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Mulberry, the fruit of Morus alba, is commonly used in Chinese medicines because of its many

pharmacologic effects. Mulberry leaves contain many phenolic antioxidants that can reduce

cardiovascular disease. Atherosclerosis involves proliferation and migration of vascular smooth

muscle cell (VSMC). Thus, we investigated the mechanisms by which mulberry leaf extract (MLE)

might inhibit migration of VSMC. MLE was rich in polyphenols (44.82%), including gallic acid,

protocatechuic acid, catechin, gallocatechin gallate, caffeic acid, epicatechin, rutin, and quercetin.

MLE could inhibit the migration of A7r5 cells in a dose- and time-dependent manner. MLE also

inhibited the activities of matrix metalloproteinases (MMPs) MMP-2 and MMP-9, protein expres-

sions, and phosphorylation of FAK and Akt, and protein expressions of small guanosine tripho-

sphatases (GTPases: c-Raf, Ras, Rac1, Cdc42, and RhoA) in a dose-dependent manner. NF-κB

expression was also inhibited by MLE. MLE could effectively inhibit the migration of VSMC by

blocking small GTPase and Akt/NF-κB signals.
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INTRODUCTION

Since 1990, coronary artery disease (CAD) has become the
leading cause of death in the United States (1). Atherosclerosis is
the major cause of CAD, and diets that are rich in phenolic
antioxidants reduce cardiovascular disease (2).Mulberry leaf, the
leaf of Morus alba, is commonly used to feed silkworms and has
been effectively used in Chinese medicines because of its many
pharmacologic effects, including the prevention of CAD (3).
Dietarymulberry has also been reported to have hypoglycemic (4,
5), hypolipidemic (6), and antioxidant (7) effects. Mulberry leaf
extracts (MLE) have been shown to have inhibitory effects on
oxidation of low density lipoprotein (LDL) (8) and to prevent
atherosclerosis in apolipoprotein E-deficient mice (9). Moreover,
mulberry leaf therapies for type 2 diabetic patients or streptozo-
tocin-induced diabetic rats have improved fasting blood glucose
levels (10, 11).

Understanding the mechanisms underlying vascular smooth
muscle cell (VSMC) proliferation and migration is important for
evaluating the involvement of these processes in the pathophy-
siology of atherosclerosis, hypertension, and restenosis. VSMC
migration involves many signal transduction proteins. Focal
adhesion kinase (FAK) was found to play a role in integrin

signaling, which induces many intracellular events, such as
rearrangement of the actin cytoskeleton, cell migration, cell
survival, and gene expression (12). Increasing the expression of
FAK will stimulate cell migration (13).

The Rho family of small guanosine triphosphatases
(GTPases), which include Rho, Rac, and Cdc42, acts as molec-
ular switches to regulate the actin cytoskeleton. Rho and Rho
kinase can mediate thrombin-stimulated vascular smooth muscle
cell DNA synthesis and migration (14). The Rho family of
GTPases was also reported to be involved in the regulation of
nuclear factor-κB (NF-κB)-dependent transcription.

NF-κB, a family of transcription factors, plays a central role in
inflammation, arteriosclerosis, restenosis after percutaneous cor-
onary intervention (PCI), and reperfusion injury, as well angio-
genesis (15). NF-κB may regulate angiogenesis via the induction
of matrix metalloproteinases (MMPs) (16). MMP-2 andMMP-9
were found in intimal smooth muscle cells (SMCs) cultured from
injured baboon aortas. SMCmigration after vessel injury in vivo
may be dependent on increased MMP-2 activity, and antisera
that neutralized MMP-2 activity inhibited the in vitro migration
of SMC by >80% (17).

Phosphoinositide-3-kinase (PI3K) signaling was found to be
necessary to mediate the proliferation and migration of human
pulmonary vascular smooth muscle cells (18). Akt kinase, an
important component of postsurvival signaling pathways, is
activated via the PI3K signaling pathway (19).
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Although MLE has been reported to inhibit oxidation of
LDL (8), an important process during atherosclerosis, and has
been previously used to prevent CAD, the effects of MLE on
VSMCs migration are still not fully understood. Thus, we
investigated the effects and mechanisms by whichMLE inhibited
the migration of VSMCs.

