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ABSTRACT

Effects of ranolazine on norepinephrine-induced cétdeath
through inhibition of B-adrenoceptor signal pathway in

cardiomyocytes

Hye-Jung Kim

Department of Medical Science

The Graduate School, Yonsel University

(Directed by Professor Yangsoo Jang)

Ranolazine has been represented a new agent ahgimal therapy with
mechanisms of action that blocked intracellular isod and calcium
overload accompanying myocardial ischemia. Howesffect of ranolazine
on p-adrenoceptor signal transduction system is poargerstood. This

study was designed to confirm whether mechanism retésted to -



adrenoceptor antagonist activity of ranolazine arepinephrine (NE)-
induced cardiomyocytes. After cardiomyocytes wereingubated with
propranolol (2 uM), ranolazine (3 uM) and mixturé gropranolol and
ranolazine, cardiomyoxytes were treated with NE (@@) for 24 h.The
phosphorylation of ERK was decreased about 52+2iB#oranolazine
treatment more than NE only treated cells. The déeltalar C&" and N&
level were decreased about 40+3% and 17+0.5%, ctgply. Ranolazine
decreased expression level of the*@almodulin dependent protein
kinasell (CaMKIl, 57+4%), NaC&" exchanger (NCX, 21+0.5%) and
ryanodine receptor2 (RyR2, 47+1.5%) compared wite bhly treated
cardiomyocytes. Ranolazine also increased expressi@l of L-type C&
channel (LTCC, 48+3.5%), phospholamban (PLB, 45+2%g sarcoplasmic
reticulum C&" ATPase 2a (SERCAZ2a, 36+0.5%) in NE only stimulated
cardiomyaocytes, respectively. The number of annexil Yositive cell was
decreased about 39+1.5% by ranolazine compared Mihonly treated
cardiomyotes. Ranolazine also inhibited apoptdsisugh the regulation of
pro-apoptotic factor Bax, anti-apoptotic factor Bcland cytochrome C
release. These results demonstrate that ranolalzate an effect on
norepinephrine-induced cell death through inhibitiof B-adrenoceptor

signal pathway in cardiomyocytes.



Key words: cardiomyocyte, ranolazinf;adrenoceptor, norepinephrine,

apoptosis



Effects of ranolazine on norepinephrine-induced céteath
through inhibition of p-adrenoceptor signal pathway in

cardiomyocytes

Hye-Jung Kim

Department of Medical Science

The Graduate School, Yonsel University

(Directed by Professor Yangsoo Jang)

[. INTRODUCTION

Heart failure (HF) is a condition in which the heaan not pump enough
blood to the other organs. This result from narmvesteries that supply
blood to the heart muscle such as coronary arte&sgade, heart attack,
myocardial infarction (MI). HF is associated witimhalances of cellular

Cd&" and N4 homeostasts Ranolazine has been shown to demonstrating



blockade of the late sodium current in ischemiaicamyocytes. Therefore,
ranolazine is thought indirectly to reduce’Caverload via the Nachannels,
to preserve ionic homeostdsisAcute intravenous administration of
ranolazine has also improved left ventricular dystaunction in dogs with
heart failuré. However, sodium current inhibitor mechanism afdlazine

was not cledr

The actions of norepinephrine (NE) are carried wiat the binding to
adrenergic receptots NE, p-adrenoceptor agonist, is involved in many
cardiovascular diseases such as congestive hdarefailso, NE had a co-
mitogenic effect in isolated cardiac fibroblastsddhat it activated mitogen
activated protein kinase (MAPK) Mitogen-activated protein kinases
(MAPKs), a large family of serine-threonine kingsdsave important
functions as mediators of signal transduction amd activated by
extracellular stimuld®®. Three subgroups of MAPKs have clearly been
identified: the extracellular signal-regulated liagdERK1/2), the p38 kinase,
and the c-jun N-terminal kinases (JNKs). ERK1/2pesl to mitogenic
stimulus, whereas p38 kinase and JNKs respond miedatly to cellular
stresses or inflammatory cytokifiés Recently, heterotrimeric G proteins
have also been shown to activate various membetteedfIAPKs family®.

One of the major mechanisms for regulating contigcof the heart is via



B-adrenoceptor stimulation.

The R-adrenoceptor is the first element in the aigransductiorchain
mediating adrenergic stimulation of the heart. tlown subtypes of R3-
adrenoceptor (B [, a'nd B) areglycoproteins with extracellular amino
terminus, seven hydrophobtcansmembrane domains, and intracellular
carboxy terminus. All three subtypes when activatad cause increases in
intracellular levels of cAMP, although many recetntdies demonstrate that
this is not the sole signaling pathwy}". There are selective agonists and
antagonists for all three receptor subtype8-adrenoceptor antagonists are
used therapeutically for the treatment of cardioutss diseases, such as
cardiac failure, angina and hypertension, wherebtimeeficial effects result
mainly from actions on the he&ttRegardless of the underlying mechanism,
systemicp-adrenoceptor antagonist can have a number offisigni effects

on cardiac functioff.

