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Abstract: Pomegranate polyphenols are potent antioxidants and chemopreventive agents
but have low bioavailability and a short half-life. For example, punicalagin (PU), the major
polyphenol in pomegranates, is not absorbed in its intact form but is hydrolyzed to ellagic acid
(EA) moieties and rapidly metabolized into short-lived metabolites of EA. We hypothesized that
encapsulation of pomegranate polyphenols into biodegradable sustained release nanoparticles
(NPs) may circumvent these limitations. We describe here the development, characterization, and
bioactivity assessment of novel formulations of poly(p,L-lactic-co-glycolic acid)—poly(ethylene
glycol) (PLGA-PEG) NPs loaded with pomegranate extract (PE) or individual polyphenols
such as PU or EA. Monodispersed, spherical 150-200 nm average diameter NPs were prepared
by the double emulsion—solvent evaporation method. Uptake of Alexa Fluor-488-labeled NPs
was evaluated in MCF-7 breast cancer cells over a 24-hour time course. Confocal fluorescent
microscopy revealed that PLGA-PEG NPs were efficiently taken up, and the uptake reached
the maximum at 24 hours. In addition, we examined the antiproliferative effects of PE-, PU-,
and/or EA-loaded NPs in MCF-7 and Hs578T breast cancer cells. We found that PE, PU, and
EA nanoprototypes had a 2- to 12-fold enhanced effect on cell growth inhibition compared
to their free counterparts, while void NPs did not affect cell growth. PU-NPs were the most
potent nanoprototype of pomegranates. Thus, PU may be the polyphenol of choice for further
chemoprevention studies with pomegranate nanoprototypes. These data demonstrate that
nanotechnology-enabled delivery of pomegranate polyphenols enhances their anticancer effects
in breast cancer cells. Thus, pomegranate polyphenols are promising agents for nanochemo-
prevention of breast cancer.

Keywords: PLGA-PEG nanoparticles, pomegranate extract, punicalagin, ellagic acid, MCF-7
cells, Hs578T cells

Introduction

For centuries, pomegranates (Punica granatum L.) have been used for medicinal
purposes, in particular, against diarrheal, gum, parasitic, and inflammatory disor-
ders.! In addition, antioxidants present in pomegranate fruit have been implicated in
protection against oxidative-stress-related diseases including diabetes, cardiovascular
disorders, and cancer.'?

Pomegranates contain many polyphenolic compounds with high antioxidant and
free-radical-scavenging activity, including flavonoids, condensed tannins, and hydro-
lyzable tannins (ellagitannins [ETs] and gallotannins).>* ETs are considered to be the
most bioactive polyphenols of pomegranates. The most abundant ET in pomegranates
is punicalagin (PU). PU is found at high quantities (>2 g/L) in commercial pomegranate
juice, which is obtained by pressing whole fruit, and is responsible for more than half
of the total antioxidant capacity of the juice.” However, ETs are inherently unstable
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compounds and are susceptible to spontancous and enzymatic
hydrolysis.* For example, PU, the largest ET with a molecular
weight (MW) of over 1,000 Da, is hydrolyzed to structur-
ally related compounds such as punicalin (MW 782 Da),
gallagic acid (MW 638 Da), gallic acid (MW 170 Da), and
ellagic acid (EA) (MW 302 Da).*” EA and EA glycosides
are also found in pomegranate juice but at about ten times
lower concentrations than PU.* PU is unique to pomegranate,
while EA is also present in berries, including raspberries,
blackberries, and strawberries, and nuts, including walnuts,
pistachio, cashew nuts, and pecans.®

