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Abstract
Background—Kaempferol is one of the most important constituents in ginkgo flavonoids.
Recent studies indicate kaempferol may have anti-tumor activities. The objective in this study was
to determine the effect and mechanisms of kaempferol on pancreatic cancer cell proliferation and
apoptosis.

Materials and Methods—Pancreatic cancer cell lines MIA PaCa-2 and Panc-1 were treated
with Kampferol, and the inhibitory effects of kaempferol on pancreatic cancer cell proliferation
were examined by direct cell counting, 3H-thymidine incorporation and MTS assay. Lactate
dehydrogenase (LDH) release from cells was determined as an index of cytotoxicity. Apoptosis
was analyzed by TUNEL assay.

Results—Upon the treatment with 70 μM kaempferol for 4 days, MIA PaCa-2 cell proliferation
was significantly inhibited by 79% and 45.7% as determined by direct cell counting and MTS
assay, respectively, compared with control cells (P<0.05). Similarly, the treatment with
kaempferol significantly inhibited Panc-1 cell proliferation. Kaempferol treatment also
significantly reduced 3H-thymidine incorporation in both MIA PaCa-2 and Panc-1 cells.
Combination treatment of low concentrations of kaempferol and 5-fluorouracil (5-FU) showed an
additive effect on the inhibition of MIA PaCa-2 cell proliferation. Furthermore, kaempferol had a
significantly less cytotoxicity than 5-FU in normal human pancreatic ductal epithelial cells
(P=0.029). In both MIA PaCa-2 and Panc-1 cells, apoptotic cell population was increased when
treated with kaempferol in a concentration-dependent manner.

Conclusions—Ginkgo biloba extract kaempferol effectively inhibits pancreatic cancer cell
proliferation and induces cancer cell apoptosis, which may sensitize pancreatic tumor cells to
chemotherapy. Kaempferol may have clinical applications as adjuvant therapy in the treatment of
pancreatic cancer.
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer-related deaths in the United States,
with approximately 33,730 new cases diagnosed in 2006 and 32,300 deaths [1]. Overall,
pancreatic cancer has the worst prognosis of all cancers, in which the 5-year survival rate is
less than 5%. The poor survival is due to the lack of early diagnosis and no effective
therapies once the metastasis has occurred. Therefore, more effective diagnostic and
treatment strategies are needed [2]. Pancreatic cancer has a significant growth advantage
through autocrine and paracrine mechanisms of many growth factors including epidermal
growth factor (EGF) and transforming growth factor (TGF). The high rate of cell
proliferation reflects the aggressiveness of pancreatic cancer. Pancreatic cancer patients with
moderate or high vascular endothelial growth factor (VEGF) levels have significantly
shorter survival rates than patients with low VEGF levels [3-5].

Ginkgo biloba extract has been well known for its antioxidant and anti-inflammatory
activities. The major components in Ginkgo biloba are flavonoids such as quercetin,
kaempferol, rutin and robinin [6,7]. Intake of beverages or food containing flavonoids has
been frequently associated with reduced risk for developing various cancers including
prostate, lung, stomach, and breast cancer [8-10]. It has been shown that Ginkgo biloba
extract ginkgetin or isoginkgetin inhibits lymphocyte proliferation induced by concanavalin
A (ConA) or lipopolysaccharides (LPS) [11]. Ginkgetin selectively inhibited the
proliferation of human ovarian carcinoma cells OVCAR-3 via the induction of apoptosis in a
dose dependent manner [12]. The function of flavonoids such as kaempferol and quercetin is
mediated by interaction with type II estrogen receptors [13]. Kaempferol can be an estrogen
agonist or growth inhibitor depending on its concentrations used. At concentrations (20–90
mM), kaempferol inhibits DNA synthesis and growth of human breast adenocarcinoma cell
line MCF-7 cells [14]. Kaempferol also induces nuclear DNA degradation concurrent with
lipid peroxidation [15]. However, it is not clear whether kaempferol could have any impact
on pancreatic cancer cells.

In the current study, we hypothesized that kaempferol might inhibit pancreatic cancer cell
growth and induce cell apoptosis. To test this hypothesis, we treated two pancreatic cancer
cell lines MIA PaCa-2 and Panc-1 with different concentrations of kaempferol. Cell
proliferation and apoptosis were studied with different methods. This study suggests that
kaempferol may have therapeutic applications for pancreatic cancer.

