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Abstract

Since synthetic chemotherapeutic drugs produce a certain degree of drug resistance and due 
to their common side effects, such as damage to hematopoietic cells and hair loss, it is nec-
essary to use herbal medicine as a substrate to develop new anticancer drugs. The ingredients 
of three essential oils (EO) were identified using gas chromatography–mass spectrometry 
(GC-MS) analysis. Their anticancer activities have been investigated on four human breast 
cancer cell lines, including MCF-7, MDA-MB-175, MDA-MB-231, and MDA-MB-468. In 
addition, their antioxidant activity was evaluated using the 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) assay. The three plants were investigated for identifications of the ingredients of 
their EOs, and major ingredients were identified in each plant as alpha-phellandrene (26.75 
%) in Anethum graveolens L., limonene (61.83 %) in Citrus limon (L.) Osbeck, and zingi-
berene (30.28 %) in Zingiber officinale Roscoe. Among the EOs, C. limon was significantly 
more effective than others; its half-maximal inhibitory concentration (IC50) on MCF-7 was 
obtained at 201 µg.mL-1. Furthermore, Z. officinale EO showed a higher antioxidant activities 
in comparison to the two other EOs. Considering the antioxidant and anticancer effects of 
the EOs, they could be further investigated as a possible complementary medicine in cancer.
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Introduction
Cancer is one of the most important global 
health problems and is currently the second 
leading cause of death after heart disease [1]. It 
is characterized by uncontrolled growth, caused 
by too many changes in multiple genes and the 
ability to spread (metastasis) from the origin to 
other organs [2]. With 14 % of all cancer-relat-
ed deaths among women, breast cancer is one 
of the most common cancers worldwide [3,4]. 
Common methods of treating cancer include 
surgery, radiation, and chemotherapy [5, 6]. 
Among the aforementioned methods, synthetic 
chemotherapy drugs have shown encouraging 
results in treating various cancers [7]. However, 
some anticancer drugs have high toxicity or side 
effects and resistance rates [8,9]. Therefore, it 
is necessary to research and develop new med-
icine resources, especially herbal substrates. 
Essential oils (EO)s are oily liquids secreted as 
secondary metabolites in different parts of aro-
matic plants such as rhizomes, bark, and fruits 
[10,11]. EOs have been widely used in steriliza-
tion, cosmetics, and food applications and has 
insecticidal, fungicidal, and antioxidant proper-
ties [12,13]. In addition, some EOs have also 
shown excellent anticancer properties [14,15]. 
For instance, the half-maximal inhibitory con-
centration (IC50 ) of Myrcia splendens (Sw.) 
DC. and Thymus alternans Klokov EOs against 
MCF-7 and MDA-MB-231 were reported as 
5.53 and 5.96 µg.mL-1, respectively [16,17].
Citrus limon (L.) Osbeck, Anethum graveolens 
L., and Zingiber officinale Roscoe are common 
medicinal plants that have been widely used in 
traditional medicine. EO of C. limon (CLEO) 

has antioxidant, antidepressant, and antibacte-
rial effects [18,19]. In addition, its protective 
effect on hepatotoxicity and nephrotoxicity 
have also been proven [20]. A. graveolens EO 
(AGEO) is commonly used for indigestion, flat-
ulence, and management of diabetes [21,22]. 
Various studies have shown that it also has an-
ticancer, anti-inflammatory, antimicrobial, anti-
oxidant, and analgesic effects [23]. Moreover, 
Z. officinale EO (ZOEO) possesses strong anti-
microbial, antifungal, and antioxidant activities 
[24,25]. It is useful for managing obesity, meta-
bolic syndrome, and Alzheimer's disease, and it 
can also prevent nausea and vomiting [26].
In the current study, a comprehensive in vitro 
comparison was performed on anticancer activ-
ities of AGEO, CLEO, and ZOEO on four types 
of human breast cancer cell lines, including 
MCF-7, MDA-MB-175, MDA-MB-231, and 
MDA-MB-468. Additionally, their antioxidant 
activities were evaluated using the 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) assay.