Pomegranate extract (PE), pomegranate juice, and/or
individual pomegranate polyphenols exhibit anticancer
effects in vitro and in vivo. PE, containing primarily ETs,
exhibits antiproliferative, pro-apoptotic, anti-invasive, and/or
anti-inflammatory properties in vitro in cancer cell lines.* '’ In
addition, PE reduced the growth of human prostate and lung
cancer xenografts in immunodeficient mice and suppressed
prostate tumorigenesis in the TRAMP mouse model.'¢'
Phase II clinical trials in prostate cancer patients with rising
prostate-specific antigen (PSA) showed that a daily intake
of pomegranate juice or PE (POMx; POM Wonderful, Los
Angeles, CA, USA) prolongs PSA doubling time, which
is used as a predictor of clinical outcomes and survival in
patients with prostate cancer.'”?° PU inhibited the growth
of human lung, breast, colon, and cervical cancer cells in
vitro.'*?! EA decreased the incidence of chemically induced
lung, mammary, and oral tumors, reduced the volume and
multiplicity of estrogen-induced mammary tumors, and
induced apoptosis in cancer cells in vitro.?>? These data
demonstrated that pomegranate phytochemicals provide
protection against various cancer-related processes.

Despite the documented beneficial effects, poor absorp-
tion, low systemic bioavailability, and short retention time of
ETs and their metabolites may undermine their full chemopre-
ventive potential. For example, ETs such as PU do not enter
the human body intact but are hydrolyzed in the intestinal
tract to EA moieties and converted to urolithins by colonic
microbiota prior to absorption.**32 EA mostly accumulates in
intestinal epithelial cells with limited absorption into systemic
circulation.*** As a result, low nanomolar range concentra-
tions of free EA and/or urolithins have been detected in human
blood after consumption of pomegranate juice.*** In addition,
absorbed EA and urolithins have short half-life due to rapid
metabolism in the liver and excretion through urine.

Encapsulation of ETs into biocompatible and bio-
degradable nanoparticles (NPs) may overcome their suscep-
tibility to gastrointestinal hydrolysis, poor absorption, low

systemic bioavailability, and short half-life. Nanotechnology
approaches were initially applied to cancer therapeutics
to decrease toxicity, increase stability and bioavailabil-
ity, and promote selective tumor uptake.’® More recently,
these approaches are being exploited in cancer prevention
with dietary phytochemicals.’” As a result, a new area of
investigation, nanochemoprevention, was born which holds
promise to enhance the efficacy of bioactive food compounds
through nanoencapsulation. In fact, recent studies showed
that nanoprototypes of epigallocatechin-3-gallate (EGCG)
from green tea, curcumin from turmeric, and resveratrol
from table grapes are more efficacious than their free
counterparts.’’40-42

Poly(lactic-co-glycolic acid) (PLGA) NPs are biocom-
patible, biodegradable, and stable in biological fluids and
have been shown to protect the loaded compounds from
degradation, resulting in sustained release.** PLGA NPs
are taken up by cells via fluid-phase pinocytosis and/or
clathrin-mediated endocytosis.*#* PLGA NPs rapidly exit
the endo-lysosomes and enter the cytoplasm.* PLGA under-
goes spontaneous and enzymatic hydrolysis of their ester
linkages to produce lactic acid and glycolic acid.* Because
both lactic acid and glycolic acid are endogenous molecules,
they are easily metabolized to carbon dioxide and water via
the Krebs cycle, and PLGA polymer is considered to be a
safe agent in humans.* The US Food and Drug Adminis-
tration and European Medicine Agency have approved the
use of PLGA NPs via parenteral route and the use of PLGA
microparticles as implants.* In addition, PLGA NPs are
being extensively investigated as oral drug carriers. 464
A major disadvantage of PLGA NPs is that they are rapidly
opsonized by immunoglobulins and complement proteins
and cleared by the reticulo-endothelial system and thus may
not reach target tissues.**** Modifying their surface with
biocompatible polymers such as poly(ethylene glycol) (PEG)
reduces opsonization and prolongs their circulation time in
the blood by several orders of magnitude.**

