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Abstract

Background: Ellagic acid (EA) is a polyphenol, whose anti-cancer properties have been demonstrated in several cancer studies, but
the poor water solubility and low bioavailability have limited its therapeutic potential.

Objectives: The present study proposed to develop solid lipid nanoparticles (SLNs) as a delivery system for improving the anti-
cancer capability of EA on prostate cancer cell line.

Methods: EA-loaded SLNs were prepared by hot homogenization technique and characterized by different techniques. Cytotoxicity
of EA and EA-loaded SLNs on prostate cancer cell line (PC3) was evaluated by 3-(4, 5-Dimethylthiazol-2-yl}-2, 5-diphenyltetrazolium
bromide (MTT) assay, and nucleus condensation, or chromatin fragmentation (the signs of apoptosis) were studied by 4’-6-
diamidino-2-phenylindole (DAPI) staining. The expression of B-cell lymphoma 2 (Bcl-2) and Bcl-2-associated X protein (Bax), which
are involved in apoptosis, were evaluated by quantitative reverse transcription polymerase chain reaction (QRT-PCR).

Results: The nanoparticles with appropriate characteristics (particle size of 96 nm and Encapsulation Efficiency of 88%) were pre-
pared. The in vitro drug release profile showed a burst release in the first hours and followed by a sustained EArelease until 72 hours.
EA-loaded SLNs displayed a good stability for 4 weeks of storage at 4 - 8°C. Cytotoxicity evaluations demonstrated that EA-loaded SLNs
prevented prostate cancer cells growth in a low IC50 value compared to the EA. The results of qRT-PCR demonstrated that EA causes
up-regulation of Bax and this regulation intensified when EA was loaded into SLNs, but there was no punctual correlation between
the EA and EA-loaded SLNs in down-regulation of Bcl-2.

Conclusions: The results strengthen our hope that loading EA into SLNs could possibly overcome the therapeutic limitations of EA

and make it more effective in prostate cancer therapy.
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1. Background

Prostate cancer is the second most commonly recog-
nized cancer and the sixth leading cause of cancer death
in males (1). About 80% of men above 80 years old suf-
fer from prostate cancer; so, it is a considerable health
and economic burden in our current aging population
(2). Ellagic Acid (EA) (C14H608) is a polyphenol found
in berries, walnuts and pomegranates, and exhibits wide
spectrum health beneficial properties (3), especially anti-
cancer characteristics such as anti-proliferative (4) and
anti-angiogenic activities (5). EA was reported to inhibit
cell proliferation and cell cycle progression of bladder (6),
colorectal (7), and breast cancer (8). In spite of EAs bene-
fits, the poor water solubility (9.7 ug/mL at pH 7.4) and ex-

tensive first pass intestinal and hepatic metabolisms and,
consequently, low oral bioavailability of EA have limited
the therapeutic potential of the molecule to mature into
clinical trials (9, 10). In order to improve its therapeutic
value, it is proposed to employ a nanoparticulate delivery
system. The enhanced drug bioavailability of nanoparti-
cles is corresponded to the fact that particles in the nano-
size range are efficient in crossing permeability barriers
(11). It has been indicated that nanoparticles enter the
systemic circulation through lymphatic transport, which
enhances oral drug absorption. Moreover, bypassing the
liver through lymphatic transport leads to a reduced first-
pass metabolism and, consequently, enhances oral drug
bioavailability (12). Among drug carriers, SLNs have at-
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tracted increasing attention as a potential drug delivery
carrier due to their physical stability, protection of labile
drugs from degradation, low toxicity, and ability to immo-
bilize both hydrophilicand hydrophobicdrugs in the solid
matrix (13). Solid lipid nanoparticles are colloidal carrier
system composed of a high melting point lipids as a solid
core coated by surfactants that offer an attractive means of
drug delivery, particularly for improving bioavailability of
poorly water soluble molecules (14, 15). Their small size al-
lows nanocarriers to overcome non-selective uptake by the
reticuloendothelial system and achieve passive targeting
through enhanced permeability and retention (EPR) in tu-
mor therapy (16).

2. Objectives

The aim of the present study was to prepare and opti-
mize EA-loaded SLNs and explore the enhanced anti-tumor
activity against PC3 human prostate cancer cell line. The
probable signaling pathway of EA-loaded SLNs in cancer
prevention and impact on gene expression of Bcl-2 (B-cell
lymphoma 2) and Bax (Bcl-2-associated X protein) were in-
vestigated and compared with EA.

