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ABSTRACT: In this study, anticancer activities of six compounds of flavonoids were investigated in human epidermoid
carcinoma KB and KBv200 cells. Among these compounds, quercetin and acacetin showed strong inhibition of cell growth in KB
and KBv200 cells. IC;, values of quercetin against KB and KBv200 cells were 17.84 + 4.14 and 18.94 + 4.75 uM, respectively.
The ICy, values of acacetin against KB and KBv200 cells were 41.33 + 6.0S and 49.04 + 3.64 uM. The IC, values of apigenin,
kaempferol, kaempferol 3-O-rhamnoside, and quercetin 3-O-rhamnoside were more than 100 M. Furthermore, quercetin was
found to induce apoptosis in KB and KBv200 cells via the mitochondrial pathway, including a decrease of the reactive oxygen
species level, loss of mitochondrial membrane potential, release of cytochrome ¢, activation of caspase-9 and caspase-3, and
cleavage of poly (ADP-ribose) polymerase. The apoptosis induced by quercetin was not related to the regulation of Bcl-2 or Bax

in KB and KBv200 cells.
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B INTRODUCTION

Recently, there has been a dramatic increase in the investigation
of naturally occurring products in terms of their potential for
treating cancers." One promising group of natural products for
cancer therapy is the flavonoids. Multiple epidemeological
studies have reported that diets rich in flavonoids can reduce
the incidence of various cancers, probably by playing a role in
the prevention of cancer, which is related to their antioxidant
capacity.”” Flavonoids are universally present in fruits, cereals,
legumes, vegetables, nuts, seeds, herbs, spices, roots, stems, and
flowers.”> For example, quercetin is in the content of many
vegetables and fruits, such as mango, apple, pear, grape, cherry,
onion, and carrot.’

Six flavonoids were isolated and identified in our previous
stuc1y.7_9 These compounds are apigenin (1), acacetin (2),
kaempferol (3), quercetin (4), kaempferol 3-O-rhamnoside (5),
and quercetin 3-O-rhamnoside (quercitroside, 6) (Figure 1).
They are flavones (compounds 1 and 2), flavonols (compounds
3 and 4), and glycosides (compounds 5 and 6).

Herein, the anticancer activities of the above compounds in
vitro against KB and KBv200 cells were reported. KBv200 cells
were cloned from drug-sensitive parental KB cells by stepwise
exposure to increasing doses of vincristine (VCR) and
ethylmethane sulfonate (EMS) mutagenesis. KBv200 cells
were a classic multi-drug resistant (MDR) cell line over-
expressing P-glycoprotein (P-gp, ABCB1). KB and KBv200
cells were a typical pair of sensitive and MDR cells for
research.'’ We hope to find anticancer agents that are effective
in both sensitive and MDR cancer cells. Also, the related
mechanism involving the apoptosis induced by quercetin was
investigated, which showed the most potent inhibition of cell
growth in KB and KBv200 cells.
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B MATERIALS AND METHODS

Chemicals and Reagents. 3-(4,5-Dimethyl-2-thiazolyl)-2,5-di-
phenyl-2H-tetrazolium bromide (MTT), 3,3"-dihexyloxacarbocyanine
iodide [DiOC6(3)], and 2’,7’-dichlorofluorescin diacetate (DCFH-
DA) were purchased from Sigma Chemical Co. Antibodies against
caspase-3, caspase-9, and poly (ADP-ribose) polymerase (PARP) were
obtained from Signalway Antibody Co. Ltd. Antibodies against
cytochrome ¢, Bax, and Bcl-2 were purchased from Santa Cruz
Biotechnology Co. Antibodies against GAPDH, anti-mouse immuno-
globulin G—horseradish peroxidase (IgG—HRP), and anti-rabbit [gG—
HRP were purchased from KangChen Biotechnology Co. (Shanghai,
China). All tissue culture supplies were purchased from Gibco-BRL
Co. Annexin V-FITC/PI Kit was from KeyGEN Biotech, China. Other
routine laboratory reagents were obtained from commercial sources of
analytical or HPLC grade. Investigated compounds had a purity of
more than 98%.

