SOME PRINCIPLES OF STRUCTURAL HOMEOSTASIS
OF CARDIOMYOCYTES
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The results of quantitative analysis of the ultrastructural organization of the cardiomyocytes
of man and animals (rabbit, rat, dog), by the point method, are described. A series of stereo-
metric constants determining the structural homeostasis of the cardiomyocytes was found:

the total volume of mitochondria mt) and myofibrils (mf), forming the "cardiomyocytic con-
stant" (Vmt¢ + Vipg = Kgp)s the total increase in volume of mt and mf, equal to 0 @Vy,¢ + dVp, £ =
0); adaptive reconstruction of mt and mf takes place within the range of 11% (AVmi = AV =
11%); structural homeostasis of the cardiomyocytes is maintained by a change in the ultra-
structural organization within limits set by the rule of "constancy of volumetric proportions"
(80, 10, 10%), of which Kgt accounts for 80%, the other organelles and inclusions (V;) for 10%,
and the cytoplasm (ch) for 10%. The possible universality of stereometric constants is
postulated.
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The way in which the principles of structural homeostasis [4] operate cannot be understood without
knowledge of the rules governing the intracellular organization and quantitative parameters of reparative
processes [1]. An attempt to study these problems by stereometric analysis (SA) is described below.

EXPERIMENTAL METHOD

Stereometric analysis of the cardiomyocytes was undertaken in the following four series of observations:
series I) rabbits aged 9 months, with 10 animals in each group: group 1) normal (M), 2) experimental athero~
sclerosis (X), 3) coarctation of the aorta (C), and group 4) XC. The duration of coarctation of the aorta was
1.5 months; series II) rats, six groups with five animals in each group, normal animals and after coarctation
of the aorta for 6 months; series IIl) mongrel dogs, five animals aged 9 months; series IV) hearts (weighing
600-700 g) from five persons aged 70~75 years with a history of ceronary atherosclerosis and essential hyper-
tension (death from causes unrelated to heart failure).

SA of the cardiomyocytes of the left ventricle was carried out by a point method [1] under magnification
of 3000 x, with a rectangular test system with a constant of 0.91, and the total area investigated was 13,500~
15,500 p% The numerical data and the error of measurements were monitored graphically [2]. The following
parameters of ultrastructural organization were studied: the coefficient of saturation of the cell with struc-
tural components and inclusions (Kj), the relative volumes of the mitochondria (Vy,¢) and myofibrils (Vy, s, the
total volume of these organelles (Vimt + Vi, ), the total volume of the other structural components fucleus,
reticulum, etc.) and inclusions (glycogen, lipids, lipofuscin) in the cells, in %: Vj = Kj — Vit * Ve, the rel-
ative volume of the basic cytoplasm of the cell (ch) , and the mitochondrial/ myofibrillary index mt/mf).

EXPERIMENTAL RESULTS

The SA showed (Table 1) that the relative volumes of the energy~forming and contractile structures of the
cardiomyocytes were distinguished by their variability Mos. 1, 2, 3, 4, 10, 11, 12), possibly because of the dif-
ferent conditions under which the myocardium functioned. For each period of postnatal development Nos. 1, 5,
6,7,8,9, 11, 12) there was an optimal variant of volumetric proportions of these organelles. Coincidence of
the values of these parameters in different representatives of the mammals for closely similar functional
states of the myocardium (Nos. 1 and 7, 6 and 11, 3 and 10) can be explained by the general principles of ultra-
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TABLE 1. Results of Stereometric Analysis of Cardiomyocytes

L. Characteristics
Description of Group | of group of Voot Vet VetV Vs K; Ve tgf%nf
series No observations | £V-20 | *v.20 0,40 1 0,40 | 0,40 :0,?40 £ 0,002
1 N 33,10 47,80 80,90 8,50 89,40 0,60 0,6925
bbi 2 X 29,70 50,10 79,80 10,30 90,10 9,90 0,5928
Rabbits 3 C 34,25 46,10 80,35 10,75 91,10 8,90 0,7429
4 XC 40,60 39,60 80,20 10,20 90,40 9,60 1,0252
Mean values 80,31 9,94 90,25 9,75
Whole-number values 80 10 90 10
5 1 month 38,20 41,40 79,60 10,40 90,00 10,00 0,9227
6 6 months 32,40 47,60 80,00 10,00 90,00 10,00 0,6807
Rats 7 9 months 33,00 47,20 80,20 9,90 90,10 9,90 0,6991
8 12 months 34,00 46,10 80,10 9,90 90,00 10,00 0,7373
9 24 months | 36,60 43,60 80,20 10,10 90,30 9,70 0,8394
10 9months (K) 35,30 44,80 80,10 10,10 90,20 9,90 0,7879
Mean values 80,03 | 10,06 | 90,10 9,92 |
Whole-number values 80 10 90 10 ]’
Dogs 11 9 months ‘ 32,00 ‘ 48,00 80,00 10,00 90,00 10,00 ; 0,6080
Man 12 70—75 years I 39,40 40,70 80,10 9,60 89,70 10,30 f 0,9580
i

