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Abstract: Objective: To discuss the effect of puerarin
on human choriocarcinoma cells. Methods: Survival
rates under puerarin monotherapy, fluorouracil (5-FU)
monotherapy and puerarin in combination with 5-FU
were detected by MTT assay. Apoptotic morphology was
observed with Hoechst 33258 staining. Apoptosis rates
were detected with flow cytometry. Expressions of AKT,
mechanistic target of rapamycin (mTOR), and P70S6K
mRNAs and phosphorylated proteins were detected by
RT-PCR and Western blot. Tumor-bearing mice were
administered puerarin and puerarin+5-FU, and serum
levels of B-human chorionic gonadotropin (B-HCG) were
measured. Results: Proliferation inhibition and apoptosis
rates of JEG-3 cells were positively correlated with puerarin
concentration, which increased in the puerarin+5-FU
group. Expression levels of AKT, mTOR, P70S6K mRNAs,
and phosphorylated proteins decreased significantly
after action of puerarin at different concentrations.
With increasing puerarin concentration, expression
of cleaved-caspase-3 in JEG-3 cells increased, whereas
that of Bcl-2 decreased. Puerarin significantly inhibited
tumor growth in choriocarcinoma-bearing SCID mice.
Serum B-HCG levels were significantly lower than those of
control group after administration. Magnitude of f-HCG
decline was positively correlated with concentration..
Conclusion: Puerarin+5-FU inhibited proliferation of JEG-3
choriocarcinoma cells and promoted their apoptosis,
being associated with the mTOR signaling pathway.
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1 Introduction

Choriocarcinoma, a malignant tumor that originates
from embryonic trophocytes, tends to occur in women
of childbearing age [1,2]. It invades the myometrium or
metastasizes to other organs, thus causing damage and
death because that the trophocytes will lose their villi
following malignant transformation. Currently in China,
the most commonly used drugs are fluorouracil (5-FU) and
dactinomycin [3]. As we cannot totally solve the problems
of choriocarcinoma drug resistance, relapse, and toxic
and side effects of chemotherapy drugs [4,5] at present,
we need to seek new effective low-toxicity antineoplastic
drugs and to explore the molecular mechanism of the
drugs, thereby making it possible to effectively administer
targeted therapy. Extensive and profound Chinese
medical science shows great potential in development of
new drugs [6,7]. Antineoplastic drugs extracted from the
natural traditional Chinese medicines have rich sources
and few toxic side effects. In recent years, the experts both
at home and abroad have conducted cell experiments
using traditional Chinese medicines and their effective
extractive preparations [8]. It has been discovered that
inducing thereby tumor cell apoptosis, Chinese herbs can
regulate oncogenes in a multi-factorial and multi-level
manner: it can affect gene expression and influence the
expression level of the regulator gene, thus achieving the
antineoplastic effect.

Radix Puerariae, a common drug in China, is widely
distributed in various regions of that country, with the
exception of Xinjiang, Qinghai, and Tibet. Puerarin
(HPLC) is prepared by extraction of Radix Puerariae. The
main dosage forms include tablet and injectionables. The
main chemical constituents are a flavonoid compound
and pueraria flavones. This drug can, for example,
improve immunity, strengthen myocardial contractility,
protect myocardial cells, reduce blood pressure, and
inhibit platelet aggregation. The flavonoid compounds
play a role in inhibiting initiation, promotion, and
development of the carcinogenic process as a result of
their antioxidant activity and capacity to absorb UV
light. Hence, puerarin has long been used for treatment
of cancers, but there is little research on the mechanism
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of the its antineoplastic effect [79]. The mechanistic
target of rapamycin (mTOR) signaling pathway is one
of the signal transduction pathways [10,11] intimately
associated with cell differentiation and proliferation.
In this way, it plays an important role in synthesizing
tumor cell proteins, regulating cell cycle-related protein,
and adjusting tumor angiogenesis. Currently, there is
little research on choriocarcinoma and mTOR signaling.
Most of the research involves gestational trophocytes
and choriocarcinoma cell strains, with a focus on
other aspects. However, there has been evidence that
suggests activation of the mTOR signaling pathway in
choriocarcinoma. Some scholars have extracted puerarin,
a monomeric compound, from the Kudzu root [9]. Animal
experiments have demonstrated that it has few toxic side
effects. The preliminary result has indicated that the toxic
dose in rats is 1000 mg/kg. To explore whether puerarin
has an antineoplastic effect on human choriocarcinoma,
we first observed the effect of puerarin on proliferation
and apoptosis of human choriocarcinoma JEG-3 cells, and
further, observed its efficacy, toxicity, side effects in animal
models, and preliminarily discussed the mechanism of
its antineoplastic effect on choriocarcinoma cells and its
relationship with the mTOR signaling pathway.

