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a b s t r a c t

Aim of the study: To evaluate the protective effect of baicalein on myocardial dysfunction caused by
endotoxaemia in rats and to explore the possible mechanisms.
Materials and methods: Baicalein (10 mg/kg, intravenous) was administered to conscious Wistar rats
30 min after lipopolysaccharide (LPS; 10 mg/kg, intravenous) challenge. Six hours after LPS administra-
tion, the contractile function of the isolated heart was examined using the Langendorff technique. Cardiac
protein expression related to inflammatory responses, superoxide anion production and caspase-3 activ-
ity were measured.
Results: Post-treatment with baicalein significantly attenuated the LPS-induced hypotension with accom-
panying tachycardia. The contractile function of isolated heart was significantly preserved 6 h after LPS
poptosis
nflammation
xidative stress

administration, following treatment with baicalein. Furthermore, baicalein induced the expression of
heme oxygenase-1 protein and reduced superoxide anion formation in the myocardium of LPS-treated
rats. Cardiac levels of inducible nitric oxide synthase, monocyte chemoattractant protein-1, phospho-
I�B� and phospho-p65 protein and caspase-3 activity significantly increased 6 h after LPS challenge but
baicalein significantly attenuated these LPS-induced changes.
Conclusions: Baicalein improves myocardial contractility in LPS-induced sepsis, which may be related to

ress,
reductions in oxidative st

. Introduction

Myocardial depression is a well-recognized manifestation of
rgan dysfunction in sepsis. Cardiac dysfunction in sepsis is charac-

erized by decreased contractility, impaired ventricular response to
uid therapy and, in some patients, ventricular dilatation (Zanotti-
avazzoni and Hollenberg, 2009). Several mediators including
ytokines such as tumour necrosis factor (TNF)-�, interleukin (IL)-

Abbreviations: LPS, lipopolysaccharide; ROS, reactive oxygen species; LVDP, left
entricular developed pressure; iNOS, inducible nitric oxide synthase; MCP, mono-
yte chemoattractant protein; HO, heme oxygenase.
∗ Corresponding author. Tel.: +886 2 27361661x3199; fax: +886 2 27390450.

E-mail address: sheujr@tmu.edu.tw (J.-R. Sheu).

378-8741/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.jep.2011.03.009
myocardial inflammatory responses and apoptosis.
© 2011 Elsevier Ireland Ltd. All rights reserved.

1� and IL-6, prostanoids and nitric oxide (NO) have been proposed
to be myocardial depressant factors (Merx and Weber, 2007).

Triggering through toll-like receptors by bacterial ligands, such
as lipopolysaccharide (LPS), initiates signalling cascades that result
in the activation of NF-�B, which drives transcription of a range
of important pro-inflammatory cytokines and chemokine genes
(Sriskandan and Altmann, 2008). In fact, NF-�B can be rapidly acti-
vated by many pathogenic stimuli including TNF-� and IL-1. In
addition, reactive oxygen species (ROS) have been shown to be
involved in NF-�B activation (Schreck et al., 1991; Adcock et al.,

1994). LPS-induced cardiac dysfunction may be in part the result
of production of ROS mediated by inflammatory mediators such as
TNF-� (Rudiger and Singer, 2007). In addition, the redox-sensitive
gene heme oxygenase-1 (HO-1) can be activated by oxidative stress
to induce HO-1 protein expression, resulting in cytoprotective

dx.doi.org/10.1016/j.jep.2011.03.009
http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:sheujr@tmu.edu.tw
dx.doi.org/10.1016/j.jep.2011.03.009
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ffects in various diseases (Takahashi et al., 2004). It has been sug-
ested that manipulation of the HO-1 pathway may represent a
ossible therapeutic strategy to counteract the oxidative stress of
ndotoxaemia and to limit myocardial deformation (Tamion et al.,
010).

Chemokines have been shown to participate in the pathogenesis
f sepsis (Ramnath et al., 2008). Monocyte chemoattractant protein
MCP)-1, a prototype CC chemokine, is a potent chemoattractant
nd a regulatory mediator involved in a variety of inflamma-
ory diseases (Luster, 1998). MCP-1 expression is regulated at the
ranscriptional level by stimulatory agents such as TNF-�, inter-
eron (IFN)-�, platelet-derived growth factor and stress factors
Melgarejo et al., 2009). Recently, anti-MCP-1 treatment has been
roposed to be of potential therapeutic value in the treatment of
epsis and endotoxaemia (Ramnath et al., 2008).

