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Abstract: Kansenone is a triterpene from the root of the traditional Chinese medicine, 

Euphorbia kansui. However, kansenone exerts serious toxicity, but the exact mechanism was 

not clear. In this work, the effects of kansenone on cell proliferation, cell cycle, cell damage, 

and cell apoptosis were investigated. The suppression of cell proliferation was assessed via 

the colorimetric MTT assay, and cell morphology was visualized via inverted microscopy 

after IEC-6 cells were incubated with different concentrations of kansenone. Reactive 

oxygen species (ROS), superoxide dismutase (SOD) and malondialdehyde (MDA) content 

were detected for evaluating cell damage. RNase/propidium iodide (PI) labeling for 

evaluation of cell cycle distribution was performed by flow cytometry analysis. Annexin  

V-fluorescein isothiocyanate (FITC)/PI and Hoechst 33342/Annexin V-FITC/PI staining 

assay for cell apoptosis detection were performed using confocal laser scanning microscopy 

and high content screening. Moreover, apoptosis induction was further confirmed by 

transmission electron microscope (TEM) and JC-1 mitochondrial membrane potential, 
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western blot and RT-PCR analysis. The results demonstrated that kansenone exerted  

high cytotoxicity, induced cell arrest at G0/G1 phase, and caused mitochondria damage.  

In addition, kansenone could up-regulate the apoptotic proteins Bax, AIF, Apaf-1, 

cytochrome c, caspase-3, caspase-9, caspase-8, FasR, FasL, NF-κB, and TNFR1 mRNA 

expression levels, and down-regulate the anti-apoptotic Bcl-2 family proteins, revealing that 

kansenone induces apoptosis through both the death receptor and mitochondrial pathways. 

Keywords: kansenone; cell proliferation; cell damage; cell cycle; cell apoptosis; death 

receptor pathway; mitochondrial pathway 

 

1. Introduction 

The dried root of kansui T.N. Liou ex T.P. Wang (called kansui) is an effective and commonly used 

herbal medicine for the treatment of edema, ascites, and asthma [1]. Recently, it was found that kansui 

has pharmacological activities including tumor inhibition [2], anti-viral effects [3,4], immune system 

regulation [5], modulatory effects on IFN-γ [6], and as a diabetes treatment [7]. Unfortunately, kansui 

has highly toxic side effects in the liver and kidney, which restricts its clinical application [8,9]. 

Previous studies reported that kansui mainly contains diterpenoids [10], triterpenes [11,12], and 

phenolic derivatives [13]. Diterpenoids were considered to be the major bioactive components of kansui, 

exhibiting antiviral, anticancer and pesticidal effects [14,15]. Song and Duan studied the biochemical 

responses and hepatocyte cytotoxicity of vinegar-processed kansui (VP-kansui), indicating that VP-kansui 

caused low perturbations in endogenous metabolism and hepatotoxicity because of decreased contents 

of diterpene and triterpene [1,9]. However, all these results were based on the cytotoxicity detection of 

ethanol (EtOH) extract or ethyl acetate (EtOAc) extract, not pure compounds. Ding and co-workers 

successfully developed a bio-guided isolation method to separate 12 terpernoids from ethyl acetate 

(EtOAc) extract and simply investigated their gastrointestinal and hepatic cytotoxicity against LO2 and 

GES-1 cell lines via MTT assay [16]. The results demonstrated kansenone, as a member of the 

triterpenes, also exhibited strong inhibition of cell proliferation against two human normal cell lines with 

low IC50 values of 14.36 and 13.44 μM, respectively, but the exact mechanism was not clearly represent. 

Many physiological growth control mechanisms that regulate cell proliferation and tissue homeostasis 

are attributed to programmed cell death (apoptosis) processes that usually evoke cell death through 

intrinsic (via mitochondrial) or extrinsic (via death receptors) pathways [17]. Mitochondria-related 

apoptosis transports death signals via Bcl-2 family proteins, to trigger depletion of outer membrane 

potential, release of proteins residing in mitochondrial intermembrane space (MIS) and activation of the 

caspase family [18]. The activated caspase members included caspase-3, and caspase-9 etc. The death 

receptor-related apoptosis is conducting cell lesion via the death-domain-containing receptors including 

tumor necrosis factor receptor (TNFR), Fas receptor (FasR), death receptor 3 (DR3, also called Apo3, 

WSL-1, TRAMP or LARD), death receptor 4 (DR4), death receptor 5 (DR5, also called TRAIL-R2, 

TRICK2, or KILLER), death receptor 6 (DR6) and their corresponding ligands including tumor necrosis 

factor (TNF), Fas ligand (FasL), and tumor necrosis factor (TNF)-related apoptosis-inducing ligand 

(TRAIL) etc. [19–21]. Cascante and his group have even examined the response of HT29 and Caco-2 
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colon-cancer cell lines to a new natural triterpene, maslinic acid. They found maslinic acid exerted a 

significant anti-proliferation effect to HT29 and Caco-2 by inducing an apoptotic process via caspase-3 

activation through a p53-independent mechanism, but did not alter the cell cycle or induce apoptosis in 

the non-tumoural intestine cell lines IEC-6 and IEC-18 [22]. 

Herein, to examine the cytotoxicity of kansenone to normal tissue, rat intestinal crypt epithelial cell 

line (IEC-6) was selected as a model cell and the cytotoxicity mechanism of kansenone on IEC-6 was 

preliminarily investigated. The relative cell viability of kansenone on IEC-6 cells was determined by 

MTT assay and cell morphology was observed under the inverted phase contrast microscopy, revealing 

that kansenone had a strong cytotoxicity against intestinal epithelial cells. The results of ROS, SOD 

activity, and MDA kit showed that kansenone has oxidative damage to IEC-6 via ROS-induced 

mechanism. Cell cycle and apoptosis of IEC-6 cells treated with kansenone were determined by flow 

cytometry and confocal laser scanning microscopy, showing that kansenone could arrest IEC-6 cells in 

G0/G1 phase and induce apoptosis of IEC-6 cells in a concentration-dependent manner. In addition, 

kansenone caused mitochondrial ultrastructure of IEC-6 cells damaged and mitochondrial membrane 

potential decreased. Furthermore, kansenone-induced apoptosis is likely to be mediated through the  

death receptor and mitochondrial pathways, as evidenced by up-regulation of Bax, apoptosis-inducing  

factor (AIF), the adaptor molecule apoptotic protease activating factor 1 (Apaf-1), and cytochrome c, 

caspase-3, caspase-9, caspase-8 activity, FasR, FasL, NF-κB, and TNF receptor-1 (TNFR1) mRNA 

expression level and down-regulation of Bcl-2 protein. 

