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Keywords: ABSTRACT: Formulating the essential oils with the chemotherapeutic
agents in nanocarrier may develop a potent effect on the cancer cells. A
nanoemulsion consisting of the camphor oil (CAM-NE) and Ifosfamide
(IFO)-loaded in CAM-NE (CAM-IFO) were physically characterized by
the zetasizer and evaluated for in-vitro antiproliferative activity against
MCF-7 breast and HelLa cervical cancer cell lines. The cell growth
inhibition, cell morphological changes, and apoptosis of the cancer cells,
subjected into the CAM-NE, CAM-IFO and the free-drug (IFO), were
examined by the MTT assay, light microscopy, and DAPI stain,
respectively. It has been found that the dispersed nanodroplets of CAM-
NE had mean particle diameter and zeta potential of 34.975 £ 9.35 nm
and -13.75 = 1.06 mV, respectively, which had got enlarged to 96.235 *
9.00 nm and -22.00 + 0.49 mV, respectively, when IFO was incorporated
(CAM-IFO). The results of the cell growth inhibition and cellular uptake
have demonstrated that CAM-IFO has the highest cytotoxic effect on
both tested cells when compared with CAM-NE and IFO. These findings
suggest that the combination therapy of IFO with NE-based CAM oil has
potential anticancer activity.
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INTRODUCTION: Ifosfamide

chemotherapeutic agent used in the treatment of a
variety of pediatric tumors, especially sarcomas, is
usually combined with some different agents such
as vincristine, actinomycin or doxorubicin.
Although it is considered to be an analog of
cyclophosphamide, IFO appears to have a specific

activity in some tumor types, for example,
rhabdomyosarcoma *.
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= 261 g/mol) hasp Ka less than 2.5 with basic
characters and log P 1.68. # 3 IFO, belongs to the
Biopharmaceutics Classification System (BCS)
Class Il drug, has a water solubility about 100
mg/ml with a melting point of 40 °C and noticeable
hygroscopic properties *. IFO drug undergoes
hydroxylation at the oxazaphosphorine ring’s
carbon-4 position to become activated in the liver
through the cytochrome P450 (CYP3A4 and
CYP2B6) enzymatic system yielding cytotoxic
agent called IFO mustards that alkylates DNA at
the guanosine’s N-7 position *,

The most serious complications associated with the
administration of IFO are mainly neurotoxicity and
nephrotoxicity which result from the formation of
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IFO metabolite chloroacetaldehyde *. Several
previous studies have attempted to incorporate IFO
into different nanocarriers with the aim to enhance
its stability, cellular uptake and permeability to
improve its therapeutic efficacy. IFO was
formulated in nanostructured lipid nanoparticles,
span 80 nanovesicles, self-assembled polymeric
nanoparticles, solid-lipid nanoparticle, and self-
micro emulsifying drug delivery systems > 759, In
the current study, we have proposed a new
nanoemulsion (NE) formulation that promotes the
combination between the essential oil, camphor
(CAM), and IFO with the aim to potentiate the
IFO’s toxicity on cancer cells and eliminate its
adverse side effects.

IFO can't be administrated for human orally due to
the neurotoxicity. It is only available for human
intravenously which is also associated with
nephrotoxicity *. CAM oil was involved in
formulating microemulsion and NE * ** to deliver
many hydrophobic drugs. Few animal studies have
demonstrated the CAM potential in the treatment of
cancer. However, many studies elaborated the
beneficial properties of CAM which included the
improvement of immune function, enhancement of
enzymatic breakdown of carcinogens and the
igcreased susceptibility of cancer cells to radiation

Moreover, previous studies showed that
encapsulation of essential oils into emulsion due to
the hydrophobic nature of oil leads to higher
solubility and dispersibility in aqueous media
besides the reduction of the organoleptic
(hydrophobic) properties in the food systems *°. It
has been demonstrated that NE systems increased
the retention of the drug in the body by increasing
the drug release and reducing clearance and volume
of distribution and hence enhanced the
bioavailability and reduced the amount of the drug
required for the therapeutic action ** *> 1% 7 The
objective of the current study was to formulate IFO
in NE-based CAM oil and to assess its anticancer
activity in the MCF-7 breast cancer cells and HelLa
cervical cancer cells.