3. Methods

3.1. Material

EA, 3- (4,5- Dimethylthiazol- 2- yl)-2, 5- diphenyltetra-
zolium bromide (MTT), Poloxamer 407, RPMI 1640, fetal
bovine serum (FBS), and Penicillin-Streptomycin were pur-
chased from sigma aldrich company. Precirol® ATO 5 was
supplied from Gattefosse (France). PC3 prostate cancer cell
line was obtained from national cell bank of Iran (Pasteur
institute, Iran). RNX-Plus solution for total RNA isolation
and RevertAid first strand cDNA Synthesis Kit were pur-
chased from Sinaclon company (Iran) and thermo scien-
tific (thermo scientific, Schwerte, Germany), respectively.
SYBR Premix Ex Taq Il was prepared from Takara Company.

(Japan).

3.2. Preparation and Characterization of EA-Loaded SLNs

EA-loaded SLNs were prepared by hot homogenization
method. Briefly, the lipid phase, consisting of different
concentrations of Precirol and Tween-80 as a surfactant
was heated up to 70°C to be melt. EA was dissolved in
dimethyl sulfoxide (DMSO) and injected into the molten
lipid phase. Subsequently, the aqueous phase contain-
ing Poloxamer 407 in water at the same temperature was
added into the lipid phase dropwise under high speed
homogenizer (Heidolph, Germany) with stirring rate of

21000 rpm. After homogenization, the produced na-
noemulsion was recrystallized to SLNs by cooling down to
room temperature. Twelve formulations were fabricated
based on changes in lipid, surfactants, and external aque-
ous phase volume (Table 1). The size, polydispersity index
(PDI), and zeta potential values of the EA-loaded SLNs were
measured by dynamic light scattering technique (Nano
ZS, Malvern Instruments, The UK). The size of the particles
was reported by intensity and expressed by the Z-Average
value. In order to investigate the morphological behav-
iors of nanoparticles, SLNs were observed with Scanning
Electron Microscopy (SEM) (KYKY-EM3200, KYKY Technol-
ogy Development Ltd., China).

3.3. Drug Encapsulation Efficiency (EE) and Loading Capacity
(LC)

The EE (%) and LC values of EA-loaded SLNs were deter-
mined by filtration method, using centrifugal filter tube
(Amicon@® Ultra-15 with molecular weight cutoff of 100
kDa, Millipore, USA). To accurately calculate the EE, un-
loaded EA first should be dissolved and, then, separated
from the dispersed SLNs. Therefore, a sample was taken
from the preparation (containing SLNs and probable un-
loaded EA), diluted with ethanol to dissolve the EA par-
ticles (ethanol does not dissolve the Precirol®), and fi-
nally passed through Amicon filters by centrifugation at
5000 rpm for 10 minutes to separate the dissolved EA
from the SLNs. The clear solution in the bottom of Am-
icon tube was used for EA determination by ultraviolet-
visible spectrophotometer (Ultrascope 2000®, pharmacia
biotech, UK) at A\j.x 256 nm. The EE and LC values of EA-
loaded SLNs were calculated, using the following formulas:

EE (%) = Ct;itc‘“‘ x 100 )

mg Wdl
LC|—=) = 2
( g ) Wap @

where, C; was the total added drug concentration, C,q
was the unloaded drug concentration, Wy, was the weight
of drugloaded into SLNs, and W,,, was weight of used solid
lipid for the fabrication of SLNs.

3.4. In Vitro Release Study

Drug release studies were performed in simulated
physiological (Phosphate-buffered saline (PBS) pH 7.4,
37°C) and cancerous tissue (PBS pH 6.5, 40°C) conditions.
DMSO (1 mL) was added to PBS (19 mL) to provide sink con-
dition for in vitro EA release from the SLNs. In each drug-
release experiment, 1 mL of prepared SLNs was transferred
into a cellulose acetate dialysis bag and was inserted in
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Table 1. Composition and Characteristics of Prepared EA-Loaded SLNs®

Formulation Code Precirol (g) Tween (mg) Poloxamer (mg) Aqueous Phase (mL) Size (nm) PDI EE (%) LC (mg/g)

