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Synergistic effects of puerarin combined with
S-fluorouracil on esophageal cancer
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Abstract. Puerarin is an isoflavone derived from kudzu roots
with a wide range of biological and medicinal properties.
The aim of the present study was to investigate the inhibitive
effects of puerarin combined with 5-fluorouracil (5-FU) on
Eca-109 esophageal cancer cells in vitro and in vivo. Inhibitive
effects of the treatments on Eca-109 cells were detected by cell
counting kit-8, Hoechst 33258 staining and flow cytometry. A
tumor xenograft model was established in nude mice. Puerarin
and 5-FU, administered either in combination or individually,
were injected into mice and the inhibitive effects along with
any side effects were observed. Apoptosis was detected by
terminal deoxynucleotidyl transferase dUTP nick end labeling
assay. Puerarin and 5-FU, administered as combined treatment
or individual drugs, significantly inhibited proliferation and
induced marked apoptosis. The mean growth inhibition rate
(+ standard deviation) reached 87.27+5.37% and the apoptotic
rate at 48 h reached 36.18+1.24% in the combined treatment
group. The percentages of apoptotic cells induced by puerarin
and 5-FU (combined or alone) were significantly higher
than those of the control group (P<0.05). Puerarin or 5-FU
alone significantly inhibited the growth of xenograft tumors
in comparison to the control group (P<0.05), with inhibition
rates of 76.93 and 72.21%, respectively. The drugs combined
exhibited a significantly greater effect than either drug alone
(P<0.05), with the tumor inhibition rate reaching 89.06%.
During the course of chemotherapy, no evident side effects
were observed. The results suggested that the combined inhibi-
tive effects of puerarin and 5-FU were greater than the effects
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esophageal cancer,

of the agents used individually. In addition, puerarin combined
with 5-FU exhibited synergistic effects at lower concentrations
and promoted apoptosis, but did not increase the side effects
of chemotherapy, which indicated that puerarin may be a safe
and effective chemosensitive agent in the treatment of human
esophageal cancer.

Introduction

Esophageal cancer is a common malignant gastrointestinal
disease, and the global incidence and mortality has been
increasing in recent years (1,2). China has a high incidence
of esophageal cancer, with esophageal squamous cell carci-
noma being the predominant histological subtype (3). When
patients are diagnosed, the majority have already developed
late-stage cancer and thus are not eligible for surgical treat-
ment; therefore, chemotherapy is the main treatment option
for advanced esophageal cancer.

5-fluorouracil (5-FU) has been employed as a first-line
chemotherapeutic agent in esophageal cancer for a number
of years, and has been demonstrated to successfully promote
the efficiency rate and the patient's quality of life (4).
However, this treatment may result in side effects, including
bone marrow suppression, local irritation and gastrointes-
tinal disorders, including nausea, vomiting and appetite loss.
Therefore, identifying anticancer drugs with high efficiency
and low toxicity, and which may be able to be used in combi-
nation therapy, is of increasing importance.

Puerarin, a well-known isoflavone-C-glycoside, has
been identified as a major constituent of Pueraria lobata.
Puerarin has been used in Traditional Chinese Medicine for
millennia, and has been shown to possess various beneficial
effects for patients with Parkinson's disease (5), diabetes (6),
hypertension (7), osteoporosis (8,9), alcoholism (10) and
cardiovascular and cerebrovascular diseases (11-13).
Furthermore, numerous studies have demonstrated the anti-
cancer activity of puerarin in animal models as well as in a
variety of cancer cell lines (14-19). However, the antitumor
effect of puerarin on esophageal cancer have been rarely
reported (16). The present study thus examined the activity
of puerarin combined with 5-FU against esophageal cancer
in vitro and in vivo.
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Materials and methods