MATERIALS AND METHODS
Chemicals and Reagents

Kaempferol was obtained from LKT Laboratories (St. Paul, MN). [3H]-Thymidine was
purchased from Perkin Elmer (Boston, MA). CellTiter 96® Cell Proliferation Assay (MTS)
Kit was purchased from Promega (Madison, WI). Apoptosis detection Kit (APO-Direct) was
purchased from BD Biosciences (Franklin Lakes, NJ). Lactate dehydrogenase (LDH) release
from cells was determined by using an LDH detection kit (Promega, Madison, WI).

Cell Cultures
Human pancreatic cancer cell lines (MIA PaCa-2 and Panc-1) were obtained from the
American Type Culture Collection (ATCC, Rockville, MD). MIA PaCa-2 cells were
cultured in DMEM with 10% fetal bovine serum (FBS) and 2.5% horse serum at 37°C with
5% CO2. Panc-1 cells were cultured in DMEM with 10% FBS at 37°C with 5% CO2. The
human pancreatic ductal epithelium (HPDE) cells were provided as a generous gift from Dr.
Ming-Sound Tsao from the University of Toronto, Canada. HPDE cells were cultured in

Zhang et al. Page 2

J Surg Res. Author manuscript; available in PMC 2010 August 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



keratinocyte serum-free (KSF) medium supplied with 5 ng/mL EGF and 50 g/mL bovine
pituitary extract (Invitrogen, Carlsbad, CA).

Cell Proliferation Assay
Cell proliferation was assayed with three different methods including direct cell counting,
[3H]-thymidine incorporation and MTS test. MIA PaCa-2 and Panc-1 cells were seeded in
96-well plates (2×103 cells/well) or 48-well plates (4×103 cells/well), and serum-starved
(0% FBS) for 24 h before adding 5-fluorouracil (5-FU) (10 μg/ml) as a positive control,
kaempferol (17.5 μM, 35 μM, and 70 μM) or DMSO (1:2500 dilution) as a negative control.
For the drug combination treatment, we used 5-FU (1 μg/ml), kaempferol (35 μM), or 5-FU
(1 μg/ml) plus kaempferol (35 μM) to treat MIA PaCa-2 cells for the MTS assay. For direct
cell counting, the cells in 48-well plates were trypsinized and resuspended in 1 ml growth
medium and stained with Trypan blue. Cell numbers (cells/ ml) were counted under
microscope from day 0 to day 4. For [3H]-thymidine incorporation, 1 μCi/ml [3H]-thymidine
was added to each well for 6 h, and the cells were incubated further for another 18 h, and
then [3H]-thymidine incorporation was measured in scintillation solution using a microplate
scintillation & luminescence counter (Topcounter, Packard Biosciences, Meriden, CT). For
MTS assay, cell growth was assessed at 0 and 4 days after 5-FU or kaempferol treatment.
Twenty μl MTS reagent mixed with 100 μl growth medium was added to each well, and
incubated in 37°C for 2 h. Absorbance was recorded at 490 nm using an EL-800 universal
microplate reader.

TUNEL Assay
Cell apoptosis was assessed at three days after starvation with 5-FU or kaempferol
treatment. Cells were trypsinized and fixed in 1% (w/v) paraformaldehyde in PBS (pH 7.4)
at the concentration of 1-2 × 106 cells/ml. After washed with PBS and stored in 70% (v/v)
ice cold ethanol at −20 °C for 12h, the cells were resuspended with 1.0 ml of Wash Buffer
(6548AZ), and centrifuged. The supernatant was removed by aspiration, and cell pellets
were resuspended in 50 μl of the staining solution and incubated for 60 min at 37 °C. The
APO-DIRECT cell samples were analyzed by flow cytometry. Two dyes were used
including propidium iodide (PI) staining total DNA and FITC-dUTP labeling apoptotic
cells. PI fluoresces were detected at 623 nm and FITC at 520 nm. The gating display was set
at the standard dual parameter DNA doublet with the DNA area signal on the Y-axis and the
DNA width on the X-axis.

LDH Release (Cytotoxicity)
LDH release from cells was determined by using an LDH detection kit (Promega) as an
index of cytotoxicity. Normal HPDE were seeded 3000 cells/well one day before and
cultured for 24 h with kaempferol (35 μM) or 5-FU (35 μM) in 96-well plates. DMSO was
used as a control. The assay procedure was performed according to the instruction included
in the kit.

