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A B S T R A C T 

The cytotoxicity activity of the essential oils from the leaves of Achillea wilhelmsii C. 
Koch were studied on six tumor cell lines and a normal cell line with Lactate 
dehydrogenases (LDH) and trypan blue methods. The composition of the essential oil 
was also analyzed by Gas Chromatography–Mass spectrophotometery (GC-MS).  The 
LDH test showed that the oil had marked cytotoxicity activity against all cancer cell 
lines.  K562 (Human chronic myelogenous leukemia) and PC3 (Human prostate 
adenocarcinoma),  were the most sensitive to the essential oil with  IC50 value (the 
concentration of the essential oil causing 50% inhibition) of 12.62±1.3µg/ml and 
15.88±2.4µg/ml, respectively. The least cytotoxic activity was exhibited on HUVEC 
(Human umbilical vein endothelial cell) and Hela (Human cervix carcinoma) cell lines 
with IC50 values of 19.85±3.2 and 46.34±2.7, respectively. Trypan blue assay  approved 
these results. In conclusion, cytotoxic activities of the oil may be described by the 
presence of monoterpene derivatives. the results of this study suggest that the essential 
oil of A. wilhelmsii has a potential source for cancer therapy. As a significant result, 
HUVEC (as normal cells) exhibited the least sensitivity to cytotoxic effects of the oil, 
confirming its high selectivity and specialty against cancer cell lines.  
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Introduction 

The Achillea genus (Asteraceae) has more than 100 
species, that  are spread throughout the world, 
including Asia and Europe. In Iran, nineteen species 
of this genus have been identified and acknowledged 
for their essential oil [1]. Achillea genus is widely 
used in the folk medicine as sedative, menstrual 
regulator, anti-inflammation, anti helminthic, 
analgesic and also as a treatment for liver disorders, 
fever and cough [1]. Some studies have also 
demonstrated that the oils of Achillea species exhibit 
antimicrobial, antioxidant and cytotoxic activities [2-

7]. A. wilhelmsii is a member of Achillea genus which 
is widely found in different parts of Iran. A. 
wilhelmsii has been the subject of several studies, 
namely antimicrobial, anti hypertensive, and anti 
hyperlipidemic. These effects may be attributed to 
high flavonoids and sesquiterpene lactones content 
[8,9]. Several studies have reported that the extract and 
oil of Achillea species exhibit cytotoxic effects 
against various cancer cell lines [6, 10, 11] but no 
cytotoxic activities of the  essential oil of A. 
wilhelmsi have  yet been found. At the present study, 
after obtaining the essential oil from the aerial parts 
of A. wilhelmsii, its cytotoxic effects were studied in 
vitro on six cancer cell lines (HL60, K562, Jurkat, 
PC3, HT29, and Hela) and normal cells (HUVEC), 
using Trypan blue exclusion and LDH assays. The 
composition of the essential oils from the aerial parts 
of A. wilhelmsii was also analyzed by GC–MS. 

Materials and Methods 

Experimental 

Plant material 

The aerial parts of A. wilhelmsii were collected in 
Kermanshah (West of Iran) in July 2012. The 
Specimens were identified by one of the authors 
(Prof. Bahrami ) and vouchers were deposited at the 
herbarium of the College of Pharmacy (University of 
Medical Sciences, Kermanshah, Iran).The aerial parts 
of A. wilhelmsii were air dried and then powdered 
leaves were separately submitted to hydrodistillation 
using a Clevenger-type apparatus for 4h. Anhydrous 
sodium sulphate was used to dehydrate the essential 
oil and after filtration. The collected oil was then 
stored at a temperature of -20˚C until testing. 

Analysis of the essential oil by GC–MS 

The procedure of essential oil analysis has been 
reported in literature [12]  

Cell lines and culture 

The cell lines, PC3 (Human prostate adeno- 
carcinoma), HT29 (Human colon carcinoma), Hela 
(Human cervix carcinoma), K562 (Human chronic 
myelogenous leukemia), Jurkat (Adult T cell 
leukemia), HL60 (Human promyelocytic leukemia), 
HUVEC (Human umbilical vein endothelial cell) 
were purchased from the National Cell Bank of 
Pasteur Institute (Tehran). The cell lines were grown 
and maintained in a humidified incubator at 37 ºC 
and 5% CO2 atmosphere in DMEM (Dulbecco’s 
Modified Eagle’s Medium) supplemented with 10% 
fetal bovine serum (FBS), 100 units/ml penicillin and 
100µg/ml streptomycin. 

Trypan blue assay 

To determine the cytotoxic effects of the essential oil 
of A. wilhelmsii on viability of the cell lines, 
approximately 0.75 × 105 cells/ml were cultured in a 
6-well tissue culture plate and the oil was added at
different concentrations (1, 10, 25, 50, 100, 250, 500,
and 1000µg/ml). After 48h incubation, the cells were
collected and resuspended in 0.4% trypan blue .The
percentages of viable cells were counted and
comprised with the control samples [13].