Materials and Methods

Materials
Powders of 3-(4,5-Dimethyl-2-thiazolyl)-2,5-di-
phenyl-2H-tetrazolium bromide (MTT), DPPH, 
and phosphate-buffered saline (PBS) tablets 
were purchased from Sigma-Aldrich (USA). 
Cell culture grades of dimethyl sulfoxide 
(DMSO), penicillin-streptomycin (Pen / Strep), 
RPMI cell culture medium, and trypsin were 
purchased from Shellmax (China). Fetal Bovine 
Serum (FBS) was provided by Gibco (USA). 
AGEO and CLEO, and ZOEO were purchased 
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by Barij Essence Pharmaceutical Co (Iran) and 
Zardband Pharmaceuticals Co (Iran). Breast 
cancer cell lines including MCF-7 (ATCC: 
HTB-22), MDA-MB-175 (ATCC: HTB-25), 
MDA-MB-231 (ATCC: HTB-26) and MDA-
MB-468 (ATCC: HTB-132) were provided by 
the Pasteur Institute of Iran. The distilled water 
was provided by the Central Laboratory of the 
Fasa Medical University (Iran).

Identification of ingredients of EOs
In order to identify the components of EO, Gas 
chromatography–mass spectrometry (GC-MS) 
analysis was used. In short, a 6890 networked 
GC system and a 5975 network mass selective 
detector (Agilent Technologies, Santa Clara, 
California, USA) were used for GC-MS anal-
ysis. The separation of EOs components was 
performed on an HP-5MS silica fusion chroma-
tography column (length 30 m, inner diameter 
0.25 mm, film thickness 0.25 µM). The pro-
gramming of the GC-MS column temperature 
is as follows: the initial temperature was set at 
40°C and fixed for 1 min, then it increased to 
the final temperature of 250°C at a rate of 3°C/
min and kept for 20 min. Other instrument pa-
rameters were set as split flow, 25 mL/min, sep-
tum purge (6 mL/min), and column flow rate (1 
mL/min). Helium gas with a purity of 99.99% 
is used as the carrier gas. The EOs components 
were identified using the method described in 
our previous report [27].

Cell culture
The cell lines were cultured in a complete medi-
um, i.e., RPMI containing FBS (10%) and Pen/

Strep (1%). The cell lines were incubated with 
air (95%) and CO2 (5%) at 37°C. When the 
cells reached confluence, they were harvested 
and seeded in 96-well plates (~7000 cells/well) 
using an 8-channel pipette. Then plates were in-
cubated for another 24 h at the mentioned con-
dition for attaching the cells to the plates and 
reach confluence to at least 80%. Before treating 
the cells with EOs, wells content was discarded, 
and a complete fresh medium was added to each 
well (100 µL/well). 
All the EOs were dissolved in RPMI at a con-
centration of 2560 µg.mL-1 as a stock solution. 
Noted that EOs at a higher amount of 2560 
µg.mL-1 was not dissolved in RPMI. Then, a se-
rial dilution from each EO was prepared with a 
two-fold dilution of the stock solution in a con-
centration range of (10 - 2560 µg.mL-1). After 
adding those concentrations to the wells sepa-
rately, the concentration of each EO was fixed 
at 5, 10, 20, 40, 80, 160, 320, 640, and 1280 
µg.mL-1. Then plates were incubated for 48 h; 
for determining the anticancer activities of the 
EOs, the MTT assay was performed.

Evaluation of anticancer activities of EOs
The metabolic activity of each treated well 
was determined by the MTT assay and com-
pared with the metabolic activity of untreated 
cells (control). In this regard, MTT powder (5 
mg.mL-1) was dissolved in sterile PBS. Then, 
the MTT solution was diluted (10 times) in a 
complete medium (the MTT concentration 
reached 0.5 mg.mL-1). The contents of the plates 
(48 h incubated) were discarded, and MTT solu-
tion was added (100 μL/well), and the plates 
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were incubated for another 4 h. Finally, 100 μL 
of DMSO was added to each well and mixed 
thoroughly to dissolve the dye crystals. Absor-
bance was measured using a plate reader (Syn-
ergy HTX Multi-Mode Reader, USA) at 570 
nm. The MTT assay was repeated in triplicate, 
and for each replicate, 12 wells were considered 
control groups (no-treated with EOs) [28]. High 
optical density corresponded to the high intensi-
ty of dye color, which is related to control cells. 
The cell viability was calculated by equation 1.

