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ABSTRACT 
The aim of the present study was to evaluate the anticancer effect of lemon basil, lemongrass and 
citronella essential oil on prostatic cell line (PC-3) and adenocarcinoma breast cancer cell lines (MCF-
7) of in vitro compared with normal skin cell BJ-1. To improve ability of oil to prevent cell cancer 
activation sonication at power 30 Hz for two time (2 min at room temperature RT and at 50 °C) and (4 
min at room temperature RT and at 75 °C). Irradiation by gamma at 2.5, 5.0 and 10 KGy of the three 
essential oils. A qualitative, quantitative analysis of the essential oil in the various fractions by GC-
MS and UV-VIS analysis was carried out. The anticancer effect of each essential oil was determined 
by MTT assay. The results summarize that basil, citronella and lemongrass oil initiate the cancer cell 
death by decreasing cell proliferation and initiating apoptosis in PC-3 and MCF-7 cell lines with 
decrease oxidation stress in normal cell BJ-1. Only sonication for 2 min at room temperature (S2-RT) 
and 10 KGy irradiated essential oils (EOs) of Ocimum citrodorium; 10KGy, S2-RT and sonication for 
2 min at 50 °C (S2-50 °C) for lemongrass and finally, 10 KGy, S2-50 °C and S4-75 °C for citronella 
gave lethal effect of cancer cells and good viability of normal cell. GC-MS of original and irradiated 
oil showed highest quantity of linalool, limonene, geranial, citronellal, neral, eugenol in lemongrass, 
lemon basil and citronella oil. Slightly increase in limonene 0.019, 0.67 and 2.02 ug/ml; linalool 43.5, 
30.53 and 34.02 ug/ml; methyl chavicol 7.07, 7.05 and 8.12 ug/ml, and eugenol 19.68, 12.63 and 
19.98 ug/ml for original, S2-RT and 10 KGy of basil, respectively. The present findings of this study 
clearly demonstrate the involvement of oxidative mechanism for the anti-proliferative effect in PC-3 
and MCF-7 cell lines. PC-3 being chemosensitive showed good results (50.07 %) at lower 
concentrations of Ocimum citrodorium essential oil (IC50 24 h 100 μg/ml) and 60.1% for MCF-7, as 
compared to chemosensitive of both essential oil of Cymbopogaon nardus and Cymbopogaon Citratus 
on PC-3 and MCF-7 cells (IC50 24 h 500 μg/ml and IC50 24 h 100 μg/ml, respectively). Whereas basil 
oil exhibited better activity in both the cell lines. All the results suggest lemon basil, lemongrass and 
citronella essential oil could be considered as potent candidates for anticancer agents 
 
Keywords: Ocimum citrodorium, Cymbopogaon nardus, Cymbopogaon Citratus, essential oil, PC-3, 

MCF-7 cell line, GC-MS, gamma radiation , sonication, UV-VIS 

 
1. Introduction 

Medicinal plants are rich of essential oils (EOs) that is the plant secondary metabolites, mainly 
constituted by a mixture of terpenes and terpenoid derivatives. Monoterpenes and sesquiterpenes are 
usually their major constituents (Shim et al., 2009). All of these components are volatile, usually 
exuding characteristic and pleasant odors. The insects smell of these essential oils gave attraction 
effect, that is one of the main factors responsible for the pollination of plants. EOs have many other 
biological functions, such as protection of plants against diseases caused by fungi and bacteria (Muller 
and Buchbauer, 2011). Moreover, EOs exhibit a broad spectrum of biological properties, such as 
mucolytic, expectorant (for example, menthol), and antineoplastic actions (Shim et al., 2009) 
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stimulating blood flow (for example, EO of mountain pine or common juniper), treatment of 
gastrointestinal diseases (for example, essential oils of anise, caraway, or fennel), and used in 
aromatherapy (Muller and Buchbauer, 2011). Eos are also used for production of perfumes and other 
cosmetic products and are added to foods to improve the flavor (Muller and Buchbauer, 2011). 

γ-radiation provides an effective alternative method for reducing or eliminating microbial 
contamination of medicinal herbs and other vegetal products. This type of radiation of high energy 
usually passes through skin and soft tissue. A small percentage of γ-radiation is absorbed by cells. 
Once absorbed by a biological material, γ-radiation can provoke direct and indirect effects at 
molecular level. Direct effects are responsible for DNA double-strand breaks (DSBs), highly toxic 
lesions that can cause genetic instability and cell death (Fanaro et al., 2014). 

Moreover, the influence of irradiation treatments on these essential oils on the antimicrobial 
activity was investigated. The treatment of essential oils with gamma irradiation did not apply since 
1961 as mentioned by Fazakerley et al. (1961). Where, irradiation of many essential oils, which are 
substantially compounds containing only carbon, hydrogen and oxygen, induces changes in flavor, 
odor and chemical composition which are beneficial. 
Ultrasounds, may provoke a number of further significant and undesirable changes in the composition 
of the essential oils, such as isomerisation, oxidation, and polymerization. Moreover, it is interesting 
whether the use of ultrasound in technological processes can interact at the molecular level with the 
structures of volatile compounds present in various systems, i.e., solvent–essential oil systems or food 
matrix–essential oil systems (Radosław et al., 2019) 

According to Assami, et al. (2012) sonication of caraway seeds (Carum carvi) gave the 
composition of essential oil distilled using the method of ultrasonic augmentation differed from the 
composition of essential oil distilled with the classic method. Authors of those studies attribute the 
changes in oil efficiency as well as the qualitative changes to the fact of higher effectiveness of 
sonication in the extraction process of those substances from the secretory structures of plants. 
suppose that certain unstable chemical compounds may undergo, e.g., isomerization under the effect 
of ultrasounds (Pingret et al., 2012 &  Pingret et al., 2013).  

The objective of this study is to evaluate the impact of irradiation on volatile compounds of 
three sources of essential oil Ocimum citrodorium, Cymbopogaon Citratus and Cymbopogaon nardus 
to produce a new anticancer compound without any lethal effect of normal cells. 
 
2. Materials and Methods 
1.  Essential oil collected 

Ocimum citrodorium (lemon Basil), Cymbopogaon nardus (Citronella) and Cymbopogaon 
citratus (Lemongrass) essential oil were collected from El Qanater Station, Medicinal and Aromatic 
Department, Hort., Res., Institute, A. R. C., Egypt. The EOs were obtained from the fresh plant 
material by hydro distillation method and the samples were stored at -4°C until the isolation 
procedure. 

 
2. Irradiation of essential oils  

The tested essential oils were irradiated with gamma radiation at doses of 0, 2.5, 5.0 and 10 
kGy. Irradiation was conducted using a self-contained, Lockheed Corporation 137 °Cs gamma 
radiation source with a dose rate of approximately 0.1 kGy min-1. The dose rate was established using 
alanine transfer dosimeters from the Food Irradiation Department, National Center for Radiation 
Research and Technology, Atomic Energy Authority, Cairo, Egypt). The temperature was maintained 
at 5 ( 2 °C by injecting the gas phase from a liquid nitrogen tank into the radiation chamber. The vials 
were taped onto the tubes containing the oil samples prior to irradiation.  

