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The most common cause of cancer death among women is breast cancer 
thus, developing new drugs is crucial. Essential oils (EO)s with a wide range of 
bioactivities, such as anticancer effects, have provided a valuable source for 
this purpose. In this study, components of two medicinally important EOs were 
identified using GC-MS analysis. Moreover, antioxidant effects, as well as anti-
cancer properties, were evaluated.
The EOs formulated into nanoemulsion using the spontaneous emulsification 
approach, separately. Comprehensive stability tests were performed to select 
the optimum nanoemulsions of each EO. Anticancer effect of the most stable 
nanoemulsion of Zataria multiflora with a particle size of 43 ± 4 nm (PDI 0.4 ± 
0.2 and SPAN 0.6 ± 0.1) was significantly better non-formulated form against 
four human breast cancer cell lines, MCF-7, MDA-MB-175, MDA-MB-231, and 
MDA-MB-468. Interestingly, the anticancer effect of Artemisia dracunculus 
nanoemulsion (16 ± 4 nm, 0.2 ± 0.1, and 0.4 ± 0.1) was also significantly improved 
in compassion to the non-formulated EO. Considering the results, prepared 
nanoemulsions could be used as supplementary drugs or food additives.
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INTRODUCTION
The most frequent cancer among women is 

breast cancer. Despite many attempts to developing 
or optimizing chemotropic agents, it is responsible 
for around 500.000 death annually [1]. Common 
side effects of using chemotrophic drugs such as 
hair loss, anemia, and toxic influence on other 
organs, encouraged researchers to find new 
medicines. Recently, anticancer investigation of 
herbal substrates (e.g., extractions and essential oils 
(EO)s) is common around the world [2]. 

EOs defined as natural liquid oils that secreted 
as secondary metabolites from different parts of 
aromatic plants such as rhizome, stem, bark, and 
fruit [3]. Hydrodistillation using the Clevenger 

type apparatus introduced as the most common 
approach for the extraction of EOs. Besides, EOs 
shows other bioactivities such as larvicidal action 
[4], antibacterial, and antifungal effects [5]. EOs 
with antioxidant activity can prevent oxidant-
mediated phenomena by scavenging of free radicals 
[6]. Alzheimer’s, Mellitus diabetes, development of 
cancer, and atherosclerosis are common chronic 
diseases, which related to free radicals [7, 8].

In this study, the ingredients of the two 
medicinally important EOs, including Artemisia 
dracunculus (ADEO) and Zataria multiflora 
(ZMEO), were identified using GC-MS analysis. 
Also, their antioxidant activities were investigated. 
Furthermore, for the first time, anticancer activities 
of ZMEO and ADEO was investigated on four 
human breast cancer lines, MCF-7, MDA-MB-175, 
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Table 1: Identified ingredients in ADEO (Left) and ZMEO (Right) using GC-MS analysis

(IC50) of EOs of Allium rotundum [11], Piper 
nigrum [12], Achillea ageratum [13], and Eucalyptus 
gunnii [14] were reported at 786000, 38770, 7490, 
and 7190 µg.mL-1, respectively. It can be said that 
ZMEO has an acceptable antioxidant effect. 
Anticancer activity of the EOs

In Fig. 2 effect of ADEO and ZMEO at different 
concentrations on four human breast cancer cell 
lines is demonstrated. Totally, by increasing the 
concentration of EOs, the viabilities of the cell lines 
were decreased. Interestingly viabilities of three cell 
lines, MCF-7, MDA-MB-175, and MDA-MB-468, 
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reduced to ~ 8% after 48 h treatment with ZMEO 
with the concentration of 1280 µg.mL-1. 

As can be seen, ADEO 160 µg.mL-1 was the 
lowest concentration, whose effect is significantly 
better than the previous point (80 µg.mL-1). Also, at 
this point, the viabilities of the cell lines were closed 
together (76-94%) in comparison with the higher 
concentrations. Therefore, this point was selected 
to investigate the effect of the formulating of ADEO 
to nanoemulsion. Besides, the concentration of 40 
μg.mL-1 was also selected for comparison of the 

anticancer effect of ZMEO, and its nanoemulsion 
dosage form. 

