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Naringin inhibits ovarian tumor growth by
promoting apoptosis: An in vivo study
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Abstract. The aim of the present study was to investigate
the antitumor activities of naringin in ovarian cancer, and
to assess the underlying mechanisms. Ovarian tumor cells
were implanted into nude mice to produce ovarian tumors
in vivo. The mice were divided into six groups: Control, low
dose naringin [0.5 mg/kg, intraperitoneal (i.p.)], middle dose
naringin (1 mg/kg, i.p.), high dose naringin (2 mg/kg, i.p.),
positive control (cisplatin, 2 mg/kg, i.p.) and a combination of
cisplatin and naringin (both 2 mg/kg). Following administra-
tion of naringin and/or cisplatin, the tumor size and weight
were measured. Apoptosis of tumor cells was detected using a
terminal deoxynucleotidyl transferase dUTP nick end labeling
assay. Apoptosis-associated gene expression was detected
using reverse transcription-polymerase chain reaction and
immunohistochemistry. In the range of 0.5-2 mg/kg, naringin
dose-dependently inhibited tumor growth, as demonstrated by
a decrease in tumor size and weight. Naringin promoted apop-
tosis of the ovarian tumor cells. Additionally, naringin reduced
the expression of B-cell lymphoma (Bcl)-2, Bcl-extra large
(Bcl-xL), cyclin DI, c-Myc and survivin, while it increased
the expression of caspase-3 and caspase-7. The data demon-
strated that naringin inhibited ovarian tumor growth in vivo.
Its mechanisms may be associated with caspase-7-, caspase-3-,
Bcl-2- and Bcel-xL-mediated apoptosis. Nevertheless, the
clinical application of naringin in the treatment of ovarian
cancer requires further study.

Introduction

Ovarian cancer is a common type of malignancy, and also
the main cause of gynecological cancer mortality (1). Due to
the location of the ovaries, there are no notable symptoms in the
early stage of carcinogenesis (2). The majority of patients are
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diagnosed with advanced-stage ovarian cancer, with the symp-
toms including an abdominal mass, ascites and notable weight
loss (3). Surgery combined with chemotherapy is still the most
effective treatment for ovarian cancer (4). Surgery has the ability
to eliminate the tumor foci, but it is difficult to completely remove
the tumor with surgery alone (5). Furthermore, ovarian cancer
cells are prone to metastasize, and the numerous small tumor
metastases are problematic due to the difficulty in observing
them without a microscope (6). Therefore, chemotherapy is
required following surgery to suppress residual tumors, though
the frequent use of chemotherapeutic agents can cause adverse
reactions and drug resistance (7).

Chinese herbal medicines are extensively reported to kill
tumor cells, as well as to not be susceptible to drug resistance
and to have few adverse effects (8). Naringin is a bioflavonoid
and polyphenolic compound that is located in grapefruit (9).
Previous studies have indicated that naringin has a number
of pharmacological activities, including anti-inflammation,
anti-oxidative stress, myocardial protection, and the regulation
of glucose and lipid metabolism (10). Naringin can also induce
cancer cell apoptosis via eliminating free radicals using its
antioxidant activity, and by inhibiting oncogene expression
and cell proliferation (11-13). Naringin can inhibit carci-
nogenic substance-induced DNA chain destruction, which
maintains the stability of genetic information and prevents
the occurrence of DNA mutations (10). Additionally, naringin
effectively inhibits -carotene, which in turn reduces carci-
nogenic substance-induced DNA chain destruction (14,15);
however, the antitumor effect of naringin in ovarian cancer
and its underlying mechanism remains unknown.

Xenotransplanted cells are vital for investigating the
mechanisms underlying tumorigenesis and treatments (16). In
the present study, an in vivo tumor model was established via
implanting SKOV3 cells in nude mice, and the intervention of
naringin was evaluated by calculating the size and weight of
tumors. Furthermore, apoptosis was detected in order to inves-
tigate the role of naringin in the treatment of ovarian cancer.
The current study aimed to provide preclinical evidence for
the treatment of ovarian cancer with naringin.

Materials and methods

Cell culture. The SKOV3 cell line was purchased from The
Shanghai Institutes for Biological Sciences, Chinese Academy
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of Science (Shanghai, China). The cells were cultured at 37°C,
in an atmosphere containing 5% CO,, in Dulbecco's modified
Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal calf
serum (HyClone; GE Healthcare Life Sciences, Logan, UT,
USA), 100 U/ml penicillin and 100 mg/ml streptomycin.