2. Results and Discussion 

2.1. Effects of Kansenone on Cell Proliferation and Cell Morphology 

Kansenone is a compound isolated from a traditional Chinese medicine plant kansui. To identify the 

acquirement of kansenone, proton nuclear magnetic resonance spectroscopy (1H-NMR) was employed. 

As shown in Figure S1 and Table S1, the ESI-MS of kansenone with a molecular ion peak at m/z 441, 

which corresponds to the chemical structure of kansenone in Figure 1a, and the detailed 1H-NMR data 

of kansenone that was also consistent with the previous research [11], revealed the achievement of 

kansenone. Kansenone was isolated by HPLC and the purity is above 98%. 

 

Figure 1. (a) Molecule structure of kansenone; (b) In vitro cell toxicity experiments. 

Relative cell viabilities of IEC-6 cells after incubation with various concentrations of 

kansenone for 12, 24 and 48 h, respectively. Compared with corresponding control group, 

** p < 0.01. 



Int. J. Mol. Sci. 2015, 16 18959 

 

 

In order to detect whether kansenone could suppress cell proliferation, the MTT assay was performed 

based on the mechanism that yellow MTT is reduced to purple formazan by cellular mitochondrial 

dehydrogenase in live cells [23]. Therefore, the amount of formazan produced is directly proportional to 

the number of living cells. IEC-6 cells were treated with increasing concentrations of kansenone, which 

were 2, 4, 8, 12, and 16 μg·mL−1 for 12, 24, and 48 h respectively. As Figure 1b shows, cell viability 

decreased with the increasing concentration and incubation time, indicating the inhibitory effects of 

kansenone on IEC-6 cells were in a dose- and time-dependent manner. The results also demonstrated 

that the inhibitory rate for 48 h were significantly higher than that of 12 and 24 h. The IC50 value of 

kansenone against IEC-6 cells were approximately 8.70 μg·mL−1 (about 19.76 μM) at 48 h. Thus, 48 h 

was chosen as the appropriate time to treat cancer cells in the following experiments. 

MTT assays indicated kansenone could effectively inhibit cell proliferation. This result was also 

confirmed by observing cells under bright inverted microscopy. IEC-6 cells were incubated with 

kansenone with the different concentrations of 4, 8, and 16 μg·mL−1 for 48h. After incubation with  

4 μg·mL−1 (Figure 2b), the number of cells decreased, compared to the control group (Figure 2a). When 

the concentration of kansenone increased to 8 and 16 μg·mL−1, cell morphology became smaller in size 

and more round shaped, resulting in cells detaching from the surface of the Petri dish (Figure 2c, d). These 

photos demonstrated that kansenone caused an alteration of the cellular morphology and cell apoptosis. 

 

Figure 2. Kansenone-induced inhibitory cell proliferation in IEC-6 cells with different 

concentrations for 48 h, which was visualized using a microscope (magnification, ×200).  

(a) Control; (b) 4 μg·mL−1; (c) 8 μg·mL−1; (d) 16 μg·mL−1. 
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2.2. Effects of Kansenone on Cell Cycle 

Cell cycle progress involved G0 phase, G1 phase, S phase, G2 phase, and M phase. In G0 phase, cells 

are quiescent and stop dividing. While in G1 phase, cells increase in size and are ready for DNA synthesis 

replication that occurs during S phase. The G2 checkpoint is the gap between DNA synthesis and mitosis, 

and ensures that everything is ready to enter the M (mitosis) phase that cells orderly divide into two 

daughter cells [24]. In different phases of the cell cycle, the appropriate DNA repair can take place or 

induce irreversible senescence or apoptosis [25]. 

Cell cycle distribution is generally considered as a primary parameter in cell survival, growth and 

proliferation. To explore the mechanism of toxicity effects on IEC-6 cells, cell cycle distribution was 

evaluated via flow cytometry analysis. With the increasing concentration of kansenone, the proportion 

of cells in G0/G1 phase increased from 62.1% to 69.7% and in G2/M phase increased from 11.6% to 

13.3%, respectively, while the proportion of cells in S phase reduced from 26.3% in control cells to 

17.0% after the treatment with kansenone for 48 h (Figure 3), revealing kansenone predominantly 

induced G0/G1 cell cycle arrest on IEC-6 cells in a dose-dependent manner. 

 

Figure 3. (a) Flow cytometry analysis on cell cycle of IEC-6 treated with kansenone of 

different concentration for 48 h; (b) Cell cycle distribution of IEC-6 cells. Compared with 

corresponding control group, ** p < 0.01. 

2.3. Effects of Kansenone on Cell Damage 

ROS including superoxide anions (O2
−), hydroxyl radicals, and hydrogen peroxide (H2O2), is likely 

to cause wide-ranging damages to proteins, nucleic acids and lipids, and lead to cell death [26]. Several 

intracellular antioxidant enzymes against ROS, such as SOD, catalase (CAT), and peroxidase (POD) 

and glutathione reductase (GR), are capable of removing oxygen radicals and their derivatives to 

alleviate oxidative damages and balance the physiological environment [27,28]. If the expressed level 

of ROS exceeds the removal capacity of antioxidant enzymes, the excessive ROS will react with 

polyunsaturated fatty acids to regulate cell proliferation and cell apoptosis, and in this reaction process 

MDA released [29]. Therefore, SOD activity and MDA content can serve as two markers for the 

overexpression of ROS. ROS was monitored with the non-fluorescent probe dichlorofluorescein diacetate 

(DCFH-DA) because it can change to fluorescent DCF in the presence of ROS. As shown in Figure 4a, 
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the DCF fluorescence intensity became stronger with the increased concentration of kansenone. In 

Figure 4b,c, the results indicated kansenone induced a significant enhancement in ROS and reduction  

in SOD activity in a dose-dependent manner. The SOD activity at the highest level of kansenone  

(16 μg·mL−1) is about 44.5 U·mL−1 (Figure 4c), enormously lower than that of control group with  

185.7 U·mL−1, revealing that kansenone evoked the generation of ROS. As for MDA, in contrast with 

SOD, MDA content increased with the increasing kansenone concentration (Figure 4d). MDA contents 

at 4, 8, 16 μg·mL−1 of kansenone are about 8.5, 10.5 and 38.7 nmol·mL−1, nearly 9-, 11- and 39-fold 

compared with the control (1.146 nmol·mL−1), respectively. These data revealed the ROS-mediated 

apoptosis mechanism of kansenone on cells. ROS overexpressed and SOD reacted with ROS. During the 

process where excessive ROS reacted with polyunsaturated fatty acids, large amounts of MDA were released. 

