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pomegranate ellagitannins and gelatin and their

apoptotic effects
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Scope: Nanoparticles possess unique chemical and biological properties compared to bulk
materials. Bioactive food components encapsulated in nanoparticles may have increased
bioavailability and bioactivities.

Methods and results: Self-assembled nanoparticles made of partially purified pomegranate
ellagitannins (PPE) and gelatin were fabricated using three PPE-to-gelatin mass ratios (1:5, 5:5,
and 7:5). The PPE contained 16.6% (w/w) of punicalagin A, 32.5% (w/w) of punicalagin B, and
a small amount of ellagic acid-hexoside and ellagic acid (1%, w/w). Nanoparticles fabricated
using the ratio 5:5 had a particle size of 149.3+ 1.8 nm, positive zeta-potential of 17.8+0.9 mV,
production efficiency 53.04+4.2%, and spherical morphology under scanning electron micro-
scopy. Loading efficiency of punicalagin A and punicalagin B in these particles were
94.240.4% and 83.8+0.5 %, respectively. Loading capacity was 14.8+1.5% and 25.7 +2.2%,
respectively. Only punicalagin anomers were able to bind with gelatin to form nanoparticles,
whereas ellagic acid-hexoside or ellagic acid could not. Fourier transform infrared spectroscopy
suggested that the interactions between ellagitannins and gelatin were hydrogen bonding and
hydrophobic interactions. PPE-gelatin nanoparticle suspension was less effective than PPE in
inducing the early stage of apoptosis on human promyelocytic leukemia cells HL-60. But they
had similar effects in inducing late stage of apoptosis and necrosis.

Conclusion: Pomegranate ellagitannins bind with gelatin to form self-assembled nano-
particles. Ellagitannins encapsulated in nanoparticles had decreased apoptotic effects on
leukemia cells HL-60.
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Nanoparticles are defined in biological sciences as particles
with at least one dimension less than 1000nm [1]. They
possess many unique chemical, biological, and physical
properties compared to bulk materials. Drugs or other
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bioactive ingredients encapsulated in nanoparticles or
other nanocarriers had drastically increased bioavailability
and Dbioactivity. For instance, epigallocathecin gallate
(EGCG) encapsulated in nanoparticles was 10-fold as
effective as EGCG that was not encapsulated [2].
Carboplatin-loaded chitosan-alginate nanoparticles showed
greater antiproliferative activities and apoptotic effects
compared to the drug in solution [3]. Cisplatin-incorporated
in gelatin nanoparticles provided stronger antitumor
activities and was less toxic compared to free cisplatin
in vivo [4].

Pomegranate contains several types of ellagitannins,
including punicalagin, punicalin, gallagic acid, ellagic acid,
and ellagic acid-glycosides [5, 6]. These ellagitannins have
been reported to prevent cancer and cardiovascular diseases,
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scavenge oxidative free radicals, and reduce the risk
for atherosclerosis and other chronic diseases [7-10].
The affinity between tannins and proteins is a
well-known phenomenon [11, 12]. The present study takes
advantage of such affinity to fabricate the self-assembled
nanoparticles  using partially purified pomegranate
ellagitannins (PPE) and gelatin. The PPE-gelatin nano-
particles, to our knowledge, have not been reported
before. Three different mass ratios of PPE and gelatin were
applied and characteristics of nanoparticles including
particle size, zeta-potential, morphology, and interaction
binding modes were measured by Microtrac Nanotrac,
ZetaPlus, Scanning Electron Microscopy (SEM), and
Fourier transform infrared (FTIR) spectroscopy, respec-
tively. Loading efficiency and loading capacity of ellagi-
tannins in the resultant nanoparticles were investigated
using HPLC-ESI-MS". The Annexin V Staining Assay on a
leukemic cell line HL-60 was selected to evaluate the apop-
totic effect of PPE-gelatin nanoparticles and compare that to
the PPE solution.

2 Materials and methods
2.1 Samples and chemicals

Pomegranates (Punica granatum L.) were obtained from
Publix Supermarket (Gainesville, FL, USA). The pericarp of
the fruits was manually separated. Pure punicalagin
and ellagic acid was purchased from Quality Phytochemicals
LLC (Edison, NJ, USA) and Sigma-Aldrich (St. Louis,
MO, USA), respectively. Ethanol, formic acid, methanol,
gelatin type A, and other chemicals were products
of Fisher Scientific (Pittsburg, PA, USA). Amberlite XAD-
16N resin was purchased from Dow Company (Piscataway,
NJ, USA).