Chemicals and cell culture. Puerarin was obtained from
Sigma-Aldrich (P5555; Sigma-Aldrich Co. LLC, Shanghai,
China). The puerarin stock solution was prepared at 100 mM in
serum-free culture medium and stored at -20°C. 5-FU (F6627,
Sigma-Aldrich), was dissolved in Dulbecco's modified Eagle's
medium (DMEM; Gibco-BRL, Gaithersburg, MD, USA) to
yield a 20 mM stock solution, which was stored at -20°C. The
Eca-109 esophageal cancer cell line was obtained from the
China Center for Type Culture Collection (Wuhan, China).
The cells were cultured in DMEM supplemented with 10%
fetal bovine serum (FBS) and 1% antibiotics (100 yg/ml strep-
tomycin and 100 IU penicillin; Genom, Hangzhou, China) in a
humidified incubator at 37°C under 5% CO,.

Cell viability inhibition. The inhibitive effects of puerarin and
5-FU on the in vitro growth of Eca-109 cells were determined
using the cell counting kit-8 (CCK-8; Dojindo Molecular
Technologies, Inc., Kunamoto, Japan). The cells (5x10° cells
per well) were seeded in 96-well microtitre plates. Following
exposure to puerarin (400, 800, 1,600, 3,200, 6,400 uM), 5-FU
(40, 80, 160, 320, 640 uM) or puerarin + 5-FU for 48 h, 10 ul
CCK-8 solution [5 mg/ml in phosphate-buffered saline (PBS)]
was added to each well and the plates were incubated for an
additional 2 h at 37°C. The CCK-8 solution in the medium was
removed and the optical density at 450 nm was determined by
an iMark Microplate Absorbance Reader (Bio-Rad, Hercules,
CA, USA). Each assay was performed in triplicate. The results
are expressed as the inhibition rate (IR): IR = (AxB)/Ax100%,
where A and B are the absorbance of the control and sample
groups, respectively, after 48 h of incubation.

Hoechst 33258 assay for apoptosis. Apoptotic cells were
detected by Hoechst 33258 staining following the manufactur-
er's instructions (C0003; Beyotime Institute of Biotechnology,
Shanghai, China). The cells were cultured in DMEM for 12 h
following seeding in a sterile six-well plate, and then fixed in
0.5 ml methanol for 30 min and washed with PBS twice. 0.5 ml
Hoechst 33258 reagent was used to stain the apoptotic cells in
the dark at room temperature for 5 min following exposure to
puerarin (160 uM), 5-FU (160 #M) alone or puerarin and 5-FU
combined for 48 h. The cells were then rinsed with PBS twice.
Apoptotic cells were identified on the basis of morphological
changes in the nuclear assembly by observing chromatin
condensation and fragment staining using Hoechst 33258. The
stained cells were examined and photographed under a fluo-
rescence microscope (Olympus 1X71; Olympus Corporation,
Tokyo, Japan) at an excitation wavelength of 330-380 nm. In
each group, ten microscopic fields were selected randomly and
the cells were counted.

Annexin V/propidium iodide (PI) staining. To quan-
tify the percentage of cells undergoing apoptosis,
the Annexin V-fluorescein isothiocyanate (FITC) kit
(Multi-Sciences Biotechnology Co., Ltd., Hangzhou, China)
was used according to the manufacturer's instructions. Briefly,
cells were incubated for either 24 h or 48 h with puerarin and
5-FU alone or in combination. The cells were then washed twice
with cold PBS and resuspended in fluorescein isothiocyanate
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Figure 1. Effects of puerarin and 5-FU treatment on proliferation of Eca-109
cells. Cells were treated with puerarin, 5-FU or puerarin + 5-FU at different
concentrations for 48 h, and then quantified using the cell counting kit-8
assay. Results are expressed as inhibition rate. The proliferation of Eca-109
cells was inhibited by puerarin and 5-FU in a dose-dependent manner
(P<0.01). 5-FU, 5-fluorouracil..

conjugated annexin V binding buffer at a concentration of
1x109 cells/ml. Following incubation, 100 ul solution was
transferred to a 5-ml culture tube, and 5 ul Annexin V-FITC
and 10 pl PI were added. The tube was gently centrifuged at
1,000 x g and incubated for 15 min at room temperature in
the dark. At the end of the incubation, 400 1 binding buffer
was added and the cells were analyzed immediately by flow
cytometry (FACSAria™; Beckman Coulter, Inc., Fullerton,
CA, USA). Flow cytometric analysis was performed using
CellQuest™ software (BD Biosciences, Franklin Lakes, NJ,
USA).

