Propofol Depresses Angiotensin ll-Induced
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Cardiomyocyte hypertrophy is formed in response to pressure
or volume overload, injury, or neurohormonal activation. The
most important vascular hormone that contributes to the
development of hypertrophy is angiotensin Il (Ang Il). Accumu-
lating studies have suggested that reactive oxygen species
(ROS) may play an important role in cardiac hypertrophy.
Propofol is a general anesthetic that possesses antioxidant
action. We therefore examined whether propofol inhibited Ang
ll-induced cardiomyocyte hypertrophy. Our results showed that
both ROS formation and hypertrophic responses induced by
Ang Il in cardiomyocytes were partially blocked by propofol.
Further studies showed that propofol inhibited the phophoryla-
tion of extracellular signal-regulated kinase 1/2 (ERK1/2) and
mitogen-activated protein kinase/ERK kinase 1/2 (MEK1/2)
induced by Ang Il via a decrease in ROS production. In addition,
propofol also markedly attenuated Ang ll-stimulated nuclear
factor-kB (NF-kB) activation via a decrease in ROS production.
In conclusion, propofol prevents cardiomyocyte hypertrophy by
interfering with the generation of ROS and involves the
inhibition of the MEK/ERK signaling transduction pathway and
NF-kB activation. Exp Biol Med 233:200-208, 2008
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Introduction

Cardiomyocyte hypertrophy increases the risk for
cardiac ischemia, left ventricular dysfunction, and sudden
cardiac death; this represents a very strong predictor of
cardiovascular mortality and death of all causes and is
recognized as a risk factor for the development of
congestive heart failure (1). One of the most important
factors contributing to the development of cardiomyocyte
hypertrophy is angiotensin II (Ang II), which increases
protein synthesis and cell diameter in cultured neonatal rat
myocytes through the type 1 Ang II receptor (2). These
processes directly lead to cardiomyocyte hypertrophy.

As a multifunctional agonist for cardiomyocyte hyper-
trophy, Ang II stimulates protein phosphorylation, gene
expression, and cell growth (3). Many of the signaling
events stimulated by Ang II are mediated by members of the
mitogen-activated protein kinase (MAPK) family, including
the extracellular signal-regulated kinase (ERK), p38, and the
c-Jun NH2-terminal kinase (JNK) (4). Among the MAPKs,
ERK has been focused on as the essential regulator of a
hypertrophic response, although JNK and p38 were recently
studied in regulating cardiac hypertrophy (5-7). The
activation of the ERK1/2 is triggered by MAPK/ERK
kinase-1/2 (MEK1/2) via phosphorylation of serine/threo-
nine residues (8).

Reactive oxygen species (ROS) have emerged as
important triggers of the hypertrophic responses, both in
vivo and in vitro, whether in response to stretch (9) or to
other hypertrophic stimuli, such as Ang II (10-12).
Production of ROS triggers activation of ERK1/2 (13, 14),
which is one of the first indicators of hypertrophy. Also,
nuclear factor-kB (NF-kB) is known to be redox-sensitive,
which translocates to the nucleus after activated by Ang II
and plays a leading role in hypertrophic responses of
cardiomyocytes (15-18).

Many reports have revealed the stimulation of the
renin-angiotensin system in critically ill patients (19, 20),
which are congruent with other studies in animals (21, 22).
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Propofol (2,6-diisopropylphenol) is a potent intravenous
anesthetic agent that is widely used for continuous sedation
(for a duration that ranges from less than 24 hrs to 24 days)
in critically ill patients (23, 24). Accordingly, it is important
to determine the effects of propofol on the cardiovascular
system. Propofol is known to act as an antioxidant, reacting
with free radicals to prevent oxidative cell damage in several
types of preparations (25-27), and to protect myocardial
contractile performance during ischemia (28). However, no
study has addressed the effects of propofol on cardiomyo-
cyte hypertrophy. The aims of this study were, therefore, to
investigate the antihypertrophic effect of propofol on Ang
II-induced cardiomyocyte hypertrophy in vitro and to
identify the potential mechanisms that may be responsible
for the putative effect of propofol.