 

Figure 4. (a) Fluorescence images of ROS generation and effects of kansenone on cellular; 

(b) ROS; (c) SOD and (d) MDA levels. The scale bar is 50 μm. Compared with corresponding 

control group, ** p < 0.01. 

2.4. Effects of Kansenone on Cell Apoptosis 

Programmed cell death, short for apoptosis, is related to many physiological growth control 

mechanisms that regulate cell proliferation and tissue homeostasis. It is a major form of cell death [30,31]. 

Flow cytometry was used to quantitatively analyze the apoptotic effect of kansenone in vitro via Annexin 

V-FITC/PI dual staining assay (Figure 5a). Phosphatidylserine (PS) moieties flip out from the inside of 

the cell membrane when apoptosis is triggered leading to specific binding of Annexin V- FITC to PS of 

cells in the early stage of apoptosis [32]. PI stains the necrotic cells and late apoptotic cells. As shown in 

Figure 5b, both the percentages of early apoptotic cells and late apoptotic cells increased with increases 

in kansenone concentration (4, 8 and 16 μg·mL−1) for IEC-6 cells. The percentages of total apoptotic 

cells treated with kansenone obviously changed from 23.48% to 40.43% when the concentration 

increased from 4 to 16 μg·mL−1 after 48 h treatment, whereas the proportion of apoptotic cells was only 

10.37% in the control. The percentage of total apoptotic cells demonstrated that kansenone effectively 



Int. J. Mol. Sci. 2015, 16 18962 

 

 

promotes cell apoptosis in a concentration-dependent manner. This conclusion was further confirmed by 

Hoechst 33342/Annexin V-FITC/PI triple staining analysis under fluorescence microscope. In this assay, 

another dye Hoechst 33342 was introduced to characterize the cells nucleic. Hoechst 33342 could easily 

enter into apoptotic cells, but not into cells in good condition. As seen in Figure 6a, the number of cells 

with blue fluorescence from Hoechst 33342 gradually decreased from low to high concentrations of 

kansenone, indicating that cell proliferation was remarkably suppressed after kansenone treatment, 

consistent with the results in Figure 2. As illustrated in Figure 6b, the fluorescence intensity of Hoechst 

33342, FITC and PI was significantly enhanced when IEC-6 cells were treated with kansenone at high 

concentrations of about 16 μg·mL−1, indicating that high concentration kansenone induced significant 

cell apoptosis, as expected in the Annexin V-FITC/PI dual staining assay. 

 

Figure 5. (a) Flow cytometry analysis on cell apoptosis of IEC-6 treated with kansenone of 

different concentration for 48 h; (b) Quantitative analysis of the number of apoptotic cells. 

Compared with corresponding control group, ** p < 0.01. 

Apoptotic signaling within the cell normally involves two fundamental pathways: the extrinsic death 

receptor pathway, and the intrinsic mitochondria-initiated pathway [17,33]. As Figure 7 shows, after 

treatment with kansenone of 16 µg·mL−1, IEC-6 cells were significantly damaged, compared with the 

control group. In Figure 7a–d, cells were arranged regularly with round shape, and well-structured 

mitochondria in the cytoplasm. While in Figure 7e–h, some vacuoles appeared; (e) and mitochondria 

were irregularly sized and arranged with mitochondria cristae break (f). Rupture was observed in some 

mitochondria; (g) Chromatin condensation, aggregation at the periphery of the nucleus and organelle 

degeneration were seen in early apoptosis cells (h). These results suggest that kansenone-induced cell 

apoptosis occurs via the mitochondria-initiated pathway. 
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Figure 6. Confocal laser scanning microscopy (CLSM) images of IEC-6 cells incubated with 

Hoechst 33342/Annexin V-FITC/PI under a magnification of 100. (a) and the fluorescence 

intensity analysis after IEC cells incubated with Hoechst 33342/Annexin V-FITC/PI (b). 

Compared with corresponding control group, * p < 0.05, ** p < 0.01. 
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Figure 7. TEM images of cell ultrastructure of IEC-6 cells before (a–d) and after (e–h) 

treatment with kansenone of 16 µg·mL−1 for 48 h. Red arrow in (f) showed the mitochondria 

vacuoles. Red arrow in (g) showed broken mitochondria crista. Red arrow in (h) showed 

nuclear chromatin condensation. 

The mitochondrion is a central organelle to produce cellular energy and has a vital role in programmed 

cell death. Therefore, we analyzed disruption or loss of the mitochondrial membrane potential (MMP) 

by a fluorescent dye (5,5′,6′,6-tetrachloro-1,1′,3,3′-tetraethylbenzimidazolcarbocyanine iodide, JC-1),  

which is capable of selectively entering mitochondria to form monomers that emit green fluorescence  

at low MMP, and form JC-1 aggregates that emit red fluorescence at high MMP [34,35]. Cells were 

treated with kansenone for 48 h and stained with JC-1 dye. As shown in Figure 8, the intensity of green 

fluorescence (JC-monomer) was enhanced, while red fluorescence (JC-aggregates) reduced in response 

to the increase of kansenone in a dose-dependent manner, which suggests that kansenone-caused 

depolarization of the mitochondrial membrane potential may be a core mechanism for the induction of 

apoptosis of IEC-6 cells that is consistent with the results in Figure 7. 

To further investigate the mechanism involved in kansenone-induced mitochondrial membrane 

mediated apoptosis, we measured the expression of Bcl-2 family members and cytochrome c. The Bcl-2 

family proteins consist of both the pro-apoptotic Bax and anti-apoptotic Bcl-2 proteins that regulate the 

mitochondrial membrane potential and caspase activation [36,37]. Cytochrome c can combine with 

Apaf-1 and procaspase-9, initiates the activation of caspase-9, which eventually activates downstream 

effector caspase-3 leading to the activation of the execution phase of apoptosis [38,39]. In addition, AIF 

usually trapped between cell membranes was released to the cytoplasm when cell apoptosis was initiated. 

