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Abstract
Breast cancer is the most common cancer among women worldwide. Common disadvantages of chemotherapy, such as drug
resistance, nausea, and vomiting, have encouraged researchers to use herbal remedies. In this study, constituents of Mentha
piperita essential oil were identified using GC-MS analysis with five major ingredients of menthol (31.0%), menthone (22.1%),
camphane (7.0%), menthofuran (6.0%), and iso-menthone (5.8%). The essential oil anticancer activity was evaluated at various
incubation periods (24, 48, and 72 h) against three human breast cancer cell lines. After that, nanoemulsions ofM. piperitawere
prepared, and long- and short-time stability tests were also performed. The anticancer effect of the best nanoemulsionwith a mean
droplet size of 136 ± 2 nm (PDI 0.3 and SPAN0.8) was significantly better than that of non-formulated essential oil. Interestingly,
the obtained effect from nanoemulsion with an exposure time of 24 h was significantly better than essential oil even within 72-h
exposure time. M. piperita possesses an antiemetic effect, and by preparation of its nanoemulsion dosage form, its anticancer
effect was also improved. Therefore, this green nanoemulsion could be used as an anticancer agent for further investigation.
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1 Introduction

Breast cancer is the most common cancer among women
worldwide, and with a 15.4% mortality rate; it is also the
second leading cause of death in developed countries after
lung cancer [1, 2]. Many approaches are currently used to treat
cancers, such as surgery, chemotherapy, and radiotherapy [3,
4]. Drug resistance, recurrence of the disease, and metastasis
to other parts of the body are significant causes of cancer
treatment failure [5].

In recent years, the investigation of essential oils’ antican-
cer properties (EOs) has received more attention worldwide.
For example, the half-maximal inhibitory concentration (IC50)
of EOs of Cinnamomum zeylanicum, Citrus limon, and Citrus
paradise on two types of human breast cancer cell lines, in-
cluding MCF-7 and MDA-MB-231, were reported: 14 and
16.9 μg/mL, 94 and > 100 μg/mL, and 79.7 and 50.6 μg/
mL, respectively [6]. Besides, the anticancer effects of
Mentha piperita (MPEO) against some cell lines such as
Hep-2 cell (human epidermoid cancer), K562 (human chronic
myelogenous leukemia), and SGC-7901 (human gastric can-
cer cell line) were reported [7, 8].

Nausea and vomiting are two common side effects of che-
motherapy drugs; 70–80% of patients experience this condi-
tion [9, 10]. Interestingly, antiemetic properties of some EO,
such as MPEO after chemotherapy drugs, have been reported
[11–13]. For instance, a randomized, double-blind clinical
trial study was performed previously on those suffering any
cancer diagnosis and receiving chemotherapy on an outpatient
basis. The intervention group received routine medications
(granisetron, dexamethasone, or metoclopramide) plus
MPEO capsules (containing two drops and filled with sugar).
In contrast, the control group received only routine medica-
tions. A significant reduction was reported in the intensity and
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number of emetic events than the control, and no adverse
effects were reported [13].

Some breast cancer subtypes have been proposed based on
hormone receptor (HR) and human epidermal growth factor
receptor (HER2) [14, 15]. Luminal A (HR+, HER2−) is the
most common subtype of breast cancer. The basal subtype
(HR−, HER2−) is due to a lack of biomarkers’ expression
and is biologically aggressive, and often has a poor prognosis.
Claudin-low (HR−, HER2−) is classified as a Basal subgroup
due to a lack of biomarkers’ expression. However, due to
differences in the regulation of some of the other markers, it
is classified separately [16–18].

In this study, the anticancer effect of MPEO on all the
mentioned subtypes of human breast cancer cell lines, includ-
ing MCF-7 (Luminal A), MDA-MB-468 (Basal), and MDA-
MB-231 (Claudin-low), was investigated. After that, we had
attended to improve the anticancer effect of MPEO by formu-
lating MPEO to the nanoemulsion dosage form.

2 Materials and Methods

2.1 Materials

Zardband Pharmaceutical Company (Iran) provided Mentha
piperita EO. Tween 20 and ethanol were bought from Merck
Chemicals (Germany). MTT powder (thiazolyl blue tetrazoli-
um bromide) and PBS tablets (phosphate-buffered saline), and
FBS (fetal bovine serum) were bought from Sigma (USA).
Penicillin and streptomycin, trypsin, DMEM media culture,
and DMSO (dimethyl sulfoxide) were purchased from
Shellmax (China). Breast cancer cell lines, including MCF-7
(ATCC HTB-22), MDA-MB-231 (ATCC: HTB-26), and
MDA-MB-468 (ATCC: HTB-132), were supplied from the
Tehran Institute of Pasteur (Iran).