Materials and Methods

Materials. This study complied with the U.S. Na-
tional Institutes of Health Guidelines for the Care and Use
of Experimental Animals and was approved by the Animal
Research Committee of Tongji Medical College, Huazhong
University of Science and Technology (Wuhan, China).
One-day-old Wistar rats were obtained from the Exper-
imental Animal Center of Tongji Medical College, Grate II,
Certificate 19-050.

Pure propofol was purchased from Sigma-Aldrich (St.
Louis, MO) and was diluted in 0.1% dimethylsulfoxide
(DMSO), which was used instead of the commercially
available 10% intralipid emulsion. Ang II was obtained
from Sigma-Aldrich. U0126 (a MEKI1/2 inhibitor) was
obtained from Alexis Biochemicals (Lausen, Switzerland).
Antibodies for ERK, phosphorylated ERK, MEK, phos-
phorylated MEK, NF-kB p65, and histone were purchased
from Santa Cruz Biotechnology Inc. (Santa Cruz, CA).
Texas Red-X phalloidin was obtained from Molecular
Probes Inc. (Eugene, OR). All other chemicals used were of
the highest grade available commercially.

Neonatal Cardiomyocyte Cultures. Primary cul-
tures of 1-day-old neonatal Wistar rat myocytes were
prepared as previously described (29). Minced ventricular
myocardium was placed into D-Hanks’ salt solution with
pH 7.4. The cells were dissociated by a trypsin (0.125%)
digestion in D-Hanks’ salt solution. After each of five
successive 8-min incubations, the dissociated cells were
mixed with Dulbecco’s modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum (FBS) and were
centrifuged and pooled. The dissociated cells were enriched
for cardiomyocytes by the technique of differential adhesion
for 90 mins and were plated at a concentration of 10° cells/
well. Cultures were incubated in a humidified environment
of 5%C0,-95%0, at 37°C. Bromodeoxyuridine (0.1 mM)
was added into the medium to inhibit proliferation of
nonmyocytes. This procedure yielded cultures with 90%—
95% myocytes, as assessed by microscopic observations of
cellular contractions. After a 2-night incubation in DMEM

containing 10% FBS, the attached cells were rinsed and
were maintained in DMEM containing 0.1% FBS. After 48
hrs of serum starvation, cardiomyocytes were pretreated
with propofol or with other agents for 30 mins and
subsequently were stimulated with 0.1 pM Ang II for the
indicated times.

Evaluation of Cytotoxicity. Equal numbers of
cardiomyocytes were plated on a 96-well microplate
(5%10* cells/well). Increasing concentrations of propofol
(3, 10, or 30 uM) were added to cultures after medium
renewal. After 24 hrs of incubation, cytotoxicity was
assessed by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay. The assay is based on the
transformation of the tetrazolium salt MTT by active
mitochondria to an insoluble formazan salt. MTT was
added to each well under sterile conditions (with a final
concentration of 0.5 mg/ml), and the plates were incubated
for 4 hrs at 37°C. Untransformed MTT was removed by
aspiration, and formazan crystals were dissolved in DMSO
(150 pl/well). Formazan was quantified at 540 nm with a
Bio-Rad automated Enzyme Immunoassay Analyzer (Bio-
Rad, Hercules, CA).

Measurement of ROS Production. The determi-
nation of intracellular ROS production was based on the
oxidation of 2’',7'-dichlorodihydrofluorescein (DCFH) to a
fluorescent 2',7’-dichlorofluorescein (DCF). Briefly, cardio-
myocytes were loaded with 20 pM DCFH (Molecular
Probes) for 30 mins at 37°C in the dark.

