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Abstract
Background: Cervical cancer is one of the most common causes of cancer death in women worldwide;
Radiotherapy has a major role in cervical cancer treatment. Anti-cancer effects of other species of Artemisia have
been shown in some human cancer cells.
Objective: To determine the cytotoxic and radiosensitizing effects of Artemisia kopetdaghensis extract on
cervical cancer HeLa cells.
Methods: Different concentrations of Artemisia kopetdaghensis extract (ART) (25-250µg/ml) were examined on
HeLa cell line. Cell cytotoxicity of the extract and combination of extract plus 2Gy radiation was evaluated after
24, 48 and 72 hours via MTT assay. ART induced apoptosis was estimated with flow cytometry after 24h. One-
way analysis of variance (ANOVA) and then Bonferroni post hoc test were applied for statistical analysis. Prism
(v.6) was used for all statistical analyses.
Results: Artemisia kopetdaghensis decreased HeLa cells viability according to its concentration and timing of
treatment. Comparing with the control group, a sub-G1 peak in the flow cytometry histogram of A.
kopetdaghensis treated cells was shown, demonstrating that apoptosis was involved in A. kopetdaghensis
cytotoxicity. Also, A. kopetdaghensis extract combined with irradiation, induced an additive cytotoxic effect on
HeLa cells.
Conclusion: Artemisia kopetdaghensis extract might be considered as a radiosensitizer in cervical cancer
treatment potentially, and can be a good candidate for future studies.
Keywords: HeLa cells, Artemisia kopetdaghensis, Cytotoxicity, Radiotherapy
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1. Introduction
The combination of radiotherapy and chemotherapy has led to clinical success in the treatment of some cancers, and
attempts to find optimum combinations of radiation with conventional chemotherapies, as well as new ones,
continue. The ideal medications have radiosensitization effect to improve radiation response of tumor cells as well
as radioprotection effect to prevent the toxicity of normal cells. Current work is an attempt in this field to find new
nontoxic and preferably natural radiosensitizer agents to help us in cancer treatment (1). Cervical cancer is the
secondary cause of cancer death in women and various treatment methods are used for its treatment (2). Based on
the International Federation of Gynecology and Obstetrics (FIGO) division, cervical cancer has four clinical stages:
stages I and II, which are early stages, stage III is locally advanced, and stage IV is the metastatic stage (3). Cervical
cancer could be controlled by surgery and /or radiotherapy, or chemoradiotherapy (4). According to FIGO,
concurrent chemoradiation is the first treatment line of locally advanced cervical cancer. In radiotherapy, because of
normal tissue injury, the total dose of irradiation is limited. So, any combination therapy that can increase the
radiotherapy efficiency without dose increment would be precious (5). Cisplatin is a well-known radiosensitizer that
can be used for this cancer (6). Some other drugs that have been used for this purpose in clinical or nonclinical trials
are carboplatin, paclitaxel, nedaplatin, gemcitabine, and camptothecins (7). Recently, natural components have been
exploited for cancer treatment (8). Antibiotics such as bleomycin, mitomycin C, or plant derivatives such as
bisindole alkaloids and taxanes are among these medicines (9). Active compounds were obtained from cruciferous
vegetables such as broccoli, cabbage, cauliflower, and Brussels sprouts, which have shown radiosensitizing effect on
head and neck carcinoma cell line (10). Also, pretreatment with sesamol enhances the irradiation efficacy in HeLa
cells (11). Artemisia species are popular and traditional herbal medicines for the treatment of a variety of diseases
and there have been a number of studies on their biological activities (12). Recent studies have shown the anti-
cancer effect of some species of Artemisia, such as A. ciniformis (12) and A. absinthium (13). Another study has
reported the cytotoxic effect of A. indica in four cancer cell lines, namely A-549, Caco-2, THP-1, and HEP-2 (14).
Anti- proliferative activity of A. capillaris and A. herba-alba has been seen in human oral cancer and acute
lymphoblastic leukemia cell lines, respectively (15, 16). Artemisia kopetdaghensis is an aromatic member of the
Asteraceae family. It is used in Iranian traditional medicine as an anti- inflammatory, antimicrobial, antifungal, and
sedative. In this research, we investigated the anticancer effects of A. kopetdaghensis. We chose this plant because it
is native to our province, and its extract was available. Moreover, the research team decided to study cervical cancer,
because it is usually an advanced cancer, and surgery is not possible; therefore, its main treatment would usually be
chemoradiotherapy. For this purpose, we evaluated the cytotoxic activity of A. kopetdaghensis extract and its
radiosensitization effect in HeLa cells for the first time.

