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Figure 3. Histopathology of tumors. Representative tumors from
Control (A: Control 40x, B: Control 200x-cell morphology, C: Con-
trol 200x-tumor necrosis) and 0.5% EPQ-supplemented mice (D:
0.5% EPQ 40x, E: 0.5% EPQ 200x-cell morphology, F: 0.5% EPQ
200x-tumor necrosis, G: 0.5% EPQ 200x-lymphoplasmacytic in-
filtration in capsular region).

trophoresis the gels were washed twice in 2.5%
Triton X-100 for 30 minutes at room tempera-
ture to remove SDS. The gels were then incu-
bated at 37°C overnight in substrate buffer
containing 50 mM Tris-HCI and 10 mM CaCl, at
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pH 8.0 and stained with 0.5% Coomassie Blue
R250 in 50% methanol and 10% glacial acetic
acid for 30 minutes and destained. Upon rena-
turation of the enzyme, the gelatinases digest-
ed the gelatin in the gel, producing clear bands
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Cell migration: scratch test: To
study cell migration, a 2-mm wide
single uninterrupted scratch was
made from the top to bottom of
culture plates of ES-2 cells grown
to confluence. Culture plates were
washed with PBS and incubated
with EPQ in medium and tested at
0, 50, 100, 250, 500 and 1000
pug/mL, in triplicate at each dose
for 24 h. Cells were washed with
PBS, fixed and stained with H&E
and photomicrographs were ta-
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Figure 4. Effect of EPQ on viability of ES-2 cells: MTT 24 h. (*Indicates
significance of at least (P<0.0001) with respect to control).

Figure 5. Effect of EPQ on untreated (A) ES-2 cell MMP-2 and MMP-
9 secretion and on PMA (100 ng/ml)-treated (B) ES-2 cell MMP-2 and
MMP-9 secretion. Legend: 1-Control, 2-6EPQ50, 100, 250, 500, 1000
ug/mL.

against an intensely stained background.
Protein standards were run concurrently and
approximate molecular weights were deter-
mined by plotting the relative mobilities of
known proteins.

Matrigel Invasion: Invasion studies were con-
ducted using Matrigel (Becton Dickinson)
inserts in 24-well plates. Suspended in medi-
um, ES-2 cells were supplemented with nutri-
ents, as specified in the design of the experi-
ment and seeded on the insert in the well. Thus
both the medium on the insert and in the well
contained the same supplements. The plates
with the inserts were then incubated in a cul-
ture incubator equilibrated with 95% air and 5%
CO, for 24 hours. After incubation, the media
from the wells were withdrawn. The cells on the
upper surface of the inserts were gently
scrubbed away with cotton swabs. The cells
that had penetrated the Matrigel membrane
and migrated onto the lower surface of the
Matrigel were stained with hematoxylin and
eosin and visually counted under the
microscope.
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250

1000 Morphology: H&E: Morphology of
cells cultured for 24 h in test con-
centrations of EPQ were evaluated
by H&E staining and observed and
photographed by microscopy.

Statistical analysis

The results were expressed as
means = SD, as indicated in the
results, for the groups. Data was
analyzed by independent sample
“t” test using MedCalc software
(Mariakerke, Belgium). A threshold
of P<0.05 was defined as statisti-
cally significant.

Results
In vivo

Tumor growth and burden: NM strongly inhibit-
ed the growth of ES-2 xenografts in female
nude mice. Mean tumor weight was inhibited by
59.3% (P<0.0001) with EPQ 0.5% dietary sup-
plementation, as shown in Figure 1A and tumor
burden was inhibited by 58.7% (P<0.0001), as
shown in Figure 1B.

Histology: Histologically, the tumors from
both groups were irregularly round, skin
subcutaneous masses, consistent with clear
cell ovarian carcinoma. Tumors from Control
and EPQ-supplemented mice were similar
morphologically, but the tumors from su-
pplemented mice were significantly smaller in
size. (See gross photographs of tumors from
groups in Figure 2). Areas of tumor necrosis
ranged from 50-80% of tumor mass in the
Control group compared to 20-70% in the EPQ
group. Necrosis was not associated with
neutrophilic infiltration and the capsular region
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of some tumors was infiltrated with
lymphoplasmacytic cells. See Figure 3.

In vitro

Cell proliferation: EPQ exhibited dose-depen-
dent inhibition of ovarian ES-2 cell proliferation
in vitro with 35% (P<0.0001) decrease at 1000
pug/mL EPQ, compared to the Control, as shown
in Figure 4.

Gelatinase zymography: Zymography only dem-
onstrated MMP-2 secretion by normal and
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Figure 6. Effect of EPQ on Matrigel
invasion of ES-2 cells: photomicro-
graphs. A: Control, B: EPQ 10 ug/
mL, C: EPQ50 ug/mL, D: EPQ 250
ug/mL, E: EPQ 500 pg/mL.

