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Abstract. Natural products are invaluable resource of anticancer drug discovery. They gener-
ally viewed as safe but weak, within the framework of nanotechnology, they can serve as tem-
plate for potent anticancer drugs. We first evaluated the cytotoxic activity of different propolis
extracts (water, 70% ethanol, absolute ethanol and hexane) in many cancer cell lines, then
the solid nanoparticles from the organic solvent extracts were prepared and their cytotoxic-
ity was evaluated as well. Finally, 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and
1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) liposomes were prepared from the most
cytotoxic organic solvent extract and their cytotoxicity was also evaluated. All results collectively
showed that hexane extract and its solid nanoparticles as well as its liposomal form exhibited
high cytotoxic activity. DPPC/DOPC-hexane extract cytotoxicity selectively depends on the cell
line and DOPC liposomal form was characterized by reduced ICs5y compared with the other
preparations/extracts, the average ICs( value is 165.8 + 3 pg/ml. The antiproliferative activity
of propolis was associated to multiple modes of actions including apoptosis and nitric oxide
production and as indicated by the HPLC and FTIR results, it is functioning in many propolis
ingredients rather than a single component and influenced by the presence of more lipophilic
components within the extract and not by the extract mass yield. These results may have an
impact on the multidrug resistivity issue.
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Introduction

According to the World Health Organization (WHO), in
Africa, up to 80% of the population uses traditional medicine
for primary health care while, in Europe, North America and
other industrialized regions, over 50% of the populations
have used complementary or alternative medicine at least
once (WHO fact sheet N° 134, 2003).

Propolis, a brownish resinous material, is a natural rem-
edy that has been extensively used since ancient Egyptians
to embalm cadavers. By the time, its medicinal properties
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as an antiseptic and cicatrizant in wound treatment and as
mouth disinfectant were recognized. Recently, it is recom-
mended as anti-bacterial, anti-fungal, anti-viral, hepato-
protective and anti-inflammatory component, to increase
the body’s natural resistance to infections and to treat
gastroduodenal ulcers. Nowadays, it is available as capsules
and included in many industries as cosmetics and healthy
food (Dimov et al. 1992; Serkedjieva et al. 1992; Remirez
et al. 1997; Kimoto et al. 1998; Claus et al. 2000; Koo et al.
2000; Vynograd et al. 2000; Rossi et al. 2002; Gonzalez et
al. 2006). It has an anti-neoplastic activity against many
cancer cells and it is also able to inhibit cell division and
protein synthesis (Sudlina et al. 1993; Piantelli et al. 1995;
Shimizu et al. 1999; Galati et al. 2000; Reed 2000; Luo et
al. 2001; Orsolic and Basic 2003; Aso et al. 2004; Chen et
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al. 2004; Kumazawa et al. 2004; Orsolic et al. 2004; Mouse
et al. 2012).

This article screening the potential anti-cancer activity
of propolis, taking into account the possible role of the
employed solvent for the extraction, and focus on the most
potent organic solvent extract where the nanoparticles were
prepared. The mode of action underlying these positive ef-
fects was also considered.

Materials and Methods

Materials

Propolis was obtained from the ministry of agriculture pro-
duction facility at Shoubra El Khema district (Cairo, Egypt)
during April 2014. Four adherent cancer cell lines were uti-
lized in this study, human ovarian adenocarcinoma SKOV3,
Cervical cancer cells (Hela) and breast cancer (MCF-7)
were purchased from the American Type Culture Collec-
tion (Rockville, MD, USA). SKOV3-TR, the taxol resistant
variant of SKOV3, was a kind gift from Dr. Duan Zhenfeng
(MGH, Boston, MA). Cell culture media and supplements
were purchased from Cell-Gro (Kansas City, MO, USA).
Hela, SKOV3 and SKOV3-TR cells were cultured in RPMI
1640 media while MCF-7 was cultured in MEM media. Both
media were supplemented with 10% fetal bovine serum and
1% penicillin, streptomycin, and amphotericin. Cells were
maintained at 37°C in a humidified incubator with 5% CO,,
and were passage according to ATCC protocols. CellTiter-
blue® was purchased from Promega (Madison, WI). All
buffer solution components were analytical grade and the
organic solvents were HPLC grade. DPPC and DOPC were
purchased from Avanti Polar lipids, authentic standards were
obtained from Sigma (Sigma, Sigma, St. Louis, MO, USA).