 
3.  Sonication of essential oils 

Two-milliliter portions of methanolic solutions of essential oils was transferred to a vial of 
ultrasonic disintegrator. Vials were placed in an ice bath (4°C) preventing sample heating. The 
ultrasonic disintergrator-type HD 2200 (Central Lab., Hort., Res. Institute, A.R.C. Egypt) was used 
with an operation frequency of 50 kHz and output power of 200 W, was inserted into the solutions 
through the aperture of the vial. The positive solutions of the essential oils were subjected to the effect 
of ultrasounds with various temperature (room temperature, RT and 50°C) for 2 min and (RT and 
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75°C) for 4 min. Next, the portions of 1100 μl of solution were taken from each of the samples 
subjected to sonication (A, B, C, and D) as well as the control sample (cont.) then transferred to 
analytical vials for chromatographic analysis. 

 
4.  Evaluation isomerization compounds 
4.1.  Chemical evaluation 
4.1.1.  GC analysis for essential oils 

The sample was analyzed using a GC 6850 network GC system equipped with a 7683B series 
auto injector and 5973 inert mass selective detector (Agilent Technologies, Willmington, DE, USA). 
Compounds were separated on an HP-5 MS capillary column with a 5% phenyl polysiloxane 
stationary phase (30.0 m × 0.25 mm, film thickness 0.25 μm). Oven temperature was programmed in 
a three steps gradient: initial temp set at 45 °C (held for 5 min), ramped till 150 °C at 10 °C/min, 
followed by a 5 °C/min rise till 280 °C and finally at 15 °C/min to 325 °C where it was held for 5 
min. Helium gas flow rate was 1.1 mL/min (pressure 60 KPa and linear velocity 38.2 cm/sec). 
Ions/fragments were monitored in scanning mode through 40–550 m/z. 

 
4.1.2.  UV-VIS adsorption 

The experimental absorption spectrum of essential oils in the 200–390 nm regions at room 
temperature was obtained by using a Perkin Elmer Lambda 9 UV-VIS-NIR Spectrophotometer, with a 
resolution of 1.0 nm. The measuring time for one füll spectrum is < 1 sec/ sample, and the total 
sample volume (1.2 ml) is large compared to the volume illuminated during the measurement (0.006 
ml). Any influence of the probing beam on the sample, e.g. photochemical reactions, should be 
negligible under these conditions. 
 
4.2.  Cell line culture 
4.2.1. Cell preparation 

The human breast adenocarcinoma cell line (MCF-7), the human prostate adenocarcinoma 
cell line (PC-3), and a normal human cell line (BJ-1) cells were collected from American Type 
Culture Collection (ATCC) and kindly provided by Dr. Salwa M. Al-Hallouty Pharmacognosy 
Depart. N. C. R. Egypt and maintained in DMEM medium  ) Dulbecco’s Modified Eagle’s Medium, 
Lonza, Basel, Switzerland .(  ) Gibco, Gergy Pouloisa , France)  and supplemented with 10%  fetal 
bovine serum at 37°C in 5% CO 2 and 95% humidity, cells were subcultured using Trypsin-Versene 
0.15%. 

 
5. MTT assay 

The antiproliferative effects of the compounds were tested in vitro on the three cell lines, MCF-
7, PC-3, and BJ-1, using the MTT (3- (4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide) assay (Ghitescu and Fixman, 1984). The cells were cultured in 96-well plates, where each 
well contains 1×10 5 cells. A 100 ppm final concentration of the extracts was added in triplicates. The 
cells were incubated for 48 h. Doxorubicin was used as positive control and 0.5% DMSO was used as 
a negative control . Cytotoxicity was determined using MTT [3-(4, 5-dimethythiazol-2 -yl)-2, 5-
diphenyltetrazolium bromide] assay, as described by Mosman , (1983).The media were discarded and 
40 μl of MTT (Bio Basic, New York ,USA) was added then the plates were incubated for 3–4 h in 5% 
CO2

 incubator. After the incubation, 140 μl of 1% sodium dodecyl sulfate (SDS) (solubilizing 
reagent) (ADWIC, Egypt) was added to each well and left for 20 min. The color formed was then 
measured at 595 nm, on  a microplate reader (Vijayakumar and Ganesan, 2012). Using different 
concentrations ranging from 6.25, 12.5, 25, 50, 100 and 3.125 ppm.  

The inhibition concentration (IC50) was calculated using the software program SPSS 
(Statistical analysis software package, v9 , Chicago, USA( Percentage inhibition= 100 – (abs. of 
treated cells/abs. of untreated cells) × 100. 

 
6. Statistical Analysis. 

The experiment designed by Complete Randomized Design (CRD) and using LSD at 5 % to 
compare the means of treatments (Steel and Torrie, 1980) and standard division (SD). The data 
analyzed by Co-State software Version-4 (Statistical Graphics Corporation, 1999). 
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3. Result and Discussion 
3.1. Volatile Compounds  
3.1.1. Ocimum citridorum  

Table 1 lists the compounds identified by GC-MS in the nonirradiated essential oil of lemon 
basil (control), gamma irradiation 10 KGy (G-10) and sonicated oil for 2 min at root temperature(S2-
RT) these treatments were more effective on inhibiting carcinoma cell lines compared with normal 
cell line. A total of 24, 21 and 22 compounds, respectively were detected for O. citriodorum, 
representing 100 % of the total compounds in essential oil (Table 1). 

 
Table 1: GC-MS analysis of antiproliferative irradiated essential oil of Ocimum citrodorium againest 

PC3 and MCC-7 carcinoma cell line 

Fig. 1: GC chromatogram of O. citrodorium essential oil  (a) control (b) S2-RT (c) G -10 

 
Despite the qualitative and quantitative differences between the composition of the treated oils, 

linalool was found to be the major compound in nonirradiated oil (Fig.1 a) following by Eugenol and 
methyl chavicol.  The three main components of non-irradiated oil, 10 kgy irradiated oil and sonicated 
oil were determined and observed. In non-irradiated oil of lemon basil, it was followed by linalool, 
which presented also a very high amount (43.54 %), Eugenol (19.68 %) and Methyl chavicol 7.075 % 
while in lemon basil sonicated at room temperature for 2 min (S2-RT) linalool and eugenol were 
decreased to 30.53% and 12.63 %, respectively while, methyl chavicol did not chang (7.05%) (Fig. 
1b). Also, some compounds were slightly decreased such as α-pinene from 4.8 to 4.5 %; β-pinene 
from 4.03 to 3.60 %; α-terpenol from 2.8 to 2.3%; Nerol from 1.2 to 0.14 %; Neral from 2.9 to 2.1%; 
geranyl acetate (1.5%) and copaene (2.1%) were disappeared. On the other hand, others were slightly 
increased α-thujene from 0.12 to 1.06%; camphene from 0.23 to 1.1%; β-myrcene from 3.5 to 6.1 %; 
limonen from 0.019% to 0.67%; Eucalyptol from 1.1 to 3.4%; 1,8-cineol from 0.1 to 3.03%; γ-
terpinene from 0.12 to 1.89%; camphor from 0.99 to 1.67%; nerol oxide from 1.02 to 1.73% and 
geraniol from 2.3 to 10.2 %.  

Moreover, on irradiated essential oil by 10 Kgy gamma radiation some variation in compounds 
concentrations were observed; some of them were increased as shown α-thujene increased from 0.12 
to 0.60 %; camphene from 0.23 to 0.75 %;  β-myrcene from 3.5 to 7.3 %; Lemonen from 0.019% to 

 
 
 

Volatile 
compound 

 

RT Ocimum citrodorum 

Control 
Non-irr. 