Cell Lines and Cell Culture. KB cells are human epidermoid
carcinoma cell lines. KBv200 cells, a classic MDR cell line
overexpressing P-glycoprotein (P-gp, ABCB1), were cloned from
drug-sensitive parental KB cells by stepwise exposure to increasing
doses of vincristine (VCR) and ethylmethane sulfonate (EMS)
mutagenesis. In comparison to KB cell line, the KBv200 cell line
was approximately 100 times more resistant to VCR. KB and KBv200
cells were maintained in RPMI 1640 medium containing 100 units/
mL penicillin, 100 yug/mL streptomycin, and 10% fetal bovine serum
(FBS). All cells were grown in a humidified atmosphere incubator of
5% CO, and 95% air at 37 °C."

Cell Viability Assay. Cells were harvested during the logarithmic
growth phase and seeded in 96-well plates at a density of 1.5 X 10*
cells/mL in a final volume of 190 uL/well. After 24 h of incubation, 10
UL of tested compounds at different concentrations was added to 96-
well plates. The tested compounds were dissolved in dimethyl
sulfoxide (DMSO) and diluted by medium with the ratio of DMSO/
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Figure 1. Chemical structures of apigenin (1), acacetin (2),
kaempferol (3), quercetin (4), kaempferol 3-O-rhamnoside (S), and
quercetin 3-O-rhamnoside (6).

medium less than 1%o (v/v). After 68 h of treatment without change
of the culture medium, 10 uL of MTT (10 mM stock solution of
saline) was added to each well and culture was continued for 4 h.
Subsequently, the supernatant was removed, and MTT crystals were
solved with 100 uL of anhydrous DMSO for each well. Thereafter,
optical density was measured by a model 550 microplate reader at 540
nm, with 655 nm as the reference filter. Experiments were performed
at least 3 times. The 50% inhibitory concentration (ICg,) was
determined as the anticancer drug concentration, causing 50%
reduction in cell viability and calculated from the curves (Bliss’s
software). Cell survival was calculated using the following formula:
survival (%) = (mean experimental absorbance/mean control
absorbance) X 100%.'' The control wells were not treated with
tested compounds.

Annexin V-FITC/PI Double-Staining Assay. Annexin V and PI
double-staining was performed with a detection kit. After 5 X 10°
cells/well were seeded to a 6-well plate for 24 h, the cells were then
treated with quercetin for 12 or 24 h. After that, both floating and
attached cells were collected, washed twice with ice-cold phosphate-
buffered saline (PBS), and resuspended in SO0 yL of 1X binding buffer
containing Annexin V-FITC (1:50 solution according to the
instructions of the manufacturer) and 40 ng/sample PI for 15 min
at 37 °C in the dark. Then, the numbers of viable, apoptotic, and
necrotic cells were quantified by flow cytometer (BD FASCanto) and
analysis by the CellQuest software. At least 10 000 cells were analyzed
for each sample. The percent apoptosis (%) = (number of apoptotic
cells/number of total cells observed) x 100%.'?

Measurement of Reactive Oxygen Species (ROS) Gener-
ation. DCFH-DA can be deacetylated by intracellular esterase to the
non-fluorescent DCFH, which can be oxidized by ROS to the
fluorescent compound 2',7'-dichloroflorescein (DCF). The fluores-
cence intensity of DCF is proportional to the amount of ROS
produced by the cells. After 5 X 10° cells/well were seeded to a 6-well
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plate for 24 h, the cells were treated with quercetin for 24 h. Then, § X
10° cells were harvested, washed once with ice-cold PBS, and
incubated with DCFH-DA (50 uM in a final concentration) at 37 °C
for 30 min in the dark. Then the cells were washed twice and
maintained in 1 mL of PBS. The ROS generation was assessed from
10 000 cells from each sample by a BD FASCanto flow cytometer at an
excitation wavelength of 488 nm and an emission wavelength of 530
nm. The data of DCF fluorescence intensity were evaluated by
CellQuest software and expressed as mean fluorescence intensity
(MFI). The experiments were performed at least 3 times.'®