Methods

Propolis extracts

Four propolis extracts were prepared by suspending 50 g of
propolis powder in 100 ml of: bi-distilled water (Water-EXT),
hexane (Hexane-EXT), absolute ethanol (Ethanol-EXT) and
70% ethanol (Hydroalcohol-EXT) and let to stand for 24 h at
4°C. Then, all preparations were filtered through Whatmann
no.1 filter paper followed by a successive filtration using
sterilized microsyringe filters with diameters 0.8, 0.45 and
0.22 mm to remove any suspended materials. The resulting
supernatants were subjected to dryness using freeze-drying
(Water-EXT) and the rotary evaporator to remove the sol-
vents from the rest of the extracts. Finally, the resulting dried
materials were weighted and taken in a known volume with

the corresponding solvents and kept in 4°C for analysis and
further studies.

Spectroscopic investigations

The structure of the native four extracts was investigated
by UV-Vis spectroscopy in the range 190-500 nm using
thermo-fisher spectrometer where equal concentrations
were used. On the other hand, Fourier transform infrared
spectroscopy (FTIR) was recorded for all extracts using
Nicolet is5 spectrometer (Thermo-fisher). The extracts were
layered on KBr disks and freeze-dried for 30 min. Then
the vibrational characteristics were recorded in the range
4000-400 cm™! with resolution 4 cm™. The spectrometer
was operated under continuous N, purging to reduce the
interference of atmospheric CO, and humidity. All meas-
urements were repeated in triplicate and their representative
average spectrum was plotted using OriginPro software and
shown in the results.

HPLC separation

HPLC analysis was done with Hitachi Elite LaChrome
liquid chromatography equipped with Hitachi autosam-
pler (L-2200) and Diode Array detector (DAD L-2455).
Degassed and previously filtered solvent system consisted
of Acetonitrile (solvent A) and water (solvent B) were em-
ployed for gradient separation which accomplished with
reverse phase stainless steel column (RP C18, Waters) with
dimensions 4.6 x 250 mm and 5 mm particle size at a flow
rate of 1 ml/min for 40 min. The gradient was applied in
a three steps each of them taking 10 min. At the begin-
ning, the gradient was solvent A (100%), the second time
interval, it was 50% of both solvents and at the end it was
pure solvent (B).

Preparation of solid nanoparticles

Separately, aliquots from the three organic solvent extracts
correspond to 5 mg were transferred to a round bottom flask
and the solvent was removed by the rotary evaporator until
complete dryness. The resulting dried film was hydrated
with 5 ml de-ionized water, followed by ultrasonication us-
ing an ultrasonic probe for 3 min where the solution turned
almost clear. The final volume was adjusted so that the final
concentration of nanoparticles was 1 mg/ml.

Preparations of liposomes-loaded propolis extract

Phospholipid liposomes were prepared using 1,2-dipalmi-
toyl-sn-glycero-3-phosphocholine (DPPC) or 1,2-dioleoyl-
sn-glycero-3-phosphocholine (DOPC) by the film hydration
method. Briefly, 5 mg of phospholipids in chloroform was
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transferred to a round-bottom flask and 1 mg of organic
solvent extract was added. The mixture was sonicated for
0.5 min after that the solvent was removed by rotary evapo-
ration under reduced pressure. After complete dryness, the
dried film was hydrated with phosphate buffer saline (pH
7.2). The water bath temperature was adjusted to be just
above the phase transition temperature of the selected
phospholipid.