Statistical Analysis
Data from direct cell counting, [3H]-thymidine incorporation, MTS and TUNEL assays were
presented as mean ± SEM. Student’s t-test was used for the comparison between two
groups. Inter-group differences were analyzed using one-way ANOVA for the comparison
of three or more groups. A P value < 0.05 was regarded as significant.
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RESULTS
Kaempferol Inhibits Cell Growth in Pancreatic Cancer In Vitro

To determine the effect of kaempferol on pancreatic cancer cell growth, MIA PaCa-2 and
Panc-1 cells were treated with kaempferol at 17.5 μM, 35 μM, and 70 μM for 4 days and cell
numbers were directly counted. As shown in Fig. 1A and B, kaempferol significantly
inhibited MIA PaCa-2 and Panc-1 cell growth. At day 4, low concentration of kaempferol
(17.5 μM) decreased MIA PaCa-2 and Panc-1 growth to 62% and 83%, respectively,
compared with DMSO negative controls (100%). With the addition of 35 μM of kaempferol,
the MIA PaCa-2 and Panc-1 cell growth was decreased to 48% and 72%, respectively,
compared with controls (P < 0.05). MIA PaCa-2 and Panc-1 cell growth in the presence of
70 μM of kaempferol was decreased to 21% and 53%, respectively, compared with the
control cells (P < 0.01). As a positive control, 5-FU (10 μg/ml) treatment significantly
reduced cell numbers of MIA PaCa-2 and Panc-1 cells to below 10% compared with the
DMSO negative control (P < 0.01).

Kaempferol Decreases [3H]-Thymidine Incorporation in Pancreatic Cancer Cells
The effects of kaempferol on cell proliferation in pancreatic cancer were also detected by
[3H]-thymidine incorporation assay. MIA PaCa-2 and Panc-1 cells were incubated with
kaempferol at various concentrations for 2 and 3 days before adding [3H]-thymidine. As
shown in Fig. 2A and C, at day 2, low concentration of kaempferol (17.5 μM) caused a
decrease of MIA PaCa-2 and Panc-1 [3H]-thymidine incorporation to 91% and 52%,
respectively, compared with DMSO treated control cells (100%). With the addition of 35
μM of kaempferol, the MIA PaCa-2 and Panc-1 [3H]-thymidine incorporation was
decreased to 79% and 45%, respectively, compared with controls (P < 0.05). The [3H]-
thymidine incorporation in the presence of 70 μM of kaempferol was significantly decreased
to 48% and 19% in MIA PaCa-2 and Panc-1 cells, respectively, compared with the control
cells (P < 0.01).

When MIA PaCa-2 and Panc-1 cells were treated with different concentrations of
kaempferol for 3 days, [3H]-thymidine incorporation was determined as shown in Fig. 2B
and D. Low concentration of kaempferol (17.5 μM) caused a decrease of MIA PaCa-2 and
Panc-1 [3H]-thymidine incorporation to 91% and 80%, respectively, compared with control
DMSO treated cells (100%). The middle concentration of kaempferol (35 μM) caused the
MIA PaCa-2 and Panc-1 [3H]-thymidine incorporation decreasing to 90% and 61%,
respectively, compared with controls (P < 0.05). In the presence of 70 μM kaempferol, MIA
PaCa-2 and Panc-1 [3H]-thymidine incorporation was significantly decreased to 60% and
21%, respectively, compared with the control cells (P < 0.01).

Kaempferol Decreases Pancreatic Cancer Cell Proliferation as Detected by MTS Assay
We confirmed the cell proliferation by MTS assay, which detects mitochondrial enzyme
activity correlating with the numbers of living cells. We found that in the presence of 17.5
μM of kaempferol, cell proliferation of MIA PaCa-2 and Panc-1 was decreased to 70% and
90%, respectively, compared with the control cells (Fig. 3A and B). With the addition of 35
μM of kaempferol, the MIA PaCa-2 and Panc-1 cell proliferation was decreased to 67% and
83%, respectively, compared with controls (P < 0.05). MIA PaCa-2 and Panc-1 cell
proliferation in the presence of 70 μM of kaempferol was significantly decreased to 54% and
60%, respectively, compared with the control cells (P < 0.01). These data are consistent with
[3H]-thymidine incorporation assay, and indicate that kaempferol significantly inhibits MIA
PaCa-2 and Panc-1 cell proliferation.
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Kaempferol Increases Apoptosis of Pancreatic Cancer Cells
To further study the action of growth inhibition by kaempferol in pancreatic cancer cells, we
examined the apoptosis population in MIA PaCa-2 and Panc-1 cells upon kaempferol
treatment. MIA PaCa-2 and Panc-1 cells were incubated with increasing concentrations of
kaempferol (17.5, 35 and 70 μM) in growth medium for 3 days. Apoptotic cells were
determined by TUNEL assay as shown in Fig. 4A and B. In MIA PaCa-2 cells, 0.9%,
2.75%, 4.85% and 7.16% of apoptotic cell populations were observed in DMSO, 17.5, 35
and 70 μM kaempferol treated groups, respectively (P < 0.05, Fig. 4A). In Panc-1 cells,
2.57%, 3.47%, 5.51% and 10.28% of apoptotic cell populations were found in DMSO, 17.5,
35 and 70 μM kaempferol treated groups, respectively (P < 0.05, Fig. 4B). These data
demonstrate that kaempferol is able to increase the apoptosis in pancreatic cancer cells in
vitro.