S2-RT G-10 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

α-Thujene 
α-Pinene 
Camphene 
β-Pinene 
β-Myrcene 
D-Lemonene 
Eucalyptol 
1,8-Cineol 
γ-Terpinene 
Linalool 
camphor 
Nerol oxide 
δ-terpineol 
Terpinen-4-ol 
α-Terpineol 
Methyl chavicol 
Nerol 
Carvone 
Neral 
Geraniol 
Geranyl acetate 
Eugenol 
α-Copaene 
(E)Caryophyllene 

3.026 
3.332 
3.356 
3.423 
3.646 
4.123 
4.432 
4.563 
5.673 
5.941 
6.242 
6.288 
6.336 
6.494 
7.168 
7.532 
7.652 
7.773 
7.843 
7.935 
8.317 
11.596 
11.897 
12.203 

0.12728 
4.81881 
0.23982 
4.03313 
3.51083 
0.01928 
1.10231 
0.10211 
0.12244 

43.54495 
0.99198 
1.02631 
1.09435 
2.09099 
2.83287 
7.07595 
1.2039 

0.21913 
2.91658 
2.31101 
1.54120 

19.68957 
2.11360 
1.38417 

1.06323 
4.59056 
1.10550 
3.60253 
6.15924 
0.67614 
3.43662 
3.03335 
1.89741 
30.5329 
1.67520 
1.73665 
1.10344 
2.98976 
2.39198 
7.0510 

0.14048 
0.62380 

2.19887 
10.2229 

- 
12.6323 

- 
1.13593 

0.60213 
3.43326 
0.75250 
3.60253 
7.23124 
2.02114 
2.54312 
2.06120 
0.93214 
34.0219 
0.97821 

- 
1.00873 
3.00656 
3.09398 
8.12910 
0.53248 
0.49480 
4.80487 
6.76549 

- 
19.98323 

- 
2.50993 

 

 

 

 

b 

a 

c 
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2.02 Eucalyptol from 1.1 to 2.5 %;1,8-cineol from 0.1 to 2.06 %;  γ-terpinene from 0.12 to 0.93%; 
while others were decreased such as Linalool from 43.54 to 34.02%; Nerol from 1.2 to 0.53%; both of 
Nerol oxide, geranyl acetate and α-copaene were disappear after irradiation. Also, each of β-myrcene; 
geranyol; neral; methyl chavicol; caryophyllene gave significant increase 7.23, 6.76. 4.80, 8.12 and 
2.5 %, respectively. 

The observation of these data linalool was more decreased with sonication (S2-RT) 30.5% 
compared with gamma rays (G-10) 34.02 but Eugenol was constant concentration after radiation by 
10 KGy (19.6± 0.304) and decreased after sonication (S2-RT) to (10.2%).  

 
3.1.2. Cymbopogaon Citratus 

The data tabulated in Table (2) showed that the fractions of lemon grass essential oil by GC-MS 
apparatus. The samples under study that were more inhibition effect on carcinoma cells. It showed 
that Geranial was the main component of nonirradiated oil at percentage 40.72 % following by Neral 
34.98% and cis-linalool 15.69 %.  
 
Table 2: GC-MS analysis of highest antiproliferative irradiated essential oil of Cymbopogaon Citratus against 

PC3 and MCC-7 carcinoma cell line 

Fig. 2: GC chromatogram of Cymbopogaon Citratus essential oil  (a) control (b) G-10 (c) S2-50C (d) S2-RT 

 
As shown in table 2 essential oil fractions for four irradiance oils treatments, nonirradiated oil, 

10 Kgy gamma irradiation, sonication for 2 min at room temperature and sonication for 2 min at 50 
°C. β- Myrcene gave 1.03 % for control (non-irradiated oil) increased to 1.33 % for 10 Kgy treatment 
and reached to high level 3.57 % for sonication at 50 °C for 2 min and decreased to 2.10 % for 
sonication for 2 min at RT (room temperature). The second compound was Lemonene which 
increased from 0.42 % to 3.66 %, 5.98 and 7.10 % for control, 10 Kgy, S2-50 °C and S2-RT, 
respectively. E, E-cosmene  scored 0.20 % for control, 1.59% for 10 KGy, 1.95 % for S2-50 °C and 
0.02 % for S2-RT, respectively. Z, B- Ocimine 0.97 % for control; 1.41% for 10 Kgy; 1.86 % for S2-
50 °C and 1.23% for S2-RT, respectively. E,B- Ocimine 0.41 % for control ; 1.86 % for 10 Kgy; 2.69 
% for S2-50 °C and S2-RT, respectively.α- Terpineolene scored 1.02 % for control, 0.87 % for 10 
KGy, 1.03 % for S2-50 °C and S2-RT, respectively. Z, B- Ocimine 0.97 % for control; 1.41% for 10 
Kgy; 1.86 % for S2-50°C and 1.23% for S2-RT, respectively. α- Terpineolene scored 1.02 % for 
control, 0.87 % for 10 KGy, 1.03 % for S2-50 °C and S2-RT, respectively. Citronellal 0.6 % for 
control; 1.89 % for 10 Kgy; 2.80 % for S2-50 °C and 3.10 % for S2-RT, respectively.  Cis-linalool 
15.69 % for control; 4.84 % for 10 Kgy; 7.36 % for S2-50 °C and 2.01 % for S2-RT, respectively. 
Neral 34.98 % for control; 29.11 % for 10 Kgy; 26.18 % for S2-50 °C and 22.18 % for S2-RT, 
respectively. Geraniol 0.53 % for control; 1.12 % for 10 Kgy; 1.75 % for S2-50 °C and 3.21% for S2-

 
Volatile compound RT 

Cymbopogaon Citratus 
Non-Irr 10 Kgy S2-50 S2 RT 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

α-Pinene 
β-Pinene 
β-Myrcene 
D-Lemonene 
E,E-cosmene 
Z,B-Ocimine 
E,B-Ocimine 
α-Terpineolene 
Citronellal 
Cis-vebenol 
cis-Linalool 
Cis-Carveol 
Atrimesol 
Nerol 
Neral 
Geraniol 
Geranial 
Carvol 
Geranyl acetate 
( E )-Caryophyllene 

1.324 
1.972 
3.237 
4.234 
5.975 
6.515 
7.048 
7.367 
7.810 
8.010 
8.214 
8.319 
9.861 

10.017 
10.474 
11.139 
11.346 
11.473 
12.87 
13.16 

- 
- 

1.03 
0.42 
0.20 
0.97 
0.41 
1.02 
0.60 
0.15 

15.69 
1.18 
0.26 
0.17 

34.98 
0.53 

40.72 
0.18 
0.51 
0.28 

- 
- 

1.33742 
3.66529 
1.59698 
1.41850 
1.86729 
0.87012 
1.89035 
0.59774 
4.84794 
1.68454 
0.65278 
0.61198 
29.11055
1.12177 
37.28806 
1.01466 
1.28821 
3.20342 

- 
1.83281 
3.57084 
5.98634 
1.95111 
1.86676 
2.69728 
1.03811 
2.80248 
0.04866 
7.36773 
2.69728 
0.56357 
0.72692 
26.18599
1.75996 
35.09070
1.40505 
1.46948 
3.63621 

 
0.21128 
2.10132 
7.10214 
0.02331 
1.23221 
2.18318 
2.10911 
3.01238 
0.04051 
12.01299 
3.10228 
0.41017 
0.93322 
22.18599 
3.21396 
38.2986 
1.04325 
1.87548 
4.0332 

 

 

 

 

 

a 

b 

c 

d 
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RT, respectively. Geranial 40.72% for control; 37.28 % for 10 Kgy; 35.09 % for S2-50 °C and 38.29 
% for S2-RT, respectively. (E)- Caryophyllene 0.28 % for control; 3.20 % for 10 Kgy; 3.36 % for S2-
50 °C and 4.04 % for S2-RT, respectively. 