MATERIALS AND METHODS

Cell Culture. Cell line A7r5, a rat thoracic aorta smooth muscle cell
line, was obtained from the ATCC (ATCC number: CRL-1444; Mana-
ssas, VA).A7r5 cells were cultured inDulbecco’smodifiedEagle’smedium
(DMEM) supplemented with 10% fetal bovine serum (FBS), 1% gluta-
mine, 1% penicillin-streptomycin, and 1.5 g/L sodium bicarbonate (all
fromGibco/BRL;Gaithersburg,MD).All cell culturesweremaintained at
37 �C in a humidified atmosphere of 5% CO2. Before treatment, the cells
were precultured in 0.5% FBS medium for 48 h.

Cell Viability Analysis. Cell viability was determined using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays.
Cells were seeded in 12-well culture plates at a density of 2 � 105 cells/
well and incubated in 0.5% FBS medium for 48 h. Then, MLE at varying
concentrations (0.5, 1.0, 1.5, and 2.0 mg/mL) was added for 24 h to
evaluate any dose-dependent effects of MLE on VSMC growth and
viability. After this, 0.5 mg/mL MTT was added, and cells were cultured
at 37 �C in a humidified atmosphere of 5%CO2 for another 4 h. Following
solubilization with isopropanol, the viable cell number was directly
proportional to the production of formazan measured spectrophotome-
trically at 563 nm.

Growth Curves. A7r5 cells were seeded into 6-well culture plates at a
density of 5� 105 cells/well. When cells had grown up to 80% confluence,
the cells were precultured in 0.5% FBS medium for 48 h. Then, MLE at
doses of 0.0, 0.5, 1.0, 1.5, and 2.0 mg/mL were added to the culture
medium. The cell numbers were counted using a cellular counting plate
each day for 7 days. On the basis of the mean values of the cells in these
wells, growth curveswere generated.Results are representative of at least 3
independent experiments.

Extraction of Aqueous Fractions from Mulberry Leaves. Fresh
mulberry leaves (100 g) were harvested and immediately dried at 50 �C.The
dried leaves were heated in 1500mL of deionized water. After filtration, we
removed the residue. The suspension was stored at -80 �C overnight.
Then, we used a freeze-dryer (Labconco) to evaporate the suspension to
powder. The dried powder was the aqueous fraction of MLE.

HPLC (High Performance Liquid Chromatography) Assay. The
components ofMLEwere determined byHPLC analysis using a Hewlett-
Packard Vectra 436/33N system with a diode array detector. The HPLC
method employed a 5 μm RP-18 column (4.6 � 150 mm i.d.). The MLE
was filtered through a 0.22 μm filter disk, and then 25mg/mL ofMLEwas
injected into the column. Chromatography was monitored at 280 nm, and
UV spectra were collected to confirm peak purity. The mobile phase
contained two solvents: A, 2% acetic acid/water; B, 0.5% acetic acid in
water/acetonitrile.

Total Phenolic Content Assay. Total phenolic compound content in
each extract was spectrophotometrically determined in accordance with
the Folin-Ciocalteu procedure by reading the absorbance at 725 nm
against a methanol blank. Briefly, samples (20 μL, water added to 1.6 mL)
were introduced into test tubes, and then 100 μL of Folin-Ciocalteu
reagent and 300 μL of sodium carbonate (20%) were added. The tubes’
contents weremixed and incubated at 40 �C for 40min. Absorption at 725
nm was measured. The total phenolic contents were expressed as milli-
grams per gram ofMLE for gallic acid (GA), quercetin, rutin, caffeic acid
(CA), and gallocatechin gallate (GCG).

Total Polysaccharide Content Assay (Phenol-Sulfuric Acid

Assay). We used the phenol-sulfuric acid method to measure the
polysaccharide content. The MLE was diluted in deionized water, and
the dissolved extracts were filtered through a 0.22 μm filter (MILLEX-
HA) before treatment. Briefly, 100 μL of MLE, 100 μL of phenol (5%),
and 500 μL of H2SO4 (95.5%) were mixed and then incubated at room
temperature for 15 min. The absorbance at 490 nm was used to determine
the amount of carbohydrate in the sample. Different concentrations of
glucose (0, 10, 30, 50, 70, and 90 μg/mL) were used as standards.