As a second messenger,?Oagulates acute physiological function, including
contraction of cardiac, skeletal, and smooth muaol@ release of hormones
and neurotransmitters. €ahomeostasis can lead not only to loss of normal
physiological control mechanisms but also to patbiclal changes in cell

growth>. Cardiac dilatation and pump dysfunction withouttrinsic



myocardial systolic failure follows chronif-adrenoreceptor activatith
Increases in Ca can transduce signals through various classesabf C
regulated enzymes, one of which is thé”'@almodulin dependent protein
kinase (CaMK) family”. C&‘/calmodulin dependent protein kinase |I
(CaMKIl) is a widely expressed protein kinase thmbdulates various
functions ranging from learning and memory of tle@wous system, muscle
contraction, cell secretion to gene expre§§idn the heart, CaMK8 is the
predominant CaMKII isoform and its splice variaetresides in the cytosol.
In addition to its well documented role in the riegion of cardiac excitation
contraction (E-C) couplifg'®*® CaMKII3c has been implicated in apoptotic
signaling®#?*?*and in mediating the transition to heart faifireCaMKI
modulates an array of key proteins involved in izardE-C coupling and Ga
handling, such as the sarcoplasmic/endoplasmicuteth C&" ATPase
(SERCA) and its regulator, for example phospholamfRLB), ryanodine

receptor (RyR) C4 release channéfs

B-adrenoceptor stimulus increases apoptosiad reactive oxygen species
(ROSY® in cardiomyocytes. ROS generated by a varietyxtgeellular and
intracellular mechanisms, have gained attentiom@sel signal mediators
that regulate signal transduction events and haan tknown to play an

important role in the pathogenesis of several caadicular diseases. ROS



are well-known to regulate the transcription oftjgatar geneS. However
ROS may specifically induce apoptd8isRecent study demonstrated
chronic adrenergic stress as being responsibleduerse effects, such as
cardiac failure, mainly due to increased cardionyi®c apoptosfS.
Apoptosis has been demonstrated to occur in theeangoum in a variety of
pathological situatioi® The number of apoptotic myocytes is increased in
myocardium obtained from patients with end-stagarthdailure and
myocardial infarctio® and in myocardium from experimental models of
myocardial hypertrophy and failure, including ttes the spontaneously
hypertensive rdf, rats with myocardial infarctidh Many molecules
including proteins in the Bcl-2 and caspase famil@articipate in the

apoptotic response to numerous death inducing signal

Therefore, it was examined into confirm whethertanine exerts antagonist
activity at p-adrenoceptor in norepinephrine (NE)-induced cangiacytes.
The B-adrenoreceptor antagonist propranolol is ableltotbcardiomyocyte
hypertrophic response in hearts. Propranolol hdgeropharmacological
effects such as a Ka@hannel blocking action and an antioxidant effedn
this study, it was expected that ranolazine willsisiilar response in NE-
induced cardiomyocytes such as propranolol. Becah&e stimulation

increased ERK activation, CaMKII, €aoverload, N overload, C&



channel (LTCC, NCX, SERCA2a, PLB, RyR2) gene exgioes in
cardiomyocytes, ranolazine was examined the effegts inhibition of
MAPK/ERK activation, CaMKII, C& overload, N& overload and Ca
channel (LTCC, NCX, SERCA2a, PLB, RyR2) gene exgimzslevel in NE-
induced cardiomyocytes with or without ranolazitewas examined the
effect mechanisms of NE-induced ROS and apoptostaidiomyocytes and
found that NE-induced cardiomyocyte apoptosis wa®mpanied by down-
regulation of Bcl-2 protein synthesis and activatiof B-adrenergic and

cytochrome C release.



[I. MATERIALS AND METHODS

1. Isolation and culture of rat cardiomyocytes

Neonatal rat cardiomyocytes were prepared by aypnesiic method. Briefly,
hearts of one- to two-day-old Sprague-Dawley (Sid)yups were dissected,
minced, enzymatically dispersed with 10 mL of cgpdaase 1l (0.5 mg/mL,
262 U/mg, Gibco BRL, Paisley, UK), and centrifugtitferentially to yield
5x1@ cells/mL. After incubation for 4-6 h, the cells meainsed twice with
a-MEM containing 10% fetal bovine serum (FBS) (GibB&L, Paisley,
UK), and 0.1M BrdU (Sigma Chemical Co., St. LouMQ, USA) was
added to inhibit fibrous growth. Cells were thetiuned in a CQ incubator

at 37°C for 1 day.