F 0.8 - 800 40 490.4 £2.9 0.53 + 0.01 952+ 1.8 9.52 + 0.17

F2 1 - 1000 40 779.2 + 6.1 0.65 & 0.02 972+13 7.78 = 0.10

%3 0.6 - 600 40 330.0 £5.5 0.59 4 0.01 90.4 £19 12.05 £ 0.26
F4 0.6 5 600 40 2791+ 35 0.59 £ 0.01 947+ 21 12.63 4= 0.28
F5 0.6 10 600 40 3214 + 4.4 0.54 £ 0.02 96.5 + 1.5 12.87 & 0.20
F6 0.6 5 300 40 205.6 £3.7 0.50 £ 0.02 95.5 1.9 12.73 + 0.26
F7 0.5 5 300 40 1723 £ 21 0.56 4= 0.01 94.2+22 15.07 £ 035
F8 0.25 - 150 20 1363125 0.54 4 0.01 853+ 17 2732+ 0.56
F9 0.25 5 150 20 141.0 2.4 0.51 4 0.01 922 +21 29.51 4 0.69
F10 0.2 5 120 20 962+ 25 0.28 £ 0.01 88.8 2.4 35.56 & 0.97
371 0.2 5 200 20 207.6 =23 0.34 £ 0.01 911115 36.43 & 0.61
F12 0.2 5 150 20 111.1 & 3.0 0.25 + 0.01 9414 0.9 37.73 & 0.46

Abbreviation: EE, encapsulation efficiency; LC, loading capacity; PDI, polydispersity index.

?Data is expressed as == SD (n=3).

a glass holder that contained 20 mL of release medium.
The release medium was withdrawn at predetermined
time intervals and it was analyzed, using an ultraviolet-
visible spectrophotometer at Ap.x 256 nm to determine
the amount of EA released. The release rate of EA was cal-
culated from the following formulas:

ReleasedE A
Released rate = TolalEA x 100 3)

3.5. Cell Culture and Cell Viability Assay

Human prostate cancer cell line (PC3) was grown in
RPMI-1640 supplemented with 10% FBS, 1% penicillin strep-
tomycin, and 2 g[L sodium bicarbonate at 37°C in humid-
ified atmosphere. Cytotoxicity of EA-loaded SLNs and EA
were determined by MTT assay. In brief 10* cells/well were
seeded in a 96 well plate and were treated with the differ-
ent concentrations of EA (dissolved in 0.5 % DMSO) and
equivalent doses of EA-loaded SLNs and blank SLNs for 24,
48, and 72 hours. After appropriate time, medium of all
wells were removed, 50 L of 5 mg/mL MTT was dissolved
in PBS, and150 pL of fresh medium was added to each wells
and incubated for 4 hours at 37°C. Then, formazan crys-
tals were dissolved in DMSO. Absorbance was measured at
570 nm, using a spectrophotometric plate reader (ELx 800,
Biotek, CA).

3.6. DAPI Staining Assay

In order to determine nucleus condensation or
chromatin fragmentation (the signs of apoptosis), 4’-6-
diamidino-2-phenylindole (DAPI) staining was carried out.
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In brief, 3 x 10° PC3 cells/well were harvested in the six-well
plates containing 12 mm cover-slips and, consequently,
treated with EA, EA-loaded SLNs, and DMSO as a control.
Then, cells were fixed with 4% paraformaldehyde and
permeabilized in 0.1% (w|v) Triton X-100, washed with
PBS, and stained with DAPI. Cells were evaluated under a
fluorescence microscope (Olympus microscope Bh2-RFCA,

Japan).

3.7. Cell Uptake Study

Rhodamin B was used as a fluorescence probe to inves-
tigate the cellular uptake of Rhodamin-loaded SLNs. Un-
encapsulated Rhodamin B was removed by filtration, us-
ing centrifugal filter devices. In brief, 3 x 10° cells/well
were harvested in six-well plates containing 12 mm cover-
slips and incubated until their adherence on cover-slips.
Then, adherent cells were treated with Rhodamin-loaded
SLNs, diluted in medium, during an incubation period of
4 hours. The cells were washed 5 times with PBS and im-
aged with a fluorescence microscope. All the experimen-
tal steps were performed considering light protection with
aluminium sheet to avoid fluorescent dequenching.

