
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 22 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Asian Natural Products Research
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713454007

Anti-apoptotic effect and the mechanism of orientin on
ischaemic/reperfused myocardium
X. -C. Fua; M. -W. Wanga; S. -P. Lib; H. -L. Wangc

a Department of Pharmacology, Shenyang Pharmaceutical University, Shenyang, Liaonin, China b

Department of Brain Neurosurgery, China Medical University, Shenyang, Liaoning, China c

Department of Clinical Pharmacology, China Medical University, Shenyang, Liaoning, China

To cite this Article Fu, X. -C. , Wang, M. -W. , Li, S. -P. and Wang, H. -L.(2006) 'Anti-apoptotic effect and the mechanism
of orientin on ischaemic/reperfused myocardium', Journal of Asian Natural Products Research, 8: 3, 265 — 272
To link to this Article: DOI: 10.1080/10286020500207347
URL: http://dx.doi.org/10.1080/10286020500207347

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713454007
http://dx.doi.org/10.1080/10286020500207347
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Anti-apoptotic effect and the mechanism of orientin
on ischaemic/reperfused myocardium

X.-C. FU*†, M.-W. WANG†, S.-P. LI‡ and H.-L. WANG§

†Department of Pharmacology, Shenyang Pharmaceutical University, Shenyang, Liaonin 10016, China
‡Department of Brain Neurosurgery, China Medical University, Shenyang, Liaoning 110011, China

§Department of Clinical Pharmacology, China Medical University, Shenyang, Liaoning 110011, China

(Received 14 September 2004; in final form 29 March 2005)

We investigated the anti-apoptotic effect of orientin, from bamboo leaves (Phyllostachys nigra), on rat
heart after treatment with ischemia/reperfusion (I/R), and on rat cardiomyocytes injured by
hypoxia/reoxygenation (H/R). I/R injury was induced by occluding the left anterior descending
coronary artery for 45 min and restoring perfusion for 240 min. Orientin (0.5, 1.0 and 2.0 mg kg21) or its
vehicle was injected i.v. 10 min prior to ischemia. Cultured cardiomyocytes were subjected to hypoxia for
120 min, then reoxygenated for 60 min to induce H/R. Vehicle or orientin (3, 10, 30mmol l21) was added
10 min before hypoxia and reoxygenated. TUNEL assay and DNA fragmentation assay demonstrated that
myocardium apoptosis was attenuated by pretreatment with orientin (0.5, 1.0 and 2.0 mg kg21). Flow
cytometric analysis also showed that apoptosis of cardiomyocytes was reduced by pretreatment with
orientin (3, 10 and 30mmol l21). In addition, results of immunohistochemistry and Western blot analysis
showed that orientin increased the expression of bcl-2 and reduced Bax expression, resulting in
up-regulation of the bcl-2/Bax ratio. Cytochrome c (Cyt-c) and caspase-3 expression was also reduced in
myocardium and cardiomyocytes injured by I/R and H/R. These observations indicate that orientin exerts
a potent cardioprotective effect on I/R- and H/R-treated myocardium and cardiomyocytes, and inhibits
apoptosis by preventing activation of the mitochondrial apoptotic pathway (cytochrome c–caspase-3).

Keywords: Orientin; Ischemia/reperfusion; Hypoxia/reoxygenation; Apoptosis; Mitochondria;
Myocardium

1. Introduction

Bamboo leaves, Phyllostachys nigra (Lodd.ex.lind-1 Munro.L), have been a staple of

Chinese medicine for thousands of years. Bamboo leaves have anti-free-radical activity and

are comparable to the leaves of Ginkgo biloba, which are a potential source of natural

antioxidants and free radical scavengers [1]. Our previous investigation revealed that

bamboo leave extracts (BLEs) have significant protective effects on myocardial ischemia in

the rat and restrain blood platelet aggregation in the rabbit. Four BLE flavonoid

C-glycosides, orientin (luteolin-8-C-glucoside), isoorientin (luteolin-6-C-glucoside), iso-

vitexin (apigenin-6-C-glucoside) and vitexin (apigenin-8-C-glucoside), were isolated for the
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first time and have since been found to be distributed widely in other plants [2]. The most

potent protective effect of orientin (figure 1) on myocardium was found through screening

and its anti-apoptotic effect on I/R- or H/R-treated myocardium was investigated.