There is increasing evidence that apoptosis is also involved
n sepsis-induced cardiovascular dysfunction (Ayala et al., 2008;

ard, 2008). Apoptosis is potentially triggered by cytokines, TNF-�,
OS and NO released by infiltrating polymorphonuclear leukocytes
r macrophages (Zhao and Vinten-Johansen, 2002). Therapeu-
ic strategies aimed at inhibition of apoptosis have resulted in
mproved cardiac function in animal models of sepsis (Fauvel et al.,
001; Nevière et al., 2001; Buerke et al., 2008).

Huang Qin (Scutellaria baicalensis Georgi) is a medicinal plant
fficially listed in the Chinese Pharmacopoeia. It is traditionally
sed for the treatment of various inflammatory diseases, hepati-
is, tumours and diarrhoea. Scutellaria baicalensis Georgi contains
our major flavones: wogonin, wogonoside, baicalein and baicalin,
hich make up about 1.3%, 3.55%, 5.41% and 10.11%, respectively,

f the dry material (Li-Weber, 2009). Baicalein (5,6,7-trihydroxy-
-phenyl-4H-1-benzopyran-4-one) shows a variety of biological
ctivities, including anti-thrombotic (Kimura et al., 1997), anti-
iral (Wu et al., 2001), anti-cancer (Zhang et al., 2003), anti-oxidant
Bochorakova et al., 2003) and anti-inflammatory (Shen et al., 2003)
ctivities. In an in vitro study, baicalein suppressed the LPS-induced
roduction of NO in RAW264.7 mouse macrophages (Wakabayashi,
999). Recently, we reported that baicalein reduces plasma NO lev-
ls in vivo in septic rats, leading to improved vasoreactivity, blood
ressure and survival rate (Cheng et al., 2007). However, it is uncer-
ain whether the beneficial effect of baicalein on cardiac contractile
unction directly contributes to the prevention of circulatory fail-
re. Therefore, the aim of this study was to evaluate the protective
ffect of baicalein on myocardial dysfunction caused by endotox-
emia in conscious rats and to explore the possible mechanisms.

. Materials and methods

.1. Animal preparation

Wistar-Kyoto rats (male, 280–300 g) were purchased from the
ational Laboratory Animal Breeding and Research Center of the
ational Science Council, Taiwan. Handling of the animals was in
ccordance with the Guide for the Care and Use of Laboratory Animals
ublished by the US National Institutes of Health (NIH Publication
o. 85-23, revised in 1985). This study was approved by the Institu-

ional Animal Care and Use Committee of National Defense Medical
enter, Taiwan. All animals were housed at an ambient temperature
f 23 ± 18 ◦C and humidity of 55 ± 5%. Rats were anaesthetized by
ntraperitoneal injection of sodium pentobarbital (40–50 mg/kg).
he left carotid artery was cannulated and exteriorized to the back

f the neck and connected to a pressure transducer (P23ID, Statham,
xnard, CA, USA) to measure phasic blood pressure, mean arterial
lood pressure (MBP) and heart rate, which were displayed on a
olygraph recorder (ML 785 PowerLab, AD instruments, Castle Hill,
ustralia). The right jugular vein was cannulated and exteriorized
macology 135 (2011) 179–185

to the back of the neck for the administration of drugs. After the
catheters were fixed, rats were fasted overnight for recovery but
allowed water ad libitum.

2.2. Experimental groups

The animals were randomly allocated into four groups (n = 6
in each group): (1) sham group (1 mL/kg normal saline given
intravenously); (2) sham + Bai group (10 mg/kg baicalein given
intravenously); (3) LPS group, Escherichia coli LPS (10 mg/kg, intra-
venous infusion over 10 min); (4) LPS + Bai group, Escherichia coli
LPS 10 mg/kg plus baicalein (10 mg/kg, intravenously). The dose of
baicalein used was based on our previous study on sepsis (Cheng
et al., 2007). Bacterial LPS (Escherichia coli serotype 0127:B8, L3127)
and baicalein were obtained from Sigma Chemical Company (St.
Louis, MO, USA). The experiments were performed on pairs of
conscious rats, a model that is likely to be clinically relevant
(Mathiak et al., 2000) and avoids the interference of anaesthetics
with cytokine release (Yang et al., 2007). After recording base-
line haemodynamic variables, LPS was infused and baicalein or
vehicle (0.3 mL dimethyl sulfoxide) infusion was started 30 min
after LPS treatment. The changes in blood pressure and heart rate
were monitored for 6 h in all animal groups. The state of conscious
rats after LPS administration became gradually less active: they
moved slowly and appeared immobile after 5–6 h. The blood glu-
cose levels significantly increased at 1 h after LPS administration
(� 50 ± 7.8 mg/dL) compared with basal levels (102 ± 3.1 mg/dL).
Hyperglycaemia was used as an indicator of successful induction
of sepsis by LPS challenge. At the end of each experiment, the
rats were euthanized by intraperitoneal administration of pento-
barbital (60 mg/kg) with 5000 USP units of heparin added as an
anti-coagulant.