2. NE stimulation and treatment with propranolol and ranolazine

Cardiomyocytes were incubated in 5% £ 37°C for 1day. And then the
cells were exchanged with SFMEM (Gibco BRL, Paisley, UK) without
FBS in CQ incubator (Thermo Forma Model 311, Marietta, U3SéY)24 h.

After cardiomyocytes were preincubated with proptah (2 uM),
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ranolazine (3 uM), mixture of propranolol and razihe, it was treatment

with NE (10 uM) for 24 h.

3. Measurement of intracellular sodium by flow cytonetry

Intracellular sodium was measured by corona gr€emoNd" Green, AM,

Molecular Probes, CA, USA). Cell (5x30were cultured for one day in
100mm plate coated with 1.5% gelatin. For intradetl sodium

measurement, Corona green stock was individuatieddo 1 mL of cells at
a final concentration of 5 uM for 1 h prior to thieme of examination.
Incubation was continued at &, 5% CQ atmosphere. Before flow
cytometric examination, propidium iodide (Pl) (s@rohemical St., Louis,
MO, USA) was added to final concentration (10 pg/mthe 1x10 cells

were analyzed by sequential excitation of the amdistaining corona green
and PI at 492-516 nm and 488nm, respectively, usiR§CSCalibur system

(Becton Dickinson, San Jose, CA, USA) and CellQlespftware.

4. Measurement of intracellular reactive oxygen spres

generation

11



Neonatal rat cardiomyocytes were labeled with Zi¢hlorodihydro -
fluorescein diacetate (H2DCFDA; Molecular Probe,, @fSA). The probe
H2DCFDA (10uM) enters the cell, and the acetataigron H2DCFDA is
cleaved by cellular esterases, trapping the nordbeent 2'7'-
dichlorodihydro-fluorescin (DCFH) inside. Subsequexidation by reactive
oxygen species yields the fluorescent product DICie. dye, when exposed
to an excitation wavelength of 480nm, emits lighb25nm only when it has
been oxidized. Labeled cells were examined usinguminescence

spectrophotometer for the oxidized dye.

5. Confocal microscopy and fluorescence measurement

The measurement of the cytosolic fre¢'Gancentration was estimated by
the confocal microscopy analysis. Neonatal ratioamgocytes were plated
on a four-well slide chamber coated with 1.5 % tjeléor one day ina-
MEM containing 10% FBS (Gibco BRL, Paisley, UK) a@d uM BrdU
(Sigma Chemical St., Louis, MO, USA). After incuioat the cells were
washed with modified Tyrode's solution with 0.26% ¢aCh, 0.214 g/L
MgCl,, 0.2 g/L KCI, 8.0 g/L NaCl, 1.0 g/L glucose, 0.8 NaH,PQ,, and

1.0 g/L NaHCQ. Cells were then loaded with 10 uM of the acetoxyryle

12



ester of fluo-4 (Fluo-4 AMMolecular Probes, CA, USA) for 20 min, in the
dark at 37°CFluorescence images were collected using a cdnfoca
microscope (Leica, Solms, Germany) by excitatiothvei 488 nm line of
argon laser, and emitted light was collected thnoaig10-560 nm band-pass
filter. Relative data of intracellular €awas determined by measuring the

intensity of the fluorescence.

6. Annexin V/PI staining

Apoptosis was measured by ApoSthnAnnexin V-FITC apoptosis
detection Kit (Biobud). The cells were pelleted aadalyzed ina
FACSCalibur system (Becton Dickinson, San Jose, OS8A). Excitation
wave was set at 488 nm. The emitted green fluoresceh Annexin V
(FL1) and red fluorescence of Pl (FL2) were cobeaising 525 and 575 nm
band pass filters, respectively. A total of at tebsl( cells were analyzed
per sample. Light scatter was measured on a lisegle of 1024 channels
and fluorescence intensity on a logarithmic scdlee amount of early
apoptosis and late apoptosis/necrosis was detedna@inethe percentage of

Annexin V'/Pland Annexin V/PI" cells, respectively.

