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For isolation of neonatal rat cardiomyocytes (NRCM) the ventricular muscles of neonatal rats
were treated with different digestive solutions: 0.06% trypsin (method I), 0.08% collagenase II
(method 1II), 0.06% trypsin and 0.08% collagenase II for stepwise digestion (methods I1I and
IV). After enzymatic dissociation of the tissue, the complete medium was added to stop this
process. The cells suspensions obtained by methods I-III were collected and centrifuged. In
contrast, the novel and improved method IV did not use centrifugation. Instead, various meth-
ods of adhesion were employed to separate non-myocardial cells. The isolation methods were
compared by the quantity, survival rate, morphology, spontaneous pulsation rate, purity, and
vitality of NRCM. These assessments showed that isolation method IV is a simple, efficient,
and convenient way to obtain NRCM for culturing.
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As cardiac diseases are among the major causes of
death worldwide, much efforts are focused on the de-
velopment of pharmacological models of heart dis-
eases [5]. Cultured cardiomyocytes are widely used
for studying the morphological, electrophysiological,
and biomechanical parameters of these cells and the
process of myofibrillogenesis [1,3].

Neonatal rat cardiomyocytes (NRCM) have some
advantages over cells from adult rats: they are con-
venient, low-cost, more stable, and less sensitive to
changes in Ca?" concentration in the medium. More-
over, NRCM typically start spontaneously beating af-
ter 20-h culturing. The contractile profile of NRCM
during hypoxia/reoxygenation are comparable with that
of hearts exposed to ischemia/reperfusion in situ [7].

Isolation of NRCM for studying the cardiovas-
cular diseases and testing cardiac drugs is the key
step. To this end, classical or modified protocols of
NRCM isolation proposed by Harary and Farley who
first reported successful isolation and culturing of ro-
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dent cardiomyocytes in 1963. During the past years,
most modifications mainly consisted in selection of
digestive enzymes (single enzyme or mixed enzymes)
including concentration, proportion, and duration of
tissue digestion, as well as choosing serum concen-
tration and growth supplement for cell attachment [8].
Trypsin (0.05-0.25%) and collagenase 11 (0.05-0.1%)
are commonly used as biological enzymes.

NRCM is usually isolated by single-step treatment
with single enzyme or mixed enzymes, rather than by
stepwise treatment. Whatever method is used, the cell
suspension is centrifuged after tissue digestion [6]. In
this paper, 4 methods of NRCM isolation were tested
in parallel: 0.06% trypsin digestion with centrifugation
(D; 0.08% collagenase II digestion with centrifuga-
tion (II); stepwise digestion with 0.06% trypsin and
0.08% collagenase II followed by centrifugation (II1);
stepwise digestion with 0.06% trypsin and 0.08% col-
lagenase II without centrifugation (IV).

MATERIALS AND METHODS

Neonatal Sprague-Dawley (SD) rats (age 2-3 days)
were purchased from Laboratory Animal Center of the
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Guangxi Medical University. The experiments were
approved by the Committee on Animal Care and Use
of the Guangxi Medical University) and were per-
formed in accordance with international principles for
humane treatment of animals.

The chest was opened along the sternum, the
whole heart was excised and immediately transferred
to a sterile Petri dish with pre-cooled PBS containing
(in mmol/liter): 137 NaCl, 2.7 KC1, 4.3 Na,HPO,, and
14 KH,PO, (pH 7.2-7.4). Non-ventricular tissues (au-
ricles and atria) were carefully removed, the ventricles
were washed 3 times with fresh chilled PBS, cut into
small pieces (1-3 mm?), and placed in a sterile penicil-
lin bottle with 1 ml chilled PBS. Then, the fragments
were transferred to a sterile 15 ml centrifuge tube with
6 ml 0.06% trypsin. The tissue fragments were inter-
mittently stirred for 2 min and then allowed to stay for
1 min at 37°C. This step was repeated for 3 times, and
then the supernatant containing non-cardiac cells was
discarded. The precipitate was divided into 4 groups
(for 4 isolation protocols). The precipitates were treat-
ed with 0.06% trypsin or 0.08% collagenase II or suc-
cessively by these enzymes to collect cell suspension
containing no tissue fragments.