 
Table 3: GC-MS analysis of highest antiproliferative irradiated essential oil of Cymbopogaon nardus against 

PC3 and MCC-7 carcinoma cell line 

 

 
Volatile compound 

 

RT Citronella 
Non-

Irr 
S2-50 S4-75 10Kgy 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

β-Myrcene 
α-Pinene 
β-cis-ocimene 
Linalool 
Neo-allo-ocimene 
β -Citronellal 
(-)-L-isopulegol 
Capraldehyde 
β -citronellol 
Cis-geraniol 
Α-citral 
Geranyl formate 
Citronellyl acetate 
Nerylacetate 
Geranyl acetate 
(-)- β-elemene 
β -caryophyllene 
α-bergamotene 
α-humulene 
( E )- β-farnesene 
Methyl iso – eugenol 
(-)-germacrene D 
α -farnesene 
α -muurolene 
δ-amorphene 
Elemol 
Geranyl butyrate 

4.274 
5.007 
5.216 
6.311 
7.321 
7.991 
8.272 
10.011 
11.421 
12.852 
12.944 
14.403 
16.699 
17.395 
18.103 
18.978 
19.545 
19.978 
20.064 
20.577 
20.766 
21.155 
21.317 
21.668 
21.917 
22.452 
22.673 

0.10 
6.739 
1.903 
1.07 
0.18 

21.59 
0.36 
0.26 
7.43 

34.27 
0.61 
0.10 
1.63 
0.04 
4.89 
0.72 
0.88 
0.72 
0.13 
0.13 
3.00 
1.18 
2.90 
0.16 
0.27 
0.75 
1.07 

- 
5.01239 
2.55797 
1.72557 

- 
27.53533 
1.85093 
1.79249 
4.23675 
37.26610 
0.75732 

- 
3.34492 

- 
3.65524 

- 
2.60482 

- 
- 
- 

4.21578 
1.00088 
2.19937 

- 
0.75033 

- 
1.11925 

- 
3.23867 
2.61017 
3.19119 

- 
28.2705 
1.16944 
1.66263 
4.18635 
37.8563 

- 
- 

4.29599 
- 

3.66475 
- 

2.13510 
- 
- 
- 

4.03444 
1.07956 
2.13510 

- 
0.81692 

- 
- 

- 
4.07654 
1.09657 
3.0954 

- 
22.0932 
0.98554 
2.09986 
8.82125 
39.10810 
0.43812 

- 
2.76322 

- 
4.91207 

- 
2.54312 

- 
- 
- 

3.09818 
1.11208 
2.00877 

- 
0.65433 

- 
0.09985 

 

 

 
Fig. 3: GC chromatogram of Cymbopogaon nardus essential oil  (a) control (b) S2-50C (c)S4-75C(d) G-10 

 
3.1.3. Cymbopogon nardus 

The data tabulated in Table (3) showed that the fractions of cetronella essential oil by GC-MS 
apparatus. The samples under study that were more inhibition effect on carcinoma cells. It showed 
that Geraniol was the main component of nonirradiated oil at percentage 34.27 % following by 
Cetronellal 21.59 % and citronellol 7.43 %.  As shown in table 3 essential oil fractions for four 
irradiance oils treatments, nonirradiated oil, 10 Kgy gamma irradiation, sonication for 2 min at 50 °C 
and sonication for 4 min at 75 °C. β- Myrcene gave 0.1 % for control (non-irradiated oil) and 
disappeared in 10 Kgy , sonication at 50 °C for 2 min and sonication for 2 min at 75 °C.  The second 
compound was α-Pinene which decreased from 6.73 % to 5.01 %, 3.23 and 4.07 % for control, S2-50 
°C, S2-75C and 10 Kgy, respectively. β-cis- Ocimene scored 1.9 % for control, 1.09 % for 10 KGy, 
2.55 % for S2-50 °C and 2.61 % for S2-75°C, respectively. Linalool gave 1.07 % for control; 1.72% 
for S2-50 °C; 3.19 % for S2-75 °C and 3.09 % for 10 Kgy, respectively. β -Citronellal 21.59 % for 
control; 27.53 % for S2-50 °C; 28.27 % for S2-75 °C and 22.09 % for 10 Kgy, respectively. (-)-L-
isopulegol 0.36 % for control; 1.85 % for S2-50 °C; 1.16 % for S2-75 °C and 0.98 % for 10 Kgy, 
respectively. Capraldehyde 0.26 % for control; 1.79 % for S2-50 °C; 1.66 % for S2-75 °C and 2.09 % 
for 10 Kgy, respectively. β -citronellol scored 7.43 % for control; 4.23 % for S2-50 ᵒC; 4.18 % for S2-
75 ᵒC and 8.82 % for 10 Kgy, respectively. Cis-geraniol scored 34.27 % for control; 37.26 % for S2-
50 ᵒC; 37.85 % for S2-75 ᵒC and 39.10 % for 10 Kgy, respectively. A-citral scored 0.61 % for control; 
0.75 % for S2-50 ᵒC; disappeared in S2-75 ᵒC and 0.43 % for 10 Kgy, respectively. Citronellyl acetate 
scored 1.63 % for control; 3.34 % for S2-50 ᵒC; 4.29 % for S2-75 ᵒC and 2.76 % for 10 Kgy, 
respectively. Geranail acetate scored 4.89 % for control; 3.65 % for S2-50 ᵒC; 3.66 % for S2-75 ᵒC 

a 

b 

c 

d 
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and 4.91 % for 10 Kgy, respectively. Caryophyllene scored 0.88 % for control; 2.60 % for S2-50 ᵒC; 
2.13 % for S2-75 ᵒC and 2.54 % for 10 Kgy, respectively. Each of α-bergamotene; α-humulene; ( E )- 
β-farnesene scored 0.72, 0.13 and 0.13 for control and disappeared for other treatments. Methyl-iso-
eugenol scored 3.0 % for control; 4.21 % for S2-50 ᵒC; 4.03 % for S2-75 ᵒC and 3.09 % for 10 Kgy, 
respectively. α -farnesene scored 2.90 % for control; 2.19 % for S2-50 ᵒC; 2.13 % for S2-75 ᵒC and 
2.0 % for 10 Kgy, respectively. Both of α -muurolene and Elemol scored 0.16 and 0.75, respectively 
and disappeared from other treatments. Finally, Geranyl butyrate scored 1.07 % for control; 1.11 % 
for S2-50 ᵒC; disappeared from S2-75 ᵒC treatment and 0.99 % for 10 Kgy, respectively. When 
compared to previously reported data, the profile of nonirradiated O. citrodorum cultivar ’Cinnamon’ 
was very similar to that described by Wesolowska and Jadczak (2016) regarding the same cultivar 
cultivated in North-western Poland, but completely distinct to that reported by Tsasi et al. (2017). The 
chemical profile of O. basilicum cultivar ’Cinnamon’ samples collected in the Island of Kefalonia, 
Greece, showed methyl chavicol as major compound (ranging from 60.2–75.1%) followed by linalool 
(0.6–5.7%) and germacrene D (3.2–5.0%), while in the present study the content of methyl chavicol 
was much lower (7.07 %). According to Vieira and Simon (2006) who studied the volatile profile of 
different basil species, O. basilicum cv. ’Cinnamon’ can be differentiated from three other Ocimum 
species (O. americanum, O. × citriodorum and O. minimum) and 14 O. basilicum cultivars by the 
high amount of (E)-methyl-cinnamate, which is in good agreement with the data reported by 
Wesolowska and Jadczak (2016) and the present study. 

