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Abstract. The underlying mechanism of the myocardial protec-
tive effect of fisetin was studied in a rat ischemia/reperfusion
injury model. Sprague-Dawley rats were randomly assigned to
seven groups and pretreated with different solutions by gavage
administration. A rat model of cardiac ischemia/reperfusion
injury was established. Plasma levels of Von Willebrand
factor (VWF) were determined by ELISA, flow cytometry was
used to determine the level of cardiomyocyte apoptosis and
2,3,5-triphenyltetrazolium staining was used to determine the
size of myocardial infarcts. Hematoxylin and eosin-stained
sections of myocardial tissues were examined for pathological
changes. Expressions of nuclear factor (NF)-kB and matrix
metallopeptidase 9 (MMP-9) were measured by immunohis-
tochemistry. Compared with the model group, rats pretreated
with fisetin, quercetin and aspirin showed significant prolon-
gation of clotting time, prothrombin time, thrombin time and
activated partial thromboplastin time. Fisetin treatment better
maintained the integrity of myocardial fibers and nuclear
integrity, reduced the percentage of apoptotic myocardial cells,
inhibited expression of NF-«xB, decreased the loss of MMP-9
and reduced nuclear translocation of NF-kB. Rats pretreated
with fisetin also demonstrated a significant decrease in plasma
levels of vVWF. In addition, the protective effect of fisetin on
myocardial cells was found to be dose dependent.

Introduction

Coronary heart disease (CHD) is a major contributor to overall
mortality. An estimated 3.8 million men and 3.4 million women
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die from CHD every year (1-3). Myocardial ischemia/reperfu-
sion injury is a severe pathological change associated with
CHD, which leads to a reduction in heart ejection fraction and
causes cardiac decompensation (4). Inhibition of apoptosis to
prevent myocardial ischemia/reperfusion injury has long been
a therapeutic target (5).

Flavonoids are a class of natural secondary metabolites
produced by plants and fungi; their molecular structure is
characterized by two phenyl rings and one heterocyclic ring.
Flavonoids display antioxidant and antibacterial effects,
both in vitro and in patients with cardiovascular disease and
cancer (6-8).

Studies conducted on patients with cardiovascular disorders
have demonstrated that flavonoids reduce the risk of athero-
sclerosis and hypertension via attenuation of oxidative stress
and the related signaling pathways in blood vessel cells, and
by improving endothelial and capillary function (9,10). The
main factors involved in inflammation include nuclear factor
(NF)-kB and matrix metallopeptidase-9 (MMP-9). The activity
of NF-«B is primarily regulated by interaction with inhibitor
of kB (IkB) proteins; the IkB/NF-«kB interaction is a key step
for controlling NF-«xB activity. Activation of NF-xB has been
widely reported in the context of several diseases including
cancer, chronic inflammatory disorders, neurodegenerative
diseases, and heart disease (11). Matrix metalloproteinases
are associated with post-myocardial infarction left ventricular
remodeling with MMP-9 identified as the only circulating factor
that predicts late onset of congestive heart failure (12,13).

Fisetin (3,3',4',7-tetrahydroxyflavone) is present in various
drugs, fruits and vegetables, such as apples, grapes, onions,
and cucumbers (14-16). Studies have demonstrated that fisetin
displays a number of beneficial properties, including anti-
cancer, anticoagulatory, anti-inflammatory and antioxidant
effects (17-22). Our previous study determined the anticoagu-
lant and thrombolytic effect of fisetin in vitro, using heparin
as a positive control (18). However, the cardioprotective effect
of fisetin and the underlying mechanism are yet to be studied
in vivo. Therefore, the present study explored the potential
protective effects of fisetin on ischemic cardiomyocytes
and the underlying mechanism in a rat model of myocardial
ischemia/reperfusion.
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Materials and methods