2.2 Extraction and purification of pomegranate
ellagitannins

Extraction and purification of pomegranate ellagitannins
followed a published method with minor modifications [6].
Frozen pomegranate pericarp (50g) was blended in a
kitchen blender and mixed with water (250 mL). The water
suspension was sonicated for 5min and kept at 25°C for
30min. The sonication step was repeated for two more
times. Water extract was obtained after filtration and then
dried on an ISS110 SpeedVac evaporator (Fisher Scientific)
at 25°C. The resultant solid was re-dissolved in 20 mL of
water and loaded onto a column (30 x 400 mm, id x length)
packed with Amberlite XAD-16N resin. The column was
eluted with 2 L of water. Ellagitannins were recovered from
the column using 400mL of ethanol. Ethanol elute was
evaporated at 25°C to yield PPE as dry power (approximately
2.5¢).
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2.3 HPLC — ESI — MS" analyses

An Agilent 1200 HPLC system consisting of an auto-
sampler, a binary pump, a column compartment, a diode
array detector (Agilent Technologies, Palo Alto, CA, USA)
was interfaced to a HCT ion trap mass spectrometer (Bruker
Daltonics, Billerica, MA, USA). PPE solution was filtered
through 0.45-um filter units and 30 pL was injected on an
Agilent Zorbax ODS column (4.6 mm x 25 cm, 5 pm particle
size) for separation of ellagitannins. The binary mobile
phase consisted of (A) formic acid:water (2:98v/v) and
(B) formic acid:methanol (2:98v/v). Gradient reported by
Seeram et al. was used with minor modifications [6].
The gradient is described as follows: 0-30min, 1-20% B
linear; 30-45min, 20-40% B; 45-60min, 40-95% B;
60-65min, 95-1% B; followed by 5min of re-equilibration
of the column before the next run. The detection
wavelength on diode array detector was 378 nm. Electro-
spray ionization in negative mode was performed using
nebulizer 65psi, dry gas 11L/min, drying temperature
350°C, and capillary 4000 V. The full scan mass spectra were
measured at m/z 100-2000. Auto MS® was conducted
with 50% compound stability and 60% trap drive level.
Punicalagin A, B, and ellagic acid were used as external
standard for quantification. Data were collected and calcu-
lated using Chemstation software (Version B. 01.03, Agilent
Technologies).

2.4 Self-assembly of PPE-gelatin nanoparticles

Gelatin type A (0.5 g) and PPE powder (0.5 g) were dissolved
in DI water (1000mL) to a concentration of 0.5mg/mL,
respectively. PPE solution with 1, 5, or 7mL was mixed with
5mL of gelatin solution, which gave PPE-to-gelatin mass
ratios of 1:5, 5:5, and 7:5, respectively. The mixture was
incubated at 25°C for 48h. The nanoparticle suspensions
were then centrifuged at 12000 rpm for 5min. The super-
natant was removed from the suspension for calculations of
loading efficiency and loading capacity. The sediments were
lyophilized for 48h to form dry particles and stored at
—20°C for further analyses.

2.5 Particle size and zeta-potential measurement

Mean particle size and size distribution of was measured
using dynamic light scattering (DLS) on a Nanotrac ULTRA
with an external probe (Microtrac, Largo, FL, USA). Each
sample was analyzed in triplicate and each replicate was
measured six times to yield the average particle size. Zeta-
potentials were determined using Brookhaven ZetaPlus
(Brookhaven Instrument, Holtsville, NY, USA). Triplicate
tests were conducted at a constant temperature of 22°C and
each replicate was measured ten times to obtain the average
zeta-potential.
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2.6 SEM

Dry particle powders were used for morphology character-
ization using Field Emission Scanning Electron Microscope
(Model JSM-6330F, JEOL, Tokyo, Japan).

2.7 FTIR spectroscopy

PPE-gelatin nanoparticles were fabricated at a PPE-to-gelatin
mass ratio of 5:5. Supernatant and nanoparticles were
separated by centrifuge and freeze-dried. Dry PPE, gelatin,
PPE-gelatin nanoparticles, and dried supernatant were
mixed with pure KBr powders using a ratio of 1:100 sample:
KBr (w/w). These mixtures were ground into fine powders
and then analyzed using a Thermo Nicolet Magna 760 FTIR
(Thermo Nicolet, Madison, WI, USA) with a MCT-A detec-
tor. Pure KBr powders were used as background. The FTIR
spectra were obtained over the wave number range from 700
to 4000cm ™" at a resolution of 2cm ™.