Equation1.
Cell viability (%) = Mean absorbance of sample 
test / Mean absorbance in control wells × 100

Evaluation of antioxidant activities of EOs
EOs were dissolved in ethanol in the same 
concentration range of the MTT assay (5-1280 
µg.mL-1). The DPPH assay was performed to 
evaluate the antioxidant activity of EOs. Brief-
ly, 11.83 mg of DPPH powder (MW: 394.32 

g.mole-1) was dissolved in 10 mL of ethanol, 
avoid light. The prepared mixture was used as a 
stock solution (3 mM); it was diluted ten times 
to prepare a 0.3 mM standard solution.
To prepare the reaction mixture, 40 and 160 
µL from each concentration of EO and DPPH 
standard solution were added to each well, re-
spectively. The treated plates were incubated 
30 min, away from light, for performing the 
reaction and then subjected to the plat reader. 
The absorbance of the wells was read at 517 
nm. Using equation 2, the antioxidant activity 
of EO was calculated at different concentrations 
[29,30]. The decreased absorbance value of the 
reaction mixture indicated an increased percent-
age of free radical scavenging activity. Higher 
absorbance was related to the control groups, 
filled with ethanol (40 µL) and DPPH standard 
solution (160 µL). The test was repeated three 
times, and in each replicate, 12 wells were con-
sidered as control groups

Antioxidant activity (%): (Mean absorbance of control -Mean absorbance of sample test)/(Mean absorbance of control)

Statistical Analyses
All the tests were repeated three times, and fi-
nal values were reported as mean ± standard 
deviation. Calculation of means, standard devi-
ations, and drawing charts were done using Ex-
cel software (Version 2010, Microsoft Corpora-
tion, USA). CalcuSyn software (Free version, 
BIOSOFT, UK) was used for the calculation of 
IC50s. For comparison of anticancer/oxidant 
activities of EOs together, one-way analysis of 
variances (ANOVA) or independent sample t-test 
was used; p < 0.05 was considered a significant 
difference. Those analyses were performed using 

statistical package for the social sciences (SPSS) 
software (Version 22, SPSS Inc, USA). 

Results

Identified ingredients the EOs
Identified compounds in AGEO using GC-MS 
analysis are listed in Table 1. Compounds of al-
pha-Phellandrene, p-Cymene, Dill ether, cis-Sa-
binol, and Carvone with a portion (%) of 26.75, 
24.81, 9.78, 3.61, and 10.77 were identified as 
major components. 

× 100
Equation2.
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No Ret Time Compound % RI

1 6.72 alpha-Thujene 0.38 446

2 8.88 beta-Myrcene 0.76 600

3 6.97 alpha-pinene 1.76 612

4 7.42 Comphene 0.10 623

5 9.73 alpha-Phellandrene 26.75 634

6 8.38 Sabinene 0.67 646

7 10.80 p-Cymene 24.81 675

8 11.77 gamma-Terpinene 0.13 709

9 12.91 alpha-Terpinolene 0.53 737

10 12.97 Dehydro-p-cymene 0.29 739

11 14.45 Delta-3-carene 0.25 776

12 14.81 cis-Limonene oxide 0.10 785

13 15.64 Prehnitene 1.73 805

14 16.65 Borneol 0.91 825

15 17.38 Dill ether 9.78 839

16 17.82 cis-Dehydrocarvone 1.44 848

17 18.21 cis-Sabinol 3.61 856

18 19.57 Pulegone 1.24 884

19 20.25 Carvone 10.77 897

20 20.50 Propellane 2.88 902

21 26.12 Piperitenone 0.98 1008

22 26.85 Prehnitene 1.51 1022

23 27.04 1,3-Adamantanediol 1.59 1025

24 27.61 1(2H)-Naphthalenone, octahy-
dro-8a-hydroxy 2.50 1036

Table 1. Identified ingredients in A. graveolens using GC-MS analysis
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25 28.13
2-Cyclohexen-1-one, 4-hy-

