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Abstract––Dihydroartemisinin (DHA) is a derivative of artemisinin that has been shown to inhibit cell 

growth and induce apoptosis in the several cancer cells via reactive oxygen species (ROS) formation. The 

present study was designed to understand the mechanism underlying Dihydroartemisinin-induced apoptosis 

in the A-431 human skin cancer cell line.MTT viability assay was used to study the cell proliferation effect of 

Dihydroartemisinin. Annexin V-FITC and reactive oxygen species (ROS) formation were assessed to detect 

apoptosis. Dihydroartemisinin significantly inhibited cell proliferation in a concentration-dependent manner 

in A-431 cell line. Dihydroartemisinin significantly induced apoptosis, which was determined by Annexin V-

FITC staining.  Moreover, increase of ROS formation was observed in response to Dihydroartemisinin 

treatment. The results of this study suggest that Dihydroartemisinin inhibited cell proletarian and induced 

apoptosis in skin cancer cells via ROS pathways. These data might suggest that Dihydroartemisinin could be 

used as an agent for the treatment of skin cancer. 
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I. INTRODUCTION 
Skin cancer is one of the major causes of cancer death worldwide .Non-melanoma skin cancer (NMSC) 

is one of the most commonly diagnosed malignancies in the world [1, 2]. The standard treatments for this 

disease are surgery and chemotherapy using 5% fluorouracil. While there is a high rate of response to this 

therapy, most treated patients relapse with tumor [3]. Therefore, effective skin cancer therapy will require novel 

strategies to target and eliminate skine cancer cells. The new therapies have been directed towards identifying 

agents that block proliferation and induce apoptosis of skin cancer cells. Artemisinin, a natural product isolated 

from the plant Artemesia annua L [4, 5]. It has been used to treat malaria and is still widely used as an effective 

antimalaria drug [5]. Recently, studies have suggested that artemisinin and its derivatives have anticancer 

properties, such as in breast, oral squamous cell carcinomas, pancreas, prostate, colon and neuroblastoma [6-12]. 

Although many studies have been performed about the underlying mechanisms of Artemisinin, the exact 

mechanism of this compound is still highly controversial [13, 14].  It has a defined mechanism of action, with 

artemisinin and its derivatives effecting heme-mediated decomposition of the endoperoxide bridge in 

artemisinin to produce free radicals [15]. This heme-catalyzed excess of reactive oxygen species (ROS) induces 

apoptosis through a mitochondrial mediated pathway or blocking cell cycle kinetics [16-18]. However, reactive 

oxygen species production is not enough to explain anticancer activities of artemisinin [19]. Previous study 

demonstrated that Dihydroartemisinin (DHA) can activate p38 MAPK pathway independently of ROS [19, 20]. 

Recent studies have illustrated that several cellular process and pathways including cell cycle, apoptosis 

contribute to the anticancer activities of artemisinin [21, 22], the ROS-independent mechanisms of artemisinin 

and its derivatives remain to be elucidated.  Taking into account what said above and the fact that 

Dihydroartemisinin can induce cell apoptosis; we have investigated on the apoptotic induction as a possible tool 

in the therapeutic protocols for the cure of skin cancer. In the present study we used A-431 as Non-melanoma 

skin cancer cell lines to examine the effect of Dihydroartemisinin on the cell apoptosis. Furthermore, the effect 

of Dihydroartemisinin on the ROS production was also detected.   
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II. MATERIAL & METHODS 
1. Chemical reagents  

RPMI 1640, trypsin/EDTA, phosphate-buffered saline (PBS), penicillin and streptomycin were 

purchased from Gibco (Rockville, USA). Dihydroartemisinin, Annexin-V-FITC apoptosis detection kit, MTT 

(3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) and DMSO (dimethyl sulfoxide) were 

obtained from Sigma-Aldrich (Munich, Germany). Cell culture plastic ware was obtained from Nunc Co. 

(Roskilde, Denmark). Fluorescent reactive oxygen species (ROS) Detection Kit was purchased from Marker 

Gene TM Live Cell Co. ((St. Louis, MO, USA). 

2. Cell culture 

The A-431 human skin cancer cell line was purchased from National Cell Bank of Iran (NCBI). The 

cells were grown in RPMI 1640 medium supplemented with 10% fetal bovine serum, 100 units/ml of penicillin, 

and 100 μg/ml of streptomycin and maintained at 37°C in a humidified incubator with 5% CO2. Cells were 

harvested at 70–100% confluence with trypsin/EDTA
 
and either used fresh or were frozen on liquid nitrogen

 
and 

stored at -70°C. 