13



7. Immunoblot anlaysis

Drug-treated cells were washed once in PBS andi liysa lysis buffer (Cell
signaling, Beverly, MA, USA) containing 20 mM Tr{pH 7.5), 150 mM
NaCl, 1 mM NatEDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium
pyrophosphate, 1 mM3-glycerophosphate, 1 mM N&O, 1 mg/ml
leupeptin, and 1 mM PMSF. Protein concentrationeath fraction was
determined using the BCA protein assay kit (Pi@itechnology, Rockford,
IL). Proteins were separated in 10-15% SDS-polyaonide gels and than
electrotransferred to methanol-treated polyvinyligleifluoride membranes
(Millipore Co, Bedford, MA, USA). After blocking #tamembrane with Tris-
buffered saline-tween 20 (TBS-T, 0.1% tween 20)t@iming 10% Skim
milk for 1 h at room temperature, membrane was eddtvice with TBS-T
and incubated with antibodies to ERK1(Santa Cruzd®ihnology, Inc., Ca,
USA), phospho-ERK1/2 (Santa Cruz Biotechnology,.,Ii@a, USA), anti-
cytochrome C (Santa Cruz Biotechnology, Inc., C8AY anti-Bcl2 (Santa
Cruz Biotechnology, Inc., Ca, USA), and anti-Bax tréSsgen
Biotechnologies, BC, Canada) for 1 h at room teree or for overnight
at 4°C. The membrane was washed three times with-TBor 5 min, and
then incubated for 1 h at room temperature withsé@dish peroxidase

(HRP)-conjugated secondary antibodies. After extenwashing, the bands

14



were detected by enhanced chemiluminescence (E&igent (Amersham
Pharmacia Biotech, Piscatawasm NJ, USA). The baengities were
quantified using Photo-Image System (Molecular Dwita, Uppsala,

Sweden).

8. RT-PCR analysis

A. Isolation of total RNA

Total RNA was extracted by using 0.5mL TRIzol reage&igma, St. Louis,
MO, USA). Total cellular RNA was extracted by thélaroform,
isopropanol, DEPC-treated 75% ethanol proceduree TRNA was
suspended in 30uL of Nuclease free water. The gyantd quality of the
isolated RNA was determined by OD260/0D280 with D640

spectrophotometer (Eppendorf, Hamburg, Germany).

B. RT-PCR assay

Complementary DNA (cDNA) was generated with Revefrsanscription
System (Promega, Madison, WI) according to the rfaturer’'s
instructions. 1pg of total RNA was reverse-trarssui in a 20pL reaction

mix containing 5 mmol/L MgG| 10 mmol/L Tris-HCI (pH. 9.0 at 25 °C), 50

15



mmol/L KCI, 0.1% Triton X-100, 1 mmol/L dNTP, 20U BNase inhibitor,
0.5 ug oligo-(dT) 15 primer, 10U of reverse traipgase for 15 min at 42°C
and the reaction was terminated by heating at $8fG min. To monitor
cDNA synthesis, an aliquot of the RT reaction migtwas subjected to PCR
for GAPDH. The GAPDH primer sequences were as \igldable 1. The
PCR condition was a cycle of denaturing at 94°C3fanin followed by 35
cycles of denaturation at 94°C for 1 min, annealngd9°C for 30 sec,
extension at 72°C for 2 min before a final extensad 72°C for 10 min. The
first round of PCR amplification was performed wgsib pL of the cDNA
from the reverse transcription. The PCR mix corditO pmol/pL of each
primer, together with 200 mM Tri-HCI (Ph.8.8), 16tM KCI, 1.5 mmol/L
MgSQy, 1% Triton X-100, 0.1 mM dNTP and 1.25 U of Tadypeerase in a
total volume of 25 uL. PCR reactions were carriaetiio a thermal cycler
using the following conditions: 95°C for 3 min, @for 1 min and then
followed by the individual conditions for each galisted in Table 1. All
RT-PCR products were separated by electrophoresis 1.2% agarose gel

and visualized after staining with ethidium bromide

16



Table. 1 PCR primers used in this study

Gene primer bp cycler program

GAPDH ctcccaacgtgtetgttgtg 450 49°C ,60s/35cyc
tgagcttgacaaagtggtcg

CaMKIl tcagatgttttgccacaaagaggtgcctcct 531 60°C ,60s/35cyc.

ccggatggggtaaaggagtcaactgagagcet

L-type Ca2+ channel tgtcacggttgggtagtgaa 346 49°C ,60s/35cyc.
ttgaggtggaagggactttg
Phospholamban gctgagcetcccagacttcac 339 48°C ,60s/35cyc.
gcgacagcttgtcacagaag
NCX-1 tgtctgcgattgcttgtctc 364 48°C ,60s/35cyc.
tcactcatctccaccagacg
SERCA2a tccatctgectgtccat 351  42°C ,60s/35cyc.
gcggttactccagtattg
RyR2 ccaacatgccagaccctact 196 48°C ,60s/35cyc.
tttctccatcctetcectca

9. Statistical analysis

Data are expressed as meant+SEM. Student’s t-testuged to compare
two groups, and examination of more than two gromas done by one-way
ANOVA, using the Bonferroni test. Ap-value <0.05 was considered

significant.

17



[ll. RESULTS

1. Ranolazine inhibited phosphorylation of ERK in NE-induced

cardiomyocytes.