Cells loaded with DCFH were treated with 0.1 pM Ang
IT in the presence or absence propofol for 30 mins.
Subsequently, the cells were washed twice with phos-
phate-buffered saline (PBS), were detached by trypsin, and
then were measured for DCF fluorescence intensity by
fluorospectrophotometer analysis at an excitation wave-
length of 488 nm and at an emission wavelength of 535 nm.
The cell number in each sample was counted and was
utilized to normalize the fluorescence intensity of DCF.

Protein Synthesis Measurement ([*H]Leucine
Incorporation). Protein synthesis was determined by
assessing the incorporation of labeled leucine from the
extracellular medium into total trichloroacetic acid (TCA)-
precipitable cell proteins (30). Cardiomyocytes cultured for 48
hrs in DMEM with 10% FBS were starved in 0.1% FBS-
DMEM for 48 hrs. Then, cells were treated with 0.1 pM Ang
IT alone or with propofol (3, 10, or 30 uM) for 24 hrs.
[*H]leucine (1 pCi/ml) was added 2 hrs before harvest. At the
end of the labeling incubation, plates were placed on ice, were
quickly washed twice with ice-cold PBS, were incubated for
30 mins with 5% TCA, and were washed again. Precipitates
were solubilized for 30 mins in 0.5 M sodium hydroxide and
were neutralized. Radioactivity was measured by a liquid
scintillation counter.

Northern Blot Analysis. Total mRNA extraction
and Northern blot analysis were performed as previously
described (31). Briefly, after 24 hrs of incubation with
various agents, the cultured myocytes were submitted to
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Figure 1. Effects of propofol on the viability of cardiomyocytes.
Myocytes were cultured in microplate and were incubated with
increasing concentration of propofol. After 24 hrs, cell viability was
determined with the MTT assay. Data reported as means = SD. The
experiments were repeated five times with reproducible results.

RNA extraction. Total RNA was extracted from cultured
cells with TRIzol Reagent (Sigma Chemical Co., St. Louis,
MO). The cDNA probes used were as follows: rat atrial
natriuretic peptide (ANP) cDNA—an 850-bp fragment, and
rat GAPDH—a 1300-bp fragment. The cDNA probes were
labeled with [**P]JdCTP (3 mCi/mmol; New England
Nuclear, Waltham, MA) by random primer extension.
Autoradiography was performed on a Kodak XAR-5 film
(Emeryville, CA) with an intensifying screen at —80°C.
Autoradiograms were quantified by an image analyzer
(LEICA, DC200; Vertrieb, Germany). Results were nor-
malized to GAPDH gene expression.

Immunofluorescence. After being treated with 0.1
uM Ang II alone or with propofol (30 uM) for 24 hrs,
cardiomyocytes were fixed in 4% paraformaldehyde and
were permeabilized with 0.25% Triton X-100. Cells were
incubated for 1 hr in blocking serum and for 2 hrs at room
temperature in the presence of Texas Red-X phalloidin
(1:500). Immunostained cardiomyocytes were viewed by
fluorescence microscopy. Quantitation of cell surface area
was performed on actin-stained cardiomyocytes. At least
100 random cardiomyocytes from five independent experi-
ments were measured by planimetry.

Nuclear Protein Extracts. Following appropriate
experimental treatment, cultured cardiomyocytes were
rinsed with PBS at 0°C and were scraped into the same
buffer. All steps were performed at 0°~4°C. Nuclear protein
extracts from cardiomyocytes were prepared according to
the protocol of the Nuclear Extract Kit (Active Motif,
Carlsbad, CA). The protein concentration of the cell extract
was determined by a Bradford-based assay, and the extracts
were stored at —80°C until use.