droxy-3-methyl-6-(1-methylethyl), 
trans

1.82 1046

26 28.84 Prehnitole 1.11 1060

27 35.18 Dillapiole 0.29 1184

28 35.73 delta-Cadinene 0.17 1195

29 42.49 Allylchlorodimethylsilane 0.79 1331

30 48.81 Hexadecanoic acid 0.29 1485

Ret Time: Retention Time, RI: Refractive index

Table 2. Identified ingredients in C. limon using GC-MS analysis

Thirty-eight components were identified in 
CLEO with five major constituents, including 
alpha-pinene (3.46%), sabinene (16.99%), lim-

onene (61.83%), Limonene oxide, cis- Limo-
nene oxide (2.27%), and trans- Limonene oxide 
(3.08%) (see table 2).

No Ret Time Compound % RI

1 9.45 alpha-Pinene 3.46 613

2 10.03 Camphene 0.07 623

3 11.35 Sabinene 16.99 646

4 11.57 cis-p-Menth-8-ene 0.03 704

5 11.98 beta-Myrcene 0.73 714

6 12.56 Octanal 0.09 729

7 12.76 3-Carene 0.04 734

8 13.98 Limonene 61.83 765

9 18.01 p-mentha-E-2,8(9)-dien-1-ol 0.47 853

10 18.57 cis- Limonene oxide 2.27 864

11 18.80 trans- Limonene oxide 3.08 869

12 21.07 1-Methyladamantane 0.12 913

13 21.47 6-Methyl-1,4-cyclooctadiene 0.66 921

14 21.57 Myrtenol 0.29 923
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15 21.62 (4R,8R)-8,9-epoxy-p-menth-1-ene 0.39 924

16 21.72 2-Cyclohexen-1-ol, 2-meth-
yl-5-(1-methylethenyl), cis 0.14 926

17 22.64 trans-Carveol 0.91 943

18 23.17 cis-Carveol 0.64 953

19 23.59 Z-Citral 0.32 961

20 23.70 Carvone 0.67 963

21 24.93 E-Citral 0.61 986

22 26.11 Verbenone 0.19 1008

23 26.21 Perilla aldehyde 0.26 1010

24 26.59 trans-Pinocarveol 0.20 1017

25 26.67 1,3,8-p-Menthatriene 0.48 1019

26 27.25 cis-p-Mentha-2,8-dien-1-ol 0.33 1030

27 27.33 Myrtenal 0.31 1031

28 27.70 2,6-Octadienal, 3,7-dimethyl, (Z) 0.13 1038

29 28.15 1,2-Cyclohexanediol, 1-meth-
yl-4-(1-methylethenyl) 1.51 1047

30 28.82 2-Cyclohexen-1-ol, 2-meth-
yl-5-(1-methylethenyl)-, cis 0.13 1060

31 29.01 Neryl acetate 0.48 1063

32 29.12 trans-Carveol 0.53 1066

33 29.77 Carveol2 0.30 1078

34 29.82 Nerol 0.27 1079

35 30.36 Carveol 0.07 1089

36 30.83 4,5-epoxy-1-isopropyl-4-methyl-1-cy-
clohexene 0.45 1098

37 32.39 trans-2-Decalone 0.28 1129

In table 3, identified ingredients in ZOEO are 
listed. Among the 70 determined compounds, 
five of them had a significant portion (%) com-
pared to others. They were including Camphene 

(6.73), alpha-Curcumene (11.61), Zingiberene 
(30.28), beta-Bisabolene (10.69), and beta-Ses-
quiphellandrene (12.37).
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Table 3. Identified ingredients in Z. officinale using GC-MS analysis