Establishment of tumor models. A total of 30 female Balb/c
nude mice (15-18 g, 4 weeks old) were purchased from The
Shanghai Laboratory Animal Center, Chinese Academy of
Science, and housed in specific pathogen-free conditions that
were automatically maintained at a temperature of 23+2°C,
a relative humidity of 45-65%, and a controlled 12/12 h
light/dark cycle. Animals had ad libitum access to food and
water. All protocols were approved and supervised by the
ethics committee of the First Affiliated Hospital of Nanchang
University (Nanchang, China). The mice implanted with the
tumor cell line were randomly divided into six groups (n=5 in
each group): Control, low-dose naringin [0.5 mg/kg, intraperi-
toneal (i.p.)], middle-dose naringin (1 mg/kg, i.p.), high-dose
naringin (2 mg/kg, i.p.), positive control (cisplatin, 2 mg/kg,
i.p.), and combination of cisplatin and naringin (cisplatin,
2 mg/kg; naringin, 2 mg/kg). SKOV3 cells in the logarithmic
growth phase (1x107) were diluted in 0.2 ml PBS and injected
(i.p) into the Balb/c nude mice. Naringin (purity, >90%;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and/or
cisplatin (Sigma-Aldrich; Merck KGaA) were administered for
10 consecutive days, following attainment of a tumor size of
50 mm?®. General conditions of the mice were monitored daily
and the tumor size was measured every two days. Following
10 days of drug administration, the mice were anesthetized
using isoflurane and decapitated thereafter, and the whole
tumor was removed. The tumor specimens were fixed in 4%
paraformaldehyde in PBS (pH 7.4) at 4°C overnight and then
embedded in paraffin for tissue sectioning.

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from the tumors using a TRIzol®
kit (Thermo Fisher Scientific, Inc.), according to the manu-
facturer's instructions. The purity of mRNA was determined
using the optical density (OD) at 280/260 nm. Reverse
transcription was performed using Random Primer kit
(Hexadeoxyribonucleotide mixture; cat. no. 3801; Takara
Biotechnology, Co., Ltd., Dalian, China) and Moloney murine
leukemia virus reverse transcriptase (Promega Corporation,
Madison, WI, USA). The primers were added into a 25-u1 PCR
reaction system, following a protocol of denaturation at 95°C
for 46 sec, annealing at 60°C for 45 sec, and then elongation
at 72°C for 60 sec for 36 cycles. The primers were as follows:
Cyclin D1, forward AAACTGAAATGGGACTTGG and
reverse AGGGTGGATTGGAGATAAA; survivin, forward
TTCATCCACTGCCCTACC and reverse GTGCTTTCTATG
CTCCTCTAT; c-Myc, forward GGGAGTGGTTCAGGA
TTGG and reverse GCATCGTCGTGGCTGTCT; caspase-7,
forward GTTGACGCCAAGCCAGAC and reverse AATCCA
TGCGGTACAGATAAG; caspase-3, forward CTAATCTGA
CGGTCCTCC and reverse TCGCCAAATCTTGCTAAT;
Bcel-xL, forward GGGCTGTCTGTCGAATCTG and reverse
CTGGAGGCGTAAGGTCAA; Bcl-2, forward ACGTGT
AACTTGTAGCGGATAT and reverse GCTGAAAGGTGA

AGAGGC; and GAPDH, forward GCAAGTTCAACGGCA
CAG and reverse CGCCAGTAGACTCCACGAC.

Terminal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assay. TUNEL staining was performed on 30 ym
slices using the DeadEnd™ Colorimetric TUNEL System
(Promega Corporation), following the manufacturer's instruc-
tions. Following staining, the sections were observed using
a FV1000 Olympus Confocal Laser Scanning Microscope
(Olympus Corporation, Tokyo, Japan).