Particle size distribution and zeta potential measurements

The particle size was measured by the dynamic light scat-
tering using ZetaPALS system (Brookhaven Instruments
Corporation, Holtville, NY, USA) at 90° light scattering and
the temperature was maintained at 25°C, in a disposable cell
by diluting 50 pl of nanopreparation to 5 ml with de-ionized
water. Surface charge of the nanopreparations was measured
with the same Zeta PALS system in de-ionized water and was
monitored for three months.

Cell viability assays

Cells were seeded in 96-multi-well plates at a density of
3000-5000 cell/well, depending on the cell line for 24 h in
serum complete media. The media were removed and cells
were washed with 200 pl serum complete media. After add-
ing 200 pl of the medium, the plant extract or nanoprepara-
tions were added (100 pl) and the plates were continuously
incubated for 48 h. The culture medium was discarded and
the remaining of the tested material was removed by thor-
ough washing with fresh media. Cells were trypsinized,
counted and the survival rate was determined by celltitre
blue® protocol according to the manufacture’s procedure
(Promega, Madison, WI). The fluorescence (excitation
530 nm, emission 590 nm) was measured using a Synergy
HT multi-detection microplate reader (Biotek, Winooski,
VT). The treatment was carried out in triplicate and at least
3 different assays.

Apoptotic activity

Apoptotic activity was determined by flow cytometry (BD
FACSCalibur, BD BioSciences, CA, USA) and the apoptotic
detection system; Annexin V-FTIC:PI (Sigma, St. Louis,
MO, USA). The resulted data were acquired and analyzed
by the provided software (BD FACSComp). The cells were
seeded in 6-well plates with a density 200,000 cell/well and
allowed to attach for 24 h. After discarding the media, cells
were supplied with fresh media and continuously treated
with the half maximal inhibitory concentration (ICsg) of
the tested materials as predetermined from the cytotox-
icity measurement for 48 h. At the end of the treatment,
cells were detached by trypsin and centrifuged for 5 min at

1400 rpm. Then, the medium was discarded and the cells
washed twice with cold PBS. Annexin V-FTIC (5 ul/well)
and PI (10 pl/well) were added and incubated for 10 min
at room temperature.

Nitric oxide

Intracellular nitric oxide was measured in living cells under
physiological conditions by nitric oxide synthase kit (Sigma,
St. Louis, MO, USA). The detection system utilizes a cell-
permeable diacetate derivative of 4,5-diaminofluorescein
(DAF-2 DA). DAF-2 DA penetrates cells rapidly, where it is
hydrolyzed by intracellular esterase activity to DAF-2 that,
in turn, reacts with NO produced by nitric synthase to form
a fluorescent triazolofluorescein. The resulted fluorescence
(excitation: 490 nm and emission: 520 nm) was detected
by the plate reader (Kojima et al. 1998; Navarro-Antolin
and Lamas 2001). The cells were seeded in black bottom
96-well plates at a density of 50,000 cell/well and allowed to
attach for 24 h. After treatment with the ICs of the tested
materials for 48 h, nitric oxide was detected according to the
manufacture’s procedure.

Data analysis

Experiments are reported as mean + SD and were gener-
ated in multiples of triplicate for proper statistical evalua-
tion. Comparisons between two groups were made using
Student’s t-test and the significance level was determined
by a p-value < 0.05. Spectral analysis was carried out with
OriginPro software (Origin 2015, OriginLabcorporation,
MA, USA).

Results

Extraction yield

The extraction yield (mass of extract/mass of dried material)
percentage indicates that absolute ethanol was associated
with the highest yield percentage (35.7%) followed by the
hydroalcohol solvent (23.7%). For hexane extract it was 5.1%
and for water extract it was 3%.