Developing a therapy for I/R-injured myocardium is of major interest in the field of

cardiology and heart surgery [3]. Since reperfusion after myocardial ischemia results in

exacerbation of the injury and apoptosis (programmed cell death) [4], it is hypothesized that

this type of injury can be attenuated if a portion of the injured myocardial cells could be

rescued from apoptotic cell death. Also, identifying the intracellular signaling pathways that

inhibit apoptosis in myocardium could lay the foundation for novel therapeutic strategies.

Bcl-2 is one of the pivotal anti-apoptotic gene products, and Bax, Cyt-c and caspase-3 are

pro-apoptotic gene products [5]. Therefore, signaling pathways that modulate cardiomyocyte

apoptosis were identified in vivo and in vitro, and the function of orientin in governing these

pathways was examined.

2. Results and discussion

2.1 Effects of orientin on myocardial apoptotic index after I/R injury

Recent experiments and clinical evidence suggest that coronary occlusion followed by

reperfusion leads to reversible myocardial dysfunction [6], whereas myocardial death during

I/R is partially mediated by apoptosis [7]. Apoptosis is a critical cellular event involved in the

pathogenesis of myocardial ischemia–reperfusion (I/R) injury. In the present study,

myocardial tissue during I/R in vivo was obtained to determine the significance of apoptosis

in myocardium. A TUNEL assay was used to identify apoptotic cell number per thousand

myocardial cells. Ten slices per group were prepared, 10 different regions were observed in

each slice, and 100 cells were counted in each region. The incidence of TUNEL-positive

myocardial cells caused by I/R was significantly reduced in orientin-pretreated hearts

compared with that in I/R hearts (table 1). I/R-induced apoptosis in myocardial tissue was

attenuated by orientin (0.5, 1.0 and 2.0 mg kg21) pretreatment in a dose-dependent manner.

2.2 Effects of orientin on DNA fragmentation of myocardium

Cell apoptosis in myocardium was determined by fragmentation of DNA in multiples of

180–200 bp, as shown by DNA gel electrophoresis. Spontaneous DNA fragmentation was

observed in I/R myocardial cells, evidencing the characteristic ‘DNA ladder’ profile that

is considered the hallmark of apoptosis, and DNA fragmentation was prevented in

Figure 1. Chemical structure of orientin.
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orientin-pretreated hearts (0.5, 1.0 and 2.0 mg kg21) (figure 2). These results further indicate

that orientin inhibits apoptosis of myocardial cells induced by I/R.

2.3 Effects of orientin on bcl-2, Bax, Cyt-c and Caspase-3 expression of myocardium

injured by I/R

It has been reported that overexpression of the anti-apoptotic gene Bcl-2 is protective [8], pro-

apoptotic caspase-3 has been shown to be detrimental [9] to the heart with I/R injury, and the

activation of downstream caspase-3 is essential for the induction of apoptosis by various

stimuli [10]. One of the major mechanisms of caspase activation has been shown to involve the

release of cytochrome c from the mitochondria to the cytosol. It was shown that Bax activated

caspase-3 by stimulating Cyt-c release from mitochondria [11]. Overexpression of Bcl-2

blocked Cyt-c release and caspase-3 activation in myocardial cells. In view of the roles of the

Bcl-2 families in the apoptotic pathway, immunohistochemistry was performed to observe the

changes in bcl-2, Bax, caspase-3 and Cyt-c protein expression during I/R. The results showed

that Bcl-2, Bax, Cyt-c and caspase-3 expression in the operation control was higher (207 ^ 42,

300 ^ 65, 256 ^ 22 and 340 ^ 58, respectively) than in the sham control (154 ^ 40, 37 ^ 9,

99 ^ 10 and 122 ^ 9, respectively). Orientin (2.0 mg kg21) significantly inhibited Bax, Cyt-c

Table 1. Effect of orientin on the number of apoptotic cells in I/R-injured rat myocardium detected by TUNEL.

Group n Dose (mg kg21) Number of apoptotic cells (‰)

Sham 10 – 7.8 ^ 4.3**
I/R 10 – 434 ^ 50#

Orientin 10 0.5 390 ^ 30*
10 1.0 331 ^ 31**
10 2.0 268 ^ 28**

Ver 10 2.0 301 ^ 26**

n ¼ 10, x�^ SD. Sham, sham control; I/R, ischemia/reperfusion; Ver, verapamil control. *P , 0.05, **P , 0.01 vs. I/R group;
#P , 0.01 vs. sham group.

