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Resear ch Paper

Protective effect of polydatin against ischemia/reperfusioninjuryinrat
heart

ZHANG Li-Ping, YANG Chang-Ying, WANG Ying-Ping, CUI Fang, ZHANGYi "
Department of Physiology, School of Basic Medical Sciences, Hebei Medical University, Shijiazhuang 050017, China

Abstract: The aim of the present study was to investigate the protective effect of polydatin against myocardial ischemia/reperfusion
injury in rats and the underlying mechanism. In anesthetized rats, ischemiaand reperfusion arrhythmia produced by ligating and loosing
the coronary artery was recorded and myocardial infarct size was measured. In Langendorff isolated rat heart, cardiac function was
recorded before and after 30 min of global ischemia followed by 60 min of reperfusion. The parameters of cardiac function include left
ventricular developed pressure (LV DP), maximal differentials of LV DP (+LV dp/dt,.) and coronary flow (CF) were measured. Myocar-
dial superoxide dismutase (SOD) activity, the contents of myocardial maondialdehyde (MDA) and nitric oxide (NO) as well as the
activity of nitric oxide synthase (NOS) were measured in isolated heart. The results showed: (1) Arrhythmia score and myocardial
infarct size were significantly lower in polydatin group than that in the control group (P<0.05, P<0.01); (2) The recovery of LVDP,
+LVdp/dt,. and CF during reperfusion in polydatin group were significantly better than that in the control rats (P<0.05, P<0.01); (3)
SOD activity in polydatin group was significantly higher than that in the control group, but MDA content was lower in polydatin
group than that in the control group (P<0.05); (4) NO content and NOS activity, especialy constitutive nitric oxide synthase (cNOS)
activity in polydatin group were higher than that in the control group (P<0.05); (5) L-NAME, the NOS inhibitor, reversed the
protective effect of polydatin against ischemia/reperfusion injury. The results suggest that polydatin has a protective effect against
ischemialreperfusion injury in rat heart. The cardioprotection of polydatin is mainly mediated by cNOS which leading to an increase in
NO production.
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Polydatin, 3,4’,5-trihydroxystibene-3-3-mono-D-
glucoside, also named piceid, is amonocrystalline isolated
from atraditional Chinese herbal medicine, Polygonum
cuspidatum Sieb. et Zucc. Previous studies showed that
polydatin could inhibit plate et aggregation, reduce neutrophil-
endothelial adhesion, improve microcirculation, antagonize
shock, and has antioxidative activity!*4. It was reported
that polydatin protected cardiomyocytes against the injury
induced by deprivation of oxygen and glucose®. Besides,
it was proved that polydatin had protective effect against
ischemialreperfusion (I/R) injury in brain, intestine and re-
mote organg®d.

Polydatin isa combination of resveratral and glucose Bath
polydatin and resveratrol belong to stilbene compound and
share some similar pharmacological effects, such as
antioxidative activity andinhibition of platd et aggregation*+9.
But there are some different effects between the two
compounds. Resveratrol reduces, but polydatin increases
intracellular free calcium concentration ([Ca?*];) in myo-
cardial cdlg°, It was reported that resveratrol had pro-
tective effect on hearts againgt I/R injury™. However, it is
not known whether polydatin has the same effect. The
aim of the present study was to confirm the hypothesis
that polydatin protects heart againgt I/R injury, and explore
the underlying mechanism.

1 MATERIALSAND METHODS

1.1 Experimental animals and biochemicals

Fifty-two male Sprague-Dawley (SD) rats weighting 280
320 g (grade Il, Certificate No. 04036) were provided by
the Experimental Animal Center of Hebe Province. All ani-
mal experiments were conducted in compliance with the
Guidefor the Care and Use of Laboratory Animals(National
Research Council, 1996). Polydatin was provided by
Neptunus Pharmaceutical Co. Ltd. (Shenzhen, China). Su-
peroxide dismutase (SOD), malondialdehyde (MDA), NO
and nitric oxide synthase (NOS) assay kits were purchased
from Nanjing Jiancheng Biotechnology Company (Nanjing,
China). L-NAME, Evansblueand 2,3,5-triphenyltetrazolium
chloride (TTC) were purchased from Sigma (St Louis,
Missouri, USA).