2 Materials and Methods

All experiments were performed in compliance with the
relevant laws and/or institutional guidelines of Affiliated
Hospital of Inner Mongolia Medical University.

2.1 Source of cells

Human choriocarcinoma JEG-3 cell strains were purchased
from Laboratory of Birth Control and Reproductive Biology,
Institute of Zoology, Inner Mongolia Medical University.

2.2 Experimental animals

Temale SCID mice (Shanghai Slac Laboratory Animal
Co., Ltd.) aged 4-5 weeks, weighing 15+0.26 g, were raised
under specific pathogen-free conditions at a constant
temperature (18-22°C) and a constant humidity (50-80%).

2.3 Main reagents and instruments

The main reagents and instruments included: puerarin
(purified in the laboratory), 5-FU (Donghaipu Pharmacy,
Shanghai), culture media (RPMI 1640) (U.S. Hyclon
Company), dimethylsulfoxide (DMSO), trypsin (U.S.
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Amersco Company), MTT (U.S. Sigma Company), fetal
bovine serum (Hangzhou Sijiging Bio-engineering
Material Co., Ltd.), mouse anti-human Akt, mTOR, p70S6K,
Bcl-2, caspase-3, phosphorylated anti-Akt (Ser473), anti-
mTOR (Ser2448), and anti-p70S6K (Thr389) (U.S. CST
Company), PCR primers (Shanghai Sangon Biotech Co.,
Ltd.), reverse transcription kits (U.S. Fermentas Company),
cell incubators (Sweden NUNER Company), an inverted
microscope (Australia LEICA Company), a fluorescence
microscope (Japan Olympus Company), PCR amplifier
(Germany Eppendorf Company), and an electrophoresis
apparatus, a membrane transfer device (U.S. BIO-RAD
Company).

2.4 Cell culture

Human choriocarcinoma JEG-3 cells were grown in RPMI
1640 culture medium containing 10% fetal bovine serum
(Hangzhou Sijiqing Bio-engineering Material Co., Ltd.),
double-antibody (20000 U/mL penicillin (Shijiazhuang
Huabei Pharmacy), 20000 mg/mL streptomycin
(Shijiazhuang Huabei Pharmacy)), 200 nM glutamine
(Shijiazhuang Huabei Pharmacy), and 50 mM sodium
pyruvate (Shijiazhuang Huabei Pharmacy), cultured at
37°C, in an environment containing 5% CO, with saturation
humidity, with the culture medium replaced once every
48-72 h, passaged as per 1:3 [12].

2.5 Detecting cell proliferation (MTT
method) with cell proliferation inhibition
experiment

Puerarin group: Puerarin of different mass concentrations
(0.1, 0.5, 1.0, 5.0, 10.0, 20.0, and 50.0 pmol/L) was used
to treat the JEG-3 cells for 24, 48, and 72 h. Treatment
groups were defined as follows. In the 5-FU Group, 5-FU
of different mass concentrations (2.5, 5.0, 10.0, 25.0,
50.0, 100.0, and 200.0 pg/ml) was used to treat the JEG-3
cells for 48 h; in the puerarin+5-FU group, puerarin at a
final concentration of 5 pmol/L was bathed with 5-FU of
different concentrations for 48 h; and in the control group,
no drugs were added to the JEG-3 cells for intervention and
only the culture medium containing menstruum (0.1%
DMSO) was added [13].