First stage. After the tube content became soft
and fluffy (15 min), the cell supernatant was carefully
collected in another 15 ml centrifuge tube, then equal
volume of complete medium (high glucose DMEM
supplemented with 20% inactivated fetal bovine se-
rum (FBS) and 1% penicillin/streptomycin) was add-
ed to stop digestion, and the collected supernatant
was preserved at 37°C. At this stage, the digestions
were 0.06% trypsin (I), 0.08% collagenase II (I1), and
0.06% trypsin (III and 1V).

Second stage. The rest of tissue pieces were then
resuspended in fresh digestive solution for 25-30 min
until all the tissue disappeared. Then, equal volume of
complete medium was added to stop digestion. The di-
gestions were 0.06% trypsin (I), 0.08% collagenase 11
(I1), and 0.08% collagenase II (III and IV).

The cell suspension from the two steps were
combined, then passed through a Falcon 100 pm Cell
Strainer (BD) to prepare cell suspension containing no
tissue fragments. In groups I-111, the cell suspensions
were centrifuged at 400g for 10 min. In group 1V, the
cell suspension was not centrifuged.

To obtain myocytes, the dissociated cells obtained
by the above 4 methods were cultured in a humidi-
fied incubator (5% CO,, 95% O,) at 37°C for 2 h to
allow differential attachment of non-myocardial cells.
Non-attached NRCM were collected, resuspended in
high-glucose complete medium containing 100 uM
5-bromo-2’-deoxyuridine, and seeded into fresh cul-
ture dishes, 6-well, or 96-well plates. The medium was
changed after 48 h and then renewed every day. All the
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cell isolation and culturing steps were operated under
aseptic conditions.

HO9c2 cells (obtained from the Cell Bank of Chinese
Academy of Science (Beijing, China) were cultured at
37°C in a humidified incubator (5%CO, and 95% O,),
culture medium was changed every day. H9¢2 cells in
logarithmic growth phase were seeded at a density of
6x10° to wells of a 96-well plates containing 100 pl
medium, and incubated in a nutrient-rich medium at
37°C in humidified atmosphere with 5% CO, for 24 h.

Trypan blue exclusion test was used to assess the
separation quantity and survival rate of NRCM after
the cells were incubated for 2 h. To this end, 100 pl
NRCM suspension from each group was transferred
into a 1.5 ml sterile tube containing 900 pl 0.04%
trypan blue solution and incubated for 3 min (dead
cells turned blue). The numbers of isolated and viable
NRCM were counted using a hemocytometer. Each
experiment was repeated 3 times, and the results were
expressed as M+SD.

Morphological changes and growth state of each
group of NRCM were consecutively observed on
days 2-15, and the frequency of spontaneous contrac-
tions in each group of NRCM was recorded under an
inverted microscope in 5 randomly chosen cell clusters
and expressed in M+SD.

To demonstrate the cells in cultures were NRCM
and to verify their purity, the cells were assayed by
confocal immunofluorescence. To this end, the cells
were washed with PBS and fixed in 4% paraformalde-
hyde for 30 min, then washed with PBS and permeabi-
lized for 15 min with 0.2% Triton X-100. After wash-
out with PBS, the cells were incubated with Rabbit
Anti-Sarcomeric Alpha Actinin (0-SA, 1:50, Abcam)
overnight at 4°C. Then, NRCM were washed 3 times
with PBS, incubated with FITC-labeled goat anti-rab-
bit secondary antibody (1:200, Sigma) for 60 min,
washed with PBS, and then incubated with DAPI for
10 min at room temperature (all washout procedures
were repeated 3 times, 3 min each). The cells were
examined under a Nikon A1 confocal microscope.

MTT assay was used to evaluate the quality of
NRCM isolation. In group IV, the cytotoxicity of the
isolation procedure was assayed, and in 4 groups and
in H9¢2 cell cultures, cell viability was assessed.

To test the cytotoxicity, 100 ul logarithmic growth
phase NRCM isolated by method IV were cultured in
96-well plates for 24 h, then the liquid was removed
and replaced with high-glucose DMEM containing
C. aromatica extract [4] (70% hydroalcoholic C. aro-
matica extract was dissolved in DMSO; the final con-
centration of DMSO in the medium did not exceed
0.1%, the test concentrations were 2000, 1000, 500,
250, 125, 62.5, 31.25 pg/ml) for 12 h under normoxic
conditions in 37°C. The culture medium was removed,



392 Bulletin of Experimental Biology and Medicine, Vol. 172, No. 3, January, 2022 METHODS

20 pl MTT (0.5 mg/ml) was added, and the cells were
incubated at 37°C for 4 h avoiding light. The medium
with MTT was removed and 150 ul DMSO was added
to the wells. The optical density (OD) was measured
and the cell vitality was calculated. From the mini-
mum cytotoxic concentration, we can determine the
concentrations of C. aromatica extracts in the follow-
ing experiments.

