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4.1  Introduction

Ovarian cancer is among the three leading causes 
of female cancers but ranks first in mortality 
worldwide [1]. In the United States, 22,820 new 
ovarian cancer cases and 14,240 deaths were 
reported in 2016 [2]. The five most common 
ovarian cancer types include high-grade and low- 
grade serous, endometrioid, mucinous, and clear 
cell carcinoma. All ovarian cancers have an insid-
ious onset with hardly noticeable progress until 

advanced stages (Stages III and IV). As a result, 
at the time when the disease is finally diagnosed, 
peritoneal metastasis often has already occurred. 
The standard treatment comprises of surgery to 
remove all macroscopic tumors and systemic 
chemotherapy to clear or suppress remaining 
cancer cells [3]. Although ovarian cancers are 
generally sensitive to platinum agents, and so 
taxane/platinum combined regimens are often 
used as first-line chemotherapy, resistance to 
platinum reagents is common at advanced stages. 
Conventional chemotherapy is usually cytotoxic 
with a myriad of side effects. Therefore, more 
effective and less cytotoxic therapies to treat 
ovarian cancers are urgently required [4].

Many natural compounds provide health and 
anticancer benefits. Paclitaxel, a natural antitu-
mor agent, is in the standard front-line treatment 
and has significant effects on advanced malig-
nancies including ovarian cancer [12]. Substances 
like paclitaxel are good examples of how natural 
compounds may be used to treat cancers, inspir-
ing the discovery of safe and effective approaches 
in ovarian cancer prevention and therapy.

In this chapter, we summarize the available 
evidence about the effects of plant components 
from selected fruits, vegetables, and herbs their 
potential applications as alternative therapeutics 
against ovarian cancer, with a focus on our recent 
work in this field.
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4.1.1  Lignans

Phytoestrogens, especially lignans, are abundant 
in food materials and are considered to have pre-
ventive and therapeutic effects against various 
cancers [5, 6]. Enterodiol (END) and enterolac-
tone (ENL) are extensively investigated lignans 
for their potential medical uses [7, 8]. We and 
other authors have reported the production of 
END and ENL by human intestinal microbiota 
through biotransformation from flaxseeds (seeds 
of Linum usitatissimum L.) [9–12]. END and 
ENL both can reduce the risk of hormone- 
dependent cancers in the breast [9, 13], uterus 
[14], and prostate [15]. The anticancer activities 
of flaxseed lignans have been attributed to two 
mechanisms, i.e., antioxidant and hormone 
receptor modulating effects [16, 17]. END and 
ENL act as antioxidants against DNA damage 
and lipid peroxidation in cancer and probably 
also contribute to the reduction of hypercholes-
terolemia, hyperglycemia, and atherosclerosis 
[18]. Of specific significance, END and ENL can 
mimic the structure of human estrogens to upreg-
ulate or downregulate the functions of estrogen 
receptors (ERs) [19]. At relatively low doses, 
END and ENL exhibit the estrogenic activity, 
while at higher doses they appear to be anti- 
estrogenic. The “biphasic effects” might be 
caused by protein kinase inhibitors at low doses 
and the topoisomerase activity at higher doses, 
respectively [7, 20].

There is a considerable body of evidence from 
epidemiological studies correlating high concen-
trations of lignans in body fluids with a low inci-
dence of hormone-dependent tumors, in particular 
breast cancer [21, 22]. For example, a follow-up 
study showed that postmenopausal breast cancer 
patients having high enterolignan levels may 
have a better survival [23]. In another study on 
serum concentrations in correlation with dietary 
intake of flaxseed, postmenopausal women con-
suming flaxseeds had decreased serum 
17β-estradiol and estrone sulfate concentrations 
and lowered breast cancer risks [24]. Additionally, 
numerous in  vitro studies and in  vivo animal 
experiments have demonstrated potent anticancer 
effects of END and ENL, such as work on breast 

cancer cell lines MCF-7 and MDA MB 231, 
which demonstrated the anti-metastatic activity 
of ENL, probably by inhibiting cell adhesion, 
cell invasion, and cell motility through downreg-
ulating MMP2, MMP9, and MMP14 gene 
expression [25]. Researchers measured the uri-
nary ENL level in postmenopausal women as 
well as in breast cancer patients, who were treated 
with breast cancer removal surgery, and found 
that breast cancer patients had significantly lower 
ENL levels compared to the control group, sug-
gesting that ENL might be involved in reducing 
the risk of breast cancer [26]. In another study, 
flaxseed, which is a rich source of END and ENL, 
administered in a basal high-fat diet reduced the 
nuclear aberration and epithelial proliferation in 
female rat mammary gland, suggesting a protec-
tive effect of flaxseed against breast cancer [27]. 
Similar results have been found in colon cancer, 
in which lignans inhibited cell proliferation and 
induced apoptosis [28].