3. Cell viability assay with MTT reduction 

Cell viability was determined by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

(MTT) assay as described previously [23, 24]. The A-431 cells were seeded at 5 × 10
3
 cells/well in 5% CO2 at 

37°C in RPMI medium (containing 10% FBS, 100 units⁄ml penicillin and 100 μg ⁄ml streptomycin) in 96-well 

plates. After incubation overnight to allow for cell attachment, the RPMI medium in each well was replaced 

with media containing various concentrations of Dihydroartemisinin (0.01-20 µM) and incubated for 48 h. 

Afterwards, 20 μl of MTT (5 mg/ml in PBS) was added to each well and the cells were incubated for another 4 h 

at 37°C. The supernatants were then aspirated carefully and 200 μl of dimethyl sulfoxide (DMSO) was added to 

each well. The plates were shaken for an additional 10 min and the absorbance values were read by the 

microplate reader (Bio-Rad, Hercules, CA, USA) at 570 nm. Data were collected from several experiments and 

the percentage of cell growth inhibition was determined by comparison to untreated control cells. 

4. Assay for apoptosis using Annexin V/ PI staining  

Detection of apoptosis was conducted using the annexin V-FITC/PI apoptosis detection kit according 

to manufacturer’s protocol. Briefly, the treated and untreated cells, control cells, were harvested after 24h and 

washed twice with cold PBS. The cell pellets were re-suspended in 500 μl of 1x binding buffer at a 

concentration of 1 × 10
6 

cells/ml. 5 μl of annexin V-FITC and 5 μl of PI were added into the cell suspension, 

followed by gentle vortexing. The staining samples were incubated for 10 minutes at room temperature in 

darkness. Samples were analyzed by a FACScalibur flow cytometer (BD Biosciences,San Jose, USA) using the 

software supplied in the instrument. 

5. Measurement of Reactive Oxygen Species (ROS) 

Formation of reactive oxygen species (ROS) was evaluated using the Marker Gene TM Live Cell 

Fluorescent ROS Detection Kit according to the manufacturer's instructions. Briefly, cells plated to a density of 

25 × 10
3
 per well in 96-well plate and incubated with different concentration of Dihydroartemisinin in the 

presence and absence of NAC (1 mM) for 48 hr. after drug treatment, cells were loaded with 2',7'-

Dichlorofluorescin diacetate (20 µM)  in HBSS at 37 ◦C for 30 min in the dark. The cells were then washed with 

HBSS and Fluorescence caused by DCF in each well was measured and recorded at 485 nm (excitation) and 528 

nm (emission) by using a Synergy HT Multi-Mode Microplate Reader (BioTek Instruments, Winooski, VT). 

6. Statical analysis  

Non parametric one-way analysis of variance (ANOVA) was performed with the Dunnett's test, using 

software Graphpad Prism. Each experiment was carried out in triplicate and repeated three to four times 

independently. P <0.05 was considered significant. All data are expressed as means ± SD. 

 

III. RESULTS 
The effects of Dihydroartemisinin on the cell growth 

To evaluate the effects of Dihydroartemisinin on the viability of A-431 skin cancer cells, MTT assay 

was carried out. MTT assay measures the activity of mitochondrial dehydrogenase enzyme based on its ability 

of cleaving tetrazolium ring to produce formazan; thus, the assay can be used as an index of cell viability. 

Treatment of A-431 cell lines with the Dihydroartemisinin for 48 h resulted in a dose-dependent reduction in the 

cell viability when compared with that of control (Figure 1). In the A-431 cells, as indicated in Figure 1, a 

significant inhibitory effect was observed at 1µM (P < 0.05 versus control group) which reached to the 

maximum at 20 µM (P <0.01 versus control group). The IC50s (The effective dose that inhibits 50% growth) 

for treatment of A-431 cell by Dihydroartemisinin was 5.5μM. 
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Figure1: 

 
Figure1: The effect of Dihydroartemisinin on the cell viability in A-431 skin cancer cells. Cells were 

treated with various concentrations (0.01M- 20 M) of Dihydroartemisinin for 48h, and viability was assessed 

by MTT assay. Dihydroartemisinin reduced cell viability in A-431 cells in a dose-dependent manner. Results 

(mean ± SD) were calculated as percent of corresponding control values. *P<0.05, **P<0.01 and ***P<0.001 

are significant. Statistical analysis was performed by ANOVA. Each point represents 4 repeats, each triplicate. 