MATERIALS AND METHODS:

Chemicals and Subjects: The 3 (4, 5 dimethyl
thiazole-2-yl) -2, 5-diphenyltetrazolium bromide
(MTT) and Coomassie brilliant blue were obtained
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from Biomatik (Ontario, Canada). All of the
required tissue culture chemicals were supplied by
Lonza Walkersville (USA). The 4', 6-diamidino-2-
phenylindole (DAPI) dihydrochloride was obtained
from Invitrogen Life Technologies (New York,
US). IFO was purchased from Baxter, US. Span 20
and tween 80 were obtained from Sigma (Missouri,
US). The human cervical cancer cell line (HeLa),
human breast adenocarcinoma cell line (MCF-7)
were procured from the American Type Tissue
Culture Collection (Manassas, VA, USA).

Formation of the NEs Using the Phase Diagram:
To prepare the NEs, it is necessary to construct a
pseudo-ternary phase diagram at different weight
fractions of CAM oil, water, and a surfactant
mixture blended at a fixed ratio of 2:1 of tween 80
to span 20, respectively. The tween 80 and span 20
are nonionic surfactants that enhance solubilization
when combined with oils *2. Previously found that
surfactant mixture of tween 80 and span 20 provide
higher water solubilization ** and tween 80 makes
the nanoparticles most stably dispersed in aqueous
solutions with preventing aggregation %°.

The phase diagram reveals the emulsion (EM)
regions at which the resulted formula may get
converted to NE. The oil-in-water (O/W) NE
formulas (CAM-NE ) were produced by selecting
one of the formed EM formulas, which consisted of
5.5% (w/w) surfactant mixture, 1.8% (w/w) CAM
oil and 92.7% (wt/wt) water, followed by vortexing
and heating at 70 °C until it becomes clear and
transparent. The stock solutions of 19 mM of IFO
(5 mg IFO/ml distilled water) and CAM-IFO (5mg
IFO/ml CAM-NE) were prepared by directly
dissolving IFO in the desired solution. Then, serial
dilutions of the stock solution were produced by
using culture media to prepare the required
concentration.

Determination of the Particle Size and Charge
of the NE Droplets: The sizes and charges of the
NE droplets, represented by z-average diameters
and zeta potentials, respectively, were measured by
Zeta Sizer (Malvern Instruments, Malvern, UK).
Measurements were implemented at 25 °C.

Cell Culture: MCF-7 and HeLa cells were seeded
in a 25 cm® cell culture flask, containing
Dulbecco's modified Eagle medium (DMEM), 10%
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(v/iv) fetal bovine serum (FBS) and 1% (v/v)
penicillin-streptomycin, and incubated in a 5%
COy/ 95% humidified atmosphere at 37 °C. The
media were changed every 48 h until confluence
followed by washing with 2 ml of phosphate
buffered saline (PBS, pH7, 10mM), detachment by
adding 2 ml of trypsin, and incubation at 37 °C.

MTT Assay for Toxicity Detection of NEs on the
Cancer Cells: In each well of a 96-well plate, 100
ul of 10,000 cells seeded in the culture media were
incubated overnight at 37 °C in a CO; incubator for
cell attachment. Then, cells were subjected to 100
ul of the tested formulas and kept in a CO;
incubator at 37 °C. The toxic amounts of CAM-NE
and CAM-IFO formula were in the range between
26 to 261 pg/ml, while the IFO amounts were in
the range between 700 to 3100 pg/ml. After 24h of
incubation, a 5 pul of MTT reagent was inserted
with gentle mixing into each well and left for 3 to
4h at 37 °C in a CO, incubator.