The JEG-3 cells in the logarithmic phase were collected
for preparation of cell suspension. The cell suspension
was cultured for 24 h until the cell fusion degree reached
approximately 80%. Culture medium (200 pL) containing
drugs at corresponding concentrations was added to all
experimental groups; the culture medium containing the
dissolved drug was added to the control group. It was
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cultured for 4 h after addition of 10 pL 0.5% MTT with a
micropipette 4 h after termination of the drug action. The
supernatant was discarded. DMSO (200 pL) was added to
each well. The cells were cultured at 37°C for 30 min. The
absorbance value of each well was detected at 570 nm by an
enzyme-linked immunosorbent assay (ELISA) microplate
reader; each microplate was detected 3 times to calculate
the proliferation inhibition rate: proliferation Inhibition
Rate (IR)% = (1-OD administration/OD control)x100%
(OD: optical density).

2.6 Observation of morphology of apoptotic
cells

The JEG-3 cells in the logarithmic phase were collected [14]
to prepare a cell suspension at a concentration of 1x10¢/
mL. The cell suspension was added to a 6-well microplate
with 1 mL for each well, cultured at 37°C for 24 h,
incubated for 48 h in a medium of different concentration,
washed twice with PBS, stained for 10 min away from
light after addition of 5 pg/mL Hoechst 33258. The cells
were observed for apoptosis under ultraviolet light with a
fluorescence microscope.

After all groups were subjected to drug intervention,
the cells of the logarithmic phase were collected to
prepare a cell suspension at a concentration of 1x10¢/mL,
inoculated into a 6-well microplate with 1 mL for each well,
cultured for 72 h at 37°C in an environment containing
5% CO,, digested with 5% pancreatin, and washed twice
with PBS after the supernatant was discarded. The cells
(100 pL) were suspended in a 1.5 ml PE tube after the
cell concentration was adjusted to 1x10®/mL. Operations
were carried out in accordance with the instructions for
the Annexin V/PI double-staining kit. The cells were
re-suspended in 400 pL PBS after reacting for 15 min at
room temperature away from light, screened with 1 300-
mesh sieve, transferred to a flow tube, and detected for
apoptosis with a flow cytometer. Excitation wavelength
Ex=488 nm; emission wavelength Em=530 nm.

2.7 Detecting expression of genes in cells in
various groups with RT-PCR

The drug treatment was the same as thatin section 1.6; 1 mL
of TRIzol lysis buffer was added to extract the total RNA.
The total RNA of cells was obtained after precipitating
with isopropanol. RNA (2 uL) was observed under the gel
imaging system following electrophoresis. The cDNA was
reverse transcribed, with the total mRNA of cells being
the template. The target genes were amplified with the
gradient PCR technique. The upstream and downstream
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primers were designed using the Primer Premier 5.0
software in accordance with the cDNA expression
sequence and relevant data provided corresponding to
AKT, mTOR, and p70S6K in GenBank [15].
AKT:

A-1: GGGCACTTTCGGCAAGGTGA

A-2: CATGGTGGCACCGTCCTTGA

mTOR:

M-1: AGTGGACCAGTGGAAACAGG

M-2: TTCAGCGATGTCTTGTGAGG

p70S6K:

P70-1: TGGTCCTGGGGACGCTGGAG

P70-2: TGCCGAT(jCTTCCCCACTCA

The amplification products were electrophoresed
on 1% agarose gel and observed under the gel imaging
system.

2.8 Western blotting analysis

Western blot was used to detect the expression of AKT,
mTOR, P70S6K, and corresponding phosphorylated
proteins and expression of apoptosis-related proteins
in various groups [16]. The cells were subject to lysis
on ice after suspension. The protein concentration was
determined in accordance with the instructions for
the BCA protein quantification kit (Shanghai Wei Feng
Biotechnology Co., Ltd.). After electrophoretic separation,
the protein was transferred onto a PVD membrane,
blocked, and subject to reaction with the primary
antibodies (anti-Akt (Ser473), anti-mTOR (Ser2448), and
anti-p70S (U.S. CST Company)) for 2 h, incubated and
developed after addition of the secondary antibody (HRP
goat anti-rabbit IgG (U.S. Proteintech Company)).