Protein Content Assay. Protein content was measured by the Brad-
ford protein assay. The MLE was diluted in deionized water, and the
dissolved extracts were filtered through a 0.22 μm filter (MILLEX-HA)
before treatment. Briefly, 100 μL of MLE and 700 μL of Coomassie
Brilliant blueweremixed, and then incubated in the dark for 15min. Then,
the absorbance was measured at 595 nm. Different concentrations of BSA
(bovine serum albumin) (0, 200, 400, 800, 1200, and 1600 μg/mL) were
used as standards.

Lipid Content Assay. Lipid content was measured by the acid
hydrolysis method (rapid method). The MLEs (1 g) were mixed with
hydrochloric acid (20mL) in a conical flask, then heated in a water bath at
70-80 �C for about 50min. After heating, themixturewas cooled to room
temperature, and then 10 mL of ethanol and 20 mL of ethyl ether were
added to a separatory funnel. The separatory funnel was vigorously
shaken to ensure the complete mixing of the two liquid phases. Then,
the two liquid phases were allowed to separate for at least 2 h until the
layers were clearly separated. The lower solvent was collected in a new
beaker, and the upper solvent (ethyl ether) was collected in a conical flask.
Ethyl ether (20 mL) was added to the lower solvent and poured into a
separatory funnel, which was shaken vigorously to ensure the complete
mixing of the two liquid phases. The above process was repeated 3 times.
The collected ethyl ether was evaporated under vacuum and then dried in
an oven. The weight of the flask was measured and used as the content of
lipid after the flask tare weight was subtracted.

Western Blot Analysis. For Western blot analysis, we used specific
antibodies to evaluate the expressions of p-FAK, PI3-K (BD, San Jose,
CA, USA), c-Raf (Transduction Laboratories, Lexington, KY, USA),
Ras, Rac 1, Cdc 42, Rho A, p-Akt, Akt (Santa Cruz, Santa Cruz, CA,
USA), and β-actin (Sigma, St. Louis,Mo, USA). After the indicatedMLE
treatment, equal amounts of cell lysates (50 μg protein) were separated by
electrophoresis on 8-12% sodium dodecyl sulfide-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred to nitrocellulose mem-
branes (Millipore, Bedford, Mass, USA). The membranes were incubated
with Tris-buffered saline (TBS) containing 1% (W/V) nonfat-milk and
0.1% (V/V) Tween-20 (TBST) for 1 h to block nonspecific binding and
then washed with TBST for 30 min. Each membrane was incubated with
the appropriate primary antibody for 2 h followed by horseradish
peroxidase-conjugated second antibody (Sigma, St. Louis, Mo, USA)
for 1 h and developed by ECL chemiluminescence (Millipore, Bedford,
Mass, USA), then analyzed using AlphaImager Series 2200 software.
Results are representative of at least 3 independent experiments.

Wound Healing Assay.A7r5 cells were seeded in 6-well culture plates
and then starved with 0.5% FBS DMEM medium for 48 h. A sterile
100 μLpipet tipwas used tomake a straight scratch in the cells in eachwell.
The scratched cells were washed out with PBS (phosphate buffered saline),
and the remaining cells were treated with MLE at varying concentrations
(0.05, 0.1, 0.2, 0.5, and 1.0 mg/mL) at 37 �C in a humidified atmosphere of
5% CO2. Under a 40� lens, images were taken of 9 fields per well of the
linear wound at the following times: 0, 24, 36, 48, 60, and 72 h. Migrated
cells were counted per well and averaged.