1.2 1/Rinjury of in vivo heart

To study the effect of polydatin on in vivo hearts, rats
were randomly divided into the control and polydatin
groups. Rats were anesthetized with sodium pentobarbital
(30 mg/kg body weight, i.p.). Body temperature was main-
tained at (37.0£0.5) °C. Animals were ventilated with a
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rodent ventilator (HX-300S, Chengdu TME Technology
Co. Ltd., China) at 60 to 70 breaths per minute with tide
volume of about 1.5 mL/100 g. Electrocardiogram (ECG)
inlead |1 together with the blood pressure of carotid artery,
was continuously monitored and recorded using a data
acquisition system (PowerLab/8 s, AD Instrument,
Audralia). Heart rate (HR) was calculated from the R-R
interval in ECG. Catheter intheleft femoral vein was used
for administration of biochemicals. The |eft thoracotomy
was performed in the 3rd or 4th intercostal space, and
pericardium was opened to expose the heart. A 5/0 silk
suture was passed through the left descending coronary
artery (LDA). After the state of cardiac function was kept
steady for 15 min, myocardial ischemia was produced by
ligating LDA and reperfusion was produced by loosing the
ligation®. Successful ischemic sign following coronary
arterial occlusion was indicated by a significant ST-seg-
ment elevation in ECG immediately after ligation, together
with adight blood pressure reduction.

1.3 Measurement of arrhythmia

Inthis part of experiment, rats were treated with 10 min of
ischemia followed by 60 min of reperfusion. In polydatin
group (n=6), polydatin (0.1% polydatin solution, 0.2 mL/
100 g body weight) was injected via the femoral vein at 10
min before ischemia. In the control group (n=6), saline
(0.9%) of the same volume as that in polydatin group was
injected. In this study, the dose of polydatin was deter-
mined according to the published reports on polydatin?”°Y
and our preliminary experiments. Ventricular arrhythmias
included ventricular premature beat, ventricular tachycar-
dia and ventricular fibrillation. Arrhythmias were defined
in accordance with the guideline of the Lambeth Conven-
tions for analysis of experimentd arrhythmias, and quanti-
fied with arrhythmia score according to Johnston stan-
dard!3,

1.4 Determination of myocardial infarct size

Inthis part of experiment, rats were treated with 30 min of
ischemia followed by 60 min of reperfusion. Polydatin
(0.1% polydatin solution, 0.2 mL/100 g body weight) in
polydatin group (n=6) and saline (0.9%) of the same vo-
lumein the control group (N=6) were given via the femora
vein at 10 min before ischemia, respectively. At the end of
reperfusion, after the LAD was ligated completely, the aorta
was ligated also and 2% Evansblue (1 mL) wasinjected to
the heart via the | &ft free ventricular wall, then, the heart
was removed quickly and frozen. The frozen heart was
cut into 5 slices that were incubated in 1% TTC (phosphate
buffer, pH 7.4) to be stained for 15 min.
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Normal myocardiumthat stained by Evansblueand TTC
looked blue, ischemic myocardium that stained by TTC
looked red, and infarct myocardium that was not stained
by either Evans blue or TTC looked pale. The photos were
taken with a digital camera, and input into the computer
and anayzed by image processing system (JIE DA-108,
Jiangsu). The extent of ischemic myocardium (area at risk)
was expressed as the percentage of ischemic sizeto the
left ventricular size. The extent of infarct myocardiumwas
expressed as the percentage of infarct size to ischemic
size.

1.5 Ischemia and reperfusion of isolated heart in vitro
Rats were anesthetized with sodium pentobarbital (30 mg/
kg body weight, i.p.) and hearts were quickly excised and
mounted on a Langendorff apparatus via aorta for retro-
grade perfusion with Krebs-Henseleit (K-H) buffer at con-
stant pressure (100 mmH,0). K-H solution (in mmol/L)
was composed of: NaCl 118.0, KCl 4.7, CaCl, 2.5, MgSO,
1.2, NaHCO;, 25.0, KH,PO, 1.2, and glucose 11.0. The
medium was continuously gassed with 95% O, and 5%
CO, (pH 7.4) and maintained at 37 °C. A water-filled latex
ball oon connected to a pressure transducer (Gould P23Db)
was introduced into the lft ventricl e through atria to record
isovolumic left ventricular pressure. The balloon volume
was adjusted to achieve a stable left ventricular end-
diastolic pressure (LVEDP) of 5to 10 mmHg during initial
equilibration. Theleft ventricular developed pressure (LVDP),
LVEDR maximal differentials of LVDP (LVdp/dt,.,), HR
and coronary flow (CF) were monitored with PowerLab
system (AD Instrument Ltd., Australia). In this part of
experiments, rats were randomly divided into the contradl,
polydatin, L-NAME and L-NAME + polydatin groups. The
control hearts, after stabilization for 20 minwith K-H buffer
solution, were subjected to 30 min of no-flow global is-
chemia followed by 60 min of reperfusion. The heartsin
polydatin group were treated with 0.05 mmol/L polydatin
for 15 min beforeischemia and reperfusion. In L-NAME