2.2 GC-MS procedure

Components of MPEO were identified by GC-MS analysis
using a 6890 Network GC system coupled with a 5973 net-
work mass selective detector (Agilent Technologies, Santa
Clara, CA, USA). The separation of MPEO components was
carried out on HP-1MS silica-fused columns (30-m length;
0.25 mm i.d.; and 0.25 μM film thickness. The GC-MS col-
umn temperature was programmed as follows: the initial tem-
perature was set at 40 °C and fixed for 1 min and increased
with 3 °C/min to the final heat of 250 °C and held for 60 min.
The temperature of the injection port and detector fixed at 250
and 230°C, respectively. Other instrument parameters, includ-
ing split flow (25 mL/min), septum purge (6 mL/min), and
column flow rate (1 mL/min), were set, as well. Helium gas
with a purity of 99.9% was used as the carrier gas.

Ingredients of the MPEO were identified as described in
our previous study [19]. In brief, by comparing obtained re-
tention indices (RIs) with reference to a homologous series of
C6–C27 n-alkanes, components were identified. The identifi-
cation was also confirmed by comparison of their mass spectra
with those stored in the Wiley7n.l MS computer library. The
linear temperature programmed RIs of all the constituents
were calculated from the gas chromatogram by interpolating
bracketing n-alkanes using Eq. 1. We used the peak area nor-
malization procedure for the quantitative determination of the
compounds in MPEO.

RI ¼ 100� tR ið Þ−tR zð Þ=tR zþ1ð Þ−tR zð Þ
� �þ z
� � ð1Þ

where z is the number of carbon atoms in the smaller n-alkane,
tR(i), tR(z), and tR(z+1) are the retention times of the desired
compound, the smaller n-alkane, and the larger n-alkane,
respectively.

2.3 Preparation of Nanoemulsion

The spontaneous approach was conducted for the develop-
ment of nanoemulsions.MPEO (25μL) and different amounts
of tween 20 (10–200 μL) and ethanol (10–200 μL) were
mixed at 500 rpm (5 min, room temperature) to form a homo-
geneous solution. Then, the final volume of samples reached
5000 μL by the dropwise addition of PBS. Then, samples
were stirred at 2000 rpm for another 30 min to prepare
nanoemulsion [20]. The best nanoemulsion (see
Section 3.5.) was prepared using 25 μL MPEO, 10 μL tween
20, and 4965 μL PBS.

2.4 Characterization of the Prepared Nanoemulsions

2.4.1 Size Analyses

A nanoparticle size analyzer (HORIBA sz-100 version 2.20)
was used to determine the droplet size and droplet size distri-
bution of the prepared nanoemulsions. In terms of medical
nanotechnology, droplet size must be lower than 200 nm
[21]. The dispersity in droplet size was presented by two in-
dices, polydispersity index (PDI) and droplet size distribution
(SPAN). PDI was calculated using Eq. 2.

PDI ¼ σ=dð Þ2 ð2Þ

Where σ is the standard deviation of the nanodroplet’s
mean diameter, and d is the mean diameter of droplets. The
acceptable value for PDI should be less than 0.7 [22]. The
SPAN value was measured by Eq. 3.

SPAN ¼ D90−D10=D50 ð3Þ
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Where D10, D50, and D90 were diameters where 10, 50,
and 90% of droplets were smaller than those values. SPAN
value of less than 1 indicated a narrow size distribution [23].
Therefore, all prepared nanoemulsions with a droplet size of <
200 nm and acceptable amounts of PDI and SPAN were se-
lected for stability tests.

2.5 Stability Tests for Selected Nanoemulsions

2.5.1 Short-term Analysis

Three examinations were carried-out for short-term analysis of
the stability of nanoemulsions. For each test, at least 3 samples
with a volume of 5 mL were prepared. Centrifugation, the
nanoemulsions were centrifuged for 30 min at three tempera-
tures of − 4, 4, and + 25 °C (22,000 g). The heating-cooling
cycle and freeze-thaw cycle were performed to investigate
nanoemulsions’ stability in the heat and freeze conditions. In
the heating-cooling cycle, the nanoemulsions for 6 successive
cycles of 48 h were stored at + 45 °C (Bain-Marie) and + 4 °C
(refrigerator) [24]. While in the freeze-thaw cycle, the
nanoemulsions were placed successively at ambient tempera-
ture (+ 25 °C) and freezer (− 21 °C) for 6 cycles of 48 h [25].

