volume (constant) of the e n e r g y - f o r m i n g  and cont rac t i le  s t r u c t u r e s  (Vmt + Vmf). This 
ru le  could be c l ea r l y  detec ted  in all  s e r i e s  and groups  of obse rva t ions  : The cons tancy of this s t e r e o m e t r i c  
p a r a m e t e r  was p r e s e r v e d  despi te  apprec iab le  f luctuations in the values  forming ito Several  w o r k e r s  have 
given compara t i ve ly  s i m i l a r  n u m e r i c a l  va lues  for  this p a r a m e t e r  for the ca rd iomyocy t e s  of  dogs ,  r abb i t s ,  and 

r a t s :  75-80 [3] and 82-83.4 [8-]1]~ 

The r e su l t s  of SA showed that  the s t e r e o m e t r i c  indices of  s t ruc tu ra l  organizat ion of the ca rd iomyocy te s  
(Ki, Vi, Vcp) in all  groups of obse rva t ions  were  s i m i l a r  and the i r  var iab i l i ty  can be explained by ins t rumenta l  
e r r o r  of m e a s u r e m e n t  (e -< 1%). If the cel l  volume (Vcell) i s t a k e n a t  100%, the total  of the s t ruc tu ra l  compo-  
nents (K i) accounts  for 90%, and of this sum 80% is accounted for by the combinat ion of e n e r g y - f o r m i n g  and 
cont rac t i le  s t r u c t u r e s  (Vmt + Vmf) and 10g0 by the remain ing  s t ruc tu ra l  components  and in t r ace l lu la r  inclu-  
sions (Vi). The remain ing  10go of  the cel l  volume is occupied by the basic  cy top lasm (Vcp). This sugges ts  
that  the r egu la r i ty  of vo lumet r ic  p ropor t ions  (80, 10, and 10go) of the s t ruc tu ra l  organiza t ion  of the c a r d i o -  
myocy te s  r e f l ec t s  one of the pr inc ip les  of ce l lu la r  h o m e o s t a s i s ,  namely  the "p r e se rva t i on  of opt imal  re la t ions  
between the componen t s  of  the ce l l "  [6], and it probably  is de te rminan t  in c h a r a c t e r .  

A r ea l i s t i c  idea of the level  of energy  provis ion  (the m t / m f  index) of  the cel l ,  incidental ly ,  can be ob-  
tained by a study of the u l t r a s t ruc tu r a l  organiza t ion  of the mi tochondr ia  [4]~ The SA of e lec t ron  m i c r o g r a p h s  
shows that  an inc rease  in the volume of the mi tochondr ia l  f rac t ion  is accompanied  by a change in the coeff icient  
of e l l ipsoidal i ty  (rounding) and in the re la t ive  contr ibut ion of di f ferent  c l a s s e s  of these  o rgane l l e s .  

Structural  homeos t a s i s  of the ca rd iomyocy tes  is control led  by s eve ra l  ru les  of  u l t r a s t r u c t u r a l  o r g a n i z a -  
t ion,  which d e t e r m i n e  the dynamics  and l imi t s  of  adapt ive changes in the ce l l s  and the compensa to ry  powers  of 

the myoca rd ium.  

1. Adaptive reorgan iza t ion  of the pr incipal  s t ruc tu ra l - func t iona l  ensembles  of the ea rd iomyocy te s  (mito-  
ehondria and myof ibr [ l s )  obeys  the following ru l e s :  

a) The total  volume of the mi tochondr ia  and myof ib r i l s  is constant;  this s t e r e o m e t r i c  index of cel l  o r -  
ganizat ion can accordingly  be looked upon as  a "ca rd iomyocyt ic  constant"  [7] : 

Vm t + Vm f = Kst; (1) 
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b) the volumes  of these  o rgane l l e s  sa t i s fy  a l inear  equation of the type:  

Vmt + Vmf = 80; (2) 

c) the di f ferent ia l  fo rm of which indicates  that the total i n c r e a s e s  in the i r  volumes  a r e  equal in absolute  
value but opposi te  in s ign :  

dVmt + dV m f = 0; (3) 

d) the adaptive reorgan iza t ion  of these s t r u c t u r e s  in different  morpho-funct iona l  s ta tes  of  the myoca rd ium 
takes  place within a range  of values  l imi ted  to 11% of the i r  vo lume:  

AVmt = AVmf = 11%. (4) 

2. St ructural  h o m e o s t a s i s  of  the ca rd i omyocy t e s  is ensured  by: 

a) de f in i t e  propor t iona l i ty  of  the s t e r e o m e t r i c  indices of the ma in  components  of the cell  which have the 
value of s t e r e o m e t r i c  constants  (SC): 

V e l  1 = Kst + V i + Vcp, o r  

100% = 80~ + 10% + 10%; (5) 

b) constancy of the ra t io  of  the s t e r e o m e t r i c  indices of the s t ruc tu ra l  components  and of the "liquid" 
par t  of the ce l l :  

K i /Vcp  -- 9, (6) 

which d e t e r m i n e s  the opt imal  volume of cy top lasm n e c e s s a r y  for the functioning of the s t ruc tu r e s .  

3. Equation (5) c o n f i r m s ,  a t  the u l t r a s t ruc tu r a l  level ,  the basic  pr inciple  of  s t ruc tu ra l  homeos t a s i s  [6] 
and it can be cal led "the law of cons tancy  of vo lumet r ic  p ropor t ions . "  

4. The s t e reo typed  c h a r a c t e r  of adaptive p r o c e s s e s  [6] sugges ts  that adaptive reorgan iza t ion  of the ce l l s  
of  o ther  o rgans  obeys  s i m i l a r  o r  c lose ly  s i m i l a r  ru les .  

5. The SA conf i rmed ,  at  the s t ruc tu ra l  l eve l ,  the adequacy of the model  of chronic  ca rd iac  fa i lure  of 
a t he ro sc l e ro t i c  genes i s .  

6. The ru les  of  s t ruc tu ra l  organizat ion of the ca rd iomyocy te s  d i scovered  ( s t e reomet r i c  constants)  a r e  
un iversa l  in c h a r a c t e r  and a r e  independent of the s ize or  functional s t a t e  of  the m y o c a r d i u m .  

These  findings provide a f resh  approach  to the study of the pr inc ip les  of s t ruc tu ra l  h o m e o s t a s i s ,  the 
m e c h a n i s m s  and ranges  of adaptat ion,  including age involution, and a lso  c o r r e c t i v e  s t imulat ion of r egene ra t ive  
p r o c e s s e s ,  and this is a m a t t e r  not only of theore t i ca l ,  but also of g r ea t  p rac t i ca l  impor tance .  
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