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Abstract: The incidence and mortality of heart disease are the highest among all diseases all over the world, and are still
increasing with a world wide rise in living standards. To find effective treatments for prevention and curing heart disease,
it is important to understand the mechanisms behind the cause and the development of the disease. Increasing evidences
have shown that reactive oxygen species (ROS) and reactive nitrogen species (RNS) play important roles in the initiation
and progression of heart disease. The potential of using antioxidants, especially the natural antioxidants, in preventing and
curing the disease has attracted enormous interest. In this paper we reviewed the progress made in understanding the oxidative stress caused by myocardial ischemia-reperfusion and the cardioprotective effect of natural antioxidants against
ischemia-reperfusion injury.
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1. INTRODUCTION
The incidence and mortality of heart disease are the highest among all disease in China and all over the world, and are
still increasing with the rising living standards. To find effective treatment and prevention of the heart disease, it is important to thoroughly understand the pathobiology of the
disease. Increasing evidences have shown that reactive oxygen species (ROS) and reactive nitrogen species (RNS) play
important roles in the development of heart disease [1-12].
Generation of ROS and RNS are normally tightly regulated.
At low and moderate concentrations, ROS/RNS mediate
signal transduction cascades involved in a variety of cellular
and physiological functions, and are important for defense
against infectious agents. In contrast, overproduction of
ROS/RNS results in oxidative stress, a deleterious process
that causes damages to cell structures including lipids, proteins, and DNA, which can eventually lead to cellular senescence and apoptosis [13, 14]. Oxidative stress has been detected during myocardial ischemia-reperfusion while antioxidants protect heart from ischemia-reperfusion injury.
Therefore, the potential of using antioxidants, especially
natural antioxidants, in prevention and treatment of heart
disease has attracted enormous interest [15-20]. In this paper
we reviewed the progress made in understanding the oxidative stress caused by myocardial ischemia-reperfusion and
the cardioprotective effect of natural antioxidants against
ischemia-reperfusion injury.
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2. OXIDATIVE STRESS IN ISCHEMIA-REPERFUSED
HEART
2.1. ROS Generated During Myocardial Ischemia-Reperfusion
ROS include hydroxyl radical (•OH), superoxide free
radical (O2•-), hydrogen peroxide (H2O2), singlet oxygen, and
other reactive molecules containing oxygen atoms. Due to
the high rate of oxidative metabolic activity, the heart is extremely susceptible to the damage caused by oxygen radicals. During myocardial ischemia/reperfusion (IR), ROS can
be generated from mitochondrial respiratory chain, ischemiaactivated xanthine/hypoxanthine oxidase and lipid metabolism [1].
Electron paramagnetic resonance (EPR) spectroscopy can
be applied to measure free radical directly. To determine the
free radical generation during ischemia-reperfusion, Zweier
et al. examined perfused rabbit hearts using EPR [2, 3]. Hearts were freeze-clamped at 77 degrees K during control perfusion after 10 min of normothermic global ischemia or following post-ischemic reperfusion with oxygenated perfusate.
The EPR spectra of these hearts exhibited three different
signals with different power saturation and temperature stability. Signal 1 was identical to those of a carbon-centered
semiquinone, whereas those of signal 2 were similar to alkyl
peroxyl or superoxide oxygen-centered free radicals; signal 3
was most likely a nitrogen-centered free radicals. In the control heart samples, signal 1 predominated, whereas in ischemic hearts signal 1 decreased in intensity, and signals 2 and
3 became more intense; with reperfusion all three signals
markedly increased. Free radical concentrations derived from
the intensities of the 2 and 3 signals peaked at 10 sec after
initiation of reflow. At this time the oxygen-centered free
radical concentration derived from the intensity of signal 2
© 2010 Bentham Science Publishers Ltd.
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was increased six times over the concentration measured in
control hearts and two times over the concentration measured in ischemic hearts. Hypoxic reperfusion did not increase
any of the free radical signals over the levels observed during ischemia. These results demonstrated that ROS were
produced in hearts during ischemia and that a burst of oxygen radical generation occurred within moments of reperfusion.