Observed IC50s (with lower and upper 
confidence limits) of ADEO and ZMEO on 
examined cell lines are also given in Fig. 2. As 
details show, the effectiveness of ZMEO on all 
targeted cell lines was significantly better than 
ADEO (Independent sample t-test, sig < 0.05). 

Furthermore, comparing the observed IC50s 
of ADEO on cell lines, a significant difference was 
observed. For example, obtained IC50 for MDA-

 

Figure 1: Antioxidant activities of ADEO and ZMEO 

  

 

Figure 2: Anticancer activities of ADEO and ZMEO (IC50; Inhibitortry concentration 50%, LCL and 

UCL; Lower and Upper Confidence Limits) 

  

Fig. 1: Antioxidant activities of ADEO and ZMEO

Fig. 2: Anticancer activities of ADEO and ZMEO (IC50; Inhibitortry concentration 50%, LCL and UCL; Lower and Upper Confidence 
Limits)
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MB-175 or MDA-MB-231 was significantly lower 
than MCF-7 and MDA-MB-468 (Independent 
sample t-test, sig < 0.05). While no significant 
difference was seen between the IC50s of MDA-
MB-175 and MDA-MB-23, also MCF-7 and MDA-
MB-468 (Independent sample t-test, sig < 0.05). 
Noted that, observed IC50 of ZMEO against MDA-
MB-468 significantly higher than the other three 
cell lines (one-way ANOVA, sig < 0.05); confirmed 
it is more resistant than other cell lines to this EO.

Interestingly, no document was found on the 
anticancer activities of ZMEO, and ADEO on 
targeted cell lines. As well as, no report was found 
on the investigation of the anticancer activity of 
any EO against MDA-MB-175. Besides, just two 
reports were found on MDA-MB-468. IC50 of EOs 
of Kelussia odoratissima, Peristrophe bicalyculata, 
and Borreria verticillata were observed at 85.00, 
66.6, and 20.4 µg.mL-1, respectively [15, 16].

Furthermore, obtained IC50 (µg.mL-1) of 
ZMEO (76.08) against MCF-7 in this study, was 

better than many other EOs. For example, Lippia 
citriodora (89.00) [17], Ocimum basilicum (170.00) 
[18], Mentha spicata (284.00) [18], and Rosmarinus 
officinalis (253.00) [19]. 

However, its efficiency on MDA-MB-231 was 
worse than some of the reports. For instance, IC50 of 
Hedychium spicatum [20], Blepharocalyx salicifolius 
[21], Teucrium yemense [22], and Decatropis bicolor 
[23] were reported as 70.00, 46.00, 59.81, and 53.81 
µg.mL-1, respectively. Regarding the mentioned 
docs, ZMEO possesses acceptable potency as an 
anticancer agent.

Prepared emulsions
Ingredients of 10 prepared emulsions of 

each EOs and their size analyses are listed in  
Table 2. PS of the prepared emulsions of ADEO was 
in the range of 2 – 3967 nm.  However, PS of all 
prepared ZMEO emulsion was lower than 200 nm 
(Expectancy No. 9 and 10). Noted that size analyses 
of sample 10 in ADEO and samples of 9 and 10 in 

Table 2: Ingredients and size analyses of the prepared emulsions of ADEO and ZMEO
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ZMEO were not available; it is due to the limit of 
the range (0.3 – 8000 nm) for the measurement of 
the particles.

Furthermore, using distilled water as an aqueous 
phase in the preparation of nanoemulsions is 
common. However, in this study, the PBS solution 
was used as an aqueous phase for the prevention 
of cell damages caused by osmotic pressure change 
during MTT assays [24]. Moreover, for obtaining 
optimum nanoemulsion, using co-surfactant 
(one or more types of alcohol) is common [25]. 
Nevertheless, for a precise examination of the 
effect of formulating of EOs into nanoemulsions 
on anticancer activities, co-surfactant was not used.