Combination treatment of Kaempferol with 5-FU enhances their inhibitory effects on
Pancreatic Cancer Cell Prolfieration

We further determined the effect of combination treatment of kaempferol with 5-FU on MIA
PaCa-2 cell proliferation by MTS assay. We found that with the addition 1 μg/ml (7.7 μM)
of 5-FU or 35 μM of kaempferol, cell proliferation of MIA PaCa-2 was decreased to 64.6%
and 67.5%, respectively, by 5 days, compared with the control cells (Fig. 5). In the presence
of combination of low concentrations of 5-FU (1 μg/ml = 7.7 μM) with kaempferol (35 μM),
the MIA PaCa-2 cell proliferation was decreased to 54.1% compared with controls (P <
0.05). These data indicate that the combination treatment of kaempferol with low
concentration of 5-FU has an additive effect on the inhibition of MIA PaCa-2 cell
proliferation.

Kaempferol has a lower cytotoxicity than 5-FU in HPDE
To compare the cytocoxicity of kaempferol with 5-FU to normal cells, we measured LDH
release from HPDE cells treated with the same molar concentration (35 μM) of 5-FU and
Kaempferol for 24 h by using an LDH detection kit (Promega) as an index of cytotoxicity.
Kaempferol (35 μM) showed a significantly less cytotoxicity than 5-FU in HPDE (P =
0.029) (Fig. 6). These data confirmed that kaempferol was less toxic to normal cells
compared with the traditional chemotherapy agent 5-FU.

DISCUSSION
In the current study, we demonstrate that kaempferol effectively inhibits pancreatic cancer
cell growth and induces cell apoptosis in vitro in a concentration-dependent manner.
Kaempferol also showed an additive effect with the most commonly used chemiotherapy
agent 5-FU and has significantly less cytotoxicity than 5-FU. These findings are important
because kaempferol could have great potential to become a new therapeutic agent for
pancreatic cancer.