2.8 Production efficiency, loading efficiency, and
loading capacity measurements

Production efficiency was defined as (weight of dry parti-
cles)/(total weight of PPE and gelatin used for fabrication).
Supernatant from the nanoparticle suspension was filtrated
through 0.45-um filter units and injection volume of 30 uL
was injected for HPLC-ESI-MS". The loading efficiency was
defined as (ellagitannin used for fabrication-ellagitannin in
supernatant)/(ellagitannin used for fabrication). The loading
capacity was defined as (weight of ellagitannin embedded
into nanoparticles)/(weight of dry nanoparticles).

2.9 Cell apoptosis

Annexin V staining was used for cell apoptosis measurements
in the HL-60 cell line. Four PPE-gelatin nanoparticle suspen-
sion samples were prepared, and each PPE-gelatin nanoparticle
suspension with the concentrations of 0.0156, 0.0313, 0.0625,
and 0.125 mg/mL was added to the appropriate wells in tripli-
cates. PPE solutions with the concentrations of 0.0156, 0.0313,
0.0625, and 0.125mg/mL were added to wells in triplicates.
HL-60 cells in IMDM media (100 uL containing 120000 cells)
were seeded into each well of a 48-well tissue culture plate
(Costar, Corning, NY, USA). Four hundred microliter of
IMDM (Lonza, Basel, Switzerland) complete media (100000
U/L penicillin; 100mg/L streptomycin; 0.25mg/L fungizone;
50mg/L gentamicin) was added. The plate was incubated for
22h at 37°C in a 7.5% CO, humidified atmosphere. Cell
apoptosis was measured by following the Annexin V staining
protocol (eBioscience, San Diego, CA, USA). At 22 h, the HL-60
cells were harvested and washed once in PBS and diluted
binding buffer, respectively. Then, cells were re-suspended in
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diluted binding buffer (100uL) and fluorochrome-conjugated
Annexin V was added and incubated for 15min at room
temperature. Cells were washed again in diluted binding buffer
and resuspended in 200 uL of diluted binding buffer. Propi-
dium iodide in PBS (5 uL) was added to cells and the cells were
then analyzed on a 3-color fluorescence FACsort Flow Cytom-
eter (Becton Dickinson, San Jose, CA, USA) at the UF ICBR
Flow Cytometry core facility within 2h. Data were analyzed
with FlowJo software (TreeStar, version 7.6).

2.10 Data analyses

Data were expressed as mean + standard deviation. One-way
analyses of variance with Tukey-HSD comparison of the
means were performed using JMP software (Version 8.0,
SAS Institute, Cary, NC, USA). Student’s t-test was use to
compare data from two independent groups. A difference
with p<0.05 was considered significant.

3 Results
3.1 Ellagitannin identification and quatification

The PPE were extracted and partially purified using porous
adsorption resin. Chromatogram of PPE showed four peaks that
corresponded to four ellagitannins (Fig. 1). Peak identification
(Fig. 2) was based on mass and product ion spectra [6]. Peaks 1
and 2 were identified as punicalagin anomer A and B according
to [M-H]™ m/z 1083 and a product ion at m/z 781, which
suggested the existence of punicalin and ellagic acid moiety.
Peak 3 had a deprotonated ion at m/z 463 and a product ion at
m/z 301 formed by ellagic acid. This peak was identified as
ellagic acid-hexoside. Peak 4 had a deprotonated ion at m/z 301,
which was identified as ellagic acid. Punicalagtin A and B were
major ellagitannins in PPE, and the contents of punicalagin A
and B were 166.2+3.0 and 324.6+0.4 mg/g, respectively. The
contents of ellagic acid-hexoside and ellagic acid were 3.4+ 0.6
and 7.5+0.0mg/g, respectively.
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Figure 1. HPLC chromatogram of PPE solution. Peaks 1, 2, 3, and
4 are punicalagin A, punicalagin B, ellagic acid-hexoside, and
ellagic acid, respectively.
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3.2 Characteristics of ellagitannin-gelatin
nanoparticles

PPE-gelatin nanoparticles were fabricated using three
different PPE-to-gelatin mass ratios (Table 1). The mean
sizes of particles from the PPE-to-gelatin mass ratios at 1:5,
5:5, and 7:5, measured using DLS were 101.9+9.0,
149.3+1.8, and 228.5+4.9nm, respectively. The particle
size increased significantly with the increase of PPE-to-
gelatin mass ratio. SEM image showed that PPE-gelatin
nanoparticles fabricated under these mass ratios had a
spherical or approximately spherical morphology (Fig. 3).
Mean zeta-potentials of these formed nanoparticles were
around +18mV, indicating that PPE-gelatin nanoparticles
had a positive charge on the surface.