Western Blot Analysis. After various treatments,
myocytes were harvested and were lysed for 20 mins in 200
ul lysis buffer (10 mM Tris-HCl, 0.5% NP40, 150 mM
NaCl, 1 mM Na3zVO,, 10 mM NaF, 1 mM phenylmethyl
sulfonylfluoride (PMSF), 1 mM EDTA, 10 pg/ml aprotinin,
10 pg/ml leupeptin, and 1 pg/ml pepstatin). Equal protein
loading in each lane, resolved by SDS-PAGE, was blotted
on nitrocellulose membrane. Membranes were blocked in
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Figure 2. Inhibitory effects of propofol on Ang Ill-induced production
of ROS. Myocytes were preincubated with propofol (3, 10, or 30 uM)
for 30 mins and were stimulated with Ang Il (0.1 pM) for 30 mins. DCF
fluorescence was measured by fluorospectrophotometer analysis.
Data reported as means = SD. # P < 0.01 vs. control group; * P <
0.05 and ** P < 0.01 vs. Ang Il group. The experiments were
repeated five times with reproducible results.

5% nonfat milk powder in Tris-buffered saline (TBS)/0.1%
Tween-20 for 1 hr at room temperature and then were
incubated with specific antibodies in 5% bovine serum
albumin (BSA) in TBS for another hour. Membranes were
incubated with peroxidase-conjugated second antibody in
blocking buffer for 1 hr. The labeled proteins were detected
with enhanced chemiluminescence.

Electrophoretic Mobility Shift Assays (EMSA).
Binding reactions were performed with 10 pg of nuclear
protein in 10 mM Tris, 1 mM dithiothreitol, | mM EDTA, 5%
glycerol, 0.1% Triton X-100, 1 mg poly(dIdC), 5 png BSA,
and 10,000 cpm of [**P]labeled oligonucleotide. The specific
NF-kB consensus oligonucleotides were 5'-AGTTGAGGG-
GACTTTCCCAGGC-3" (Promega, Madison, WI), which
contains a high-affinity NF-xB-binding site. The unlabeled
oligonucleotides were used for competition. DNA complexes
were separated on a 6% nondenaturing polyacrylamide gel in
Tris-HCI (6.7 mM), EDTA (1 mM), and ammonium acetate
(3.3 mM), and then autoradiography was performed.

Statistical Analysis. Results were expressed as
means * standard deviation (SD). Statistical significance
was determined using one-way analysis of variance. The
differences were considered statistically significant at a
value of P < 0.05.

Results

Effects of Propofol on Cardiomyocytes Viabili-
ty. Exposure of cultured cardiomyocytes to propofol (3, 10,
or 30 uM) for 24 hrs did not induce any significant effect on
cardiomyocytes viability (Fig. 1). Additionally, myocyte
monolayers continued to contract synchronously in the
presence of propofol.

Propofol Inhibits Ang ll-Induced Intracellular
ROS. A previous study showed that Ang II increased
intracellular ROS formation (13), which played a key role in
cariomyocyte hypertrophy. Therefore, we examined the
effect of propofol (3, 10, or 30 pM) on Ang Il-increased
intracellular ROS generation. Propofol, in a concentration-
dependent manner, suppressed ROS formation in cardio-
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Figure 3. Inhibitory effects of propofol on Ang ll-induced increase in
[BH]leucine incorporation. Myocytes were preincubated with either
propofol (3, 10, or 30 uM) or NAC (10 mM) for 30 mins and were
stimulated with Ang Il (0.1 uM) for 24 hrs. Protein synthesis rate was
measured as [°H]leucine incorporation. Data reported as means =+
SD. # P < 0.01 vs. control group; ** P < 0.01 vs. Ang Il group. The
experiments were repeated five times with reproducible results.

myocytes as measured after Ang II treatment for 30 mins
(Fig. 2). Propofol was solubilized in 0.1% DMSO. No
significant difference was observed between control and
vehicle (DMSO)-treated groups on the protein synthesis in
cardiomyocytes (data not shown). These data, therefore,
clearly demonstrated that propofol could decrease ROS
production.

