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Abstract _

Nitric oxide(NO) has been implicated in
endogenous  control of  myocardial
hypertrophy. In this study, we investigate the
effects of a ;-adrenergic stimulation on NO
synthase( NOS ) gene expression and NO
production in cultured neonatal rat cardiac
myocytes and determine whether modulation
of endogenous NO production alters the
hypertrophy-related B -MyHC gene.
expression induced by norepinephrine(NE).
NE caused a significant increase in the
production of nitrite, a stable metabolite of
NO in a dose- and time-dependent manner.
Northern blotting hybridization revealed that
NE(1 x M) stimulated endothelial
NOS(eNOS) gene expression by 1.9 fold-
increase( compared with the control group ).
However, NE has no detectable effect on
inducible NOS( iINOS ) or neuronal
NOS( nNOS ) gene expression. Simultaneous
incubation with NOS inhibitor, N%nitro-L-
arginine methyl ester( L-NAME; 100 u M )
and NO scavenger,2-phenyl-4,4,5,5-
tetramethyl-imidazoline-1-oxyl-3-
oxide( PTIO; 10 u M ) significantly
augmented NE-induced increases in c-fos and
B -MyHC mRNA level. In contrast, NO
donor, S-nitroso-N-acetyl-D,L-
penicillamine( SNAP; 10 4 M ) and 3-
morpholino-sydnonimine( SIN-1; 10 u M )
completely suppressed the NE-stimulated
increases in c-fos and B8 -MyHC mRNA
level. We further analyze NO modulation of
NE-stimulated increases in the promoter



activity of B -MyHC gene by
chloramphenical acetyltransferase( CAT )
assay. L-NAME and PTIO enhanced the NE-
stimulated increase in 3 -MyHC promoter
activity. Contrarily, NO donor, SNAP and
SIN-1, inhibited the increment of 5-MyHC
promoter activity induced by NE. In
conclusion, NE induces eNOS gene
expression and NO production in cardiac
myocytes. NO is involved in the regulation of
NE-stimulated 8 -MyHC gene expression.
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= ~ Introduction

Nitric oxide synthase(NOSs) that make
nitric oxide(NO) are now known to be
present in cardiac myocytes and play an
important role on the regulation of cardiac
contractile function. In isolated cardiac
myocyte  preparation, it has  been
demonstrated that the depression in myocyte
contractile responsiveness to [ -adrenergic
agonist correlated with an increase in
myocyte generation of inducible
NOS(iNOS)-derived nitric oxide in response
to lipopolysaccharide and specific cytokines.

In the heart, endothelial NOS(eNOS) may
also modulate the neurohumoral control of
cardiac function. The positive inotropic
response to [ -adrenergic agonists 1is
enhanced by inhibition of cardiac eNOS both
in cultured cardiac myocytes and animal
models. Ikeda et al. observed that both the « -
adrenergic agonists and angiotensin II
enhance inducible nitric oxide synthase
expression in rat cardiac myocytes. Thus,
nitric oxide, in addition to its vasodilating
properties, has now heen considered to be an
important modulator of cardiac contractility
in response to autonomic nervous system
agonists. We have previously shown that
catecholamines and angiotensin II exert
positive inotropic and chronotropic effects on

cardiac myocytes resulting in myocyte
hypertrophy and myosin gene expression.
However, it remains less will characterized
that catecholamine effect on cardiac myosin
gene expression is modulated by nitric oxide.
In this study, we investigate whether
modulation of endogenous NO production
alters the cardiac myosin gene expression in
response to exogenous catecholamine in
culture system.

w3 ~ Results
Effects of Norepinephrine on nitrite
production
We first investigated the effect of

norepinephrine(NE) on NO production by
cardiac myocyte. NO secreted by cells is
rapidly decomposed to the more stable
products nitrite and nitrate, treatment of
cardiac myocyte with NE caused marked
accumulation of nitrite in the culture medium
in a time-dependent manner(Fig. 1). The
levels of nitrite increased significantly at 6h
and continued to increase for at least 24h
after exposure to NE. As shown in Figure 2,
incubation of NE for 24h,increased nitrite
production in a dose-dependent manner(0.25-
10 £ M). A23187(Ca™ Inophore) and
Interleukin-1 8 (IL-1 B )-stimulated NO
production were used as positive control.
Effects of L-NAME and PTIO on NE-
induced nitrite production

As shown in Figure 3 simultaneous
incubation with either the NOS inhibitor, L-
NAME(100 4 M), or NO scavenger,PTIO(10
u M),for 24h inhibited NE-induced nitrite
production by cardiac myocytes.
Effects of NE on NOSs mRNA expression

Since NE significantly induced nitrite
production by cardiac myocytes, we
determined which isoform of NOSs was
expressed by identification of transcriptions
for NOS isoenzyme. As shown in Table 1,
addition of 1 £ M NE to cardiac myocytes for
24h clearly induced eNOS mRNA expression
analyzed by reverse transcriptase-polymerase
chain reaction( RT-PCR ), while no



detectable iINOS or nNOS gene transcripts
were induced by NE.