3.8. RNA Extraction, Reverse Transcription and Analysis of Gene
Expression

The cells were treated with IC50 concentrations of
EA and equivalent doses of EA-loaded SLNs for 48 hours.
Then, for extraction of RNA, RNX-plus solution (Sinaclon,
Iran) was used according to the manufacturer’s proto-
col. Then, the quality and quantity of isolated RNA were


http://ijcancerprevention.com

Hajipour Het al.

assessed by nanoDrop (ND-1000, NanoDrop technology,
Australia). The RNA was, then, transcribed to comple-
mentary DNA (cDNA), using a reverse transcriptase kit
(thermo scientific, Schwerte, Germany) according to the
instruction manual. Quantitative reverse transcription
polymerase chain reaction (qRT-PCR) method was per-
formed based on the SYBR Green chemistry to analyze
the expression levels of Bax and Bcl-2 relative to the B-
actin as a housekeeping gene. The following primers
were used for the amplification of human Bax, Bcl-2,
and B-actin: Bax (forward) 5- TTGCTTCAGGGTTTCATCCA
-3’ and (reverse) 5- GACACTCGCTCAGCTTCTTG -3’; Bcl-
2 (forward) 5-GTCATGTGTGTGGAGAGCG-3’ and (re-
verse) 5-ACAGTTCCACAAAGGCATCC-3’; and B-actin (for-
ward) 5-TCCCTGGAGAAGAGCTACG-3’ and (reverse) 5-
GTAGTTTCGTGGATGCCACA-3’. In brief, about 1 uL (10
PM/uL) of each specific primers and 1 4L of each cDNA sam-
ple were added to PCR tubes containing SYBR-Green Master
Mix (7.5 pL), and sterile water (5.5 pL). The sample tubes
were placed into the real time rotary analyzer (Rotor-Gene
6000, Corbet Life Science, Australia) with the following
settings: 45 cycles of 4-step PCR (95°C - 5 minutes, 95°C-15
seconds, 59°C - 35 seconds, 72°C - 15 seconds) for both Bax
and B-actin and 45 cycles of 4-step PCR (95°C - 10 minutes,
95°C-15 seconds, 63°C - 35seconds, 72°C - 15seconds) for
Bcl-2. The fold changes in gene expression were calculated
by 222 method.

3.9. Statistical Analyses

All results were presented as the means + standard de-
viation (SD) calculated by Microsoft® Excel 2013. The mean
values were compared, using Student’s t test to compare
the mean differences between 2 groups. P Value less than
0.05 was considered significant.

4. Results

4.1. Preparation and Characterization of EA-Loaded SLNs

The characteristics of twelve formulations are shown
in Table 1. Regarding the higher LC, nanoscale particle size
and narrow polydispersity, the best formulation was com-
posed of 200 mg Precirol, 120 mg Poloxamer, and 5 mg
Tween-80 as surfactants and stabilizer of particulate sys-
tem (F10). The polydispersity index (PDI) of F10 (about 0.28)
suggests a relatively narrow size distribution. Generally,
PDI < 0.5 confirms the monodispersity of nanosized par-
ticles (17). Dynamic light scattering (DLS) graph of opti-
mized formulation (F10) was presented in Figure 1A. The op-
timized formulation (F10) was selected for the rest experi-
ments. The SEM image (Figure 1B) approved that nanoparti-
cles had a near spherical shape and their size were around

100 nm, confirming the results obtained from DLS. Spher-
ical subject had the minimum surface area to volume ra-
tio that might minimize the surface tension between the
lipids and the aqueous phase, thus, leading to thermody-
namic stability (18). Although the observed zeta potential
value (-19.9 mV) (Figure 1C) might help the stability of SLNs
by electrostatic repulsion effect, the effective zeta poten-
tial value was considered to be less than-30 mV and greater
than +30 mV (19).

4.2. EA Release from SLNs

Release behavior of the nanoparticles was studied dur-
ing 72 hours. The results demonstrated a strong initial
burst release of EA in the first several hours followed by a
subsequent prolonged release. The results also revealed
that the percentage of cumulative release of EA were en-
hancing with increase in temperature and decrease in pH
(Figure 1D).