For the preparation of optimum 
nanoformulations, the balance between ingredients 
is necessary [26]. Among the prepared emulsions 
of ADEP, only two samples (No. 7 and 9) had 
acceptable values (PS < 200 nm, PDI < 0.7, and 
SPAN < 1). They named ADNE7 and ADNE10 and 
selected for stability investigations

Besides, PDI and SPAN of only three samples 
of ZMEO (2, 5, and 8) were in the acceptable range 
(PDI < 0.7 and SPAN <1). They called ZMNE2, 
ZMNE5, and ZMNE8 and were selected for 
stability tests. 

From the literature, the PS of the selected 
nanoemulsions is comparable with other 
reports on essential oil-based nanoemulsions. 
For instance, PS of nanoemulsions of Thymus 
daenensis and Rosmarinus officinalis EOs as 
antibacterial and larvicidal agents reported as 
143 and 200 nm, respectively [27, 28], In another 
study, antibacterial, antibiofilm, and antioxidant, 
activities nanoemulsion Citrus medica EO were 
investigated; PS was determined at 73 nm [29].

Stability of the selected nanoemulsions
Stability in short-time tests

Centrifugation: Selected nanoemulsions 
(ADNE7, ADNE10, ZMNE2, ZMNE5, and 
ZMNE8) were centrifuged at 22000 g for 60 min 
at three temperatures (± 4 and 25°C), separately. 
Samples visually checked and reveal that a 
precipitant was created only in ZMNE2. Thus, it 
was discarded from further investigations. 

For the preparation of stable nanoformulation, 
a proper ratio between EO or drug to carrier (such 
as surfactant or polymer) is crucial [30]. Generally, 
the increasing proportion of carriers to cargo leads 
to forming a stable complex [31]. This un-stability 
of ZMNE2 was resulted from using an equal ratio 

 

Figure 3: DLS analysis of optimum nanoemulsions (PS, PDI, and SPAN): 

ADNE7 (16 ± 4 nm, 0.2 ± 0.1, and 0.4 ± 0.1) and ZMNE5 (43 ± 4 nm, 0.4 ± 0.2, and 0.6 ± 0.1) 

  

Fig. 3: DLS analysis of optimum nanoemulsions (PS, PDI, and SPAN): ADNE7 (16 ± 4 nm, 0.2 ± 0.1, and 0.4 ± 0.1) and ZMNE5 (43 
± 4 nm, 0.4 ± 0.2, and 0.6 ± 0.1)
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of ZMEO (cargo) and tween 20 (carrier); 0.8 µL in 
5000 µL.

Heating and cooling process: The remained 
nanoemulsions were placed at a defined 
temperature (4 and 45°C) for six continuous 48 h 
periods. No changes (phase separation or creaming) 
were observed in nanoemulsions. Thus, all four 
examined nanoemulsions, including ADNE7, 
ADNE9, ZMNE5, and ZMNE8, were selected for 
further investigations.

Freeze-thaw cycles: the mentioned nanoemul-
sions were placed at ±25°C for four successive pe-
riods (48 h). Particulate matter was observed in 
ZMNE8 and ADNE9 after this test. So they were 
also excluded from further examinations. Among 

the five selected nanoemulsion, just ADNE7 and 
ZMNE5 passed the short-time stability tests and 
were chosen for a long-time stability test. Their 
DLS analysis is illustrated in Fig. 4. 

As details are shown in Table 2, PS of ADNE7 
and ADNE9 had no significant difference together, 
but PDI of ADNE9 was almost 2.5 times bigger than 
stable nanoemulsion (ADNE7). In addition, the PDI 
and SPAN of un-stable nanoemulsion (i.e., ZMNE8) 
were significantly bigger than ZMNE5 (stable sample). 
According to Ostwald’s ripening phenomenon, larger 
particles can be grown by devouring smaller particles 
in critical condition like Freeze-thaw cycles. Finally, 
the disintegration in the formulation can be occurred, 
as was observed in the results of this study. 

 

Figure 4: Anticancer activity of the prepared stable nanoemulsions (ADNE7 and ZMNE5) in 

comparison with non-formulated EO (ADEO and ZMEO) and ingredients of nanoemulsion 

(ADNE(-oil) and ZMNE(-oil)) 

 

Fig. 4: Anticancer activity of the prepared stable nanoemulsions (ADNE7 and ZMNE5) in comparison with non-formulated EO 
(ADEO and ZMEO) and ingredients of nanoemulsion (ADNE(-oil) and ZMNE(-oil))
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Stability of chosen nanoemulsions in long-time test
ADNE7 and ZMNE5 were stored at 4°C and 

room temperature for six months. After that, no 
creaming, phase separation, or sedimentation 
was observed. Also, no significant changes in PS, 
PDI, and SPAN were detected (data not reported). 
According to the results, both nanoemulsions 
of ADNE7 and ZMNE5 were entirely stable and 
selected for anticancer investigation.