2.3. Isolated heart preparation and left ventricular pressure
recording

Hearts were isolated 6 h after LPS administration and perfused
with a modified Krebs–Henseleit solution equilibrated with 95%
O2 and 5% CO2 at a constant flow of 7–9 mL/min and tempera-
ture of 37 ◦C when being mounted on the Langendorff apparatus.
The buffer contained 118.0 mM NaCl, 4.7 mM KCl, 1.8 mM CaCl2,
1.2 mM KH2PO4, 1.2 mM MgSO4, 25.0 mM NaHCO3 and 11.0 mM
glucose. A 2 F high-fidelity micro-manometer catheter containing
a pressure transducer (SPR-407, Millar Institute, Houston, TX, USA)
was inserted into the left ventricle via the left atrium. The heart
was paced at 300 beats/min and allowed to equilibrate for 15 min.
Left ventricle contractility was continuously evaluated by the left
ventricular developed pressure (LVDP) and the rates of contraction
and relaxation (+dP/dt and −dP/dt) measured using a PowerLab/8SP
analogue-to-digital converter (ADInstruments).

2.4. Western blot analysis

Six hours after LPS administration, the left ventricular
myocardium was isolated, immediately frozen in liquid nitrogen
and stored at −80 ◦C until processed. Detection of the proteins
by Western blotting was performed as described previously (Chen
et al., 2006). The primary antibody probes in this experiment were
mouse monoclonal anti-inducible nitric oxide synthase (iNOS)
(BD Biosciences, USA; 1:2000), anti-phospho-I�B� (Cell Signalling,
USA; 1:1000) and anti-phospho-p65 (Epitomics, USA; 1:1000)

and mouse polyclonal anti-MCP-1 (eBioscience, USA; 1:1000) and
anti-HO-1 (Santa-Cruz, USA; 1:1000). To standardize densitome-
try measurements between individual samples, the ratios of iNOS,
phospho-I�B�, phospho-p65, MCP-1 or HO-1 to �-actin were cal-
culated.
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Fig. 1. Effects of post-treatment with baicalein on mean arterial blood pressure (A)
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.5. Superoxide anion production in myocardium 6 h after LPS
dministration

Superoxide anion production in the left ventricular myocardium
as measured by modified lucigenin-enhanced chemilumines-

ence and was performed as described previously (Chen et al.,
006; Shih et al., 2008). Samples of left ventricle (3 × 3 mm) taken
h after LPS administration were used. Scintillation plates con-

aining Krebs-HEPES buffer with lucigenin (1.25 mM) were placed
nto a microplate luminometer (Hidex, Microplate Luminometer,
inland). These results were expressed as counts per second (CPS)
er milligram dry weight of myocardium.

.6. Measurement of caspase-3 activity in cardiac tissue

Cardiac caspase-3 activity was determined using colorimetric
ssay kits (Assay Designs, MI, USA) according to the manufacturer’s
nstructions. Results are expressed as units/�g protein.

.7. Statistical analysis

The data are expressed as group means ± SEM. Statistical evalu-
tion was performed with one-factor analysis of variance followed
y the Newman–Keuls post hoc comparison test. A P value of less
han 0.05 was deemed significant.

. Results

.1. Effects of baicalein on haemodynamic changes in
ndotoxaemic rats

The haemodynamic data including MBP and heart rate are
hown in Fig. 1. The basal MBP of rats did not differ significantly
etween the four groups. In the sham and sham + Bai groups, there
as no significant change in MBP during the experimental period.

n the LPS group, rats showed a marked fall in MBP 30 min after
PS administration, which lasted until 1 h after LPS and then pro-
ressively increased between 1 and 2 h, followed by an increasing
ate of decrease in MBP for 2–6 h after LPS. Post-treatment with
aicalein 30 min after LPS administration significantly attenuated
he hypotension caused by LPS.