As shown in Figure 9, kansenone treatment significantly increased the expression of the pro-apoptotic 

protein Bax, AIF, and Apfa-1, and down-regulated the expression of the anti-apoptotic protein Bcl-2. 

On the other hand, the expression of cytochrome c was up-regulated along with the increase of caspase-9 

and caspase-3 (Figure 10a,b). These results suggested that kansenone increased the expression of Bax, 

AIF, Apfa-1, cytochrome c, caspase-3, caspase-9, and decreased Bcl-2 expression in IEC-6 cells in  
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time- and dose-dependent manners, respectively, indicating kansenone induced cell apoptosis via the 

mitochondrial-mediated pathway. 

 

Figure 8. Mitochondrial membrane potential detection by high content screening (HCS) 

after treatment with kansenone for 48 h under a magnification of 100. Compared with 

corresponding control group, ** p < 0.01; Compared with corresponding positive control 

group, # p< 0.05, ## p < 0.01. 
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Figure 9. (a) Western blot analysis for Bax, Bcl-2, AIF, Apaf-1, and cytochrome c after 

treatment with kansenone for 48 h; (b) Relative intensity value of Bax, Bcl-2, AIF, Apaf-1, 

and cytochrome c. β-actin was used as an internal control. Compared with corresponding 

control group, ** p < 0.01. 

 

Figure 10. Effects of kansenone on (a) caspase-3; (b) caspase-9 and (c) caspase-8 activity 

after treatment with kansenone for 48 h. Compared with corresponding control group,  

** p < 0.01. 

In addition to the intrinsic mitochondria-initiated pathway, there is another apoptotic signaling 

pathway, the extrinsic death receptor pathway. In this apoptotic process, drug stimulates apoptosis via 

death receptors, such as FasR, TNFR, DR4, DR5 [40]. FasR, known as apoptosis antigen 1 (APO-1 or 

APT), is encoded by tumor necrosis factor receptor superfamily member 6 (TNFRSF6) gene [41,42]. 

TNFR1, an integral membrane protein with an intracellular death domain, can activate caspase-8 through 

the adaptor protein Fas-associated death domain (FADD) outside the cell surface [43,44]. Fas and 

TNFR1 trigger apoptosis upon engagement by their cognate death ligands FasL and TNF [19]. NF-κB 

is a protein complex that controls transcription of DNA, and plays a key role in regulating the immune 
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response to infection [45]. To ascertain whether kansenone promotes apoptosis in IEC-6 cells via  

a receptor-mediated pathway, caspase-8 was detected by Elisa methods and FasR, FasL, TNFR and  

NF-κB mRNA levels were assessed by RT-PCR. As Figures 10c and 11 show, intrinsic pathway-associated 

genes, FasR, FasL, TNFR and NF-κB mRNA were up-regulated and cleaved caspase-8 was down-regulated 

in a concentration-dependent manner. These data provides additional evidence that kansenone-induced 

apoptosis is also mediated by the death receptor pathway. 

 

Figure 11. Effects of kansenone on (a) FasR; (b) FasL; (c) NF-κB and (d) TNFR1 mRNA 

expression level after treatment with kansenone for 48 h. Compared with corresponding 

control group, ** p < 0.01. 

 

Figure 12. Death receptor and mitochondrial mediated apoptotic pathways induced  

by kansenone. 
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According to all these results, the toxicity mechanism of kansenone could likely be uptake and 

induced apoptosis of IEC-6 cells through both the death receptor and mitochondrial pathways as Figure 12 

illustrates. In the death receptor pathway, receptors such as TNFR and Fas receptor interact with their 

corresponding ligands, which induce the formation of a death-inducing signaling complex (DISC), 

resulting in the release of active caspase-8 and NF-κB into the cytosol through an adaptor molecule  

such as FADD or TNFR1-associated death domain protein (TRADD). In the mitochondrial pathway, 

oxidative stress-induced cell damage initiated the release of cytochrome c, apoptogenic factors such as 

AIF, and pro-apoptotic protein such as Bax. In the presence of ATP or dATP, cytochrome c binds to 

Apaf-1 to form a complex that recruits and activates the initiator caspase-9. Both caspase-8 and caspase-9 

could activate caspase-3, which results in cell death. 

3. Experimental Section 

3.1. Chemicals and Regents 

Dulbecco’s Modified Eagle’s Medium (DMEM) was purchased from Gibco Co., Ltd. (Grand Island, 

NY, USA). Fetal bovine serum (FBS) and calf serum (CS) were purchased from Sijiqing Biological 

Engineering Material Co., Ltd. (Hangzhou, China). SOD and MDA kits were bought from Nanjing 

Jiancheng Bioengineering Institute (Nanjing, China). Propidium iodide (PI), 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT) and RNase A were obtained from Sigma-Aldrich Co. LLC. 

(St. Louise, MO, USA). Mitochondrial membrane potential, ROS, Hoechst33343, and Annexin  

V-FITC/PI apoptosis detection kit were purchased from Beyotime Biotechnology Co., Ltd. (Nantong, 

China). Caspase-3, caspase-8, caspase-9 Elisa kits and all antibodies were purchased from Nanjing 

Saiyan Bioengineering Institute (Nanjing, China). PBS buffer was purchased from Boster  

Bio-engineering Co., Ltd. (Wuhan, China). Dimethylsulfoxide (DMSO) was purchased from Sinopharm 

Chemical Reagent Co., Ltd. (AR grade, Shanghai, China). 

3.2. Sample Preparation 

Kansenone was extracted from kansui as previously reported [16]. The dried and crushed roots of 

kansui were extracted with 95% ethanol under 50 °C water bath. The supernatant was separated and 

evaporated under reduced pressure. The retained residue was partitioned with EtOAc to provide the 

EtOAc fraction that was subjected to silica gel column chromatography to acquire pure kansenone, 

combining with preparative HPLC. Kansenone was dissolved in dimethyl sulphoxide (DMSO) at  

a concentration of 10 mg·mL−1 and diluted with DMEM medium to the indicated concentration before use. 