Figure 7. Effect of EPQ on migra-
tion: scratch test. A: Control-24
h, B: EPQ 50 pg/ml 24 h, C: EPQ
100 pg/mL 24 h, D: EPQ250 g/
mL 24 h, E: EPQ 500 pg/MI 24 h.

PMA-treated ES-2 cells. EPQ inhibited MMP-2
secretion in a dose-dependent fashion with
near total inhibition at 500 and 1000 ug/mL,
as shown in Figure 5A and 5B.

Matrigel invasion: EPQ significantly inhibited
ES-2 cell invasion through Matrigel in a dose-
dependent manner, with total block at 500 ug/
mL, as shown in Figure 6.

Cell migration: scratch test: EPQ reduced cell
migration in a dose-dependent manner, with
complete block of ES-2 cells at 500 pg/mL.
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Photomicrographs of the results for the scratch
test for ES-2 cells are shown in Figure 7.

Morphology: H&E staining: H&E staining
showed no morphological changes below EPQ
1000 pg/ml, as shown in Figure 8.

Discussion

The results of the in vivo study of human ovari-
an ES-2 xenografts in immune impaired (athy-
mic) female nude mice demonstrated signifi-
cant suppression of ovarian cancer ES-2 tumor
growth (59.3% inhibition of mean tumor weight
and 58.7% inhibition of mean tumor burden)
with EPQ0.5% dietary supplementation. Results
from the cellular proliferation study support the
in vivo findings, as EPQ showed increased toxic-
ity in ES-2 cells in a dose-dependent manner,
with 35% inhibition of cell growth in cells
exposed to 1000 ug/mL EPQ.

Tumor cell invasion is dependent on cell adhe-
sion, cell migration, and proteolytic degrada-
tion of the ECM by MMPs [3]. As mentioned
earlier, literature documents that MMPs, espe-
cially MMP-2 and MMP-9 are prognostic for sur-
vival and metastatic potential in ovarian cancer
[4-6]. Xu et al. reported significant correlations
between activated MMP-2 and invasiveness,
metastasis and disease progression in epithe-
lial ovarian carcinomas [6].

The results from our in vitro study of ovarian
cancer ES-2 cells demonstrated potent, signifi-
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Figure 8. Effect of EPQ on mor-
phology of ES-2 cells: H&E. A:
Control, B: EPQ 100 pg/mL, C:
EPQ 250 pg/mL D: EPQ 500
pg/mL, E: EPQ 1000 pg/mL.

cant suppression of invasive parameters by the
micronutrient mixture. EPQ inhibited MMP-2
secretion with near total block at 500 ug/ml
and 100% inhibition of invasion of cells through
Matrigel at 500 yg/ml. Migration of cells using
scratch test showed total block at EPQ 500 ug/
ml.

Use of natural health products to prevent,
inhibit and reverse carcinogenesis is gaining
increasing importance, since scientific evi-
dence shows that high consumption of fruits
and vegetables are associated with reduced
risk of various cancers [12, 13]. EPQ was for-
mulated by defining critical physiological tar-
gets in cancer progression and metastasis.
Optimal ECM structure depends upon adequate
supplies of ascorbic acid and the amino acids
lysine and proline to ensure proper synthesis
and hydroxylation of collagen fibers. In addition,
lysine contributes to ECM stability as a natural
inhibitor of plasmin-induced proteolysis [9, 14].
Manganese and copper are also essential for
collagen formation. There is considerable docu-
mentation of the potency of green tea extractin
modulating cancer cell growth, metastasis,
angiogenesis, and other aspects of cancer pro-
gression [15-21]. N-acetyl cysteine and seleni-
um have demonstrated inhibition of tumor cell
MMP-9 and invasive activities, as well as migra-
tion of endothelial cells through ECM [22-24].
Ascorbic acid demonstrates cytotoxic and anti-
metastatic actions on malignant cell lines [25-
29] and cancer patients have been found to
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have low levels of ascorbic acid [30, 31]. Low
levels of arginine, a precursor of nitric oxide
(NO), can limit the production of NO, which has
been shown to predominantly act as an inducer
of apoptosis [32]. Cancer preventive effects of
quercetin include induction of cell cycle arrest,
apoptosis and antioxidant functions [33].
Induction of apoptosis by quercetin in cancer
cells during different cell cycle stages without
affecting normal cells has been documented in
various cancers in vivo and in vitro [33].

Conclusion

Current treatment methods for ovarian cancer
are generally ineffective and have not improved
in 40 years. Thus, there is a need for
development of effective therapeutic agents
for these cancers with minimal toxicity. Our
studies demonstrated that the mixture of the
non-toxic components of EPQ significantly
inhibited the growth and tumor burden of
ovarian cancer cell line ES-2 in vivo. In addition,
invasive parameters, such as ES-2 cell line
MMP-2 secretion, migration and invasion were
significantly inhibited by EPQ in vitro. These
findings suggest potential of EPQ in treatment
of ovarian cancer.
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