Xenograft tumor model. All procedures were performed in
compliance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals, and the study was
approved by the Ethics Committee for Animal Research of
Wuhan University, China. Male BALB/c nude mice, aged
5-6 weeks, were purchased from the Center for Animal
Experiments of Wuhan University (Wuhan, China). The mice
weighed 16-18 g at the beginning of the experiment. The mice
were maintained in autoclaved filter-top micro-isolator cages
with autoclaved water and sterile food provided ad libitum. The
cages were maintained in an isolator unit provided with filtered
air. Tumor cells used for inoculation were grown in culture and
harvested as described above. A total of 24 mice were inocu-
lated subcutaneously with injections of 1x107 cells/mouse;
a further six mice inoculated with saline acted as a control
group. Tumor sizes were determined using micrometer calipers
and mice with similarly sized tumors were randomly divided
into four groups (with six mice/group): Saline control group;
puerarin 25 mg/kg/day group; 5-FU 12 mg/kg/day group; and
puerarin + 5-FU combination group. Following 3 weeks, all
mice were sacrificed by spinal dislocation and the xenograft
tumors were removed and measured. Tumor volume (TV) was
calculated using the following formula: TV (mm?®) = d’xD/2,
where d and D signify the shortest and the longest diameters,
respectively.

TUNEL assay. For histological examination, the tumor
tissues were fixed in 10% buffered formalin and embedded in
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Table I. Inhibitory effects of puerarin and 5-FU on Eca-109 xenograft tumors in nude mice.
Group No. Volume (mm?) Inhibition rate (%) Weight (g) Inhibition rate (%)
Puerarin 6 234.23+15.17* 76.93 0.358+0.161* 65.93
5-FU 6 282.10+£58.87* 72.21 0.402+0.151* 61.81
Puerarin + 5-FU 6 111.09+£34.79° 89.06 0.132+0.067° 87.48
Control 6 1,015.26+108.88 1.052+0.522

Data are presented as the mean + standard deviation of the mean and are expressed as inhibition rate (%) = [1 - mean of tumor volume (or weight)
of test group/mean of tumor volume (or weight) of control group] x100%. There were six mice per group. “P<0.05 compared with the puerarin +
5-FU group; °P<0.05 compared with the control group. 5-FU, 5-fluorouracil.
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Figure 2. Detection of apoptosis via Annexin V/PI staining and flow cytometric quantification. X-axis, Annexin V; Y-axis, PI. Cells that were
Annexin V-positive/PI-negative were in early apoptosis, Annexin V-negative/PI-positive staining signified that the cells were necrotic and
Annexin V-positive/PI-positive cells were in late apoptosis. Comparing the rate of cells in the early stages of apoptosis, the puerarin, 5-FU and puerarin + 5-FU
groups exhibited a significantly increased rate of apoptosis compared with that of the control group (P<0.05). The compined treatment group exhibited a
significantly increased rate of apoptosis compared with those of the puerarin- and 5-FU-only treatment groups (P<0.05). PI, propidium iodide; 5-FU, 5-fluo-

rouracil; FITC, fluorescein isothiocyanate.

paraffin, and 4 pm tissue sections were prepared. The TUNEL
assay was performed with an in situ apoptosis detection kit
(Roche, Branchburg, NJ, USA) according to the manufac-
turer's instructions. Positive cells were identified, counted (six
random fields per slide) and analyzed by an Olympus-BX53
upright fluorescence microscope (Olympus).