2.9 Animal experiments

The SCID mice (Shanghai Slac Laboratory Animal Co.,
Ltd.) were randomly divided into 6 groups of 6 each. JEG-3
cell suspension (0.2 mL) was inoculated into the right
dorsum of each SCID mouse. Each tumor was inoculated
with 5x10¢cells. The incubation period of the transplanted
tumor was 9-10 days. Intraperitoneal injections were
administered once per day after the tumor size reached
approximately 50 mm’. Four groups were set up: Group
1, control group, no dosage; Group 2, puerarin 20 mg/
kg; Group 3, VB 140 mg/kg; Group 4, puerarin 80 mg/
kg; Group 5, 5-FU 25 mg/kg; Group 6: puerarin 20 mg/
kg+5-FU 25 mg/kg. The transplanted tumor was observed
and measured. At 14 d after administration, the complete
tumor tissue was separated for measuring and calculating
the tumor inhibition rate. The dissected transplanted
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tumor tissue was fixed for 7 days at room temperature,
dehydrated, sectioned, and baked at 45°C for 24 h. The
4-pm-—thick slides were regularly HE stained and observed
under a light microscope. The 10-um-thick slides were
baked for 20 min at 68°C, dewaxed, dehydrated, blocked
after antigen retrieval, treated with the primary antibody
(mouse ant-human p-I-ICG monoclonal antibody working
solution for 12 h, PBS substituted for the primary antibody
as the negative control), incubated, and developed after
addition of the secondary antibody (HRP goat anti-rabbit
IgG) (U.S. Proteintech Company). Whole blood was taken
through the eye sockets of the SCID mice and centrifuged
at 3000 rpm for 5 min. The blood B-human chorionic
gonadotropin (B-HCG) of SCID mice was determined with
the chemiluminescence method after collection of the
serum [17].

2.10 Statistical analysis

SPSS 17.0 software was used for statistical analysis; the
experimental data were expressed with mean + standard
deviation (X * ). The differences in cell proliferation
and apoptosis within each group and among various
groups were subject to one-way analysis of variance
and the Student’s ¢ test. Differences were considered
statistically significant at P<0.05. IC,, was calculated
based on Probit regression analysis. The gene expression
and protein expression used the Quality One software for
image gray analysis. The differences within each group
and among various groups were subject to one-way
analysis of variance and least significant difference-t test.
The comparisons among various groups were subject
to one-way analysis of variance in the experiment. The
immunohistochemical results were subject to a non-
parametric rank sum test.
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3 Results

3.1 Effect of puerarin on in vitro proliferation
of cells

Puerarin of different mass concentrations played a role
in inhibiting the in vitro proliferation of the JEG-3 cells
and exhibited significant dose dependence. The JEG-3 cell
inhibition rate increased significantly with time (24, 48, and
72h) under the same puerarin action concentration (Table 1).

Figure 1 shows the proliferation inhibition in various
groups at 48 h after the action of 5-FU alone at different
concentrations and the combined action of 5-FU and 5
pmol/L puerarin. The proliferation inhibition rate for
the JEG-3 in the 5-FU monotherapy group increased
significantly compared with that in the control group,
and the action was positively correlated with the
concentration. The proliferation inhibition rate was
40.26x0.73% at 48 h after monotherapy when the puerarin
concentration was 5 umol/L. The proliferation inhibition
rates in various groups were significantly higher than that
in the puerarin monotherapy group, and the inhibition
effect was strengthened with the increase of 5-FU
concentration when puerarin of the same concentration
was used in combination with 5-FU of different
concentrations. Compared with the group of 5-FU at the
same concentration, the proliferation inhibition rate in
the puerarin+5-FU group also increased significantly.

3.2 Effect of puerarin on apoptosis of JEG-3
cells

There were changes in morphology of JEG-3 cell nuclei
under the action of drug at different concentrations
(Figure 2). Normal cells were stained light and uniformly,

Table 1. Proliferation inhibition rate for JEG-3 cells under action of puerarin at different concentrations (%).