Similar results were obtained by our laboratory when we
measured the free radical generation in ischemia and reperfused rabbit hearts using EPR spectroscopy. The hearts were
freeze-clamped at 100 degrees K during control perfusion
after 150 min of global ischemia or following post-ischemic
reperfusion with oxygenated perfusate for 15 seconds. The
spectra of the ischemia hearts exhibited two different signals
with different power saturation and temperature stability.
Signal 1 was identical to oxygen radicals, which were disappeared when superoxide dismutase (SOD) and catalase were
added to the perfusion solution, indicating that they were the
oxygen free radicals generated from ischemia-reperfusion
heart [4-7].
Using EPR spectroscopy and the spin trap 5,5-dimethyl1-pyrroline-N-oxide (DMPO), Sanders et al. determined the
species and sources of the free radicals generated in a hyperoxic endothelial cell model. They found that sheep pulmonary microvascular endothelial cells exposed to 100% O2 for
30 min exhibited a prominent signal of trapped hydroxyl
radical, DMPO-OH and, occasionally, additional smaller
DMPO-R signals thought to arise from the trapping of superoxide anion (O2•-), hydroxyl (•OH), and alkyl (•R) radicals. SOD quenched both signals, suggesting that these observed radicals were derived from O2•-. The generation of •R
occurred secondary to the formation of •OH from O2•- via an
iron-mediated Fenton reaction since removing iron with deferoxamine decreased • R signal. Blocking mitochondrial electron transport with rotenone (20mM) markedly decreased
radical generation, suggesting that endothelial cells exposed
to hyperoxia produced free radicals via mitochondrial electron transport. Cell mortality increased slightly in these oxygen-exposed cells, which was not altered by SOD or deferoxamine, or different from the mortality observed in air-exposed cells. Therefore, the radical generation did not appear
to cause cell death under the experimental conditions [9].
Altough the EPR spectroscopy can be applied to directly
measure free radicals, the conventional spectrometer designs
are not suitable for performing measurements on large aqueous structures such as whole organs or tissues. In an effort to
obtain optimum performance in measuring free radicals in
intact biologic organs or tissues, Zweier and Kuppusamy
developed a spectrometer that consisted of a 1- to 2-GHz microwave bridge with the source locked to the resonant frequency of a specially designed loop-gap resonator. Real time
measurements of free radicals and cardiac contractile function can be performed simultaneously on isolated hearts using this spectrometer, enabling the evaluation of both free
radical generation and organ function [10]. Furthermore,
EPR imaging instrumentation suitable for performing threedimensional spectral-spatial EPR imaging experiments on
large biologic samples made it possible to measure free radicals in spatially defined tissue structure. In the isolated rat
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heart, imaging experiments using this instrumentation demonstrated a transmural gradient in the rate of myocardial
radical clearance with a slower clearance in the endocardium, suggesting that endocardium is more susceptible to
ischemia injury [11]. Alongside, the study also demonstrates
that the spectral-spatial EPR imaging is a powerful tool in
providing spatial information regarding the free radical distribution, metabolism, and tissue oxygenation in living biological organs and tissues.
2.2. NO Free Radicals Generated During Myocardium
Ischemia-Reperfusion
Nitric oxide (NO) is a simple gas with free radical properties. It appears as a major signaling molecule in cardiovascular, immune and nervous systems. NO is generated by three
isoforms of NO synthase (NOS) in the body, endothelial NO
synthase (eNOS), neuronal NO synthase (nNOS) and inducible NO synthase (iNOS), and is important for regulating
many physiological processes such as blood pressure and
vascular tone [21, 22]. However, excessive NO produced by
iNOS results in inhibition of cardiac contractility, impairment of mitochondrial respiration and apoptosis, thus contributing to ischemia-reperfusion injury [23].