Preparation of reagents and samples. Enteric coated aspirin
tablets were provided by Luoyang Mingkang Pharmaceutical
Co., Ltd (Luoyang, China). Clopidogrel bisulfate tablets were
purchased from Jinan Lekangxin Pharmaceutical Co., Ltd.
(Jinan, China). Dipyridamole injection was purchased from
Yabao Pharmaceutical Group Co., Ltd. (Ruicheng, China).
Adrenaline hydrochloride injection was provided by Tianjin
Jinyao Amino Acid Co., Ltd. (Tianjin, China). Aspirin,
adenosine 5'-diphosphate disodium salt and arachidonic acid
were purchased from Sigma-Aldrich (Merck KGaA ,Darmstadt,
Germany). Fisetin and quercetin (purity >98%) were purchased
from Shaanxi Chang Yue Plant Technology Co., Ltd. (Xi'an,
China). Prothrombin Time kit (PT kit), Activated Partial
Thromboplastin Time kit (APTT kit) and Thrombin Time kit
(TT kit) were purchased from Shanghai Sunred Biological
Technology Co., Ltd. (Shanghai, China). NF-xB and MMP-9
detection kits and 5% bovine serum albumin were provided by
Wuhan Boster Biological Technology, Ltd. (Wuhan, China).
Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) apoptosis detection kit was purchased from Nanjing
KGI Biological Technology Development Co., Ltd. (Nanjing,
China). Other reagents used in the study were of analytical
grade.

Animal experiments. Male Sprague-Dawley (SD) rats (age,
8 weeks; weight, 250-300 g) were purchased from the Animal
Center of Xi'an Jiaotong University College of Medicine (Xi'an,
China). The animals were housed under 12-h light-/dark cycle
at 26+3°C 30-70% humidity. Ad libitum access to standard
rodent chow and water was provided. All animal experiments
were approved and conducted according to the experimental
protocol authorized by the Ethical Committee of the First
Affiliated Hospital of Xi'an Medical College.

Eighty-four SD rats were randomly divided into seven
groups: Sham operation group (negative control); model
group; three fisetin-pretreated groups (5, 15 and 45 mg/kg);
quercetin-pretreated; and aspirin-pretreated groups. Rats
in the sham control and model groups were administered
0.5% sodium carboxymethyl cellulose (CMC-Na) solution
(10 ml/kg) by gavage administration. Rats in the other groups
were pretreated with solutions containing the varying concen-
trations of fisetin, aspirin or quercetin in 0.5% CMC-Na by
gavage administration once per day for 7 days. The dosage of
aspirin and quercetin was determined by preliminary experi-
ments and through reference to published literature (18,23,24).
On day 8, rats were anesthetized with 10% chloral hydrate
(350 mg/kg, 4 ml/kg) and fixed in the dorsal position for oper-
ation. A two-lead electrocardiogram (ECG) was connected
to the depilated skin and rats were mechanically ventilated.
Tracheotomy was performed for endotracheal intubation. The
ventral thorax was incised transversely at the level of intercostal
spaces 4 to 6 to expose the heart. The left anterior descending
branch was ligated. Successful surgery was confirmed by
observing cyanosis around the remote end of myocardium
and ST-segment elevation and tall T-waves in ECG (25-27).
After 30 min of ligation, 2 h of reperfusion was initiated by
removing the ligation line (Fig. 1). After 2 h of reperfusion
rats were euthanized. The rats were first anesthetized with
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10% chloral hydrate (350 mg/kg, 4 ml/kg) and kept areflexive
with muscular flaccidity. An ~8 ml volume of blood was then
taken from the abdominal aorta leading to rat death, which
was confirmed by respiratory and cardiac arrest.

Preparation of drug solution. To prepare 6x10° mol/l fisetin
solution, 127 ul 1% sodium carbonate (Na,CO;) solution
was added into a mixing tube containing 1.72 mg fisetin
powder. Quercetin solution (6x10- mol/l) was prepared by
dissolving 1.81 mg of quercetin in 127 ul 1% Na,COj; solu-
tion. Dipyridamole solution (120x10-¢ mol/l) was prepared by
dissolving 12.1 pl dipyridamole (2 ml: 10 mg) in saline and
adjusting the volume to 1 ml. Aspirin solution (3 mg/ml) was
prepared by dissolving 3 mg aspirin in 1% Na,CO; solution
and adjusting the total volume to 1 ml. Clopidogrel (360 pg/ml)
was prepared by dissolving 0.36 mg clopidogrel in saline and
adjusting the volume to 1 ml. Sodium citrate solution (3.8%)
was prepared by dissolving 1.9 g sodium citrate in saline and
adjusting to 50 ml. Adrenaline (120 gmol/l) was prepared by
dissolving 13.2 ul adrenaline hydrochloride injection (1 mg/ml)
with saline and adjusting the volume to 500 ml. Adenosine
diphosphate (ADP) solution (3,000 mol/1) was diluted with
saline to the desired concentration before use.