We hypothesized that encapsulation of pomegranate
bioactive compounds in PLGA-PEG NPs would increase
their anticancer activity through increased cellular uptake,
attenuated hydrolysis, and sustained release in the cytoplasm.
Thus, we designed, synthesized, and characterized PLGA—
PEG NPs loaded with PE, PU, or EA (hereafter designated
as PE-NP, PU-NP, and EA-NP, respectively) and examined
their effects in MCF-7 and Hs578T breast cancer cells. We
found that all pomegranate nanoformulations exhibited
superior antiproliferative effects compared to their free
counterparts.
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Materials and methods

Reagents

PE is derived from pomegranate fruit grown in California
(Wonderful variety; Paramount Farms, Lost Hills, CA, USA)
and is commercially available for human consumption (POMx).
PE consists of 95% glycone ETs (mono and oligomeric) stan-
dardized to 37% PU and 3.4% free EA."**° EA was obtained
from Selleckchem (Houston, TX, USA). PU, PLGA-PEG,
polyvinyl alcohol (PVA), and dichloromethane were obtained
from Sigma-Aldrich (St Louis, MO, USA). Alexa Fluor-488
dye was purchased from Invitrogen (Carlsbad, CA, USA).

NP synthesis

NPs were synthesized by the double emulsion—solvent
evaporation method. Figure 1 depicts the synthesis of
PE-NPs. Briefly, a stock solution of PLGA-PEG polymer
was prepared by dispersing 80 mg/mL of PLGA-PEG in
dichloromethane. A stock solution of PE (10 mg/mL) was
prepared in dichloromethane. Five hundred microliters of
each stock solution were mixed together by vortexing. Then,
I mL of this solution, containing 40 mg/mL PLGA-PEG
and 5 mg/mL PE, was mixed with 200 puL of phosphate-
buffered saline (PBS) by probe sonication three times for
30 seconds each time (probe power level 6: power density
of 0.55 W/mL) at room temperature to obtain the primary
emulsion. The primary emulsion was then intermittently
emulsified by sonication for 30 seconds in 2 mL of 1%
(w/v) PVA solution. This water-in-oil-in-water emulsion
was then added to 40 mL of 1% PVA solution and stirred
for 30 minutes under constant magnetic stirring. Immediately
afterward, dichloromethane was evaporated at low pressure
at 37°C using a rotatory evaporator. NPs were dialyzed using
a 10-12 kDa dialysis membrane against water for 8§ hours

Sonication (30 s)  Primary

1% w/v PVA solution

to remove impurities and then lyophilized. The lyophilized
powder was redispersed for further use. EA-NPs and void
NPs were synthesized using the same method. Alexa Fluor-
488-labeled NPs were synthesized by conjugating Alexa
Fluor-488 dye to void PLGA-PEG NPs functionalized with
carboxyl groups. PU-NPs were synthesized using the same
method as PE-NPs and EA-NPs with the exception that the
PU stock solution (10 mg/mL) was prepared in PBS and the
primary emulsion was obtained by emulsifying 200 uL of
this solution with 1 mL of 40 mg/mL PLGA-PEG.

NP characterization

NPs were characterized by transmission electron micros-
copy (TEM) and dynamic light scattering (DLS). The size
distribution and morphology of NPs were examined using a
JEOL JEM-100CX transmission electron microscope (JEOL
Inc, Peabody, MA, USA). One drop of NPs dispersed in
deionized water was mounted on a thin film of amorphous
carbon deposited on a copper grid (300 meshes), air dried,
and examined. The size distribution and surface charge (zeta
potential) of NPs was determined by DLS using a Malvern
Zetasizer (Malvern Instrumentation Co, Westborough, MA,
USA). After the redispersion of the lyophilized powder in
deionized water, 1 mL of the NP solution was transferred in a
four-sided, clear plastic cuvette and a capillary zeta potential
cell for size distribution and zeta potential measurements,
respectively, and measured directly at 25°C.

Cell culture

MCEF-7 cells (a gift from Dr Welsh, Cancer Research Cen-
ter, University at Albany, State University of New York)
were maintained in Minimum Essential Eagle’s Medium
(Sigma-Aldrich) supplemented with 25 mM HEPES

emulsion

Sonication (30 s)

40 mL of 1% w/v PVA

Double

+ solvent

@ PLGA-PEG-nanoparticles

encapsulating pomegranate extract

Figure | The synthesis and TEM characterization of PLGA-PEG NPs encapsulating PE.