group, the hearts were treated with 0.1 mmol/L L-NAME
for 20 min beforeischemia and reperfusion. InL-NAME +
polydatin group, the hearts were perfused for 5 min with
0.1 mmol/L L-NAME firstly, then were treated with 0.05
mmol/L polydatin and 0.1 mmol/L L-NAME together for
15 min before ischemia and reperfusion.

1.6 Measurements of SOD, MDA, NO and NOS

After 30 min of global ischemia followed by 60 min of
reperfusion, the hearts were removed quickly from the
Langendorff apparatus and homogenized. The activity of
SOD was measured by xanthine oxidase method and MDA
content was measured by thibabituric acid chromatometry.
The content of NO was measured by nitrate reductase
method. NOS and inducible NOS (iNOS) activities were
measured directly by catalyzing L-arginine method™ and
congtitutive NOS (cNOS) activity was calculated from
NOSandiNOS.

1.7 Satistical analysis

All data were presented as meantSD. The paired t-test
was used to compare the data within groups and ANOVA
was used to compare the data between groups. P<0.05
was considered statistically significant.

2 RESULTS

2.1 Effectsof polydatin on blood pressure and HR
in anesthetized rats during I/R

During I/R, blood pressure and HR in anesthetized rats
decreased in both control and polydatin groups, but the
decreasein blood pressure and HR in polydatin group was
smaller than that in the control group (P<0.05, P<0.01)
(Table 1).

2.2 Effect of polydatin on arrhythmia in anesthe-
tized ratsduring I/R

As shown in Fig.1, arrhythmia scores of ischemic and
reperfusion arrhythmia in polydatin group were 1.0+1.5
and 2.0+£1.8, respectively, and were lower than those in

Table 1. Changes in mean arterial pressure (MAP) and heart rate (HR) during myocardial ischemia/reperfusion in anesthetized rats

MAP (mmHg) Heart rate (beats/min)
Control Polydatin Control Polydatin
Pre-ischemia 88.9+13.4 84.4+13.4 381.5+33.8 374.3+24.4
Ischemia 72.6£23.2" 78.6+16.1 352.3+35.5' 349.8+25.3'
30 min of perfusion 60.4+10.5" 76.9£10.8* 326.5+22.0" 348.3:32.3
60 min of perfusion 53.4+10.1" 73.849.17% 293.8+40.4" 347.1+£32.1°%

n=6. mean+SD. "P<0.05, ""P<0.01 vs corresponding pre-ischemia group; *P<0.05, #P<0.01 vs corresponding control group.
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5 VZZZ Reperfusion

*

Arrhythmia score

Control Polydatin
Fg. 1. Effect of polydatin on arrhythmia induced by ischemia and
reperfusion in anesthetized rats. n=6. mean+SD. "P<0.05, ""P<0.01

vs contral group.

the control group (3.5+£1.0 and 4.5+1.6, P<0.05, P<
0.01), suggesting that polydatin had an antiarrhythmic ef-
fect on I/R-injured hearts.

2.3 Effect of polydatin on infar ct sizeinduced by 1/R
injury in anesthetized rats

Theinfarct sizein polydatin group at 60 min after reperfusion
was (14.6%3.7)%, much smaller than (46.7+7.6)% in con-
trol group (P<0.01). There was no significant difference
in area at risk between the two groups (Fig.2). Theresults
suggest that polydatin reduced myocardial infarct size in-
duced by I/R injury.