Nude mouse models have been used to evalu-
ate the therapeutic effects of END, ENL, and 
other phytoestrogens. A study based on a model 
of human breast cancers in nude mice showed 
that cancer animals treated with tamoxifen and 
fed with flaxseeds or ENL exhibited decreased 
IL-1β levels compared to controls, which would 
suppress tumor angiogenesis and reduce 
microvessel density in vivo [29]. Another breast 
cancer mouse model with MCF-7 cells showed 
that ENL had potent effects against breast cancer 
growth, whereas GEN (Genistein) as the control 
did not [30]. Additionally, compared to genistein, 
END and ENL are more suitable for prolonged 
treatment [9]. The effects of ENL on colon can-
cer growth and the involved mechanisms of 
action have been investigated by detecting apop-
tosis- and proliferation-related proteins and 
establishing colon cancer mouse models [31]. 
ENL at a dose of 10 mg/kg could suppress human 
colon cancer cell growth both in vitro and in vivo 
[31].

Numerous findings have been reported on 
END and ENL with different types of tissues or 
cancers, such as those of lignans on hen ovaries 
[32, 33], but work about the effects of END and 
ENL on human ovarian cancers is lacking. We 
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found that both ENL and END performed excel-
lent anticancer effects, although ENL exhibited 
higher efficacy and less side effects than END in 
ovarian cancer treatments [34].

4.1.2  Main Components 
of Pomegranate, Ellagic Acid, 
and Luteolin

Pomegranate has been used as medicine in many 
cultures throughout history but is usually con-
sumed as fresh fruit or commercial fruit juice. It 
possesses many pharmacological effects, includ-
ing anti-inflammatory, antioxidant, antibacterial, 
and estrogenic activities [35, 36]. All biological 
activities are generally attributed to the high phe-
nol, flavonoid, anthocyanin, and tannin contents 
of the juice, seed, and peel [37]. Recent studies 
have demonstrated that pomegranate is a potent 
anti-carcinogenic agent that inhibits multiple sig-
naling pathways, inducing apoptosis and cell 
cycle arrest [38–41]. Additionally, pomegranate 
can significantly inhibit angiogenesis and metas-
tasis in cancer development progress [42].

Luteolin (2-(3,4-dihydroxyphenyl) chromeny-
lium-5,7-diol, L) is a nontoxic flavonoid com-
pound that has been used in Chinese traditional 
medicine to treat various pathologies [43]. In dif-
ferent cancers, luteolin can act as an MMPs 
inhibitor, attenuating MMPs expression by sup-
pressing the ERK/NF-κB pathway or directly 
inhibiting its activity [44, 45]. Ellagitannins, one 
subclass of hydrolyzable tannins, are broken 
down into free ellagic acid (2,3,7,8-Tetrahydroxy-
chromeno[5,4,3-cde] chromene-5,10-dione, EA), 
which can be absorbed by stomach [46]. When 
the pomegranate juice is processed, each fruit 
produces a minimum of 2  g/L of ellagitannins 
[47]. EA has shown anti-proliferation activity in 
breast cancer and antioxidant activity through 
inhibiting inflammatory factors such as TNF-α 
[48]. However, controversial results have been 
reported on liver cancer, in which EA was dem-
onstrated to promote hepatocarcinogenesis or 
perform no effect on hepatocarcinoma [49, 50].

While it is confirmed that pomegranate has 
significant effects on breast, prostate, and colon 
cancers [51–53], there are few detailed reports on 
ovarian cancer. The pharmacological effects and 
anticancer mechanisms of pomegranate fruit 
juice (PFJ), along with two of its main compo-
nents, EA and L, on ovarian cancer provide theo-
retical basis for new anticancer drug development. 
We recently compared the efficacy of EA and L 
and found that EA performed stronger effects 
than L on ovarian cancer [54].