Evaporation (CH,CI,)

emulsion

Abbreviations: PLGA-PEG, poly(lactic-co-glycolic acid)—poly(ethylene glycol); PVA, polyvinyl alcohol; NPs, nanoparticles; PE, pomegranate extract; TEM, transmission

electron microscopy.
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(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; Fisher
Scientific, Fair Lawn, NJ, USA), 20 mM D-(+)glucose, 100 U/
mL penicillin, 100 wg/mL streptomycin, and 5% fetal bovine
serum (Sigma-Aldrich). Hs578T cells (a gift from Dr Welsh)
were maintained in Dulbecco’s Modified Eagle’s Medium
(Sigma-Aldrich) supplemented with 0.01 mg/mL bovine
insulin (Sigma-Aldrich) and 10% fetal bovine serum (Sigma-
Aldrich). Cells were maintained at 37°C in a humidified atmo-
sphere 0f 95% air and 5% CO,. PE or PU stock solutions (1 mg/
mL) were prepared in deionized water. EA stock solution
(2 mg/mL) was prepared in 1 N NaOH (note, EA is insoluble
in water). NP stock solutions (1 mg/mL PE- or EA-NPs and
0.5 mg/mL of PU-NPs) were prepared in deionized water.

Determination of cell growth

Cell growth was determined by acid phosphatase assay.*’ The
assay is based on the hydrolysis of p-nitrophenyl phosphate
by intracellular acid phosphatases in viable cells to produce
p-nitrophenol, which absorbs light at a wavelength of 405 nm.
Atthe end of treatment period, the culture medium was removed
and each well was washed once with 200 UL of PBS. Buffer,
containing 0.1 M sodium acetate (pH 5.0), 0.1% Triton X-100,
and 5 mM p-nitrophenyl phosphate (Sigma-Aldrich), was added
and the plates were incubated at 37°C for 2 hours. The reaction
was stopped with the addition of 100 uL of 1 N NaOH. The
absorbance was read with a VICTOR? V 1420 Multi-Label
Counter (PerkinElmer Inc, Waltham, MA, USA) at 405 nm.
NP preparations and their respective controls were examined
in at least three independent experiments in triplicate.
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Confocal imaging

Forty microliters of Alexa Fluor-488-conjugated PLGA-PEG
NPs was added to each well of a four-well Lab-Tek®II Chamber
slides™ (NUNC A/S, Roskilde, Denmark) containing MCF-7
cells in 2 mL of medium and mixed into the medium. Cells
were incubated at 37°C in a humidified atmosphere of 95% air
and 5% CO, for 15 minutes, 2 hours, 6 hours, and 24 hours.
After incubation, the cells were rinsed with sterile PBS and
fixed in 1% formaldehyde. Cells were imaged using a TCS SP5
confocal microscope (Leica, Exton, PA, USA) equipped with
a 63x (numerical aperture: 1.3 glycerol immersion) objective
lens at an excitation wavelength of 488 nm. Emission was
detected between 500 nm and 540 nm.

Statistical analysis

Comparisons between groups were made using a two-tailed
Student’s #-test. P-values <0.05 were considered statisti-
cally significant.

Results

NP characterization

NPs were characterized by TEM and DLS. TEM analysis showed
that NPs were sphere-shaped monomers and their diameter was
approximately 150 nm (Figure 1). DLS analysis showed that the
average NP size (Z-average diameter) ranged from ~150 nm to
200 nm and the polydispersity index was 0.1-0.2, indicating the
formation of nearly monodispersed NPs (Figure 2 and Table 1).
Consistent with the negative charge of PLGA-PEG, the surface
charge of NPs (zeta potential) was negative (Table 1).
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Figure 2 The size distribution of NPs. Representative histograms from DLS data of the size (diameter) distribution of PE-NPs (A), PU-NPs (B), and EA-NPs (C) are

shown.