The volatile profile obtained for the O. × citriodorum sample showed striking differences when 
compared to other previous studies. Vieira and Simon (2006) analyzed the essential oil from four 
accessions of O. × citriodorum grown in Purdue, USA, together with several O. basilicum cultivars, 
and reported the existence of two types of O. × citriodorum, one rich in citral isomers (neral + 
geranial) and another rich in methyl-chavicol, with three accessions belonging to the first type and 
one to the second. 

 

 
Fig. 4: Diagram shows effect of gamma rays on some main components of essential oils 
 
Despite presenting qualitative and quantitative differences, other studies supported the citral-

rich type as the most commonly observed chemotype of O. × citriodorum (Avetisyan, et al., 2017; 
Paulus, et al., 2019; Carovic-Stanko, et al., 2010 and Al-Kateb, et al., 2014), although other studies 
also confirmed the existence of methyl-chavicol-rich type (Tangpao, et al. 2018). Nevertheless, the 
volatile profile of the present studied sample does not fit either type as it presented linalool as major 
compound (32.8%) and citral being only the fifth major compound, representing 4.9% of total 
volatiles. Curiously, the obtained profile is much closer to the one reported by Vieira and Simon 
(2006) for O. basilicum cultivar’Mrs. Burns’ Lemon’, which is also a basil plant with a strong lemon 
aroma (Meyers et al., 2003). 
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Among the volatile compounds affected by irradiation, myrcene was the most abundant. 
Geranial and neral, the two isomers of citral, had similar changes and responded similarly to 
irradiation. All compounds reduced in quantity following irradiation were monoterpenes. 
Monoterpenes can be classified into acyclic, monocyclic, and bicyclic according to the number of 
rings in their structure Fig. (4). Only the concentrations of acyclic terpenes derivable by head to tail 
condensation of isoprene units without the ring structure, such as neral, geranial, linalool and 
myrcene, decreased after irradiation according to effect of gamma rays on these compounds which 
observed dihydroxylation and ene cyclization formation to produce monocyclic monoterpenes such as 
R-terpineol and limonene, and bicyclic monoterpenes such as R-pinene, were not influenced by 
irradiation.  

 The concentrations of myrcene, linalool, geranial, and neral decreased linearly (P<0.05) with 
increased radiation dose. The irradiation-induced degradation rate for all four acyclic terpenes was 
similar, with 5.89, 5.66, 5.83, and 6.54% degraded per kGy for myrcene, linalool, geranial, and neral, 
respectively, indicating that all these compounds had a similar sensitivity to irradiation. The decrease 
in geranial and neral during storage has been observed in aseptically packaged orange juice 
(Moshonas and Shaw, 1989). Irradiation also reduces production of geranial and neral by ginger 
rhizomes (Wu and Yang 1994). 
 
3.2. Uv-VIS absorption  

The UV-VIS absorption spectra for different essential oil treatments are shown in figure (5 - 6) 
and Table (4). As shown in figure (5), the absorption of UV-VIS spectra was obtained by using a 
deuterium–tungsten lamp, and the absorbance spectra using the LED for irradiated essential oils it 
shown in figure (5). The absorbance values for the irradiated and sonication essential oils of the 
samples from high to low are plotted in figure (5 and 6 a,b,c). The absorbance change was clearly 
measured by spectrophotometer (Jasco- V-630 spectrophotometer), thus confirming the quantification 
of the cyclic and acyclic compounds by smooth curve in the UV region 200 – 390 nm which related to 
the energy gap for π – π* transition of double bond (C==C) in hydrocarbons that presented in 
cyclohex-1-ene ring and prop-1-en-2- yl group as shown in figures 5(a, b and c). Among these results, 
the properties of the organics with unsaturated bonds, such as the aromatic compounds that strongly 
absorb UV-VIS light in the optimum wavelength range of 200–390 nm for uv-vis. Moreover, 
saturated molecules such as inorganic compounds which are not detected in the wavelength range of 
200–390 nm were also considered (Kim et al., 2016). Another absorbance from 380nm to 500nm 
confirmed the broad spectrum observed related to free electron can react with another group (n– π*) 
i.e. C-Ö, O-H. 

The absorption spectra measured for each sample in the UV-VIS spectroscopy system are 
shown in figures 5 (a) which showed variations within the wavelength range of 200–290nm for O. 
citrodorium irradiated essential oil. It can be seen that the absorbance value measured in region 200 – 
390 that responsible for n --- π* which indicated to reactant groups by our system are clearly in 
absorbance for different samples. It can be seen that the absorbance value measured were decreased 
slightly with increasing irradiation dose 3.122, 1.921 and 1.532 for λ max values for 2.5, 5.0 and 10 
KGy, respectively. Similarly, the absorbance by our system were clearly distinguishable, thus 
demonstrating the possibility of quantifying the organic compounds transforming to aromatic cyclic or 
acyclic compounds. It was decreased gradually from 3.323, 2.021 and 1.788 for irradiation doses 2.5, 
5.0 and 10 KGy, respectively. 

The absorbance of irradiated essential oil of Cymbopogaon Citratus was decreased slightly for π 
- π* region 2.332, 1.899 and 0.929 for 2.5, 5.0 and 10 KGy, respectively. While, the broad spectrum in 
region n - π* were scored 2.872, 1.881 and 1.234 for radiation doses 2.5, 5.0 and 10 KGy. The same 
effects were obtained in irradiated essential oil Cymbopogaon nardus which scored absorbance 2.710, 
1.901 and 1.012 for 2.5, 5.0 and 10 KGy, respectively. Followed by 2.617, 1.881 and 0.992 for the 
same doses at the region π - π*.   
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Fig. 5: UV-VIS absorption of irradiated essential oils by gamma rays of three sources (a) O. 
citrodorium, and (b) Cymbopogaon Citratus (c) Cymbopogaon nardus. 

