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Introduction

Lonza's cryopreserved Neonatal Rat Ventricular Cardiac
Myocytes can be easily thawed and cultured to give phys-
iologically normal in vitro cardiac cell test beds, ideal for a
spectrum of assays.

Freshly prepared Neonatal Rat Ventricular Cardiac
Myocytes maintained in culture are viable test beds for
examining questions of cardiac cell connectivity, activity
and pharmacology! Furthermore, modeling cardiac toxicity,
hypertrophy, anoxic and ischemic states, cellular growth
and function have been well studied in cardiac cell culture
preparations.? %™

We recently demonstrated that Neonatal Rat Ventricular
Cardiac Myocytes can be cryopreserved, stored frozen
and then thawed for cell culture application. The thawed
cells display normal morphology and physiological viability
in long-term cell culture. Typically, within 24 hours of thaw
and plating, the cardiac myocytes spontaneously beat,
with syncytial beating of the entire culture evident by

48 hours. These characteristics remain consistent across
6-well to 96-well plate culture formats. The cardiac myo-
cytes display robust electrical and contractile activity with
normal pharmacology to cardioactive and gap-junctional
drug challenge. Activity and gap-junctional connectivity of
the cardiac myocytes is sustained for more than 40 days in
culture.

The availability of high quality, batch tested, cryopreserved
Neonatal Rat Ventricular Cardiac Myocytes from Lonza,
which can be simply thawed and cultured, represents a
significant advantage for the laboratory, eliminating animal

handling/dissection and difficult cardiac tissue preparation.

In addition, the ability to control when and where the
cardiac myocyte culture can be undertaken streamlines
the research workflow and speeds up R&D programs.

Here, we report the results of further study of
cryopreserved Neonatal Rat Ventricular Cardiac Myocytes
to determine their responsiveness in culture to challenge
with positive chronotropic compounds, as well as
determination of whether myocardial hypertrophy can

be evaluated using cultures prepared with cryopreserved
cardiac myocytes. The ability of freshly cultured Neonatal
Rat Ventricular Cardiac Myocytes to display hypertrophy
following challenge with non-nemodynamic factors is
known.”™® Therefore, we chose to study non-hemodynamic
hypertrophy using Angiotensin Il and Isoproterenol.
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Materials and Methods

Cardiac Myocyte Cell Culture

All experiments were conducted with cardiac cell cul-

tures established using vials of cryopreserved Neonatal

Rat Ventricular Cardiac Myocytes (P1-3), purified to =85%;
Lonza Cat. No.: R-CM-561). Cells were thawed following the
manufacturer’s protocol, then DMEM/F12 + FBS + HS +
Pen/Strep + Hepes culture medium was added and cells
plated according to the requirements of each experimental
protocol. For all experiments, the cultures were changed to
fresh medium 4 hours after plating and then again at

2 days in vitro, with media changes every 2 days thereafter.
Unless otherwise stated, all cultures were maintained with
BrdU in the culture medium to minimize fibroblast prolifer-
ation.

Morphology

For morphological assessment, the thawed cardiac myo-
cytes were plated on coated coverslips in 24-well plates at
5 %105 cells/well or in 24-well plates without coverslips for
up to 14 days. Cultures were fixed and stained for immu-
nohistochemical examination of the sarcomeric protein
a-actinin (anti-a-actinin, Sigma), the gap-junction connexin
43 (anti-Cx43, Zymed Laboratories), and the nuclei stain,
Hoechst (Sigma).

Functional Assessment Using Multielectrode Arrays
Vials of cryopreserved cardiac myocytes were prepared for
culture as described above and plated on 60-electrode
format Multi Electrode Arrays (MEA; Multi Channels Sys-
tems, Reutlingen, Germany) at a concentration of

1.5 x10° cells/MEA. Cell beating (beats/minute) was record-
ed by observation of the individual cultures. The cultures
were also analyzed daily for spontaneous spike activity

and individual network properties in long term culture (up
to 7 days). Separate MEA cultures were used to assess
cardiac myocyte network responsiveness to the positive
chronotropic agent, Angiotensin Il (Ang Il). Recordings were
obtained using a MEA60O System (Multi Channel Systems,
Reutlingen, Germany). Recordings were performed at 37°C
and signals were simultaneously sampled at 25 kHz, visual-
ized and stored using the software MCRack (Multi Channel
Systems, Reutlingen, Germany). Files were converted into
Axoscope Binary File format and displayed using Axoscope
software (Molecular Devices). The data were graphed as
mean + SEM.