NE activates MAPK signaling pathways via phosplatigh cascadesNE

stimulation increased MAPK/ERK activation in cantigocytes. Therefore,
it was examined the effect of ranolazine with Niatation. Although the
phosphorylation of ERK was increased about 63+1%Nfy for 24 h,
phosphorylation of ERK was decreased about 52+2iB#oranolazine

treatment more than that of NE only (Fig. 1).

18



30

20

o=

Relative ERKs activity

o

+ NE(10ulM)
+ Propranolol (ZuM)
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Figure 1. Phosphorylation of ERK in NE induced cardiomyocytes.
Relative phosphorylation levels of ERK activity watetermined by western
blotting. Cardiomyocytes were subjected to NE skation with propranonol
and ranolazine for 24 h. phosphorylation of ERK wir@smted during NE
stimulation was detected by immunoblotting. Valugee anean+SEM.
"p<0.001 vs. Controfp<0.001 vs. NE.
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2. Ranolazine decreased CaMKIl overexpression in NE-iuced

cardiomyocytes.

To investigate possible modulatory effects of dneth B-adrenoceptor
stimulation on cardiac CaMKIl expression, enzymnallic isolated rat
ventricular myocytes were cultured in the presenfeNE stimulation
(norepinephrine 10 pM/mL) for 24 h. During NE stilation, CaMKII

expression is increased. Therefore, it was exami@alMKIl expression
level in NE- induced cardiomyocytes by RT-PCR. Tensity of CaMKI|

was increased about 73£2% in NE-induced cardiomyscyAfter treatment
of NE-induced cells with ranolazine, density of Geliwas dropped about

57+4% compared with NE-induced cardiomyocytes (E)g.

20
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Figure 2. CaMKIl expression level in NE-induced cadiomyocytes.

Cardiomyocytes treated with ranolazine and prodohngere exposed to NE
stimulation for 24 h. Whereas NE treated cells wiageased in CaMKII
MRNA, ranolazine treated cells were completely eased in CaMKII

mRNA. Value are mean+SENp<0.001 vs. Control. “p<0.001 vs. NE.

21



3. Ranolazine protected intracellular N& overload in NE-induced

cardiomyocyte.

It was examined cardiomyocytes at the single alel for changes in
intracellular sodium using the fluorescent coroneeg (Nd) dye and flow
cytometry. Gating on only the normally sized or ipes control, NE
treatment in the presence of corona green’)(Mesulted in cell counts
21+2% increase of M1 region more than control arehting cells of
propranolol, ranolazine and mixture of ranolazimel gropranolol were
18+3%, 17+0.5%, and 17+2.5% reduced in cell cowfitM1 region more

than NE-induced cardiomyocytes, respectively (Fjg. 3

22
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Figure 3. Effects of ranolazine on intracellular Na overload in NE-
induced cardiomyocytes.NE treatment in the presence and absence of
ranolazine was initially examined for changes itracellular sodium by
flow cytometry using corona green (NaThe cells were initially analyzed
by gating on only the normal cell or NE treatedlsaln a side scatter
histogram plot. Subsequently, this population dfsosas then analyzed on a
corona green (N fluorescence histogram. An increase in coron&mre
(Na") fluorescence indicates an increase in intracgllsbdium. Only the NE
treated cells increased in intracellular sodiundidating Nd overload.

Value are meanzSEM.
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4. Ranolazine prevented intracellular C&" level in NE stimulation.
Intracellular C4&" level increase by activation of severafTehannels in NE-
induced cardiomyocytes. To know whether ranolatieated cells during NE
stimulation declined intracellular €aoverload, the intracellular alevel
was examined with using fluo-4 AM. Intracellular éevel was estimated
followed by NE treatment for 24 h and ranolazines\atso treated. As shown
in Fig. 4, the intracellular Galevel during NE stimulus was elevated about
50+3% at 24 h but was dropped about 43+0.5%, 4088% 50+1.5% by
treatment of NE-induced cells with 2 uM propranp®luM ranolazine, and

mixture of propranolol and ranolazine, respectively

24



Fluo-4 intensity (%)

+ NE{10uM)
+ Propranolol (2uM)
+ Ranolazine {3uM)

Figure 4. Effects of ranolazine on intracellular C&" concentration.
Confocal fluorescent images of cardiomyocytes warained by loading
with fluo-4 AM. The NE-induced cells treated withanolazine and
propranolol were incubated for 24 h. (A) Fluoresmeimage was obtained
by fluo-4 AM and (B) fluorescence intensity was qtiged in different cells
(n=5) in each condition and analyzed. Value arermh8&M. p<0.001 vs.
Control.”p<0.001 vs. NE.
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5. Ranolazine suppressed in G channel expression by NE-induced
cardiomyocyte.