Determination of Mitochondrial Membrane Potential
(A¥m). A¥Ym was measured by flow cytometry with the
mitochondrial tracking fluorescent DiOC6(3). The cationic lipophilic
fluorochrome DiOC6(3) is a cell-permeable marker that specifically
accumulates into mitochondria depending upon A¥m. After § X 10°
cells/well were seeded to a 6-well plate for 24 h, the cells were treated
with quercetin for 24 h. Then, cells were harvested, centrifuged at 110g
for 5 min, and washed with ice-cold PBS once. Consequently, cells
were incubated with 40 nM DiOC6(3) at 37 °C for 20 min in the
dark. Then, the cells were washed twice, resuspended in 1 mL PBS,
and analyzed by a BD FASCanto flow cytometer with an excitation
wavelength of 484 nm and an emission wavelength of 501 nm. At least
10 000 cells were determined for each sample. The data obtained from
flow cytometry were analyzed by CellQuest software and expressed as
MFIL The expressed data were the results of three independent
determinations.""

Whole-Cell Lysates and Western Blot Analysis. After 3.5 x 10°
cells/well were plated to a culture dish (100 X 20 mm) for 24 h, the
cells were treated for 48 h. Then, cells were harvested and washed
twice with ice-cold PBS. Subsequently, 1.5 mL of eppendorff
containing cells was centrifuged at 110g for 5 min to discard the
supernatant. The pellet was vortexed, and 100 yL of 1X loading buffer
[S0 mM Tris-Cl (pH 6.8), 10% glycerol, 2% sodium dodecyl sulfate,
0.25%0 bromphenol blue, and 0.1 M dithiothreitol (DTT)] for every S
X 10° cells was added. After heating at 100 °C for 20 min, the lysates
in the eppendorff were centrifuged at 15000¢ for 10 min and the
supernatant was collected. An equal amount of lysate protein was
separated on 8—12% sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—PAGE) and transferred to a polyvinylidene
difluoride (PVDF) membrane (Millipore, Billerica, MA). The non-
specific binding sites were blocked with TBST buffer [S00 mM NaCl,
20 mM Tris—HCl (pH 7.4), and 0.4% Tween 20] containing 5%
nonfat dry milk for 2 h at room temperature. Subsequently, the
membranes were incubated overnight at 4 °C with specific primary
antibodies diluted in TBST buffer containing 5% nonfat dry milk.
Thereafter, the membranes were washed 3 times with TBST buffer
and incubated at room temperature for 1 h with HRP-conjugated
secondary antibody. After 3 wash with TBST buffer, the immunoblots
were visualized by a Phototope-HRP Detection Kit (Cell Signaling,
Danvers, MA) and exposed to a Kodak medical X-ray processor
(Kodak, Rochester, NY).'>

Subcellular Fractionation and Western Blot Analysis of
Cytosolic Cytochrome c. After 3.5 X 10° cells/well were plated to a
culture dish (100 X 20 mm) for 24 h, the cells were treated for 36 h.
Then, cells were harvested and washed twice with ice-cold PBS,
suspended with S-fold volume of ice-cold cell extract buffer [20 mM
N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid (HEPES)-KOH
(pH 7.5), 10 mM KCJ, 1.5 mM MgCl,, 1 mM ethylenediaminetetra-
acetic acid (EDTA), 1 mM ethylene glycol bis(2-aminoethyl ether)-
N,N,N’,N’-tetraacetic acid (EGTA), 1 mM DTT, 250 mM sucrose, 0.1
mM phenylmethylsulfonyl fluoride (PMSF), and 0.02 mM aprotinin]
and incubated for 40 min at 4 °C. Then, the cells were centrifuged at
110g for 10 min at 4 °C. The supernatant was subsequently
centrifuged at 15000g for 15 min at 4 °C, and the final supernatant
was used as the cytosolic fraction. Then, 5X loading buffer [250 mM
Tris-Cl (pH 6.8), 50% glycerol, 10% sodium dodecyl sulfate, 1.25%o
bromphenol blue, and 0.5 M DTT] was added to the above obtained
supernatant, and the mixture was boiled at 100 °C for 15 min. Thus,
the protein solution was used for identification of cytosolic
cytochrome ¢ by immunoblotting with 10% SDS—PAGE and blotting
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onto a PVDF membrane. The cytochrome ¢ protein was detected
using anti-cytochrome ¢ antibody in the ratio of 1:1000."