LDH assay 

The cytotoxic effect of A. wilhelmsii was also 
examined using LDH assay [14]. Briefly, after the 
incubation of the cell lines with different 
concentrations of the oil (1, 10, 25, 50, 100, 250, 500, 
and 1000µg/ml) for 48h, the supernatant was 
removed. Then, 100 µl of the supernatant from each 
well was transferred to a new micro plate, and 100µl 
of LDH reagent mixed with catalyst (Roche 
Diagnostics Corporation, Indianapolis, IN, USA) was 
added to the wells and incubated for 30 min in dark at 
room temperature. Finally, the absorbance was read 
at 490nm with background subtraction at 630 nm 
using the Synergy HT multi detection Micro Plate 
Reader. For untreated cells, 1% triton X-100 with 
LDH reagent were added whose results were 
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considered as positive control; the media without 
cells considered as negative control. 

Statistical analysis 

Statistical analysis was performed by Excel 2007 and 
SPSS (V=11.5).The results were expressed as mean + 
S.E after triple measurement.

Results and discussion 
Chemical composition of the essential oil 

Eighty-six compounds were identified which 
constituted 98.85% of total essential oil from aerial 
parts of A. wilhelmsii . The major components were 
ρ- Cymene (23.35%), 1,8-cineole (20.83%), Dihy- 
drocarvone (19.13%), camphor (6.67%) and verbanol 
acetate (3.53). The complete results of the essential 
oil analysis has been reported in our previous 
study[12]

Cytotoxicity assay 

The cytotoxic activities of A. wilhelmsii were 
examined on the six human cancer cell lines and a 
normal cell line by trypan blue exclusion and lactate 

dehydrogenase (LDH) assays. LDH is an enzyme 
which exists in all cells and is released in culture 
medium when the cells are suffering apoptosis [15]. 
The results of present study proved that the oil has 
marked cytotoxic effects on all the six cancer cell 
lines which the IC50 values shown in Table 1. 
Furthermore, the cytotoxic effects of the essential oil 
on three leukemia cell lines were significantly 
stronger than other cell lines. K562 was the most 
sensitive to the essential oil with an IC50 value of 
12.62±1.3µg/ml.  
Among the other cancer cell lines, PC3 had high 
sensitivity with IC50 values of 15.88±2.4µg/ml. The 
minimum cytotoxic activity was exhibited on 
HUVEC and Hela cell lines with IC50 values of 
19.85±3.2 and 46.34±2.7, respectively. As a  result, 
HUVEC (as normal cells) exhibited the least 
sensitivity to cytotoxic effects of the oil,  confirming 
its high selectivity and specialty against cancer cell 
lines. In the present study, the essential oil of A. 
wilhelmsii showed high and low cytotoxic activities 
against K562 and Hela, respectively (Fig. 1). The 
reason for the differences of IC50 values for different 
cell lines are related to type of cell lines. 

Table 1. IC50 values (µg\ml) of cytotoxic effects of the essential oil from A. wilhelmsii on different cell lines by LDH assay. 
Reported results represent mean ± standard deviation from triplicate tests. 

cell lines Jurkat K562 HL60 HT29 Hela PC3 Huvec
IC50 14.63±2.2 12.42±1.3 13.06±2.4 16.37±1.1 46.34±2.7 15.88±2.4 19.85±3.2 

Cytotoxic activities of the oil may be related to the 
presence of monoterpene derivatives such as ρ-
Cymene (23.35%), 1,8-cineole (20.83%), 
Dihydrocarvone (19.13%), camphor (6.67%), α-
pinene (1.81%), α-terpineol (1.26%) that existed in 
essential oil of A. wilhelmsii [12]. The monoterpene 
compounds can show cytotoxic activity by several 
mechanisms; among them are: cell membrane 
damage, coagulation of the cytoplasm, depolarization 
of mitochondria membrane, perturbation in ionic 
Ca++ cycle, and anti genotoxicity effect [16]. 
Eucalyptol showed protection of cells against 
genotoxicity [17] and α-terpineol showed anticancer 
activities against human melanoma M14 cell line [6]. 
The studies on cytotoxic activities of other Achillea 
spp approved our results. As the essential oil of 
flowers (FL) and vegetative parts (VP) of Achillea 

ligustica have shown cytotoxic effects. The high 
cytotoxic effects were observed on B16-F1 cell line 
with IC50 values of 0.220±0.022 mg/ml and 
0.459±0.067 mg/ml for FL and VP oil, respectively 
[6].   
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Fig. 1 . Effects of the essential oil from A. wilhelmsii on 
the studied cell lines after 48 h as investigated by trypan 
blue exclusion. Each data shown is one representative 
example of three independent experiments, expressed as 
the percentage of control and standard deviations. 

In conclusion, the essential oil from aerial parts of A. 
wilhelmsii showed high cytotoxic activities on 
different cancer cell lines. The results of this study 
suggest that the possibility of using the essential oil 
of A. wilhelmsii as a potential source for cancer 
therapy. Our results can be considered as the first 
report on in vitro cytotoxicity of the essential oil of A. 
wilhelmsii. 