The binding of NO to hemoglobin (Hb) subunits specifically at low temperature allows the measurement of NO using EPR spectroscopy. In EPR spectrum, NO bound to subunit of Hb exhibits peaks at g=2.078 and g=2.01 with a
splitting of 17.5G, while the signal with a peak at g=2.04 and
a valley at g=2.015 is the characteristic of NO bound to subunit of Hb [24, 25]. We found that the EPR spectrum of
normal myocardium showed semiquinone free radical and
transition metal cation in the myocardium. Two additional
peaks at g=2.04 and g=2.03 were detected from the ischemia-reperfused myocardium: the peak at g=2.04 was similar
to that of the NO bound to -subunit of Hb and the peak at
g=2.03 was tentatively attributed to oxygen and alkyl peroxide radicals. The signal at g=2.04 could be decreased by the
addition of N G-nitro-L-arginine methyl ester (NAME, the
inhibitor of NO synthase) in the reperfusion solution, while
increased by L-arginine (substrate of NOS), indicating that it
might be associated with NO generation. Both the signals at
g=2.04 and g=2.03 were decreased by SOD/catalase but increased by the addition of Fe/H2O2 or xanthine/xanthine oxidase in the reperfusion solution, indicating that they were
both dependent on ROS production [12].
NO has a high affinity to ferrous-containing protein. It
can form a stable paramagnetic mononitrosyl iron complex(NOFe2+DETC) with diethyldithiocarbamate (DETC) and
iron. This complex shows characteristic peaks at g=2.035
and g=2.020 with triplet hyperfine structure in EPR spectrum
, therefore Fe2+DETC has been used as NO trapping reagents
to detect NO specifically in tissues [26, 27]. Using DETC/
Fe2+, we studied the NO free radical generation in rat heart
during ischemia-reperfusion. It was shown that in normal
heart, there was a baseline of the EPR signals with characteristic of NOFe2+DETC complex, perhaps represented the physiological level of NO. The EPR signal intensity of NOFe2+
DETC complex in rat myocardium was increased remarkably
after 30 min of ischemia. L-arginine increased while NGnitro-L-arginine (NNA, inhibitor of NOS) decreased the sig-
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nal intensity, indicating that the signal was originated from
NO. After 10 min of reperfusion followed 30 min of ischemia, the signal intensity of NOFe2+DETC in rat hearts was
significantly reduced than that in ischemia only myocardium.
It appears that the NO production increases during ischemia
and decreases during reperfusion. Interestingly, the signal
intensity of NOFe2+DETC complex was increased significantly by SOD treatment, suggesting that superoxide anions might contribute to the decrease of NO level in the ischemia-reperfusion myocardium, because SOD scavenged the
superoxide free radicals and saved NO [18, 19].
It has also been shown that iNOS expression plays a role
in myocardial chamber dilation and hypertrophy induced by
pressure overload [28]. In wild type mice, chronic transverse
aortic constriction (TAC) resulted in myocardial iNOS expression, cardiac hypertrophy, ventricular dilation and dysfunction, and fibrosis, while mice deficient in iNOS displayed
much less cardiac hypertrophy, dilation, fibrosis and dysfunction. Consistent with these findings, TAC resulted in marked increases of myocardial atrial natriuretic peptide (ANP),
4-hydroxy-2-nonenal (4HNE, a marker of lipid peroxidation)
and nitrotyrosine (a marker for peroxynitrite) in wild type
but not in iNOS-deficient mice. In response to TAC, there
was an increase in ROS production in myocardium, which
was accompanied by the expression of iNOS, suggesting that
iNOS was a source for the increased oxidative stress. Furthermore, selective iNOS inhibition with 1400W significantly attenuated TAC induced myocardial hypertrophy and pulmonary congestion. These data implicated iNOS in the maladaptative response to systolic overload, and suggest that selective inhibition on iNOS activity might be effective for treatment of systolic overload-induced cardiac dysfunction [28].
2.3. Oxidative Stress Induced Myocardium Damage and
Apoptosis in Ischemia-Reperfusion
Ischemia-reperfusion causes damages to myocardium,
which is demonstrated by increased activities of lactate dehydrogenase (LDH) and creatine kinase (CK) [12,16,19]. It
was also shown that ischemia caused a significant increase in
serum thiobarbituric acid reaction substance (TBARS) concentration which was further increased during the reperfusion. The increased lipid peroxidation and enzyme leakage
from the ischemia-reperfusion myocardium were significantly decreased by SOD/catalase treatment [12,16,19]. In
contrast, addition of Fe2+/H2O2 (or Fe2+ and H2O2 alone) or
xanthine/xanthine oxidase into the reperfusion buffer significantly increased the elevated activities of LDH and CK in
the coronary artery effluent [12]. Meanwhile, SOD treatment
reduced the elevation of heart rate and the incidence of ventricular arrhythmias caused by ischemia-reperfusion [19].
