ACTIVATION OF DNA SYNTHESIS IN CELLS OF THE ATRIUM
AND AURICLE IN RATS WITH INFARCTION OF THE LEFT VENTRICLE
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From the first to the 15th day of experimental infarction of the left ventricle the number of
DNA-synthesizing nuclei of connective-tissue cells was increased in the auricle and atrium
of the rat heart. The number of labeled myocyte nuclei reached a maximum on the 5th day
of the experiment and the number of mitoses in the muscle cells of the auricle on the 7th
day. In the muscle cells of the atrium very few nuclei with incorporation of PHlthymidine
and only solitary pathological mitoses were observed. After healing of the infarct an in-
creased number of polyploid nuclei was observed in the cardiomyocytes of the auricle and
atrium,
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The morphological manifestation of ischemic heart disease can often be observed in the tissues of the
auricle and atrium [5, 10]. The spread of the necrotic process from the ventricles to the atrium leads to clin-
ical complications and is often the cause of sudden death [12]. The study of the character and intensity of
repair processes in the cells of the auricle and atrium is thus of considerable interest. However, the possi-
bility of the activation of DNA synthesis in the nuclei of the myocardial cells of the auricle and atrium and of
their mitotic division under conditions of experimental myocardial infarction remains a matter for debate [8],
and different workers hold opposite views on this matter [1-3, 9, 11].

In the investigation described below an attempt was made, on the basis of data of autoradiography, cyto-
photometry, and counting the number of mitoses in the myocyte nuclei, to determine whether DNA synthesis
is activated in the muscle cells of the auricle and atrium of rats at various stages of infarction of the left
ventricle,

EXPERIMENTAL METHOD

The descending branch of the coronary artery was transfixed and ligated immediately below the left
auricle in 23 noninbred male albino rats weighing 90-100 g. The animals were killed 1, 2, 3, 5, 7, 15, 20, and

TABLE 1. Number of Mitoses of Myocytes and DNA-Synthesizing Nuclei in Auricle and
Atrium at Different Times of Healing of Myocardial Infarcts in Rats (M + m)

Time after Auricle Atrium
(f)(%rin;ll?gg? mitotic index | l2beled nuclei, % n%itotic index labeled nuclei, %

* | of myocytes, | of muscle |of connective- |Of myocytes, : of connective-
days %o cells tissue cells Te of muscle cells tissue cells
Control 0 0,42-£0,21 1,014-0,17 0 0,2640,18 0,98i0,20’_

I 0 0,2140,15 4,114-0,31 0 0,1340,13 3,5840,37
2 0 0,324-0,18 4,08--0,33 0 0 2,41+0,28
3 2,1241.50 0,31+0,18 3,04-1-0,28 0 0,124-0,12 1,944-0,24
5 2,32+4-1.64 9,8841,01 4,214-0,33 1,33+1,33 0,27++0,19 3,00--0,30
7 11,66+4.18 3.25+0,61 2,634-0,26 0 0,524-0,26 3,30+40,31
15 4,764+2,37 1,30-+0,40 1,194-0,18 0 0,8140,15
20 3,94+2,27 0,6140,27 0,604-0,13 1,33+1,33 0,13-+0,13 0,514-0,12
90 3,70-+2,13 0,3740,21 0,444-0,11 2,12-+1,50 0,144-0,14 0,5640,13
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Fig. 1. Labeled nuclei of cardiomyocytes
in rat auricle on 5th day of infarction (1600 x).

90 days after the beginning of the experiment. Pairs of intact rats were decapitated at the beginning and end
of the experiment. All the animals received an intraperitoneal injection of [*H]Jthymidine in a dose of 1 uCi/g
(specific activity 12.5 Ci/mmole) 2 h before sacrifice. The hearts were fixed in Carnoy's fluid. Sections 5 p
thick were coated with 5 M emulsion, developed, and treated in the usual way to obtain autoradiographs. The
number of labeled nuclei of muscle and connective-tissue cells per 100 fields of vision under the magnification
of 1350x was counted in the left auricle and atria at each period. In sections of the same series stained with
hematoxylin —eosin the mitotic index was calculated in the cardiomyocytes of the auricle and atrium, Pieces
of atria and auricles of rats decapitated 90 days after ligation of the arteries and of control canimals of the
same age were homogenized, films were prepared, and these were then stained by the Feulgen method (hy-
drolysis with 5N HC1 for 45 min at 20°C, staining with Schiff's reagent for 1 h), At each time the DNA content
was determined microspectrophotometrically in 100 nuclei of muscle cells of the auricle and atrium [6, 7.
The mean DNA content per lymphocyte nucleus of the same rats was taken as the standard of ploidy, The
numerical results were subjected to statistical analysis.