Effects of Propofol on Ang ll-Induced Cardio-
myocyte Hypertrophy. Cardiomyocyte hypertrophy is
characterized by increased cell surface area, protein syn-
thesis, and induction of fetal-type genes (e.g., ANP).
Therefore, we examined the effects of propofol on these
parameters. Cardiomyocytes were pretreated with propofol
(3, 10, or 30 uM) for 30 mins before stimulation with 0.1
pM Ang II. After 24 hrs, hypertrophy was determined. The
increase in [3 H]leucine incorporation detected after 24 hrs of
culture in the presence of Ang II was markedly inhibited in
cells preincubated with propofol (Fig. 3). No significant
difference was observed between control and vehicle

L I

(DMSO)-treated groups on the [3H]1eucine incorporation
in cardiomyocytes (data not shown). Moreover, propofol, in
a concentration-dependent manner, significantly depressed
the expression of ANP mRNA induced by Ang II (Fig. 4).
Further, Ang II induced a marked increase in cell surface
area, which was partially inhibited by propofol (Fig. 5). To
determine whether inhibition of Ang II-induced cardio-
myocyte hypertrophy by propofol is via a decrease in ROS
production, we employed N-acetyl-L-cysteine (NAC), a
known antioxidant. The results showed that NAC (10 mM)
significantly reduced protein synthesis and ANP mRNA
expression induced by Ang II in cardiomyocytes (Figs. 3
and 4). These findings implied that propofol inhibited Ang
II-induced hypertrophic responses via attenuation of ROS
in cardiomyocytes.

Effects of Propofol on ERK Phosphorylation in
Cardiomyocytes. We further investigated whether pro-
pofol inhibited the ERK pathway in Ang Il-treated
cardiomyocytes. To investigate the effects of propofol on
ERK activation, myocytes were pretreated with propofol (3,
10, or 30 pM) for 30 mins followed by treatment with 0.1
pM Ang II for 30 mins. The activation of ERK was
examined by Western blot with the phosphospecific
antibody. The data suggested that propofol markedly
inhibited the activations of ERK1/2 induced by Ang II in
a concentration-dependent manner (Fig. 6). The observed
inhibitory effects of propofol on Ang Il-induced ERK1/2
activation were not caused by the decreases in total ERK1/2
protein levels. Moreover, cardiomyocytes treated with NAC
(10 mM) showed significantly decreased ERK1/2 phosphor-
ylation stimulated by Ang II (Fig. 6). These findings
suggested that the inhibitory effects of propofol on Ang II-
activated ERK1/2 might be via a decrease in ROS
production.
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Figure 4. Inhibitory effects of propofol on the Ang Il-induced increase in ANP expression. Myocytes were preincubated with either propofol (3,
10, or 30 uM) or NAC (10 mM) for 30 mins and were stimulated with Ang Il (0.1 pM) for 24 hrs. ANP mRNA expression was measured by
Northern blot. Data reported as means *+ SD. * P < 0.01 vs. control group; * P < 0.05 and ** P < 0.01 vs. Ang Il group. The experiments were

repeated five times with reproducible results.
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Figure 5. Inhibitory effects of propofol on Ang Ill-induced increase in the cell surface area. Myocytes were preincubated with propofol (30 pM) or
NAC (10 mM) for 30 mins and were stimulated with Ang Il (0.1 uM) for 24 hrs. Immunofluorescence was performed with Texas Red-X pholloidin.
Scale bar: 50 um. The cell surface area of cardiomyocytes was measured by directly tracing actin-stained cardiomyocytes. Data reported as
means *= SD. * P < 0.01 vs. control group; ** P < 0.01 vs. Ang Il group. The experiments were repeated five times with reproducible results.