These results indicated that ROS could contribute to the
myocardium injury induced by ischemia-reperfusion and the
reduction of ROS and lipid peroxidation might prevent myocardium damage and cardiac injury. The role of NO in
ischemia-reperfusion-induced myocardium damage is more
complicated. In isolated heart, high concentration of Larginine increased the activities of LDH and CK in the coronary artery effluent while NAME decreased the activities of
LDH and CK in the coronary artery effluent, suggesting high
concentration of NO was associated with cardiac injury
[12,16]. Administration of L-arginine (50mg/kg/wt) to rat
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hearts subjected to ischemia-reperfusion in vivo cause a reduction in lipid peroxidation and CK activity as well as a
decrease in the elevated heart rate and the incidence of ventricular arrhythmias caused by ischemia-reperfusion [19].
Thus, moderated production of NO may be beneficial for
protecting the heart from ischemia-reperfusion, while excess
NO causes injury to mycardium [19]. In fact, the cardioprotective function of NO in myocardial ischemia-reperfusion
has been well documented by Bolli in a review paper, cardioprotective function of inducible nitric oxide synthase and
role of nitric oxide in myocardial ischemia and preconditioning: an overview of a decade of research [29].
Oxidative stress leads cells to the exposure of ROS, such
as superoxide, hydroxyl radicals and NO, and triggers apoptosis [30]. In a cardiomyocyte model, we found that hypoxia
caused a slight increase in lipid peroxidation and cell damage
as manifested by increased LDH activity, while reoxygenation of the hypoxic cardiomyocytes induced oxygen burst
and a much severe lipid peroxidation injury [31]. This is
consistent with the observation that hypoxia induced apoptosis which was further increased by reoxygenation [19, 31].
SOD/catalase inhibited apoptosis in hypoxia-reoxygenated
cardiomyocytes, suggesting that superoxide may be one of
the important mediators in apoptotic cell death during reoxygenation injury. In this cell model, NO production was increased by hypoxia, but decreased by reoxygenation [31].
The augmentation of NO production during hypoxia may be
caused by an up-regulation of NOS activity in response to
hypoxia [31]. It is also possible that a direct disproportion or
reduction of nitrite to NO under the acidic and highly reduced conditions, such as ischemia or hypoxia, leads to the
accumulation of NO during hypoxia. In fact, the enzyme
independent mechanism has been demonstrated to not only
contribute to the postischemic myocardial injury, but also
reverse the protective effects of NOS inhibitors.
To further elucidate the apoptotic mechanisms of hypoxia-reoxygenation injury, we examined the alteration in
the expression levels of bcl-2 and p53 proteins associated
with hypoxia and hypoxia-reoxygenation induced cell death.
The changes in the protein levels of p53 and bcl-2 in response to hypoxia and hypoxia-reoxygenation showed that
hypoxia induced the up-regulation of bcl-2 and p53 proteins
in cardiomyocytes, while reoxygenation further up-regulated
p53 protein, but down-regulated bcl-2 protein [31]. These
results suggested that nitric oxide and oxygen radicals induced apoptosis via bcl-2 and p53 pathway in hypoxiareoxygenated cardiomyocytes.
The reaction of superoxide with NO results in the formation of ONOO- [30]. Therefore, the decrease of detectable
NO may be attributed to the generation of oxygen radicals in
reoxygenated cardiomyocytes. Inhibition of NO production
by L-NAME inhibited the apoptosis induced by hypoxia and
reoxygenation, suggesting the involvement of endogenous
NO in cardiomyocyte apoptosis during hypoxia and reoxygenation [31]. The cytotoxicity of NO has been shown to be
associated with the formation of ONOO- [32]. Low concentration of ONOO- promotes apoptosis whereas large amounts
of ONOO- rapidly lead to necrotic cell death, a primary
mechanism responsible for cell death from ischemia. In cultured cardiomyocytes, hypoxia induced mainly cell apoptosis
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while reoxygenation led to both apoptotic and necrotic cell
death, which may be contributed by the formation of oxygen
radicals and ONOO-.