4.1.3  Mangiferin

Mangiferin (1,3,6,7-tetrohydroxyxanthone-c2-β-
d- glucoside) is a kind of polyphenol extracted 
from the Anacardiaceae and Gentianaceae spe-
cies [55], abundant in the leaves, bark of 
Mangiferin indica L. [56], and the roots of Salacia 
chinensis [57], and is commercially utilized in 
food and natural pharmaceutical industries [58]. 
Mangiferin has been shown to have promising 
chemotherapeutic and chemo- preventative 
potentials, such as antioxidant, anti- inflammatory, 
immunomodulatory, and anti-virial effects [59]. It 
also could mitigate the malignant progress of 
various cancers by suppressing proliferation, 
migration, and invasion. Furthermore, mangiferin 
could reverse epithelial- mesenchymal transition 
to exert anticancer activity in MCF7 breast cancer 
cell line by inhibiting Wnt/β- catenin pathway 
[60]. Mangiferin also suppressed expression lev-
els of lung cancer associated enzymes (AHH, 
γ-GT, and 5′ND) in animal models [61]. Moreover, 
in some leukemia cases, mangiferin could sup-
press cyclin B1 and Akt phosphorylation levels, 
leading to cell arrest in G2/M phase, and activate 
Nrf2-reduced ROS reaction at a higher concentra-
tion [62, 63]. For other cancers, mangiferin could 
downregulate the Bcl-2/Bax ratio, which is 
involved in promoting cell apoptosis in nasopha-
ryngeal carcinoma cells [64]. Additionally, it 
could also block methylmercury- induced DNA 
damage and oxidative stress in human neuroblas-
toma IMR-32 cells [65].
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4.1.4  Acanthopanax senticosus

Acanthopanax senticosus is a small woody 
shrub that belongs to the Araliaceae family, dis-
tributed mainly over China, Korea, Japan, and 
Russia [66]. A. senticosus has a multitude of 
other names such as Siberian Ginseng, 
Eleutherococcus senticosus, and Ciwujia in 
China [66–69]. A. senticosus has been used in 
eastern Asia for over 2000 years [70], playing a 
vital role in traditional Chinese medicine. It is 
popular with its remarkable performance in the 
treatment of human cardiovascular diseases, 
diabetes, and neurasthenia [66, 67]. Recently, 
the possible anticancer activities of A. sentico-
sus have attracted much interest in research, 
along with some other specific pharmacological 
effects such as immunostimulatory, immuno-
modulatory, radiation protection, and antioxi-
dant functions [66]. The most active constituents 
of this plant are believed to come from the roots 
and stem, and the bioactivity of A. senticosus is 
attributed to the secondary compounds it syn-
thesizes, such as lignans, saponins, coumarins, 
minerals, triterpenoid saponins, and various 
sugars [66]. This plant is processed into Herbal 
Tea and capsules and then dissolved in hot 
water. These compounds are suspected to inter-
act with cancerous cells, the immune system, 
and protective enzymes to provoke anticancer 
and protective effects, which have been continu-
ally supported by experimental studies [71–73].

4.1.5  MMPs

Matrix metalloproteinases (MMPs) are a family 
of Ca2+-dependent Zn2+-containing endopepti-
dases, which are capable of degrading extracel-
lular matrix proteins to promote cancer cell 
migration, invasion, and metastasis [74]. Among 
more than 20 members of MMPs, MMP2 and 
MMP9 are correlated with the aggressiveness of 
cancer [75]. MMPs are regulated by hormones, 
growth factors, and cytokines, which are all 
involved in ovarian cancer [76–78]. Thus, MMPs 
have been considered as significant targets for 
ovarian cancer therapy.

4.1.6  Natural Components 
in Ovarian Cancer Treatments

Ovarian cancer remains an overwhelming threat 
to the health and lives of women due to its high 
morbidity and mortality. Basic and clinical 
researchers are currently seeking effective anti-
neoplastic agents without side effects for more 
accurate and efficient treatment of ovarian cancer 
and natural products from plants and other organ-
isms provide hope. In this study, we demonstrated 
the activities of Pomegranate fruit juice (PFJ) and 
two of its main components, Ellagic acid (EA) 
and Luteolin (L), to suppress the migration and 
progression of ovarian cancer through downregu-
lating the expression of MMP-2 and MMP-9.