Figure 2. I/R-induced DNA fragmentation of myocardium. The normal myocardium (non-I/R, Lane 1); I/R
myocardium (Lane 2); I/R myocardium pretreated with orientin, 0.5 mg kg21 (Lane 3); I/R myocardium pretreated
with orientin, 1.0 mg kg21 (Lane 4); pretreated with orientin, 2.0 mg kg21 (Lane 5); pretreated with Ver, 2.0 mg kg21

(Lane 6).
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and Caspase-3 expression (99 ^ 22, 130 ^ 13, 174 ^ 21, respectively), but did not inhibit

bcl-2 expression (281 ^ 44), and significantly increased the Bcl-2/Bax ratio (3.0 ^ 0.93)

(table 2). Ver, a potent Ca2þ channel inhibitor, has a protective effect on myocardium induced

by I/R, and, in this study, Ver (2.0 mg kg21) had almost the same effect as orientin

(1.0 mg kg21). These observations indicate that orientin exerts a potent cardioprotective effect

on myocardium treated with I/R, and inhibits apoptosis by preventing activation of the

mitochondrial apoptotic pathway (Cyt-c–caspase-3).

2.4 Effects of orientin on the apoptosis of cardiomyocytes injured by H/R

Loss of DNA may occur as a result of the shedding of apoptotic bodies containing fragments

of nuclear chromatin, and apoptotic cells often show a deficit in DNA content. These can be

recognized in DNA content histograms on staining with a DNA-specific fluorescein [12]. In

the H/R-injured cardiomyocytes, the percentage of apoptotic cells with fragmented DNA

content was 83.6%. The ratio of apoptotic cells was significantly reduced to 13.8, 5.43 and

2.02%, respectively, by orientin (3, 10, 30mmol l21) pretreatment, and Ver (5mmol l21)

pretreatment also reduced the apoptotic ratio (3.17%) (figure 3). These results suggest that

orientin has an anti-apoptotic effect on H/R-injured neonatal mouse cardiomyocytes.

2.5 Effects of orientin on bcl-2, Bax, Cyt-c and Caspase-3 expression of cardiomyocyte

injured by H/R

The change in expression of apoptosis-related proteins during the course of H/R injury in

vitro was analysed by Western blot analysis. As shown in figure 4, orientin (3, 10,

30mmol l21) increased the expression of bcl-2 and reduced Bax expression, and Cyt-c and

caspase-3 expression were also reduced by pretreatment with orientin (3, 10, 30mmol l21) in

cardiomyocytes injured by H/R. The present study, on the cellular level, has demonstrated

that orientin (3, 10, 30mmol l21) attenuates cardiomyocyte apoptosis after H/R injury. Ver

(5mmol l21) has almost the same effect as orientin (10mmol l21). These data further indicate

that orientin inhibits H/R-induced apoptosis by preventing activation of the mitochondrial

apoptotic pathway. These results confirm the data obtained from immunohistochemistry.

It is clear that apoptosis plays an important role in a variety of physiological and

pathological states. However, in the cardiovascular system, we have only begun to clarify the

role of apoptosis and the therapeutic potential associated with its inhibition. Reoxygenation

Table 2. Effect of orientin on Bax, bcl-2, Cyt-c and caspase-3 expression in I/R myocardium of rats.

PEI (%)
Bcl-2 Bax Cyt-c Caspase-3 Bcl-2/Bax

Sham 154 ^ 40** 37 ^ 9** 99 ^ 10** 122 ^ 9** 4.26 ^ 1.41**
I/R 207 ^ 42# 300 ^ 65# 256 ^ 22# 340 ^ 58# 0.70 ^ 0.13#

Orientin (mg kg21)
0.5 233 ^ 44 225 ^ 40* 202 ^ 19* 273 ^ 24* 1.05 ^ 0.20*
1.0 254 ^ 43 155 ^ 24* 172 ^ 16* 223 ^ 31* 1.67 ^ 0.35**
2.0 281 ^ 44 99 ^ 22** 130 ^ 13** 174 ^ 21** 3.00 ^ 0.93**
Ver (mg kg21)
2.0 247 ^ 38 191 ^ 39* 168 ^ 19* 223 ^ 22* 1.34 ^ 0.35**

n ¼ 10, �x ^ SD. PEI, positive expressive index; Sham, sham control; I/R, ischemia/reperfusion; Ver, verapamil control. *P , 0.05,