Increased O-2 and NO production is a key mechanism of
mitochondrial dysfunction in myocardial ischemia/reperfusion injury. Succinate ubiquinone reductase (SQR or Complex II) is a crucial component of the mitochondrial electron
transport chain. The intrinsic protein S-glutathionylation at
cys(90) of the 70-kDa FAD-binding subunit of SQR makes
the protein susceptible to redox change induced by oxidative
stress [34]. IR of rat hearts in vivo or in vitro caused deglutathionylation of the 70-kDa FAD-binding subunit and significantly decreased the electron transfer activity of SQR
[34]. IR also caused enhancement of tyrosine nitration of
SQR. Site-specific nitration at the 70-kDa FAD-binding
subunit with peroxynitrite impaired the interaction of SQR
with Complex III and the electron transfer activity [34]. It
was found that the S-glutathionylation protected the protein
from oxidative modification and impairment mediated by
peroxynitrite [34]. These studies on SQR give a hint on how
ROS generated during IR may lead to mitochondrial dysfunction and IR injury.
AMP activated protein kinase (AMPK) is a key regulatory enzyme regulating myocardial metabolism and protein
synthesis, which can be activated by cellular stresses that
increase the AMP-to-ATP ratio, such as hypoxia/anoxia, glucose deprivation, and pressure overload induced hypertrophy
[35]. The activation of AMPK has been shown to have protective effect against IR injury by promoting ischemic preconditioning [35]. A number of downstream signaling pathways have been implicated in the cardioprotective mechanisms of AMPK such as the activation of eNOS, p38 mitogen-activated protein kinase and the inactivation of eEF2
[36-38]. Activation of AMPK also attenuates hypertrophy in
cultured cardiac myocytes. In mice deficient in AMPK2
gene, TAC-induced ventricular hypertrophy and dysfunction
were significantly exacerbated, suggesting that regulation of
AMPK2 may be a potential therapeutic approach to attenuate pressure overload induced ventricular hypertrophy [39].
3. PROTECTIVE EFFECTS OF NATURAL ANTIOXIDANTS ON HEART AGAINST ISCHEMIA-REPERFUSION DAMAGE
Abundant evidences have shown that antioxidants, especially the natural antioxidants, have great potential in the
prevention and treatment of heart diseases. Here we will review the studies on several natural antioxidants including
tanshinone from salvia miltiorriza, EGb 761 from Ginkgo
biloba and chinonin from traditional Chinese medicine rhizoma anemarhenea in preventing the heart against ischemiarepperfusion injury.
3.1. Scavenging Effect of Salvia Miltiorriza (Tanshinone)
on Free Radicals and its Protective Effect on IschemiaReperfusion Injury
Salvia miltiorriza is a traditional Chinese medicine that
has been used to treat heart disease for a long time; however,
its mechanism is not clear. The phenanthrenequinone derivative tanshinone is one of the effective components isolated
from salvia miltiorriza [40]. Yang et al. found that tanshi-
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none could effectively scavenge the superoxide free radicals
generated from xanthin/xanthine oxidase and the respiratory
burst of human polymorphonuclear leukocytes [41]. Tanshinone was also effective in scavenging hydroxyl radicals [42]
and lipid free radicals induced by calcium overload in mitochondria and sarcoplasma [43, 44].
In ischemia-reperfusion heart, addition of tanshinone and
SOD to the reperfusion solution significantly decreased the
oxygen free radical originated EPR signals, and protected the
heart from IR damage, indicating that tanshinone and SOD
may protect the ischemia-reperfused heart through scavenging the free radicals [15, 44]. In addition, it was found that
sodium tanshinone IIA sulphonate (STS) could stimulate
mitochondrial NADH oxidation dose-dependently and partially restore NADH oxidation in the presence of respiratory
inhibitor (rotenone or antimycin A or KCN) [45]. It was hypothesized that STS can accept electrons from complex I
similar to ferricyanide, and is converted to its semiquinone
form, which can then reduce oxygen molecule. STS was also
shown to reduce cytochrome C in the presence of KCN.
These results suggested that STS may inhibit ROS formation
through electron transfer reaction in mitochondria and this
may contribute to the protection of STS on ischemia-reperfusion injury [45].