Fig. 5 performs representative example of**Cehannel in NE-induced
cardiomyocytes treated with or without ranolazi@e* entry through LTCC
into cardiomyocytes is known to be the initiatingest of the E-C coupling
process. LTCC are critically involved in excitatiosecretion coupling
whereby membrane depolarization activates LTCC. ddresity of LTCC was
diminished about 63+2% in NE stimulation comparethwontrol cells. After
NE-induced cells were treated ranolazine, density. BTCC was elevated

about 48+3.5% more than NE stimulation cells (Big.
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Figure 5. L-type C&* channel expression level in NE-induced
cardiomyocytes. Cardiomyocytes treated with ranolazine and prodono
were exposed to NE stimulation for 24 h. The mRMAression of genes
was established by separating amplification pragiuct agarose gel
electrophoresis and visualized them by ethidiumniide staining. Each
expression was quantified by scanning densitom&sdue are meantSEM.
"p<0.001 vs. Control. *p<0.001 vs. NE.
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6. Ranolazine inhibited intracellular C&* overload in NE-induced
cardiomyocytes.

Previously, it was confirmed that ranolazine retegaintracellular C&
overload via the inhibition of Naoverload. It was examined €ahannels
related to intracellular Ga regulation, which is important in cell function,
changes in expression levels of one of the reptatem C4" channels, the
NCX1, and its C& handling, such as SERCA2a and its regulators, PLB,
RyR2 were tested in cardiomyocytes undergoing NfRZRand NCX gene
expression in NE-induced cardiomyocytes with tréatenolazine reduced
about 47+1.5%, 21+0.5% compared with NE-inducedsc@tig. 6A). The
expression level of SERCA2a and PLB became highmuta 36+0.5%,
45+2% compared with NE-induced cells (Fig. 6B). 3deesult represented
that ranolazine prevented changes in SERCA2a, RIBX and RyR2

expression levels.
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Figure 6. Effects of ranolazine in C& channel of NE-induced
cardiomyocytes. Expression levels of the RyR2, NCX1, SERCA2a and
PLB were estimated in cardiomyocytes subjected Eo wWith or without

ranolazine, propranolol and analyzed. Value arens8BEM. “p<0.001 vs.
Control. *p<0.05 vs. NE. "p<0.001 vs. NE.
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7. Ranolazine decreased reactive oxygen species guotion in NE —

induced cardiomyocyte.

ROS, including hydrogen peroxides,(), hydroxyl radials, are normally
generated in the mitochondria and have been idethtibs important
mediators that regulate signal transductidh Intracellular ROS by NE-
induced cardiomyocytes was comparatively assesgedhdans of DCF
fluorescence. Significant enhancement in fluoreseéntensity was detected
in the NE treated cell for 24 h as compared to lwaihtrol cells (Fig. 7A).
ROS production was increased by 71+0.5% with NE/(M) treatment for
24 h in cardiomyocytes (Fig. 7B). Although ROS prcithn of ranolazine
treated cells decreased by 52+1.5%, ROS producdfigmopranolol treated

cells was decreased more than ROS production ofazine treated cells.
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Figure 7. Reactive Oxygen species (ROS) productioAfter preincubated
with propranolol (2 uM), ranolazine (3 uM), mixtuod propranolol and
ranolazine in cardiomyocytes, it was treated withy@M NE for 24 h. (A)
Fluorescence image and (B) fluorescence intensity wbtained by using
DCF fluorescence. Value are mean+SEM:0.001 vs. Control. “p<0.001
vs. NE.

31



8. Ranolazine prevented NE- induced apoptosis of miomyocyte.

Apoptosis is characterized by a variety of morpbmal features such as
loss of membrane asymmetry and attachment, contitemsd the cytoplasm
and nucleus, and internucleosomal cleavage of D8Ae of the earliest
indications of apoptosis is the translocation af thembrane phospholipid
phosphatidylserine (PS) from the inner to the olgeflet of the plasma
membrane. Once exposed to the extracellular envieoh, binding sites on
PS become available for Annexin V, ‘Caependent phospholipid binding
protein, with a high affinity for PS. The transltioa of PS precedes other
apoptotic processes such as loss of plasma membraegrity, DNA
fragmentation, and chromatin condensation. Estin@fteapoptosis, the
number of annexin V positive cardiomyocytes, wasestigated after
exposure to NE with and without propranolol andotamine (Fig. 8). The
number of annexin V positive cardiomyocytes wagelgsed about 39+1.5%
by ranolazine compared with NE treated cells. Inti@ast, propranolol did

not show such an effect.
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Annexin V