3.3. Cell Culture and Cytotoxicity Assays 

The rat intestinal epithelioid cell line, IEC-6 cells, were obtained from the American Type Culture 

Collection (ATCC) and maintained in high glucose Dulbecco’s modified Eagle’s medium (DMEM) 

containing 10% (v/v) fetal bovine serum, 10% (v/v) heat inactivated FCS, 1% penicillin, and  

1% streptomycin at 37 °C with 5% (v/v) CO2 in humidified air. Cell viability was measured by MTT 

assay. For this procedure, IEC-6 cells were seeded in 96-well plates at a density of 1 × 104 cells per well.  

After 24 h incubation, the medium was replaced with 100 μL of fresh medium containing kansenone at 
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final concentrations of 0 (control), 2, 4, 8, 12, and 16 μg·mL−1. After 12, 24 and 48 h, respectively, cells in 

each well were incubated with 20 μL of MTT (5 mg·mL−1) at 37 °C for an additional 4 h. The supernatant 

was discarded and 150 μL DMSO was added into each well. The plate was gently shaken for 10 min at 

room temperature. The optical density (OD) was read at a wavelength of 490 nm using a Microplate Reader 

(Bio-Rad Model 550, Hercules, CA, USA). Each experiment was repeated at least five times. Relative cell 

viability was expressed as: ((OD)test/(OD)control) × 100%. 

3.4. Cell Morphology Analysis 

IEC-6 cells were seeded in 6-well plates at a density of 1.6 × 105 cells per well in 1.6 mL medium 

solution. After 24 h incubation, the supernatant was removed and 1 mL of fresh medium containing 

kansenone at 4, 8, and 16 μg·mL−1 was added. After 48 h, cells were observed under inverted 

microscope. 1 mL of fresh medium without kansenone was added as a control. Each experiment was 

repeated three times. 

3.5. Measurement of Intracellular Reactive Oxygen Species 

To assess the intracellular ROS levels, IEC-6 cells were first plated into a 6-well plate at 1.6 × 105 

cells/well for 24 h, and then treated with kansenone. After 48 h incubation, cells were washed with PBS 

for three times and subsequently incubated with 10 μM DCFH-DA. Within the cells, DCFH-DA is 

converted to DCFH, which can be oxidized to the fluorescent compound DCF in the presence of ROS. 

After incubation for 30 min, the cells were washed twice with PBS and analyzed under confocal microscopy. 

3.6. Measurement of SOD Activity, MDA Contents, Caspase-3, Caspase-8, and Caspase-9 

The enzymatic activities of SOD, the contents of MDA, caspase-3, caspase-8, and caspase-9 were 

measured spectrophotometrically (Hitachi U-3010, Tokyo, Japan) using the corresponding kits from the 

Nanjing Jiancheng Bioengineering Institute. IEC-6 cells were seeded in 6-well plates at a density of  

1.6 × 105 cells per well. After 24 h incubation, 1 mL of fresh medium containing kansenone at 4, 8, and  

16 μg·mL−1 was added. After 48 h, the supernatants were collected and detected according to the 

manufacturer's instructions of the kits. Absorbance of the supernatant was recorded at 550 nm for SOD, 

532 nm for MDA, 450 nm for caspase-3, caspase-8, and caspase-9, respectively. 

3.7. Cell Cycle Analysis 

The cell cycle distribution of the cells was analyzed using a flow cytometer. IEC-6 cells were  

seeded in 6-well plates at a density of 1.6 × 105 cells per well and cultured for 24 h. Then the medium 

was replaced with 1 mL of fresh medium containing kansenone at concentrations of 4, 8, and  

16 μg·mL−1. After 48 h, cells were trypsinized and collected by centrifugation at 1500 rpm for 5 min. Then 

cells were fixed in 70% ethanol for 24 h at 4 °C and washed three times with PBS. Finally, the cell 

pellets were stained with RNase (1 mg·mL−1) and PI solution (400 μL, 100 μL·mL−1) for 30 min in the 

shade and analyzed by flow cytometry (FACScalibur, Becton Dickinson, Franklin Lakes, NJ, USA). 

Cells with added fresh medium without kansenone was set as control. Each experiment was repeated at 

least three times. 
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3.8. Cell Apoptosis Analysis 

Apoptotic cell death was measured via Annexin V-FITC and PI double staining followed by flow 

cytometry. After IEC-6 cells were treated with kansenone at different concentrations of 0 (control), 4, 8, and 

16 μg·mL−1 for 48 h in 6-well plates, cells were trypsinized, harvested by centrifugation at 1500 rpm for 

5 min and washed with cold phosphate buffered saline (PBS) three times. Then cells were dispersed in 

500 μL binding buffer. Five μL Annexin V-FITC and 5 μL PI solution were successively added to stain 

cells in the dark at room temperature. About 15 min later, the stained cells were detected with flow 

cytometry within 1 h. 

To further confirm the apoptosis-induced effects of kansenone, the Hoechst/Annexin V-fluorescein 

isothiocyanate/PI triple staining detection kit was employed to assess cell apoptosis using HCS. Briefly, 

cells (1 × 104 cells/well) were seeded in a 96-well plate for 24 hours and treated with kansenone at 

different concentrations of 0 (control), 4, 8, and 16 μg·mL−1 for 48 h in 100 μL medium, followed by 

staining with Annexin V-FITC and PI solution as described previously. Subsequently, double stained 

cells were fixed with 4 % paraformaldehyde for 20 min and Hoechst solution for 10 min in the dark. 

After staining, cells were wash with PBS and observed under high content cell image system (HCS). 

Each assay was replicated 6 times. 

3.9. Measurement of the Mitochondrial Membrane Potential (ΔΨm) 

Mitochondrial stability was assessed using a mitochondrial membrane potential assay kit with JC-1.  

IEC-6 cells of 1 × 104 cells/well were cultured in 96-well plates for 24 h and then treated with kansenone of 

0 (control), 4, 8, and 16 μg·mL−1. After 48 h treatment, the cells were incubated with 62.5 μL JC-1 fluorescent 

dye for 20 min in the dark at 37 °C. Then, the cells were washed slowly twice with JC-1 dyeing buffer, 

followed by treating Hoechst (100 μL) for 10 min. The mitochondrial membrane potential was imaged using 

fluorescence microscopy (Olympus, Tokyo, Japan) at 550 nm excitation and 570 nm emission for JC-1. 

IEC-6 cells treated with CCCP of 10 μM in kits were set as positive control. 