Preparation of platelets. Six healthy adult human blood speci-
mens were provided by the First Affiliated Hospital of Xi'an
Medical University (Xi'an, China; 3 men and 3 women; age,
33.748.9 years). The anti-coagulant used was 3.8% sodium
citrate (sodium citrate: Whole blood, 1:9) and blood was drawn
from the median cephalic vein. Blood samples were centri-
fuged at 179 x g for 10 min to remove the supernatant and
platelet-rich plasma (PRP); the remaining sample was centri-
fuged at 1016 x g for 10 min to collect platelet-poor plasma
(PPP). The platelet number in PRP was adjusted with PPP to
obtain a final platelet count of 250/nl (28). These procedures
were performed at room temperature to prevent platelet activa-
tion. All six patients provided written informed consent for
the collection and use of their blood samples. In addition, the
collection and use of the blood samples was approved by the
Research Ethics Committee of the Affiliated Hospital of Xi'an
Medical University.

Platelet aggregation. Human platelet aggregation was deter-
mined using a four-channel platelet aggregation analyzer
(SC-2000; Shanghai Tiancheng Science and Technology Ltd,
Shanghai, China). PRP samples (300 ul; 250 platelets/nl)
were pooled in the sample cup and treated with saline, fisetin
(1x107*, 1x107, 1x10°%, 1x107, 1x10® or 1x10" mol/l), quer-
cetin (1x10**, 1x107%, 1x10°%, 1x107, 1x10® or 1x10*° mol/l),
clopidogrel (3x10”° mol/l), dipyridamole (2x10° mol/l) or
aspirin (2.8x10* mol/l), respectively. Light transmission was
first measured following incubation of the sample at 37°C
for 20 min, and then measured after platelet activation with
ADP (20 umol/l) and adrenaline (20 gmol/l). Light trans-
mission was set as 0 and 100% for measurement of pure PPP
and PRP, respectively. Inhibition of platelet aggregation was
calculated according to the following formula: Percentage
inhibition (%)=[1-(platelet aggregation of sample/platelet
aggregation of control)] x100%. Each sample was measured
in triplicate.
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Figure 1. Schematic describing the timeline of the experimental set-up. Rats in each group were pretreated with samples or solvent by gavage administration
for 7 days, once a day. On day 8, rats were anesthetized to prepare the ischemia/reperfusion model. The left anterior descending branch was ligated (successful
surgery was confirmed by observing the cyanosis around the remote end of myocardium and ST-segment elevation and tall T-waves in ECG), after 30 min of

ligation, 2 h of reperfusion was initiated by removing the ligation line.

Coagulation indicators. Two drops of blood from the rat-tail
vein were collected in a glass tube to measure the clot-
ting time. A total of 4 ml of blood was collected from the
abdominal aorta in a vacuum tube containing anticoagulant
(3.8% sodium citrate: Whole blood, 1:9). The blood was
centrifuged at 1,016 x g for 15 min to collect plasma, at room
temperature. Plasma was separated to measure the PT, TT and
APTT, according to their kit instructions. Plasma levels of Von
Willebrand factor (vVWF) were assessed using a VWF ELISA
kit (cat. no. H274; Nanjing Jiancheng Biological Technology
Co., Ltd., Nanjing, China).

Annexin V and PI staining for cardiomyocyte apoptosis.
Apoptosis of cardiomyocytes was measured using flow cytom-
etry. In brief, a 5 mm?® sample (~70 mg) of the left ischemic
myocardium was obtained following reperfusion. The isch-
emic myocardium was then washed in D-Hanks solution and
digested in 10 ml 0.08% trypsin for 5 min at room tempera-
ture. The suspension was filtered through a 200-micron mesh
nylon filter to collect the filtrate, then, 10 ml culture medium
containing calf serum was added to terminate the digestion.
After centrifugation of the suspension for 10 min, at 1,016 x g
and room temperature, the supernatant was discarded, and
cells were resuspended in 5 ml culture medium containing calf
serum. Cells were then washed with PBS and resuspended in
a binding buffer. FITC-conjugated Annexin V (3 ul) and PI
reagent (3 ul) were added and the mixture was incubated at
room temperature for 20 min. The samples were immediately
measured by flow cytometer (FACSCalibur, BD Biosciences,
USA). Apoptosis was calculated as the percentage of apoptotic
cardiomyocytes (Annexin V*/PI') using CellQuest software
(ver 4.0; BD Biosciences) (29-31).