 
Using sonication of essential oil was degradation a high molecular weight compounds to small 

molecules, the active region of UV-VIS π --- π* was scored the highest absorption 6.431 for Ocimum 
citrodorum sonicated for 4 min at 75C indicate to increase concentrations of cyclic or acyclic 
compounds, while the highest absorption in region n --- π* was 1.992 for Cymbopogaon Citratus 
sonicated for 4 min at 75C indecated to many active group. The effect of time, temperature and power 
on reaction were more effect on structures, when the time and power increase the degradation 
compounds were increased form highly molecular weight to small molecular weight. In the effect of 
gamma radiation on essential oil components there are many authors reviewed these effects. 
Srivastava  et al.  (20l0) found geraniol and nerol were solubilized with methanol (100 mg/mL) and 
were exposed to γ-radiation at a dose of 5.1 Gy/min. Nerol was stable until 96 h of exposition to 
radiation. On the other hand, irradiated geraniol exhibited changes on the GC/MS profile in relation to 
the nonirradiated geraniol. Geraniol was isomerized in nerol and linalool. The content of linalool 
increased with radiation time, from 0.0 (at 24 h) to 8.4% (at 120 h). The content of nerol also 
increased with radiation time, from 0.0 (at 24 h) to 57.0% (at 120 h) Srivastava  et al.  (20l0). 
Citronellol was exposed to 1.45, 6.07, and 10.02 kGy. The content of citronellol decreased in 
irradiated samples (95.09, 94.77, and 86.95%, respectively) in relation to nonirradiated sample 
(97.52%). On the other hand, the content of dihydrocitronellol (another impurity) increased in 
irradiated samples (1.61, 1.75, and 1.75%, respectively) in relation to nonirradiated sample (0.14%). 
Moreover, the content of citronellal and hydroxycitronellal increased in irradiated samples (average 
values considering all irradiated materials = 1.3 and 3.4%, respectively) in relation to nonirradiated 
sample (0.50 and 3.36%, respectively) (Rodríguez-Linares et al., 2009). Also, Haddad et al., (2007) 
observed that α-pinene, phellandrene, p-cymene, eucalyptol, limonene, linalool, lavandulol, terpin-4-
ol, and linalyl acetate were exposed to 25.0 kGy. The content of these compounds did not change 
when the samples were exposed to radiation. Pure standards of (+)-camphor, 1,8-cineol, trans-
cinnamaldehyde, eugenol, ethyl hexanoate, α-ionone, (S)-(−)-limonene, 2-phenethyl alcohol, and α-
terpineol , (±)-linalool, and vanillin were exposed to 10.0 and 50.0 kGy. The contents of (±)-linalool, 
α-terpineol, and α-ionone in an irradiated sample (average values considering all irradiated materials 
= 0.9, 0.9, and 1.3%, respectively) slightly decreased in relation to nonirradiated sample (1.00, 0.97, 
and 1.40%, respectively). Sjovall et al., (1990) reported that the content of (S)-(−)-limonene in an 
irradiated sample at 50.0 kGy (1.24%) decreased in relation to nonirradiated sample (1.30%). No 

a b c 
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significant differences were verified for the contents of (+)-camphor, 1,8-cineol, trans-
cinnamaldehyde, eugenol, ethyl hexanoate, and (S)-(−)-limonene when exposed to radiation at 10 
kGy. Moreover, no significant differences were also verified for the contents of 2-phenethyl alcohol 
and vanillin for irradiated and nonirradiated samples. 

 
 Table 6: The λ max and UV-VIS absorbance of π --- π* and n --- π* region for Ocimum citrodorium 

Cymbopogaon nardus, Cymbopogaon Citratus 
 π  ---  π* n --- π* 
Essential oil              Treatments λ max Abs. λ max Abs. 
Ocimum citrodorum            Control 
                                          2.5KGy 
                                            5 KGy 
                                          10 KGy 
Cymbopogaon Citratus      Control 
                                          2.5KGy 
                                            5 KGy 
                                          10 KGy 
Cymbopogaon nardus        Control 

                         2.5KGy 
                                            5 KGy 
                                          10 KGy 

221  nm 
222  nm 
221  nm 
222  nm 
209  nm 
210  nm 
209  nm 
210  nm 
210  nm 
225  nm 
224  nm 
223  nm 

2.892 
3.323 
2.021 
1.788 
2.432 
2.332 
1.899 
0.929 
2.091 
2.617 
1.881 
0.992 

354  nm 
289  nm 
291  nm 
298  nm 
345  nm 
400  nm 
410  nm 
412  nm 
317  nm 
456  nm 
435  nm 
510  nm 

2.512 
3.122 
1.921 
1.532 
2.671 
2.872 
1.881 
1.234 
2.613 
2.710 
1.901 
1.012 

Ocimum citrodorum            S2-RT 
                                            S2-50 
                                            S4-RT 
                                            S4-75 
Cymbopogaon Citratus      S2-RT 
                                            S2-50 
                                            S4-RT 
                                            S4-75 
Cymbopogaon nardus        S2-RT 
                                            S2-50 
                                            S4-RT 
                                            S4-75 

266  nm 
266  nm 
254  nm 
252  nm 
266  nm 
265  nm 
249  nm 
254  nm 
270  nm 
266  nm 
292  nm 
270  nm 

2.411 
6.221 
4.431 
6.431 
4.421 
4.101 
3.921 
4.431 
3.867 
3.928 
3.989 
3.312 

345  nm 
322  nm 
340  nm 
338  nm 
345  nm 
354  nm 
350  nm 
334  nm 
344  nm 
344  nm 
366  nm 
344  nm 

0.911 
1.110 
0.721 
0.831 
0.622 
0.411 
0.341 
1.992 
1.101 
1.032 
1.211 
1.114 

S2-RT: sonication for 2 min at room temperature, S2-50: sonication for 2 min at 50°C , S4-RT sonication for 4 min at room 

temperature, S4-75: sonication for 4 min at 75°C, 2.5, 5, 10 KGy gamma radiation at 2.5, 5 and 10 KGy. 

 
On the effect of sonication on essential oils Kidak, et al., (2006) found that the reactions of 

simple phenols begin with hydroxyl radical attack at the ortho and para- positions of the phenolic 
compounds under high power and time followed by further oxidation to quinones, ring opening and 
oxidation to diacids. The final steps produce smaller molecules including the oxidatively resistant 
acetic and formic acids. Entezari et al. (2003) have described a comparison of a cylindrical ultrasonic 
reactor operating at 35 kHz with the more traditional 20 kHz frequency and 500 kHz - all delivering 
the same power of 50 W.  

The rate of phenol destruction was higher at 50 kHz than at 35 or 20 kHz when water alone was 
used but on the addition of hydrogen peroxide and copper sulphate (Fenton-like conditions) the most 
efficient system was at 35 kHz as a result of different factors rather than just a frequency effect. Other 
additives have been used to enhance the sono degradation of phenol. When the volatile hydrogen 
atom scavengers CCl4 and perfluorohexane were added to aqueous solutions of phenol, degradation 
rates were seen to increase probably due to amplified production of chlorine atoms rather than 
hydrogen atom scavenging (Zheng et al., 2005). A decrease in nonylphenol content of 90% was 
achieved by first treating the sample with 300 kHz ultrasound in the presence of FeSO4/H2O2 for 1h 
and then inoculating the fungus and culturing for a further 7 days. Catalytic wet peroxide oxidation 
and ultrasound were also applied to the degradation of 4-hydroxybenzoic acid – a phenolic compound 
found in olive mill wastewater and a model for humic acids. The use of a mixed Al-Fe pillared clay 
and H2O2 in conjunction with ultrasound (20 kHz) led to an increased degradation of the substrate 
compared to comparable silent reactions (Nikolopoulos, et. al., 2004). The degradation of p-coumaric 
acid and p-hydroxybenzaldehyde, which are also seen in olive oil mill wastewater, has been studied 
using an 80 kHz horn sonicator (Vassilakis, et al., 2004).  The effectiveness of removal of the 
substrates increased with greater power and decreasing initial concentration and temperature. 
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Addition of free radical scavengers suppressed the degradation but radical promoters such as Fe (II) 
and H2O2 had a positive effect on the oxidative process and a degradation pathway was suggested 
based on HPLC analyses. 