3.10. RNA Isolation and Real-Time PCR 

Total RNA was isolated from treated IEC-6 cells using Trizol reagent (Sigma, St. Louis, MO, USA) 

following the protocol provided by the manufacturer. Glyceraldehyde phosphate dehydrogenase 

(GAPDH) was used as the invariant control. The relative expression of RNA was calculated using 2−ΔΔCt 

method [46]. The primers used for RNA analysis were illustrated in Table 1. 

Table 1. Primers used in real-time PCR analyses. 

RNA Sense (5ʹ→3ʹ) Antisense (5ʹ→3ʹ) 

Rat-GAPDH TCAAGAAGGTGGTGAAGCAG AGGTGGAAGAATGGGAGTTG 
Rat-Fas AAGATGCAGCTGAGCAGAAA GGATTAAAGCTTGACACGCA 

Rat-FasL CACAAGGTCCAACAGGTCAG TTCTCTTTGCCTCTGCATTG 
Rat-TNFR1 CCCGTCTTCGGTCCTAGTAA GTTGAGGGATCCGTAGAGGA 
Rat-NF-κB GTGTTCACAGACCTGGCATC TTCAGGGTACTCCATCAGCA 
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3.11. Western Blot Analysis 

Total proteins extracts were prepared from treated IEC-6 cells. The protein levels were quantified 

with BCA assay kit (Pierce, Waltham, MA, USA). Proteins (70 μg/well) and resolved using  

SDS-polyacrylamide gel, transferred to a PVDF membrane (Millipore, Burlington, MA, USA), blocked 

with 5% skim milk in Tris-buffered saline containing 0.1% Tween 20. Target proteins including 

cytochrome c, Bax, Bcl-2, AIF and Apaf-1 protein, were incubated with corresponding primary 

antibodies, and subsequently with horseradish peroxidase conjugated secondary antibodies. Protein 

bands were visualized using chemiluminescence (ECL) reagent (Millipore) by the Bioshine ChemitQ. 

After normalization by the corresponding expression of β-actin, protein expression levels were 

quantified using Quantity One 4.4.1 (Bio-Rad Laboratories, Hercules, CA, USA). 

3.12. Statistical Analysis 

Statistical analysis was performed by one-way analysis of variance (ANOVA) and a two-tailed 

Students’s with Statistica 10.0 software. All experimental values were presented as means ± SD.  

p-values < 0.05 were considered to be statistically significant. 

4. Conclusions 

In conclusion, kansenone exerts high cytotoxicity to IEC-6 cells with IC50 values of 8.7 μg·mL−1 after 

48 h incubation, demonstrating the ability of kansenone to repress cell proliferation effectively. The SOD 

activity was down-regulated and MDA content was up-regulated with increased concentration of 

kansenone in a dose-dependent manner, indicating that kansenone exhibits its toxicity through the 

intrinsic ROS-mediated mitochondrial pathway. The proportion of cells in S phase was reduced from 

26.3% to 17.0% after treatment with kansenone for 48 h, revealing kansenone predominantly triggered 

cell cycle arrest at the G0/G1 phase in IEC-6 cells, followed by an increase in apoptotic cell death. 

Annexin V-FITC/PI dual staining assay and Hoechst 33342/Annexin V-FITC/PI triple staining analysis 

further confirmed kansenone’s role in significant cell apoptosis. To further confirm the apoptosis 

pathway, TEM and JC-1 mitochondrial membrane potential, western blot and RT-PCR analyses were 

employed. The results demonstrated that kansenone caused mitochondrial damage, and that the 

mitochondrial membrane potential decreased, and up-regulated the apoptotic proteins Bax, AIF, Apaf-1, 

and cytochrome c, caspase-3, caspase-9, and down-regulated the anti-apoptotic proteins Bcl-2 related to 

the intrinsic pathway. Kansenone could however up-regulate caspase-8, FasR, FasL, NF-κB, and TNFR1 

mRNA expression levels related to the extrinsic pathway. 

Supplementary Materials 

Supplementary materials can be found at http://www.mdpi.com/1422-0067/16/08/18956/s1. 

Acknowledgments 

This work was supported by National Natural Science Foundation of China (30973940, 81373972), 

National Basic Research Program of China (973 Program) (2011CB505300, 2011CB505303).  



Int. J. Mol. Sci. 2015, 16 18972 

 

 

This research was also financially supported by A Project Funded by the Priority Academic Program 

Development of Jiangsu Higher Education Institutions (ysxk-2014), Jiangsu Government Scholarship 

for Overseas Studies (JS-2009-061), and Jiangsu Provincial Talents in Six Fields (2010-yy-009).  

In addition, this work was completed in Level 3 Laboratory for Chinese Medicine Chemistry of State 

Administration of Traditional Chinese Medicine. 

Author Contributions 

Fangfang Cheng and Yanjing Yang carried out and designed the experiments. Fangfang Cheng 

analyzed the data and drafted the paper. Li Zhang provided assistance in principles of pharmacology. 

Yudan Cao provided kansenone for the reasearch and Weifeng Yao participated in cell culture. Yuping Tang 

and Anwei Ding revised the manuscript. All authors have read and approved the manuscript. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Yan, X.J.; Zhang, L.; Guo, J.M.; Cao, Y.D.; Shang, E.X.; Tang, Y.P.; Ding, A.W.; Duan, J.A. 

Processing of kansui roots stir-baked with vinegar reduces kansui-induced hepatocyte cytotoxicity 

by decreasing the contents of toxic terpenoids and regulating the cell apoptosis pathway. Molecules 

2014, 19, 7237–7254. 

2. Wang, H.Y.; Wang, J.S.; Wei, D.D.; Wang, X.B.; Luo, J.; Yang, M.H.; Kong, L.Y. Bioactivity-guided 

isolation of antiproliferative diterpenoids from Euphorbia kansui. Phytother. Res. 2012, 26, 853–859. 

3. Zeng, Y.; Zhong, J.M.; Ye, S.Q.; Ni, Z.Y.; Miao, X.Q.; Mo, Y.K.; Li, Z.L. Screening of Epstein-Barr 

virus early antigen expression inducers from Chinese medicinal herbs and plants. Biomed. Environ. Sci. 

1994, 7, 50–55. 

4. Zheng, W.F.; Cui, Z.; Zhu, Q. Cytotoxicity and antiviral activity of the compounds from  

Euphorbia kansui. Planta Med. 1998, 64, 754–756. 