Abbreviations: PE, pomegranate extract; PU, punicalagin; EA, ellagic acid; NPs, nanoparticles; DLS, dynamic light scattering.
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Table | Characterization of NPs by DLS

NP Particle size PDI Zeta potential
(nm) (mV)

PE-NP 1605 0.084+0.04 —13.0£1.53

PU-NP 216+3 0.16+0.04 —13.3£1.84

EA-NP 175+3 0.14+0.03 —6.06+0.5

Void NP 1626 0.21+0.04 —14.1£0.55

Notes: Mean + SD for three to four determinations is shown. For particle size,
Z-average is shown.

Abbreviations: PE, pomegranate extract; PU, punicalagin; EA, ellagic acid; NP,
nanoparticles; PDI, polydispersity index; DLS, dynamic light scattering; SD, standard
deviation.

In vitro uptake of NPs

The intracellular uptake and distribution of NPs were analyzed
over a 24-hour time course. MCF-7 cells were incubated with
Alexa Fluor-488-labeled PLGA-PEG NPs for 15 minutes,
2 hours, 6 hours, and 24 hours and examined by confocal
microscopy. Fluorescent intensity was observed starting at
2 hours post incubation, which significantly increased at
6 hours. The highest intensity was at 24 hours, indicating
that NP uptake reached the maximum at about 24 hours of
incubation (Figure 3). NPs accumulated predominantly in
the cell membrane and in the cytoplasm.

Effect of NPs on cell growth
To determine whether nanoencapsulation enhances biological
activity of pomegranate phytochemicals, we compared the
effect of free PE, PU, and EA versus their nanoprototypes
in MCF-7 and Hs578T breast cancer cells. We found that all
pomegranate nanoprototypes inhibited cancer cell growth to a
significantly greater extent than their respective free counter-
parts in both cell lines (Figure 4). Void NPs had no significant
effect on cell viability at the same concentrations of polymer
as in pomegranate phytochemical-loaded NPs, indicating that
PLGA-PEG nanocarriers are relatively nontoxic.

We determined the half maximal inhibitory concentration

(IC., ) for growth inhibition for PE, PU, and EA nanoprototypes

50

and their respective free counterparts (Table 2). We found
that nanoencapsulation reduced the IC, values by more than
two-fold for PE and EA and by more than five-fold for PU
in MCF-7 cells. In addition, in Hs578T cells, nanoencapsu-
lation reduced the IC,; values by two-fold for PE and EA
and by 12-fold for PU. These data imply that PLGA-PEG
NP delivery enhances the efficacy of pomegranate bioactive
compounds. We also compared the IC, values of individual
pomegranate phytochemicals such as PU and EA in terms
of molarity (note that PE is a mixture of polyphenols, hence
molarity is not applicable). We confirmed that PU-NPs were
more potent than EA-NPs. For example, in MCF-7 cells,
the IC,, of PU-NPs was about seven-fold lower than that of
EA-NPs (7.5 uM versus 50.5 uM), while IC, of free PU was
only three-fold lower than that of free EA (40.9 uM versus
119.9 uM). In Hs578T cells, the IC,, of PU-NPs was 20-fold
lower than that of EA-NPs (4.1 uM versus 83.5 uM), while
IC, of free PU was only four-fold lower than the IC, of free
EA (48.4 uM versus 190.1 uM). Thus, we concluded that
PU-NPs are the most potent pomegranate nanoprototype in
inhibiting breast cancer growth in vitro.

Discussion

In this study, we prepared three novel nanoformulations of
pomegranate polyphenols, namely PE-, PU-, and EA-NPs,
and examined their effects in MCF-7 and Hs578T breast can-
cer cells. We found that all pomegranate nanoprototypes were
superior in enhancing cell growth inhibition compared to their
respective free counterparts in both cell lines. PU-NPs were
the most potent of the three nanoformulations. Void NPs did
not affect cell growth at the same concentrations of polymer
as in pomegranate phytochemical loaded NPs. These results
are significant in chemoprevention research. First, these data
demonstrate that PLGA-PEG NPs provide a safe delivery
system to enhance the bioactivity of chemopreventive
phytochemicals from pomegranates. Second, we have

Figure 3 The intracellular uptake of NPs over a 24-hour time course.