Expression of NF-kB and MMP-9. NF-xB and MMP-9 expres-
sion was determined by immunohistochemistry. A 5 mm?
sample of left ischemic myocardium (~70 mg) was obtained
from each rat after reperfusion, fixed in 10% formalin solu-
tion for 24 h at room temperature and embedded in paraffin.

Paraffin-embedded samples were cut into 3 ym thick slices
and mounted on glass slide. The tissue sections were immersed
in 10 volumes of 3% hydrogen peroxide for 10 min at 70°C to
block endogenous peroxidase activity, deparaffinized and then
subjected to antigen retrieval with 0.01 mmol/I citrate solu-
tion (pH 6.0) for 50 sec at 80-90°C. Next, the sections were
washed in PBS. After treatment with 5% bovine serum albumin
(Wuhan Boster Biological Technology. Ltd.) for 20 min at room
temperature, the sections were incubated with the following
primary antibodies in a moist chamber: Anti-NF-«B (1:100; cat.
no. BM3940; Wuhan Boster Biological Technology Ltd., China)
for 180 min at 4°C and anti-MMP-9 (1:80; cat. no. BA0573;
Wuhan Boster Biological Technology. Ltd.) overnight at 4°C.
The sections were washed twice in PBS and incubated with
the labeled streptavidin-biotin complex (1:1; cat. no. SA1022;
Wuhan Boster Biological Engineering Co. Ltd.) for 30 min
at 37°C. The slices were colored with diaminobenzylamine
chromogenic reagent at room temperature, stained with hema-
toxylin, dehydrated, permeabilized and sealed, according to
immunohistochemical staining kit instructions (NF-«B, cat.
no. BM3940; MMP-9 cat no. BA0573; Wuhan Boster Biological
Engineering Co. Ltd.). The slides were examined under a light
microscope at x400 magnification, eight slides per group and
five fields of view per slide (32). MMP-9 and NF-«B expression
were assessed as described in the literature using an Olympus
BX51 positive position microscope for image analysis (Olympus
Corporation, Tokyo, Japan), using immunohistochemical
method and transmission method for qualitative and quantita-
tive analysis. Images were further analyzed with Image Pro Plus
6.0 (Media Cybernetics, Inc., Rockville, MD, USA). Using the
transmission method, gray levels of each IHC image of MMP-9
and NF-kB staining were taken. Gray levels range from 0 to
255, where white is 255 and black is 0. Through the combination
of trichromatic color shades, a variety of colors can be formed,
where the smaller the gray scale, the deeper color, which can be
used to indicate higher expression levels. In the present study,
the expression of MMP-9 or NF-«xB was calculated as=255-their
respective gray levels.
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Figure 2. Fisetin significantly prolongs coagulation in a rat model of myocardial ischemia/reperfusion injury. (A) Whole blood clotting time was significantly
prolonged in fisetin-pretreated groups. (B) PT was significantly prolonged in fisetin-pretreated groups. (C) TT was significantly prolonged in fisetin-pretreated
groups. (D) APTT was significantly prolonged for fisetin-pretreated groups. "P<0.05 and “P<0.01 vs. model group. PT, prothrombin time; TT, thrombin time;

APTT, activated partial thromboplastin time.

Evaluation of myocardial infarct size (IS). To evaluate
myocardial IS, 2,3,5-triphenyltetrazolium (TTC) staining was
used. After 2 h of reperfusion, rat hearts were harvested (four
samples per group) and then immersed in 1% TTC buffer for
20 min at 37°C. The tissues were then incubated at -20°C for
20 min. Subsequently, the hearts were washed with saline and
attached blood vessels and fat removed. Serial 1 mm sections
from the tip of the heart to the base of the heart were prepared.
Viable myocardium was stained deep-red, penumbra was
stained light-red and infracted/necrotic myocardium stained
pale grey or remained unstained, as previously described (33).
The sections were viewed under a light microscope (Nikon
Corporation, Tokyo, Japan; magnification, x400). The area of
the myocardium stained grey was assessed with Image Pro
Plus 6.0 (Media Cybernetics, Inc.) (34-37). A higher density
of staining suggested that more viable myocardial cells
remained (38).