Figure 8. Annexin V/PI staining for apoptosis analyis Cardiomyocytes
were exposed to NE for 24 h with propranolol, ragoie and mixture of
ranolazine and propranolol. Effect of ranolazinel gopranolol in NE-
induced apoptosis was detected by the annexin $tdhing assay using
flow cytometry. Value are mean+SEM.
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9. Ranolazine inhibited apoptosis through the regaltion of pro-apoptotic
factor Bax, anti-apoptotic factor Bcl-2 in NE-incuceed cardiomyocyte.
Representative immunoblot of cytochromea@d Bcl-2/Bax separated by
SDS-polyacrylamide gel electrophoresis, transferoedo a nitrocellulose
membranef-actin is used as an internal control. NE-inducgahrome C
release from mitochondria to cytosolic fractionth®ugh cytochrome C was
released into the cytosol from the mitochondrigéimembrane space during
NE stimulation, ranolazine treated cells during NEmulus blocked
cytochrome C release into the cytosol (Fig. 9Ahdkable attenuation of Bcl-
2 protein expression and a remarkable enhancerh@&atxaprotein expression
occurred in NE-induced cardiomyocyte, but ranolazineated cells did
exhibit evident changes in the expression of baik &1d Bcl-2 proteins (Fig.

9B-C).
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Figure 9. Bcl-2/Bax ratio and cytochrome C releaseCardiomyocytes
were exposed to NE for 24 h with propranolol, ragole and mixture of
ranolazine and propranolol. (A) Mitochondria/ Cylis cytochrome C and
the (B) Bcl-2/Bax protein ratio were detected bysteen blotting and (C)
densitometric analysis. Value are mean+SEM<0.001 vs. Control.
0<0.05 vs. NE.
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IV. DISCUSSION

These results showed that ranolazine decreasedieath through thé-
adrenoceptor signaling pathway in NE-induced cangliocytes. Also it was
showed that ranoalzine led to inhibition oGaNa" overload and regulation
of intracellular C& regulatory proteins in NE stimulation. Ultimately,

ranolazine actions inhibited apoptosis of cardiooyyes.

NE activated MAPK signaling pathway. To determinkeether NE-induced
cardiomyocytes treated with ranolazine involved MAPK signaling

pathway. It was performed ERK protein phosphorgtatonfirm by western
blotting. Although the phosphorylation of ERK wdsvated by NE for 24 h,
phosphorylation of ERK was dropped by ranolazinatiment more than that

of NE only (Fig. 1).

Mann and his co-workers advanced this thesis bwstgpthat NE exerts a
direct toxic effect on cardiomyocytes in vittop-adrenoceptor apoptotic
effects are associated with increases in intrdeellC&* and C&'
calmodulin-dependent protein kinase Il (CaMKII) ieity*’. Especially,
CaMKIl is the major cardiac isoform. Also CaMKII gpression is increased
by p-adrenoceptor stimulati6h To confirm whether CaMKII expression

level increased byB-adrenoceptor stimulation, it was examined CaMKII
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gene expression in NE-induced cardiomyocyte. AnehthCaMKIl gene
expression level confirmed to treated ranolazine MNE-induced
cardiomyocytes. Whereas NE treatment was enhamc€hMKIl mRNA,
ranolazine treatment cells were completely redusetaMKIl mRNA (Fig.

2).

Stefan W and his co-workers mentioned CaMKIl retgdaNd channel
function in cardiomyocyte, most likely by assoaati with and
phosphorylation of Nachannels. Moreover, phosphorylation of aannel
enhances intracellular Naverload®. and For test of Naoverload, it was
examined cardiomyocytes at the single cell levekftanges in intracellular
Na" using the fluorescent corona green Neye and flow cytometry.
Gating on only the normally sized or positive cohtNE treatment in the
presence of corona green (INeesulted in cell counts increase of M1 region
compared with normal control. And, treating cellppbpranolol, ranolazine
and co-treatment of ranolazine and propranolol rgdsced in cell counts of
M1 region compared with NE-induced cardiomyocytésg.( 3). The
stimulation of B -adrenoceptors by NE causes a marked increasetin b
intracellular N& concentration and intracellular €aconcentration in