Characterization of propolis extracts

UV spectra

The UV-VIS spectra of all propolis extracts (Figure 1)
showed strong absorption in the range 270-290 nm. Water
extract showed one peak at 278 nm suggesting one principal
compound or group of closely related compounds. Both
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Figure 1. Characteristic UV-VIS spectra of propolis extracts.

hydroalcohol (70% ethanol) and ethanol extracts were char-
acterized by two absorption peaks at 270, 290 and shoulder
at 365 nm, reflecting the possibility of three compounds/
groups. On the other hand, hexane extract showed a broad
absorption peak that covers the range 270-290 nm.

Infrared spectroscopy

The characteristic infrared spectra of dried-water based
extract and the other three solvent extracts ~hydroalcoholic
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Figure 2. Typical FTIR spectra of propolis extracts.
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Figure 3. HPLC chromatographic elution pattern of different
propolis extracts.

(70 % ethanol), ethanol and hexane - are given in Figure 2.
The hexane extract shows a remarkable structural differences
relative to the other three extracts with reduced absorption
intensity in the hydroxyl peak (4000-3000 cm™!), increased
absorption intensity in the stretching vibration of methyl
and methylene CH (3000-2800 cm™') and in the absorp-
tion peak that detected around 1710 cm™! (carbonyl bond).
These absorption characteristics are typical for lipophilic
components.

HPLC results

Figure 3 shows the gradient-chromatographic profile for
all propolis extracts at 280 nm. The number of the major
fractions observed in the separating profiles was 8, 7, 5 and
2 for ethanol, hydroalcohol, hexane and water extracts,
respectively. The HPLC chromatograms also indicated that
hexane extract is characterized by the strong peak height for
the separated component with retention time (r) of 26.2 and
26.5 min as well as detectable component at r; of 30.6 min.
For the ethanol and hydroalcohol extracts, the same separat-
ing pattern could be noticed except for those components
with r of 16.5, 22.1, 24.2 and 25.1 min. On the other hand,
water extract showed only two components/groups with ry
of 15.5 and 15.8 min. The elution pattern of the authentic
standards (Figure 4) showed that gallic acid eluted in the
ACN phase (0-10 min), while the rest of the standards were
observed in the 50% mobile phase (11-21 min) and, none of
the standards were eluted in the water phase (22-32 min).

Particle size and zeta potential measurements

The mean particle size obtained for the solid nanoparticles
(NP) was 296.5 + 2.7, 195.9 + 3.2 and 244.6 + 4.6 nm cor-



Cytotoxicity of propolis nanopreparations in cancer cells

105

100%ACN _ 50:50% Waterr ACN 100 % Water

Ferulic acid

m (AU)

Rutin trihydrate

Methyl 4—Hvdm%henzoate
lyricetin

Vanillic acid
Gallicacid

o o e o e b

3 14 16 I8 20 23 24 26 28 30 32 34 36 38 4

Minutes

Figure 4. HPLC display of chromatographic elution pattern for
phenolic standards.

responding to hydroalcohol-EXT-NP, hexane-EXT-NP and
ethanol-EXT-NP. The liposomal forms of either DPPC or
DOPC that containing hexane extract was characterized
by a significantly reduced particle size compared to the NP
forms; the mean particle size of the DPPC-hexane-EXT
liposomes was 125.6 + 1.0 nm while that of DOPC-hexane-
EXT was 98 + 1.8 nm. On the other hand and during the
three months follow up period, a large negative zeta potential
was found for all nanopreparations with a magnitude of
-44 +2.8,-55+3.7,-40 £ 6.2, -26 + 4.2 and -20 £ 2.9 mv
that corresponds to ethanol-EXT-NP, hexane-EXT-NP,

hydroalcohol-EXT-NP, DPPC-hexane-EXT and DOPC-
hexane-EXT, respectively.