Evaluation of side effects. The livers and kidneys of the
mice from the different groups were fixed in 10% buffered
formalin, and the preserved tissues were cleaned in running
water, processed for histological examination according to the
conventional methods and stained with haematoxylin and eosin.
The morphology of any lesions observed was classified and

registered by a skilled histologist who was blinded to the treat-
ment groups. Blood was collected by cardiac puncture using
heparin-rinsed 1-ml syringes (20 gauge needles). The levels of
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), blood urea nitrogen (BUN) and serum creatinine (Cr),
biomarkers of liver and renal injury were detected by a Beckman
700 spectrophotometer (Beckman-Coulter, Chicago, IL, USA).

Statistical analysis. Data were subjected to non-parametric
analysis using the Mann-Whitney rank sum test. P<0.05 was
considered to indicate a statistically significant difference.
Statistical analyses were performed using SPSS 17.0 software
(SPSS, Inc., Chicago, IL, USA).
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Table II. Effect of puerarin combined with 5-FU or alone on hepatic and renal function.

Group No. ALT (U/1) AST (U/l) BUN (umol/l) Cr (umol/l)
Puerarin 6 3533575 131.17£22.16 7.38+1.22 16.54+3 .86
5-FU 6 37.67+8.24 134.33+24.08 7.39+0.88 16.63+2.52
Puerarin + 5-FU 6 37.17+12.51 152.33+20.47 7.84+1.10 18.74+4.87
Tumor control 6 32.83+12.07 129.83+21.32 7224053 15814291
Normal control 6 33.33+7.55 124.50+22.49 7.09+1.26 16.818.65

Data are presented as the mean + standard deviation of the mean, with n=6 mice/group. Groups were treated as follows: Puerarin (25 mg/kg/day);
5-FU (12 mg/kg/day); puerarin (25 mg/kg/day) + 5-FU (12 mg/kg/day); tumor control (saline of equal volume); normal control. No differences
were observed in the ALT, AST, BUN and Cr levels among all groups (P>0.05). 5-FU, 5-fluorouracil; ALT, alanine aminotransferase; AST,

aspartate aminotransferase; BUN, blood urea nitrogen; Cr, creatinine.

Results

Effects of drug exposure on the growth of the Eca-109
esophageal cancer cell line. The inhibition of proliferation
by puerarin and 5-FU in the Eca-109 cells was assessed after
48 h of drug exposure, following 24 h culture in drug-free
medium. As shown in Fig. 1, after 48 h of treatment,
growth of the Eca-109 cells was significantly inhibited in
a dose-dependent manner (P<0.01). The mean [+ standard
deviation (SD)] inhibition rate was 6.56+0.04% at 400 M
puerarin and 90.76+0.83% at 6,400 yuM. 5-FU at 40 uM
exhibited an inhibition rate of 7.10+0.06%, while the rate at
640 uM was 76.56+4.71%. In addition, the effect of puerarin
and 5-FU combined was higher than that of puerarin or 5-FU
alone and the difference was identified to be statistically
significant (P<0.05). This indicated that puerarin and 5-FU
exhibited a synergistic effect on inhibiting the proliferation
of Eca-109 cells.

Apoptosis induced by puerarin and 5-FU. Apoptosis induced
by puerarin and 5-FU was confirmed using Annexin V/PI
staining to detect externalization of phosphatidylserine on
the cell membrane. As shown in Fig. 2, the proportion of
Annexin V-positive/PI-negative cells increased progressively
in Eca-109 cells incubated at low concentrations of puerarin
(400 uM) and/or 5-FU (40 M) for 48 h. Puerarin and 5-FU
alone significantly promoted apoptosis compared with the
control group (P<0.05), although the combined effects of the
two drugs were greater than the effects of puerarin or 5-FU
alone (P<0.05).