 

Detection of apoptosis by flow cytometry 

To determine whether growth-inhibitory effect of Dihydroartemisinin in A-431 cells was associated 

with the induction of apoptotic cell death, FITC-conjugated annexin V (FL1-H) and PI (FL2-H) staining 

(detected by flowcytometry) was used as a criterion to distinguish apoptotic cells (Figure 2). Therefore, A-431 

cells treated with various concentration of Dihydroartemisinin were evaluated by flowcytometry. All data were 

analyzed by specific software Partec FloMax. Control cells were negative for both annexin V-FITC and PI. 

Annexin V-FITC-positive, PI-negative cells were considered to be in early apoptotic stage, while annexin V-

FITC-positive, PI-positive cells were considered to be late apoptotic or necrotic and cells were positive for PI 

were considered mostly necrotic cells. As shown in Figure 2, a significant increase in the percentage of both 

early (annexin V positive, PI negative) and late (annexin V positive, PI positive) apoptosis were detected after 

treatment with Dihydroartemisinin in a concentration-dependent manner (P < 0.01). 

 

Figure2: 

 
 

Figure 2: Detection of apoptosis using flow cytometry. Flow cytometric analysis of A-431 apoptotic 

cells after annexin V-FITC/propidium iodide (PI) staining. Cells were treated with various concentration of 

Dihydroartemisinin for 48h. The results shown are mean ± SD of three independent experiments. * P < 0.05; 

**P <0.01 compared with control group. 
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Role o Reactive Oxygen Species (ROS) in Dihydroartemisinin-induced cell apoptosis 

To examine whether Dihydroartemisinin exert their apoptotic effects in A-431 cells by inducing 

oxidative stress, we evaluated the levels of ROS after 48 hr treatment with Dihydroartemisinin, with or without 

NAC. The results indicated that Dihydroartemisinin promoted ROS production in these cells in a dose-

dependent manner (Fig. 3). 

 

Figure3: 

 
Figure3: Effects of Dihydroartemisinin on reactive oxygen species (ROS) generation in A-431 cell 

line. After treatment with different doses (0.01-20µM) of Dihydroartemisinin in the presence and absence of 

NAC (1 mM) for 48 hr, cells were loaded with dichlorofluorescin diacetate and fluorescence was measured by 

Microplate Reader. The results shown are mean ± SD of three independent experiments. * P < 0.05; **P <0.01 

compared with control group. 

 

IV. DISCUSSION 
In this study, we have investigated the effect of Dihydroartemisinin (DHA) as novel anticancer drug for 

skin cancer. Our results demonstrated that DHA inhibits cell proliferation and induces apoptosis in 

concentration-dependent manner. In addition, our results also indicate that DHA efficiently triggers cell 

apoptosis via ROS signaling pathways. 

Artemisinin and its derivatives such as Dihydroartemisinin (DHA) have been reported to induce 

apoptosis in pancreas, prostate, colon and neuroblastoma [8-11]. Dihydroartemisinin has been found as an anti-

proliferative agent in vitro and in vivo [25]. In particular, Dihydroartemisinin was considered as a potential 

antitumor agent in several cancer cell lines [6–12]. Based on these findings, we explored to determine the 

growth inhibitory effect of Dihydroartemisinin on the human skin cancer cells and the possible mechanism of its 

action was investigated. Here we demonstrated that Dihydroartemisinin inhibited skin cancer cell proliferation 

through induction of cell apoptosis. 

Cell death has been shown to occur by 2 major mechanisms, necrosis and apoptosis (a programmed cell 

death). Classical necrotic cell death occurs due to noxious injury or trauma, while apoptosis takes place during 

normal cell development, regulating cellular differentiation. While necrotic cell death results in cell lysis, 

cellular apoptosis is characterized morphologically by cell shrinkage, nuclear pyknosis, chromatin condensation, 

and blebbing of the plasma membrane. It seems that all known anticancer drugs kill cancer cells predominantly 

through apoptosis [26, 27]. 