Cytotoxicity of propolis extracts and nanopreparations

The screening results of the cytotoxic activity of all propolis
extracts are shown in Figures 5 and 6. All extracts were
characterized by a remarkable cytotxicity in all cell lines.
The cytotoxic activity of hexane extract was strongest with
ICsg of 232.7 £ 3.7, 176.7 + 2.9, 184.7 + 3.8 and 197.1
4.6 pg/ml for MCF-7, Hela cells, SKOV3-sens and SKOV3-
TR, respectively. Hela cells are the most sensitive cell line
for hexane and hydroalcohol extracts with initial effective
concentration of 1.3 + 1.0 pug/ml.

The cytotoxic activity of solid nanoparticles (NP) pre-
pared from organic solvents-containing extracts (Figures
5 and 6) indicate that all cell lines were sensitive to these
nanoparticles (but Hela cells for ethanol-EXT-NP), with
the hexane NP most effective. The IC5( for hexane-EXT-NP
is 222.4 £2.3,215.7 + 7.3, 181.2 + 3.9 and 140.5 £ 5.5 pg/
ml corresponds to MCF-7, Hela cells, SKOV3 sensitive and
drug-resistive, respectively. On the other hand, DPPC and
DOPC liposomes containing hexane extracts were character-
ized by fluctuated cytotoxicity that depends on the cell line.
Hela cells are not sensitive to both liposomal forms. MCE-7
showed some positive results against both liposomal forms
with first effective concentration of 333.3 ug/ml. The other
two cell lines (SkOV3 sensitive and resistive) were greatly
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affected with an average ICs( of 224.7 pg/ml for DPPC-
hexane-EXT and 166.7 pg/ml for DOPC-hexane-EXT and,
first effective concentration of 1.3 ug/ml for both liposomal
forms. Table 1 summarizes the ICs for all extracts and
nanopreparations.

Apoptotic activity of Propolis extracts and nanoparticles

After treatment with the ICs of different hexane extract/
preparations for 48 h, their apoptotic activities were deter-
mined by the annexinV-PI Apoptosis Kit (Figure 7). The

Table 1. The IC5 (ug/ml) for propolis extracts and nanopreparations
nanopreparations

50 100 150 200 250 300 350 cells and its taxol resistive

variant (SKOV3-TR).

lower left quadrant (LL) represents the viable cells (live cells,
Annexin-PI-), the lower right quadrant (LR) shows the early
apoptotic cells (Annexin+PI-). The upper right quadrant
(UR) reflects the percentage of dead cells (late apoptosis/
necrotic cells, Annexin+PI+) while, the upper left one (UL)
indicates necrotic cells (annexin-PI+). The results showed
that the percentage of dead cells (UR) is higher in SKOV3
sensitive and drug-resistive cells when treated by all hexane
preparations; this was associated with an obvious increase
in the percentage of necrotic cells (UL) as a result of DPPC-
hexane-EXT treatment. Comparing the apoptotic activity

as determined in different cancer cell lines and the particle size of

MCE-7 Hela cells SKOV3-sens SKOV3-TR Particle size (nm)
Water-EXT N.A 283.2+3.8 2358 £6.4 257 +59 -
Hydroalcohol-EXT 302+ 6.8 1854 +£2.6 235.6 £4.9 233.1+7.8 -
Hexane-EXT 232.7+£3.7 176.7 £ 2.9 184.7 £ 3.8 197.1 £4.6 -
Ethanol-EXT 330.5+5.1 209.3 £ 4.6 235.9£6.6 241.8 £4.7 -
hydroalcohol-EXT-NP 285.4+6.9 N.A 333.9+94 244 +7.2 296.5+2.7
hexane-EXT-NP 2224+2.3 215.7+7.3 181.2+3.9 140.5 £ 5.5 1959+ 3.2
ethanol-EXT-NP N.A N.A 280.3 +4.8 3222+7.9 244.6 £4.6
DPPC-hexane-EXT 333.3+6.1 N.A 170.1 £ 3.3 170.8 £ 6 125.6 £2.0
DOPC-hexane-EXT N.E N.E 1679 £4.8 165.7 £5.3 98 + 1.8

N.A., not achieved; N.E., non-effective preparation.
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Annexin V

of the four cell lines, Hela cells showed less percentage.
This apoptotic activity can be ordered as SKOV3 (sensitive
and drug resistive) > MCF-7 > Hela cells. Interestingly, the
DPPC liposomal form of the hexane extract does not show
any apoptotic activity in Hela cells. Table 2 summarizes the
details of the quadrants for all cancer cell lines.