2.4 Effect of polydatin on ventricular function in
isolated rat heartsduring I/R

There were no significant differences in the functional
parameters between the control and polydatin groups be-
fore ischemia (Table 2). The functional parameters, in-
cluding LVDP, +LVdp/dt,.,,, -LVdp/dt,,. and CF decreased
significantly in both control and polydatin groups during I/R
(P<0.01)(Table 2, Fig.3), showing the damage effect of I/R
on left ventricular function. The rats in polydatin group
displayed a better recovery during reperfusion after ischemia
than the control rats. After 60 min of reperfusion, there-
covery percent of LVDP, +LVdp/dt,.,, and -LVdp/dt,..,
were 43.3%, 42.9%, and 42.4%, respectivey, in polydatin
group, much higher than those in the control group (22.5%,
23.1%, and 24.1%, respectively) (P<0.05, P<0.01). Thus
polydatin significantly promoted recovery of post-ischemic
myocardia function, evidenced by significantly higher CF
after 60 min of reperfusion. No significant differencesin
HR were observedin al rat hearts (Table 2). All the results
suggest that polydatin increased the tolerance of heartsto
/R injury.
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Fig. 2. Effect of polydatin on myocardial infarct size induced by
ischemialreperfusion. A: Representative TTC staining of control and
polydatin-treated hearts after ischemia/reperfusion. B: Necrotic
myocardium (infarct size). C: Ischemic myocardium (area at risk).
n=6. mean+SD. ""P<0.01 vs control group

2.5 Effects of polydatin on SOD activity and MDA
content in rat myocardium during I/R

As shown in Table 3, the activity of SOD [(96577) U/g
protein] was higher in polydatin group than that in the con-
trol group [(788+137) U/g protein]. The content of MDA
was |ower in polydatin group than that in the control group
(P<0.05).

2.6 Effects of polydatin on NO content and NOS
activity in rat myocardium during I/R

The content of NO was higher in polydatin group than that
inthe control group (P<0.05). Besides, NOS activity, es-
pecialy cNOS activity, in polydatin group, was higher than
that in the control group (P<0.05)(Table 4).
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Table 2. Hemodynamic parametersin isolated rat hearts before ischemia and 60 min after reperfusion

Control Polydatin
Pre-ischemia LVDP (mmHg) 110.1+25.3 112.5+13.6
LVEDP (mmHg) 10.2+4.9 10.845.7
+LV dp/dt,,. (MmMHg/s) 4 422+976 4 3274575
-LVdp/dt,,, (mmHg/s) -2 580+606 -2 420+320
HR (beats/min) 257+31 250+18
CF (mL/min) 12.5£2.7 12+2.1
Reperfusion LVDP (mmHg) 24.6x12.1" 49.1+13.1"%
LVEDP (mmHg) 63.3+13.2" 50.3+16.0"*
+LV dp/dt,,, (mmHg/s) 1 056+851" 1916+858™"
-LVdp/dt, ., (mmHg/s) -636+340" -1 075+504""#
HR (beats/min) 226156 222453
CF (mL/min) 35+1.5" 5.1+1.0"%

n=7. LVDP: |eft ventricular developed pressure; LVEDP: left ventricular end-diastolic pressure; +LVdp/dt . maximal differentials of
LVDP; HR: heart rate; CF: coronary flow. ""P<0.01 vs corresponding pre-ischemia group; “P<0.05, #P<0.01 vs corresponding control

group.
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Fg. 3. Original recordings of left ventricular function during ischemia/reperfusion inisolated rat hearts.

2.7 Influence of L-NAME on the protective effect
of polydatin against myocardial I/R injury in iso-
lated rat hearts

The recovery percent of LVDRP, +LVdp/dt,..., -LVdp/dt,.,
and CF after 60 min of reperfusionin L-NAME group was
(17.1£6.3)%, (16.1+10.4)%, (18.5+8.5)%, and (23.4+

5.6)%, respectively, with no significant differences from
that in the control group (Fig.4), suggesting that perfusion
of theisolated heart with 0.1 mmoal/L L-NAME (an inhibi-
tor of al NOS) aone did not affect the functional recovery
of left ventricle after reperfusion. But the addition of 0.1
mmol/L L-NAME toK -H solution in polydatin-treated hearts
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Table 3. Effects of polydatin on SOD activity
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and MDA content in isolated rat hearts during I/R

Group SOD (U/g protein) MDA (umol/g protein)
Control 7881137 2.79+0.37
Polydatin 965+77 2.15+0.50°
L-NAME + polydatin 778+62" 2.73+0.19"

"P<0.05 vs control group; “P<0.05 vs polydatin group. n=7.