4.2  Materials and Methods

4.2.1  Reagents

DMEM and McCoy’s 5A media were purchased 
from GE Healthcare Life Sciences, HyClone 
Laboratories. Histostain-Plus Kits (SP-9001, 
SP-9002) and Mouse Anti-β actin mAb (TA-09) 
were purchased from ZSGB-Bio, Beijing, China. 
Luteolin (≥98%, L9283) and ellagic acid (≥95%, 
E2250) were purchased from Sigma-Aldrich 
(USA). DAB Horseradish Peroxidase Color 
Development Kit (P0203), BeyoECL Plus 
(P0018), and Hematoxylin Staining Solution 
(C0107) were purchased from Beyotime Institute 
of Biotechnology. MMP2 (BMO569) and MMP9 
(PB0709) were both purchased as primary anti-
bodies from Boster Biological Technology Co., 
LTD [79]. HRP-linked rabbit- and mouse-anti 
IgG (7074s, 7076s) were chosen from CST 
(USA). Mouse MMPs ELISA Kit (DM-X6142, 
DM-X6008) was purchased from Baomanbio, 
Shanghai, China.

4.2.2  Cell Culture

A2780 and ES-2, two human epithelial ovarian 
cancer cell lines, were purchased from Procell, 
Wuhan, China. A2780 cells were cultured in 
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DMEM supplemented with 10% FBS at 37  °C 
and 5% CO2 in a humidified incubator. Cells 
were passaged twice weekly using 0.05% tryp-
sin. Similarly, ES-2 cells were cultured in 
McCoy’s 5A supplemented with 10% FBS at 
37 °C and 5% CO2 in a humidified incubator.

4.2.3  MTT Assay

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT), used to estimate the 
cytotoxicity of drugs, is a standard colorimetric 
assay for measuring cellular proliferation. For the 
cytotoxicity assay, cells were passaged into 
96-well plates at 5000 (A2780) cells per well and 
grown to >80% confluence, before being treated 
with EA, L (5 μg/mL, 10 μg/mL, 15 μg/mL), or 
PFJ (5%, 10%). The viable cells were determined 
12, 24, or 48 h later by the MTT assay. A total of 
20 μL of MTT was added to each well at the 
indicated time points and 150  μL of DMSO 
was added to dissolve the formed formazan crys-
tals. MTT has been validated to be an accurate 
measure of the viable cell population. DMSO at 
the concentrations used had no effect on cell 
viability.

4.2.4  Crystal Violet Assay

Crystal violet staining is a colorimetric indirect 
method to detect maintained adherence of cells. 
A2780 cells at 45,000 cells per 500  μL were 
seeded in 24-well plates and treated with differ-
ent concentrations of PFJ (5%, 10%), EA (5 μg/
mL, 10 μg/mL, 15 μg/mL), or L (5 μg/mL, 10 μg/
mL, 15 μg/mL) overnight. After incubation for 
48 h, the medium was aspirated from the wells 
and 300 μL 4% PFA was added per well to fix the 
cells. To remove the remaining liquid, invert the 
plate on filter paper, then dye cells with 1% crys-
tal violet 300 μL/well for 5 min, and wash with a 
gentle stream of tap water. After added 1% SDS 
300 μL per well, the plate was incubated at room 
temperature for 1–3 h on a bench rocker with a 
frequency of 20 oscillations/min, then measured 

the optical density of each well at 570 nm a plate 
reader.

4.2.5  Wound Healing Assay

In order to evaluate the migration ability, cells 
were passaged into 24-well plates at 300,000 
(A2780) cells per well and grown to >80% con-
fluence. Twenty microliter pipette tips were used 
to make a straight, 1-mm-wide scratch and the 
scattered cells were washed away by PBS twice. 
Next, cells were treated with serum-free medium 
(control), EA (5 μg/mL, 10 μg/mL, 15 μg/mL), L 
(5  μg/mL, 10  μg/mL, 15  μg/mL), or PFJ (5%, 
10%) and cultured for another 24 h. The scratch 
gaps were photographed at time points of 0, 24 h 
under a light microscope and analyzed using the 
Digimizer Version 4.6.1 software.

4.2.6  Western Blot Analysis

The expression level of MMP2 and MMP9 in 
ovarian cancer cells were determined by western 
blot analysis, proteins extracted from A2780 cells 
were heat-inactivated and transferred to the 
PVDF membrane by electrophoresis (150 mA for 
80 and 70  min for MMP2 and MMP9, respec-
tively). 5% skim milk was used to block the other 
interfering proteins. The PVDF membrane was 
then washed with 1×TBST three times, dyed in a 
darkroom, and imaged. A 1:400 dilution of pri-
mary antibody in 5% skim milk and a 1:500 dilu-
tion of secondary antibody in 1×TBST were 
used. Finally, proteins grey-level was measured 
by Quantity One (Bio- Rad Quantity One version 
4.6.2).