Statistical Analysis. Results were performed by f test or one-way
analysis of variation (ANOVA) with SPSS 13.0 software (SPSS, Inc.,
Chicago, IL). Data were presented as the mean = standard error of the
mean (SEM) of at least triplicate determinations. (%) p < 0.05 was
indicative of a significant difference, and (#%) p < 0.01 was indicative
of a very significant difference. Densitometric analysis of western blot
results was carried out by Image J [National Institutes of Health
(NIH), Bethesda, MD].

B RESULTS

Quercetin and Acacetin Showed Potent Cell Growth
Inhibition of KB and KBv200 Cells. Results of cell viability

assay experiments (Table 1) showed that quercitin and acacetin

Table 1. Cell Growth Inhibition Activity of Compounds 1—6

ICy, values (uM)

compounds KB KBv200
apigenin (1) >100 >100
acacetin (2) 49.04 + 3.64 41.33 + 6.05
kaempferol (3) >100 >100
quercetin (4) 17.84 + 4.14 18.94 + 4.75
kaempferol 3-O-rhamnoside (5) >100 >100
quercetin 3-O-rhamnoside (6) >100 >100

were the most effective at inhibiting cell growth among the
compounds tested. The ICy, values of quercetin and acacetin
against KB cells were 17.84 + 4.14 and 49.04 + 3.64 uM (p <
0.01), respectively. The IC, values of quercetin and acacetin
against KBv200 cells were 18.94 + 4.75 and 41.33 = 6.05 (p <

0.01), respectively. At the same time, quercetin and acacetin
exhibited similar potency in KB and KBv200 cells (p > 0.05),
respectively. Herein, quercetin exhibiting the most potent
activity was selected to be investigated further.

Decrease of Intracellular ROS Level in KB and KBv200
Cells Induced by Quercetin. Quercetin has been reported to
be antioxidant agents.'* Indeed, a decrease of ROS was
observed after treatment of cells with this compound in our
research. The results showed that quercetin induced a decrease
of the ROS level in KB and KBv200 cells (Figure 2). After
exposure to 15.0, 30.0, and 60.0 yuM quercetin for 24 h, the
ROS level in KB cells was 88.22 + 6.60, 7522 + 4.30, and
64.04 + 5.34% of the control, respectively. After exposure to
15.0, 30.0, and 60.0 4M quercetin for 24 h, the ROS level in
KBv200 cells was 86.66 + 1.78, 75.35 + 4.15, and 59.73 +
1.98% of the control, respectively.

Quercetin-Induced Loss of A¥m in KB and KBv200
Cells. DiOC6(3) was used as a mitochondrion-specific and
voltage-dependent dye for determining A¥m, the loss of which
is regarded as a limiting factor in the apoptotic pathway. Our
results indicated that treatment with quercetin led to the loss of
A¥m in KB and KBv200 cells (Figure 3). After KB cells were
exposed to 15.0, 30.0, and 60.0 #M quercetin for 24 h, A¥m
was 91.54 + 4.29, 81.80 + 4.63, and 38.47 + 9.06% of the
control, respectively. After KBv200 cells were exposed to 15.0,
30.0, and 60.0 uM quercetin for 24 h, A¥Ym was 92.35 + 2.44,
76.68 + 7.28, and 38.22 + 7.35% of the control, respectively.