Boyden Chamber Migration Assay. A7r5 cells were seeded in 6-well
culture plates (5� 105/well), starved with 0.5% FBS DMEMmedium for
48 h, and then treated with MLE at varying concentrations (0.1, 0.2, 0.5,
1.0, 1.5, and 2.0 mg/mL) at 37 �C in a humidified atmosphere of 5% CO2

for 48 h. Then, the cells were detached by trypsinization. Treated cells were
seeded into the upper chamber of a Boyden chamber at a density of 1 �
106/chamber in 10%FBSmedium and then incubated for 6 h at 37 �C in a
humidified atmosphere of 5% CO2 . Cells that had invaded to the lower
surface of themembranes were fixed withmethanol for 10min and stained
with Giemsa for 1 h. The cells on the lower side of the membrane were
counted and averaged in 4 high-power fields (400�) with a light micro-
scope.

MMP Gelatin Zymography. A7r5 cells were plated onto 6-well
culture plates (5 � 105/well) and then starved with 0.5% FBS culture
medium for 48 h. The cells were treated with MLE at varying concentra-
tions (0.05, 0.1, 0.2, 0.5, and 1.0 mg/mL) at 37 �C in a humidified
atmosphere of 5% CO2 for 48 h. Additional groups of cells were treated
with MLE at a concentration of 0.5 mg/mL for different times (0, 12, 24,
36, or 48 h) at 37 �C in a humidified atmosphere of 5%CO2. After this, the
mediumwas removed andwashed twice with PBS, and 1mL of 0.1%FBS
DMEM was added for 24 h. After treatment, the culture medium was
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collected and centrifuged at 12,000 rpm for 5 min at 4 �C to remove cell
debris. The prepared samples were subjected to electrophoresis with 8%
SDS-PAGE containing 0.1% gelatin. Following electrophoresis, gels
werewashed twicewith 2.5%TritonX-100 on a gyrating shaker for 30min
at room temperature to remove SDS. The gel was then incubated in 50mL
of reaction buffer (40 mM Tris-HCl, 10 mMCaCl2, and 0.01% NaN3) at
37 �C overnight on a rotary shaker, stained with Coomassie Brilliant
blue R-250, then destained with methanol-acetic acid-water (50:75:875,
v/v/v).Gelatinolytic activitieswere detected as horizontalwhite bands on a
blue background.

ElectrophoreticMobility Shift Assay (EMSA). Toprepare nuclear
extracts, cells were washed with ice-cold PBS and then detached by
trypsinization. Reagent A (10 mmol/L HEPES, 10 mmol/L KCl.
0.1 mmol/L EDTA, 1.5 mmol/L MgCl2, 1% NP40, 1 mmol/L DTT, and
0.5 mmol/L phenyl-methylsulfonyl fluoride) was added, and then cell
membranes were destroyed by vortexing. After centrifugation at 3000
rpm for 10 min at 4 �C, the suspension was removed, and the pellet was
harvested. After this, reagent C (20 mmol/L HEPES, 25% glycerol,
1.5 mmol/L MgCl2, 0.1 mmol/L EDTA, 420 mmol/L NaCl, 1 mmol/L

DTT, and 0.5 mmol/L phenyl-methylsulfonyl fluoride) and RIPA buffer
(150 mMNaCl, 0.5% deoxycholic acidl, and 50 mMTris base) were added
and then vortexed at 4 �C for 1 h. After centrifugation at 12000 rpm for 10
min at 4 �C, the nuclear extract was obtained. The supernatant was stored
at -20 �C .

We prepared a native polyacrylamide gel in 0.5� TBE. TBE-PAGE
(4 mL of polyacrylamide 29:1, 1.5 mL of 10� TBE buffer, 3 mL of 50%
glycerol, 21.5 mL of ddH2O, 150 µL 10%ammonium persulfate, and 15 µL
TEMED). Then, we flushed the wells and pre-electrophoresed the gel for
60 min at 100 V.Wemixed the buffer and DNA probe (2 µL 10� binding
buffer, 2µL50%glycerol, 1µL100mMMgCl2, 1µLpolydI/dC, 1µLbiotin-
DNA probe, 1 µL 1% NP-40, and 10 μg of nuclear extract), and then
deionized water was added up to 20 μL.A binding reactionwas performed
at room temperature for 15 min, and then 5 μL of loading buffer was
added. After electrophoresis, the TBE-PAGE was transferred to a nylon
membrane, which was cross-linked by UV-light (1200 mJ for 2 times). To
block the membrane, we added 20 mL of blocking buffer (LightShift
Chemiluminescent EMSA Kit, Pierce, Rockford, IL, U.S.A.) and incu-
bated for 15 min with gentle shaking. Then, we added HRP (horseradish
peroxidase) conjugate in blocking buffer (1:600 dilution) (Pierce) with
gentle shaking for 20 min. The nylon membrane was washed 3 times with
1�washbuffer (Pierce) for 10min for eachwash. After this, we added sub-
strate buffer (Pierce) and incubated for 15 min, then developed by using
ECL chemiluminescence (Millipore, Bedford, Mass, USA). AlphaImager
Series 2200 software was used. Results are representative of at least 3
independent experiments.