Cell Growth and Hypertrophy

Cardiac myocytes were thawed and plated onto 6-well
plates. The cell growth medium employed for our studies
contains 7.5% (v/v) FBS and 7.5% (v/v) horse serum. Sera is
known to cause increased cardiac cell size.” Therefore, we
examined whether this effect was evident in our cultures.
To determine the effect of serum, we compared the cell
size of cardiac myocytes at Day 1vs Day 12 in culture. Brief-
ly, 5 mL of a cell suspension of thawed cardiac myocytes
was plated into each of 3-wells (2 x10° cells/well) of a 6-well
plate. At different time points during culture, wells were
trypsinized using a standard protocol. A 10 yL suspension
of trypsinized cells was added onto each glass coverslip
and covered with a microruled Cellattice™ Slide (Nexcelom
Bioscience). Cellattice™ is an optically smooth plastic with
microscopic identification and measurement markers. The
combination of numbers, letters, and tick marks identi-
fies each 25 pmin a 10 x 10 mm area of the coverslip. This
allows cell size to be easily measured, with a high degree of
accuracy. Photomicrographs of the plated cells were used
for measurement of the cells from the microruled grids.

In parallel experiments, cryopreserved cardiac myocytes
were thawed and a 1 mL suspension (4 x10° cells/mL) was
plated in each of 3-wells of a 24-well plate. These cultures
were used to test for hypertrophy following treatment with
Ang Il or Isoproterenol. The cultures were maintained for
7 days using our standard growth medium (containing
sera). The first medium change (95%) was performed

4 hours after plating, using fresh medium with 200 M
BrdU. On Day 3, the medium was replaced completely with
fresh medium without BrdU. On Day 5, a 50% medium
change was performed using fresh medium (without BrdU)
and drug (100 nM Ang Il or 1 uM Isoproterenol) was add-
ed. Control cultures were maintained in medium without
drug and without BrdU. On Day 7, the cultures were fixed
and stained with the monoclonal antibody, anti-a-actinin
(Sigma). Data analysis: 5 — 7 images (32X) for each of the
conditions (control; Ang lI; Isoproterenol) were taken. The
images were then processed using AxioVision software

and individual cells were contoured (5-12 cells per condi-
tion) to determine the cell surface area. Measurements were
averaged, normalized to control cell average surface area and
graphed as mean + SEM.

Figure 1.

Cardiac myocyte morphology and gap-junction localization. Cryopreserved
Neonatal Rat Ventricular Cardiac Myocytes can be easily thawed and plat-
ed to give robust long-term cardiac cell cultures. In this high magnification
micrograph of cardiac myocytes at 7 days in culture, typical anti-a-actinin
staining (green) of the sarcomeres is clearly evident. The gap junctions
which are critical for the two-dimensional cardiac myocyte syncytium are
revealed by the bright red immunostaining of the gap-junction protein,
connexin 43, localized as puncta at the interfaces of the cardiac myocytes.
Nuclei (purple) are stained with Hoechst.

Results

The cryopreserved Neonatal Rat Ventricular Cardiac
Myocytes thrived in culture and displayed normal morphol-
ogy and gap-junction localization, as shown in Figure 1.
Contractile (beating) activity was evident by 24 hours and
robust physiological connectivity was apparent by obser-
vation of the whole culture beating as a syncytium within
48 hours (not shown here). This synchronous beating was
reflected in the MEA recordings of electrical activity which
showed the activity time-locked (synchronous) across all
electrodes. Spike activity and beating synchrony was

Day 1

Figure 2.

Day 2

Day 3

MEA recording of cardiac myocyte culture electrical activity. The three-frame panel represents recordings from the same single electrode of a 64-electrode
array-based cardiac myocyte culture. Observed from left to right, the frames represent Days 1- 3 respectively. The negative and positive components of the

spike potential progressively increase in amplitude.
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Figure 3.

Frequency of cardiac myocyte activity in long term culture. Electrical
activity (correlating contractile activity) was summated and averaged daily
across all 64 electrodes of the MEA-based cultures.
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Figure 5.

Cardiac myocyte growth in culture medium containing serum. Five sets of micrographs of cardiac myocytes trypsinized at Day 1 (top panel) and at Day 12
(bottom panel) can be seen in relief against the microruled grid. Each micrograph shows representative populations of cell sizes as indicated. At Day 12, the
cardiac myocytes showed a large increase in average size.
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Hypertrophy