4.2.7  Nude Mice In Vivo 
Experiments

With the animal experiment approved by the 
Institutional Ethics Committee of Harbin Medical 
University, 24 female nude mice, weighing 
16  ±  18  g and 4–8  weeks old, were purchased 
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from VRL, Beijing, China. All mice were raised 
on purified, laminar air flow shelves in the sterile 
laboratory, at a constant temperature of 
25  ±  2  °C.  Humidity was maintained between 
45% and 50%. We injected human ovarian cancer 
ES-2 cells (80 μL, 4.09 × 106/μL) into the right 
hind leg and monitored body weight every alter-
nate day. All tumor mass could be touched 
15  days after inoculation. The mice were ran-
domly divided into four groups, to be treated with 
50 mg/kg EA (n = 7), 50 mg/kg L (n = 7), 20 mL/
kg PFJ (n = 5), or 1×PBS (n = 5). All mice were 
executed to examine tissue invasion around the 
tumor cells and the metastasis of superficial 
lymph node and viscera. The tumor tissues were 
used for histological examinations by HE and 
IHC staining. We also cut mice tails to draw 
blood for ELISA to detect the concentration of 
MMP2 and MMP9.

4.2.8  ELISA Analysis

Seven different concentrations of standard 
MMP2 and MMP9 were pipetted into pre-coated 
plates. Supernatant from A2780 cell culture and 
serum from nude mice were used as antigens. 
Next, biotin-labeled anti-human MMP2 and 
MMP9 were added to the plates and the reaction 
was allowed to continue for 60 min at 37 °C. After 
washing three times, Avidin-Biotin-enzyme 
Complex (ABC) was added to the stain. After a 
15-min incubation at room temperature, a stop 
buffer was added and the optical density was 
measured at 450 nm.

4.2.9  HE Staining

Paraffin sections were dipped in xylene, followed 
by submersion in 100% and then in 80% ethanol 
solutions. Slides were washed with distilled 
water for 5 min, before being dyed with hema-
toxylin and eosin. The slides then underwent 
ethanol dehydration, being submerged in 85% 
and 90% ethanol, and then by carbol xylol. 
Finally, the slides were mounted using neutral 
balsam.

4.2.10  Immunohistochemical 
Staining

Previously prepared paraffin-fixed nude mice tis-
sue sections (3  μm) (normal and tumor) were 
processed for peroxidase (DAB) immunohisto-
chemistry. After deparaffinization and rehydra-
tion using xylene and a series of weakening 
concentrations of ethanol (95%, 80%, 70%), 
50 μL of 1:200 dilution MMP2 and MMP9 pri-
mary antibody was added to each sample. The 
samples were stored overnight at 4  °C.  After 
being washed with water for 5 min, addition of 
peroxidase-labeled polymer and substrate 
allowed the brown staining of the target proteins 
to be observed. The samples were counterstained 
by hematoxylin for 30 s.

4.2.11  Statistical Analysis

Data are presented as the mean of triplicate or 
quadruplicate determinants with standard error 
(s.e.). Assays were repeated at least three times. 
Statistical analysis was performed to assess the 
difference between the means of the untreated 
and treated samples using Student’s t-test, Chi- 
square test, and Spearman’s Rank correlation 
analysis with SPSS statistical software version 
17.0 and GraphPad Prism software. P-value 
<0.05 was considered statistically significant.

4.3  Results

4.3.1  PFJ, EA, and L Could Inhibit 
the Proliferation of Human 
Ovarian Carcinoma Cell Line 
A2780 Cells

We examined different concentrations of PFJ, 
EA, and L to establish whether they might have 
the ability to inhibit the proliferation of cancer 
cells. As shown in Fig. 4.1, they (control, 5 μM/
mL, 10 μM/mL, 15 μM/mL) all significantly sup-
pressed the growth of A2780 cells in 12, 24, and 
48 h, compared to the control group. Among the 
treatments (n  =  3), dose- and time-dependent 
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responses were observed in L (Fig. 4.1b), while 
EA showed a dose-dependent response only at 
48 h (Fig. 4.1a). In order to confirm the results of 
MTT assays, we performed crystal violet assays 
to verify the proliferation inhibitive effects of 
PFJ, EA, and L. Cells were stained by crystal vio-
let after 48  h treatments with PFJ, EA, or L at 
different concentrations and OD values were 
compared. We found that PFJ, EA, and L all 
could decrease the cell number of A2780  in a 
dose-dependent manner (Fig. 4.2). Furthermore, 
by triple repeats of each treatment, we found that 
the inhibitive effect of EA was more obvious than 
L after 48 h treatment (Fig. 4.2a, b), which was 

consistent and more favorable with the results 
from MTT assays at the 48 h time point.