In addition, induction of apoptosis by the treatment of the cells with the different concentrations (0.01-

20 M) of Dihydroartemisinin was observed as externalization of phosphatidylserine, and ROS formation. Lu et 

al. demonstrated that Dihydroartemisinin induced apoptosis in human lung adenocarcinoma cells by up-

regulation of Bax protein family [17].ROS are involved at several different points in the apoptotic pathway, 

including loss of mitochondrial membrane integrity with the attendant release of mitochondrial apoptogenic 

factors, intracellular caspase activation, and DNA damage [26, 27]. The role of ROS in the apoptosis induced by 

Dihydroartemisinin investigated in cancer cells [18]. Lu et.al demonstrated that Dihydroartemisinin induced 

apoptosis via ROS formation in ASTC-a-1 cells [18]. In this study, it has been shown that Dihydroartemisinin 
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induced ROS formation in A-431 human skin cancer cells. Moreover, we demonstrated that NAC is capable to 

protect cells from cytotoxic effect of Dihydroartemisinin. 

 

V.  CONCLUSION 
The present study shows that Dihydroartemisinin can inhibit A-431 skin cancer cells proliferation via 

induction of apoptosis.  Apoptosis induced by Dihydroartemisinin was determined by externalization of 

phosphatidylserine, and ROS formation. Furthermore, this study introduces a possible mechanism for 

Dihydroartemisinin on the control of skin cancer cell growth, i.e. involvement of ROS pathway. In this study, 

the primary anticancer effect of Dihydroartemisinin in vitro is evaluated, and to determine the effect of 

Dihydroartemisinin in vivo further investigation are required. 

 

VI. ACKNOWLEDGMENT 
We thank Dr. Mahdi Shabani of Monoclonal Antibody Research Center, Avicenna Research Institute, 

ACECR, Tehran, Iran for their kind assistance with flowcytometry analysis. 

 

REFERENCES 
[1]. Girschik J, Fritschi L, Threlfall T, Slevin T. Deaths from non-melanoma skin cancer in Western Australia, Cancer 

Causes and Control, 19(8), 2008, 879–885.  

[2]. Lo C, Lai TY, Yang JS, et al. Gallic acid inhibits the migration and invasion of A375.S2 human melanoma cells 

through the inhibition of matrix metalloproteinase-2 and Ras, Melanoma Research, 21(4), 2011, 267–273.  

[3]. McGillis ST, Fein H. Semin Cutan Med Surg, 23(3), 2004, 174-83.  

[4]. Miller LH, Su XZ. Artemisinin: Discovery from the Chinese Herbal Garden. Cell, 146, 2011, 855–858.  

[5]. Klayman DL. Qinghaosu (artemisinin): an antimalarial drug from China. Science, 228, 1985, 1049-55. 

[6]. Singh NP, Lai H. Selective toxicity of dihydroartemisinin and holotransferrin on human breast cancer cells, Life 

Sciences, 70, 2001, 49-56. 

[7]. Yamachika E, Habte T, Oda D. Artemisinin: an alternative treatment for oral squamous cell carcinoma, Anticancer 

Res, 24, 2004, 2153–60. 

[8]. Wang SJ et al. Dihydroartemisinin inhibits angiogenesis in pancreatic cancer by targeting the NF-κB pathway, 

Cancer Chemother Pharmacol, 68(6), 2011, 1421-30. 

[9]. He Q et al. Dihydroartemisinin upregulates death receptor 5 expression and cooperates with TRAIL to induce 

apoptosis in human prostate cancer cells, Cancer Biol Ther, 18, 2010, 819-24. 

[10]. Lu JJ et al. The anti-cancer activity of dihydroartemisinin is associated with induction of iron-dependent 

endoplasmic reticulum stress in colorectal carcinoma HCT116 cells, Invest New Drugs, 29(6), 2010, 1276-83.  

[11]. Michaelis M, Kleinschmidt MC, Barth S, Rothweiler F, Geiler J, Breitling R, et al. Anticancer effects of artesunate 

in a panel of chemoresistant neuroblastoma cell lines, Biochem Pharmacol, 79, 2010, 130-6. 

[12]. Zhou HJ et al. Dihydroartemisinin induces apoptosis in human leukemia cells HL60 via downregulation of 

transferrin receptor expression, Anti-Cancer Drugs,19(3), 2008,247-255. 