cardiomyocytes.
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Cd" is arguably the most important second messengeardiac muscle.
Changes in the intracellular €aoncentration have both acute and chronic
effects on cardiac functiéh p-adrenergic modulation of voltage-sensitive
Cd" channels in myocardial cells initiates a slow invaurrent carried
mainly by C&' that profoundly influences cardiac functfnlit was
observed that intracellular €aoverload increased with NE-induced
cardiomyocyte and decreased with ranolazine, pnogpohand co-treatment
of ranolazine and propranolol (Fig. 4). Cans play an important role in
normal cardiac function, and several®@agulating proteins are connected
with C&" homeostasis in cardiomyocytdsadrenoceptor stimulation by the
sympathetic NE play a pivotal role in modulation a&rdiac function in
response to stress. Previous studies have showATiinduced increase
in [C&"i is potentiated by NE. This increase of the A'Bponse by NE
treatment has been demonstrated to be due & @wdry through the
sarcolemmal (SL) LTCC. In this regard, it is pothieut that NE has been
shown to phosphorylate the LTCC and enhance tharghvC&" influx
Major C&* cycling proteins involved in LTCC, RyRs, SERCANGCX and
PLB. The LTCC provides the primary €influx mechanism and thus plays
an important role in Ca regulatiof®. There is substantial disparity in the

levels of expression of LTCC in NE-induced cardiayigs. The expression

38



level of LTCC was increased in NE stimulation conagbwith control cells.
After treatment of NE-induced cells with ranolazirexpression level of
LTCC increased (Fig. 5). The SERCA plays an impurtale in regulating
cytoplasmic C# levels in cardiomyocytes and is the most important
contributor to the lowering of G levels during cardiac relaxatibn
Decreased expression of the SERCA2 {ared PLB gen®may contribute
to the diminished contractile function occurring animal models and in
human beings with severe congestive heart faillW€X and RyR2
expression level is increased Pyadrenoceptor stimulatiéh This result
showed that NCX and RyR2 expression levels weneatde by NE-induced
cardiomyocytes and ranolazine blocked these changethe levels of
expression (Fig. 6A). The expression level of SER&/nd PLB were
reduced by NE-induced cardiomyocytes and enhangdrehted ranolazine

cells (Fig. 6B).

There are many reports documenting that NE indpogtasis in vitro and

in vivo®. NE can induce ROS and apoptosis of cardiomyodygextivation

of the B-adrenergic pathwdy Regardless of underlying mechanisms, the
enhancedp-adrenoceptor stimulation may importantly contréub the
increased incidence of chronic diseases, such psertension and related

diseases, congestive heart failure, sudden cardmeath, the insulin
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resistance syndrome and obe¥ityA significant increase in fluorescence
intensity was detected in the NE treated cell férh2as compared to both
control groups. It was clearly resulted in increhsexidativestress as
measured in NE-induced cardiomyocytes. It was founad oxidativestress
decrease in treating ranolazine cells. But, ROSiymtion of propranolol

treated cells is decreased more than ROS produofisanolazine treated

cells (Fig. 7).

Apoptosis is triggered when something is amiss withcell: DNA damage,
detachment from neighbors, growth factor deprivatiofection, or a host of
other signs. In the present study, ranolazine wesmmeed the effect
mechanisms of NE-induced apoptosis in cardiomydtesas found that
NE-induced apoptosis was accompanied by down-régaolaof Bcl-2
protein synthesis and activation. To examine tHatifluced apoptosis was
detected by annexin V/PI staining (Fig. 8). Vetildiapoptosis was detected
in control cultured cardiomyocytes. Cells underwsignificant apoptosis
when exposed to NE, but pretreatment with ranoéaand co-treatment of
ranolazine and propranolol diminished the apoptoaie significantly. In
contrast, propranolol did not effect. Cytochromepl@ys a central role in
apoptosis, signaling the cell to begin the procésll death. Cytochrome C

release from the mitochondria also has been obdemeNE-induced
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apoptosis (Fig. 9A). The anti-apoptotic protein-Bgblays an important role
in controlling cell death. It was observed that ti&ated cardiomyocytes
decreased the Bcl-2 protein level, whereas Baxeprdevel was increased.
However, treating ranolazine cells was protectelEostimulation (Fig. 9B).
These results are in agreement with previous rebrdwing that Bcl-2 acts
upstream of the caspase cascade. Interestinghg ffige in intracellular Na
is prevented using ranolazine, a complete inhibitbapoptosis is observed.
Thus, the rise in intracellular Nappears to have an effect in the initial

signaling of the apoptotic program.
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V. CONCLUSION

This study suggests that ranolazine was involved3-adrenoceptor
activation and was prevented from NE-induced amipidn NE treated
cardiomyocytes, phosphorylation of ERK was inhithiten ranolazine
treated cells compared with NE only treated c&snolazine also reduced
intracellular C&" and N4 level by regulating CaMKIl in NE stimulation
and affected C& channel related gene expression. Although ranwazi
was a little influence in NE induced ROS productioanolazine had a
protective effect on apoptosis in NE stimulus. In Nigeated
cardiomyocytes, ranolazine diminished apoptotictggroexpression level
in comparison with NE only treated cells. Ranolazimas related ir-
adrenoceptor signal pathway in the prevention of -ridliated

cardiomyocyte apoptosis during heart failure.
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