2. Material and Methods
2.1. Cell line/chemical agents
HeLa cell line was prepared by the Pasteur Institute. Sodium citrate, propidium iodides (PI), 4, 5-Dimethylthiazol-2-
yl, 2, 5-diphenyl tetrazolium (MTT), Triton X-100, and Dulbecco’s Phosphate-buffered saline (PBS) were obtained
from Sigma (St Louis, MO, USA). Fetal bovine serum (FBS), penicillin streptomycin and Glucose-high Dulbecco’s
modified Eagle’s medium (DMEM) were purchased from Gibco (Grand Island, NY). Dimethyl sulfoxide (DMSO)
was obtained from Merck.

2.2. Irradiation
Cells were irradiated with dose rate of 120 centigray (cGy)/min from a 60Co γ-irradiation source (Theratone780,
Canada). Source to surface distance (SSD) was 80 cm. Radiation dose was 2 Gray (Gy) radiated with 9×5 field size.

2.3. Preparation of extract
A. kopetdaghensis shrubs were collected from Gonabad (Northeast Iran) and identified by the herbarium of
Ferdowsi University of Mashhad, Iran (voucher specimen number: 35205). The herb was dried and the extraction
carried out for 48 h with 70% ethanol using a Soxhlet apparatus. After drying the extract in water bath, it was
dissolved in DMSO and was stored at -20 °c.

2.4. Cell culture
The cells were cultured in DMEM which contained FBS (10%) and penicillin/streptomycin (100 unit/mL) then kept
in an incubator (O2: 90%, CO2: 95%, temperature: 37 °C).

2.5. Determination of A. kopetdaghensis extract cytotoxicity by MTT assay
The cells were exposed to various doses of extract (25-250 µg/ml) for 24, 48 and 72 h. After the passing of these
times, for assessing cell metabolic activity, MTT solution (5 mg/mL) was added to each well. The plates were
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incubated for 4 h at 37℃, then the reaction mixture was eliminated and the formazan crystals were dissolved by
adding 100 μl DMSO to each well. The optical density was read using an ELISA micro plate reader at 570 nm and
630 nm.

2.6. Determination of Combined effects of A. kopetdaghensis extract and irradiation by cytotoxicity assay
For evaluation of extract and irradiation, the cells were treated with extract for 24, 48 and 72 h. After these times,
cells were washed with PBS. Cells were exposed with irradiation (60 Co unit at a dose of 2 Gy γ-rays) (17). After
irradiation, PBS was replaced with fresh DEMEM medium. The cells were incubated for 66 h and then MTT assay
was done (18).

2.7. Detection of apoptosis induced by A. kopetdaghensis extract via flow cytometry
The PI test was used for detection of apoptotic cells. In this assay, cells were treated with extract at different doses.
Then, cells were harvested and incubated with hypotonic buffer (50 µg/ml PI in 0.1% sodium citrate with 0.1%
Triton X-100) at 4 °C. After overnight incubation, the level of apoptosis was read by flow cytometer (Becton
Dickinson).

2.8. Statistical analysis
All data in the different experimental groups were expressed as the mean ± SEM. At least three independent
experiments were done for each assay. For multi-group comparisons, one-way analysis of variance (ANOVA) and
then Bonferroni post hoc tests were performed; p<0.05 was considered as statistically significant. Graphpad Prism
(v.6) was used for all statistical analyses.

3. Results
3.1. Cytotoxic effect of A. kopetdaghensis extract on HeLa cells
To evaluate the toxic effects of A. kopetdaghensis, HeLa cells were incubated with different concentrations (25-250
µg/ml) of the extract, and the cell viability was determined 24, 48 and 72 h after treatment. As demonstrated in
Table 1 and Figure 1, A. kopetdaghensis extract reduced cell viability in HeLa cell line depending on concentration
and timing. High doses of extract (100-250 μg/mL) could reduce the cell viability significantly (p<0.001) at all
times. This is while lower doses of extract (25-50 μg/mL) could reduce the cell viability after 48 h (p<0.05 and
p<0.01 respectively) and after 72 h (p<0.001) significantly.