The NRCM hypoxia/reoxygenation model in vitro
was established as described elsewhere [2]. Each well
was repeated for 3 times. The control cell was cultured
with high-glucose DMEM without FBS under normo-

48 h (x200)

96 h (x100)

xic conditions for equivalent duration. After exposure
to hypoxia/reoxygenation, the cells were incubated with
0.5 mg/ml MTT at 37°C for 4 h. The supernatant was
removed and 150 ul DMSO was added to the wells.

In parallel, H9¢c2 cells were pre-treated with
C. aromatica extracts and exposed to hypoxia/reoxy-
genation as above; OD was measured at 570 nm using
a Microplate Reader (Thermo Scientific). The results
were expressed as M+SD. Formula used to calculate
cell vitality rate was:

Cell vitality rate=

)/(OD,, .-OD )x100%.

medium-

OD

blank

(ODextract- medium:

Fig. 1. Morphology of NRCM at different terms of culturing. In 48 h in culture, contacting pseudopodia were revealed (arrow). In
96 h, inter-connected dense network formed by radially arranged cell clusters was seen (arrow).
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The results of confocal immunofluorescence mi- ~ RESULTS
croscopy were analyzed by Image-Pro Plus 6.0 soft-
ware. The data were expressed as M£SD and analyzed  There were no significant differences between the
using SPSS Statistics software (IBM). Statistical sig-  groups in the total number of isolated cells. In terms
nificance was analyzed using one-way ANOVA; the  of cell survival rate, method IV yielded significantly
differences were significant at p<0.05. higher number of viable cells that method I (p<0.05).

| Merged image |

Fig. 2. Purity of NRCM isolation by four methods. The nuclei were stained with DAPI (blue), a-SA staining with FITC (green), x200.
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No significant differences in the cell survival rate be-
tween methods II, III, and IV were revealed.

Adherent NRCM were found after 12 h in cul-
ture, spontaneous contractions of NRCM were ob-
served after 24 h, and then, the cells extended po-
lygonal pseudopodia. The crosslinked NRCM were
found in 48 h, the mutual contact pseudopodia
formed NRCM clusters in 72 h. In 96 h, inter-con-
nected dense network formed by radially arranged
cell clusters demonstrated island-like foci of beating
(Fig. 1). Actively contracting cells were continuously
recorded from day 3 to day 15 in culture, and the
synchronic rates were at 60-100 bpm (Table 1). There
were no significant differences in cell morphology
and their contractile activity between NRCM isolated
by method IV and other 3 methods.

Immunofluorescence staining revealed NRCM
positively stained for a-SA in cultures isolated by
all 4 methods (Fig. 2). Although non-cardiomyocyte
cells (e.g. fibroblasts) could also be stained, their
nuclei were not surrounded by a-SA. The purity of
methods I-IV was 85.70, 90.09, 97.39, and 97.70%,
respectively (n=3).

C. aromatica extract in concentrations <125 pg/ml
was considered as non-cytotoxic (Fig. 3, a). Therefore,
we used the concentrations of C. aromatica extracts
(125, 62.5, 31.25, 15.625, 7.8125, and 0 pug/ml) for the
subsequent viability experiment on H9¢2 and NRCMs
in parallel.

The viability of NRCMs and H9c2 cells exposed
to hypoxia/reoxygenation was consistent with the data
obtained in vivo and showed good dose-dependent
relationship (Fig. 3, b) [7]. However, the response of
NRCM to the same C. aromatica extract doses was
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TABLE 1. Spontaneous Contractile Activity of NRCM (bpm)
at Different Terms in Culture (n=5)

Day in Method of isolation
culture
I I Il v
2 3717 4048 386 377
3 8018 84+7 8247 8418
4 8114 8214 8312 8514
5 8414 8313 8612 8514
6 8414 85+2 8514 8712
7 87+3 86+3 8712 8614
8 86+2 86+3 88+3 8612
9 87+3 8613 87+3 8542
10 8614 8514 8613 88+3
1 87+3 85+3 8615 8614
12 80+4 79+3 8013 8014
13 797 84+3 8014 8115
14 767 73+4 7614 771
15 766 757 76+5 7414

more pronounced than that of H9¢c2 cells. This meant
that all 4 methods of NRCM isolation can be used for
cardiovascular disease modeling and drug research. At
the same time, method IV is simple and is characte-
rized by high survival rate, high purify.