After the removal of the supernatant, a 100 pl of
dimethyl sulfoxide (DMSO) was added and kept
for 2h. The Absorbance (Abs) of the treated cells
was read at 570 nm using a microplate reader
(BioTek, US). Wells, included culture media, were
considered negative control while culture media
containing cells served as a positive control. The
following equation determined the percentages of
cell viabilities:

Cell viability (%) = Abs of treated cells — Abs of negative cell
/ Abs of positive cell - Abs of negative cell x 100

Light Microscopy for the Visualization of the
Cell Death: The phase contrast inverted
microscope (Olympus 1X51, Japan) was utilized to
detect the signs of apoptosis and necrosis in the
treated HeLa and MCF-7 cells. 100 pl of the
growth media containing 10,000 cells, subjected
into 100 pl of the tested formulas, were seeded into
each well of 96-well plate. After 24 h incubation in
a CO; incubator at 37 °C, cells were washed twice
with 100 ul of PBS followed by fixation through
the addition of 100 pl of 4% formaldehyde for 5
min. After the removal of the fixation solution,
cells were washed with 100 ul of PBS and stained
with 100 pl of 10% Coomassie blue for 10 min.
Following the removal of the stain, cells were
washed with 100 pl of distilled water twice and left
to dry at 25 °C.
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DAPI Stain for the Detection of Apoptosis:
DAPI penetrates the cells and gets attached into the
nucleus due to the interactions with A-T rich
regions in DNA to give an intense blue fluorescent
dye. 5 x 10* cells per 500 pl of growth media were
cultured in each well of 24 well-plates and
subjected into 500 ul of the tested formula.
Following 24 h incubation in a CO; incubator at
37°C, cells were inserted with 300ul of PBS, fixed
by 200 ul of formaldehyde and stained with 300 pl
of 300 nM of DAPI solution. Following incubation
for 1-5 min at 25 °C, cells were visualized with the
inverted fluorescent microscope (Leica CRT6000,
Germany). Image J 1.43 n software (Rasband,
W.S., Image J, National Institutes of Health, US)
was utilized to measure the percentages of
fluorescent intensity.

Statistical Analysis: The differences between the
samples were identified statistically by using one-
way analysis of variance (ANOVA) (MegaStat,
version 10.3, Butler University, Indianapolis, IN).
The differences were considered when P-value
<0.05.

RESULTS:

Formulation and Physical Characterization of
the CAM-NE and CAM-IFO: As shown in Fig. 1,
the phase diagram was constructed at different
weight fractions of water, CAM oil and tween 80/
span 20 to determine the one-phase emulsion
region that might be converted into CAM-NE. On
the left of the phase diagram, a two-phase region on
the bottom was slightly larger than the three-phase
region while the one-phase region was located on
the top of the phase diagram.

FIG. 1: PSEUDO TERNARY PHASE DIAGRAM
CONSTRUCTED BY DIFFERENT WEIGHT FRACTIONS
OF WATER, CAMPHOR (CAM) OIL AND A CONSTANT
RATIO OF 2:1 OF TWEEN 80 \ SPAN 20. Em: emulsion;
O/W: oil-in-water; W/O: water-in-oil and NE: nanoemulsions
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TABLE 1: ZETA SIZER MEASUREMENTS OF THE
PRODUCED NES FORMULAS

Formula Zeta Potential z-Average
(mV) Diameter (nm)
CAM NE -13.75£1.06 34.975+£9.35
CAM IFO  -22.00 +0.49™" 96.235+9.007"

FEF

The differences between CAM-NE and CAM-IFO in zeta
potential and z-average diameter were highly significant (P <
0.001, measured by the independent t-test)

In the one-phase (O/W emulsion) region, the
formula, consisting of the weight fractions of 4%
surfactant, 1.5% co-surfactant, 1.8% LEM or SAL
oil and 92.7% water, was transformed into
transparent CAM-NE when subjected into further
heating (>70 °C) and vortexing for one hour. The
CAM-IFO was produced by directly solubilizing
5mg of IFO in ImLCAM-NE. As exhibited in
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Table 1, the physical properties of the CAM-NE
and CAM-IFO were identified by the zeta sizer.
Both of the magnitudes of the negatively charged
zeta potential and z-average diameter of CAM-NE
have markedly enhanced when loaded with IFO
(CAM-IFO).