**P , 0.01 vs. I/R group; #P , 0.01 vs sham group.

X.-C. Fu et al.268

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
9
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



Figure 3. Cardiomyocytic apoptosis rate obtained by flow cytometry. (A) Non-H/R myocardium (apoptosis
0.63%). (B) H/R myocardium (apoptosis 83.6%). (C) H/R cardiomyocyte pretreated with orientin, 3mmol l21

(apoptosis 13.8%). (D) H/R cardiomyocyte pretreated with orientin, 10mmol l21 (apoptosis 5.43%). (E) H/R
cardiomyocyte pretreated with orientin, 30mmol l21 (apoptosis 2.02%). (F) H/R cardiomyocyte pretreated with Ver,
5mmol l21 (apoptosis 3.17%).

Figure 4. Expression of Bcl-2, Bax and cytochrome c, caspase-3 on cardiomyocytes injured by H/R. Cell lysates
were separated by 12% SDS-PAGE electrophoresis, and the protein bands were detected by Western blot analysis.
Lane 1, non-H/R; Lane 2, H/R cardiomyocyte; Lane 3, H/R cardiomyocyte pretreated with orientin, 3mmol l21;
Lane 4, H/R cardiomyocyte pretreated with orientin, 10mmol l21; Lane 5, H/R cardiomyocyte pretreated with
orientin, 30mmol l21; Lane 6, H/R cardiomyocyte pretreated with Ver, 5mmol l21.

Anti-apoptotic effect 269

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
9
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1



or reperfusion may emerge as a clinically important area in which inhibition of apoptosis

may prove to be of clinical benefit. However, more work is necessary to clarify

the significance of apoptosis and the molecular mechanisms involved in ischemic heart

disease.

3. Experimental

3.1 Drug and reagents

Orientin (purity, 99.8%; wt, 464; character, yellow powder) was purchased from

Extrasynthese (Genay, France). It was dissolved in DMSO to make stock solutions, then

diluted in 0.9% NS (I/R) or cell culture medium to different concentrations. In all assays, the

final concentrations of DMSO in the culture medium were below 0.05%. Antibodies against

rat Bcl-2, Bax, Cyt-c and caspase-3 were purchased from Santa Cruz Biotechnology (Santa

Cruz, CA, USA). The cell apoptosis checking kit and the SABC (strepy–sidin–botin–

enzyme complex) immunohistochemistry checking kit were obtained from Wuhan Boster

Biological Technology (Wuhan, China). Fetal bovine serum (FBS), trypsin, DMEM, agarose

gel, sodium dodecyl sulfate (SDS), propidium iodide (PI) and ethidium bromide were

purchased from Sigma (St Louis, MO, USA). Verapamil was from Lianyungan Pharmacy

Factory (Lianyungan, China).

3.2 I/R of the rat heart in vivo

Two-month-old male Wistar rats were anesthetized with sodium pentobarbital (60 mg kg21,

i.p.), and the trachea was intubated using a stainless-steel tube and a breathing machine.

Electrodes connected to the cardiogram machine were placed under the skin of a limb. After

left thoracotomy and exposure of the heart, the left anterior descending coronary artery

(LAD) was ligated with a 4–0 silk just proximal to its main branching point, and the suture

was tied over a 1 mm polyethylene tube that was left in place during the planned period of

ischemia (45 min). Ischemia was confirmed by electrocardiographic evidence of injury.

Blood flow was then re-established by removal of the tube for 240 min [13]. For sham I/R,

thoracotomy was performed without LAD ligation. Three subgroups of animals received

orientin (0.5, 1.0 and 2.0 mg kg21) before ischemia for 10 min.