Examination of pathological changes in myocardial cells.
H&E staining was used to examine the pathological changes
in the myocardial cells. Hearts were excised, washed with
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Figure 3. Fisetin treatment (15 and 45 mg/kg) significantly reduces
plasma vVWF levels in rats with myocardial ischemia/reperfusion injury.
(A) Quantification of vWF in rat-tail blood samples measured by ELISA.
“P<0.05 and “P<0.01 vs. model group; 22P<0.01 vs. sham group. vVWF, Von
Willebrand factor.
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Figure 4. Fisetin reduces acute myocardial ischemia/reperfusion injury in the rat model. (A) Images of rat myocardial tissue stained with 2,3,5-triphenyltetrazo-
lium following acute myocardial ischemia/reperfusion injury. (B) Quantification of infracted/necrotic tissue (gray staining). "P<0.05 and “P<0.01 vs. model group.

ice-cold PBS, and 1 mm thick coronal slices prepared after
the hearts were snap frozen at -20°C for 20 min. The slices
were fixed directly in 10% neutral formalin for 24 h at room
temperature and paraffin-embedded., Sections (3 ym thick-
ness) were prepared from paraffin-embedded tissue blocks
by dehydration through a graded ethanol series and clearing
with xylene for H&E staining (for 12 min at room tempera-
ture). Morphological changes in the myocardial tissues were
evaluated as previously described, using an Olympus light
microscope (magnification, x400) (39,40).

Statistical methods. Data were presented as mean + standard
error of the mean. One-way analysis of variance followed by
Dunnett's test was used for comparisons of more than two
groups. Statistical analyses were performed using SPSS 13.0
(SPSS, Inc., Chicago, IL, USA) statistical software package.
P<0.05 was considered to indicate statistical significance.

Results

Fisetin significantly prolongs coagulation in rats with
myocardial ischemia/reperfusion injury. The whole blood
clotting time (CT) of rats in the group pretreated with fisetin
was significantly prolonged compared with the model group
(P<0.01 for 15 and 45 mg/kg fisetin; P<0.05 for 5 mg/kg fisetin;
Fig. 2A). CT was comparable between groups pretreated
with fisetin (15 or 45 mg/kg) and groups pretreated with
quercetin (15 mg/kg) or aspirin (47 mg/kg). Similar results
were observed for PT, TT, and APTT. Fisetin treatment (5,
15, or 45 mg/kg) significantly prolonged PT, TT, and APTT
in a dose dependent manner (Fig. 2B-D). Similarly, quercetin
(15 mg/kg) and aspirin (47 mg/kg) significantly improved
PT compared with the model group (P<0.05). Of note, the
anticoagulant effect of fisetin was superior to quercetin and
aspirin.
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Figure 5. Fisetin alters cardiomyocyte morphology. (A) Hematoxylin and eosin-stained sections of rat heart tissue following myocardial ischemia/reperfusion
(magnification, x400). Myocardial cells in fisetin-pretreated group showed less notable structural changes as well as reduced number of inflammatory cells
compared with the model group. The yellow arrow indicates inflammatory cells (infiltrating neutrophils). (B) Inflammatory cell number and the proportion of
inflammatory cells, in myocardial tissue, were significantly decreased in fisetin-pretreated groups compared with the model group. "P<0.05 and “P<0.01 vs.

inflammatory cell model; #2P<0.01 vs. rate of inflammatory model group.

Fisetin significantly reduces plasma vWF in rats with myocar-
dial ischemialreperfusion injury. Plasma vWF levels in fisetin
(15 and 45 mg/kg) pretreated groups were significantly lower
than the model group (P<0.01; Fig. 3), which suggested that
fisetin may inhibit platelet aggregation by reducing the levels
of vWE.

Fisetin reduces acute myocardial ischemia/reperfusion injury
in rats. TTC staining was used to investigate the effects of
fisetin on acute myocardial ischemia/reperfusion injury

(Fig. 4A). The infarct areas in the groups pretreated with
fisetin were significantly reduced compared with the model
group in a dose-dependent manner (P<0.01; Fig. 4B).