After performing each of the mentioned tests,
nanoemulsions were subjected to DLS analysis for investigat-
ing any significant change in their droplet size, PDI, and
SPAN. Nanoemulsions that passed short-term stability tests
were selected for long-term stability tests.

2.5.2 Long-term Analyses

The selected nanoemulsions were placed in the refrigerator (+
4 °C) and room temperature (+ 25 °C) for 6 months.
Nanoemulsions were then visually checked for any creaming,
sedimentation, or biphasic state [26]. Stable nanoemulsions
were selected for investigation of the anticancer effect.

2.6 Assessment of Anticancer Activity of MPEO and
Selected Nanoemulsions

The cell lines were cultured in DMEM complete medium
(containing FBS 10% and penicillin-streptomycin 1%) and
incubated at 37 °C and CO2 5%. The samples’ anticancer
activity (serial dilution ofMPEO and selected nanoemulsions)
was investigated using MTT assay. First, 100 μL of each cell
line was filled in 96-well plates (separately) and incubated for
24 h for attaching and reached 70–80% confluence. After that,
the wells’ liquid content was discarded, and 150 μL of
DMEM complete medium and 50 μL of samples were added
to each well. The plates were then incubated at 3 different
times (24, 48, and 72 h) separately.

After that, the wells’ liquid content was replaced with 90
μL DMEM and 10 μL MTT solution (0.5 mg/mL) and

incubated for another 4 h. Then, 100 μL/well of DMSO was
added to dissolve formed formazan crystals. Finally, absor-
bance (A) of wells was read at 570 nm using a plate reader
(Synergy HTX Multi-Mode Reader, USA). The cell viability
at each well was calculated by Eq. 4. The tests were carried out
in triplicates; three wells in each plate were considered control
groups filled with 200 μL DMEM complete medium.

Cell Viability %ð Þ ¼ Mean A sample=Mean A controlð Þ � 100

ð4Þ

2.7 Statistical Analysis

All tests were repeated at least three times, and the final values
were reported as mean ± SD. Drawing of charts and calculat-
ing means and standard deviations were performed with Excel
v. 2010. The calculation of IC50 was performed using
CalcuSyn version 2.11. The anticancer activity of MPEO at
different concentrations and nanoemulsions was compared
using one-way ANOVA and independent-sample t test, using
SPSS software (v.22, IBM, USA). The confidence interval in
this study was considered 95%.

3 Results and Discussions

3.1 Ingredients of MPEO

Constituents of MPEO were identified using GC-MS analysis
(see Table 1). Five major components are menthol (31.0%),
menthone (22.1%), camphane (7.0%), menthofuran (6.0%),
and iso-menthone (5.8%).

3.2 Anticancer Activity of MPEO

Figure 1 shows the anticancer properties of MPEO at incuba-
tion times of 24, 48, and 72 h against 3 human breast cancer
cell lines (MCF-7, MDA-MB-231, and MDA-MB-468). In
24 h (Fig. 1A), the viabilities of all cell lines were higher than
50%, concluding that the anticancer activity of MPEO at 24 h
was not considerable. However, by increasing incubation time
to 48 and 72 h, effectiveness was improved (Fig. 1B and C).
Interestingly, all examined cell lines’ viability after 72-h ex-
posure with MPEO 2500 μg/mL decreased to lower than
10%. Besides, observed IC50s at different incubation periods
are listed in Table 2. The best IC50s were observed at 72 h;
MCF-7: 165 μg/mL, MDA-MB-231: 25 μg/mL, and MDA-
MB-468: 2536 μg/mL, respectively. Furthermore, as Figs.
1A, B, and C show, MPEO 1250 μg/mL was the lowest con-
centration that reduced at least 50% viability of all three cell
lines. Therefore, we tried to increase the efficiency of MPEO
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and reduce the exposure time by formulating MPEO to
nanoemulsion.