Release of Cytochrome ¢ and Activation of Caspases
Were Involved in the Apoptosis Induced by Quercetin.
The mitochondrial pathway is one of the major apoptosis
pathways, which is often related to the loss of AWm. The
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Figure 2. Quercetin decreased the intracellular ROS level of KB and KBv200 cells. After indicated cells were treated with 15.0, 30.0, and 60.0 4M
quercetin for 24 h, the ROS level was detected with DCF as a fluorescent probe. (A) Decrease of the ROS level in KB cells showing a concentration-
dependent manner. (B) ROS levels in KB cells expressed as units of MFI were calculated as a percentage of the control. (C) Decrease of the ROS
level in KBv200 cells showing a dose-related manner. (D) ROS levels in KBv200 cells expressed as units of MFI were calculated as a percentage of
the control. Results were expressed as the mean + SEM of three determinations. p < 0.05 indicated a significant difference, and p < 0.01 indicated a
very significant difference, versus the untreated control group or low concentrations of quercetin.
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Figure 3. Quercetin decreased the A¥Wm level of KB and KBv200 cells. After indicated cells were treated with 15.0, 30.0, and 60.0 uM quercetin for
24 h, the ROS level was detected with DiOC6(3) as a fluorescent probe. (A) Decrease of the A¥m level in KB cells showing a dose-related manner.
(B) ROS levels in KB cells expressed as units of MFI were calculated as a percentage of the control. (C) Decrease of the A¥m level in KBv200 cells
showing a concentration-dependent manner. (D) A¥m levels in KBv200 cells expressed as units of MFI were calculated as a percentage of the
control. Results were expressed as the mean + SEM of three determinations. p < 0.0S indicated a significant difference, and p < 0.01 indicated a very
significant difference, versus the untreated control group or low concentrations of quercetin.

release of cytochrome c¢ from the mitochondria to cytosol is the
limiting factor in the mitochondrial pathway, and the loss of
AW¥m has been suggested to cause the release of cytochrome c.
The release of cytochrome ¢ in a molecular weight of 14 kD can
initiate apoptosis via the mitochondrial pathway by activation of
caspase-9 and caspase-3 and by cleavage of PARP. The
molecular weight of procaspase-9 was 47 kD, and the molecular
weight of activated caspase-9 after cleavage was 37/35 kD. The
molecular weight of procaspase-3 was 35 kD, and the molecular
weight of activated caspase-9 was 17 kD. The molecular weight
of PAPR before and after cleavage was 116 and 89 kD,
respectively.

After KB and KBv200 cells were treated with 15.0, 30.0, and
60.0 uM quercetin for 36 h, the release of cytochrosome ¢
increased in a concentration-corresponding manner (Figure 4).
The ratios for densitometric values (cytochrosome ¢/GAPDH)
for control (0), 15.0, 30.0, and 60.0 uM quercetin were 0.11 +
0.02, 0.56 + 0.04, 0.79 + 0.08, and 1.08 + 0.07 in KB cells,
respectively. Those were 0.08 + 0.01, 0.33 + 0.02, 0.80 + 0.02,
and 1.10 + 0.02 in KBv200 cells, respectively.