Effects of Propofol on MEK Phosphorylation in
Cardiomyocytes. MEK1/2 phosphorylates and activates
ERK1/2 in response to mitogenic stimuli (32). To elucidate
the mechanism by which propofol inhibited ERK activation,
we examined the effect of propofol on MEK activation in
cardiomyocytes. The protein content of p-MEK1/2 was also
examined by Western blot analysis. As shown in Figure 7,
treatment of cardiomyocytes with 0.1 uM Ang II for 30
mins markedly increased the phosphorylation of MEK1/2.
However, cardiomyocytes pretreated with propofol (3, 10,
or 30 uM) showed significantly decreased Ang Il-induced
MEK1/2 phosphorylation. The observed inhibitory effects
of propofol on Ang II-induced MEK1/2 activation were not
caused by the decreases in total MEK1/2 protein levels.
Moreover, cardiomyocytes treated with NAC (10 mM)
showed significantly decreased MEK1/2 phosphorylation
induced by Ang II. These findings suggested that propofol

*'-l---—‘
-~_— . — pERK '

p-ERK

inhibited the Ang Il-activated MEK1/2 via a decrease in
ROS production in cardiomyocytes (Fig. 7). To further
prove the roles of MEK1/2 on the Ang II-induced cardiac
hypertrophy, cardiomyocytes were pretreated with 20 uM
U0126 for 30 mins followed by stimulation with Ang II for
24 hrs. U0126 showed strong decreases on the Ang II-
induced [*H]leucine incorporation and expression of ANP
mRNA (Fig. 8).

Effects of Propofol on NF-kB Activation. Acti-
vation of NF-kB involves its translocation to the nucleus,
where it binds to DNA and regulates the transcription of a
wide variety of genes. Cardiomyocytes were treated with
Ang II for the indicated times or were preincubated for 30
mins with different concentrations of propofol and then
were treated with Ang II (0.1 pM) for 30 mins. Nuclear
extracts were prepared and were assayed for NF-xB
activation by EMSA. As shown in Figure 9, Ang II induced
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Figure 6. Inhibitory effects of propofol on Ang Il-induced ERK activation. Myocytes were preincubated with either propofol (3, 10, or 30 uM) or
NAC (10 mM) for 30 mins and were stimulated with Ang Il (0.1 uM) for 30 mins. ERK activation was examined by Western blot with the

phosphospecific antibody. Data reported as means + SD. # P < 0.01 vs. control group;

experiments were repeated five times with reproducible results.

* P < 0.05and ** P < 0.01 vs. Ang Il group. The
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NAC (10 mM) for 30 mins and were stimulated with Ang Il (0.1 uM) for 30 mins. MEK activation was examined by Western blot with the
phosphospecific antibody. Data reported as means + SD. * P < 0.01 vs. control group; ** P < 0.01 vs. Ang Il group. The experiments were

repeated five times with reproducible results.

NF-kB activation and propofol inhibited Ang II-mediated
NF-kB activation in a concentration-dependent manner.
Moreover, nuclear extracts treated with NAC (10 mM)
showed significantly decreased NF-kB activity mediated by
Ang II. Further characterization of NF-kB activation was
performed by Western blot by using a p65-specific
antibody. Figure 10 shows the Western blot profile of
nuclear fractions from various treated cells. Histone
monoclonal antibody was used as an internal protein
loading control. Ang II increased the content of NF-xB
p65 in nuclear extracts, which was inhibited by propofol in a
concentration-dependent manner. Moreover, nuclear ex-
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tracts treated with NAC (10 mM) showed significantly
decreased amount of NF-kB p65 stimulated by Ang II (Fig.
10). These findings suggest that propofol inhibited NF-kB
activation induced by Ang II, and the effects of propofol
might be via a decrease in ROS production in cardiomyo-
cytes.