The basal heart rate did not differ significantly between the four
roups. In the sham and sham + Bai groups, there was no significant
hange in heart rate during the experimental period. LPS adminis-
ration caused a significant increase in heart rate during the first
–3 h of the experimental period compared with the sham group,
nd then progressively decreased to the basal level. Post-treatment
ith baicalein 30 min after LPS administration also resulted in a
rofound elevation of heart rate, which was maintained at a sig-
ificantly higher level than in the sham group until the end of the
xperiment (6 h after LPS).

.2. Effects of baicalein on cardiac contractile dysfunction caused
y LPS

The LVDP (Fig. 2A) and average ±dP/dt (Fig. 2B and C) evalu-
ted at 6 h after LPS administration were significantly decreased

n the hearts of the LPS-treated groups compared with those of
he sham group (P < 0.05). Post-treatment with baicalein resulted
n the recovery of LVDP and ±dP/dt compared with the LPS groups
P < 0.05). Baicalein alone (sham + Bai group) did not significantly
ffect these parameters of cardiac contractile function.
and changes in heart rate (B) in conscious rats with sepsis induced by LPS injection.
Baicalein (Bai) 10 mg/kg was given 30 min after LPS 10 mg/kg injection. Values are
expressed as mean ± SEM. *P < 0.05 vs. the sham group; #P < 0.05 vs. the LPS group,
n = 6.

3.3. Effects of baicalein on cardiac iNOS, MCP-1, phospho-I�B˛,
phospho-p65, and HO-1 protein expression

Six hours after administration of LPS, the levels of cardiac
protein expression of iNOS (Fig. 3A and B), MCP-1 (Fig. 3C and
D), phospho-I�B� (Fig. 4A and B) and phospho-p65 (Fig. 4C
and D) were significantly elevated compared with those in the
sham group (P < 0.05). Post-treatment with baicalein significantly
reduced expression of these pro-inflammatory proteins compared
with the LPS group (P < 0.05). However, the levels of iNOS and
MCP-1 in the LPS + Bai group were significantly higher than those
in the sham group (P < 0.05). By contrast, the level of HO-1 pro-
tein was markedly reduced 6 h after LPS administration compared
with that of the sham group (P < 0.05), whereas post-treatment
with baicalein significantly elevated the induction of HO-1 dur-
ing endotoxaemia (P < 0.05) (Fig. 5A and B). Cardiac expression
of iNOS, MCP-1, phospho-I�B�, phospho-p65 and HO-1 protein
in the sham + Bai group did not differ from those of the sham
group.
3.4. Effects of baicalein on superoxide anion production

The levels of superoxide anion production in left ventricu-
lar myocardium 6 h after LPS administration were significantly
elevated compared with the sham group. Post-treatment with
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Fig. 2. Effects of post-treatment with baicalein on cardiac contractile dysfunction
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Fig. 3. Effects of post-treatment with baicalein on (A, B) iNOS and (C, D) MCP-1 pro-
tein expression in left ventricular myocardium of rats 6 h after being subjected to LPS
aused by LPS. A: left ventricular developed pressure (LVDP); B and C: +dP/dt
nd −dP/dt in hearts 6 h after being subjected to LPS administration. Baicalein
Bai) 10 mg/kg was given 30 min after LPS 10 mg/kg injection. Data are given as

ean ± SEM. *P < 0.05 vs. the sham group, #P < 0.05 vs. the LPS group, n = 6.

aicalein significantly inhibited this increase in superoxide
nion production compared with that of the LPS group (sham:
3.5 ± 3.9; LPS: 58.6 ± 5.2; LPS + Bai: 35.4 ± 5.1 CPS/mg tissue
eight, n = 6) (P < 0.05) (Fig. 5C). The level of superoxide anion

n the sham + Bai group (19.5 ± 2.8 CPS/mg tissue weight, n = 6)
id not differ significantly from that of the sham group
P > 0.05).