Statistical Analysis. Results are reported as the means ( standard
deviation of 3 independent experiments, and statistical comparisons were
evaluated by one-way analysis of variance (ANOVA). P < 0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

Components of MLE. The yield of MLE was 38.63%. Table 1
shows the major components of MLE, including polyphenols
(23.60%, gallic acid as the standard), polyphenols (44.82%,
quercetin as the standard), polysaccharide (27.73%), protein
(2.33%), and lipid (8.4%). Table 2 shows the composition of
polyphenol and phenoic acids separated from MLE, including
gallic acid (7.64%), protocatechuic acid (4.69%), catechin
(1.2%), gallocatechin gallate (5.88%), caffeic acid (1.02%),
epicatechin (0.8%), rutin (1.87%), quercetin (1.24%), and nar-
ingenin (2.67%). Figure 1 shows the HPLC chromatogram of
MLE. This included 9 types of standard polyphenols and
phenolic acids (0.5 mg/mL). The effect of MLE on A7r5 cells
viability was determined by theMTT assay.As shown inFigure 2,

Table 1. Composition of MLEa

MLE %

polyphenol 23.60

polyphenol 44.82

polysaccharide 27.73

protein 2.33

lipid 8.40

aMLE: mulberry leaf extract. bGallic acid as the standard of polyphenol content
assay. cQuercetin as the standard of polyphenol content assay.

Table 2. Composition of Polyphenol and Phenoic Acid Separated from MLEa

component RT (min) MLE (%)

gallic acid 7.98 7.64

protocatechuic acid (PCA) 15.36 4.69

catechin 21.71 1.20

gallocatechin gallate (GCG) 24.78 5.88

caffeic acid 27.42 1.02

epicatechin 29.32 0.80

rutin 38.43 1.87

quercetin 56.86 1.24

naringenin 60.54 2.67

a The MLE was prepared as described in Materials and Methods. MLE: mulberry
leaf extract.

Figure 1. HPLC chromatogram of MLE. HPLC chromatograms of MLE (25 mg/mL) showed that there were nine kinds of standard polyphenols and phenolic
acids (0.5 mg/mL) within it. The arrow indicates the retention time (RT) of polyphenols or phenolic acids.
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MLE had a significant inhibitory effect on VSMC growth in a
dose-dependent manner following 24 and 48 h of incubation with
0.5-2.0 mg/mL of MLE.

Noncytotoxic Doses of MLE Inhibited VSMC Migration. Pre-
vious studies have indicated that proliferation and migration of
smooth muscle cells contributed to the development of athero-
sclerosis. To evaluate the effects of MLE on smooth muscle cell
migration, wound healing and Boyden chamber migration assays

were performed. To avoid cytotoxicity effects, we treated A7r5
cells with 0.05, 0.1, 0.2, 0.5, or 1.0 mg/mL ofMLE for 72 h. In the
wound healing assay, vehicle-treated control cells migrated into
the denuded areas. In contrast, cells in the wound area decreased
markedly in the presence of 1 mg/mL of MLE (Figure 3). As
shown by the Boyden chamber assay, a decrease in cells on the
lower chamber membrane was observed for MLE-treated cells
compared with that in vehicle-control cells (Figure 4). Quantita-
tive analysis indicated that MLE decreased the cell motility in a
dose-dependent manner. Our results indicated that a low MLE
dose could inhibit the motility of smooth muscle cells.

