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EFFECT OF HYPOXTA ON PRIMARY CARDIOMYOCYTE CULTURE
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The use of a culture of heart muscle cells as a model of states of hypoxia and ischemia
of the myocardium has many advantages [1, 3]. The body responds to creation of ischemia by a
multicomponent compensatory reaction.

In the investigation described below a state of hypoxia was modeled on a primary culture
of neonatal rat cardiomyocytes in a constant-temperature gas-flow chamber, with the use of two
gas mixtures containing 0 and 5% of oxygen respectively, and attempts were made to select con-
ditions at which pathological changes in the cells were reversible in character.

EXPERIMENTAL METHOD

Primary cultures of neonatal rat cardiomyocytes were prepared from the hearts of 3-day-
old rats. The hearts were minced, washed to remove blood, and incubated in a 0.1% solution
of collagenase ("Sigma") in medium 199 at 37°C for 2.5 h. The material was then dispersed in
a small volume of medium 199 by gentle pipetting. A solution of Versene (1:1) was added to the
cell suspension thus obtained, and the mixture was centrifuged (800g, 3 min). The residue
was resuspended in Eagle's medium with the addition of 10%Z serum (a mixture of different quan-
tities of embryonic calf serum and bovine serum). The cells were seeded into Carrel's flasks
in a concentration of not less than 1 x 10%/ml. After incubation for 2 h at 37°C in an atmos-
phere containing 5% C0., about 50% of the cells settled on the glass. These flasks were dis-
carded. The suspension of nonadherent cells was transferred into 12-well panels with cover-
slips. During the first 3 days the medium was changed daily, and thereafter every other day.
Contracting cells, on reaching the state of a confluent monolayer, on the 4th-6th day of cul-
ture, were used in the experiments. The fraction of cardiomyocytes in the cultures was esti-
mated in preparations stained for mitochondria by Mallory's method. Hypoxia and anoxia were
produced in a constant-temperature gas-flow chamber by the use of two gas mixtures: 100% N
and 90% Nz + 5% COz + 5% 0, The duration of exposure was 1 and 2 h at 37°C. The mediumwas
changed 2 h before the experiment began. The state of the cells was assessed by light micros-
copy in preparations stained with Ehrlich's hematoxylin. To assess the relative proportions
of the cells in culture, no fewer than 1000 cells were counted in each preparation under a mag-
nification of 400. The average was found for four or five preparations taken from different
experiments.

EXPERIMENTAL RESULTS

When obtaining a culture of cardiomyocytes there is the risk of contamination by fibro-
blast-like cells, which multiply much faster than cardiomyocytes, and during long-term cul-
ture they may displace all the other cell types in mixed cultures. Fibroblasts and endothelial
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TABLE 1. Characteristic Changes in Neona-
tal Rat Cardiomyocyte Culture during Ex-
perimental Hypoxia and Anoxia

: ) habilita~
Composi- | o | & |% of cells| & | fion for 2
tion of - B A" with mor- B |n (% of cells
gas mix- g g |phological & V{ith mcirpho_
fure =i : 8 | logica

= O + | changes SR changes)
5% 0,, 5%
CO, 1 9,654-1,45 | + 0,56+-0,05
90% N, 2 — | 239+447 | — 12,8+3,1
100% N, 2 — | 29,6--82 — 116,81+46

cells were separated from cardiomyocytes by taking advantage of their property of adhering to
glass much more rapidly than cardiomyocytes [4]. High concentrations of cells also were used
during seeding, the aim being to obtain a culture in a state of a confluent monolayer by the.
4th-6th day in culture.

After 1 day of culture the cardiomyocytes adhere to the glass, spread out, and some of
them resume their contractile activity (Fig. la). On the 4th day the cells reach the state
of a confluent monolayer and begin to lie in a certain direction relative to each other, form~
ing groups of cells making close contact and with the appearance of a contracted node (Fig.
1b). 1In each group the cells contract at the same rhythm (20-60 beats/min). Cultures in which,
in each field of vision of the microscope under a magnification of 70, one large or several
small contracting groups of cells were observed were used in the experiment.

In preparations stained by Mallory's method the cardiomyocytes and fibroblasts differed
in the number of mitochondria. They were much more numerous in the cardiomyocytes, in which
they were found in the form of a thin network in the cytoplasm. The cytoplasm in the fibro-
blasts was more homogeneous (Fig. 2). Cardiomyocytes in our preparations accounted for about
80%Z of the cells (79.04 = 8.28%).