4.3. Cytotoxic Effects of EA and EA-Loaded SLNs

The cytotoxicity of EA and EA-loaded SLNs were exam-
ined for their anti-proliferative activity in human prostate
cancer based on MTT assay. The data analysis of the cyto-
toxicity assay showed that IC50s of EA and EA-loaded SLNs
on PC3 cell line were 82 and 61 M for 48 hours and 65
and 51 uM for 72 hours, respectively (Figure 2). The re-
sult showed that intact EA and EA-loaded SLNs decreased
the growth of PC3 cells in a dose and time dependently
manner. As revealed in graph, in 48 hours and 72 hours,
the greater degree of anti-proliferation was detected for al-
most all doses of EA-loaded SLNs, when compared to EA.
The results showed that blank SLNs exhibited no signifi-
cant toxicity up to 50 uM of equivalent doses of EA. That is
why SLNs are introduced as a biocompatible drug delivery
carrier (20).

4.4. DAPI Staining

Nucleus morphology is a simple factor for determi-
nation of healthy, apoptotic, and necrotic cells. We in-
vestigated the inductions of apoptosis by DAPI staining,
using fluorescent microscopy (Figure 3). The images of
DAPI stained cells showed that EA loaded SLNs (Figure 3D)
induce nucleus condensation or chromatin degradation
more considerably than EA (Figure 3C) at the equal concen-
tration and time treatment. Untreated cells (Figure 3A) and
cells treated with DMSO 5% (Figure 3B) were used as nega-
tive and positive controls, respectively.

Int ] Cancer Manag. 2018; 11(1):e9402.
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Figure 1. A, Size and polydispersity index (PDI) of optimized formulation based on Table 1(F10); B, Scanning electron microscopy (SEM) image of F10; C, Zeta potential distri-
bution of F10; D, Cumulative release of Ellagic acid (EA) from SLNs under a physiological (pH 7.4,37°C) and cancerous tissue (PBS pH 6.5, 40°C) conditions.

4.5. Uptake of SLNs in Cells

In order to approve the uptake of SLNs, cells were in-
cubated 4 hiurs with Rhodamin-loaded SLNs and were an-
alyzed by fluorescence microscopy. As a negative control,
cells were incubated with blank SLNs, separately under the
same experimental conditions. Cells cultured with blank
SLNs showed no fluorescence inside the cells, while an in-
tense red fluorescence was observed inside the cells cul-
tured with Rhodamin-loaded SLNs, conforming to a large
number of Rhodamin-loaded SLNs that were internalized
to cells (Figure 3E).

4.6. Quantitative Real-Time PCR

In order to understand the molecular mechanism, by
which EA induced apoptosis, we analyzed the expression
levels of Bax and Bcl-2 after the treatment of PC3 cells with
EA and EA-loaded SLNs, using qRT-PCR. The level of Bax and
Bcl-2 mRNA were normalized to mRNA level of the uni-
formly expressed housekeeping gene, B-actin, within each
sample (Figure 4). The data showed that the treatment
of PC3 cells with 61 M EA, 61 uM EA-loaded SLNs, 82 M
EA, and 82 uM EA-loaded SLNs caused 1.47, 2.01, 1.89, and

Int ] Cancer Manag. 2018; 11(1):e9402.

2.39 fold increases in the expression level of Bax mRNA,
respectively. The qRT-PCR data demonstrated that treat-
ment of PC3 cells with EA and EA-loaded SLNs causes up-
regulation of Bax mRNA level in dose-dependent manner
and EA loaded in SLN is more effective than EA in this regu-
lation. Although there was a considerable decrease in the
expression of Bcl-2 mRNA levels in all of the treated sam-
ples with EA and EA-loaded SLNs compared to control, the
changes were not statistically significant (P> 0.05).

5. Discussion

Based on the results, loading EA into SLNs could en-
hance the anti-cancer capability of EA against PC3 prostate
cancer cells. Recent studies have shown that EA have po-
tential biological activity. Nevertheless, its low bioavail-
ability and low average individual consumption (around
343 mg EA per year) are great challenges for its beneficial
functions (21). The nanocarriers can increase the bioavail-
ability of poorly bioavailable drugs due to their specialized
uptake mechanism (22). The physicochemical character-
istics of SLNs such as size and drug loading efficiency are
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Figure 2. Cytotoxic effects of Ellagic acid (EA) vs. EA-loaded SLNs in (A) 24 hours, (B) 48 hours, and (C) 72 hours on PC3 cells. The figure illustrates that EA-loaded SLNs are more
anti-proliferative when compared with EA in 48 and 72 hours, but there are no significant difference between 2 groups in 24 hours (P> 0.05). Data are presented as mean +

standard deviation (n=3).