Nitric Oxide (NO)

NO is a key player in several biological processes. The nitric
oxide detection system enables the detection of produced ni-
tric oxide (NO) in living cells under physiological conditions
via nitric oxide synthase activity (iNOS). The histograms in
Figure 8 show the increase in NO production in all included
cancer cell lines expressed as percentage increase relative to
the corresponding control cells. Exposing the MCF-7 cells
to hexane extract/nanopreparations was associated with the
highest production level of NO in particular the hexane solid

preparations displayed for
all cancer cell monolayers.

nanoparticles. The production of NO as a function of the
included cell lines can be ordered as MCF-7 > SKOV3-TR
> SKOV3-sens> Hela cells.

Discussion

Systemic administration of chemotherapeutic drugs and/or
radiotherapy affects both cancerous cells as well as healthy
ones. Therefore, plants still represent an important source
in the development of drugs that are characterized by ef-
fective anti-cancer activity, non-expensive and undesirable
side effects.

The UV-spectra of phenolic compounds and flavonoids
typically lie in the range 230-290 nm and corresponds to
n- 0 electrons in the benzene ring. The shoulder observed
at 365 nm corresponds to the transfer of ni- 71" electrons in
the secondary aromatic ring (B-ring) and chroman ring

Table 2. Apoptotic activity percentages of hexane extract and its nanopreparations in different cancer cell monolayers.

MCEF-7 Hela cell SKOV3-sens SKOV3-TR
Apoptotic Dead Necrotic | Apoptotic Dead Necrotic | Apoptotic Dead Necrotic | Apoptotic Dead Necrotic
Hexane-EXT 2213 17.65 0.85 5.56 8.13 0.29 13.28  58.12  0.99 18.63 5534 0.56
Hexane-EXT-NP 23.04 1948 0.57 6.69 10.34  0.87 16.63  54.04 0.67 2194 5131 043
DPPC-Hexane-EXT | 25.78 16.37 0.35 Not effective 0.24 65.52  32.68 0.27 68.57 29.38
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Figure 8. Percentage increase in nitric oxide production resulted
from exposing cancer cell monolayers to the ICs( of hexane-EXT/
nanopreparations.

(C-ring) of polyphenolic compounds (Sisa et al. 2010;
Masek et al. 2014). Based on these spectral characteristics,
Water-EXT (Apax 280 nm) mainly contains benzoyl system
(Sisa et al. 2010). Hexane-EXT showed broad UV band
(270-290 nm) that reflect all the previously mentioned
structural characteristics in addition to the keto-hydroxyl
tautomerism compound (Masek et al. 2014).

The FTIR spectroscopic investigation revealed differ-
ent band characteristics that were associated to various
functional compounds in the extracts. For the Water-EXT,
hydroxyl band (OH) indicates the presence of phenols and
alcohols. The presence of the broad C-O band around 1045
cm ™! reflects the presence of alcohols, carboxylic acids, esters
and ethers (Liu et al. 2006; Deepa et al. 2014). Accordingly,
the Water-EXT is characterized by the presence of higher
phenols/carbohydrates content as compared with the other
organic extracts. On the other hand, the hydroalcohol-EXT
and Ethanol-EXT showed more phenolic compounds. The
Hexane-EXT characteristic spectrum indicates higher lipo-
phillic compounds. On the other hand, the HPLC chroma-
togram (Figure 4) clearly reflect the chemical composition
complexity of propolis, and the simplest chromatogram was
that of Water-EXT. Interestingly, the unidentified bands that
have r¢ between 22 and 32 min can be directly associated
with the antitumor activity in particular those for Hexane-
EXT (ry: 26.2,26.5 and 30.6 min). These constituents may be
due to phenolic derivatives. The spectrophotometric results
together with the HPLC chromatograms clearly showed that
the antitumor activity of propolis extracts is functioning in
many propolis constituents rather than a single component
as previously mentioned by Serkedjieva et al. (1992) and