No Ret Time Compound % RI

1 8.95 Tricyclene 0.17 576

2 9.19 alpha-Thujene 0.01 604

3 9.46 alpha-Pinene 2.41 613

4 10.11 Camphene 6.73 624

5 10.82 1,3,8-p-Menthatriene 0.02 649

6 11.14 Sabinene 0.08 677

7 11.24 beta-Pinene 0.30 689

8 11.86 6-Methyl-5hepten-2-one 0.69 711

9 11.98 beta.-Myrcene 0.79 714

10 12.50 alpha-Phellandrene 0.37 727

11 12.75 3-Carene 0.05 734

12 13.06 alpha-Terpinene 0.02 741

13 13.46 o-Cymene 0.07 751

14 13.69 beta-Phellandrene 5.51 757

15 13.78 1,8-Cineole 3.05 760

16 15.03 gamma-Terpinene 0.03 791

17 16.40 alpha-Terpinolene 0.21 820

18 16.67 2-Nonanone 0.05 826

19 16.89 Rosefuran 0.24 830

20 17.04 Linalool 0.25 833

21 17.54 Methyl bornyl ether 0.04 843

22 17.76 (E)-4,8-Dimethyl-1,3,7-nonatriene 0.03 848

23 19.01 Camphor 0.10 873

24 19.21 exo-methyl-camphenilol 0.05 877
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25 20.12 Borneol 1.19 895

26 20.58 Rose furan epoxide 0.27 904

27 21.27 alpha-Terpineol 0.57 917

28 21.93 Decanal 0.11 930

29 23.05 beta-Citronellol 0.13 951

30 23.56 Z-Citral 0.06 960

31 24.24 Geraniol 0.21 973

32 24.92 E-Citral 0.09 986

33 25.53 Borneol, acetate 0.13 997

34 25.91 2-Undecanone 0.20 1004

35 27.74 alpha-Terpinene 0.15 1039

36 28.50 cis-2,6-Dimethyl-2,6-octadiene 0.05 1054

37 28.76 Eugenol 0.05 1059

38 28.90 (+)-Cycloisosativene 0.25 1061

39 29.39 alpha-Cubebene 0.82 1071

40 29.82 Geranyl acetate 0.43 1079

41 30.01 beta-Cubebene 0.11 1083

42 30.11 beta-Elemene 1.08 1084

43 30.67 Zingiberene 0.36 1095

44 31.21 trans-Caryophyllene 0.14 1106

45 31.62 Germacrene D 0.06 1114

46 31.82 gamma-Elemene 0.48 1118

47 31.90 alpha-Bergamotene 0.15 1119

48 31.91 alpha-Bergamotene 0.15 1120

49 32.44 alpha-Gurjunene 0.11 1130
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50 32.79 trans-beta-Farnesene 0.76 1137

51 32.93 Aromadendrene 0.33 1140

52 33.61 alpha-Amorphene 0.24 1153

53 34.00 alpha-Curcumene 11.61 1161

54 34.70 Zingiberene 30.28 1175

55 35.07 beta-Bisabolene 10.69 1183

56 35.38 (-)-alpha-Panasinsen 0.63 1189

57 35.73 beta-Sesquiphellandrene 12.37 1196

58 35.89 trans-gamma-Bisabolene 0.51 1199

59 36.56 Elmol 0.52 1212

60 36.69 Sesquisabinene 0.25 1215

61 37.06 Farnesol 0.51 1222

62 38.96 Unknown from lime oil 0.60 1261

63 39.47 alpha-Costol 0.27 1271

64 40.32 beta-Eudesmol 0.19 1288

65 41.72 gamma-Curcume 0.44 1318

66 41.96 Farnesol 0.21 1324

67 43.40 Mintsulfide 0.09 1357

Anticancer activities of the EOs
Anticancer activity of AGEO against the cancer 
cell lines is illustrated in figure 1. By increas-
ing the concentration of the EO, cell viabilities 
were decreased, e.g., cell viabilities of MDA-
MB-175, MDA-MB-468, and MDA-MB-231 
decreased to ~ 10, 20, and 25%, respectively, at 
a concentration of 1280 µg.mL-1. However, the 
cell viability of MCF-7 was higher than others: 

