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Abstract 

Methanolic extracts of Artemisia L. taxons (Artemisia absinthium L., Artemisia arborescens L., 
Artemisia campestris L., Artemisia scoparia Waldst&Kit, Artemisia santonicum L., Artemisia vulgaris L. 
and Artemisia arborescens L.) were investigated for their cytotoxic activities against three human cancer 
cell lines, MCF7, A549, HeLa, and two human normal cell lines, A7R5 and 293T. The cytotoxic activities 
were analyzed by real-time cell analysis system measuring electrical impedance. Artemisia scoparia 
Waldst&Kit. showed significant effect on MCF7 (IC50: 34 jug/mL) and HeLa (LC50: 90 jug/mL). A. 
absinthium exhibited selective cytotoxic activity on MCF7 (IC50: 270 fig/mL). 
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Altı Artemisia L. Türünün in vitro Sitotoksik Özellikleri 

Bu gahsmada Artemisia L. (Artemisia absinthium L., Artemisia arborescens L., Artemisia 
campestris L., Artemisia scoparia Waldst&Kit, Artemisia santonicum L., Artemisia vulgaris L. ve 
Artemisia arborescens L) Mrlerine ait metanollü ekstrelerin üg insan kanserli Mere hattında (MCF7, 
A549, HeLa) ve iki normal insan Mere hattında (A7R5 and 293T ) sitotoksik aktiviteleri araştinldı. 
Sitotoksik aktiviteler elektriksel empedans ölgen gergek zamanh Mere analiz sistemi He ölguldü. Sonugta 
Artemisia scoparia Waldst&Kit ekstresinin MCF7(LC50: 34 jug/mL) ve HeLa (LC50: 90 jug/mL) üzerinde 
oldukga yüksek aktivite gösterdiği saptandı. Ayrıca A.absinthium’un da MCF7(LC50: 270 fig/mL) 
üzerinde segici etkisi olduğu gözlendi. 

Anahtar kelimeler: Artemisia, Sitotoksik, MCF7, A549, HeLa, A7R5, 293T. 
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INTRODUCTION 

Cancer is the failure of the mechanisms that regulate normal cell growth, proliferation 
and cell death. It is generally used as a collective name for more than 100 diseases characterized 
by uncontrolled growth of abnormal cells including malignant tumors of different sites (breast, 
lung, cervix etc.). Cancer is currently the cause of %12 of all deaths worldwide and in 20 years 
time it is expected to increase from 6 million to 10 million (1). 

Despite all the studies and advances on cancer research, it is still urgent to identify new 
anticancer agents with low toxicisity against non-tumor cells. Natural products have a 
significant role in the treatment of cancer in worldwide. According to Newmann and Cragg 
more than 3000 plant species have been listed as used in cancer treatment. Over %60 of 
currently used anticancer agents are derived from natural sources. Also the molecules derived 
from natural sources play a dominant role in the discovery of leads for the development of 
conventional drugs for the treatment of most of human diseases (2). 

The genus Artemisia is one of the largest and most widely distributed genera of 
Asteraceae. Generally aromatic herbs and shrubs are distributed mainly in the Northern 
hemisphere and temperate zones of Europe, Asia and America (3,4). Most of the members of 
the genus have characteristic scent and taste. The genus is having been interested due to the 
diversified biology and chemistry of the constituents, the frequent application in traditional 
medical practice and the rich source of the plant material (5). Phytochemical reports on 
Artemisia species deal mainly with terpenoids, flavonoids, coumarines, steroids and 
polyacetylenes (3). 

There are 23 species of Artemisia genus in the Flora of Turkey and several species have 
been used traditionally as stomachic, antimalarial, antidiabetic and antihelmintic in Anatolia 
since ancient times (6-8). A. absinthium L., A. arborescens L., A. campestris L., A. scoparia 
Waldst&Kit, A. santonicum L., and A. vulgaris L. are mainly distributed in West Anatolia. In 
this study in vitro cytotoxic activities of these plants were evaluated against three cancer cell 
lines, MCF7 (human breast cancer cell line), A549 (human lung cancer cell line), HeLa (human 
cervical cancer cell line) and two non-cancer cell lines, 293 HEK (human embriyonic kidney 
cell line) and A7R5 (rat vascular smooth muscle cells). 

EXPERIMENTAL 

Plant material 
Plants were collected from West Anatolia, taxonomically identified and voucher 

specimens have been deposited in the herbarium of Ege University (IZEF), Faculty of 
Pharmacy, İzmir, Turkey. Collection sites and dates are presented in Table 1. 