EXPERIMENTAL RESULTS

During experimental infarction of the left ventricle ischemic foci of necrosis were observed in the at-
rium and auricle of all the rats; the size and number of the foci differed in different animals, and this explains
the variability of the numerical indices of proliferative activity of the stromal cells, especially in the early
period of infarction (Table 1), Starting with the 1st day of the experiment, the number of nuclei.of connective-~
tissue cells in the atrium to have incorporated PHlthymidine was twice or three times greater than in the
control, After the second week of the experiment their number decreased, and by the 20th day it was signifi-
cantly less than in the control (P < 0,001).

In the auricle as early as 24 h after the beginning of the experiment the number of 1abeled connective-
tissue nuclei was increased by more than 4 times compared with the control, During the first 5 days of in-
farction their number still remained high, then began to fall, and by the 15th day of the experiment it has re-
gained the control level., The number of nuclei to have incorporated PHlthymidine 90 days after the beginning
of the experiment was actually smaller than in the control animals (P < 0.001).

Although the muscle fibers of the auricle were thin and sometimes chaotically arranged, the presence
of incorporation of labeled thymidine in the nuclei of the cardiomyocytes of the auricle is in no doubt, whereas
in the control rats and in rats killed during the first 3 days of infavction only solitary labeled myocyte nuclel
were found, on the 5th day of the experiment their number had increased by more than 20 times and it remained
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Fig. 2. Pathological mitoses of cardiomyocytes in auricle (a) and atrium (b and ¢) 20 and 90 days after the
beginning of infarction (1600x).

Fig. 3. Polyploid nuclei of cardiomyocytes of auricle of rat
myocardium 90 days after beginning of infarction (650x).

high until the 20th day of the experiment. Myocyte nuclei with incorporation of [*PH]thymidine were found in
muscle.fibers of the auricle cut both longitudinally and transversely (Fig. 1). After 3 days and until the end
of the experiment figures of mitotic division were observed in the myocytes of the auricle; mitoses were
particularly numerous in myocytes on the 7th day of infarction. Among mitoses of auricular cardiomyo-
cytes there were some pathological forms (mainly C mitoses), especially in the late stages of the experiment
(Fig. 2a).

Compared with the auricle, labeled nuclei in muscle cells of the atrium were rare: the probability of
incorporation of [*Hlthymidine was 1.8 and 0.17% respectively. Since it was doubtful whether some of the
labeled nuclei belonged to muscle cells, and since the individual variability of the number of labeled nuclei
was high, it must be assumed that the incorporation of [*H]thymidine into myocyte nuclei in the atrium of
rats of this age is random in character. The exception was the seventh day of infarction, when the number
of labeled myocyte nuclei was significantly greater than in the control (P < 0,05). The above hypothesis was
confirmed by the discovery of single mitoses in the muscle cells of the atrium (Fig. 2b, c). A special feature
of the mitoses was their pathological character (C mitoses with scattering of the chromosomes). Further-
more, at the same periods of the experiment micronuclei were observed to appear in the myocytes, evidently
on account of pathological mitoses [4]. Both in the auricles and in the atria, besides "paired™ (lying side by
side) nuclei, myocyte nuclei of large size were found (Fig, 3). This probably points to the existence of addi-
tional processes aimed at compensating for the sharply increased function of the remaining cells. Amitotic
division and polyploidization of the cardiomyocyte nuclei could be processes of this type.
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Microspectrophotometric investigations of the DNA content in the nuclei of the muscle cells of the
auricle and atrium confirmed this suggestion. For instance, the number of tetraploid and octaploid myocecyte
nuclei in rats killed 90 days after the beginning of the experiments amounted to 4 and 1%, and in the auricle
2 and 2%. The number of tetraploid myocyte nuclei in intact rats of the same age was 2% in both the auricle
and the atrium, The "paired" myocyte nuclei in the animals of the experimental group in this case were di-
ploid, indirect evidence that amitosis of myocyte nuclei is connected with DNA synthesis.

In infarction of the left ventricle the temporal and quantitative characteristics of connective~tissue cell
proliferation are thus approximately identical in the auricle and atrium. Activation of DNA synthesis in the
nuclei of the muscle cells of the auricle, in the writers' view, is the result of the increased hemodynamic func~
tion of the organ associated with left-ventricular failure, leading to an increase in the size of the auricle in
the late stages of infaretion. This does not rule out the possibility of proliferation of some myocytes in re-
sponse to injury [9]. Whereas incorporation of [3H]thymidine in the auricie of the ischemic heart followed by
mitosis of the myocyte nuclei is combined with other methods of increasing the quantity of genetic material,
in the atrium incorporation of [*Hlthymidine like mitotic division of the myocyte nuclei, is a rare phenomenon.
The pathological character of all the mitoses found in myocyte nuclei in the atrium emphasizes the atypical
and random character of this type of regenerative response. The increase in the total quantity of nuclear DNA
in the muscle cells of the rat atrium takes place as a result of polyploidization and also, possibly, of amitotic
division of the cardiomyocyte nuclei, and the role played by each of these two processes may differ in impor-
tance,
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