3.3 TUNEL assay

The TUNEL assay was used for detection of DNA strand breaks in the rat heart induced by

I/R [14]. Detection was carried out according to the instructions of the supplier. Briefly, the

left ventricular myocardium was collected and fixed in 10% formalin. Each fixed

myocardium was embedded in paraffin. Paraffin-fixed sections were pretreated with 3%

H2O2, and end-labeling was performed for 1 h with TdT (0.06mml21) in TdT buffer

containing 40mmol dig-11-dUTP. Nuclei exhibiting DNA fragmentation were visualized by

incubation in 30,3-diaminobenzidine (DAB), 0.5 g l21, for 10 min. Finally, the sections were

counterstained with hematoxylin and observed under light microscopy. The nuclei of

apoptotic cells, which contained DNA fragments, were stained dark brown. TUNEL-positive

myocytes were determined by randomly counting 1000 cells ( £ 200).
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3.4 Immunohistochemistry

Tissue sections were deparaffinized and hydrated through graded alcohol to water.

Endogenous peroxidase activities were blocked by incubation in 3% H2O2 for 10 min. After

three washes with TBS (Tris–HCl, 0.05 mol l21, 0.9% NaCl, pH 7.8) the sections were

blocked with 1:50 normal horse serum at 378C for 30 min to suppress non-specific

background staining. The primary antibodies, rabbit anti-mouse Bax monoclonal antibody,

rabbit anti-mouse Bcl-2 monoclonal antibody, rabbit anti-mouse Cyt-c monoclonal antibody

and rabbit anti-mouse caspase-3 polyclonal antibodies, were then applied. For control

sections, TBS was used in place of primary antibody. After incubation at 48C for 20 h, the

sections were incubated with biotinlyated goat anti-rabbit IgG (1:50, 378C, 30 min), followed

by 1:100 diluted avidin–biotin–peroxidase complex at 378C for 30 min. The sections were

subsequently incubated with 30,3-diaminobenzidine (DAB), 0.5 g l21, for 10 min, counter-

stained with hematoxylin and observed under light microscopy [15]. Brown staining in the

cytoplasm was evaluated as positive expression, and positive expression indexes (bcl-2 and

Bax, caspase-3 and cytochrome c) were determined by randomly counting 1000 cells.

3.5 DNA gel electrophoresis

Frozen tissue samples were homogenized in equal volumes of homogenization buffer

(10 mmol l21 Tris–HCl, 25 mmol l21 EDTA, 100 mmol l21 NaCl, pH 8.0). To assess DNA

fragmentation, the homogenate (100ml) was mixed with 1.25 ml of lysis buffer (10 mmol l21

Tris–HCl, 25 mmol l21 EDTA, 100 mmol l21 NaCl, 0.5% SDS). The suspension was

centrifuged at 13 000 £ g for 15 min, and the supernatant was treated with 100mg ml21

proteinase K at 508C for 30 min. The DNA was precipitated by adding ethanol and NaCl,

dissolved in TE buffer, and extracted with phenol/chloroform. DNA extract was dissolved in

50ml TE buffer and treated with RNase (100mg ml21) at 378C for 30 min. Electrophoresis

was performed at 50 V with 1.5% agarose gel. DNA was visualized with ethidium bromide.

3.6 Preparation of cardiomyocytes

The hearts were cut into small pieces and digested in cell suspension by 0.25% trypsin [16].

The cardiomyocytes were obtained by centrifugation, resuspended in DMEM containing

20% FBS, and assessed by immunohistochemical staining with a-actin monoclonal antibody.

The cell density was adjusted to 5 £ 108 cells/l and incubated in 5% CO2 in a humidified

atmosphere for 4 days. Cultured cardiomyocytes were randomly divided into six groups,

including the normal group, the H/R group, the H/R þ orientin (3, 10 and 30mmol l21)

group, and the H/R þ Ver group. For H/R, the cells were cultured in 100 ml glass culture

bottles saturated with 99.9% N2 for 2 h (the medium was changed to serum-free DMEM

saturated with 99.9% N2 in advance), followed by normal incubation for 1 h to form the cell

model of hypoxia–reoxygenation injury. Orientin (3, 10, 30mmol l21) or Ver (5mmol l21)

was added 10 min before H/R.

3.7 Flow cytometry

Following H/R, cardiomyocytes were harvested for flow cytometry [17]. Briefly, cells were

fixed in 70% ethanol at 48C overnight. They were then treated with Tris–HCl buffer (pH 7.4)
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containing 1% RNase A and stained with PI, 5 mg l21.The distribution of cells with different

DNA contents was determined by flow cytometry (Facscalibur, Becton Dickinson, USA) and

the data were analysed by multicycle DNA content and cell analysis software (Modfit LT 2.0).