Interaction bindings between PPE and gelatin were asses-
sed with FTIR spectra (Fig. 4). The FTIR spectra of gelatin
(Fig. 4A) showed the typical amides I and II peaks at 1699 and
1558 cm™ ", respectively. The amide I absorption was mainly
due to carbonyl C = O stretching vibration, whereas the amide
IT band consisted both C-N stretching and C-N-H in plane
bending [13, 14]. Peaks at 1728 and 1599 cm™' in the FTIR
spectra of PPE (Fig. 4B) resulted from carbonyl stretching
vibration [15, 16]. FTIR profile (Fig. 4C) of supernatant from
PPE-gelatin nanoparticle suspension system was similar to
that of PPE (Fig. 4B). However, FTIR spectra (Fig. 4D) of PPE-
gelatin nanoparticles showed peaks at 1664 and 1535cm™",
both of which resulted from peak shifts of PPE and gelatin
toward lower wavenumbers. It suggested that both amide I
and II and carbonyl C=0 in PPE were involved in PPE-
gelatin binding and o-helical configuration was formed in
PPE-gelatin nanoparticles [13, 14, 17]. The primary interaction
binding forces were hydrogen-bonding and hydrophobic
interactions [18].

3.3 Production efficiency, loading efficiency, and
loading capacity

Among the four ellagitannins identified from the PPE, only
punicalagin anomers had the capacity to bind gelatin to
form PPE-gelatin nanoparticles (Table 2). Production effi-
ciency (%) was the weight of dry nanoparticles divided by
total weight of PPE and gelatin that were used. The
production efficiency of nanoparticles at mass ratios 1:5, 5:5,
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and 7:5 were 18.5+4.9, 53.0+4.2, and 62.0+2.8%, respec-
tively. Loading efficiency is defined as the ratio of ellagi-
tannins adsorbed into nanoparticles to total ellagitannins
used. Loading efficiency of punicalagin A under PPE-
to-gelatin mass ratios at 1:5, 5:5, and 7:5 were 57.5+2.7,
94.2+0.4, and 69.1+4.4%, respectively. Loading efficiency
of punicalagin B were 29.5+0.2, 83.8+0.5, and 67.2+0.2%,
respectively. Loading capacity (% w/w) is the content of
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Figure 2. Product ion spectra (MS?) of punicalagin A (1), puni-
calagin B (2), ellagic acid-hexoside (3), and ellagic acid (4).

Table 1. Particle size, zeta-potential, and production efficiency of nanoparticles fabricated using three PPE-to-gelatin mass ratios

Volume of PPE Volume of gelatin

PPE-to-gelatin mass Particle size®

) Zeta-potential Production

solution (mL) solution (mL) ratio (DLS, nm) (mV) efficiency (%)
1 5 1:5 101.9+9.0 c” 18.3+1.2a 18.5+4.9 b
5 5:5 149.3+1.8 b 17.8+09 a 53.0+4.2 a
7 5 7:5 228.5+49 a 18.0+1.3a 62.0+ 2.8 a

a) Data are mean+SD (n = 3). Duplicate tests were done for production efficiency.
b) Means within a column followed by the same letter are not significantly different at p<0.05.
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Figure 3. Morphology of PPE-gelatin nanoparticles using scan-
ning electron microscopy (SEM) using PPE-to-gelatin mass
ratios of 1:5 (A), 5:5 (B), and 7:5 (C), respectively.

ellagitannins in dry nanoparticles. Loading capacity of
punicalagin A under PPE-to-gelatin mass ratios at 1:5, 5:5,
and 7:5 was 9.04+2.6, 14.8+1.5, and 10.8+0.1%, respec-
tively. Loading capacity of punicalagin B was 9.0+2.4,
25.7+2.2, and 20.5+0.1%, respectively.