4.3.2  PFJ, EA, and L Could Inhibit 
the Migration of Human 
Ovarian Carcinoma Cell Line 
A2780 Cells

Migration is an initial step for a malignant tumor 
to make the disease rapidly deteriorating. As 
shown in Fig. 4.3, EA (Fig. 4.3a), L (Fig. 4.3c), 
and PFJ (Fig. 4.3e) significantly inhibited tumor 
migration in a dose-dependent manner. Consistent 

Fig. 4.1 Different concentrations of PFJ, EA, and L 
showed an inhibition effect on cell proliferation according 
to the MTT values. The inhibiting cancer cell proliferation 
activity of different concentration of EA (a), L (b), and 
PFJ (c). Treated after 12, 24, and 48  h, all of the three 
show obvious suppression features, both EA and L pre-

sented a desired dose- and time-dependent manner at 
48 h. Results were obtained from three separate experi-
ments. Student’s t-test was used for statistical tests, # rep-
resents P < 0.01 and * represents P < 0.05 when compared 
with ctrl
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with MTT and crystal violet assay results, treat-
ments with PFJ, EA, and L all inhibited cell 
motility into a wounded area of confluent cul-
tures in a dose-dependent manner (Fig. 4.3b–f).

4.3.3  The Expression Levels 
of MMP2 and MMP9 Were 
Markedly Downregulated by 
PFJ, EA, and L

To elucidate the mechanisms of the three com-
pounds to inhibit cancer cell migration, we used 
MMP2 and MMP9 as markers of cancer metasta-
sis. MMP2 (72 kDa type IV collagenase) is inti-

mately linked with the invasion and metastasis of 
ovarian cancer, while MMP9 (68  kDa type IV 
collagenase) is a useful serum marker of ovarian 
cancer [80]. To determine whether EA or L might 
regulate the expression of MMPs, we conducted 
western blot analysis and evaluated the expres-
sion intensity of MMPs in A2780 cells after treat-
ment with the products for 24 h. Compared with 
the control (Fig. 4.4a–c), EA at concentrations of 
10–15  μg/mL markedly downregulated MMP2 
and MMP9 expression in a dose-dependent man-
ner. L could slightly reduce MMP2 and MMP9 
expression at the concentration of 5 μg/mL, but at 
increased concentrations (10–15  μg/mL) the 
inhibitory effects became much higher. Decreased 

Fig. 4.2 Cell numbers inhibition by different concentra-
tions of PFJ, EA, and Lin A2780 cell line by Crystal 
Violet assay. After treating with different concentrations 
of EA, L, and PFJ, A2780 cells were stained with crystal 
violet (a–c). Cell number was determined by OD570 
value after treating with different concentration of EA, L, 
and PFJ. After data analysis, each of the three compounds 

could reduce cell number remarkably; moreover, EA per-
formed a most effective and does-dependent inhibit func-
tion compared to L. PFJ could also reduce cell numbers as 
the concentrations increased. Results were obtained from 
three independent experiments, # represents P < 0.01 and 
* represents P < 0.05 when compared with control
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expression levels of MMP2 (Fig.  4.4b) and 
MMP9 (Fig. 4.4c) were observed when the cells 
were treated with 5% and 10% PFJ. Decreased 
MMP2 and MMP9 expression was also observed 
as PFJ at different concentrations in western blot 
analysis (Fig. 4.5a–c).

The contents of MMP2 and MMP9 in the cell 
supernatant decreased in a dose-dependent man-
ner upon treatment with EA, L, and PFJ as exam-
ined using ELISA assays (Fig. 4.6a).