Pancreatic adenocarcinoma is characterized by poor prognosis, late diagnosis and lack of
response to conventional therapies. New chemotherapeutic agents would be extremely
beneficial for the control of unresectable cancer and metastatic lesions of pancreatic cancer
[16]. Ginkgo biloba extract kaempferol has been shown to provide antiproliferative effects
in different systems based on its striking inhibition of diverse cellular events associated with
tumor pathogenesis [17]. The inhibitory effect of kaempferol on cell proliferation may be
attributed by its antioxidation capacity and cytotoxic action. Furthermore, kaempferol
inhibits the activity of several enzymes involved in cell growth and signal transduction
pathway including cAMP-phosphodiesterase and tyrosine kinase [18], cdc25 phosphatase
[17], DNA topoisomerase II, topoisomerase I catalyzed DNA religation [19], proline-
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directed protein kinase fatty acid in human prostate carcinoma cells, and myosin light chain
kinase [20]. Several studies on kaempferol have been reported including the activation of
human estrogen receptors and unique signaling pathways. One of the mechanisms proposed
to explain the activity of kaempferol to lower the risk of breast cancer is its ability to bind
and activate human estrogen receptor alpha (ERalpha) and human estrogen receptor beta
(ERbeta). Harris DM et al. [21] tested nine phytoestrogens including kaempferol for their
ability to transactivate ERalpha or ERbeta in mammary adenocarcinoma (MCF-7) cells.
Kaempferol showed transactivation of ERalpha- and ERbeta-induced transcription, with a
stronger activation of ERbeta. Brusselmans K et al. [22] found five flavonoids, luteolin,
quercetin, kaempferol, apigenin and taxifolin, markedly inhibited cancer cell lipogenesis
with their ability to inhibit fatty acid synthase (FAS, a key lipogenic enzyme overexpressed
in many human cancers). In both prostate and breast cancer cells, a remarkable dose-
dependent response was observed between flavonoid-induced inhibition of fatty acid
synthesis, inhibition of cell growth, and induction of apoptosis. The results indicated that the
potential of flavonoids to induce apoptosis in cancer cells is strongly associated with their
FAS inhibitory properties, by which the flavonoid compounds may apply their cancer-
preventive and anti-tumor effects. In addition, Nguyen TT et al. [20] investigated
kaempferol effects on cellular growth and signal transduction pathways in human lung
cancer cell line A549. Kaempferol treatment resulted in a dose- and time-dependent
reduction in cell viability and DNA synthesis. It led to an increase in Bax and Bad pathway.
Expression of Bcl-2 and Bcl-xL was inhibited in a dose-dependent manner, and Akt-1 and
phosphorylated Akt-1 were also inhibited, while mitogen-activated protein kinase (MAPK)
was activated. They demonstrated that the inactivation of Akt-1 and alteration of Bcl-2
family of proteins are not sufficient for kaempferol to induce apoptosis. Activation of MEK-
MAPK is required for kaempferol-induced cell death machinery in A549 cells. Furthermore,
Gopalakrishnan A et al. [23] demonstrated that most flavonoids inhibited AP-1 activity at
higher concentrations and the ERK pathway which played an important role in kaempferol-
induced AP-1 activity in human prostate cancer cells (PC3). However, there are no reports
about the effects of kaempferol on pancreatic cancer cells. In the current study, we, for the
first time, demonstrated kaempferol is a potent inhibitor of pancreatic cancer cells with
relatively low toxicity to normal cells. Since kaempferol has different mechanisms of action
and lower toxicity to normal cells as compared with other clinically used chemotherapy
agents such as 5-FU, it could be used as adjuvant therapy in combination with 5-FU or
gemcitabine in pancreatic cancer patients.

In the current study, the effects of kaempferol on MIA CaPa-2 and Panc-1 cell viability and
proliferation were determined by using three different methods including direct cell
counting, [3H]-thymidine incorporation and MTS assay. For cell counting, trypan blue was
used to stain dead or dying cells, but not live cells. The number of live cells was directly
counted. Tritiated thymidine method was used to quatitate the incorporation of [3H]-
thymidine into DNA during cell growth as an index of DNA synthesis. MTS test was used to
measure the reduction mitochondrial metabolism rate of the tetrazolium salt compound MTS
(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy methoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium) to formazan. MTS assay is also correlated well with the number of live cells
[24]. Kaempferol significantly inhibited cell proliferation of these cell lines with a peak
inhibition at 70 μM in four days. While kaempferol showed more potent growth inhibition in
MIA PaCa-2 cells than in Panc-1 cells. Recently, Ginkgo biloba extract has been reported to
affect gene expression related to cell growth [25]. Alexandrakis M et al. found that certain
flavonoids with a flavone structure inhibit human leukemic mast cells (HMC-1) proliferation
using cell number counting method and lead to accumulation of secretary granules with
variable electron granular content [26]. Importantly, we demonstated that the combination of
low concentration of 5-FU and kaempferol had an additive effect on inhibition of MIA
PaCa-2 pancreatic cancer cell proliferation, and kaempferol had a significantly less
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cytotoxicity than 5-FU, thereby providing a rationale for the clinical use of kaempferol as
adjuvant therapy for pancreatic cancer.

Normal cell growth is maintained by the balance between cell proliferation and cell death.
Apoptosis or programmed cell death is a central regulator of tissue homeostasis [27].
Because chemotherapy and radiotherapy act primarily by inducing apoptosis, defects in the
apoptotic pathway can cause cancer cell resistance [28]. Nguyen et al. demonstrated similar
anti-proliferation and apoptosis induction effects in A549 lung cancer cells treated with
kaempferol at concentrations similar to those used in the current study. They found that
17.5, 35, 52.5 and 70 μM kaempferol treatment caused a time- and dose-dependent
reduction in DNA synthesis and cell proliferation [20]. Our current study also clearly
demonstrated that apoptosis may account, at least in part, for the anti-tumor activity of
kaempferol. We found that kaempferol at concentrations of 17.5, 35 and 70 μM induced 3-,
5- and 8-fold increase in MIA PaCa-2, and 1.4-, 2- and 4-fold increase in Panc-1 cells of the
cell apoptosis compared with the DMSO treated control cells.