structural organization and analogous mechanisms of adaptive reactions. This is confirmed by the closely
similar values of the stereometric parameters of the mitochondria and myofibrils of the elderly human myo-
cardium and of the rabbit myocardium during experimental reproduction of chronic heart failure of athero-
sclerotic genesis (Nos. 4 and 12). Adaptive changes in the organelles of the cell (Nos. 10 and 8-9), caused by

a change in the conditions of function of the organ (C), "shift" the values of the stereometric parameters toward
older age groups ("aging" of the myocardium), a result which can be explained by the stereotyped character

of repair processes during hyperfunction and age involution.

One other property of the structural organization of the cardiomyocytes was discovered, namely con-
stancy of the combined volume (constant) of the energy-forming and contractile structures (Vi,¢ + me). This
rule could be clearly detected in all series and groups of observations: The constancy of this stereometric
parameter was preserved despite appreciable fluctuations in the values forming it. Several workers have
given comparatively similar numerical values for this parameter for the cardiomyocytes of dogs, rabbits, and
rats: 75-80 [3] and 82-83.4 [8-11].

The results of SA showed that the stereometric indices of structural organization of the cardiomyocytes
(Ki, Vi, Vgp,) in all groups of observations were similar and their variability can be explained by instrumental
error of measurement (¢ = 1%). If the cell volume (V,,}y) istakenat 100%, the total of the structural compo-
nents (Kj) accounts for 90%, and of this sum 80% is accounted for by the combination of energy-forming and
contractile structures (V¢ + Vi 5) 2nd 10% by the remaining structural components and intracellular inclu-
sions (Vij}). The remaining 10% of the cell volume is occupied by the basic cytoplasm (ch). This suggests
that the regularity of volumetric proportions 80, 10, and 10%) of the structural organization of the cardio-
myocytes reflects one of the principles of cellular homeostasis, namely the "preservation of optimal relations
between the components of the cell" [6], and it probably is determinant in character.

A realistic idea of the level of energy provision (the mt/ mf index) of the cell, incidentally, can be ob-
tained by a study of the ultrastructural organization of the mitochondria {4]. The SA of electron micrographs
shows that an increase in the volume of the mitochondrial fraction is accompanied by a change in the coefficient
of ellipsoidality (rounding) and in the relative contribution of different classes of these organelles,

Structural homeostasis of the cardiomyocytes is controlled by several rules of ultrastructural organiza-
tion, which determine the dynamics and limits of adaptive changes in the cells and the compensatory powers of

the myocardium.

1. Adaptive reorganization of the principal structural-functional ensembles of the cardiomyocytes (mito-
chondria and myofibrils) cbeys the following rules:

a) The total volume of the mitochondria and myofibrils is constant; this stereometric index of cell or-
ganization can accordingly be looked upon as a "cardiomyocytic constant” [7:

Vmt * Vmf = Kgts @)

1642



b) the volumes of these organelles satisfy a linear equation of the type:
Vint + Vi = 803 @)
¢) the differential form of which indicates that the total increases in their volumes are equal in absolute
value but opposite in signs
AVt + AV £ = 05 (5)

d) the adaptive reorganization of these structures in different morpho-functional states of the myocardium
takes place within a range of values limited to 11% of their volume:

AVt = AVmf = 11%. @)
2. Structural homeostasis of the cardiomyocytes is ensured by:

a) definite proportionality of the stereometric indices of the main components of the cell which have the
value of stereometric constants (SC):

Veell =

100% = 80% + 10% + 10%; 6)

Kst + Vi + ch, or

b) constancy of the ratio of the stereometric indices of the structural components and of the "liquid"
part of the cell:

Ki/ ch =9, (6)
which determines the optimal volume of cytoplasm necessary for the functioning of the structures.

3. Equation (5) confirms, at the ultrastructural level, the basic principle of structural homeostasm [6]
and it can be called "the law of constancy of volumetric proportions."

4. The stereotyped character of adaptive processes [6] suggests that adaptive reorganization of the cells
of other organs obeys similar or closely similar rules.

5. The SA confirmed, at the structural level, the adequacy of the model of chronic cardiac failure of
atherosclerotic genesis,

6. The rules of structural organization of the cardiomyocytes discovered (stereometric constants) are
universal in character and are independent of the size or functional state of the myocardium,

These findings provide a fresh approach to the study of the principles of structural homeostasis, the
mechanisms and ranges of adaptation, including age involution, and also corrective stimulation of regenerative
processes, and this is a matter not only of theoretical, but also of great practical importance.
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