4.3.4  PFJ, EA, and L Inhibited Tumor 
Growth In Vivo

To better understand the impacts of EA and L on 
ovarian cancer, we injected ES-2 cells into the 
right hind leg of female nude mice. Two weeks 
later, all mice could be found bearing a tumor and 
were randomly assigned into four experimental 
groups (EA, L, PFJ, and PBS). As the body 
weight curve shows, all animals gained body 
weight gradually (Fig.  4.7a). Interestingly, the 
body weight of PBS group suddenly dropped 
during 15–20 days and recovered as we improved 
the living environment. Compared with that in 

the PBS group, the tumor volumes increased 
more slowly in the other three groups (Fig. 4.7b). 
At the end of the experiment, all mice were sacri-
ficed for histological examinations of the tumor 
tissues. We found that all three treatments reduced 
both tumor weight and volume (Fig. 4.8a, b, f, g) 
with no effects on body weight (Fig.  4.8d) or 
spleen weight (Fig. 4.8c, e). EA showed a greater 
reduction of tumor weight and volume than L, 
suggesting that it could be a better candidate for 
a future anticancer drug.

4.3.5  PFJ, EA, and L Inhibited MMP2 
and MMP9 Expression: 
Histological and Biochemical 
Evidence

Hematoxylin-Eosin staining showed dark and 
basophilic materials in the cytoplasm of most 
tumor cells compared to cells of control tissues 
(Fig. 4.9a). The HE staining results indicate that 
the three products all had anticancer effects 
through transforming cell structures. We then 
quantified the expression of MMPs in solid 
tumor paraffin sections by immunohistochemis-
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Fig. 4.3 The migration of ovarian cancer cells, quantified 
by Wound Healing, was significantly suppressed by EA 
and L. Wound healing in the cell vitro experiments is typi-
cally characterized by the remaining distance of the scar 
after treated with three compounds in 24 h cells compar-
ing to 0 h. EA (a, b), L (c, d), and PFJ (e, f) show dose- 

and time-dependent and preliminary demonstrate our 
hypothesis. Results were obtained from three separate 
experiments. Student’s t-test was used for statistical tests, 
# represents P  <  0.01 and * represents P  <  0.05 when 
compared with Ctrl
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try and found that the expression levels of MMP2 
and MMP9 were significantly reduced compared 
to the PBS group (Fig.  4.9b, c). These results 
indicate that EA, L, and PFJ all had anticancer 
activities through downregulating MMPs expres-
sion. Staining of MMPs was strongest in the 
PBS groups but either “weak” or “moderate” 
after treatment, suggesting that all three treat-
ments had therapeutic effects (Fig.  4.9c, d). 
Moreover, serum ELISA analysis demonstrated 
that EA, L, and PFJ had suppressive activities on 
MMP9 and MMP2 (Fig. 4.6b), further confirm-
ing the antitumor characteristics of the three 
products.

4.4  Discussion and Conclusion

Ovarian cancer remains a serious threat to the 
health and lives of women due to its high mortal-
ity. Basic and clinical researchers are currently 
seeking effective antineoplastic agents without 
side effects for more accurate and efficient use in 
diagnosis, treatment, or prognosis of ovarian can-
cer. We demonstrated the ability of pomegranate 
fruit juice (PFJ) and two of its main components, 
ellagic acid (EA) and luteolin (L), to suppress the 
proliferation, migration, and progression of ovar-
ian cancer through downregulating the expres-
sion of MMP2 and MMP9.

Fig. 4.4 The amount of 
MMP2 and MMP9 was 
significantly reduced by 
EA, L. To illustrate the 
metastasis inhibition 
mechanism of EA (a, b) 
and L (a, c), western 
blot show the 
downregulation of 
MMP2 and MMP9 in a 
dose-dependent 
tendency. But at the 
lower concentration 
(5 μg/mL) of EA (b), the 
inhibiting activity was 
not markedly compared 
with control group. 
Results were obtained 
from three separate 
experiments. Student’s 
t-test was used for 
statistical tests, # 
represents P < 0.01 and 
* represents P < 0.05 
when compared with 
Ctrl
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A previous study in prostate cancer showed 
that pomegranate could exert anticancer activity, 
which was attributed to its high content of poly-
phenols [81]. Another research group confirmed 
that EA, L, and ursolic acid extracted from 
pomegranate caused a concentration-dependent 
decrease in PANC-1 cell proliferation [82]. 
Consistently, a study in prostate cancer indicated 
that PFJ components EA, L, and punicic acid 
together inhibited the growth of both hormone- 
dependent and -independent prostate cancer 
cells and inhibited their migration, progression, 
and metastasis. Similarly, EA has also been 

demonstrated to exert in  vivo anti-angiogenic 
effect and inhibit MMP2 activity, both obviously 
contributing to antitumor activities [83]. L acts 
as an anti- metastatic agent by suppressing 
MMP2 and MMP9 production and downregulat-
ing expression in azoxymethane-induced 
colorectal cancer [45]. Yuan-Chiang and col-
leagues first investigated the effects of EA on 
ovarian cancer and pointed out that EA may be a 
potential novel chemoprevention and treatment 
assistant agent for human ovarian carcinoma 
[84]. We sought to clarify the antitumor mecha-
nism of EA, L, and PFJ in ovarian cancer; more-