Figure 1. The cytotoxic effect of A. kopetdaghensis on HeLa cells. HeLa cells were treated with various
concentrations of A. kopetdaghensis for 24 h, 48 h, and 72 h. Viability was quantitated by the MTT assay. The data

are expressed as mean±SEM (n=3). * p<0.05, ** p<0.01, and *** p<0.001.
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Table 1. The cytotoxic effect of A. kopetdaghensis extract on HeLa cells.
Extract concentrations % Cell Viability

After 24 h After 48 h After 72 h
Mean SEM Mean SEM Mean SEM

Control 100 9.917 100 8.482 100 8.029
25 (µg/mL) 81.87 1.538 70.39 7.754 63.68 3.526
50 (µg/mL) 76.59 4.613 62.97 1.486 51.11 1.613
100 (µg/mL) 57.06 1.561 47.95 4.094 45.43 2.482
150 (µg/mL) 49.9 4.625 36.19 3.224 25.98 2.39
250 (µg/mL) 36.35 3.631 18.07 3.491 12.66 0.9613

3.2. Combined effects of A. kopetdaghensis extract and irradiation on HeLa cells
A single irradiation dose of 2 Gy diminished cell viability in HeLa cell line about 43% (Cell viability = 57.3±2.2%
of control cells, p<0.001); Data are shown in Table 1. To determine whether plant extract can increase radiotherapy
effect, we treated the cells with extract for 24, 48 and 72 h before irradiation treatment. Irradiation plus plant extract
increased HeLa cells cytotoxic response modestly (Figure 2, Table 2). In each concentration, cell viability reduced
with increasing of incubation time. For example, while the concentration of 25 μg/mL at 24 h could not reduce cell
viability compared to 2 Gy irradiation control group, it reduced cell viability 14.4% more than 2 GY control group at
72 h. Furthermore, in each incubation time, as we expected, cell viability reduced by increasing the dose of the
extract. However, comparison of the cytotoxicity of the extract alone (Figure 1), and 2 Gy radiotherapy (2 Gy
control group of Figure 2), to the cytotoxicity of combination therapy (Figure 2), reveals these cell viability
reductions are less than levels that A. kopetdaghensis extract and 2 Gy radiation have any synergistic effect.

Figure 2. Evaluation of cytotoxic effect of irradiation associated with extract in HeLa cell line. HeLa cells
were pretreated with various concentrations of A. kopetdaghensis for 24 h, 48 h, and 72 h. Then, all the cells

(Except control groups) irradiated with 2 Gy γ ray. Viability was quantitated by the MTT assay after 66h.
The data are expressed as mean±SEM (n=3). *** p<0.001 compared with control (p-values of all

combination therapy groups are less than 0.001, data not shown). # p<0.05, ## p<0.01 and ### p<0.001
compared with just 2 Gy irradiated control groups.
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Table 2. Cell viability in different treated Hela cells with various concentrations of Artemisia kopetdaghensis
extract (ART) and 2 Gy radiation.

Groups % Cell Viability
After 24 h After 48 h After 72 h
Mean SEM Mean SEM Mean SEM

Control  (Without Ray and extract) 100 9.917 100 8.029 100 9.917
2Gy Radiation 57.3 2.22 57 2.199 57.3 2.22
2 GY + 25 extract 57.06 1.561 49 0.9401 42.88 4.404
2 GY + 50 extract 49.9 4.625 40.3 2.328 24.63 1.41
2 GY + 100 extract 46.71 2.004 28 1.321 19.9 1.652
2 GY + 150 extract 36.35 3.631 18 1.119 15.09 1.71
2 GY + 200 extract 25.62 1.444 13.14 0.8219 9 1.485
2 GY + 250 extract 20 2.144 9.521 1.017 5 0.9351

Figure 3. The role of apoptosis in A. kopetdaghensis induced toxicity in HeLa cells. Apoptosis assayed by using PI
staining and flow cytometry. HeLa Cells were treated with different concentrations of the extract (100, 200 and 250

μg/mL) for 24 h. A sub-G1 peak, as an indicator of apoptotic cells, was induced in the A. kopetdaghensis -treated
cells but not in the control cells (A). The percentages of apoptotic cells in the HeLa cells treated with different

concentrations of A. kopetdaghensis have been shown. ***p<0.001 versus control group (B).
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3.3. Apoptotic activity of A. kopetdaghensis against HeLa cell line
To clarify the role of apoptosis in the extract cytotoxicity, HeLa cells were incubated with different concentrations
(100-250 µg/ml). Cell apoptosis was assessed 24 h after treatment. As shown in Figure 3, treatment with extract
significantly increased cell apoptosis in HeLa cell line as a concentration-dependent manner (p<0.001).