In conclusion, we demonstrate that kaempferol inhibits pancreatic cancer cell growth and
induces apoptosis. These results are of significance because kaempferol, a natural
compound, may have clinical applications in the treatment of pancreatic cancer in both
direct inhibitory effects and enhancing effects of other chemotherapy or radiotherapy with a
low toxicity. Combination therapy of kaempferol with chemotherapy agents such as 5-FU or
gemcitabine may provide a new and more effective strategy for the treatment of pancreatic
cancer.
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FIG. 1.
Effects of kaempferol on cell growth of MIA CaPa-2 and Panc-1 pancreatic cancer cells.
MIA PaCa-2 and Panc-1 cells were seeded in 48-well plates (4×103 cells/well) and serum-
free DMEM starved for 24 h before treated with 5-FU (10 μg/ml) as a positive control,
kaempferol (17.5 μM, 35 μM, and 70 μM) or DMSO (1:2500 dilution) as a negative control.
The cells in each well were trypsinized, resuspended in 1 ml growth medium, stained with
Trypan blue, and directly counted under a phase contract microscope. Kaempferol inhibited
MIA PaCa-2 (A) and Panc-1 (B) cell growth in a concentration-dependent manner from day
0 to day 4.
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FIG. 2.
Effects of kaempferol on [3H]-thymidine incorporation in MIA CaPa-2 and Panc-1
pancreatic cancer cells. MIA CaPa-2 and Panc-1 cells were serum-starved and then treated
with the indicated concentrations of kaempferol, 5-FU or DMSO for 2 and 3 days,
respectively, and labeled with [3H]-thymidine at 1 μCi/ml for 6 h. [3H]-thymidine
incorporation was measured in scintillation solution. Data are expressed as mean±SEM of
triplicate values from two separate experiments. *P < 0.05 and **<0.01 as compared with
DMSO controls. [3H]-thymidine incorporation assay was performed for MIA CaPa-2 cells at
day 2 (A) and day 3 (B), and for Panc-1 cells at day 2 (C) and day 3 (D) after different
concentrations of kaempferol treatment.
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FIG. 3.
Effects of kaempferol on MTS in MIA PaCa-2 and Panc-1 pancreatic cancer cells. After
starvation and 5-FU or kaempferol treatment, MIA PaCa-2 and Panc-1 cell proliferation was
assessed in 96-well plate at day 0 and day 4 by MTS assay. Twenty μl MTS reagent
(Promega) mixed with 100 μl growth medium was added to each well, and incubated in 37
°C for 2 h. Absorbance was recorded at 490 nm using an EL-800 universal microplate
reader. The effects of the kaempferol on MIA PaCa-2 (A) and Panc-1 (B) cell proliferation
were shown.
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FIG. 4.
Effects of kaempferol on apoptosis of MIA CaPa-2 and Panc-1 pancreatic cancer cells. Cell
apoptosis was assessed by using TUNEL assay at 3 days after 5-FU or kaempferol
treatment. Cells were fixed in 1% (w/v) paraformaldehyde and stained with FITC-dUTP for
60 min at 37 °C. A. Kaempferol increased MIA CaPa-2 (A) and Panc-1 (B) cell apoptosis.
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FIG. 5.
Effects of combination treatment of kaepferol and 5-FU on MTS in MIA PaCa-2 pancreatic
cancer cells. After starvation, MIA PaCA-2 cells were treated with 5-fluorouracil (5-FU) (1
μg/ml), kaempferol (35 μM), or 5-FU (1 μg/ml) plus kaempferol (35 μM), and cell
proliferation was assessed in 96-well plate from day 0 and day 5 by MTS assay. Twenty μl
MTS reagent (Promega) mixed with 100 μl growth medium was added to each well, and
incubated in 37 °C for 1.5 h. Absorbance was recorded at 490 nm using an EL-800 universal
microplate reader. The effects of the 5-FU (2), kaempferol (3) and Kaempferol plus 5-FU
(4) on MIA PaCa-2 cell proliferation were shown. Data are expressed as mean±SEM of
triplicate values. *P < 0.05.
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FIG. 6.
Effects of kaempferol with 5-FU on LDH release (cytotoxicity) from HPDE cells. The
cytotoxicity of kaempferol and 5-FU in normal human pancreatic ductal epithelial cells
(HPDE) was evaluated by LDH release assay. HPDE cells were cultured for 24 h with
kaempferol (35 μM) or 5-FU (35 μM). The cytotoxicity index in kaempferol-treated cells
was significantly lower than that in 5-FU-treated cells. Data are expressed as mean±SEM of
triplicate values. *P < 0.05.
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