Moreover, the activation of caspase-9 and caspase-3 and the
cleavage of PARP in a dose-dependent manner were observed
(Figure 5). Densitometric ratios of activated caspase-9/
GAPDH for 0, 15.0, 30.0, and 60.0 uM quercetin/48 h in
KB cells were 0.18 + 0.05, 0.39 + 0.06, 0.49 + 0.04, and 0.90 +
0.11, respectively. Densitometric ratios of activated caspase-3/
GAPDH for 0, 15.0, 30.0, and 60.0 uM quercetin/48 h in KB
cells were 0.14 + 0.04, 0.39 + 0.04, 0.48 + 0.02, and 0.59 +
0.04, respectively. Densitometric ratios of cleaved PARP/
GAPDH for 0, 15.0, 30.0, and 60.0 uM quercetin/48 h in KB
cells were 0.16 + 0.02, 0.48 + 0.10, 0.66 + 0.03, and 0.93 +
0.08, respectively. Densitometric ratios of activated caspase-9/
GAPDH for 0, 15.0, 30.0, and 60.0 #M quercetin/48 h in
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Figure 4. Quercetin treatment led to the release of cytochrome ¢ of 14
kD in KB and KBv200 cells. After indicated cells were treated with 0,
15.0, 30.0, and 60.0 M quercetin for 36 h, cytosolic cytochrome ¢ was
separated and determined. (A) Release of cytochrome ¢ in KB cells.
(B) Release of cytochrome ¢ in KBv200 cells. (C) Densitometric
analysis of western blot results of panels A and B. The values were
calculated as (the gray density of desired blots of cytochrome c/the
gray density of desired blots of GAPDH). The results were expressed
as the mean + SEM of three experiments. p < 0.0S indicated a
significant difference, and p < 0.01 indicated a very significant
difference, versus the untreated control group or low concentrations of
quercetin. GAPDH with a molecular weight of 36 kD detection was
applied to confirm equal protein loading.
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Figure S. Quercetin treatment led to activation of caspase-9 and caspase-3 and cleavage of PARP. After KB and KBv200 cells were treated with 0,
15.0, 30.0, and 60.0 M quercetin for 48 h, cells were collected and total protein was extracted. (A) Activation detection of caspase-9 and caspase-3
and cleavage of PARP in KB cells. (C) Activation detection of caspase-9 and caspase-3 and cleavage of PARP in KBv200 cells. (B and D)
Densitometric analysis of western blot results of panels A and C, respectively. The values were calculated as (the gray density of desired blots
regarding activated caspase-9 and caspase-3 and cleavage of PARP/the gray density of desired blots of GAPDH). The molecular weight of activated
forms of caspase-9 and caspase-3 were 37/35 and 17 kD, respectively. The molecular weight of cleaved PARP was 89 kD. The results were expressed
as the mean + SEM of three experiments. p < 0.05 indicated a significant difference, and p < 0.01 indicated a very significant difference, versus the
untreated control group or low concentrations of quercetin. GAPDH with a molecular weight of 36 kD detection was applied to confirm equal

protein loading.

KBv200 cells were 0.07 + 0.01, 0.24 + 0.03, 0.39 + 0.08, and
0.63 + 0.0S, respectively. Densitometric ratios of activated
caspase-3/GAPDH for 0, 15.0, 30.0, and 60.0 #M quercetin/48
h in KBv200 cells were 0.05 + 0.04, 0.16 + 0.02, 0.29 + 0.02,
and 0.43 + 0.04, respectively. Densitometric ratios of cleaved
PARP/GAPDH for 0, 15.0, 30.0, and 60.0 uM quercetin/48 h
in KBv200 cells were 0.06 + 0.02, 0.26 + 0.03, 0.36 + 0.03, and
0.45 + 0.03, respectively.

Quercetin-Induced Apoptosis in KB and KBv200 Cells
Determined by Annexin V-FITC/PI. After exposure to 30.0
UM quercetin for 0, 12, and 24 h, KB and KBv200 cells were
collected and exposed to Annexin V-FITC/PI double-staining
and flow cytometry assay (Figure 6). The apoptosis rate for 0,
12, and 24 h was 6.80 + 4.03, 22.84 + 1.34, and 30.90 + 3.60%
in KB cells. The apoptosis rate for 0, 12, and 24 h was 5.67 +
3.36, 20.37 + 1.80, and 32.75 + 3.12% in KBv200 cells.

Quercetin Did Not Change Expression of Bcl-2 or Bax.
It has been reported that Bcl-2 and Bax play important roles in
the mitochondrial pathway. A ratio increase of Bax expression
to Bcl-2 expression will lead to apoptosis. Our research showed
that expression of neither Bcl-2 nor Bax changed significantly in
KB and KBv200 cells after treatment with quercetin for 48 h
(Figure 7). Densitometric ratios of Bcl-2/GAPDH for 0, 15.0,
30.0, and 60.0 uM quercetin/48 h in KB cells were 0.71 + 0.05,
0.72 + 0.09, 0.72 + 0.06, and 0.78 + 0.02, respectively.
Densitometric ratios of Bax/GAPDH for 0, 15.0, 30.0, and 60.0
UM quercetin/48 h in KB cells were 1.28 + 0.07, 1.30 + 0.13,
1.29 + 0.11, and 1.20 =+ 0.06, respectively. Densitometric ratios
of Bcl-2/GAPDH for 0, 15.0, 30.0, and 60.0 uM quercetin/48 h
in KBv200 cells were 1.01 + 0.08, 1.04 + 0.02, 0.98 + 0.03, and
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0.98 + 0.03, respectively. Densitometric ratios of Bax/GAPDH
for 0, 15.0, 30.0, and 60.0 uM quercetin/48 h in KBv200 cells
were 0.79 + 0.05, 0.79 + 0.03, 0.75 + 0.06, and 0.80 + 0.03,
respectively.