Discussion

The key finding that emerges from this study is the
display or antihypertrophic actions of propofol in cardio-
myocytes. Moreover, the antihypertrophic actions of
propofol are mediated, at least in part, via reduction of
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Figure 8. Inhibitory effects of U0126 on Ang ll-induced cardiomyocyte hypertrophy. Myocytes were preincubated with U0126 (20 pM) for 30
mins and were stimulated with Ang Il (0.1 uM) for 24 hrs. Protein synthesis rate was measured as [®H]leucine incorporation and ANP mRNA
expression was measured by Northern blot. Data reported as means + SD. # P < 0.01 vs. control group; ** P < 0.01 vs. Ang Il group. The

experiments were repeated five times with reproducible results.
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Figure 9. Inhibitory effects of propofol on Ang ll-induced NF-xB
binding activity. Myocytes were preincubated with either propofol (3,
10, or 30 uM) or NAC (10 mM) for 30 mins and were stimulated with
Ang Il (0.1 uM) for 30 mins; then, nuclear extracts were prepared and
were assayed for NF-xkB activation by EMSA. Data reported as
means + SD. # P < 0.01 vs. control group; * P < 0.05 and ** P <
0.01 vs. Ang Il group.

superoxide levels in neonatal cardiomyocytes. Further, both
MEK and ERK phosphorylation and NF-«xB activation in
Ang II-stimulated cells are inhibited by propofol.
Cardiomyocyte hypertrophy refers to the increase of a
cell’s volume and myocomma and to the changes of types of
contracting proteins at the same time. In its early stage, it is
a compensatory response, but, if prolonged, the heart may
undergo a transition to heart failure. Therefore, it is

p65; _h :
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important to prevent the process of cardiomyocyte hyper-
trophy induced by extracellular signals for any proposed
therapy to regulate the myocardial hypertrophic responses
(33, 34). Ang II, as an important neuroendocrine factor, can
not only regulate the physiologic functions of the cardio-
vascular system, but also make a vital role in physiopatho-
logic processes, such as myocardial hypertrophy or heart
failure (35); in addition, multiple intracellular pathways in
Ang II signaling have been reported. Adult rat ventricular
myocytes are strongly physically connected by intercalated
discs and an extracellular matrix and therefore are more
difficult to isolate. Thus, adult mouse cardiac myocytes are
particularly difficult to maintain in culture, although success
has been reported. Even if successfully cultured, these cells
begin to dedifferentiate over time and lose important aspects
of the adult cardiomyocyte phenotype. Therefore, it is not
optimal for biochemical or molecular biological approaches.
For these reasons, neonatal rat ventricular myocytes were
chosen for models in present study.

In the present work, accompanied by changes in
[*H]leucine incorporation and fetal gene (ANP) expression,
Ang II enhanced the cell surface area of cardiomyocytes, a
direct indication of cellular hypertrophy, which is consistent
with previous results (36). Moreover, the hypertrophic
effects of Ang II were also accompanied by the increased
generation of ROS in cardiomyocytes. All these above
actions of Ang II were inhibited by either propofol or by the
antioxidant NAC. Taken together, Ang II induced cardio-
myocytes hypertrophy in part via the generation of ROS, in
line with previous studies (11, 13, 37).

ROS, including superoxide anion, hydrogen peroxide,
and hydroxyl radical (38), have been proposed to activate
crucial signaling cascades, have mitogenic effects, and play
an important role in cardiomyocyte hypertrophy mediated
by Ang II (10, 11, 39). Upon Ang II stimulation, ROS are
generated via membrane-bound NAD(P)H oxidase (11, 12),
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Figure 10. Inhibitory effects of propofol on Ang ll-induced NF-kB p65 translocation. Myocytes were preincubated with either propofol (3, 10, or
30 uM) or NAC (10 mM) for 30 mins and were stimulated with Ang Il (0.1 pM) for 30 mins. The translocation of NF-kB p65 into the nucleus was
examined by Western blot with p65 antibody. Data reported as means = SD. * P < 0.01 vs. control group; * P < 0.05 and ** P < 0.01 vs. Ang I
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might alter the activities of MAPK pathways, and modulate
the subsequent development of cardiomyocyte hypertrophy
(13, 40). Additionally, suppression of ROS formation
inhibits Ang II-induced hypertrophy (40, 41).