dependent on preparation process and the composition of
SLNs (23). In this study, the characteristics of optimum for-
mulation approve the appropriateness of the preparation
process. The data of this study showed that Tween-80 as
oil phase surfactant could increase the EA encapsulation.
The size of nanoparticles used in a drug delivery system
should be large enough (> 30 nm) to prevent their elim-
ination by renal excretion, but small enough (up to 200
nm)to escape rapidly taken up by the mononuclear phago-
cyte system cells (24). Kind and concentration of emul-
sifier have significant effect in particle size. The higher

concentrations of the emulsifier reduced the surface ten-
sion and facilitated particles dispersion during homoge-
nization (25). The results of the present study showed that
emulsifier (poloxamer) up to 75% of lipid supports the sta-
bility of nanoparticles, but when poloxamer is higher than
this amount, it increases the size of nanoparticles. Zeta po-
tential is another important factor for predicting the sta-
bility of nanoparticles. The high zeta potential value im-
plies high electric surface charge on nanoparticles, which
can lead to strong repulsive forces among nanoparticles
to prevent it from aggregation (26). In contrast, the low

Int ] Cancer Manag. 2018; 11(1):e9402.
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Figure 3. Fluorescentimages of DAPI stained PC3 cells following a 48 hour exposure by (A) untreated, (B) DMSO 5%, (C) 61 «M EAand, (D) 61 tM EA-loaded SLNs. (E) Fluorescence
microscope images of Rhodamine B-loaded SLNs uptake. (The arrows show nuclear condensation)

value of the zeta potential is indicated to display better per-
meability across cell membranes (27). The zeta potential
of selected formulation supports reasonable stability, ei-
ther even it is not too high to afraid from cell membrane.

Int ] Cancer Manag. 2018; 11(1):e9402.

The study of drug release showed fast release in the ini-
tial hours, referring to the presence of drugs on or near
the surface of nanoparticles, and subsequent sustained re-
lease could be caused by the diffusion of drugs inside the
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Figure 4. Effects of EA and EA-loaded SLNs on Bax and Bcl-2 mRNA expression levels
in PC3 cells after 48 hours. EA up-regulate the Bax expression and it is more effective
when loaded in SLNs. This chart shows down-regulation of Bcl2 when treated by EA,
but it is not significant (P> 0.05)

nanoparticles (28). The results of this study verified that
SLNs could be a hopeful drug delivery system for the sus-
tained release of hydrophobic drugs in cancer treatments.
This claim is supported by our cytotoxicity results, which
showed that EA loaded SLNs were more effective than EA
on PC3 cell line. In line with this investigation, Arulmozhi
et al. showed EA encapsulated into chitosan nanoparticles
has significant cytotoxicity against human oral cancer cell
line (KB) in a dose-dependent manner with a very low IC50
value compared to the EA (26). Recently, NF-kB, cyclin D1,
p2icip1/wafl, and p53 have been introduced as molecular
targets, whereby EA caused apoptosis (29). Furthermore,
Malik et al. have shown that EA administered the treat-
ment of prostate cancer that decreases the Bcl-2 protein
level and increases the Bax protein level (30). But, Bcl-2 and
Bax mRNA expression have not been investigated. In the
present study, an apparent increase in Bax mRNA expres-
sion levels was observed when the PC3 cells were treated
with EA and EA-loaded SLNs (Figure 4). The up-regulation
of Bax mRNA level intensified after cell treatment with EA-
loaded SLNs. Bcl-2 and Bax are 2 members of the Bcl-2 fam-
ily, which play converse roles in apoptosis (31). Bax pro-
mote cytochrome c release from the mitochondria, which
eventually leads to apoptosis, but Bcl-2 promotes cell sur-
vival by inhibiting factors, which activate caspases(32). The
results of this study suggest thatloading EA in SLNs make it
more effective than EA in up-regulation of Bax and this reg-
ulation can be one of the molecular mechanisms, through
which EA induces apoptosis in PC3 cells.

In conclusion, loading EA into SLNs makes it more ca-
pable in the prevention of prostate cancer cell growth.
More studies are needed to evaluate the anti-cancer ef-
fect of EA-loaded SLN on animal model, but the results

strengthen our hope that loading EA into SLNs could pos-
sibly overcome the therapeutic limitations of EA and make
it more effective in prostate cancer therapy.
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