Hoechst 33258 staining was used to detect the morpho-
logical features of apoptotic cells induced by puerarin and
5-FU in vitro, which revealed that apoptotic bodies containing
nuclear fragments were generated in apoptotic cells. The
mean (£SD) of apoptotic cells in the control, puerarin, 5-FU
and combined group were 3.67+2.16, 51.67+8.45, 55.17+10.17
and 83.0+9.21, respectively. Therefore, the percentages of
apoptotic cells induced by either puerarin and 5-FU alone
or the two drugs combined were significantly elevated
compared with that in the control group (P<0.05, Fig. 3).
Furthermore, the apoptotic rate in the combined treatment
group was significantly greater than that of either respective
treatment alone (P<0.05, Fig. 3).

Antitumor effects in vivo. Following the investigation of
apoptosis in Eca-109 cells in vitro, the antitumor effect of
puerarin and 5-FU was evaluated in xenograft tumor mouse
models. None of the mice died over the course of treatment
and all 24 mice successfully developed tumor xenografts.
On day 14, the tumor xenografts reached a mean size of
216.53+32.29 mm?®. The 24 mice were randomly divided into
four groups as described above. No statistically significant
differences were detected among the sizes of the tumors in the
different groups. Subsequently, the mice were administered
the different treatments. The results revealed that puerarin and
5-FU administered either in combination or individually exhib-
ited significant inhibitory effects in vivo, with tumor volumes
and weights in the mice in these groups all significantly reduced
as compared with the saline control group (P<0.05, Table I),
and the average tumor volume in the combination group was
significantly lower than that in either the puerarin or the 5-FU
group (P<0.05, Table I). The mean (+SD) tumor volume in
the control group was 1,015.26+108.88 mm? at the end of the
experiment, and the tumor inhibition rate of puerarin combined
with 5-FU was 89.06%, whereas the inhibition rates of puerarin
and 5-FU alone were 76.93 and 72.21%, respectively (Table I).
The mean tumor weights in the different groups are shown in
Table I; the inhibition rates were 87.48, 65.93 and 61.81%, for
the combined treatment, puerarin only and 5-FU only groups,
respectively. These results demonstrated that the antitumor
effect of puerarin combined with 5-FU was superior to the
effects of the drugs when used individually.

Tumor tissues isolated from the xenograft mice of the four
groups were assessed using the TUNEL assay; representative
micrographs are shown in Fig. 4. The tumors derived from
combination-treated mice exhibited a markedly higher count of
apoptotic bodies compared with the control tumors, suggesting
that puerarin potentiates the activity of 5-FU, which includes
the suppression of cellular viability and increased apoptosis of
tumor cells in vivo.

Evaluation of side effects. At the end of the experiment, the
nude mice were necropsied. No clear metastasis, peptic ulcer
and haemorrhage, or injury to the liver and kidney was visible
to the naked eye.

Hepatic toxicity was monitored by quantitative analysis of
the ALT and AST expression levels that served as biochemical
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Figure 4. Detection of apoptotic cells in xenograft tumor tissue by TUNEL
assay. Control, equal volume of saline; Puerarin, 25 mg/kg/day puerarin;
Figure 3. Apoptosis was detected by staining with Hoechst 33258. Apoptotic 5-FU, 12 mg/kg/day 5-FU; Puerarin + 5-FU, combination treatment. Brown
features were assessed by observing chromatin condensation and fragment color indicates apoptosis. Scale bar, 50 ym; magnification, x400. (A) Control;
staining. Scale bar, 50 ym; magnification, x200. (A) Control; (B) Puerarin; (B) Puerarin; (C) 5-FU; and (D) Puerarin + 5-FU groups. 5-FU, 5-fluorouracil;
(C) 5-FU; and (D) Puerarin + 5-FU groups. 5-FU, 5-fluorouracil. TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.
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markers of liver injury (20). The hepatic toxicity induced by
different treatments is shown in Table IT. ALT and AST activi-
ties in the serum were not significantly elevated compared
with the control group (P>0.05), and no differences between
the combination, puerarin and 5-FU groups compared with the
control groups were identified (P>0.05). No observable gross
or histological changes were observed in the livers of either
the treated groups or the control groups; similar results were
obtained for renal injury.