3.4 Apoptosis
Apoptotic properties of pomegranate PPE-gelatin nano-

particles and PPE solution were evaluated using HL-60
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Figure 4. Fourier transform infrared (FTIR) spectra of gelatin (A),
PPE (B), freeze-dried supernatant (C), and freeze-dried
PPE-gelatin nanoparticles (D).

cancer cell line at four concentrations. Cells that are in the
early stage of apoptosis stain positive for Annexin V but
negative for propidium iodide. Necrotic cells and cells at the
late stage of apoptosis stain positive for both Annexin V and
propidium iodide. PPE solution was more effective than
PPE-gelatin nanoparticle suspension in inducing the early
stage of apoptosis (Fig. 5A). The differences were not
significant at the lowest concentration but became signifi-
cant as the concentrations increased. At concentrations from
0.0156 to 0.0625mg/mlL, no significant differences were
observed between PPE-gelatin nanoparticle suspension and
PPE solution in inducing late stage of apoptosis and
necrosis (Fig. 5B). However, at the higher concentration
(0.125mg/mL), PPE-gelatin nanoparticles suspension was
more effective than PPE solution (p = 0.0144).

4 Discussion

PPE-gelatin nanoparticles formed spontaneously due to
affinity between ellagitannins and gelatin. Gelatin has an
extended random coil conformation in aqueous solution
because it contains higher amounts of proline residues than
other proteins or polypeptides [19]. Gelatin and tannin
molecules bind to each other when they are mixed in solu-
tion [19, 20]. Magnitudes and selectivity of such binding is
determined by molecular weight and tertiary structures of
tannins. It has been proposed that tannins of higher mole-
cular weight have more hydroxyl groups and hydrophobic
sites, and thus enhance the interaction with gelatin [20, 21].
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Table 2. Content, loading efficiency, and loading capacity of individual ellagitannin in nanoparticles fabricated using different PPE-gelatin

mass ratios

Ellagitannin compound Punicalagin A® Punicalagin B Ellagic acid-hexoside Ellagic acid
Content in dry PPE powder (mg/g) 166.24+3.0 324.6+0.3 3.4+0.6 7.5+0.0
Loading efficiency (%) 1:5 57.5+2.7 c 29.5+0.2 ¢ NDY ND

5:5 94.24+0.4 a 83.8+0.5a ND ND

75 69.1+4.4b 67.2+0.2b ND ND
Loading capacity (%, w/w) 1:5 9.0+26b 9.04+2.4b ND ND

5:5 148415 a 25.7+2.2a ND ND

7:5 10.84+0.1 ab 20.5+0.1a ND ND

a) Means within a column followed by the same letter are not significantly different at p<0.05.
b) ND, not detected. Results are represented as mean +SD of duplicate tests.
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Figure 5. Percentage of early stage of apoptosis (A) and late
stage of apoptosis and necrosis (B) of HL-60 cancer cells, treated
by PPE-gelatin nanoparticle suspension fabricated using PPE-
to-gelatin mass ratio 5:5, and PPE solution. Data are mean+
SD of four replicates.

In the present study, only punicalagin was able to bind
gelatin to form nanoparticles. Tannins of smaller molecular
weight, such as ellagic acid and ellagic acid-hexoside, lack
tertiary structures and binding capacity [22]. On the
contrary, punicalagin, with the higher molecular weight

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

(MW 1084), has a larger and more complex molecular
structure providing sufficient affinity toward gelatin to form
nanoparticles. Conformation of tannin molecules also
affects affinity for gelatin. It has been reported that ellagi-
tannin, compared to gallotannins, had intramolecular
biphenyl linkages that can constrain aromatic rings in
hydroxydiphenoyl groups, leading to the loss of conforma-
tional freedom [20]. Such structural characteristics enhance
binding between ellagitannin and gelatin; however, they
may negatively impact affinity for other proteins, such as
bovine serum albumin [20]. In our study, both punicalagin
anomers were bound with gelatin to form nanoparticles;
however, punicalagin A showed higher loading efficiency
than punicalagin B, suggesting higher affinity between
punicalagin A and gelatin (Table 2).