.5. Effects of baicalein on cardiac caspase-3 activity

Six hours after administration of LPS, the caspase-3 activ-

ty in the LPS group was significantly higher than that of the
ham group (sham: 326.3 ± 17.2; LPS: 546.5 ± 16.0 units/�g pro-
ein) (P < 0.05) (Fig. 6). Post-treatment with baicalein (LPS + Bai:
18.4 ± 23.7 units/�g protein) significantly reduced the induc-
ion of caspase-3 activity by LPS (P < 0.05), but it remained
administration. Representative Western blots are shown. Baicalein (Bai) 10 mg/kg
was given 30 min after LPS 10 mg/kg injection. Data are given as mean ± SEM.
*P < 0.05 vs. the sham group, #P < 0.05 vs. the LPS group, n = 6.

significantly higher than that of the sham group (P < 0.05). The
level of caspase-3 activity in the sham + Bai group (345.4 ± 20.6

units/�g protein) did not differ significantly from that of the
sham group. This result indicated that post-treatment with
baicalein may attenuate myocardial apoptosis induced by endo-
toxaemia.
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Fig. 4. Effects of post-treatment with baicalein on (A, B) phospho-I�B� and (C, D)
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Fig. 5. Effects of post-treatment with baicalein on (A, B) heme oxygenase-1 (HO-
1) protein expression and (C) superoxide anion production in left ventricular
myocardium of rats 6 h after being subjected to LPS administration. Representa-
tive Western blots are shown. Baicalein (Bai) 10 mg/kg was given 30 min after LPS
10 mg/kg injection. Data are given as mean ± SEM. CPS: counts per second, *P < 0.05
vs. the sham group, #P < 0.05 vs. the LPS group, n = 6.
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. Discussion

In a previous study, we showed that baicalein improves cir-
ulatory failure and the survival rate in septic rats (Cheng et al.,
007). Here, we further investigated the cardioprotective effect

f baicalein during endotoxaemia, which may directly contribute
o prevention of circulatory failure. Baicalein improved cardiac
ontractile function and prevented occurrence of septic shock 6 h
fter administration of LPS, accompanied by sustained tachycar-
ia. An anti-inflammatory effect is involved in cardioprotection

Fig. 6. The effect of post-treatment with baicalein on caspase-3 activity in left ven-
tricular myocardium of rats 6 h after being subjected to LPS administration. Baicalein
(Bai) 10 mg/kg was given 30 min after LPS 10 mg/kg injection. Data are given as
mean ± SEM. *P < 0.05 vs. the sham group, #P < 0.05 vs. the LPS group, n = 6.
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y baicalein, evidenced by attenuation of cardiac iNOS and MCP-
protein expression and suppression of cellular NF-�B activation.

nduction of cardiac HO-1 production and the anti-apoptotic effects
f baicalein may also contribute to prevention of myocardial
epression. However, LPS challenge caused complex and seri-
us inflammatory responses. Rats were treated with baicalein
0 min after LPS challenge (i.e., post-treatment) to evaluate the
herapeutic effect: the inflammatory responses had been initi-
ted before baicalein treatment. Therefore, it was difficult to
everse totally the LPS-induced effects, but partial reversal was
chieved.

In sepsis, heart rate and cardiac output are increased, seemingly
o compensate for a general vasodilatation and to maintain blood
ressure (Bradley et al., 1945). In this study, baicalein improved
ardiac contractile function and maintained blood pressure at a
igh level in septic rats, accompanied by a lasting tachycardia. An

ncrease in heart rate can be a compensatory effect to maintain
lood pressure and cardiac output to improve perfusion to organs
nd prevent multiple organ failure at late-stage sepsis. Baicalein
lone (sham + Bai group) did not elicit this increase in heart rate.
his indicates that baicalein preserved cardiac function, thus main-
aining circulatory function to the late phase of endotoxaemia.
owever, the possibility that a sustained rise in heart rate is a
otential side effect of baicalein in sepsis cannot be ruled out.

Sepsis leads to the expression of iNOS, which produces high
evels of NO, in the myocardium (Preiser et al., 2001; Khadour
t al., 2002). This is responsible for direct effects on vascular tone,
epression of mitochondrial respiration and further release of pro-

nflammatory cytokines, leading to myocardial depression (Rudiger
nd Singer, 2007). NO reacts with superoxide anion to gener-
te a cytotoxic product, peroxynitrite (Pacher et al., 2007), which
lso contributes to myocardial dysfunction. In our previous study,
aicalein suppressed iNOS expression in aorta and plasma levels of
O metabolites in sepsis (Cheng et al., 2007). In the present study,
e also showed that baicalein suppressed iNOS induction by LPS in

ardiac tissues (Fig. 3A and B), which contributed to improvement
f the LPS-induced myocardial dysfunction by baicalein.