5. Nunomura, S.; Kitanaka, S.; Ra, C. 3-O-(2,3-dimethylbutanoyl)-13-O-decan-oylingenolfrom 

Euphorbia kansui suppresses IgE-mediated mast cell activation. Biol. Pharm. Bull. 2006, 29,  

286–290. 

6. Khiev, P.; Kim, J.W.; Sung, S.J.; Song, H.H.; Choung, D.H.; Chin, Y.W.; Lee, H.; Oh, S.R. 

Ingenane-type Diterpenes with a Modulatory Effect on IFN-γ Production from the Roots of 

Euphorbia kansui. Arch. Pharm. Res. 2012, 35, 1553–1558. 

7. Guo, J.; Zhou, L.Y.; He, H.P.; Leng, Y.; Yang, Z.; Hao, X.J. Inhibition of 11b-HSD1 by tetracyclic 

triterpenoids from Euphorbia kansui. Molecules 2012, 17, 1826–11838. 

8. Tang, B.W.; Ding, J.J.; Wu, F.H.; Chen, L.; Yang, Y.X.; Song, F.Y. 1HNMR-based metabonomics 

study of the urinary biochemical changes in kansui treated rat. J. Ethnopharmacol. 2012, 141, 134–142. 

9. Tang, B.W.; Ding, J.J.; Yang, Y.X.; Wu, F.H.; Song, F.Y. Systems biochemical responses of rats 

to kansui and vinegar-processed kansui exposure by integrated metabonomics. J. Ethnopharmacol. 

2014, 153, 511–520. 



Int. J. Mol. Sci. 2015, 16 18973 

 

 

10. Chang, J.S.; Lee, S.W.; Park, M.H.; Kim, M.S.; Hudson, B.I.; Park, S.J.; Lee, W.S. Kansuinine A 

and Kansuinine B from Euphorbia kansui L. inhibit IL-6-induced Stat3 activation. Planta Med. 

2010, 76, 1544–1549. 

11. Wang, L.Y.; Wang, N.L.; Yao, X.S.; Miyata, S.; Kitanaka, S. Euphane and tirucallane triterpenes 

from the roots of Euphorbia kansui and their in vitro effects on the cell division of Xenopus.  

J. Nat. Prod. 2003, 66, 630–633. 

12. Guo, J.; He, H.P.; Fang, X. Kansuinone, a novel euphane-type triterpene from Euphorbia kansui. 

Tetrahedron Lett. 2010, 51, 6286–6289. 

13. Pan, Q.; Ip, F.C.; Ip, N.Y.; Zhu, H.X.; Min, Z.D. Activity of macrocyclic jatrophane diterpenes from 

Euphorbia kansui in a TrkA fibroblast survival assay. J. Nat. Prod. 2004, 67, 1548–1551. 

14. Wu, T.S.; Lin, Y.M.; Haruna, M.; Pan, D.J.; Shingu, T, Chen, T.P.; Hsu, H.Y.; Nakano, T.; Lee, K.H. 

Antitumor agent, 119 kansuiphorins A and B, two novel antileukemic diterpene ester from 

Euphorbia kansui. J. Nat. Prod. 1991, 54, 823–829. 

15. Dang, Q.L.; Choi, Y.H.; Choi, G.J.; Jang, K.S.; Park, M.S.; Park, N.J.; Lim, C.H.; Kim, H.; Ngoc, L.H.; 

Kim, J.C. Pesticidal activity of ingenane diterpenes isolated from Euphorbia kansui against 

Nilaparvata lugens and Tetranychus urticae. J. Asia Pac. Entomol. 2010, 13, 51–54. 

16. Zhang, L.; Gao, L.; Li, Z.J.; Yan, X.J.; Yang, Y.J.; Tang, Y.P.; Cao, Y.D.; Ding, A.W.  

Bio-Guided isolation of the cytotoxic terpenoids from the roots of Euphorbia kansui against human 

normal cell lines L-O2 and GES-1. Int. J. Mol. Sci. 2012, 13, 11247–11259. 

17. Matthews, G.M.; Newbold, A.; Johnstone, R.W. Intrinsic and extrinsic apoptotic pathway signaling 

as determinants of histone deacetylase inhibitor antitumor activity. Adv. Cancer Res. 2012, 116, 

165–197. 

18. Zhai, D.; Jin, C.; Huang, Z.; Satterthwait, A.C.; Reed, J.C. Differential regulation of Bax and Bak 

by anti-apoptotic Bcl-2 family proteins Bcl-B and Mcl-1. J. Biol. Chem. 2008, 283, 9580–9586.  

19. Ashkenazi, A.; Dixit, V.M.D. Apoptosis control by death and decoy receptors. Curr. Opin. Cell Biol. 

1999, 11, 255–260. 

20. Consuelo, G.; Faustin, M. Lipid rafts and raft-mediated supramolecular entities in the regulation of 

CD95 death receptor apoptotic signaling. Apoptosis 2015, 20, 584–606. 

21. Cullen, S.P.; Martin, S.J. Fas and TRAIL death receptors as initiators of inflammation: Implications 

for cancer. Semin. Cell Dev. Biol. 2015, 39, 26–34. 

22. Reyes, F.J.; Centelles, J.J., Lupiáñez, J.A.; Cascante M. (2α,3β)-2,3-Dihydroxyolean-12-en-28-oic 

acid, a new natural triterpene from Olea europea, induces caspase dependent apoptosis selectively 

in colon adenocarcinoma cells. FEBS Lett. 2006, 580, 6302–6310. 

23. Zhang, Y.X.; Yang, Z.H.; Li, R.J.; Geng, H.; Dong, C. Investigation of fine chalk dust particles’ 

chemical compositions and toxicities on alveolar macrophages in vitro. Chemosphere 2015, 120, 

500–506. 

24. Elledge, S.J. Cell Cycle Checkpoints: Preventing an Identity Crisis. Science 1996, 274, 1664–1672. 

25. Mlynarczyk, C.; Fåhraeus, R. Endoplasmic reticulum stress sensitizes cells to DNA  

damage-induced apoptosis through p53-dependent suppression of p21CDKN1A. Nat. Commun.  

2014, 5, doi:10.1038/ncomms6067. 