Adriamycin (ADR) is an anthracycline antibiotic with a
broad spectrum of activities against a variety of human cancers. However, it can cause a cumulative dose-related cardiotoxicity, which limits the dose of ADR that can be safely
prescribed clinically. It has been proposed that the cardiotoxicity of ADR is a direct result of ADR-induced free radical
formation [46], and possibly the lipid peroxidation initiated
by the free radicals. In vitro experiments showed that STS
inhibited adriamycin induced mitochondrial lipid peroxidation and swelling and scavenged adriamycin semiquinone
free radical in heart homogenate dose-dependently. Administration of STS prevented rats against ADR-induced weight
loss [47]. Myocardial lipid peroxidation was decreased by
STS treatment while the activities of key antioxidant enzymes, such as SOD, glutathione peroxidase and catalase,
were increased [48]. Thus, STS might protect heart from the
toxicity of ADR through the reduction of ROS and increase
of antioxidant enzyme activities [47, 48].
3.2. Effects of EGb 761 on Nitric Oxide and Oxygen Free
Radicals, Myocardial Damage and Arrhythmia in Ischemia-Reperfusion Injury In Vitro and In Vivo
Ginkgo biloba leaf has been used in traditional Chinese
medicine for thousands of years [49]. Currently, Ginkgo
biloba extract is widely used in treating cardiovascular diseases and cerebral vascular diseases in many countries. Its
main ingredients are ginkgo-flavone glycosides and terpenoids. Because the chemical ingredients of Ginkgo biloba
extract are complex and the extraction methods are different
with different investigators, it has been hard to evaluate the
biological effects of Ginkgo biloba extract. EGb 761 is a
standardized extract of Ginkgo biloba consisting of 24% ginkgo-flavone glycosides (kaempferol, quercetin and isorhamnetin) and 6% terpenoid including ginkgolide A, ginkgolide
B, ginkgolide C, ginkgolide M, ginkgolide J, and bilobalide
B. Many studies have shown that EGb 761 protect rat hearts
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from ischemia-reperfusion-induced arrhythmias and functional damages and the cardioprotective effect of EGb 761 is
at least partly attribute to its antioxidant properties [16, 4952]. It was shown that EGb 761 could effectively scavenge
the superoxide free radicals generated from xanthin/xanthine
oxidase and hydroxyl free radicals generated from Fenton’s
reaction [52, 53]. In isolated hearts subjected to ischemia and
reperfusion in vitro, EGb 761 decreased the productions of
both NO and oxygen free radicals, similar to SOD/catalase
and L-NAME [16]. The decrease in NO production was
shown to be a result from the inhibition of iNOS expression
by EGb 761 [54]. By lowering the ROS/RNS production,
EGb 761 preserved the alpha-tocopherol storage in myocardium and reduced the prostaglandin biosynthesis during
ischemia-reperfusion [55].
EGb 761 also significantly reduced the leakages of LDH
and CK induced by ischemia-reperfusion and protected mitochondrial structure from ischemia-reperfusion induced
damage [16, 52]. Consistently, the in vivo studies showed
that EGb 761 inhibited lipid peroxidation and NO generation
as well as CK release and mitigated the incidence of ventricular arrhythmias in a dose dependent way, thus, the reduction of NO and oxygen free radicals and inhibition of
lipid peroxidation play an important role in the cardioprotective effect of EGb 761 on myocardial ischemia-reperfusion
injury [16, 52]. Myocardial ischemia-reperfusion results in
endothelial dysfunction characterized by a loss of endothelium-derived relaxing factor (EDRF) release in response to
endothelium-dependent dilators, which is prevented by SOD.
Since EGb 761 can scavenge superoxide anions produced in
ischenia-reperfusion, it was hypothesized that the prolongation of the half-life of endothelium-derived relaxing factor
(EDRF) and enhancement of the cellular action of EDRF
might prevent the endothelial dysfunction and contribute to
the cardioprotective mechanism of EGb 761 [56, 57].
FK506 is an immunosuppressant that blocks the activation of calcineurin that regulates genes involved in the development of cardiac hypertrophy and ultimately heart failure.
Treatment of rats with FK506 resulted in improvement of
postischemic cardiac function and decrease in arrhythmias.