Propofol, known as a general anesthetic, is chemically
similar to a-tocopherol (42) and exhibits potent scavenging
action against superoxide anion and hydrogen peroxide. It
has been reported that propofol, at clinically relevant
concentrations, can protect cardiomyocyte function during
ischemia by counteract the effects of increased production
of free radical compounds (28). In the present study,
propofol inhibited cardiomyocyte hypertrophy and the
phosphorylation of ERKI1/2 induced by Ang II. One
possible explanation for the effects of propofol in
cardiomyocytes thus may be its ability to decrease ROS
production. However, further experiments will be necessary
to identify the detailed mechanisms by which propofol
exerts its antigrowth effects in cardiomyocytes.

MEK1/2, an immediate upstream regulator of ERK,
phosphorylates and activates ERK1/2 but not JNK or p38 in
response to Ang II stimulation (32). Transgenic over-
expression of MEKI1/2 results in considerable cardiac
hypertrophy (43). As an inhibitor of MEK, U0126 has
marked antihypertrophic effects on cardiomyocyte hyper-
trophy and downregulates some hypertrophic gene expres-
sions (44). U0126 also abolishes prostaglandin E,—induced
cardiac hypertrophy in a dose-dependent manner (45).
Furthermore, UO0126 inhibits endothelin-1 and phenyl-
ephrine-induced protein synthesis and increased cell surface
area, sarcomeric reorganization, and expression of the -
myosin heavy chain in myocytes (46). Our results indicate
that UO126 inhibits Ang Il-induced protein synthesis and
expression of ANP mRNA. The inhibition pattern of MEK
activation by propofol was consistent with that of ERK1/2
activation, which indicates that the MEK/ERK pathway may
be involved in the antihypertrophic effect of propofol and
that propofol inhibited the Ang Il-activated MEK1/2 via a
decrease in ROS production in cardiomyocytes.

Transcriptional regulation is critical for molecular
signaling in a cellular response that involves interactions
between the proteins of the general transcriptional apparatus
and proteins that bind gene-specific enhancer elements.
Oxidative stress has long been known to induce nuclear
transcriptional factors, such as NF-kB, and has been thought
to be crucial for NF-kB activation in cells. Ang II has been
implicated in the activation of NF-xB in cardiac myocytes
(19), and the vasoactive peptides induce hypertrophy, at
least in part, via ROS-dependent activation of NF-kB (18).
It is of note that the activation of NF-kB is a downstream
target of the phopho-ERK. We therefore examined the
effects of propofol on the activation of NF-kB. Our results
indicate that either propofol or NAC inhibits Ang II-
induced NF-xB activation. These results suggest that a
decrease of Ang II-induced ROS production by propofol
leads to inhibition of NF-kB. Nevertheless, we can not rule
out the possibilities that some other mechanisms are also

involved in the growth-inhibitory effects of propofol in
cardiomyocytes. The molecular mechanism underlying
antihypertrophic effect of propofol remains to be further
explored.

Taken together, the present study delivers important
new insights to the molecular mechanisms of actions of
propofol on cardiomyocytes. Our results indicated that
propofol markedly depresses Ang Il-induced cardiomyo-
cyte hypertrophy in vitro. The inhibition of MEK/ERK
pathway may be involved in the antihypertrophic effect.
Moreover, propofol could modulate the redox-sensitive
steps involved in the Ang II signaling pathway. Although
the precise mechanism by which propofol inhibits the
development of cardiac hypertrophy remains to be further
clarified, understanding the pharmacologic actions of
propofol on cardiac cells may contribute to the choice of
anesthetic in anesthesia and sedation for the people who
suffer from cardiovascular diseases.
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