its viability at 1280 µg.mL-1 was around 55%. 
The effect of CLEO on targeted cell lines is 
demonstrated in figure 2. Like AGEO, anti-
cancer activities improved by increasing the 
concentration of CLEO. Interestingly, at a con-
centration of 1280 µg.mL-1, viabilities of three 
cell lines, including MCF-7, MDA-MB-175, 
and MDA-MB-468, decreased to around 10%. 
Furthermore, viability of MCF-7 at concentra-
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Figure 1. Anticancer activity of EO of A. graveolens

tion of 320 µg.mL-1 was around 40%; while 
this amount did not occur even at 4-fold higher 
concentration of AGEO (i.e., 1280 µg.mL-1 = 
~ 50%). It can be implied that MCF-7 is more 
sensitive to CLEO than AGEO.
The anticancer activity of ZOEO on four hu-
man breast cancer cell lines is shown in figure 
3. In detail, the EO is invalid for MCF-7. When 
the concentration is as high as 640 µg.mL-1, the 
survival rate is about 100%. Only at the con-
centration of 1280 µg.mL-1 its survival rate was 
reduced to 68%. At the same time, the survival 
rate of other cell lines (MDA-MB-175, MDA-
MB-231, and MDA-MB-468) is about 35%.

Obtained IC50s of the EOs against targeted cell 
lines are listed in Table 4. CLEO with IC50 of 
201 µg.mL-1 was significantly more potent than 
AGEO and ZOEO against MCF-7 (one-way 
ANOVA, p < 0.05). In addition, observed IC50s 
of CLEO against MDA-MB-231 (243 µg.mL-1) 
and MDA-MB-468 (210 µg.mL-1) was signifi-
cantly more potent than ZOEO (sample t-test 
p < 0.05). However, no significant difference 
was observed compared to AGEO (Independent 
sample t-test, p > 0.05). Moreover, the poten-
cy of the EOs on MDA-MB-175 was not sig-
nificantly different from each other (one-way 
ANOVA, p > 0.05).

Figure 2. Anticancer activity of EO of C. limon
 

 

 

 

Figure 3. Anticancer activity of EO of Z. officinale

 

 

 

  

Figure 4. Antioxidant activity of Anethum graveolens 
(AGEO), Citrus limon (CLEO), and

Zingiber officinale (ZOEO) EOs
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Table 4. Obtained IC50s (with related parameters) of EOs against four human breast cancer cell lines

Cell lines MCF-7 MDA-MB-175 MDA-MB-231 MDA-MB-468

Parameter
IC50 (µg.mL-1)

LCL-UCL
IC50 (µg.mL-1)

LCL-UCL
IC50 (µg.mL-1)

LCL-UCL
IC50 (µg.mL-1)

LCL-UCL

AGEOa
1908

1238-2941
370

217-633
408

286-580
403

236-689

CLEOb
201

137-296
406

272-606
243

185-319
210

162-273

ZOEOc NA
719

370-1397
723

490-1067
775

361-1665

aA. graveolens EO, bC. limon EO, c Z. officinale EO

Antioxidant activities of the EOs
As shown in figure 4, the antioxidant activity 
of the EOs was not acceptable; the highest val-
ues in the EOs were ~ 5%, which occurred at a 
concentration of 1280 µg.mL-1 of AGEO. The 
antioxidant activity of ZOEO was significantly 
potent than two other EOs at concentrations of 
40, 80, 160, 320, 640, and 1280 µg.mL-1 (one-
way ANOVA, p < 0.05). 