Puerarin Concentration (pmol/L) Action Time (h)

24 48 72

Control Group 0.00 0.00 0.00

0.1 0.63+0.38* 0.81x0.45™ 4.89x1.56*#
0.5 2.68+0.49* 8.57+0.96*# 19.56+1.74*#
1.0 11.23+1.28* 14.45+1.09%# 38.17+1.93*#
5.0 24.19+1.06* 40.26+0.73*# 69.3420.82*#
10.0 37.22+0.52* 70.84+0.40%# 74.88+0.35%#
20.0 61.58+0.56* 75.64+0.23*# 82.38+0.53*#
50.0 69.80+0.73* 81.28£0.20*# 90.38+0.19*#

“Compared with the control group and the previous concentration, P<0.05;*compared with that in the previous period at the same concentra-

tion, P<0.05.
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Figure 1. Comparison between 5-FU monotherapy and combination of puerarin+5-FU The proliferation inhibition rate for cells at 48 h after
the action of 5.0 pmol/L puerarin alone (5-FU concentration was 0); * signifies P<0.05 compared with the puerarin group at 48 h after the
action of the 5.0 pmol/L puerarin alone; # signifies P<0.05 compared with the group of 5-FU at the same concentration.

Figure 2. Morphological changes of JEG-3 cell nuclei at 48 h following treatment by the drug at different concentrations (fluorescence micro-
scope, x400) a. control cells: The cell nuclei were stained blue uniformly; b-d, cells treated with puerarin (1, 5, 20 pmol/L L in sequence):
The cell nuclei became smaller and brighter to different extents; some nuclei were dissolved and fragmented; apoptosis bodies formed; the
higher the concentration was, the more significant the changes in cell apoptosis would be.

whereas the apoptotic cell nuclei were not stained
uniformly. The chromatin became concentrated, thus
leading to small and bright cell nuclei. Under the
fluorescence microscope, the cell apoptosis degree and the
drug action concentration were positively correlated; the
cell apoptosis was aggravated by the high concentration
of drug; there was a large amount of necrotic debris.

The flow cytometer was used to detect cell apoptosis.
Figure 3 shows the apoptosis in various groups, indicating
that the cell apoptosis rate in each group was significant
higher than that in the control group. When puerarin
alone was used to treat the JEG-3 cells, the apoptosis rate
was positively correlated with the drug concentration.
The apoptosis rate in the group with drug combination
of puerarin (5 pmol/L) and 5-FU (25 pg/L) increased
significantly compared with that in the group with
monotherapy at the same concentration (Figure 4).s

3.3 Detecting the expression of mRNA in
AKT, mTOR, and P70S6K in various groups
with RT-PCR

The relative expression of AKT after the JEG-3 cells
were treated with puerarin at different concentrations
decreased significantly compared with that in the control
group ; the relative expression of mRNA in mTOR and
P70S6K in the 5 pmol/L and 20 pmol/L puerarin groups
decreased significantly compared with that in the control
group ; the relative expression of mRNA in AKT, mTOR,
and P70S6K in the 20 pmol/L puerarin group decreased
significantly compared with that in the puerarin group at
the previous concentration; the difference was significant;
various groups exhibited a dose-dependent relationship
to some extent (Figure 5A).
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Figure 3. Apoptosis in various groups: a is the control group; b is the 1 ymol/L puerarin group; c is the 5 pmol/L puerarin group; d is the 20
pmol/L puerarin group; e is the 25 pg/L 5-FU group; fis the 5 pmol/L puerarin+25 pg/L 5-FU group.

Figure 4. Comparison of apoptosis rates in various groups. * Signifies a significant difference compared with the control group; # signifies
that the difference was significant compared with monotherapy at the same concentration..
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Figure 5. A: Expression and relative expression quantities of mRNA in AKT, mTOR, and P70S6K of the dells in different drug treatment groups
The diagram on the left presents the comparisons of relative expression quantities of mRNA in AKT, mTOR, and P70S6K. B: Expression of
AKT, mTOR, P70S6K, and corresponding phosphorylated proteins in various groups treated with puerarin at different concentrations. C:
Expression of apoptosis-related proteins in various groups treated with puerarin at different concentrations. * Signifies P<0.05 compared
with the control group; #signifies P<0.05 compared with the group treated with puerarin at the previous concentration. In the diagram on the
right: 1is the control group, 2 is the 1 pmol/L puerarin group, 3 is the 5 pmol/L puerarin group, and 4 is the 20 pmol/L puerarin group.