Figure 9. The impact of particle size variation on the ICs, of
propolis nanopreparations.

Rossi et al. (2002), and that the lipophilic constituents has an
influential and effective role in the ability to kill cancer cells.

All extracts exerts significant cytotoxicity, this cytotoxicity
was greatly enhanced with the solid nanoparticles in particu-
lar the hexane one and it was found to be dose-dependent
and not cell-specific. Although the DOPC liposomal form
of the hexane extracts turned to be the potentially effective
preparation in inhibiting and killing the cancer cells, the
cytotoxicity of both DPPC and DOPC-hexane-EXT was cell
specific, and the structural differences of both phospholipids
and accordingly in their physical characteristics did not affect
this activity. On the other hand, SKOV3 (sensitive and drug
resistive) cells were sensitive to all propolis preparations and
the liposomal forms treatment was associated with the lowest
and statistically significant ICs.

NO, a free radical and signaling molecule, in one hand is
involved in many normal cell physiological functions and in
the other hand, it is implicated in the etiology and prognosis
of many diseases that include cancers and metastasis which
are responsible for a high cancer mortality deaths. It is known
that it can inhibit cell proliferation and induces apoptosis
in high concentrations. Increased NO production has been
reported in breast cancer cells treated with various apoptotic
agents and peptide hormones (Bani et al. 1995; Reveneauet
al. 1999; Tschugguel et al. 1999). Our results indicate that
the higher rate of NO production (Figure 8) was detected in
the breast cancer cell line MCEF-7. For the ovarian cancer cell
lines (SKOV3) this rate was reduced while in the Hela cells
it was the least. Regarding the apoptotic activity of propolis
which contradicts these findings, it is clear that propolis
apototic activity is NO-independent and propolis hexane
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extract and its nanopreparations might have enhancing ef-
fects on iNOS gene which may lead to enhancing production
of NO. The production of NO due to propolis preparations
treatment obviously depends on the cancer phenotype.

Nanoscale particles are used to increase the cellular uptake
and hence enhance the cellular cytotoxicity. The interplay
between the variation in particle size of the involved nano-
preparations and the cellular cytotoxicity in all cancer cell
lines (Figure 9) was not followed by improvement in the ICsj.
It is well known that zeta potential has been used to char-
acterize the stability of the colloidal drug delivery systems;
as the magnitude of the zeta potential increases, repulsion
between particles will be greater and leading to more stable
preparation (Chibowski and Szczes 2016). It is clear from
the zeta potential measurements that all nanopreparations
involved in this study are stable. During the three months
follow up period, the observed differences in the measured
zeta potential between propolis extract nanoparticles, in
particularly hexane-EXT-NP, and its liposomal forms turn
the NP to be more recommended.

Conclusion

Hexane-EXT-NP was found to be effective against all cancer
cell lines included in the study and has an average ICs, of
189.9 + 37.6 ug/ml, and its cytotoxicity is superior compared
with its liposomal forms. All results collectively suggest that
propolis extracts/nanoparticles kill cancer cells by a process
that involves apoptosis and nitric oxide production, and
mass necrosis was associated to DPPC-hexane-EXT in both
SKOV3 cell lines. This multimode of action may have an
impact on the drug-resistivity problem and a propolis life-
style diet is recommended.
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