Thus, there were no significantly differences in
the NRCM yield, morphology, spontaneous pulsation
rates, and MTT test results between the four methods.
The survival rates and purities of cultured obtained
by methods II-IV were significantly higher than those
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Fig. 3. Evaluation of cytotoxicity and hypoxia/reoxygenation (H/R) tests. a) Cytotoxicity of method IV of NRCM isolation. Control cell
cultured in high-glucose DMEM without FBS under normoxic conditions served as the control (100% viability). b) Viability of NRCM
and reference H9c2 cells pre-treated with different concentrations of C. aromatica extract. *p<0.05 in comparison with H9c2 cells.



J. Liang, S. Su, et al.

of method I (p<0.05). Methods III and IV employed
stepwise digestion, but method IV did not use centri-
fugation. So, method IV could be considered as a sim-
ple, efficient, and convenient new method to isolate
NRCM.

This research was supported by National Natural
Science Foundation of China (grant No. 31160077),
Natural Science Foundation of Guangxi Province of
China (grant No. 2010GXNSFD013044), and the
Guangxi First-class Discipline Project for Pharma-
ceutical Sciences (grant No. GXFCDP-PS-2018).

All the authors have read the journal’s policy on
disclosure of potential conflicts of interest and the
authors have no other relevant affiliations or financial
involvement with any organization or entity with fi-
nancial interest or financial conflict with the subject
matter or materials discussed in the manuscript apart
from those disclosed. All authors declare that there is
no conflict of interests.

REFERENCES

1. Cardoso AC, Pereira AHM, Sadek HA. Mechanisms of Neo-
natal Heart Regeneration. Curr. Cardiol. Rep. 2020;22(5):33.
doi: 10.1007/s11886-020-01282-5

395

Jin Y, Ni S. miR-496 remedies hypoxia reoxygenation-in-
duced H9¢2 cardiomyocyte apoptosis via Hook3-targeted PI3k/
Akt/mTOR signaling pathway activation. J. Cell Biochem.
2020;121(1):698-712. doi: 10.1002/jcb.29316

Judd J, Lovas J, Huang GN. Defined factors to reactivate
cell cycle activity in adult mouse cardiomyocytes. Sci. Rep.
2019;9(1):18830. doi: 10.1038/s41598-019-55027-8

Li Y, Feng J, Mo Y, Liu H, Yang B. Concordance between
cardio-protective effect on isoproterenol-induced acute myo-
cardial ischemia and phenolic content of different extracts of
Curcuma aromatica. Pharm. Biol. 2016;54(12):3226-3231. doi:
10.1080/13880209.2016.1216134

Maguy A, Tardif JC, Busseuil D, Ribi C, Li J. Autoantibody
Signature in Cardiac Arrest. Circulation. 2020;141(22):1764-
1774. doi: 10.1161/CIRCULATIONAHA.119.044408
Milliron HY, Weiland MJ, Kort EJ, Jovinge S. Isolation of
Cardiomyocytes Undergoing Mitosis With Complete Cyto-
kinesis. Circ. Res. 2019;125(12):1070-1086. doi: 10.1161/
CIRCRESAHA.119.314908

Parameswaran S, Sharma RK. Altered expression of calcineurin,
calpain, calpastatin and HMWCaMBP in cardiac cells following
ischemia and reperfusion. Biochem. Biophys. Res. Commun.
2014;443(2):604-609. doi: 10.1016/j.bbrc.2013.12.019
Rutering J, Ilmer M, Recio A, Coleman M, Vykoukal J, Alt E.
Improved Method for Isolation of Neonatal Rat Cardiomyo-
cytes with Increased Yield of C-Kit+ Cardiac Progenitor Cells.
J. Stem Cell Res. Ther. 2015;5(6):1-8. doi: 10.4172/2157-
7633.1000305




	ABSTRACT

	MATERIALS AND METHODS
	RESULTS
	REFERENCES