Immunohistochemical staining (IHC). Tumor tissues were
fixed in 10% formaldehyde at room temperature for 24 h and
embedded in paraffin. The 3-ym sections were continuously
sliced. Following dewaxing by xylene, the tissues were dehy-
drated in 70,75, 80, 85 and 95% alcohol. To retrieve the antigen,
3% hydrogen peroxide was applied at 100°C. The slices were
blocked in 5% BSA (Hyclone; GE Healthcare Life Sciences,
Logan, UT, USA) at 37°C for 30 min. Immunostaining of
histological sections was performed using monoclonal anti-
bodies against cyclin DI (dilution, 1:200; cat no. ab134175),
c-Myc (dilution, 1:200; cat no. ab32072), survivin (dilu-
tion, 1:200; cat no. ab469), caspase-3 (dilution, 1:200; cat
no. ab13585), caspase-7 (dilution, 1:200; cat no. ab69540),
Bcl-2 (dilution, 1:200; cat no. ab32124) and Bcl-xL (dilution,
1:200; cat no. ab32370; all from Abcam, Cambridge, MA,
USA) overnight at 4°C, followed by a 30 min incubation with
horseradish peroxidase (HRP)-coupled secondary antibodies
goat anti-mouse immunoglobulin (Ig)G HRP (dilution, 1:500;
cat no. P0447; Dako; Agilent Technologies, Inc., Santa Clara,
CA, USA) or goat anti-rabbit IgG HRP (dilution, 1:500, cat
no. P0448; Dako; Agilent Technologies, Inc., Santa Clara, CA,
USA) and then sections were visualized with diaminobenzidine
for 3 min under a light microscope with x200 magnification.
PBS was used instead of the primary antibody in the nega-
tive control group. The positive staining was analyzed using
ImagelJ software version 1.48 (National Institutes of Health,
Bethesda, MD, USA).

Statistical analysis. Data are presented as the mean + standard
error of the mean and analyzed by SPSS 19.0 (IBM Corp.,
Armonk, NY, USA). One-way analysis of variance with
Bonferroni correction post-hoc for multiple comparisons was
performed. P<0.05 was considered to indicate a statistically
significant difference.

Results

Naringin inhibits ovarian cancer growth. As depicted in
Fig. 1A and B, in the first four days of treatment, the mean
values of tumor sizes in each group were comparable. By
contrast, following treatment for six days, the tumor inhi-
bition by naringin was observable based upon the tumor
sizes, particularly in the naringin and cisplatin combina-
tion group. Following 10 days of treatment, the tumor size
(mean value) in each group was in the following order
(largest to smallest): Control, 0.5 mg/kg naringin, 1 mg/kg
naringin, 2 mg/kg naringin, positive control and combination
(Fig. 1B). The data indicated that naringin inhibits tumor
growth in a dose-dependent manner. The tumor weight was
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Figure 1. Naringin inhibited ovarian cancer growth. (A) The nude mice and tumors. (B) Volume and (C) weight of the tumors following naringin administration.
The data are expressed as the mean + standard error of the mean. n=5 in each group. "P<0.05, compared with the negative control.

also measured. As depicted in Fig. 1C, cisplatin, 2 mg/kg
naringin, and the cisplatin and naringin combination signifi-
cantly reduced the tumor weight, compared with the control
(P<0.05).

Naringin promotes apoptosis in ovarian tumors. Apoptosis was
detected in the tumor cells. As depicted in Fig. 2, naringin trig-
gered apoptosis in ovarian tumors in a dose-dependent manner
in the range 0.5-2 mg/kg. The cisplatin, 2 mg/kg naringin, and
cisplatin and naringin combination groups notably promoted
apoptosis.

Naringin regulates apoptosis-associated gene expression.
Apoptosis-associated gene expression was also detected.
As depicted in Fig. 3, naringin increased the expression of
caspase-7 and caspase-3 protein (Fig. 3A) and mRNA (Fig. 3B)
in a dose-dependent manner. In particular, the cisplatin,
2 mg/kg naringin, and cisplatin and naringin combination
groups notably promoted the expression of caspase-7 and
caspase-3, compared with the control (P<0.05).

The expression of Bcl-2 and Bcel-xL was also evaluated
via IHC (Fig. 4A) and RT-PCR (Fig. 4B). Naringin reduced

the expression of Bcl-2 and Bcel-xLL protein and mRNA in a
dose-dependent manner. In particular, the cisplatin, 2 mg/kg
naringin, and cisplatin and naringin combination groups signif-
icantly reduced the expression of Bcl-2 and Bcel-xL, compared
with the control (P<0.05).

Naringin reduces cell growth-associated gene expression.
Cyclin DI, c-Myc and survivin were detected in each group.
As depicted in Fig. 5, naringin reduced the expression of
cyclin D1, c-Myc and survivin protein (Fig. 5A) and mRNA
(Fig. 5B) in a dose-dependent manner. In particular, the cispl-
atin, 2 mg/kg naringin and cisplatin and naringin combination
groups significantly reduced cyclin D1, c-Myc and survivin,
compared with the control (P<0.05).