3.4 Detecting the expression of the

AKT, mTOR, P70S6K, and corresponding
phosphorylated proteins in various groups
with Western blot

The Western blot result indicated that with the rise of the
puerarin concentration (Figure 5B) the relative expression
quantities of AKT, mTOR, P70S6K, and corresponding
phosphorylated proteins in the JEG3 cells decreased
significantly compared with those in the control group; the

relative expression quantities of AKT, mTOR, P70S6K, and
corresponding phosphorylated proteins in the 5 pmol/L
puerarin group and 20 pmol/L puerarin group decreased
significantly compared with those in the group treated with
puerarin at the previous concentration; and the relative
expression quantities of P70S6K and corresponding
phosphorylated proteins in the 5 pmol/L puerarin group
decreased significantly compared with those in the group
treated with puerarin at the previous concentration. The
relative expression quantities of P70S6K and corresponding
phosphorylated proteins in the 20 pmol/L puerarin group
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decreased compared with those in the 5 pmol/L puerarin
group, but the difference was not significant.

3.5 Detecting expression of the apoptosis-
related proteins in various groups treated
with puerarin at different concentrations
with Western blot

The Western blot result indicated that with the increase
of the action concentration of puerarin, the expression
of pro-caspase-3 in the JEG-3 cells did not change
significantly, whereas the expression of cleaved-caspase-3
increased gradually and the expression of Bcl-2 decreased
gradually. The difference was significant compared with
the control group. The difference was also significant
compared with the group treated with puerarin at the
previous concentration, as shown in Figure 5C.

3.6 Results of Animal experiments
3.6.1 Tumor inhibition rates in various drug groups

The final volume and weight in various groups at the
end of the experiment are shown in Table 2. There
were significant differences in volume and weight of
transplanted tumor between various drug groups and the
control group. The tumor volume inhibition rate and tumor
weight inhibition rate were positively correlated with the
drug concentration. The tumor volume inhibition rate in
the high-concentration puerarin group (80 mg/kg) was
75.31%, and the tumor weight inhibition rate was 72.20%.
The tumor inhibition rate in the 5-FU monotherapy group
(25 mg/kg) was 77.19%, and the tumor weight inhibition
rate was 73.54%. The tumor volume inhibition rate and
tumor weight inhibition rate in the combination drug
therapy group were significantly higher than those in the
monotherapy group at the same dose.
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3.6.2 HE staining result for transplanted tumor tissue

The result indicated that all groups were morphologically
similar. There were a large number of highly proliferated
heteromorphic trophocytes and syncytial trophocytes.
The nested trophocytes were encysted by syncytial
trophocytes. There were gaps among cell nests. Well-
grown blood vessels were present in the tumor tissue.
Hemorrhagic necrosis was present in the tissue. Apoptotic
bodies and tumor giant cells were sometimes present.
The tumor cells had a large volume and obvious nucleoli
(2-3), but had no villi. Nuclear fission was common. The
trophocytes cytoplasm was loose, and the karyosome was
uniformly distributed in a reticular form. The syncytial
trophocytes’ cytoplasm was homogeneous and vacuole-
shaped; the karyosome was coarse and deep. The
proportion of the proliferous trophocytes was different
from that of the syncytial trophocytes. Some proliferous
trophocytes were disorderly. Degenerative necrosis of
oncocytes in the high-dosage puerarin group and the
combination drug therapy group was more significant
than that in the negative control group (Figure 6A).

3.6.3 Immunohistochemical examination results for
B-HCG protein in the transplanted tumor

The B-HCG protein was in the form of brown particles after
immunohistochemical staining. There were a number of
such positive cells in the tissue of the transplanted tumor.
The brown particles were mainly distributed around the
trophocyte nests, mainly concentrated in the tumor cells
in the syncytial trophoblast. We observed that the positive
particles concentrated in the cytoplasm. Positive particles
were also distributed at the bleeding site of the tumor
tissue. The immunohistochemical result indicated that the
expression of the B-HCG protein in various slides ranged

Table 2. Tumor inhibition rates in different drug groups at the end of experiments.