Preparation of extracts 
Aerial parts of the plants were dried under shade and powdered. Crude materials (50 g) 

were extracted succesively with 1 L methanol each, using a Soxhlet extractor for 6 h. Solvent 
evaporated to dryness under reduced pressure on rotary evaporator. Dried extracts were stored at 
4 °C until studied. Extract yields are presented in Table 1. 

Cell lines and culture medium 
MCF7, A7R5, 293 HEK, A549 and HeLa cell lines were obtained from ATCC. All cells 

were cultivated in a humidified incubator at 37°C with 5% CO2. Cells were cultured in DMEM 
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supplemented with L-glutamine (2mmol/L) and 10% fetal bovine serum. All the tissue culture 
reagents were purchased from Biological Industries (Israel). 

Determination of cell viability by Real-Time Cell Analyzer (RTCA) 
Cells were grown and expanded in 100 mm tissue culture dishes. After reaching 60-80% 

confluence, cells were washed with PBS and detached from the flasks by trypsin/EDTA 
treatment. meanwhile, 100 μL of cell culture media at room temperature was added into each 
well of E-plate 96 and background of E-plate was measured. To determine the optimum cell 
number, 5.000, 10.000, 20.000 and 40.000 cells/well were seeded for each cell line. After 30 
min of incubation at room temperature, E-plates were placed into the Real-Time Cell Analyzer 
MP (RTCA) station. Cells were grown and impedance was measured every 30 min afterwhile as 
the cell index (CI) value. To determine the effect of test extracts, optimum number of cells 
(MCF7:7500, HeLa:7500, A545:10.000, A745:10.000 and 293T:20.000) for each cell line were 
seeded. 16-24 hrs later cells were exposed to test extracts at different concentrations (25, 100, 
250, 500 and 1000 μg/mL). CI values were monitored every 2 min for 2 hrs to visualize the fast 
drug response and then every 30 min for the late drug response. The electrical impedance was 
measured by the RTCA software of the xCELLigence system as a dimensionless parameter 
termed CI. All the measurements were done at least in triplets and IC50 values were determined 
using RTCA software. 

Table 1. Collection sites, dates, voucher specimens and yields of Artemisia L. 

Turkish 
name Locality Date Voucher Extract 

Specimen Yield (%) 

Oil 
Yield 
(%) 

A. absinthium Pelinotu, Antalya, Alanya, 1514m 
Akpelin 37°47'10''N / 28°56'05''E 29.07.2003 5657 17.78 1.1 

A. arborescens Muğla, Bodrum, 0m 14.04.2005 5802 24.76 1.2 

A. campestris 

A. scoparia 

A. santonicum 

A. vulgaris 

Kara Denizli, Altindere, 850m 
yav§anotu 37°47'10''N / 28°56'05''E 

Manisa, Salihli, 112m 
38°28'46''N / 28°03'56''E 

Deniz Balrkesir, Edremit, 0m 
Yav§ani 39°33'43''N / 26°57'02''E 

Denizli, Baskarci, 450m 
Ayvadana 3745'42''N / 28 ° 58'48''E 

30.09.2003 

30.09.2003 

03.09.2003 

30.09.2003 

5665 

5662 

5661 

5663 

21.96 

17.16 

21.76 

14.92 

0.7 

0.9 

0.4 

0.4 

RESULTS AND DISCUSSION 

The results of the cytotoxic activity tests are shown in Table 2. Among the extracts, A. 
scoparia had a strong effect on MCF7 and HeLa cells with (IC50: 34 and 90 respectively) while 
it showed moderate effect on the A549 and normal cells. A. absinthium had a significant 
selective activity on MCF7 (IC50: 270) among all tested cell lines. A. vulgaris extract also 
exhibited inhibitory activities against all cell lines with significant IC50 values except A549 
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cells. A .santonicum and A. arborescens extracts were not active on A549 but had moderate 
effects on the other cell lines. A. campestris showed the weakest cytotoxic activity. 

In many studies, cytotoxic activities of various Artemisia species have been repoted 
against several cell lines. However this is the first report for these Artemisia L. species against 
to these cell lines mentioned above. In a previous report Nibret and Wink was evaluated 
cytotoxic activities of ethanol and dichlorometane extracts of four Artemisia species against HL-
60. Artemisia absinthium methanolic extract was shown to have strong inhibitory activity (IC50: 
57.90 μg/mL) (9). Consistent with our results, A. campestris was reported as the weakest plant 
among 36 medicinal plant species in a cytotoxic screening study against K562 human leukemia 
cells (10) . 