The innate immune response is activated in sepsis (O’Brien et al.,
007). A systemic response to infection brought about by various

nflammatory mediators, such as cytokines and chemokines, leads
o the infiltration of specific leukocyte populations including neu-
rophils and monocytes into host tissues. MCP-1, a prototype CC
hemokine, is a potent chemoattractant and a regulatory mediator
nvolved in a variety of inflammatory diseases (Luster, 1998). MCP-
expression is regulated at the transcriptional level by stimulatory
gents such as TNF-�, IFN-�, platelet-derived growth factor and
tress factors (Melgarejo et al., 2009). Recently, anti-MCP-1 treat-
ent has been proposed to be of potential therapeutic value in the

reatment of sepsis and endotoxaemia (Ramnath et al., 2008). In
he present study, we demonstrated for the first time that baicalein
uppresses MCP-1 expression (Fig. 3C and D), which could reduce
he influx of macrophages into tissues and alleviate the inflamma-
ory responses during sepsis.

NF-�B is clearly one of the most important regulators of
ro-inflammatory gene expression. Triggering through toll-like
eceptors by bacterial ligands, e.g., LPS, initiates signalling cascades
hat result in the activation of NF-�B, which drives transcription of
range of important pro-inflammatory cytokines and chemokine

enes, such as TNF-�, IL-1�, IL-6, IL-8 and iNOS. In fact, NF-�B
an be rapidly activated by many pathogenic stimuli, including
NF-� and IL-1 (Xie et al., 1994; Sriskandan and Altmann, 2008).

ost-treatment with baicalein attenuated the LPS-induced NF-�B
ctivation in myocardium evidenced by suppression of phospho-
�B� and phospho-p65 levels. This contributed to the reduction
f iNOS and MCP-1 expression, leading to amelioration of cardiac
nflammation.
macology 135 (2011) 179–185

In addition, ROS have been shown to be involved in NF-�B acti-
vation (Schreck et al., 1991; Adcock et al., 1994). Anti-oxidants have
been reported to possess beneficial effects in sepsis (Berger and
Chiolero, 2007). LPS-induced cardiac dysfunction may be in part
the result of ROS production induced by inflammatory mediators
such as TNF-� (Rudiger and Singer, 2007). Elevated oxidative stress
can induce HO-1 protein expression, which can produce protective
effects in various diseases (Takahashi et al., 2004). The porphyrin
ring of haem can be broken by HO-1 to yield equimolar amounts of
biliverdin IX�, free iron (Fe2+) and carbon monoxide (CO). Iron, an
oxidant, is directly sequestered and inactivated by co-induced fer-
ritin (Harrison and Arosio, 1996). Biliverdin IX� is rapidly converted
by biliverdin reductase to bilirubin IX�, which has been reported
to be an anti-oxidant (Stocker et al., 1987). CO can suppress inflam-
matory responses and apoptosis (Otterbein et al., 2000). Beneficial
effects of the HO-1/CO system in patients with severe sepsis/septic
shock have recently been reported (Takaki et al., 2010). It has been
suggested that manipulation of the HO-1 pathway may represent a
future therapeutic strategy to counteract oxidative stress in endo-
toxaemia (Tamion et al., 2010). In the present study, baicalein was
able to induce cardiac HO-1 expression at the late stages of sepsis,
which may attenuate free radical formation and contribute to its
anti-inflammatory effect.

Inhibition of apoptosis in animal models of sepsis has resulted
in improved cardiac function (Fauvel et al., 2001; Nevière et al.,
2001; Buerke et al., 2008). The cysteine proteases comprising the
caspase family have been considered one of the major execution-
ers of programmed cell death or apoptosis (Yaginuma et al., 2001).
Caspase-3 is involved in a wide variety of functional responses
in ventricular myocytes including a negative inotropic response
(Laugwitz et al., 2001). Caspase-3 activation directly targets the
three main components of the myofilament machinery, namely,
�-actin, �-actinin and troponin T, and induces the breakdown
of myofibrillar proteins, leading to a decrease in ATPase activ-
ity and force development (Communal et al., 2002). Apoptosis is
potentially triggered by cytokines, TNF-�, ROS and NO released by
infiltrating polymorphonuclear leukocytes or macrophages (Zhao
and Vinten-Johansen, 2002). Baicalein reduces plasma levels of
TNF-� (Cheng et al., 2007), attenuates superoxide anion formation
and suppresses iNOS and MCP-1 expression in cardiac tissue, which
would all lead to a decrease in LPS-induced apoptosis of cardiomy-
ocytes.

5. Conclusions

Baicalein, an active flavone from Scutellaria baicalensis Georgi,
improves cardiac contractile function by means of its anti-
inflammatory effects. Its anti-oxidant and anti-apoptotic effects
may also contribute to the cardioprotective effects of baicalein.
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