Group Volume (mm?3) Tumor Volume Weight (g) Tumor Weight Inhibition
Inhibition Rate (%) Rate

Control Group 4331.08£157.35 2.23+0.33

Puerarin (20 mg/kg) 2362.36+143.73* 45.46 1.26£0.21* 43.50

Puerarin (40 mg/kg) 1698.19+126.56* 60.79 0.890.14* 60.09

Puerarin (80 mg/kg) 1069.36+78.66* 75.31 0.62+0.08* 72.20

5-FU (25 mg/kg) 988.13+£68.28* 77.19 0.59+0.09* 73.54

Puerarin (20 mg/kg)+5-FU (25 mg/kg) 486.45+79.78*# 88.77 0.3120.13*# 86.10

* Signifies that the difference was significant compared with the control group,; # signifies that the difference was significant compared with

monotherapy group.
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Figure 6. A. HE staining for transplanted tumor tissue. A1, tumor and interstitial tissue under low power lens (light microscope 100x); A2,
jighly proliferative heteromorphic trophocytes (light microscope 400x); A3, hemorrhagic necrosis at the lower right corner (light microscope
400x). B: Immunohistochemical staining for B-HCG in transplanted tumor tissue (light microscope 400x). B1, negative expression and B2,

B3, and B4, positive expression ranging from 2 to 4 points.

from 2 to 4 points, but there was no statistical difference
based on inter-group comparisons (Figure 6B).

3.6.4 Determination of B-HCG in serum of SCID mice

Chemiluminescence was used to analyze the content
of B-HCG in serum. The result showed that the serum
B-HCG of SCID mice without tumor-cell inoculation
tested negative (less than 0.1 mIU/mL. Table 3 shows the
values of serum B-HCG determined in various groups with
transplanted choriocarcinoma tumor.

4 Discussion

Choriocarcinoma is a common malignant tumor of the
female reproductive system [18-22]; chemotherapy is
one of the main treatments. In recent years, seeking
chemotherapeutic drugs with few toxic and side effects
has become the focus of studies on antineoplastic drugs.
Radix Puerariae is widely distributed in various regions of
China, except Xinjiang, Qinghai, and Tibet. The monomeric
compound puerarin extracted from puerarin has certain
therapeutic effects on suppression and prevention of
the cancer; experiments on animals have shown that it
has few toxic and side effects. The preliminary result has
shown that its toxic dose in rats is more than 1000 mg/kg.

Table 3. Values of serum B-HCG determined in various groups with
transplanted choriocarcinoma tumors.

Group Serum B-HCG (mIU/ml)
89256.32+6698.35
38339.46+2906.53*
23804.83+3947.61*
10126.27+1865.09*
13214.58+2538.46*

5135.62+803.27*#

Control group

Puerarin (20 mg/kg)

Puerarin (40 mg/kg)

Puerarin (80 mg/kg)

5-FU (25 mg/kg)

Puerarin (20 mg/kg)+5-FU (25 mg/kg)

* Signifies P<0.05 compared with the control group; * signifies
P<0.05 compared with the monotherapy group at the same
concentration.

Thus, the present study involves in-depth research on the
effect of puerarin on proliferation and apoptosis of human
choriocarcinoma cells and its action mechanism.

The experiment used the MTT method to detect
the effect of puerarin on proliferation of the human
choriocarcinoma JEG-3 cells [23-25]. MTT detection results
have shown that puerarin plays a significant role in
inhibiting proliferation of the human choriocarcinoma
JEG-3 cells and exhibits dose- and time-dependence: the
killing effect of the tumor cells will be strengthened with
increasing the drug dose and action time within a certain
concentration and time range.
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This research has shown that the apoptosis rate
rises with the increase of the drug concentration within
a certain concentration range when puerarin alone is
used for treating the JEG-3 cells. The apoptosis rate in
the group with drug combination of puerarin (5 pmol/L)
and 5-FU (25 pg/L) increased significantly compared
with that in the group with monotherapy at the same
concentration. Therefore, the effect of puerarin on the
human choriocarcinoma JEG-3 cells was obvious from the
apoptosis perspective.