Fisetin alters morphological presentation of cardiomyocytes.
In the sham group, the myocardial fibers were arranged in
an orderly manner, the horizontal grain structure was clear
and there were almost no inflammatory cells (Fig. 5A). The
presence of inflammatory cells within myocardial fibers
would indicate neutrophil infiltration, a common occurrence
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Figure 6. Fisetin reduces apoptosis of cardiomyocytes (A) Flow cytometry analysis with Annexin V-FITC/PI staining. (B) Quantification of cardiomyocyte
apoptosis rate in UR quadrant (upper right quadrant). Fisetin (15 or 45 mg/kg) significantly decreased the percentage of apoptotic cardiomyocytes, compared
with the model group. Fisetin inhibited apoptosis of myocardial cells in a dose dependent manner. “P<0.05 and “P<0.01 vs. model group. FITC, fluorescein

isothiocyanate; PI, propidium iodide.

in myocardial ischemia-reperfusion injury. In the myocardial
ischemia/reperfusion model group, the myocardial fibers
were arranged irregularly and their structure was disordered.
Parts of the horizontal grain structure were not clear or had
disappeared, the gaps between muscle fibers had widened,
some of the myocardial cells appeared necrotic and there
were numerous inflammatory cells in the myocardial matrix
(Fig. 5A). Compared with the model group, myocardial cells
in the fisetin-pretreated group demonstrated less notable
structural changes and a reduced number of inflammatory
cells (Fig. 5A). Fisetin-pretreated groups demonstrated less
disarrangement of cardiac muscle filaments, decreased
cardiomyocyte edema or phagocytic cells, reduced disrupted

myofilaments, and less membrane rupture and nuclear swelling
when compared to the myocardial ischemia reperfusion group
(Fig. 5A). By counting the number of infiltrative neutrophils,
dividing this by the number of cardiomyocytes in the same field
of vision and multiplying by 100 the proportion of infiltrating
inflammatory cells was estimated. Inflammatory cell counts,
and the proportions of inflammatory cells in myocardial tissue
were also significantly decreased in the fisetin-pretreated
groups (Fig. 5B).

Fisetin reduces apoptosis in cardiomyocytes. Flow cytometry
analysis with annexin V/PI staining was performed to determine
the effect of fisetin on cardiomyocyte apoptosis. Compared with
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Figure 7. Fisetin reduces MMP-9 expression in ischemic myocardium. (A) Representative photomicrographs of rat ischemic myocardium stained for MMP-9
(brown; magnification, x400). (B) Quantification of MMP-positive staining. The expression of MMP-9 was markedly inhibited in fisetin-pretreated groups (15

and 45 mg/kg). “P<0.01 vs. model group. MMP, matrix metalloproteinase.

the model group, fisetin treatment (15 or 45 mg/kg) significantly
decreased the percentage of apoptotic cardiomyocytes (P<0.01
or P<0.05; Fig. 6). These results indicated that fisetin inhibited
apoptosis of myocardial cells in the rat model of ischemia/reper-
fusion injury in a dose dependent manner.

Fisetin reduces NF-kB and MMP-9 expression in ischemic
myocardium. The expression of MMP-9 was significantly
attenuated in fisetin (15 and 45 mg/kg) pretreated groups
compared with the model group (P<0.01; Fig. 7A and B).
NF-xB was stained yellow/brown and mainly appeared in
the cytoplasm for the sham group. The model group showed

abundant expression of NF-kB with a significant shift to the
nucleus. NF-xB expression was significantly inhibited in
fisetin and quercetin-pretreated groups compared with the
model group, demonstrating decreased NF-xB expression with
wide cytoplasmic distribution (P<0.01; Fig. 8A-C).

Fisetin significantly reduces platelet aggregation rate in
human blood samples. The effect of fisetin on platelet aggre-
gation was further tested in human blood samples in vitro. The
rates of platelet aggregation following fisetin (1x10°-1x10 M),
dipyridamole (2x10° mol/l), clopidogrel (3x10”° mol/l), and
aspirin (2.8x10* mol/l) treatments were significantly lower
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Figure 8. Fisetin reduces NF-kB expression in ischemic myocardium. (A) Representative photomicrographs of rat ischemic myocardium stained for NF-kB.
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(B) NF-«B nuclear expression was significantly inhibited in fisetin and quercetin-pretreated groups compared with the model group. (C) Quantification of total
NF-kB staining. “P<0.05 and “P<0.01 vs. model group. NF-«xB, nuclear factor-«B.

compared with the control group (P<0.01; Fig. 9A). In addi-
tion, the antiplatelet coagulation of fisetin and quercetin was
dose dependent with half maximal inhibitory concentration of
4.54x107 mol/l and 2.71x107 mol/I for fisetin and quercetin,
respectively (Fig. 9B).