3.8 Western blot analysis for apoptosis-related proteins

Both adherent and non-adherent cells were collected and frozen at 2808C. Western blot

analysis was performed as previously described [18] with some modification. Briefly, the cell

pellets were resuspended in lysis buffer (mmol l21: HEPES-KOH 20, pH 7.5, KCl 10, MgCl2
1.5, sodium EDTA 0.5, sodium EGTA 0.5, dithiothreitol 0.5, phenylmethylsulfonyl fluoride

0.1, and sucrose 250), supplemented with protease inhibitors (in mg ml21: pepstatin A 10,

leupeptin 10, and aprotinin 10). The protein content of the supernatant was determined using

Bio-Rad protein assay (Bio-Rad, USA), then lysed on ice for 60 min. After centrifugation at

13 000 £ g for 10 min, the protein lysates were separated by electrophoresis in 12% SDS

polyacrylamide gel and blotted onto a nitrocellulose membrane. Antibodies against rat Bcl-2,

Bax, Cyt-c and caspase-3 were purchased from Santa Cruz Biotechnology (Santa Cruz, CA,

USA). Bcl-2, Bax, Cyt-c and caspase-3 were visualized using anti-rabbit IgG conjugated

with peroxidase (HRP) and DAB as the HRP substrate.

3.9 Statistical analysis of the data

All values are expressed as mean ^ SD. The differences in the data between two groups were

determined by a Student’s t test. A value of P , 0.05 was considered statistically significant.

References

[1] Y. Zhang, X.Q. Wu, Z.Y. Yu. J. Chin. Tradit. Med., 27, 254 (2002).
[2] S.D. Dietrych, W. Oleszek. J. Agric. Food Chem., 47, 4384 (1999).
[3] K. Suzuki, Y. Sawa, Y. Kaneda. J. Clin. Invest., 99, 1645 (1997).
[4] Q.L. Li, Q.X. Yu, Z.W. Chen. Acta Pharma. Sin., 37, 849 (2002).
[5] A. Strasser, A.W. Harris, T. Jacks. Cell, 79, 329 (1994).
[6] E.A. Dumont, W.J. Leo, H. Waander. Circulation, 102, 1564 (2000).
[7] H. Fliss, D.A. Gattinger. Circ. Res., 79, 949 (1996).
[8] Z. Chen, C.C. Chua, Y.S. Ho, R.C. Hamdy, B.H. Chua. Am. J. Physiol. Heart Circ. Physiol., 280, H2313 (2001).
[9] G. Condorelli, R. Roncarati, J. Ross, A. Pisani, G. Stassi, M. Todaro, S. Trocha, A. Drusco, Y. Gu, M.A. Russo,

G. Frati. Proc. Natn. Acad. Sci. U.S.A., 98, 9977 (2001).
[10] N.O. Karpinich, M. Tafani, R.J. Rothman, M.A. Russo. J. Biol. Chem., 277, 16547 (2002).
[11] D.R. Green, J.C. Reed. Science, 281, 1309 (1998).
[12] Z. Darzynkiewicz, E. Bedner, P. Smolewski. Semi. Hem., 38, 179 (2001).
[13] T.H. Chang, X.Y. Liu, X.H. Zhang. Acta Pharmacol. Sin., 23, 769 (2002).
[14] Z. Xie, T. Koyama, Y. Fujii. Jap. Heart J., 42, 756 (2001).
[15] Y. Leng, Y. Feng, L. Cao, Z.P. Gu. Acta Pharmacol. Sin., 22, 155 (2001).
[16] Z.T. Zhu, Z. Yao, H.Q. Li. Chin. Tradit. Herbal Drugs, 33, 343 (2002).
[17] J. Wen, M. Xu. Chin. Pharmacol. Bull., 19, 418 (2003).
[18] C.N. Kim, X. Wang, Y. Huang, A.M. Ibrado, L. Liu, G. Fang, K. Bhalla. Cancer Res., 57, 3115 (1997).

X.-C. Fu et al.272

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
9
 
2
2
 
J
a
n
u
a
r
y
 
2
0
1
1