Combination of puerarin and 5-FU plays a more
effective role in inhibiting proliferation of the JEG-3
cells than monotherapy. Detection of apoptosis has
also indicated that the apoptosis rate using the drug
combination is significantly higher than that under
monotherapy. The role of puerarin in inhibiting
proliferation and promoting apoptosis of the human
choriocarcinoma JEG-3 cells in vitro and the synergistic
enhancement effect of puerarin in combination with 5-FU
provide an experimental foundation for seeking new
drugs for choriocarcinoma chemotherapy. The results
have also suggested that the anti-tumor effect of puerarin
may be associated with inhibiting proliferation of tumor
cells and promotion apoptosis of tumor cells; its action
mechanism is not strictly the same as that of 5-FU.

In the experiments, RT-PCR and Western blot have
been used to detect the expression of mTOR, upstream
regulatory factors AKT, and downstream regulatory
factors P70S6K in terms of the mRNA level and protein
level. The result has shown that with increasing puerarin
concentration, the relative expression quantities of mRNA
of AKT, mTOR, and P70S6K, protein, and corresponding
phosphorylated protein in the JEG-3 cells are lower than
those in the control group, indicating that puerarin may
inhibit proliferation of human choriocarcinoma JEG-3 cells
by the mTOR signaling pathway. It also indicates that the
mTOR signaling pathway may become a new target site for
choriocarcinoma treatment. In addition, the Western blot
result indicates that with rising puerarin concentration,
the expression of pro-caspase-3 in the JEG-3 cells does not
change significantly, whereas the expression of cleaved-
caspase-3 increases gradually and the expression of Bcl-2
decreases gradually, suggesting that the Caspase-3 and
Bcl-2 families participate in the process where puerarin
induces apoptosis of the JEG-3 cells.

We have successfully established the human
choriocarcinoma subcutaneous transplantation tumor
model using the SCID mice. The result indicates that the
subcutaneously transplanted tumor of choriocarcinoma
established by inoculating SCID mice with the JEG-3
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cells can serve as an experimental model for screening
antineoplastic drugs because it is characterized by a high
tumor formation rate (100%), stable growth rate, good
stability, and small difference in sizes of tumor nodules.
We have observed the effect of puerarin monotherapy
and combination of puerarin and 5-FU on tumor-bearing
mice after the animal experimental models of SCID mouse
choriocarcinoma subcutaneously transplanted tumor
were successfully established. The experimental results
have indicated that the final volume and weight of the
transplanted tumor in the drug groups are significantly
lower than that in the control group,. The anti-tumor
effect of the puerarin group is becoming more and more
significant with the drug action time and exhibits dose
dependence. In the high-dose (80 mg/kg) puerarin group,
the tumor volume inhibition rate is 75.31%, and the
tumor weight inhibition rate was 72.20% at the end of the
experiment. Its effect is close to the anti-tumor effect of
the conventional chemotherapeutic drug of 5-FU (25 mg/
kg). The inhibition effect becomes more significant after
combination of puerarin and 5-FU.

The electrochemical luminescence method [26-28] for
detecting serum B-HCG is superior to radioimmunoassay
and ELISA. It has been widely and clinically used. -HCG
is the most important index for treatment of trophocytes
and follow-up visits [29, 30] and closely associated with
the therapeutic effect. The experimental result has shown
that the serum B-HCG decreases significantly after the
action of drug, which further demonstrating the role of
puerarin in inhibiting the transplanted tumor of the SCID
mice with human choriocarcinoma.

5 Conclusion

In conclusion, puerarin in combination with 5-FU could
inhibit proliferation and induce apoptosis of human
choriocarcinoma JEG-3 cells, probably via the mTOR
signaling pathway. Thus, the mTOR signaling pathway
may become a new target for choriocarcinoma treatment.
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