Cell Growth Inhibition: The anti-proliferative
effects of CAM-NE, CAM-IFO, and IFO formulas
were performed in MCF-7 and Hela cells using
MTT assay at various concentrations for 24 h. As
shown in Fig. 2A and 3A, the cell growth
inhibition in both cells, subjected to the CAM-IFO,
exhibited a significant increase when compared
with the CAM-NE and the IFO. In particular, the
ICs0’s of the CAM-IFO was the least, but it was the
maximum for the free IFO in both cells.
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FIG. 2: (A) MTT ASSAY DETERMINATION OF THE PERCE

.
4

TAGES OF MCF-7 CELLS GROWTH INHIBITION

SUBJECTED INTO THE TESTED FORMULAS FOR 24 h AT DIFFERENT CONCENTRATIONS OF CAM-NE, CAM-
IFO, AND IFO. (B) LIGHT MICROSCOPY IMAGES OF THE UNTREATED MCF-7 CELLS (CONTROL) AND THE
TREATED MCF-7 CELLS WITH THE ICs’s OF 2400, 91.1 AND 67.0 pg/ml FOR IFO, CAM-NE, AND CAM-IFO,
RESPECTIVELY. Error bars display the standard deviation; P-values were measured by the independent t-test; * p<0.05; **
0.001<P<0.05. Images were magnified at 400X. Purple, orange, pink, green and red arrows represent membrane blebbing, chromatin
condensation, cellular membrane integrity, vesicles, and ghost cell, respectively.
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Cell Morphology of MCF-7 and HelLa Cells: To
examine the morphological changes of the HelLa
and MCF-7 cells subjected to the ICsq’s of the free
IFO, CAM-NE, and CAM-IFO, the light
microscopy images were utilized as exhibited in
Fig. 2B and 3B. The MCF-7 cells have endured
cell membrane shrinkages with chromatin
condensation when treated with free IFO Fig. 2B.
In contrast, there were obvious changes in the cells
treated with the two NE formulas. CAM-NE treated
cells revealed apparent late signs of apoptosis such
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as loss of cellular membrane integrity and
stimulation of vesicle formation while some of the
CAM- IFO treated cells were completely killed and
appeared as ghost cells. According to the light
microscopy images of the HeLa cells Fig. 3B,
irregular cell shape and membrane blebbing were
seen when free IFO was applied into the cells. On
the other hand, cells treated with CAM-NE and
CAM-IFO has exhibited the formation of vesicles
and enlargement in their size.

*
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FIG 3: (A) MTT ASSAY DETERMINATION OF THE PERCENTAGES OF HeLa CELLS GROWTH INHIBITION
SUBJECT INTO THE TESTED FORMULAS FOR 24 h AT DIFFERENT CONCENTRATIONS OF CAM-NE, CAM-IFO,
AND IFO. (B) LIGHT MICROSCOPY IMAGES OF THE UNTREATED HeLa CELLS (CONTROL) AND THE TREATED
HELA CELLS WITH THE ICs’s OF 2000, 54.38 AND 36.90 png/ml FOR IFO, CAM-NE, AND CAM-IFO, RESPECTIVELY.
Error bars display the standard deviation; P-values were measured by the independent t-test; * P<0.05; ** 0.001<P<0.05. Images were
magnified at 400X. Purple, red and oranges arrows represent membrane blebbing, vesicles and cell enlargement, respectively.

Nuclear Morphology Changes: To evaluate the
apoptotic effects of the tested formulas on the
cellular nuclei at different concentration following
24 h incubation, MCF-7 and HeLa cells were
stained with DAPI. In general, it has been found
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that as the tested formula concentration increased
the nuclear staining of the desired cells, expressed
as the % of cellular uptake, decreased indicating
that the chromatids have got fragmented Fig. 4A
and 5A. The maximum effect on the cellular uptake
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was noticed when the cells were treated with CAM-
IFO while the least effect was observed in the cells
treated with the free IFO. As displayed in Fig. 4B,
the nuclear size of the MCF-7 cells treated with
ICs0’s of CAM-NE and CAM-IFO have got
decreased and condensed when compared with the
nuclei of the cells treated with the 1Csy of the free
IFO. In contrast, the shape of the nuclei of the
HelLa cells subjected into the 1Csy’s of CAM-IFO
and CAM-NE have magnificently enlarged and
fluoresced when compared to the cells subjected
into the ICx of the free IFO Fig. 5B.