In the model of the state of hypoxia morphological changes in the cells were assessed in
the preparations and the absence or presence of contractions was recorded; the state of the
cell cultures after preliminary exposure to hypoxia, followed by culture under normal condi-
tions for 24 h, also was investigated. During hypoxia and anoxia the cells lost their con-
tractility. After rehabilitation for 24 h their contractility was restored if they had pre-
viously been exposed to hypoxia with a 5% 0. concentration for 1 h, but in other cases itwas
not. The principal types of morphological changes in the cardiomyocytes were identical for
all cases of experimental hypoxia (Fig. 3). These were vacuolation (Fig. 3a), evaginations
on the cell surface and contracture of the cells (Fig. 3c¢c), and detachment of the membrane
from the glass (Fig. 3b). Multiple evaginations were found most frequently. This fact also
was observed by other workers [5]. The quantitative results of assessment of the morphologi-~
cal changes are given in Table 1. This table shows that with a reduction in the 0O, concen-
tration in the gas mixture and with an increase in the duration of exposure, there was an in-
crease in the fraction of cells showing morphological changes and preserving them after re-
habilitation. In all preparations many cells remained without morphological changes, but whose
contractile activity was irreversibly lost.

The results show that anoxia and hypoxia with a 537 0. concentration and with an exposure
of 2 h lead to irreversible loss of the contractile function of neonatal rat cardiomyocytes
and irreversible morphological changes. Hypoxia with a 5% 0, concentration and an exposure
of 1 h causes reversible functional and morphological changes in the cardiomyocytes in a meno-
layer culture.

Various investigators have used models of hypoxia and cardiomyocytes in vitro to attempt
to characterize cells: activity of various enzymes and their release into the external me-
dium have been analyzed [1, 5, 6], and a fall of the ATP level has been described [2, 3]. In
all cases the model was created in an atmosphere of pure N;, and irreversible changes were ob~-
tained. Our experiments were begun with morphological studies of a cardiomyocyte culture in-—
cubated with two different gas mixtures — containing 0% and 5% of 0., and this was follcowed
by rehabilitation of the cells in a normal atmosphere, so as to be able to assess the reversi-
bility of the disturbances arising. The results show that the use of a neonatal rat cardio~-
myocyte culture under conditions of hypoxia with a 5% Oz concentration and an exposure for 1h
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Fig. 1. Culture of neonatal rat cardiomyocytes: a) spreading out of cardiomyocytes
on glass; b) formation of a group of closely contacting cells, adherent by their
base to glass (arrows), free part of cells in close contact with one another and pro-
jecting above glass in the form of a contracting node. Phase contrast (400 x),.

Fig. 2. Group of cells in monolayer culture. Stained by
Mallory's method, fibroblasts indicated by arrows (400 x).

provides a convenient model with which to investigate cell metabolism in reversible patholog-
ical states and to discover ways of correcting them.

In some investigations using models of anoxia and suspensions of cardiomyocytes the vi-
ability of the cells was estimated by their ability to excrete trypan blue (0.3%) [2]. If the
cells lost their viability they began to be irreversibly stained with trypan blue in the re~
gion of the nucleus. We alsco attempted to use this test to assess viability of cardiomyo-
cytes in culture. We found that if the experimental pathological state was reversible all
100% of cells preserved their ability to excrete trypan blue. If, however, the cardiomyo-
cytes irreversibly lost their contractile function, ability to excrete trypan blue was pre-
served by more than 90% of the cells; consequently, ability to excrete trypan blue by cardio-
myocytes in primary culture is not an unambiguous indicator that their specific function is
preserved. In our opinion, preservation of the contractile function or reversibility of its
loss in cardiomyocyte culture is evidence of the reversibility of the pathological process.
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Fig. 3. Morphological changes in cardiomyocytes during experimental hypoxia.
a) Gross vacuolation; b) detachment of membrane from glass; ¢) evaginations
on cell surface and contracture of cells. Correspondingmorphological changes
indicated by arrows (400 x).
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Hypokinesia disturbs coordinated interaction between the muscular system, activityof the
visceral systems of the body, and the level of their regulation [5-8, 12]. This results in
changes in the temporal organization of the various physiological functions of the organs and
to a disturbance of their circadian rhythms [2, 3].

The investigation described below was conducted in order to study proliferative activity
of hepatocytes at different times of the 24-h period in rats kept under conditions of long-
term hypokinesia.

EXPERIMENTAL METHOD

Male Wistar rats from the "Stolbovaya'" nursery weighing 150-160 g were used. The total
number of 38 animals was divided into two groups, one of which was kept under normal .animal
house conditions (control) whereas the other was exposed to hypokinesia in individual constraining
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