Acknowledgment 

This study was financially supported by the Research 
Fund of Medical Biology Research Center of 
Kermanshah University of Medical Sciences. 

Conflict of interest 

Authors certify that no actual or potential conflict of 
interest in relation to this article exists. 

References: 

[1] Zargari A. Medicinal Plants, Vol 3, sixth Ed, 107-
117. Tehran University Publications. 1996.
[2] Candan F, Unlu M, Tepe B, Daferera D, Polissiou
M, Sökmen A, et al. Antioxidant and antimicrobial
activity of the essential oil and methanol extracts of
Achillea millefolium subsp. millefolium Afan.
(Asteraceae) Ethnopharmacol. 2003;87:215–220.

[3] U nlu M, Daferera D, Do nmez E, Polissiou M,
Tepe B, So kmen A. Compositions and the in vitro
antimicrobial activities of the essential oils of Achillea
setacea and Achillea teretifolia (Compositae)
Ethnopharmacol. 2002;83:117–121.
[4] Sökmen A, Vardar-Unlü G, Polissiou M, Daferera
D, Sökmen M, Dönmez E. Antimicrobial activity of
essential oil and methanol extracts of Achillea
sintenisii Hub. Mor. (Asteraceae) Phytother Res.
2003;17:1005–10.
[5] Skoc ibusic M, Bezic N, Dunkic V, Radonic A.
Antibacterial activity of Achillea clavennae essential
oil against respiratory tract pathogens. Fitoterapia.
2004;75:733–736.
[6] Maggi F, Bramucci M, Cecchini C, Coman MM,
Cresci A, Cristalli G, et al. Composition and biological
activity of essential oil of Achillea ligustica All.
(Asteraceae) naturalized in central Italy: Ideal
candidate for anti-cariogenic formulations. Fitoterapia.
2009; 80: 313–319.
[7] Issabeagloo E, taghizadieh M, Abri B.
Antimicrobial effects of yarrow (Achillea millefolium)
essential oils against Staphylococcus species. Afr J
Pharm Pharmaco. 2012;41:2895–2899.
[8] Javidnia K, Miri R, Sadeghpour H. Compsition of
the volatile oil of Achillea wilhelmsii C. Koch from
Iran. Daru. 2004;12:63–66.
[9] Asgary S, Naderi GH, Sarrafzadegan N,
Mohammadifard N, Mostafavi S, Vakili R.
Antihypertensive and antihyperlipidemic effects of
Achillea wilhelmsii. Drugs Exp Clin Res. 2000;26:89–
93.
[10] Giorgi A, Bombelli R, Luini A, Speranza G,
Cosentino M, Lecchini S, et al. Antioxidant and
cytoprotective properties of infusions from leaves and
inflorescences of Achillea collina Becker ex Rchb.
Phytother Res. 2009;23:540–54.
[11] Kundaković T, Stanojković T, Juranić Z,
Kovacević N. Pharmazie. Cytotoxic and antioxidant
activity of Achillea alexandri-regis. 2005;60:319–20.
[12] Majnooni MB, Mohammadi-Farani A, Gholivand
MB, Nikbakht MR, Bahrami GR. Chemical
composition and anxiolytic evaluation of Achillea
Wilhelmsii C. Koch essential oil in rat. Res Pharm Sci.
2013;8:269–275.
[13] Chandrappa S, Kavitha CV, Shahabuddin MS,
Vinaya K, Ananda Kumar CS, Ranganatha SR, et al.
Synthesis of 2-(5-((5-(4-chlorophenyl) furan-2-yl)
methylene)-4-oxo-2-thioxothiazolidin-3-yl) acetic acid
derivatives and evaluation of their cytotoxicity and
induction of apoptosis in human leukemia cells. Bioorg
Med Chem. 2009;17:2576–2584.
[14] Schmitt A, Schmitt J, Mun ch G, Gasic-
Milenkovic J. Characterization of advanced glycation
end products for biochemical studies: Side chain



Cytotoxic Effects of the Essential Oil from … 

Copyright © 2013 by Kermanshah University of Medical Sciences  JRPS, 2013, 2(2), 98-102| 102 

modifications and fluorescence characteristics. Anal 
Biochem. 2005;338:201–215.  
[15] Johnson JJ, Mukhtar H. Curcumin for
chemoprevention of colon cancer. Cancer Let.
2007;255:170–181.
[16] Bakkali F, Averbeck S, Averbeck D, Idaomar M.
Biological effects of essential oils-A review. Food
Chem Toxicol. 2008;46:446–475.
[17] Mitić-Ćulafić D, Žegura B, Nikolić B, Vuković-
Gačić B, Knežević-Vukčević J, Filipič M. Protective
effect of linalool, myrcene and eucalyptol against t-
butylhydroperoxide induced genotoxicity in bacteria
and cultured human cells. Food Chem Toxicol.
2009;47:260–266.