NO modulates NE-induced c-fos and 8 -
MyHC gene expression.

As shown in Table 2., simultaneous
incubation with either the L-NAME (100 g
M )or PTIO(10 u M ) for 24h significantly
augmented the NE-stimulated increase in c-
fos and 5-MyHC mRNA level. In contrast,
the increase in c-fos and 5 -MyHC mRNA
level in response to NE were markedly
inhibited by SNAP(10 zM ) and SIN-1 (10
M ). Using CAT assay, we further analyze
the regulation of the promoter activity of £ -
MyHC gene by NO. The change of NE-
stimulated promoter activity of A -MyHC
gene in response to the NOS inhibitor, NO
scavenger and NO donor corresponds to their
respective mRNA levels. As shown in Figure
4, L-NAME and PTIO potentiated the NE-
stimulated promoter activity of B -MyHC

gene. In contrast, SIN-1 and SNAP
significantly suppressed its promoter activity
induced by NE.

In conclusion, NE induces eNOS gene
expressmn that makes NO production in
cardiac myocytes NOS inhibitor, L-NAME ,
and NO scavenger, PTIO, augmented NE-
stimulated S -MyHC gene expression. In
contrast, NO donor, SIN-1 or SNAP ,
significantly inhibits g -MyHC gene
expression induced by NE.
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Fig. I Effects of Norepinephrine on nitrite production by cultured neonatal rat cardiac
myocytes. Cardiac myocytes were exposed to Norepinephrinet M) for 24h. Nitrite

accumulation in the culture medium was measured, and the values were normalized to
the protein content per dish. Data are means £ S.E.M. of five samples.
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Fig. 2. Dose-dependent effects of Norepinephrine on nitrite production by cardiac
myocytes. Cardiac myocytes were exposed to Norepinephrine for 24h. Nitrite
accumulation in the culture medium was measured. and the values were normatized to
the protein content per dish. Data are means + S.E.M. of five samples. 1:Control.
2:0.25 UM NE. 3:0.5uM NE, 4:0.75uM NE, 5:1uM NE, 6:10uM NE. 7:A23187
S:AL-18
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Fig. 3 Effects of Norepinephrine , L-NAME and PTIO on nitrite production by
cultured neonatal rat cardiac myocytes. L-NAME and SNAP was added Lh. before the
addition of Norepinephrine. Nitrite accumulation in the culture medium was measured.
and the values were normalized to the protein content per dish. Data are means

S E.M. of {ive samples. |- Control. 2:Norepinephrine. 3:L-NAME + NE, 4:PTIQ -NE
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Fig 4. Erfects of Norepinephrine . L-NAME and PTIO on MyHC promoter activity :a
cardiac myocstes. The cultured cardiac myocytes were transtected with CAT rusion
genes of My HC promoter by Caicium phosphate precipitation. Cultured cardiac
myocrtes were 2xposed o Norepinephrine for 24h in the presence or absence ot L-
NAME or PTIO. applied 1h betore NE addition. Resylts derived trom the
autoradivgrams of 4 separate expenments were analyzed by scanning densitometer
and 2xpressed as mean =S.E. M. 1:Control, 2: Norepinephrine. 3:L-NAME ~ NE.
4:PTIO -NE. S:SNAP-NE. 6:5IN-1-NE. T:CAT3.8:CATZ. CATZ and CAT3 are

shown as positive and negative control.

Table 1. Effect of Norepinephrine on NOSs mRNA level in cardiac myocyte

Treatment mRNA/18S RNA
(Relative to Control)
TTTTTTTTTRNGS T iNOS aNOS Tt
Control 1.0 1.0 1.0
Norepinephrine 1.94¢ %y 1.02 0.99

Table 2. Effect of NOS inhibitor. NOS scavenger and NO donor on NE-induced
increase c-fos and 3 -MyHC mRNA level in cardiac myocyte.

Treatment mRNA/18S RNA

{Relative to Control)

S -MyHC c-Fos
Control 1.00 10D
NE 2560t ) 12340
L-NAME-NE ST 13040 2 %)
PTIO-NE S Y 1422¢0 < 0 %)
SNAP-NE PR BTN 1T46(* )

SIN-[-NE 207 10.87¢* *)