Reviewing the literature, the authors were found some re-
ports on the anticancer properties of MPEO. In one study, the
anticancer effect of MPEO on MCF-7 and LNCaP (human
breast and prostate cancer cell lines, respectively) was

confirmed [27]. In another one, MPEO showed proper anti-
cancer activities against cancer cell lines of SPC-A1 (lung),
K562 (blood), and SGC-7901 (gastric) with IC50s of 11, 16,
and 38 μg/mL, respectively [8].

Many reports on the anticancer properties of EOs against
these cell lines have been found in the literature. For instance,
IC50s of EOs of Pistacia lentiscus and Blepharocalyx
salicifolius against MDA-MB-231 were reported as 616 and
46 μg/mL, respectively [28, 29]. These values for other EOs
on MCF-7 are as follows: Hedyosmum spruce 32 μg/mL and
Nepeta cataria 500 μg/mL [30, 31]. Interestingly, only two
reports were found on the anticancer effect of EOs against
MDA-MB-468; IC50s of EOs of Kelussia odoratissima,
Peristrophe bicalyculata, and Borreria verticillata were re-
ported as 85, 66.6, and 20.4 μg/mL, respectively [32, 33].

3.3 Prepared Nanoemulsions

Details of prepared formulations are listed in Table 3. The
MPEO was formulated using tween 20 and ethanol as com-
mon surfactant and co-surfactant, respectively [34]. Tween 20
is a non-ionic and non-toxic surfactant-containing fatty acid
ester of sorbitol and its anhydrides [35]. Amongst the prepared
nanoemulsions, only two nanoemulsions (F1 and F9) had
proper characteristics; mean droplet size < 200 nm, SPAN <
1, and PDI < 0.7. Their droplet sizes were 136 ± 2 and 11 ± 3
nm, respectively. The observed PDI and SPAN for F1 were
0.3 and 0.8; these values for F9 were 0.3 and 0.5, respectively.
Therefore, these nanoemulsions were selected for stability
tests (their DLS diagrams are given in Fig. 2).

In the preparation of nanoemulsions, an equilibrium be-
tween the oil phase (a mixture of oil and surfactant/s) and
aqueous phases must occur [20, 34]. Co-surfactant, especially
ethanol and isopropyl alcohol, is also sometimes used to reach
equilibrium. Because the preparation and optimization of
nanoemulsions are an experimental process, many research
types on the use or non-use of co-surfactants in such processes
have been reported. In our previous report, the best
nanoemulsion of Dill EO was prepared only with tween 20,
i.e., without using co-surfactant [34]. In another study, ethanol
was used for optimizing nanoemulsion of artemether (medi-
cation used for the treatment of malaria) [36]. Alternatively, in
another report, nanoemulsion of eugenol was optimized using
isopropyl alcohol as a co-surfactant [24].

3.4 Stability of the Chosen Nanoemulsions

No significant changes were observed in droplet size, PDI,
and SPAN of selected nanoemulsions (F1 and F9) after
short-time stability tests, including centrifugation, heating-
cooling, and freeze-thaw cycles. Moreover, no creaming, de-
position, and biphasic conditions were observed in F1 and F9
after completing long-time stability tests (data not shown).