Discussion

In the present study, nude mouse tumor xenograft models were
produced and administered naringin. The data demonstrated
that the tumor volume and weight were reduced gradually
with the increased dose of naringin, and that naringin has an
antitumor effect in vivo.
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Figure 2. Naringin promoted apoptosis in the ovarian tumors. The blue staining indicated the nucleus with green staining indicating apoptosis. The green cells
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Figure 3. Naringin increased the expression of caspase-7 and caspase-3. (A) Protein expression as detected by immunohistochemistry. (B) mRNA expression
as detected by reverse transcription-polymerase chain reaction. The data are expressed as the mean = standard error of the mean. n=5 in each group. 'P<0.05,

compared with the negative control.

Caspases belong to the aspartic acid specific cysteine
protease family (17). Caspase-3 and caspase-7 serve important
roles in the process of apoptosis (18). Caspase-3 is a regulator
of cell death (18). When caspase-3 is inhibited, apoptosis
is prohibited, which contributes to tumorigenesis (19). A
previous study demonstrated that caspase-3 and caspase-7
have synergistic effects in promoting apoptosis (20). The
results also demonstrated that the expression of caspase-3 and
caspase-7 was upregulated significantly with an increased
dose of naringin. The results indicated that naringin has the
ability to induce apoptosis via promoting the expression of

caspase-3 and caspase-7. Bcl-2 can inhibit the apoptosis of
tumor cells (21) and Bcl-xL prohibits apoptosis in the absence
of a cell growth factor (21). Takehara et al (22) revealed that
the expression level of Bcl-xL in hepatocellular carcinoma
tissues was significantly higher, compared with paracan-
cerous tissue, which could inhibit apoptosis during serum
starvation and p53 activation. The results demonstrated
that naringin reduced the expression of Bcl-2 and Bcl-xL,
which promoted apoptosis. The data further indicated
that naringin has an antitumor effect via the promotion of
apoptosis.
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Figure 4. Naringin reduced the expression of Bcl-2 and Bel-xL. (A) Protein expression as detected by immunohistochemistry. (B) mRNA expression as
detected by reverse transcription-polymerase chain reaction. The data are expressed as the mean + standard error of the mean. n=5 in each group. "P<0.05,

compared with the negative control. B¢cl-xL, B-cell lymphoma-extra large.
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sion as detected by reverse transcription-polymerase chain reaction. The data are expressed as the mean + standard error of the mean. n=5 in each group.

"P<0.05, compared with the negative control.

Cyclin D1 belongs to the group of cell cycle regulating
proteins, can be expressed continuously under mitogen
stimulation, which can then promote cell proliferation, and
participate in tumorigenesis (23). Cyclin D1 is highly expressed
in tumor cells; it is not only associated with the occurrence
and development of tumors, but also with tumor prognosis,

metastasis and tumor recurrence following radiotherapy (24).
c-Myc affects the processes of cell growth, differentiation
and apoptosis, and the cell cycle, and the abnormal expres-
sion of these molecules frequently occurs in the early phase
of carcinogenesis; in addition, it is closely associated with
tumor proliferation and the initiation of cancer (25). c-Myc
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has dual effects; not only does it promote cell apoptosis,
but it also stimulates cell proliferation (26). As a nuclear
protein-regulating gene, c-Myc serves an important role in
regulating tumor-associated gene expression and modulating
cell invasion, growth and metastasis (27); however, overex-
pression of c-Myc alone cannot cause the malignant change
in tissues (28,29). The survivin gene is a novel inhibitor of
apoptosis (30), which participates in regulating cell growth
and proliferation (31). The results demonstrated that with an
increase in the naringin concentration, the protein expression
of cyclin D1, c-Myc and survivin was reduced significantly.
These results indicate that naringin can induce apoptosis in
tumor cells.

In conclusion, the data demonstrated that naringin inhibited
ovarian tumor growth in vivo. Its mechanisms may be associ-
ated with caspase-7, caspase-3, Bcl-2 and Bcl-xL-mediated
apoptosis. Furthermore, naringin also reduced the expression
of cyclin D1, c-Myc and survivin. Nevertheless, the clinical
application of naringin in the treatment of ovarian cancer
warrants further study.
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