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ABSTRACT

Background and Objectives : The dominant mode of cell death in cardiomyocytes under acute ischemic insult,
either necrosis or apoptosis, remains to be clearly shown. Materials and Methods : Cultured neonatal rat ventri-
cular myocytes (NRVM) were incubated under hypoxic (mixture gas of 95%N,/5%CO, in glucose containing
media), ischemic (hypoxia plus glucose depletion in the media), ischemic and acidic conditions (ischemia with
media pH 7.1). The level of cell death was assessed by trypan blue staining. To differentiate the mode of cell
death, genomic DNA extraction and electrophoresis, Annexin V/propodium iodide staining, western blot for
caspase activation and transmission electron microscopy were employed. Results : The number of cell deaths in
the NRVM cultured under hypoxic conditions was similar to that of the controls. The rate of cell death was signi-
ficantly increased in the NRVM cultured under ischemic conditions, and was accelerated further in an acidic
milieu, which simulated the accumulation of metabolic byproducts in ischemia. No signs of apoptotic cell death
were observed in the NRVM cultured under ischemic conditions. The morphological examination of the cells in
ischemia mostly revealed necrotic death. Conclusion : The presence of glucose protected the cardiomyocytes
from cell death under hypoxic conditions. Incubation of the NRVM in ischemia resulted in increased cell deaths,
which was accelerated in an acidic milieu. In our model of acute ischemia, without reoxygenation, the cardi-
omyocyte cell deaths appeared to be primarily induced via necrosis rather than apoptosis. (Korean Circulation J

2003:33(10):949-956)
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DNA ladder assay
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Western blot
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Electron microscopic examination
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Fig. 1. Trypan blue staining of NRVM (neonatal rat ventricular myouytes) under different culture conditions for 24

hours. A : control, B : hypoxia, C : ischemia, D :

ischemia with acidic meliu. Cells staining blue color was counted

for death. Number of dead cell in hypoxia (B) is similar to that of control (A), while there is apparent increase in
dead cellsinischemia (C). Cell death is further accelerated in ischemia and acidosis (D).
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Fig. 2. Rate of cell death in neonatal rat ventricular
myocyte incubated under indicated conditions of hy-
poxia, ischemia, and ischemia with acidic milieu.
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Fig. 3. Genomic DNA extraction from NRVM (neonatal
rat ventricular myouytes) under diff-erent conditions and
separation in 2% agarose gel. DNA laddering pattern
was not observed both after 6 hours and 12 hours culture.
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Fig. 4. Annexin V/propodium iodide (PI) staining of NRVM under different conditions. A : control, B : hypoxia, C : isc-

hemia, D :

ischemia with acidic milieu. In ischemic conditions (C and D), dead cells are stained red, which signifies

uptake of Plinto cell interior as result of cell membrane disintegration.

Atel] Boidh= §491 caspaseoll EHfﬂ' western blot
o = 7} s d*ollM caspase 3 22 caspase 9] T
o A} A AEER] it (Fig. 5). FHRAkE
UFO R A9 wAlTERE WS Atk o
o] FFolu Fzhdo] ¥EEA] 23kl apoptotic body
= B = Qgick vd Y 3 9 A g
AT l-EE o] 7PgRE 7 BUY viFRSo R 5%
S ARl ke 2318 BRlth(Fig. 6).
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A} Bl §9t) Tanaka 57 A4
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Fig. 5. Western for activation of caspase-9 and caspase-
3, which are the executer of apoptotic process in mito-
chondrial pathway and final common pathway, resp-
ectively. Arowhead indicates location of precursor form
(caspase-9 ; 46 kDa, caspase-3 ; 32 kDa) arrow indi-
cates loacation of active form of caspase (caspase-9 ;
35 kDa, caspase-3 ; 19 kDa). Con : control, Hyp : hyp-
oxia, Isc : ischemia, Aci :ischemia with acidic milieu.
Enzyme activation was not seen either for caspase-9 or
caspase-3 in NRVM cultured in ischemic conditions.
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Fig. 6. Transmission eIecTronmlcrogrophs NRVM (neonatal rat ventricular myouytes) were incubated under the condi-
tions of normal (A), ische-mia (B), and ischemia with acidic milieu (C). Com-pared to the control ventricular myocyte
which has the typical control nucleus (A), the myocyte, which were incubated under ischemia (B), and ischemia
with acidic milieu (C), has the nucleus with the serrated clumping of peripheral chromatin. No myocyte having
nuclear condensation or fragmen-tation or apoptotic body was observed. Original magnification, <3000 (A-C).
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