Fig. 4.5 The expression 
level of MMP2 and 
MMP9 was inhibited by 
PFJ. At the same time, 
different concentrations 
of PFJ also exert an 
influence on inhibiting 
the expression of 
MMPs. Compared with 
corresponding ctrl 
group, both MMP2 and 
MMP9 expression levels 
were restrained by 5% 
and 10% PFJ at 
does-dependent 
manners. Results were 
obtained from three 
separate experiments. 
Student’s t-test was used 
for statistical tests, # 
represents P < 0.01 and 
* represents P < 0.05 
when compared with 
Ctrl
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over, the efficacy of each treatment was compared 
as well.

We found EA and L to significantly reduce the 
proliferation, migration, and invasion of ovarian 
cancer both in vivo and in vitro. The growth of 
tumor cells was suppressed by PFJ, EA, and L 
and the inhibitory effect became even stronger 
with increasing concentrations of the fruit 
 products. Both EA and L showed a time- and 
dose- dependent manner, EA performed a more 
obviously cell inhibitive effect comparing to 
L. Additionally, Wound Healing assays showed 
PFJ, EA, and L to have a dose-dependent inhibi-
tion of cell migration. MMP2 and MMP9, both 
important markers in tumor migration and inva-
sion, showed the effects of treatments on protein 
levels. Intensity of MMP2 and MMP9 expression 
decreased with increasing concentrations of the 
compounds tested.

During our in  vitro experiments, we noticed 
that EA seemed to have superior anticancer 
effects over L.  To date, there is no publication 
comparing the antitumor activities of EA and 
L. Our publication may guide further study of the 
role played by EA in resisting ovarian cancer. In 
our experiment, PFJ was squeezed directly from 
fresh fruit, presumably containing anticancer 
substances such as anthocyanins. Therefore, the 
anticancer effect of PFJ should not be simply 
attributed to the effects of EA and L together. 
Because neither splenomegaly nor intense 

changes in body weight were observed, EA, L, 
and PFJ did not induce severe side effects in nude 
mice.

In addition to pomegranate, EA and L can be 
extracted from many other plants, including vari-
ous berries, pineapple, broccoli, bird chili, and 
onion leaves [85, 86]. For further usages of these 
two compounds, our work encourages their 
dietary and medicinal applications.

Finally, the research demonstrated that EA, L, 
and PFJ suppressed the proliferation and migra-
tion of ovarian cancer through downregulating 
the expression of MMP2 and MMP9, both in vivo 
and in vitro. We reported for the first time that EA 
had greater effects than L, suggesting that EA 
may be a promising candidate for further preclin-
ical testing for the treatment of human ovarian 
cancer.

4.5  Further Direction of Natural 
Compounds in Ovarian 
Cancer

Natural plants or fruit-derived metabolites are of 
great resources for adjunct therapies to comple-
ment conventional treatment. Natural products 
markedly inhibited the metastasis of ovarian can-
cer cells by downregulating the expression of 
MMPs and slowed down the growth of solid 
tumors in our in  vivo experiments. Our results 

Fig. 4.6 The contents of MMP2 and MMP9 in the super-
natant fluid of cultured cancer cells and mice serum were 
detected by ELISA. In cell supernatant ELISA assay (a), 
we measured the OD value at 450 nm, and it shows the 
same trend with western blot. In nude mice serum ELISA 
assay (b), each sample contains a corresponding number 

of mice group. And it also presents a trend that EA, L, and 
PFJ can decrease the expression level of MMP2 and 
MMP9. Cell supernatant ELISA assays were performed 
by three separate experiments. Student’s t-test was used 
for statistical tests, # represents P < 0.01 and * represents 
P < 0.05 when compared with Ctrl
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indicate great potentials of using a broad variety 
of natural products to improve the prognosis of 
ovarian cancer. In conclusion, natural products 
are well on its way to improve the prognosis of 
ovarian cancer and have great potentials for fur-
ther application as effective pharmacological 
treatments for ovarian cancer.
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