FTIR spectra of PPE-gelatin nanoparticle showed that
peaks at 1665 and 1535cm™' were shifted toward lower
wavenumbers from correspondent peaks in gelatin and PPE.
The intensity of peaks at 1699 and 1558 cm™" in gelatin FTIR
spectra was lower than those in PPE-gelatin nanoparticle
FTIR spectra, suggesting that carbonyl C=0O stretching
vibration in pomegranate ellagitannins was involved in PPE-
gelatin nanoparticles. The major binding force appeared to be
hydrogen bonding, which was consistent with the appear-
ances of peaks at 1665 and 1535cm™", and with the disap-
pearance of hydroxyl groups (peak in the range of
3500-3600 cm ') in gelatin FTIR spectra [13, 14, 18, 23].

Formation of PPE-gelatin nanoparticles is also influenced
by PPE-to-gelatin mass ratio [24, 25]. When a small amount
of tannins are added into a gelatin solution, tannin mole-
cules deposit onto gelatin molecules via hydrogen binding
and hydrophobic interactions. As the tannin content
increases, single gelatin molecules adsorb more tannin
molecules, which cause an increase in particle size. In this
study, the particle size with PPE-to-gelatin mass ratios
of 1:5, 55, and 7:5 were 101.9+9.0, 149.3+1.8, and
228.5+4.9nm, respectively. The particle sizes measured
by DLS appeared bigger than those in SEM photograph
(Fig. 3). This was because lyophilized dry particles were
used in SEM analysis [26]. Stability of the nanoparticle
system in suspension is impacted by zeta-potential
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of mnanoparticles [27, 28]. Nanoparticles with higher
zeta-potentials are more stable in solution due to static
repulsion of particles. In this study, zeta-potentials of
the nanoparticle suspensions were around +18mV. The
resultant nanoparticles under these three mass ratios were
stable opalescent suspensions in deionized water.

Uptake of nanoparticles in vivo depends on particle size,
zeta-potential, and morphology of nanoparticles. In the
gastrointestinal tract, nanoparticles are absorbed into
epithelial cells by inter membranous diffusion and by
endocytosis mediated by receptors on cell membranes
[29, 30]. Nanoparticle endocytosis was thought to be the
major route. Nanoparticles with a particle size below 500 nm
were effectively absorbed by enterocytes in the gastro-
intestinal tract [29, 31, 32]. PPE-gelatin nanoparticles fabri-
cated in this study had a favorable particle size for
absorption. Nanoparticles with spherical morphology were
found to be captured more easily by receptors on epithelial
cells than particles of different shapes [33]. Surface charge
(zeta-potential) of the nanoparticle is another factor that
affects direct uptake [29, 30, 34]. It was reported that the
mucin layer attached to the surface of epithelial cells has a
negatively charged membrane. When positively charged
nanoparticles approach the mucin layer, weak ionic inter-
action is established, prolonging the retention time between
nanoparticles and epithelial cells and eventually enhancing
the entrapment of nanoparticles in epithelial cells [30].
Nanoparticles in the present study had the positively
charged surface (around +18 mV). Therefore, we anticipate
that PPE-gelatin nanoparticles may increase the absorption
of ellagitannin in vivo. This is of importance because only
3-6% of ellagitannins were found to be absorbed from
pomegranate juice [5, 35].

Bioactivities of a component are often altered once it is
embedded into nanoparticles [36]. Pomegranate ellagi-
tannins were known to induce cell-cycle arrest and apoptosis
of cancer cells [37]. Punicalagin A and B were known to
activate caspase-3 pathway and cleave poly-(ADP-ribose)
polymerases, resulting in DNA fragmentation in HL-60 cells
and apoptosis [37, 38]. PPE-gelatin nanoparticles were less
effective than PPE in inducing the early stage of apoptosis,
whereas they had similar effects in inducing late stage
apoptosis and necrosis. We speculated that cell uptakes of
nanoparticles may be a major reason for the observed
differences in apoptotic effects. Our data suggested that
PPE-gelatin nanoparticles have lower toxicity than pome-
granate ellagitannins.

In conclusion, the PPE obtained from pomegranate
pericarp contained punicalagin anomers, ellagic acid-hexo-
side, and ellagic acid. Punicalagin anomers had the capacity
of binding gelatin to form nanoparticles. The nanoparticle
fabricated using three PPE-to-gelatin mass ratios had the
particle size <250nm, zeta-potential around +18mV,
spherical morphology, and good loading efficiency and
loading capacity. PPE-gelatin nanoparticles had lower
apoptotic effects in HL-60 cells compared to PPE solution.
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