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An ultrastructural and morphometric investigation was made of cells from theright and left
ventricles of young rats 4 days old dutring culture for 7 days, in order to study the morphologi-
cal and stereological parameters of the mitochondria and myofibrils. The results of the mor-
phometric measurements revealed the periodic character of structural changes in the mito-
chondria and myofibrils. The changes discovered must be regarded not as structural differen-
tiation of the cells but rather as adaptation to the conditions of culture.
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Rat heart muscle cells in culture are used for various types of experimental, physiological, and biochemi-
cal research, for the conditions of the medium can be relatively constant and the rate of pulsation can be re-
garded as a parameter of their functional capacity [4-6].

It has not yet been established what morphological changes fake place in heart muscle cells in virto during
culture and how they can be harmonized with certain contradictory biochemical data [7-9].

Against this background it was decided that existing qualitative morphological data [10] should be aug-
mented by the results of an ultrastructural and morphological investigation of heart muscle cells in culture in
order to detect qnantitative changes in the structure of the mitochondria and myofibrils.

EXPERIMENTAL METHOD

The method of obtaining heart muscle cells and the conditions of the medium were described previously
[6-11]. Muscle cells from the ventricle of 4~day-old Wistar rats (original material) were cultured on cover-
slips. The cell density in each flask (Leighton's tube) was 2 X 108 cells in 2 ml of 5M 20, nutrient medium [4,
12] with the addition of 10% inactivated calf serum. The cells were cultured for 7 days and material for elec-
tron-microscopic investigation was taken each day. After fixation in glutaraldehyde the cells were carefully
separated from the substratum with a razor blade, then fixed in OsO, and embedded in Micropal. Sections were
cut on an LKB Ultrotome and studied in the IA (Simens) electron microscope. On each day of tissue culture,
50 electron micrographs with secondary magnification of between 20,000 and 40,000 were subjected to morpho-
metric examination by the quantitative stereological dot-counting method [1, 3, 13], andthe raridom cutting
method [2]. A square grid with intervals (distance between two neighboring points) of 0.5pmwasused for the
calculations. By means of special computer programs, the following morphometric parameters were obtained
from the primary data:

the bulk density of the mitochondria (Vyp,) in cm¥cm? and of the myofibrils (Vymyo) in em®/cm?;
the surface density (relative surface area) of the outer membrane of the mitochondria (Symg) in m?/em3;

the relative surface density of the outer membrane of the mitochondria (the surface area of the outer
membrane per unit volume of mitochondrion) (Symg)/Vym) in pm?/um?;

the number of sections through the mitochondria per unit area of myocytes (Nym) in cm'z;

the numerical density (relative number of mitochondria) (Nyp) in cm™%;

the mean area of cross section of the mitochondria in a section (Ay) in pm;

Institute of Pathology, Hymboldt University, Charite, Berlin. (Presented by Academician of the Academy
of Medical Sciences of the USSR A. P. Avtsyn.) Translated from Byulleten' Eksperimental'noi Biologii i Medit-~
siny, Vol. 88, No. 10, pp. 492-494, October, 1979. Original article submitied July 7, 1978.

1222 000'7-4888/79/8810-1222 $07.50 © 1980 Plenum Publishing Corporation



the mean volume of a mitochondrion (Vyy) in pm?;

the mean diameter of a mitochondrion (Dp,) in pm;

the mean length of a mitochondrion (L) in pm;

the mitochondrial-myofibrillary ratio (Pm/Pmyy).

The following indices also were calculated:

the number of sections of mitochondria in 100 um? area of cytoplasm;

the relative proportion of micromitochondria (with a volume of below 0.02 pm?), in%;
the proportion of degenerating mitochondria, in %;

the number of myofilaments per myofibril.

EXPERIMENTAL RESULTS

The results of the morphometric investigations are given in Table 1. They show that the bulk density of
the myofibrils was considerably reduced by the 3rd day of culture, by which time only 34% of the original mate-
rial still remained in culture. By the 4th day a considerable increase in this index was observed and it lasted
until the 7th day. However, by that time the bulk density of the myofibrils had not yet regained its initial value
(the bulk density of myofibrils of myocardiocytes from 4-day-old rats).

On the 1st day of culture, the number of myofilaments per sarcomere fell sharply, after which a gradual
increase was observed until the 4th day. From the 4th through the 7th days a gradual decrease in their number
again was observed. The bulk density of the mitochondria, like that of the myofibrils, fluctuated in a similar
manner, and its values were always lower than initially.

The decrease in the bulk density of the mitochondria was mainly the result of a decrease in their size
(mean area of cross section of the mitochondrion and its mean volume). During 7 days in culture the number
of sections through the mitochondria per unit area of myocyte and their numerical density were higher than
in the original material. The number of micromitochondria rose slightly from the 1st through the 4th day of
culture, then fell and came close to the initial value.