Studies using Lonza’s freshly prepared Neonatal Rat
Ventricular Cardiac Myocyte Cultures’ report that cardiac
myocyte hypertrophy (increased cell size) can be induced
by regulating the amount of serum in the culture medium.
We observed similar effects of serum in the cryopreserved
Neonatal Rat Ventricular Cardiac Myocytes grown in
standard medium containing serum. These cells display in-
creased size with time in culture (Figure 5). The diameter of
the trypsinized cardiac myocytes can be easily determined
from the microruled surface which is clearly visible in the
two sets of images. By Day 12 (bottom panel), the average
cell diameter increased by 55% to 38 ym compared to the
Day 1(top panel) average of 21 um. For the study of drug-in-
duced hypertrophy, we used the same medium conditions
across control and treatment cultures, thereby controlling
for any serum effect on cell size. The ability to undergo
hypertrophy was examined by exposing cardiac myocyte
cultures maintained in standard medium, to either Ang |l
[100 nM] or Isoproterenol [1 uM] (Figure 6). Cultures were
challenged with drug at Day 5 and the cultures left until
Day 7, when they were washed, fixed and immunostained
with anti-a-actinin. The cultures were then examined mi-
croscopically to allow surface area calculation using image
software. At these concentrations, the positive chronotrop-
ic agents were comparable (50% and 58% respectively) in
their ability to induce hypertrophy.
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Figure 6.

Chronotropic drug treatment induces hypertrophy in cultured cardiac my-
ocytes. The cardiac myocyte culture was exposed to either Ang Il or Isopro-
terenol at Day 5 and the drug remained in the medium until Day 7 when the
cultures were washed, fixed and immunostained to determine cell surface
area by image analysis. Data were normalized and compared to untreated
cultures (control) run in parallel.

Discussion

Cryopreserved Neonatal Rat Ventricular Cardiac Myocytes
from Lonza are ideal for developing primary cell cultures
for analysis of structure and function. In this study, we
confirm and extend our previous report on the sensitivity
of these cultures to pharmacological challenge and show
that the profile of development of electrical activity and
connectivity in these cultures is consistent with that seen
in cultures of freshly prepared Neonatal Rat Ventricular
Cardiac Myocytes reported by Rothermel et al. (2005).8 In
their multi electrode array studies, they observed the peak
amplitude of the spike potentials to increase in intensity

in long-term culture up to 5 days. We observed a similar
profile in spike potential amplitude. We also found the
electrical activity, which is correlated with contractions,
peaked at Day 3 and by Day 7, returned to a lower stable
rate. This profile of activity is comparable to that reported
by Rothermel et al. (2005).8

Our cardiac myocyte cultures also responded with a similar
increase and concentration dependence in activity (con-
tractions) to challenge with Ang I1.8 We also found our
cultured cardiac myocytes to display a concentration-de-
pendent increase in activity to Isoproterenol, comparable
to that reported by Rothermel et al. (2005).8 Taken to-
gether with our previous report of MEA-based cultures of
cryopreserved cardiac myocytes displaying concentration
dependent responses to cholinergic and adrenergic drugs,
these results show that cryopreservation has not affected
the spontaneous contractile capacity and chronotropic
sensitivity of the neonatal rat ventricular cardiac myocytes.

Further evidence that cryopreserved cardiac myocytes
behave normally in culture was demonstrated when we
examined the cell growth profile and hypertrophic sen-
sitivity to long-term exposure to Ang Il or Isoproterenol.
These chronotropic agents are known to cause hypertro-
phy in freshly prepared neonatal rat heart cultures.” ™ In
our study, treatment of rat heart cultures prepared using
cryopreserved neonatal ventricular cardiac myocytes, with
the same concentration of Ang Il (100 nM) and for the same
duration as that used by Nakamura et al.’°, caused a similar
level of cardiac myocyte enlargement. We also found Iso-
proterenol (at the same concentration used by Simpson

et al., 1982") caused hypertrophy and at a level almost
equivalent to that obtained with Ang Il

These results reinforce the proposal that cryopreserved
Neonatal Rat Ventricular Cardiac Myocytes from Lonza
display normal structure, connectivity, sensitivity and
physiology when thawed and grown in long-term culture.
The ease of use of these cardiac myocytes for extracellular
electrophysiological examination in multielectrode array
cultures (‘cardiac chip’) provides the researcher with

an excellent cardiac screening assay. Also, the similarity

in sensitivity and profile to induction of hypertrophy
compared to freshly prepared cardiac myocyte cultures
broadens the scope of the application of these cells in the
study of cardiac function in health and disease.

Cryopreserved Neonatal Rat Cardiac Myocytes | 5



References

1. Chlopc ikova, S., Psotova, J., Miketova, P. (2001) Neonatal rat cardio-
myocytes — A model for the study of morphological, biochemical and
electrophysiological characteristics of the heart. Biomed. Papers. 145:
49-55.

2. Estevez, M. D., Wolf, A., Schramm, U. (2000). Effect of PSC 833,
Verapamil and Amiodarone on Adriamycin toxicity in cultured rat
cardiomyocytes. Toxicol. in Vitro. 14: 17-23.

3. Grynberg, A, Athias, P., Degois, M. (1986). Effect of change in growth
environment on cultured myocardial cells investigated in a standard-
ized medium. In Vitro Cell. Dev. Biol. 22: 44-50.