 

   
Fig. 6: UV-VIS absorption of sonicated essential oils of three sources (a) O. citrodorium, and (b) 

Cymbopogaon Citratus (c) Cymbopogaon nardus  
 

3.3. Suppressing metastasis cancer cells  
3.3.1. Cymbopogaon Citratus EOs 

Essential oils terpenoids and phenylpropanoids compounds are particularly lipophilic and are 
well absorbed by the body. Several biochemical processes have been proposed to explain the 
anticancer effects of EO and their constituents.  
Data presented in Table (7) showed the cell lines exposed to sonication and irradiated essential oils 
were scored the viability after incubation with essential oil for 24 hrs.  

The carcinoma cell lines PC-3 and MCF-7 were inhibited with no inhibition in normal cell BJ-
1. In Cymbopogaon Citratus irradiated oil was more effect on PC-3 cells where it decreased the 
viability to the lowest level 53.6 % for gamma irradiated EOs at 10 KGy followed by 63.3 % for 
gamma irradiated EOs at 2.5 KGy and 68.4 % for sonicated oil at RT for 2 min. Similarly, the toxic 
effect of irradiance oil on MCF-7 cell line by sonication for 2 min at RT and 50C which scored 60.1 
and 53.5 %, respectively. On the other hand, original oil gave the positive effect on normal cell BJ-1 
that increased the activity to 98.4 % followed by 97.5 % and 94.3% for S2-RT and 5 KGy of 
irradiation oil. 

 
3.3.2. Ocimum citrodorium EOs 

Data presented in Table (7) showed the cell lines exposed to sonication and irradiated essential 
oils were scored the viability after incubation with essential oil for 24 hrs.  
The carcinoma cell lines PC-3 and MCF-7 were inhibited with no inhibition in normal cell BJ-1. In O. 
citodorium irradiated oil was more effect on PC-3 cells where it decreased the viability to the lowest 
level 50.7 % for sonicated Eos at RT for 2 min followed by 62.4 %, 62.7 and 63.3 % for gamma 
irradiated EOs at 2.5, 5 and 10 KGy respectively. All previous treatments were toxic in cancer cell 
PC-3 with more common for normal cells, it recorded highest safety effect with gamma radiation 2.5, 
5 and 10 KGy which recorded 100 % viability.  Similarly, the toxic effect of irradiance oil on MCF-7 
cell line by sonication for 2 min at RT which scored 60.1% with biosafety 96.8% of normal cells. 
  

a 
b c 
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3.3.3. Cymbopogon nardus EOs 
According to the data in Table (7) original essential oil of C. nardus and irradiated oil at 10 

KGy scored the highest value of viability 100 % while the S2-RT oil was more toxic on the normal 
cells 36.6 %. On PC-3 cancer cell line the S4-75°C oil was more toxic 8.8 % with biosafety 91.9 % 
for normal cells BJ-1 cell line followed by S2-RT which scored 31.7 % but also it was more toxic for 
normal cells 36.6 %. Similarly, on MCF-7 cell line S2-RT oil was sever toxic for this cell line (0.0 %) 
but more toxic for normal cell line (36.6%). 

According to the fig. 8 we observed that the structure of main components of EOs that inhabited 
cell proliferation have analogous structure in hydrocarbon skeleton with some polar group i.e. OH, 
CHO, OCH3, so the inhibition effect return to the hydrocarbon skeleton. When acyclic skeleton 
complete closed cycle the compound was mor toxic on cells (limonene and eugenol > 
linalool>neral>citronellol>geraniol and geranial.   
So, as we shown the O. citrodorium Eos was more toxic on cancer cell because it contains linalool, 
neral, geranial and limonene, these compounds have oxidative stress, production Reactive Oxygen 
Stress (ROS) in cancer cell, Activation of apoptosis by caspases, Inactivation of PI3K/Akt/NF-κB 
pathway and other mechanisms in cancer cell.    

Terpenoids are generally well absorbed by the body (through oral and transdermal pathways, 
or by inhalation) and are easily metabolized by oxidation, hydroxylation, and conversion in 
glucuronides or sulfates, although some of these molecules remain unchanged (Chaves et al., 2008; 
Satou et al., 2013). Elimination in the urine (75–95%) and feces (<10%) is quickly observed and is 
usually completed after 1–3 days (Kodama et al., 1976). During this time, EO components transported 
by the blood may exert their action. 
 
Table 7: Effect of lemongrass, lemon basil and citronella irradiated essential oils on MTT viability 

carcinoma cell line PC-3 and MCF-7 comparing with normal cell line BJ-1 

Cymbopogaon Citratus 
Normal cell 

BJ-1 
Prost cancer 

PC3 
Breast Cancer 

MCF-7 
Essential oil control 
Sonication 2 min RT 
Sonication 2 min 50ºC 
Sonication 4 min RT 
Sonication 4 min 75ºC 
Gamma at 2.5 K gy 
Gamma at 5.0 Kgy 
Gamma at 10.0 Kgy 

98.4 ± 0.82 
97.5 ± 0.71 
80.6 ± 0.81 
83.2 ± 0.91 
76.1 ± 0.61 
66.5 ± 0.84 
94.3 ± 0.83 
82.3 ± 0.72 

81.8 ± 0.91 
68.4 ± 0.87 
72.5 ± 0.69 
87.2 ± 1.01 
92.1 ± 0.75 
63.3 ± 0.67 
92.6 ± 0.98 
53.6 ± 0.67 

95.6 ±0.23 
60.1 ±0.78 
53.5 ±0.22 
88.7 ±0.66 
76.3 ±0.32 
83.9 ±0.91 
82.3 ±1.01 
96.9 ±0.87 

LSD 5 % 4.9755 6.1221 5.9127 
Ocimum citrodorium BJ-1 PC3 MCF-7 
Essential oil control 
Sonication 2 min RT 
Sonication 2 min 50ºC 
Sonication 4 min RT 
Sonication 4 min 75ºC 
Gamma at 2.5 K gy 
Gamma at 5.0 Kgy 
Gamma at 10.0 Kgy 

98.4 ± 0.65 
96.8 ± 1.02 
96.6 ± 1.21 
98.9 ± 0.76 
98.6 ± 0.43 
99.9 ± 1.0 

100.0 ± 0.16 
100.0 ± 0.21 

71.8 ± 0.45 
50.07 ± 0.65 
79.01 ± 0.43 
89.5 ± 0.89 
90.4 ± 0.67 
63.3 ± 0.84 
62.7 ±0.65 
62.4 ±0.93 

89.9 ± 0.55 
60.1 ± 0.74 
88.9 ± 0.63 
94.9 ± 0.92 
86.9 ± 0.73 
89.9 ± 0.82 
86.9 ± 1.02 
93.9 ± 1.10 