Noncytotoxic Doses of MLE Inhibited VSMC MMP-2 Secre-

tion and Diminished the FAK/PI 3-kinase/Small G Protein Path-

way. Zymography analysis was used to investigate whetherMLE
altered the secretions of MMP-2 and MMP-9. Figure 5 showed
that, in the presence of 0.05, 0.1, 0.2, 0.5, or 1.0 mg/mL of MLE,
MMP-2 andMMP-9 activities were inhibited byMLE in a dose-
and time dependent manner on the basis of the results of the
gelatin zymography assay. It is well known that focal adhesion
kinase (FAK)/PI 3-kinase signaling is involved in the regulation

Figure 2. MTT assay of the effect of MLE on rat aortic smooth muscle cell
(A7r5) viability. MLE had a significant inhibitory effect on VSMC growth in a
dose- and time-dependentmanner. The data were themeans(SD from 3
samples for each group.

Figure 3. Effect of MLE on the migration of A7r5 cells by the wound
healing assay. (A) Cell number in the denuded zone (i.e., wound)
decreased as concentrations of MLE increased. White lines indicate the
wound edge. (B) MLE inhibited cell migration in a dose-dependent
manner. Data are reported as the means ( SD of 3 independent
experiments. (*p < 0.05, as compared with that of the control group).

Figure 4. Effect of MLE on the migration of A7r5 cells by the Boyden
chamber assay. (A) Cells that had invaded to the lower surface of the
membranes were fixed with methanol and stained with Giemsa. (B)
Quantitative assessment of the mean number of cells. MLE inhibited cell
migration in a dose-dependent manner. Data are reported as the means(
SDof 3 independent experiments. (*p < 0.001, as comparedwith that of the
control group).
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of cell migration. To highlight the mechanisms of antimigration
effects of MLE on smooth muscle cells, the expressions and/or
activities of these proteins were measured by Western blot
analysis. In the presence of MLE, phosphorylated FAK
(phosphorylation at Tyr-397) was decreased in a dose-dependent
manner, whereas the protein level of FAK remained unchanged.
MLE decreased the protein levels of Ras and PI 3-kinase
(Figure 6), which subsequently inhibits the activity of its down-
stream target, FAK. The Rho small G protein family, including
Rho A, Rac-1, and Cdc42, plays an important role in actin
cytoskeleton remodeling and cell migration. To assess whether
Rho family proteins were involved in the decreased cell migration

by MLE, the levels of Rho family proteins Rho A, Rac-1, and
Cdc42 were determined using specific antibodies. The protein
levels of Rho A, Rac-1, and Cdc42 were decreased in proportion
to increased concentrations of MLE (Figure 7). Last, Figure 8

Figure 5. Effect of MLE onMMP-9 andMMP-2 activity of A7r5 cells by the
gelatin zymography assay. (A) The activity of MMP-2 and MMP-9 was
inhibited by MLE in a dose-dependent manner. (B) The activity of MMP-2
andMMP-9 was inhibited by MLE in a time-dependent manner. M, marker;
S, starvation; C, control.

Figure 6. Effect of MLE on protein expression and phosphorylation of FAK
and Akt. MLE inhibited the protein expression and phosphorylation of FAK
and Akt in a dose-dependent manner. Actin was used as a loading control.
C: control.

Figure 7. Effect of MLE on the expression of small G proteins. MLE
inhibited the protein expression of c-Raf, Ras, Rac1, Cdc42, and RhoA in a
dose-dependent manner. Actin was used as a loading control.

Figure 8. Effects of MLE on NF-κB DNA binding. (A)The protein level of
NF-κB was inhibited by MLE. C23 is the nuclear control. (B) NF-κB DNA
binding activity was inhibited by MLE.
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shows that MLE inhibited the protein level of NF-κB DNA
binding activity on the basis of the electrophoretic mobility shift
assay (EMSA).

Atherosclerosis is a multistep, chronic inflammatory process
that involves interactions between various soluble mediators,
monocytes, endothelial cells, and smooth muscle cells. Endothe-
lial dysfunction is the initial step that can be caused by various
stimuli, such as hyperglycemia, dyslipidemia, smoking, hyperten-
sion, and generation of free radicals. Subsequently, adhesion
molecules and chemotactic cytokines will attract monocytes and
T cells that transmigrate into the intima of the vascular wall.
Thereafter, monocytes take up oxidized LDL and make a
transition to foam cells, which is the early atherosclerotic lesion.