4. Discussion
Radiotherapy is an effective method for inducing tumor cell death. (5). Tumor cells grow very rapidly; they
overgrow their vascular blood supply, resulting in centrally necrotic and hypoxic regions, rendering radiation
ineffective in these areas (19). To overcome this problem, higher doses of radiation must be delivered to control the
tumor. But, since the normal tissues surrounding the tumor are oxygenated and prone to radiation damage, this is not
actually an easy procedure by conventional methods. (20). Success of radiotherapy, therefore, depends on increasing
the sensitivity of the cancer cells to radiation (21). Ionizing radiation has been shown to develop reactive oxygen
species (ROS) in cells (22). The exposure to factors that increase oxidative stress-induced injury may sensitize cells
to ionizing radiation. Luo et al. examined the use of a combined drug Artesunate (ART), (An Artemisinin
derivative) with radiation in cervical cancer cells. They found that the concomitant administration of ART and
irradiation enhanced apoptosis in HeLa cells. They showed this radiosensitization was associated with cell cycle
progression changes by the G2 checkpoint canceling (23). Britten et al. showed that treatment with a combination of
radiotherapy and cisplatin increased the rates of death in cervical cancer cell line (24) Recent studies by Rose et al.
demonstrated that regimens of radiotherapy and concurrent chemotherapy (cisplatin) progressed the rates of survival
and progression-free survival in locally advanced cervical cancer (25). Plumbagin pretreatment also enhances
irradiation effects by HeLa and SiHa cell proliferation inhibiting in vitro (19). Ursolic acid and oleanolic acid inhibit
colon carcinoma cell line HCT15 proliferation (26). (−)-Epigallocatechin-3- gallate promotes growth inhibition of
T24 bladder cancer cells by inducing apoptosis via modulation of the PI3K/ Akt pathway (27). Also, the effects of
radiation on HeLa cells can be enhanced by pretreatment with sesamol (11). Since no information was available on
the effects of A. kopetdaghensis combined with radiotherapy, this study determined the effects of A. kopetdaghensis,
combined with radiation on HeLa cell line. At the first step, we determined the cytotoxicity and anticancer effects of
A. kopetdaghensis on HeLa cells. Our data showed that A. kopetdaghensis decreased cell surveillance depending on
the dose and timing. Then, in the combination therapy step, we observed that this extract particularly in a longer
period of pretreatments, increased the sensitization of HeLa cells to radiation. Some of the biological components of
Artemisia genus are coumarins, flavonoids, phenylpropanoids, glycosides, sterols and terpenoids, (28). Polyphenols,
a group of compounds with high antioxidant activity, are rich in ethanolic and aqueous extracts. Different studies
have shown that polyphenols can protect cells from radiation damage (29).

Flavonoids are a group of polyphenol substances which are found in most of the plants. These substances have
several bioactivities, containing antioxidant (30) and radioprotective effects (29). In the presence of transition
metals, they can shift to pro-oxidant activity. Flavonoids promote cellular toxicity via pro-oxidant activity and lead
to DNA damage. The intracellular copper level is higher in cancer cells, however, flavonoid — Cu(II) complex —
has more cytotoxic effects in cancer cells than in normal cells (31). Sahu and Washington (1992) (32) showed the
pro-oxidant effect of curcumin on irradiated cells under certain circumstances, thus stimulating radiation damage.
However, increasing sensitization of HeLa cells to radiation is related to its flavonoids. Previous reports showed that
phenolic phytochemicals enhanced radiation effects (33). In recent years, some studies indicated that natural
products could induce apoptosis in cervical cancer cells (10). As apoptotic pathways are deregulated in cancer,
apoptosis inducing in HeLa cell line shows antineoplastic therapy (34). In our study, flow cytometric analysis
showed hydro-alcoholic extract of A. kopetdaghensis induced apoptosis in cervical cancer cells. This is concordant
with our previous study in which we demonstrated that A. kopetdaghensis increased cell toxicity, probably via
inducing apoptosis, in ACHN cell line (35). Recent studies have shown cytotoxic effect of Artemisia is due to the
increased amount of Bax protein and DNA fragmentation that finally induces apoptotic pathway (12). In the case of
combination therapy of the extract and radiation, no radiosensitizer effect can be recognizable at high doses of the
extract or radiation because of high cell toxicity. So, suitable doses of extract (25-250 µg/ml) and radiation (2 Gy)
were used in this study. As expected, the differences between cytotoxicity of extract and combination therapy,
reduced at high concentrations. Our results demonstrated A. kopetdaghensis extract increased cell death in
combination with radiotherapy (except in the concentrations of 25μg/mL after 24 h). So, the best situations of
extract for using as radiosentisizers may be the low concentrations (25-50 μg/mL) at 48 and 72 h incubation times.
Low concentrations with less toxicity could sensitize the cancer cells and reduce cell viability up to 32.7% (50
μg/mL at 72 h) compared with 2 Gray control group.
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5. Conclusions
Pre-treatment with Artemisia kopetdaghensis extract before radiation caused an additive cytotoxic effect in HeLa
cells. Based on the dedication results, we propose that this plant might be a good source of components for cervical
cancer treatment, especially when the cells are resistant to radiotherapy alone. So, Artemisia kopetdaghensis can be a
good radiosensitizer candidate for more studies.
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