L S D 5 % 2.7671 5.9372 6.9886 
Cymbopogon nardus BJ-1 PC3 MCF-7 
Essential oil control 
Sonication 2 min RT 
Sonication 2 min 50ºC 
Sonication 4 min RT 
Sonication 4 min 75ºC 
Gamma at 2.5 K gy 
Gamma at 5.0 Kgy 
Gamma at 10.0 Kgy 

100 ± 1.01 
36.6 ± 0.89 
99.9 ± 0.76 
98.5 ±0.54 
91.9 ±0.43 
87.2 ± 0.23 
90.9 ±0.21 
100 ±0.88 

95.3 ± 0.12 
31.7 ± 0.73 
78.5 ± 0.86 
92.8 ±0.93 
8.8 ±0.29 
100 ±1.02 
93.2 ±0.67 
56.6 ±0.54 

98.5 ± 0.21 
0.0 ±1.21 

95.9 ±0.67 
96.3 ±0.87 
91.8 ±0.67 
99.0 ±0.98 
89.4 ±1.02 
99.8 ±1.19 

LSD 5 % 4.9831 6.0211 7.0875 
Data are the mean ± SEM of three independent experiments analysed by ANOVA. For comparison of different 
treatments least significant difference (LSD) test was used. Homogenous means are represented by similar superscript 
alphabets in vertical columns, while significantly (p < 0.05) different means by dissimilar alphabets. 
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Fig. 7: Effect of Lemongrass, basil and citronella irradiated essential oils on MTT viability carcinoma 

cell line PC-3 and MCF-7 comparing with normal cell line BJ-1 
 

 
 

Fig. 8: The structure of main components of three essential oils 

Now we discuss the inhibition effect of EOs on cancer cells and at the same time the activation 
effect or no effect of the same EOs on normal cells. Among aromatic EO constituents, eugenol is one 
of the most active and then most studied. Eugenol induces apoptosis of cervical cancer cells without 
toxicity to healthy cells and potentiates the effect of chemotherapeutic agents: gemcitabine (Hussain 
et al., 2011) or sulforaphane (Hussain et al., 2012). 

Three mechanism we suggested the main lethal effect of EOs on cancer cells without any effect 
of normal cell (i) increased oxidative stress, ROS and inflammation in cancer cells by biding some 
terpenoids in EOs with AMPK receptors that inhibition growth and cell apoptosis was obtained. 
Studies suggest that activation of AMPK by some terpenoids such as geraniol (Kim et al., 2012) and 
β-caryophyllene (Park et al., 2011) contributes to the inhibition of growth and the apoptosis of human 
cells in various cancers including bladder, prostate, or breast. Oxidative stress and inflammation are 
detrimental at a global and uncontrolled level in the body (Lesgards et al., 2011). However, a specific 
increase of free radicals and oxidative stress in cancer cell has an antitumor effect. Several terpenic 
EO constituents such as β-caryophyllene (Park et al., 2011) can specifically induce the production of 
ROS in the mitochondria of cancer cells without increasing oxidative stress in normal cells. Thymol 
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seems to produce a stable phenoxy radical intermediate that generates free radicals and oxidized 
derivatives of quinones, which are associated with death of melanoma cells (IC50 reached to 400 μM) 
(Satooka and Kubo, 2012) and osteosarcoma cells (200–400 μM) (Chang et al., 2011). Thymol in 
particular increases the production of hydrogen peroxide in the mitochondria of cancer cells (Deb 
Dipanwita et al., 2011). Eugenol also produces oxidative stress in cancer cells and decreases 
glutathione levels (Vidhya and Devaraj, 2011; Yoo et al., 2005).   

(ii) Apoptosis of cancer cells occurs through the activation of certain proteins of the caspase 
family. All terpenes quoted in this review have shown to activate caspases. Caspases 3 and 9 are 
activated in leukemic cells cultured in the presence of limonene (Ji et al., 2006) or geraniol (caspase 
3) in many cancers (on cells and tumors), especially in prostate (Kim et al., 2011) or kidney cancers 
(caspases 3, 8, and 9) (Ahmad et al., 2011). Other terpenes such as β-caryophyllene also activate 
caspases (caspase 3) (Park et al., 2011), α-bisabolol (caspase 3, 8, and 9) (Chen et al., 2010), or β-
elemene (caspases 3,7, 9, and 10) in different cancer cell lines (prostate, glioma, breast, colon, and 
lung) with average doses of 300μM (Li et al., 2009) and thymol (caspase 3, 8, and 9) in leukemia 
(Deb Dipanwita et al., 2011). The germacrone activates caspases 3, 7, and 9 (Zhong et al., 2011). 
From a biochemical point of view, this requires the phosphorylation and activation of different 
proteins (p53, Bax, and p21/waf) involved in the cascade of events that ultimately leads to the 
activation of these caspases, which will eventually give the signal to destroy cancer cells, and to cell 
proliferation. 

(iii) The important factor was signal transduction from receptor MAPK/ERK proteins belong to 
a chain of proteins in cells that communicate a signal from a receptor on the surface of the cell to the 
DNA in the nucleus only in cancer cell. The signal starts when a signalling molecule binds to a 
receptor on the cell surface and stimulates DNA in the nucleus, which leads to the expression of 
proteins, and changes in the cell, such as cell division. These proteins are kinases that communicate 
by adding phosphate groups to a neighbour protein. These phosphorylation–dephosphorylation 
reactions act as a switch “on” or “off”. Some substances such as limonene act in this way to induce 
apoptosis in cancer cells lines such as lymphoma (Manuele et al., 2010). β-elemene also modulates 
MAPK pathway (Manuele et al., 2010).  

 

4. Conclusion 
The antitumor action of terpenoids and phenylpropanoids is linked to the activation of the 

phenomena of cell death (apoptosis) in cancer cells without affecting normal cells. There are many 
compounds appears after radiation, the effects of radiation on the volatile compounds are different 
when a constituent is contained in different vegetal species. For example, O. citrodorium increased 
monoterpene limonene, and methyl chavicoal showed a great sensitivity to radiation, but still linalool 
and eugenol main components. Moreover, Cymbopogaon citratus decreased linalool, neral, geranial 
with increase geranial and caryophyllene. Similarly, on Cymbopogaon citratus increased citronellal, 
citronellol geraniol and methyl iso-eugenol with decreased farnesene and pinene these compounds 
were radiation-sensitive in EO from three sources.  

 Avery large number of studies suggest that natural terpenoids such as limonene, linalool, 
eugenol and citronellol constitutes a new class of anticancer drugs with the potential to cause tumour 
regressions with limited toxicity. In addition, several studies have also shown that EO terpenoids 
could act in synergy with conventional chemotherapy.  

Up to now, no study has been conducted with an EO or a mixture of crude oils. One of the main 
difficulties in such works is linked with the rationalization of the effect: because EOs are complex 
mixtures of hundreds of constituents, their action on cancer cells is the sum of each individual 
activity, modulated by all the potential synergies. However, this point should not discourage the 
studies on the use of whole EO, particularly in the combination with conventional chemotherapies, 
because these mixtures can be considered as promising sources of new antitumoral agents. Besides, 
EOs and crude natural extracts are in general positively considered by patients, although their good 
reputation (due to the common popular belief that their naturalness is a guaranty of safety) can hide 
occasional toxicity problems due to the presence of peculiar compounds. Hence, the exploration of the 
antitumor properties of EO is now clearly a research axis that should receive the same interest than the 
more conventional chemotherapy treatments with synthetic anticancer agents. 
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