B DISCUSSION

Cancer has become a public health problem of increasing
importance because of its high rates of morbidity and
mortality.'> Multi-drug resistance (MDR) is the main obstacle
to the success of chemotherapy.'® Development of novel
anticancer drugs taking effects in both sensitive and MDR cells
is the available strategy of overcoming MDR. In this paper,
quercetin was found to be effective in both sensitive KB and
MDR KBv200 cells overexpressing ABCB1. Quercetin showed
similar potency in KB and KBv200 cells (p > 0.05). It indicated
that quercetin is effective in both sensitive cancer cells and
ABCBI-induced MDR cancer cells. This provided one way of
overcoming MDR.

Among these six flavanoids, quercetin is the most potent and
acacetin is the second most potent. ICg, values of the other four
flavanoids, namely, apigenin (1), kaempferol (3), kaempferol 3-
O-rhamnoside (S), and quercetin 3-O-rhamnoside (6), were
more than 100 uM. On the basis of the comparison of
quercetin and quercetin 3-O-rhamnoside, the IC, values
indicated that glycoside at C-3 led to a decrease of anticancer
activity. ICs, values of kaempferol and quercetin demonstrated
that hydroxyl at C-3' was important to anticancer activity.
Results of apigenin and acacetin implied that methoxy at C-4’
was better that hydroxyl.
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Figure 6. Quercetin-mediated cell apoptosis in KB and KBv200 cells was determined by Annexin V-FITC/PI double-staining and flow cytometer.
(A) Time course of apoptosis in KB and KBv200 cells was explored after exposure to 30.0 M quercetin for 0 (untreated control), 12, and 24 h. The
bottom right quadrant represented cells stained mainly by Annexin V (early apoptotic cells), and the top right quadrant represented cells stained by
both PI and Annexin V (late apoptotic/necrotic secondary necrosis). The top left quadrant represented cells stained mainly by PI, and the bottom
left quadrant represented viable cells negative for both Annexin V and PI (B) Apoptosis rate was shown in the bar graph. The apoptosis rate for the
bottom right quadrant was expressed as the mean + SEM of three experiments. p < 0.0S indicated a significant difference, and p < 0.01 indicated a

very significant difference.

As mentioned above, quercetin showed potent inhibition of
cell growth in KB and KBv200 cells. Under our current
understanding, apoptosis is the important mechanism via which
many anticancer agents take their effects. Apoptosis is the
highly controlled and organized death process regulating the
development and homeostasis of multicellular organisms.'”
Apoptosis is characterized by several well-defined processes,
including the decrease in the cell volume, compaction of
cytoplasmic organelles, condensation and fragmentation of
nuclear chromatin, and activation of a family of cysteine
proteases called caspase.'® The mitochondrial pathway plays an
important role in apoptosis, among which cytochrome ¢,
caspase-9, and caspase-3 were involved.'” Caspase-9 is activated
after cytochrome ¢ is released to cytosol and subsequent
formation of the complex containing cytochrome ¢, apoptotic
protease activation factor (Apaf)-1, and procaspase—9.20’21
Caspase-9 can activate downstream caspases, including
caspase-7 and caspase-3, that eventually lead to apoptosis.”*