Notes: MCF-7 cells were incubated with Alexa Fluor-488-labeled PLGA-PEG NPs for 15 minutes (A), 2 hours (B), 6 hours (C), and 24 hours (D). Confocal microscopy

images were taken at 63X magnification and 5x optical zoom.

Abbreviations: NPs, nanoparticles; PLGA-PEG, poly(lactic-co-glycolic acid)—poly(ethylene glycol).
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Figure 4 The effect of pomegranate nanoprototypes on MCF-7 and Hs578T breast cancer cell growth.

Notes: MCF-7 cells were treated with PE-NPs (A), PU-NPs (B), and EA-NPs (C) versus their respective free counterparts. Hs578T cells were treated with PE-NPs (D), PU-NPs
(E), and EA-NPs (F) versus their respective free counterparts. Solid diamonds show pomegranate phytochemical loaded NPs, solid triangles show respective free counterparts,
open circles depict void NPs and open rectangles show NaOH solvent control for EA. Cells were treated for 96 hours; n=3 experiments; error bars depict SEM.
Abbreviations: PE, pomegranate extract; PU, punicalagin; EA, ellagic acid; NPs, nanoparticles; SEM, standard error of the mean.

identified a highly effective pomegranate nanoprototype,
namely PU-NPs, for further characterization in vivo.
Although PU is a predominant polyphenol in pomegran-
ates, it has extremely low bioavailability. Studies have failed
to detect PU in human plasma after ingestion of pomegranate
juice.3*3? It was concluded that, in humans, intact PU is not
absorbed but is hydrolyzed to EA moieties. In rats, low levels

of intact PU were detected in plasma and urine after a 37-day
dietary administration of PU.** In contrast, no detectable PU
was measured in plasma of rats in another study, where PU
was administered via diet or subcutaneous polymeric implants
for 10 days.*' The authors of that study suggested that the low
extraction efficiency of PU from plasma and/or limit of detection
by UPLC-UV (ultra performance liquid chromatography with
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Table 2 IC, | of pomegranate nanoprototypes and their free
counterparts in MCF-7 and Hs578T cells

Treatment IC, (ug/mL) IC, (uM) Fold change P
inlC_
(NP vs free
compound)

MCEF-7 cells

PE 44.34+7.81 NA -

PE-NP 19.3613.70 NA 23 <0.01

PU 44.4248.18 40.9 -

PU-NP 8.13+3.4 7.5 5.5 <0.001

EA 35.9345.63 119.9 -

EA-NP 15.22+1.34 50.5 24 <0.01

Hs578 T cells

PE 61.93+16.11 NA -

PE-NP 29.17+7.6 NA 2.1 <0.05

PU 52.5745.13 48.4 -

PU-NP 4.45+0.72 4.1 1.8 <0.001

EA 59.94+9.4 190.1 -

EA-NP 25.15+4.63 83.5 2.3 <0.01

Notes: Cells were treated for 96 hours. Mean + SD for three to six experiments is
shown. Fold change was calculated by dividing the IC, of a free compound by that
of the respective nanoprototype. P-values show statistically significant differences
between mean IC, of pomegranate nanoprototypes and their free counterparts.
Abbreviations: PE, pomegranate extract; PU, punicalagin; EA, ellagic acid;
NP, nanoparticles; NA, not applicable; SD, standard deviation; ICSO, half maximal
inhibitory concentration of cell growth.