Anticancer activity of the chosen nanoemulsion in 
comparison to non-formulated EOs  

In Fig. 4, the anticancer activities of ADNE7 
and ADEO at the concentration of 160 µg.mL-1 

were compared. Also, the anticancer effect of blank 
formulation, i.e., ADNE(-oil), was given. ADNE(-
oil) had a significant effect on MDA-MB-231 and 
MDA-MB-468; their viabilities reduced to 76 and 
81%, respectively. Besides, the viabilities of MCF-7, 
MDA-MB-175, MDA-MB-231, and MDA-MB-468 
were reduced to 94, 76, 81, and 88%, respectively, 
after treatment with ADEO. These values were 
significantly decreased after treatment with 
ADNE7 (Independent sample t-test, sig < 0.05); 
MCF7 6%, MDA-MB-175 23%, MDA-MB-231 
30%, and MDA-MB-468 19%.

Effect of ZMEO, ZMNE5, and ingredients of 
nanoemulsion (ZMNE(-oil)) on human breast 
cancer cell lines are also shown in Fig. 4. ZMNE(-
oil) had no significant effect on the viabilities of 
the cell lines in comparison with the control group 
(Independent sample t-tets, sig > 0.05). Viability of 
all treated cell lines with ZMNE5 were significantly 
decreased in comparison with ZMEO: MCF-7 
(15 < 71%), MDA-MB-175 (59 < 80%), MDA-
MB-231 (42 < 66%), and MDA-MB-468 (13 < 89%) 
(Independent sample t-test, sig < 0.05).

As results show in Fig. 4, the viabilities of 
all cells after treatment with the prepared stable 
nanoemulsion were significantly decreased in 
comparison to their ingredients as well as non-
formulated EOs. Nowadays, it has been accepted 
that the use of surfactants in the preparation of 
nanoformulation has a direct effect on enhancing 
permeability, stability, and efficacy of cargo [32, 
33]. Moreover, the reduction of the size of the 
particles to nanoscale leads to higher contact with 
the cell surface and improvements of penetration 
[34]. Therefore, in this research, by formulating 
ADEO and ZMEO to nanoemulsions, significant 
reductions in cell viabilities were observed.

Furthermore, the main reasons for 

nanoformulating of the chemotherapy drugs are 
reducing side effects, improvement of efficacy, and 
prolonged circulation time in the bloodstream 
[35, 36]. While side effects of EOs are lower than 
industrial drugs. Interestingly, the effectiveness of 
some EOs is comparable to chemical drugs. For 
example, IC50s of Eryngium campestre on A375, 
MDA-MB231, and HCT-116 were reported as 
1.57, 2.99, and 1.64 µg.mL-1, respectively, While 
these values for Cisplatin were 0.41, 2.74, and 2.34 
µg.mL-1, respectively [37]. In this type of researches 
(i.e., developing green nano drugs), the focus of 
researchers is only on improving the effectiveness 
or better targeting.

Considering the mentioned comments, as well 
as the necessity for developing new anti-cancer 
drugs, it is anticipated that the nanoformulating of 
EO as anticancer drugs or supplementary medicine 
will be considered around the world in early ahead 
years.

CONCLUSION
Chemical composition and antioxidant 

properties of two medicinally important EOs were 
investigated. For the first time, anticancer activities 
of ZMEO and ADEO were investigated on four 
types of human breast cancer cell lines including, 
MCF-7, MDA-MB-175, MDA-MB-231, and MDA-
MB-468. Comprehensive tests were performed for 
selecting optimum nanoformulations. Anticancer 
activities of the stable nanoemulsions were 
significantly better than no-formulated EOs. Thus 
could be used as supplementary anticancer drugs 
or food additives. 
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