Table 1 Identified ingredient in MPEO using GC-MS analysis

Peak RTa Compounds Area % RIb

1 6.7 Ethylene oxide 3680852 0.1 779
2 9.2 α-Thujene 2632180 0.1 848
3 9.5 α-Pinene 47696251 0.9 855
4 10.1 Comphene 1492022 0.1 870
5 11.2 Sabinene 32952207 0.6 897
6 11.3 β-Pinene 63432312 1.2 900
7 11.7 Octen-3-ol 2807324 0.1 907
8 12.0 β-Myrcene 7899382 0.1 915
9 12.5 3-Octanol 1509290 0.1 925
10 13.1 α-Terpinene 7812698 0.1 938
11 13.6 o-Cymene 16359053 0.3 947
12 13.8 Limonene 195125004 3.9 952
13 13.9 1,8-Cineole 207426444 4.1 954
14 14.2 cis-Ocimene 4587941 0.1 960
15 14.7 β-Ocimene 1739092 0.1 970
16 15.1 ɣ-Terpinene 14618944 0.2 979
17 15.6 trans-Sabinene hydrate 47072634 0.9 990
18 16.5 α-Terpinolene 5320128 0.1 1006
19 17.2 cis-Sabinene hydrate 8189791 0.1 1019
20 17.3 Linalol 12966272 0.2 1021
21 17.5 Amyl isovalerate 3949930 0.1 1025
22 20.0 Menthone 1105246066 22.1 1073
23 20.2 Iso-menthone 293121099 5.8 1079
24 20.3 Menthofuran 301336044 6.0 1081
25 21.2 Menthol 1553773516 31.0 1097
26 21.3 Neoisomenthol 38605644 0.7 1100
27 21.6 Menthol 12664979 0.2 1104
28 21.6 p-Menth-1-en-8-ol 17846423 0.3 1106
29 21.8 Dihydrocarvone 11970493 0.2 1109
30 23.3 β-Citronellol 2094623 0.1 1139
31 23.5 cis-3-Hexenyl-α-methylbutyrate 3901985 0.1 1143
32 23.7 Pulegone 104297121 2.1 1147
33 23.9 Carvone 60203623 1.2 1151
34 24.3 Piperitone 22928139 0.4 1159
35 25.2 Carane 29120255 0.5 1177
36 26.2 Camphane 351577121 7.0 1196
37 26.4 Thymol 13587607 0.2 1199
38 29.9 Β-Bourbonene 21629158 0.4 1303
39 30.2 β-Elemene 6526013 0.1 1307
40 31.4 trans-Caryophyllene 150233448 3.0 1327
41 31.8 β-Cubebene 3005324 0.1 1332
42 32.8 α-Humulene 7346046 0.1 1349
43 32.9 trans-β-Farnesene 13696508 0.2 1352
44 33.0 Aromadendrene 840618 0.1 1354
45 33.9 Germacrene D 92534749 1.8 1368
46 34.5 Bicyclogermacrene 16003763 0.3 1378
47 34.7 Mint furanone 2 5097608 0.1 1380
48 35.6 δ-Cadinene 5583974 0.1 1395
49 37.8 Spathulenol 5772220 0.1 1456
50 37.9 Caryophyllene oxide 15436180 0.3 1460
51 38.3 Viridiflorol 35507296 0.7 1472

a Retention time
b Retention index
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Therefore, their stabilities were considered excellent. Given
the stability of the nanoemulsions in critical situations
(short-time), it could be concluded that even if an accident
occurs in the drug transport chain, the formulations remain
stable.

3.5 Anticancer Activity of Nanoemulsion

The anticancer properties of the selected nanoemulsions (F1
and F9) at a concentration of 1250 μg/mL as well as the
anticancer effect of their ingredients, i.e., (F1(-oil) and F9(-
oil), are depicted in Fig. 3(A, B, and C). Interestingly, F9(-oil),
F1, and F9 showed excellent cytotoxicity against the whole of
the cell lines at all three incubation periods; viabilities were
decreased to < 5%. As depicted in Fig. 1A and B, MPEO
(1250 μg/mL) could not decrease at least 50% in cell lines’
viabilities after 24- and 48-h incubation times. Even when the

incubation time increased to 72 h, the viability of MDA-MB-
468 remained at ~ 45% (Fig. 1C). In other words, the effec-
tiveness of F9(-oil), F1, and F9 at incubation time 24 h was
even better than that of MPEO at 72 h.

Besides, F1(-oil) did not have a considerable effect on cell
lines at 24, 48, and 72 h; viabilities of all cell lines at all
incubation times were higher than 95%. Therefore, it is con-
cluding that components of F1 have a negligible impact on its
final performance. Moreover, the anticancer effects of MPEO
and F1 have been investigated at the same concentration
(1250 μg/mL); the only difference between them was the size
of the EO’s dispersed droplets. This improvement was related
to decreasing MPEO droplet size, which led to better penetra-
tion into the cells [37, 38].

From the literature, in some researches, EO-based
nanoemulsions were used as carriers for chemical drugs, in-
cluding ifosfamide and mitomycin C [39, 40]. However, some

Table 2 IC50 of MPEO against three human breast cancer cell lines at different exposure times

Cell lines MCF-7 MDA-MB-231 MDA-MB-468

Exp. time (h) 24 48 72 24 48 72 24 48 72

IC50 (μg/mL) NCa 2582 165 NC 5679 25 NC NC 2536

(LCLb–UCLc) NC 1493-4466 94–290 NC 1666–> 10000 4–144 NC NC 2231–2881

aNot-calculable
b Lower confidence limit
c Upper confidence limit

Fig. 1 Anticancer activity of
MPEO on MCF-7, MDA-MB-
231, and MDA-MB-468 with ex-
posure times of 24 h (a), 48 h (b),
and 72 h (c)
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studies on the anticancer properties of EO-based
nanoemulsions against breast cancer cell lines have been

reported. However, unlike this study, only one cell line was
considered (MCF-7). For instance, a nanoemulsion of Prunus