[13]. Efferth T. Molecular pharmacology and pharmacogenomics of artemisinin and its derivatives in cancer cells, Curr 

Drug Targets, 7, 2006, 407–21. 

[14]. Golenser J, Waknine JH, Krugliak M, Hunt NH, Grau GE. Current perspectives on the mechanism of action of 

artemisinins, Int J Parasitol, 36, 2006, 1427–41. 

[15]. Meshnick SR. Artemisinin: mechanisms of action, resistance and toxicity. Int J Parasitol, 32, 2002, 1655–1660. 

[16]. Nakase I, Gallis B, Takatani-Nakase T, Oh S, Lacoste E, Singh NP, et al. Transferrin receptordependent 

cytotoxicity of artemisinin-transferrin conjugates on prostate cancer cells and induction of apoptosis, Cancer Lett, 

274, 2009, 290–298. [ 

[17]. Lu YY et al. The JNK inhibitor SP600125 enhances dihydroartemisinin-induced apoptosis by accelerating Bax 

translocation into mitochondria in human lung adenocarcinoma cells, FEBS Lett, 584 (18), 2010, 4019-24.  

[18]. Lu YY et al. Single-cell analysis of dihydroartemisinin-induced apoptosis through reactive oxygen species-

mediated caspase-8 activation and mitochondrial pathway in ASTC-a-1 cells using fluorescence imaging 

techniques. J Biomed Opt, 15(4), 2010, 046028. 

[19]. Firestone GL, Sundar SN. Anticancer activities of artemisinin and its bioactive derivatives. Expert Rev Mol Med, 

11, 2009, e32. 

[20]. Lu JJ, Meng LH, Cai YJ, Chen Q, Tong LJ, et al. Dihydroartemisinin induces apoptosis in HL-60 leukemia cells 

dependent of iron and p38 mitogenactivated protein kinase activation but independent of reactive oxygen species, 

Cancer Biol Ther, 7, 2008, 1017–1023. 

[21]. Hou J, Wang D, Zhang R, Wang H. Experimental therapy of hepatoma with artemisinin and its derivatives: in 

vitro and in vivo activity, chemosensitization, and mechanisms of action, Clin Cancer Res, 14, 2008, 5519–5530. 

[22]. Chen T, Li M, Zhang R, Wang H. Dihydroartemisinin induces apoptosis and sensitizes human ovarian cancer cells 

to carboplatin therapy. J Cell Mol Med, 13, 2009, 1358–1370. 

[23]. Aghaei M, Panjehpour M, Karami-Tehrani F, Salami S. Molecular mechanisms of A3 adenosine receptor-induced 

G1 cell cycle arrest and apoptosis in androgen-dependent and independent prostate cancer cell lines: involvement 

of intrinsic pathway, J Cancer Res Clin Oncol, 137(10), 2011, 1511-23. 

http://www.ncbi.nlm.nih.gov/pubmed/21830157
http://www.ncbi.nlm.nih.gov/pubmed/21830157
http://www.ncbi.nlm.nih.gov/pubmed/21830157


Dihydroartemisinin induces apoptosis in skin cancer cell line A-431 via ROS pathway 

54 

 

[24]. Aghaei M, Karami-Tehrani F, Panjehpour M, Salami S, Fallahian F. Adenosine induces cell-cycle arrest and 

apoptosis in androgen-dependent and -independent prostate cancer cell lines, LNcap-FGC-10, DU-145, and PC3, 

Prostate, 72(4), 2012, 361-75. 

[25]. Willoughby JA Sr, Sundar SN, Cheung M, Tin AS, Modiano J, et al. Artemisinin blocks prostate cancer growth 

and cell cycle progression by disrupting Sp1 interactions with the cyclin-dependent kinase-4 (CDK4) promoter and 

inhibiting CDK4 gene expression, J Biol Chem, 284, 2009, 2203-13. 

[26]. Bremer E, van Dam G, Kroesen BJ, de Leij L, Helfrich W. Targeted induction of apoptosis for cancer therapy: 

current progress and prospects, Trends Mol Med, 12, 2006,382–93. 

[27]. Isoldi MC, Visconti MA, Castrucci AM. Anti-cancer drugs: molecular mechanisms of action, Mini Rev Med 

Chem,v 5, 2005, 685–95. 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/21656837
http://www.ncbi.nlm.nih.gov/pubmed/21656837