DISCUSSION: Essential oils as an antitumor
agent have been investigated recently since they
have many beneficial properties such as anti-
proliferation, anti-inflammatory, and antimicrobial
activity. Essential oils have a permeable cell
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membrane and act on various cellular targets
involved in different pathways. ESSOs increase
levels of intracellular reactive oxygen species and
reactive nitrogen species which results in impeding
cancer cell proliferation and metastasis leading to
apoptosis in cancer cells. Also, downregulation/
corresponding up of different significant
biomolecules, as well as related genes, is caused by
inhibition of Akt, mTOR and mitogen-activated
protein kinase (MAPK) pathways at various steps.

Furthermore, ESSOs induce apoptosis pathway
through interfering with several steps in apoptosis
pathway in cancer cells 2 %* % 2% 2 20 Racent
studies have also elaborated the antitumor activity
of NE-based essential oils in Ehrlich ascites
bearing mice 2" %8 230
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FIG. 4: DAPI NUCLEAR STAINING OF MCF-7 CELLS SUBJECTED INTO THE TESTED FORMULAS FOR 24 h.
(A) Graphs showing the percentages of cellular uptake, measured from the cellular fluorescent intensities using Image J 1.43 n,
at different concentrations of the tested formulas. P-values were measured by the independent t-test. (B) Fluorescent microscopy
images of MCF-7 cells treated with the ICs;’s of the tested formulas at magnification 20 x (Scale bar = 20 yum).
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FIG. 5: DAPI NUCLEAR STAINING OF HeLa CELLS SUBJECTED INTO THE TESTED F

v e

ORMULAS FOR 24 h.

(A) Graphs showing the percentages of cellular uptake, measured from the cellular fluorescent intensities using ImageJ 1.43 n,
at different concentrations of the tested formulas. P-values were measured by the independent t-test. (B) Fluorescent microscopy
images of HeLa cells treated with the 1Csy’s of the tested formulas at magnification 20 x (Scale bar = 20 um)

The present study has introduced the formulation of
IFO in NE-based CAM oil by blending different
weight fractions of 1.8% CAM oil, 5.5% tween 80/
span 20 and 92.7% water. It has been demonstrated
that zeta potential can determine the nanoparticles
incorporated within the center or on the surface 3% 2.
In the current study, the physical characterization
of CAM-IFO and CAM-NE revealed that IFO was
located inside the CAM-NE since the size of CAM-
NE dispersed droplets and the magnitude of their
negatively charged zeta potential have considerably
enlarged ® 3* % The increasing of the negative
charge of the particles and the diameter of droplets
after drug incorporated implies that the drug was
localized inside the droplets and not on the surface.

Also, it has been demonstrated that the apoptotic
effect of IFO was significantly ameliorated when
loaded in CAM-NE, which was found to have
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greater antiproliferative activity than the free IFO.
It can be attributed to the capacity of the NE
structure to protect IFO as well as CAM oil from
hydrolysis and enzymatic degradation . Also, the
size and charge of the NE nanodroplets facilitate
the permeation of the IFO and CAM oil into the
cells *’. Furthermore, the anti-neoplastic activity of
CAM-NE can be explained by the presence of
CAM oil which was found to have anticancer
activity in MCF-7 cells and colon cancer cells 3.

Camphor exhibits some biological properties such
as insecticidal, anti-microbial, anti-viral,
anticoccidial, anti-nociceptive, anti-cancer and anti-
tussive activities, in addition to its use as a skin
penetration enhancer *2. In 2014, De Lima et al., *°
have reported that the inclusion of camphor in
Ocimum kilim and scharicum played a major role in
its anti-proliferation activity against OVCAR-3
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ovarian cells. Previous studies have revealed that
the anti-neoplastic effect of CAM can be due to its
potential to activate the natural killer cells and
sensitize radiotherapy in cancer treatment 2. In
2016, Wu et al., ** have determined the constituents
that may potentiate the antitumor activity of CAM
which was mainly terpinene-4-ol, a-terpineol, and
safrole.

CONCLUSION: The resulted formula of CAM-
IFO exhibited highly remarkable cell growth
inhibition and apoptotic effects in vitro when
compared to non-loaded CAM-NE and drug-free
IFO. Combining IFO with CAM in NE has
improved the antineoplastic efficacy of both of IFO
and CAM through ameliorating their cellular
permeation into the cancer cells. Further studies are
needed to determine the antitumor effect of the new
formula and its adverse side effects in-vivo.
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