EGb 761 potentiated the cardioprotective effect of FK506 in
the combined treatment and the actions of FK506 and EGb
761 appeared to be synergistic. Since adverse effects such as
kidney damage and impaired immune response to infections
were observed after prolonged use of the FK506, this finding
raised the possibility to manage cardiac ischemia-reperfusion
injury and prevent cardiac hypertrophy using FK506 at subtoxic doses in combined therapy by coadministration of EGb
761 [58].
3.3. Chinonin, a Novel Drug against Cardiomyocyte
Apoptosis Induced by Ischemia Reperfusion Injury In
Vivo and In Vitro
Chinonin is a flavonoid component isolated from Chinese
herb rhizoma anemarhenea, which has been used for several
thousand years for treatment of heart diseases. We studied
the scavenging effects of chinonin on NO and oxygen free
radicals generated from ischemia-reperfusion heart in vitro
[12, 59]. It was found that the ESR signals of oxygen and
NO free radicals decreased simultaneously after addition of
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chinonin (100μM) similar to the effect of SOD/catalase and
L-NAME, indicating that chinonin could scavenge ROS and
NO free radical generated from the ischemia-reperfusion
heart. In addition, the levels of LDH and CK in the reperfusion solution were decreased significantly by chinonin treatment. Chinonin was also found to protect the structure of
mitochondria from the ischemia-reperfusion induced damage. These results suggested that chinonin has protective
effect on myocardial ischemia-reperfusion injury and its cardioprotective effects may be attributed to its antioxidant
properties. In vivo study showed that chinonin inhibited the
formation of TBARS, the release of CK, and mitigated the
incidence of ventricular arrhythmias in a dose dependent
way. The effect of chinonin on NO production varied at different doses. While administration of chinonin at 100 mg/kg
increased the signal intensity of NO displayed on ESR spectrum, the administration of chinonin at 200 mg/kg decreased
the signal intensity of NO, however, chinonin affected the
changes of TBARS, the release of CK, and mitigated the
incidence of ventricular arrhythmias in a dose dependent
way. These results indicate that chinonin has cardiovascular
protective effects by means of adjusting the level of NO and
inhibiting oxygen free radicals induced lipid peroxidation in
myocardial ischemia-reperfusion injury in vivo [12, 59].
In order to further elucidate the cardioprotective effects
of chinonin, Shen et al. investigated the preventive effects of
chinonin on the apoptotic and necrotic cell death of cardiomyocytes during hypoxia and reoxygenation process. Neonatal rat cardiomyocytes were subjected to 24-h hypoxia and 4h reoxygenation and it was found that chinonin significantly
decreased the apoptosis and necrosis induced by hypoxia and
reoxygenation in cardiomyocytes. The decreased apoptosis
might be caused by a down-regulation of p53 protein expression and an up-regulation of bcl-2 protein expression under
the chinonin treatment. Meanwhile, chinonin treatment decreased the levels of NO-2/NO-3 and TBARS and inhibited
the leakage of LDH in hypoxia-reoxygenated cardiomyocytes. These results suggest that chinonin may prevent apoptotic and necrotic cell death of cardiomyocytes during the
hypoxia and reoxygenation process via reducing the production of NO and ROS and modulating the expression of bcl-2
and p53 proteins [18-20].
4. CONCLUSION AND PERSPECTIVE
In conclusion, it is evident that ROS and RNS play important roles in the ischemia-reperfusion induced cardiac
injury. And natural antioxidants have great potentials for the
prevention and treatment of the heart disease. In the future,
more effort should be spent to evaluate the efficiency of the
nature antioxidants on heart diseases using clinical trials. In
addition, the combination therapy using natural antioxidants
and other drugs should be explored. This may allow the use
of drugs at lower dosages that eliminate the cytoxicity and
lead to new and powerful approaches for management of
cardiac ischemia-reperfusion injury. It is as well important to
study the molecular mechanisms of the cardioprotective effect of nature antioxidants, so that more effective medicines
can be developed to fight heart disease. One obstacle for
understanding the action of natural antioxidants is their complex composition, therefore, the isolation and purification of
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the natural antioxidants may provide more insights of the
cardioprotective mechanisms of the natural antioxidants.
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