Table 4. Effects of polydatin on NO content

and NOS activity in isolated rat hearts during I/R

Group NO (umol/g protein) NOS (kU/g protein) cNOS (kU/g protein) iINOS (kU/g protein)
Control 2.08+0.71 0.85+0.16 0.38+0.19 0.51+0.10
Polydatin 3.58+1.47 1.23+0.34 0.76+0.35" 0.47+0.08
L-NAME + polydatin 2.00+0.41% 0.77+0.11% 0.31+0.17% 0.46+0.10
"P<0.05 vs control group; *P<0.05 vs polydatin group. n=7.
707 C—Jwvop
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Fig. 4. The influence of L-NAME on the cardioprotective effect of polydatin after reperfusion. "P<0.05, **P<0.01 vs control group;

#P<0.05 vs polydatin group. n=7.

reversed the improvement in cardiac function. After pre-
treatment with 0.1 mmol/L L-NAME and 0.05 mmol/L
polydatin together, the recovery percent of LVDP, LVEDR,
+LVdp/dt,,..,, -LVdp/dt,,, and CF after I/R was (234+14.6)%,
(22.2+13.8)%, (23.6+13.4)%, and (24.1+3.8)%, respec-
tively (P<0.05 vs polydatin group)(Fig.4). The activity of
SOD [(778+62) U/g protein] and the content of NO
[(2.00£0.41) umol/g protein] was lower in L-NAME +
polydatin group than that in polydatin group (P<0.05), and
the content of MDA [(2.73+0.19) umol/g protein] was
higher than that in polydatin group (P<0.05). The results
suggest that L-NAME reversed the protective effect of
polydatin againgt I/R injury.

3 DISCUSSION

Polydatin isa combination of resveratrol and glucose. Both
polydatin and resveratrol belong to stilbene compound ab-
stracted from Poligonum cuspidatum Sieb. et Zucc, hy-
droxy chrysophenine compound. Polydatin and resveratrol
share some similar pharmacological effects, such as
antioxidative activity¥. Also, polydatinand resveratrol have
some different qualities and pharmacol ogical effects. Ex-
perimental results showed that resveratrol reduced, but
polydatin increased [ Ca?*]; in myocardial cellg**, It was
reported that resveratrol had protective effect on hearts
againgt injury™. But we don’t know whether polydatin
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has the same protective effect on hearts. In this study, we
observed the effects of polydatin on I/R myocardium using
invivo and in vitro rat models. The results firstly demons-
trated that polydatin had protective effects on hearts against
I/R injury, as evidenced by reducing arrhythmia and myo-
cardia infarction, improving myocardid function during I/R.
The results also showed that polydatin increased CF and
NO production, and enhanced antioxidation in heart, which
could bereversed by L-NAME, an NOS inhibitor.

The coronary blood circulation has some distinct fea-
tures in anatomy and function. The blood supply to heart
is afforded mainly during diastole because the strong com-
pression of the cardiac muscle around the intramuscular
vessels during systole. The heart has alimited potential to
increase oxygen supply by enhancing oxygen uptake be-
cause oxygen uptake rate is very high under static
circumstance. Therefore, the increase in oxygen demand
under some circumstance, such as physical exercise or
ischemic disorder, can be accomplished mainly through
increasing blood flow in coronary circulation’™. The re-
sult of present study showed that CF during reperfusion
was significantly higher in polydatin group than that in
control group, suggesting that increasing CF might be one
of important mechanisms of protective effects of polydatin
against myocardia I/Rinjury.

It is well known that oxygen-free radicals, generated
during I/R injury, contributes to the pathogenesis of I/R
injury and is also an important factor for the arrhythmia
induced by ischemia and reperfusion!*®, Usually,
antioxidative ahility of heart isevaluated by SOD and MDA
activities. SOD is one of important antioxidases that sca-
venges oxygen-free radicals and MDA is an end-product
of freeradical chain reaction and lipid peroxidation. There
was a report that polydatin protected brain and intestine
against the injury induced by oxide through decreasing the
content of MDA andincreasing the activity of SOD inbrain
and intesting®1%, There was also a report that polydatin
protected primarily cultured rat hepatocytes against CCl,-
induced injury by inhibiting the formation of MDA in rat
hepatocyted®’. Consisted with above research results, our
present study showed that polydatin enhanced myocardial
antioxidative ability, which might be another mechanism
of cardiac protection of polydatin against I/R injury.