Monocyte-derived cytokines and growth factors will further
affect the vascular wall by stimulating SMC proliferation and
migration. Monocytes may also secrete matrix metalloprotei-
nases that lead to plaque instability and rupture (20). The
migration of VSMCs from the media into the intima is a key
event in the development and progression of many vascular
diseases (21). From in vivo experiments, cell migration is a highly
predictable consequence of mechanical injury to the blood vessel.
Restenosis after PCI is caused primarily by the dysfunction of
VSMCs, including migration into and proliferation in the in-
tima (22).

Recent reports have also indicated that polyphenols (catechin,
quercetin, EGCG, and resveratrol) can inhibit vascular smooth
muscle cell proliferation and migration (23-26). According to
these reports, we inferred that these polyphenols may be themain
components of MLE and might inhibit the migration of vascular
smooth muscle cells.

The migration of smooth muscle cells from medial to intimal
spaces contributes to the formation of atherosclerosis (27). Focal
adhesion kinase (FAK) can be activated in response to diverse
stimuli and plays an important role in the proliferation and
migration of cells (28). Activated FAK induced PI 3-kinase is
required for the production of matrix metalloproteinases
(MMPs) (29). MMPs, a family of proteinases, promote the
degradation of extracellular cellular matrix, which, in turn,
facilitates cell migration (30). Owing to their roles in migration,
FAK andMMPswere shown to be overexpressed in tumors with
highly metastatic ability (31, 32). Shibata et al. have shown that
stimulated ovarian cancer cells with fibronectin increased the
secretion of MMP-9, while dominant negative Ras and antisense
oligonucleotide for FAK abolished this phenomenon (33). Simi-
lar results also indicated that FAK/PI 3-kinase signaling may be
involved in fibronectin-induced MMP-2 and MMP-9 activities.
Rho, a small G protein family protein, including Rho, Rac1, and
Cdc42, which regulates cytoskeleton remodeling, was also in-
volved in smooth muscle cell migration. It has been shown that
Rho and its downstream target Rho kinase mediated thrombin-
induced vascular smooth muscle cell migration.

Endothelial dysfunction elicited by oxidized LDL and hyper-
glycemia have contributed to atherosclerosis. Mulberry leaf
aqueous fractions were reported to inhibit TNF (tumor necrosis
factor)-R-induced nuclear factor κB (NF-κB) activation and
lectin-like oxidized LDL receptor-1 (LOX-1) expression in vas-
cular endothelial cells (34). Besides, mulberry leaf treatment was
also shown to be beneficial for metabolic syndrome by increasing
the expression of adiponectin, and decreasing the expression of
TNF-R, MCP-1, macrophage markers, and NADPH oxidase
subunit in white adipose tissue in db/db mice (35). Our results
indicated that MLE treatment not only decreased the activity of
the FAK/PI 3-kinase pathway but also reduced the expressions
of Rho, Rac1, and Cdc42. Our results suggested that the FAK/PI
3-kinase pathway and Rho family proteins were involved in

MLE-induced suppression of migration. The activity of NF-κB
was also inhibited by MLE. Our study showed that the major
component of MLE was polyphenol (44.82%, quercetin as the
standard of the polyphenol content assay). Polyphenols were
reported to have many biochemical activities, and it has never
been reported before that polysaccharide, protein, or lipid had
any impact on the migration of VSMCs. Thus, the inhibitory
effect of MLE on the migration of VSMCs was attributed to the
polyphenol component of MLE.

In summary, these in vitro studies demonstrated molecular
mechanisms by which MLE effectively inhibits the migration of
VSMCs. This inhibitory effect of MLE is achieved by acting on
multiple signals upstream of MMP-2 and MMP-9, including the
block of small GTPase and Akt/NF-κB signals. Besides, MLE
can interfere with the rearrangement of the actin cytoskeleton by
decreasing the expression of p-FAK, thus inhibiting the migra-
tion of VSMC. These mechanisms could explain some of the
antiatherosclerotic effects of MLE.
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