Herein, our results demonstrated that quercetin treatment
led to the release of cytochrome ¢ (Figure 4). Also, activation of
caspase-9 and caspase-3 and cleavage of PARP were observed in
KB and KBv200 cells (Figure S). Moreover, apoptosis
determined by Annexin V-FITC-PI Detection Kit confirmed
the fact that quercetin could induce apoptosis in KB and
KBwv200 cells (Figure 6). These results indicated that quercetin
could induce apoptosis via the mitochondrial pathway.
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It is well-known that an increase of intracellular ROS can lead
to apoptosis. On the other hand, a decrease of ROS can also
ruin the stability of mitochondria, which is followed by a loss of
A%m, release of cytochrome ¢ into cytosol, and cascade
activation of caspases.'®> It has been reported that Bcl-2 and
Bax play an important role in causing apoptosis through the
mitochondrial pathway.**** Granado-Serrano et al. reported
that quercetin could downregulate Bcl-2 in HepG2 cells.” In
our research, the expression of Bcl-2 and Bax did not change
after quercetin treatment. It implied that apoptosis of KB and
KBv200 cells induced by quercetin was not related to
upregulation of Bax or downregulation of Bcl-2.

The mitogen-activated protein kinase (MAPK) signal
pathway has been proven to play a role in pharmacological
mechanisms. However, there are different opinions on how
quercetin influences the MAPK pathway. Granado-Serrano et
al. showed that quercetin could activate p38 MAPK by a dose-
dependent manner from 5 to 50 uM.>® Liu et al. reported that
quercetin attenuated ethanol-induced oxidative stress through a
pathway that involves extracellular signal-regulated kinase
(ERK) activation and HO-1 upregulation.27 Ahn et al. showed
that quercetin induces adipocyte apoptosis by inhibiting the
MAPK pathway.”® Choi et al. reported that quercetin inhibits
the activation of p38 MAPK induced by Cu’**-oxidized low-
density lipoprotein (LDL) in human umbilical vein endothelial
cells (HUVEC).” Xavier et al. showed that quercetin inhibits
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Figure 7. Quercetin did not affect the expression of Bcl-2 and Bax. After indicated cells were treated with 0, 15.0, 30.0, and 60.0 M quercetin for 48
h, the protein expression of Bcl-2 and Bax in KB and KBv200 cells was detected. (A) Expression of Bcl-2 and Bax in KB cells. (B) Densitometric
analysis of western blot results of panel A expressed as the mean + SEM of three experiments. (C) Expression of Bcl-2 and Bax in KBv200 cells. (D)
Densitometric analysis of western blot results of panel C expressed as the mean + SEM of three experiments. p < 0.05 indicated a significant
difference, and p < 0.01 indicated a very significant difference. GAPDH with a molecular weight of 36 kDa detection was applied to confirm equal

protein loading.

phospho-ERK expression in HCT15 and CO115 cells.*
Herein, the relation between mitochondrial pathway apoptosis
and the MAPK pathway was not investigated in our research.

Another important issue is whether the quercetin level in vivo
can reach the effective concentration. Other authors have paid
attention to the in vivo process in rats after oral administration
of quercetin. In rats fed with a 0.1% quercetin diet for 11 weeks,
the concentration of quercetin in plasma was 7.7 uM. In rats
fed with a 1% quercetin diet for 11 weeks, the concentration of
quercetin in plasma was 40.4 uM.° Interestingly, chronic
ingestion of apple pectin can enhance the absorption of
quercetin. Pectin, a major type of dietary fiber, is widely
distributed in fruits and vegetables, mainly citrus fruits and
apples.®” Thus, it is possible for quercetin to reach the effective
concentration in vivo.

To summarize, in this work, we investigated the anticancer
effects of six flavonoids. Quercetin was the most potent among
these six compounds. Also, quercetin induced apoptosis in KB
and KBv200 cells via the mitochondrial pathway. Our research
provides information for the pharmacological effect and daily
diet of quercetin.
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B ABBREVIATIONS USED

MTT, 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazo-
lium bromide; DiOC6(3), 3,3’-dihexyloxacarbocyanine iodide;
DCFH-DA, 2/,7'-dichlorofluorescin diacetate; VCR, vincristine;
P-gp (ABCBL1), P-glycoprotein; ROS, reactive oxygen species;
DCF, 2/,7'-dichloroflorescein; PARP, poly (ADP-ribose)
polymerase; MDR, multi-drug resistance
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