UV detection) explained the failure to detect PU even when
delivered by subcutaneous implants. However, the study dem-
onstrated that PU delivered via subcutaneous implants inhibited
benzo[a]pyrene-induced DNA adducts at 38-fold lower dose
as compared to PU delivered via diet. In addition, PU deliv-
ered via implants increased plasma EA levels by two orders
of magnitude. PU remained stable in vivo in implants grafted
in the animals, implying that PU hydrolysis to EA occurred in
bodily fluids rather than in implants. Similarly, other studies
demonstrated that the PU content remained constant under
shelf-life conditions and/or in aqueous solutions at pH 3-7.3
However, a significant portion of PU was metabolized to EA
and EA-derived metabolites in human colon adenocarcinoma
Caco-2 cells within 48 hours and some spontaneous hydrolysis
occurred in growth medium without Caco-2 cells.” These stud-
ies demonstrated that PU is an elusive and difficult-to-detect
polyphenol that is rapidly hydrolyzed in biological systems to
generate EA and EA metabolites.

Thus, it is currently unclear whether PU is bioactive per se.
Most importantly, our data demonstrating that PU-NPs were
significantly more potent in inhibiting cancer cell growth
than other NPs suggests that PU-NPs may be prime candi-
dates for further chemoprevention studies with pomegranate
nanoprototypes. We postulate that NP-enabled intracellular
delivery of PU would provide us with a significant number of

bioactive compounds. Punicalin, gallagic acid, gallic acid, and
EA would be produced upon hydrolysis of PU (Figure 5).7
Consequently, PU hydrolysis products would be processed by
Phase II enzymes to produce other metabolites. Each of these
compounds may have a complementary, additive, and/or syn-
ergistic effect on the cells. In addition, PU may be bioactive
per se before hydrolysis occurs. The PLGA-PEG core would
protect PU from rapid hydrolysis, providing slow and sustained
release of PU and other bioactive compounds into the cell.

Our study shows for the first time that nanotechnology-
enabled delivery of pomegranate phytochemicals provides
an advantage over their free counterparts. In particular,
these results are important in the light of previous negative
results reported by Li et al.>® Their study used partially puri-
fied pomegranate ellagitannins (PPE) and gelatin to prepare
NPs and tested their efficacy in HL-60 leukemia cell line.>
However, PPE loaded into gelatin NPs were less effective
than free PPE in inducing the early stage of apoptosis and
no difference was observed in late stage of apoptosis. Insuf-
ficient cellular uptake of the gelatin NPs was suggested as a
plausible reason for the lack of improved efficacy. In contrast
to gelatin NPs, PLGA-based NPs have been shown to have
excellent cellular uptake both in vitro and in vivo.**

At present, our study success is limited to cultured cancer
cells. However, studies have demonstrated efficient delivery of
bioactive food compounds (ie, curcumin and EGCG) through
PLGA-based NPs in vivo in mice and rats.’#*> We propose
therefore to confirm our results in preclinical studies in whole
animals, where NP delivery of pomegranate ETs is expected
to protect against intestinal hydrolysis, increase absorption and
systemic bioavailability, and prolong their half-life through
sustained release, collectively leading to enhanced protection
against cancer. ETs can reduce tumor development and pro-
gression due at least in part to their capability to inhibit cell
growth.”!> We found that PE reduces growth of proliferating
cells in both tumorigenic and nontumorigenic mammary epi-
thelial cell lines (unpublished data). It is, however, unlikely that
ETs affect the viability of normal quiescent and postmitotic
cells. Thus, pomegranate ETs may retard proliferation of rap-
idly growing cells including preneoplastic cells in the early
stages of cancer development and neoplastic cells in advanced
cancers and have only minor effects on normal cells.

Conclusion

In summary, this proof-of-principle study demonstrated that
encapsulation of pomegranate polyphenols in PLGA-PEG NPs
enhances their bioefficacy. Furthermore, we identified PU-NPs
as the most potent of the three pomegranate nanoformulations,
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suggesting that PU represents a polyphenol of choice for fur-
ther investigations of pomegranate nanoprototypes. This study
serves as the first step toward establishing pomegranate nano-
formulations as promising cancer chemopreventive agents.
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