Most of the reports dealing with the cytotoxic activity studies of Artemisia species have 
showed that the sesquiterpenes are the main responsible compounds for the activities (11-13). 
Strong activites of A. scoparia and A. absinthium needs to be explained by further 
phytochemical investigations on these plants. 

Table 2. Cytotoxic activity results of Artemisia species on different cell lines. 
IC50 (ng/mL)* 

MCF7 A549 HeLa A7R5 293T 
A. absinthium 270 NA NA 894 NA 
A. arborescens 547 NA 542 541 647 
A. campestris 790 >1000 NA 899 500 
A. santonicum 530 NA >1000 336 570 
A. scoparia 34 370 90 495 485 
A. vulgaris 190 778 284 382 317 
NA: Not Active, *: Values are mean of triplicate analysis 

ACKNOWLEDGEMENTS 

We thank to Gulcin Arslan for her assistance during optimization studies of Xcelligence 
using MCF7 cell lines, to Dr Metiner Tosun for sharing A7R5 cell line and Serdar Gökhan 
Senol for his supports on collecting plants. PB is a TUBA-GEBİP awardee. 

REFERENCES 

1. World Health Organisation National Cancer Control Programmes, 2nd ed. Geneva, 2002. 
2. Cragg GM, Newman DJ, Plants as a source of anti-cancer agents, J Ethnopharmacol 

100(1-2), 72-79, 2005. 
3. Wright CW, Artemisia, Vol 1 Taylor&Francis, London and New York, 2002. 
4. Bora KS, Sharma A, The genus Artemisia: A Comprehensive review, Pharm Biol 49(1), 

101-109, 2010. 
5. Lee SH, Lee MY, Kang HM, Han DC, Son KH, Yang DC, Sung ND, Lee CW, Kim HM, 

Kwon BM, Antitumor activitiy of the farnesyl-protein transferase ınhibitors arteminolides, 
isolated from Artemisia, Bioorg Med Chem 11, 4545-4549, 2003. 

250 



Turk J. Pharm. Sci. 8 (3), 247-252, 2011 

6. Davis PH, Flora of Turkey and the East Aegean Islands, Vol. 5, pp. 311-323, University 
Press, Edinburgh, 1975. 

7. Mill RR, Tan KK, Artemisia In:Flora of Turkey and the East Aegean Islands, Ed: Davis, 
PH Vol.10, pp:163, 418, University Press, Edinburgh, 1988. 

8. Baytop T, Türkiye’de Bitkiler ile Tedavi, Geçmiste ve Bugün, pp.313-315, Nobel Tıp 
Kitabevi, İstanbul, 1999. 

9. Nibret E, Wink M, Volatile components of four ethiopian Artemisia species extracts and 
their in vitro antitrypanosomal and cytotoxic activities, Phytomedicine 17, 369-374, 2010. 

10. Masuda T, Oyama Y, Yamamoto N, Umebayashi C, Nakao H, Toi Y, Takeda Y, 
Nakamoto, K, Kuninaga, H, Nishizato, Y, Nonaka, A, Cytotoxic screening of medicinal 
and edible plants in Okinawa, Japan and identification of the main toxic constituent of 
Rhodea japonica (Omoto), Biosci Biotechnol Biochem 67 (86),1401-1404, 2003. 

11. Bang MH, Han MW, Song MC, Cho JG, Chung HG, Jeong TS, Lee KT, Choi MS, Kim 
SY, Baek NI, A cytotoxic and apoptosis-inducing sesquiterpenoid isolated from the aerial 
parts of Artemisia princeps Pampannni (Sajabalssuk), Chem Pharm Bull 56 (8), 1168-
1172, 2003. 

12. Zhai DD, Supaibulwatana K, Zhong JJ, Inhibition of tumor cell proliferation and induction 
of apoptosis in human lung carcinoma 95-D cells by a new sesquiterpene from hairy root 
cultures of Artemisia annua, Phytomedicine 17(11), 856-861, 2010. 

13. Kwon HC, Choi SU, Lee KR, Cytotoxic peroxides from Artemisia stolonifera, Planta 
Med, 63(4), 384-385, 1997. 

Received: 03.11.2010 
Accepted: 06.01.2011 

251 