It should be emphasized that the mitochondrial-myofibrillary ratio was higher than in the original mate-~
tial from the 1st through the 4th days of culture. This indicates a clear decrease in the relative volume of the
myofibrils compared with the volume of the mitochondria. Throughout the period of culture and, in particular,
on the 3rd and 5th days, an increase in the number of degenerating mitochondria was found. In this case the
number of degenerating mitochondria was evidently inversely proportional to their total number.

The results of the morphometric investigation showed that heart muscle cells of 4~-day-old rats can re-
pair the structural changes arising as a result of enzymic degradation. This is evidence of their ability to

TABLE 1. Morphometric Indices of Myocardial Cells from 4-day-old Rats in Culture

(M= m)
Age of culture in days
4-day old ge of c L Y
Index rat
s 1- 2 3 4 5 6- 7
v, 0,17+0,01 | 0,13%0,01 | 0,10+0,02 | 0,1540,01 | 0,130,01 | ©0,11+0,01 | 0,12+0,01 | 0,14+0,01
vv mo 0,562:0,02 | 0,30£0,03 | 0,20+0,02 | 0,20+0,02 | 0,46:£0,03 | 0,4620,02 | 0,43::0,03 | 0,41 0,02
8 yme» MY 1T 2,20+0,16 | 1,83+0,20 | 1,4440,17 | 1,610,16 | 1,9440,18 | 1,36=0,11 | 1,74=0,15 | 2,0240,16
2
SomoVom, 1M /um3 14,55:1,02 |13,84:£1,35 | 12,55::1,89 | 10,600,893 (15,501,292 | 13,76:£3,32 | 20,83+4,54 (15,33 1,05
A, cm™ 1,0940,09 | 1,44%0,19 | 1,2120,16 | 1,13+0,13 | 1,440,13 | 0,96:0,10 | 1,23+0,12 | 1,28+0,11
Nymo , €M™ 1,15+0,14 | 2,88+0,63 | 2,04+0,37 | 2,83+0,63 | 2,7840,32 | 2,29+0,37 | 2,13+0,33 [ 1,96+0,29
NAM 0,70£0,05 | 0,4920,05 | 0,44:0,07 | 0,84+0,18 | 0,540,090 | 0,7040,11 | 0,4720,04 | 0, 560,06
Yolume um’ 0,25+0,04 | 0,12+0,04 | 0,100,02 | 0,33%0,25 | 0.12+0,03 | 0,23+0,09 | 0,13%0,02 | 0,17 +0,03
ength, im 2,462-0,22 | 1,35%0,16 | 1,24%0,15 | 1,93%0,27 | 1.30+0,14 | 1,70£0,28 | 1,75+0,19 | 1.950.22
D1ameter, ym 0,380,02 | 0,37+0,03 | 0,40+0,05 | 0,44+0,04 | 0,390.03 | 0,41+0,03 | 0,36£0,03 | 0.36+0,03
0,350,04 | 0,670,13 | 0,48+0,16 | 2,03+0,19 | 0.4220.08 | 0,31£0,05 | 0,34+0,05  0.46+0,07
NHrnber ®of rrutoehon-
z%ge s L 89,5 146,4 102,8 101,6 119,3 81,6 102,8 110, 4
NH é of mitochon- 10,0 14,9 46,7 42,9 50,5 68,8 19,9 13,7
No. of degenerating
ochopiria 4,1 4,1 8,6 12,0 7,1 11,4 6,8 5,0
Num er of myofila- .
ments per rnyoﬁbnl 29,1:3,00 | 11,241,061 11,740,890 | 13,7+1,47 | 18,321,70 | 14,1£2,21 | 12,80,56 | 11,90,89
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adapt themselves to the conditions of culture [10]." On the basis of the results of the morphometric investiga-
tion three periods of morphological changes in the myocardiocytes in vitro can be distinguished. In the first
period, ending on the 2nd day in culture, destructive processes predominated in the mitochondria and myo-
fibrils (a decrease in the bulk density, relative volume, number of myofilaments per sarcomere, and dimen-
sions of the mifochondria).

In the second period (from the 3rd through the 5th day of culture) synthetic processes predominated,
evidently in connection with adaptation of the myocardiocytes to conditions in vitro. In the third period the
culture medium was inadequate to maintain the changes found in the structures during the second period. An
increase in the number of cells in culture and a decrease in the dimensions of the mitochondria, their mean
volume, the mean area of cross~-section of the mitochondria in the tissue séction, and the mitochondrial-myo-
fibrillary ratio were observed. -

The results of this morphometric study confirm the view that myofibrils can be synthesized in vitro in
rat myocardiocytes [8] and they are in good agreement with the results of morphometry of myocardial muscle
cells kept under hyporzic conditions [14]. Meanwhile the results do not agree with the view that disturbance of
structural differentiation of myocardial cells takes place during culture [7].
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