4. Huang, C-Y., Hao, LY., Bueto, D.E. (2002) Hypertrophy of cultured adult
rat ventricular cardiomyocytes induced by antibodies against the insu-
lin-like growth factor (IGF)-I or the IGF-I receptor is IGF-ll-dependent.
Mol.Cell. Biochem. 233: 65-72.

5. Jovanovic, A., Lopez, J. R., Terzic, A. (1996) Cytosolic Ca2+ domain-
dependent protective action of adenosine in cardiomyocytes.
Eur. J. Pharmacol. 298: 63-69.

6. Long, X., Boluyt, MO., de Lourdes Hipolito, M., Lundberg, MS., Zheng,
J-S., O'Neill, L., Cirielli, C., Lakatta, EG., Crow , MT. (1997) p53 and the
hypoxia-induced apoptosis of cultured neonatal rat cardiac myocytes.
J. Clin. Invest. 99: 2635-2643.

7. Simpson P., McGrath A., Savion S. (1982) Myocyte hypertrophy in
neonatal rat heart cultures and its regulation by serum and by
catecholamines. Circ. Res. 51: 787-801.

8. Rothermel A., Kurz R., Ruffer M., Weigel W., Jahnke H-G., Sedello AK.,
Stepan H., Faber R., Schulze-Forster K., Robitzki A.A. (2005) Cells on a
chip-the use of electric properties for highly sensitive monitoring of
blood-derived factors involved in Angiotensin Il type 1 receptor signal-
ing. Cell. Physiol. Biochem. 16: 51-58.

9. Severs, N. J., Twist, V. W., Powel, T. (1991) Acute effects of Adriamycin
on the macromolecular organization of the cardiac muscle cell plasma
membrane. Cardioscience. 2: 35-45.

10. Nakamura K., Fushimi K., Kouchi H., Mihara K., Miyazaki M., Ohe T.,
Namba M. (1998) Inhibitory effects of antioxidants on neonatal rat
cardiac myocyte hypertrophy induced by Tumor Necrosis Factor-a and
Angiotensin Il. Circulation 98: 794-799.

11. Wang, G., Schuschke, D. A., Kang, Y. J. (1999) Metallothione in over
expressing neonatal mouse cardiomyocytes are resistant to H,O,.
Am. J. Physiol. 276: H167-H175.

*Teresa Tam is a recent graduate of the University of Ottawa Cellular and
Molecular Medicine Graduate program. Teresa's research was funded by a
grant from Health Canada.

Article written for Lonza's Spring Resource Notes™ Newsletter ©2009

Contact Us

North America
Customer Service:
order.us@lonza.com
Scientific Support:  + 1800 5210390 (toll free)
scientific.support@lonza.com

+ 1800 638 8174 (toll free)

Europe
Customer Service: + 3287 321611
order.europe@Ilonza.com
Scientific Support:  + 32 87 321611
scientific.support.eu@lonza.com
Learn more.

International

Contact your local Lonza Distributor
Customer Service: + 1301898 7025
Fax: + 1301845 8291
scientific.support@lonza.com

) -;" 5 :
{m]r=aa .:i-‘i?tzif'—m'i!ﬁ

For research use only. Not for use in diagnostic procedures. All trademarks belong
to Lonza, registered in USA, EU or CH or to third party owners and used only for
informational purposes. The information contained herein is believed to be cor-
rect and corresponds to the latest state of scientific and technical knowledge.
However, no warranty is made, either expressed or implied, regarding its accuracy
or the results to be obtained from the use of such information and no warranty is
expressed or implied concerning the use of these products. The buyer assumes
all risks of use and/or handling. Any user must make his own determination and
satisfy himself that the products supplied by Lonza Group Ltd or its affiliates and
the information and recommendations given by Lonza Group Ltd or its affiliates
are (i) suitable for intended process or purpose, (i) in compliance with environ-
mental, health and safety regulations, and (iii) will not infringe any third party’s
intellectual property rights. The user bears the sole responsibility for determining
the existence of any such third party rights, as well as obtaining any necessary
licenses. For more details: www.lonza.com/legal.

Lonza Walkersville, Inc. — Walkersville, MD 21793

©2024 Lonza. All rights reserved. CD-SP06101/24
bioscience.lonza.com

lonza.com/rat-cardiac-myocytes


https://bioscience.lonza.com/lonza_bs/US/en/Primary-and-Stem-Cells/p/000000000000186810/Rat-Neonatal-Cardiomyocytes
https://bioscience.lonza.com/lonza_bs/US/en/
https://bioscience.lonza.com/lonza_bs/US/en/Primary-and-Stem-Cells/p/000000000000186810/Rat-Neonatal-Cardiomyocytes