Int. J. Mol. Sci. 2015, 16 18974 

 

 

26. Huang, F.; Ma, B.Y.; Wang, Y.G.; Xiao, R.J.; Kong, Y.P.; Zhou, X.M.; Xia, D.J. Targeting  

gene-virus-mediated manganese superoxide dismutase effectively suppresses tumor growth in 

hepatocellular carcinoma in vitro and in vivo. Cancer Biother. Radiopharm. 2014, 29, 403–411. 

27. Jiang, J.; Qin, C.X.; Shu, X.Q.; Chen, R.; Song, H.H.; Li, Q.; Xu, H. 2-Effects of copper on induction 

of thiol-compounds and antioxidant enzymes by the fruiting body of Oudemansiella radicata.  

Ecotox. Environ. Saf. 2015, 111, 60–65.  

28. Dash, S.K.; Ghosh, T.; Roy, S.; Chattopadhyay, S.; Das, D. Zinc sulfide nanoparticles selectively 

induce cytotoxic and genotoxic effects on leukemic cells: Involvement of reactive oxygen species 

and tumor necrosis factor α. J. Appl. Toxicol. 2014, 34, 1130–1144. 

29. Yin, H.; Xu, L.; Porter, N.A. Free radical lipid peroxidation: Mechanisms and analysis. Chem. Rev 

2011, 111, 5944–5972.  

30. Taylor, R.C.; Cullen, S.P.; Martin, S.J. Apoptosis: Controlled demolition at the cellular level.  

Nat. Rev. Mol. Cell Biol. 2008, 9, 231–241. 

31. García, A.; Morales, P.; Arranz, N.; Delgado, M.E.; Rafter, J.; Haza, A.I. Antiapoptotic effects of 

dietary antioxidants towards N-nitrosopiperidine and N-nitrosodibutylamine-induced apoptosis in 

HL-60 and HepG2 cells. J. Appl. Toxicol. 2009, 29, 403–413. 

32. Lee, J.M.; Shin, S.Y.; Lee, M.S.; Koh, D.; Lee, Y.H.; Lim, Y.A. A new synthetic 2-hydroxy-2,4, 

6-trimethoxy-5′,6′-naphthochalcone induces G2/M cell cycle arrest and apoptosis by disrupting the 

microtubular network of human colon cancer cells. Cancer Lett. 2014, 354, 348–354. 

33. Hu, M.M.; Xu, L.N.; Yin, L.H.; Qi, Y.; Li, H.; Xu, Y.W.; Han, X.; Peng, J.Y.; Wan, X.Y. 

Cytotoxicity of dioscin in human gastric carcinoma cells through death receptor and mitochondrial 

pathways. J. Appl. Toxicol. 2011, 33, 712–722. 

34. You, R.X.; Liu, J.Y.; Li, S.J.; Wang L.; Wang, K.P.; Zhang, Y. Alkali-soluble polysaccharide, 

isolated from lentinus edodes, induces apoptosis and G2/M cell cycle arrest in H22 cells through 

microtubule depolymerization. Phytother. Res. 2014, 28, 1837–1845. 

35. Sun, M.J.; Zhang, N.; Wang, X.L.; Cai, C.; Cun, J.J.; Li, Y.M.; Lv, S.G.; Yang, Q.F. Nitidine 

chloride induces apoptosis, cell cycle arrest, and synergistic cytotoxicity with doxorubicin in breast 

cancer cells. Tumor Biol. 2014, 35, 10201–10212. 

36. Hennet, T.; Bertoni, G.; Richter, C.; Peterhans, E. Expression of BCL-2 protein enhances the 

survival of mouse fibrosarcoid cells in tumor necrosis factor-mediated cytotoxicity. Cancer Res. 

1993, 53, 1456–1460. 

37. Czabotar, P.E.; Lessene, G.; Strasser, A.; Adams, J.M. Control of apoptosis by the BCL-2 protein 

family: Implications for physiology and therapy. Nat. Rev. Mol. Cell Biol. 2014, 15, 49–63. 

38. Calandria, C.; Irurzun, A.; Barco, A.; Carrasco, L. Individual expression of poliovirus 2Apro and 

3Cpro induces activation of caspase-3 and PARP cleavage in hela cells. Virus Res. 2004, 104, 39–49. 

39. Yap, E.; Tan, W.L.; Ng, I.; Ng, Y.K. Combinatorial-approached neuroprotection using  

pan-caspase inhibitor and poly (ADP-ribose) polymerase (PARP) inhibitor following experimental 

stroke in rats; is there additional benefit? Brain Res. 2008, 1195, 130–138. 

40. Vucic, D.; Dixit, V.M.D; Wertz, I.E. Ubiquitylation in apoptosis: A post-translational modification 

at the edge of life and death. Nat. Rev. Mol. Cell Biol. 2011, 12, 439–452. 

41. Lichter, P.; Walczak, H.; Weitz, S.; Behrmann, I.; Krammer, P.H. The human APO-1 (APT) antigen 

maps to 10q23, a region that is syntenic with mouse chromosome 19. Genomics 1992, 14, 179–180. 



Int. J. Mol. Sci. 2015, 16 18975 

 

 

42. Inazawa, J.; Itoh, N.; Abe, T.; Nagata S. Assignment of the human Fas antigen gene (Fas) to 

10q24.1. Genomics 1992, 14, 821–822. 

43. Youle, R.J.; Strasser, A.T. The BCL-2 protein family: Opposing activities that mediate cell death. 

Nat. Rev. Mol. Cell Biol. 2008, 9, 47–59. 

44. Chattopadhyay, S.; Dash, S.K.; Tripathy, S; Das, B.; Mahapatra, S.K.; Pramanik, P.; Roy, S. Cobalt 

oxide nanoparticles induced oxidative stress linked to activation of TNF-α/caspase-8/p38-MAPK 

signaling in human leukemia cells. J. Appl. Toxicol. 2015, 35, 603–613. 

45. Xiong, T, Dong, W.B.; Fu, H.; Li, Q.P.; Deng, C.L.; Lei, X.P.; Guo, L. Involvement of the nuclear 

factor-κB pathway in the adhesion of neutrophils to renal tubular cells after injury induced by 

neonatal postasphyxial serum. Mol. Cell. Biochem. 2014, 388, 85–94. 

46. Livak, K.J.; Schmittgen, T.D. Analysis of relative gene expression data using real-time quantitative 

PCR and the 2−ΔΔCt. Methods 2001, 25, 402–408. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/4.0/). 