Discussion
Limonene, alpha-phellandrene, and zingiberene 
were identified as major ingredients of the used 
EOs in the current study; their various biological 
effects have been reported in the literature. For 
instance, limonene has remarkable anticancer 
activities connected to the inhibition of tumor 
initiation, growth, and angiogenesis [31]. Fur-
thermore, the mechanism of action is potentially 
connected to inducing apoptosis [32]. The anti-
proliferative activity of limonene on BW5147 
cells, colon, gastric, melanoma, and mammary 
gland tumors has been investigated positively 

[33]. Antitumor activities of limonene on A549 
cells and human melanoma A375-S2 cells are 
also confirmed [34]. Moreover, alpha-phellan-
drene (5-isopropyl-2-methyl-1,3-cyclohexadi-
ene) is a cyclic monoterpene with a wide range 
of biological activities, e.g., showed inhibitory 
effects against bacteria at concentrations of < 4 
mg/mL [35,36]. It also showed a dose-depen-
dent antifungal effect on Penicillium cyclopean; 
The minimum inhibitory concentration (MIC) 
and minimum fungicidal concentration (MFC) 
are 1.7 and 1.8 mL/L, respectively [37]. Inter-
stingly, it has a necrosis effect in human liver 
tumor cells [38]. Besides, zingiberene (2-Meth-
ylcyclohexa-1,3-diene) is a sesquiterpene hy-
drocarbon present in ginger rhizomes [39]. It 
has anti-inflammatory and antioxidant effects 
[40,41]. It has also possessed anticancer effects 
on the human colon and gingival cells [42,43].
No report was found about the anticancer ac-
tivity of AGEO on targeted cell lines (MCF-7, 
MDA-MB-175, MDA-MB -231, and MDA-
MB-468) in the literature. However, many oth-
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er uses for AGEO in health and medicine were 
reported. For instance, reducing hyperlipidemia 
[44], antibacterial effect [45], antiglycation, and 
antioxidant properties [46]. A few reports were 
found on the anticancer activity of CLEO and 
ZOEO against targeted cell lines. For example, 
IC50 of CLEO against MCF-7 was determined 
as 1430 µg.mL-1, but ZOEO was considered not 
active [47]. While, in other reports, the effect 
of ZOEO on MCF-7 was reported as 50.6 and 
82.6 µg.mL-1 [48,49], these values on MDA-
MB-231 were 54.7 and 57.5 µg.mL-1 [48,50]. 
The mentioned results were significantly differ-
ent together and compared with the results of 
this study. Unfortunately, ingredients of used 
EOs in those researches were not reported in 
contrast to this research; comparing results is 
thus impossible. Reviewing the anticancer ac-
tivities of other EOs showed that some of the 
obtained IC50 in this research were better than 
many other reports. For instance, the antican-
cer activity of CLEO on MCF-7 (IC50: 201 
µg.mL-1) was better than EOs of Mentha spi-
cata L. 284 µg.mL-1 [51], Pimpinella anisum L. 
300 µg.mL-1 [51], and Pinus peuce Griseb. 600 
µg.mL-1 [52]. Also, IC50 of CLEO on MDA-
MB-231 was better than Pistacia lentiscus L. 
EO (243 and 616 µg.mL-1, respectively) [53]. 
Two articles were also found about MDA-
MB-468: IC50 of EOs of Kelussia odoratissima 
Mozaff., Peristrophe bicalyculata (Retz.) Nees, 
and Borreria verticillata (L.) G.Mey. were re-
ported as 85, 66.6, and 20.4 µg.mL-1 respective-
ly [54,55]. AGEO, CLEO, ZOEO could be used 
in supplementary/complementary medicine, 
considering the obtained results in the current 

study. However, their anticancer effects should 
be investigated in vivo, and their potency could 
be compared with their major ingredients.

Conclusion
Ingredients of EOs of C. limon, A. graveolens, 
and Z. officinale were first identified using GC-
MS analysis, and their antioxidant activities 
were then evaluated. Furthermore, their anti-
cancer activities on four human breast cancer 
cell lines, including MCF-7, MDA-MB-175, 
MDA-MB-231, and MDA-MB-468, were in-
vestigated. Considering the antioxidant and an-
ticancer effects of the EOs, they could be fur-
ther investigated as a possible complementary 
medicine in cancer.
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