Discussion

Flavonoids are 2-phenyl chromone natural compounds found
in plants, which promote growth, development, flowering,
fruition, and prevent bacterial diseases. Flavonoids have
been demonstrated to protect against multiple liver and

cardiovascular disorders by virtue of their antibacterial, anti-
viral, antitumor, antioxidant, anti-inflammatory, and analgesic
properties (6,7). The present study tested the antiplatelet
coagulation effect of fisetin in a rat model of myocardial
ischemia/reperfusion injury, and compared the effect with
that of quercetin and aspirin (positive controls). The aim was
to demonstrate the antiplatelet effect of fisetin against isch-
emia/reperfusion injury and to confirm the effect of fisetin on
MMP-9 and NF-«B expression.

Coagulation parameters, CT, APTT, PT and TT, are typi-
cally used to assess anticoagulation. CT and APTT reflect the
functional status of the intrinsic coagulation system, PT reflects
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vs. control.

the functional status of the extrinsic coagulation system and TT
is used to determine the presence or absence of excess antico-
agulant in circulation (41,42). The present study demonstrated
that fisetin significantly increased CT, PT, APTT and TT in rats
due to its remarkable antithrombotic effects (43).

VvWF is involved in postvascular injury platelet activation
following subendothelial damage leading to collagen expo-
sure (44). Platelet activation induced by vWF and collagen
allows platelets to adhere to subendothelial matrix (45), which
induces coagulation and the release of ADP from platelet
dense granules (46,47). Additionally, vWF has been suggested
to be causally involved in the pathogenesis of myocardial
infarction (48). Therefore, the present study tested the effect
of fisetin on vVWF levels, and identified that vWF levels were
significantly reduced in fisetin-pretreated groups. These find-
ings suggested that vVWF was also involved in fisetin-triggered
antiplatelet coagulation.

Platelet adhesion, aggregation and release are vital steps of
thrombosis induced by platelet activation due to factors such
as ADP, collagen, thrombin and 5-hydroxytyptamine receptors
(49-51). In vitro experiments demonstrated that fisetin strongly
inhibited ADP-induced platelet aggregation in blood samples,
which suggested that fisetin may be a potential antiplatelet
aggregator.

Furthermore, it was also observed that fisetin treatment
reduced cardiomyocyte apoptosis in rats. Flow cytom-
etry determined the rate of myocardial apoptosis, whilst
morphological changes were observed with H&E staining.
Cardiomyocyte apoptosis has long been reported to serve an
important role in exacerbating myocardial ischemia/reperfu-
sion injury and is known to be limited to the infarct zone.
Considering that apoptosis is regulated by multiple factors
including inflammatory proteins, the expressions of NF-kB

and MMP-9 in myocardial tissues was investigated. NF-kB
and MMP-9 expression in fisetin-pretreated groups was
significantly downregulated compared with the model group.
Tissue expression of MMP-9 in myocardial ischemia-reperfu-
sion is the mechanism of myocardial small blood vessel wall
injury, cell edema and white blood cell infiltration (51,52).
Early selective inhibition of MMP-9 can significantly reduce
the myocardial infarct area (52). Wang et al (53) demonstrated
that MMP expression was reduced in rats with myocardial
ischemia-reperfusion injury following total flavones of
Hippophae rhamnoides pre-treatment. Lee et al identified (54)
that fisetin decreases apoptotic cell death and intracellular
reactive oxygen species by enhancing the expression of
Cu/Zn-superoxide dismutase as well as phosphorylation of
protein kinase B and extracellular regulated kinase (ERK) 1/2.
Fisetin significantly decreases apoptosis through inhibition of
cleaved caspase-3 and BCL2 associated X protein expression,
and by enhancing the expression of antiapoptotic enzyme as
well as Bcl-2 in H,0,-stimulated H9c2 cells (54). Previous
studies have determined that fisetin induces cancer cell
apoptosis via the mitogen-activated protein kinase signaling
pathway, mitochondria-mediated pathway, or inhibiting heat
shock transcription factor 1 activity (55-57).

In summary, the present study was the first to evaluate the
antiplatelet and antithrombotic effects of fisetin, both in vitro
and in vivo. These findings suggested that fisetin protected
against myocardial ischemia/reperfusion injury by inhibiting
apoptosis and by regulating the signaling pathways involved in
the inflammatory and coagulation reaction.
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