NO isanimportant messenger inthe cardiovascular regu-
lation and also played an importart rolein protecting myo-
cardium against I/R injury. It was reported that L-arginine,
aprecursor of NO, improved post-ischemic functional re-
covery and limited infarct Sizein theisolated rat heart. Also,
the NOS inhibitor L-NAME abolished the effect of L-argi-

nineon I/R injuryt®9, The results of present study showed
that polydatin increased myocardial NO production and L-
NAME reversed the protective effect of polydatin on heart,
suggesting that NO plays a key role in polydatin-induced
cardioprotection. There were reports that NO could main-
tain coronary vasodilator tone, scavenge freeradicals and
exert antioxidative activity!?2, According to our experi-
mental results, we hypothesize that polydatin protected heart
against I/R injury through increasing CF and antioxidative
ability as aresault of increasing NO production.

NO isformed from L-arginine and oxygen by NOS. There
are three known isoforms of the enzyme, al of which are
expressed in the heart: neuronal NOS (nNOS), endothelia
NOS (eNOS), and iNOS. eNOS and nNOS together are
aso called cNOS. The main source of cardiac NO is gene-
rated through eNOS expressed by coronary endothelial cells
and cardiac myocytes. Whereas nNOS expression is low
inthe heart and INOS is usually expressed in response to
various physiological and pathophysiological stimuli, such
asintense exercise and hypoxia. Recent studies have shown
that eNOS plays an important role in protecting myocar-
dium against I/R injury!?2], In addition, studies have indi-
cated that the cardioprotective effects of late precondi-
tioning observed after 24 h resulted from the upregulation
of NOS and, more specifically, of iNOS##, Our experi-
ment showed that NOS and cNOS activities were increased
in polydatin group compared with that in the control group,
suggesting that increase in NO production resulted from
increasein ctNOS activity.

In summary, polydatin had a significant cardioprotection
againg I/R injury, which was mediated by increasein cNOS
and NO production and consequently by increase in CF
and antioxidation of myocardium.

REFERENCES

1 ZhangPW,YuCL,WangYZ, Luo SF, Sun LS, Li RS. Influence
of 3,4, 5-trihydroxystibene-3-mono-D-glucoside on vascular
endothelia epoprostenol and platelet aggregation. Acta Pharmacal
Sin 1995; 6: 265-268.

2 JinCH (&#18), LiuJ, Zhao KS. Theinfluence of polydatin on
the adhesion of neutrophil-endothena cells. J Chin Microcirc (1
FE %K) 1999; 3: 82-84 (Chinese, English abstract).

3 Zhang M (5K 2), Jin LJ, Jin CH. The effects of polydatin on
endotoxic shock on rat. Chin J Pathophysiol (F [ i 4 2 4
) 1997; 13: 245-248 (Chinese, English abstract).

4 Kerem Z, Bilkis I, Haishman MA, Sivan L. Antioxidant activity
and inhibition of alpha-glucosidase by trans-resveratrol, piceid,
and a novel trans-stilbene from the roots of Israili Rumex
bucephalophorus L. J Agric Food Chem 2006; 544: 1243-1247.



168

10

11

12

13

14

15

Luo SF, Yu CL, Zhang PW. Influencesof 3,4 5-trihydroxystibene
3-beta-mono-D-glucoside on beat rate and injury of cultured
newborn ra myocardid cells. ActaPharmacol Sin 1990; 11: 147-
150.

Liang RN (22¢fE), Mo ZX. Protective effects of polydatin, an
active compound from polygonum cuspidatum, on cerebral is-
chemic damagein rats. Chin Pharmacol Bull (7 [E 252 2238 1)
1996; 12: 126-129 (Chinese, English abstract).

XieZL (i 53k), Jin LJ, Wang JZ. Protective effects of polydatin
on intestina ischemiareperfusion injury in rabbit. Chin Crit Care
Med (7 [ 1 5595 2 R € %) 1997; 9: 136-138 (Chinese, En-
glish abstract).

XieZL (it ii3K), Wang JZ, Jin LJ. Polydatin prevents remote
organ damage during intestina ischemia reperfusion. Chin J
Pathophysiol (A [ 9p5 # 4F 3 4%7K) 1995; 11: 355-357 (Chinese,
English abgract).