Table 3 Ingredients of the
prepared nanoemulsions and size
analyses

ID MPEOa (μL) Tw 20b(Ethc) (μL) PBS (μL) Mean size (nm) PDId SPANe

F0 25 0 (0) 4975 Not dispersed homogeneously

F1 25 10 (0) 4965 136 ± 2 0.3 0.8

F2 25 10 (10) 4955 174 ± 11 0.3 1.1

F3 25 20 (0) 4955 139 ± 13 0.3 1.0

F4 25 20 (20) 4935 260 ±11 0.2 0.8

F5 25 30 (0) 4945 177 ± 1 0.1 1.0

F6 25 30 (30) 4915 207 ± 13 0.4 1.4

F7 25 50 (0) 4925 169 ± 3 0.2 1.0

F8 25 50 (50) 4875 278 ± 28 0.5 1.3

F9 25 100 (0) 4875 11 ± 3 0.3 0.5

F10 25 100 (100) 4775 8 ± 2 1.2 0.4

F11 25 150 (0) 4825 11 ± 1 1.6 0.3

F12 25 150 (150) 4675 10 ± 2 2.3 0.8

F13 25 200 (0) 4775 10 ± 1 1.6 2.3

F14 25 200 (200) 4575 8 ± 1 2.5 0.1

a Essential oil of M. piperita
b Tween 20
c Ethanol
d Polydispersity index
eDroplet size distribution

Fig. 2 DLS analysis of the
selected nanoemulsions (droplet
size, PDI, SPAN): (a) F9 (11 ± 3
nm, 0.3, and 0.5) and (b) F1 (136
± 2 nm, 0.3, and 0.8)
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cerasus EO with a droplet size of 36.5 nm was reported. The
nanoemulsion was prepared using the ultrasonication method,
and its cytotoxicity (50 μg/mL) on the MCF-7 cell line was
examined; viability was decreased to around 50% after 72-h
incubation time [41]. Because the anticancer properties of the
EO and the constituent of nanoemulsion have not been report-
ed, the effect of formulating EO into nanoemulsion dosage
form could not be assessed accurately. To prepare the men-
tioned nanoemulsion, the EOwas first formulated (using poly-
sorbate 20, polysorbate 80, polyethylene glycol) into an emul-
sion with a droplet size of 1338 ± 0.71 nm. Then, the emulsion
was exposed to ultrasonic frequency (20 kHz) at different
intervals (14, 10, 6, 2, and 0 min); droplets size was reduced
to 36.5 nm after 14 min [41].

In another study, the EO of Nigella sativa (3% v/v) was
formulated with polysorbate 80 (droplet size 300 nm). The
emulsion was then sonicated (20 kHz) for 1 h; droplet size
was reduced to 64.4 nm. The viability of the MCF-7 cell line
after 48-h incubation with the nanoemulsion (100 μL/mL)
was reduced to ~ 30%. Like the previously mentioned report,
the anticancer effect of the EO was not reported [42].

Furthermore, exploiting ultrasound emulsification in prep-
aration of nanoemulsions has some drawbacks; first, droplet
size increases over time [43]. When ultrasonic power or ex-
posure time increases, the droplet size of a fraction (e.g., EO)
decreases in a dispersed phase; however, this phenomenon
could lead to coalescence [44]. In this regard, the two men-
tioned nanoemulsions’ stability was not reported in a long

time; P. cerasus (14 days) and N. sativa: ~ 6 days [42, 41].
However, this study’s prepared nanoemulsions (using sponta-
neous emulsification) were stable for at least 6 months.

4 Conclusions

Anticancer properties of MPEO were evaluated against three
human breast cancer cell lines at three incubation periods (24,
48, and 72 h). Two nanoemulsions of MPEO with mean drop-
let sizes of 136.9 ± 2.0 and 11.5 ± 3.4 nm were selected as
optimum samples; they sowed excellent stability in both
short-time and long-time stability tests. Interestingly, the anti-
cancer effect of the MPEO on the cell lines within 72-h expo-
sure time was achieved in 24-h treatment by newly developed
nanoemulsions; they could be used as anticancer agents for
further investigation.
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