Discussion

Esophageal cancer is the seventh most frequent cause of
cancer-related mortality worldwide (2). Although the level of
diagnosis and treatment has greatly improved, the mortality
rate remains high, and the median overall five-year survival
rate has not improved in the last 40 years. The rate of complete
resection by surgical treatment is low; therefore, chemotherapy
is the predominant treatment method. 5-FU is one of the most
commonly used agents in esophageal cancer treatment, but the
gradual emergence of drug resistance and adverse effects limit
its clinical application.

Puerarin has been demonstrated to exhibit antitumor effects
in various cancers, including colorectal cancer, breast cancer
and human endometrial carcinoma. Yu et al (14) reported that
puerarin altered the expression levels of apoptosis-associated
genes [an increase in B-cell lymphoma-2 associated X protein
(bax) and reductions in c-myc and B-cell lymphoma-2 (bcl-2)]
and may act as a chemopreventive and/or chemotherapeutic
agent in colon cancer cells. Wang et al (15) evaluated the
anticancer activity of puerarin nanosuspensions in the HT-29
human colon cancer cell line in vitro and in vivo. The results
also suggested that the puerarin nanosuspensions may serve
as a chemotherapeutic agent for colon cancer. Lin ez al (17)
suggested that puerarin may act as a chemopreventive and/or
chemotherapeutic agent against breast cancer as it inhibited
cell proliferation via upregulation of p21/Wafl, p53, caspase-9
and bax. In addition, Yu et al (19) reported that puerarin may
be a natural alternative to estrogen replacement therapy for
endometrial cancers and the potential mechanism may be
associated with the downregulation of the transcription factors
activator protein-1 or c-jun. However, there are few studies
addressing the effects of puerarin on esophageal cancer (16).

In the present study, the administration of either puerarin
or 5-FU alone was found to significantly inhibit the prolifera-
tion of esophageal cancer cells in a dose-dependent manner.
However, the combined effect of puerarin and 5-FU on
esophageal cancer in vitro or in vivo was superior to that of
either puerarin or 5-FU alone, and the combined effect was
synergistic. In addition, puerarin combined with 5-FU induced
apoptosis to a greater extent than that of puerarin or 5-FU
alone. The results are notable and encourage further studies
into the mechanism of this synergistic effect.

Apoptosis is a tightly regulated cellular process. Two
predominant signaling pathways in cell apoptosis have
been described: The mitochondria-independent death
receptor signaling pathway and the mitochondrial signaling
pathway (21,22). 5-FU inhibits the thymic pyrimidine nucleo-
tidase of tumor cells and affects DNA stability (23). A number
of experiments have observed that 5-FU also induces apoptosis
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of gastroenteral carcinoma cells, which proceeded through
p53, bel-2, caspase-3 and caspase-8 (24-28). In the present
study, puerarin combined with 5-FU at lower concentrations
was identified to promote apoptosis; however, the mechanism
for this remains elusive.

The present study found no evident side effects of the drug
treatments (ulcer and haemorrhage, or injury of the liver and
kidney) during the entire course of the experiment. Compared
with the control group, no significant differences in the expres-
sion levels of ALT, AST, BUN and Cr were detected in the
treatment groups (P>0.05). Therefore, puerarin combined with
5-FU may not increase the toxicity of chemotherapy.

In conclusion, puerarin combined with 5-FU was demon-
strated to exhibit a significantly greater antitumor effect than
either puerarin or 5-FU used alone. Furthermore, the toxicity
did not increase when the drugs were used in combination,
which indicated that there may be potential for the combined
use of these drugs in the clinical treatment of esophageal
cancer.
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