Olas B, Wachowicz B, Saluk-Juszczak J, Zielinski T. Effect of
resveratrol, anatura polyphenclic compound, on platelet activa-
tion induced by endotoxin or thrombin. Thromb Res 2002; 107:
141-145.

LiuZ, Zhang LP, MaHJ, Wang C, Li M, Wang QS. Resveratrol
reducesintracellular free calcium concentration in rat ventricular
myocytes. Acta Physiol Sin (4= 2#4[) 2005; 57: 599-604.
Jin CH (£:%1£), Zhao KS, Liu J, Huang XL. The regulation of
polydatin on [Ca*]; of myocardial cells in the rat. Chin J
Pathophysiol ([} A= 3 2% 7) 2001; 17: 128-130 (Chinese,
English abgract).

Wang L, Zeng QT, Xie J. Protective effects of resveratrol
preconditioning on ischemiareperfusion injury of isolated heart
inras. Clin Cardiol 2006; 22: 47-49.

Zhang Y, Zhong N, Zhou ZN. Estradiol potentiates antiarrhyth-
mic and antioxidative effects of intermittent hypoxic rat heart.
Acta Pharmacol Sin 2000; 21: 609-612.

Wang L (F/K), Zeng QT, Xie J. Protective effects of resveratrol
on apoptosis in rats cardiomyocytes during myocardia ischemia/
reperfusion. Chin J Pract Chin Mod Med (4 52 it s %
%) 2005; 18: 785-787 (Chinese, English abstract).

Guyton AC, Hall JE. Textbook of Medical Physiology. 10th ed.

16

17

18

19

20

21

22

23

24

25

Acta Physiologica Sinica, April 25, 2008, 60 (2): 161-168

Philadelphia: W. B. Saunders Company, 2000, 226-228.
Jeroudi MO, Hartley CJ, Balli R. Myocardial reperfusion injury:
role of oxygen radicals and potentid therapy with antioxidant. Am
JCardiol 1994; 73: 2B-7B.

Huang ZS, Wang ZW, Liu MP, Zhong SQ, Li QM, Rong XL.
Protective effects of polydatin against CCl,-induced injury to
primarily cultured rat hepatocytes. World J Gastroenterol 1999;
5:41-44.

Suematsu Y, Ohtsuka T, Hirata Y, Maeda K, Imanaka K,
Tekamoto S. L-Arginine given after ischaemic preconditioning can
enhance cardioprotection inisolated rat hearts. Eur J Cardiothorac
Surg 2001; 19: 873-879.

Izhar U, Schwalb H, Borman J B, Merin G. Cardioprotective
effect of L-argininein myocardia ischemia and reperfusion in an
isolated working rat heart model. J Cardiovasc Surg 1998; 39:
321-329.

Dawn B, Balli R. Roledf nitricoxidein myocardia preconditioning.
Ann NY Acad Sci 2002; 962: 18-41.

Schulz R, KemM, Heusch G. Nitricoxidein ischemiareperfusion
injury. Cardiaovasc Res 2004; 61: 402-413.

Weiland U, Haenddler J, 1hling C, AlbusU, Scholz W, Ruetten H,
Zeiher AM, Dimmeler S. Inhibition of endogenous nitric oxide
synthase potentiates ischemia-reperfusion-induced myocardial
apoptosis via a caspase-3 dependent pathway. Cardiovasc Res
2000; 45: 671-678.

Brunner F, Maier R, Andrew P, Wolkart G, Zechner R, Mayer
B. Attenuation of myocardial ischemia/reperfusion injury in mice
with myocyte-ecific overexpression of endothelid nitric oxide
synthase. Cardiovasc Res 2003; 57: 55-62.

Guo Y, JonesWK, Xuan YT, Tang XL, Bao W, Wu WJ, Han H,
Laubach VE, Ping PP, Yang ZQ, Qiu YM, Badlli R. The late
phase of ischemic preconditioning is abrogated by targeted dis-
ruption of theinducible NO synthase gene. Proc Natl Acad Sci
USA 1999; 96: 11507-11512.

Boalli R. Cardioprotective function of inducible nitric oxide syn-
thase and role of nitric oxide in myocardial ischemia and
preconditioning: an overview of a decade of research. J Mol Cdll
Cardiol 2001; 33: 1897-1918.



