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Abstract. Cancer is one of the most eminent diseases of 
modern times and numerous natural products derived from 
medicinal plants have been identified as potential sources of 
antitumor drugs. A successful anticancer drug must target or 
inhibit tumor cells whilst causing minimal damage to healthy 
cells. The present study aimed to investigate the antitumor 
efficacy of ethyl acetate extract, and other isolated compounds 
from Artemisia indica, on MCF‑7, BHY, Miapaca‑2, Colo‑205 
and A‑549 cell lines. The apoptotic activity of the compounds 
was studied using flow cytometry. The different cancer cell 
lines were treated with the ethyl acetate extract and varying 
concentrations of compounds (denoted a‑g) isolated from the 
A. indica. The cytotoxicity was evaluated by MTT assay and 
the apoptotic properties of the compounds and the extract 
were assessed using flow cytometry. In MCF‑7 cells, the effect 
on mitochondrial membrane potential loss (ΛΨm) induced by 
compounds b and d was also studied. Bioassay‑guided frac-
tionation of the ethyl acetate extract from the shoot and root 
parts of A. indica led to the identification of the compounds 
a‑g as: 5‑hydroxy‑3,7,4'‑trimethoxyflavone; ludartin; maack-
iain; lupeol; cis‑matricaria ester; trans‑matricaria ester; 
and 6‑methoxy‑7,8‑methylenedioxy coumarin, respectively. 
All the compounds exhibited mild to potent inhibition of 
cell proliferation in all the cell lines, with the half maximal 
inhibitory concentration values ranging from 25.18‑88.12 µM. 
Ludartin and lupeol were observed to have the most potent 
inhibitory effects. Based on the initially identified antiprolif-
erative effects, these two compounds were evaluated for their 
effects on cell cycle phase distribution, DNA damage and their 
effects on mitochondrial membrane potential loss (ΛΨm). The 

two compounds induced DNA damage and mitochondrial 
membrane potential loss in MCF‑7 cells. The results of the 
current study suggest that lupeol and ludartin, isolated from A. 
indica, produce anticancer effects by inducing DNA damage 
and a reduction of mitochondrial membrane potential, and may 
be used as potent anticancer agents, subsequent to further study.

Introduction

As reported by the World Health Organization (WHO), >50% 
of the global population use traditional medicines for the 
prevention and treatment of diseases (1). This is primarily due 
to the high cost of western medicines. Traditional medicine 
largely consists of the use of plant extracts. The discovery of 
numerous effective anticancer agents from plants may be cred-
ited, directly or indirectly, to a history of use of the relevant 
plants in traditional medicine. The first plant‑derived agents to 
advance into clinical use, the vinca alkaloids vinblastine and 
vincristine, were isolated from the Madagascar periwinkle 
(Catharanthus roseus G.Don), and are used in various cultures. 
Natural products, of which the majority are plant‑derived 
molecules, have become an increasingly vital source of potent 
anticancer agents, which have been demonstrated to be more 
effective and/or less toxic than synthetic alternatives  (2). 
Natural products may become vital in the future for anticancer 
drug discovery, as they are a potential source of compounds of 
vast structural diversity and have been previously comprehen-
sively explored in the field of drug discovery, leading to great 
successes. The majority of these were in the field of cancer 
therapeutics, in which >60% of the approved drugs discovered 
in recent decades have been obtained from a natural origin. 
Numerous commonly applied anticancer agents, such as 
vincristine, irinotecan, etoposide and paclitaxel, which repre-
sent a range of structurally diverse anticancer drugs, are all 
plant‑derived and are vital components of chemotherapy (1‑6).

Cancer is the second most common cause of mortality 
worldwide, with a yearly increasing mortality rate despite 
extensive research dedicated to the development of novel 
treatment and prevention strategies  (9). Cancer develops 
through a multistep carcinogenesis process that encompasses 
various cellular physiological systems, such as cell signalling 
and apoptosis, thus making it a very complex disease. The 
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majority of currently used anticancer drugs, which have been 
obtained by synthesis of novel compounds or are from natural 
sources, are toxic to normal cells in addition to cancer cells and 
thus have substantial harmful side effects. There is therefore a 
continuous search for innovative chemotherapeutic drugs that 
act as ‘magic bullets’, specifically targeting cancer cells with 
minimal damage to normal cells (10). This ideal situation may 
be achievable by the induction of apoptosis in cancer cells. Thus, 
apoptosis modulation may be a key factor in the prevention and 
treatment of cancer. Recently, apoptosis induction in cancer 
cells has been the focus for an innovative mechanism upon 
which to base drug discovery (11‑13). Apoptosis is a mechanism 
of programmed cell death that is characterized by highly orga-
nized biochemical processes that eradicate injured or abnormal 
cells. Apoptosis serves a key function as a protective mechanism 
against cancer, by removing genetically damaged cells, or cells 
that have become cancerous. When apoptosis is triggered in 
response to certain physiological signals, a proteolytic cascade 
involving different caspases is initiated in the suicidal cell. This 
cascade this leads to activation of nucleases that initiate the 
degradation of chromosomal DNA. This type of DNA fragmen-
tation is considered a hallmark of the apoptotic process (14,15).

Artemisia indica Willd. (of the family Asteraceae) is a 
perennial herb that is indigenous to the western Himalayas 
and China. It has traditionally been employed to ameliorate 
chronic fever, dyspepsia and hepatobiliary ailments. The 
leaves and flowering stems of A. indica have been reported to 
be antihelminthic, antiseptic and antispasmodic. A previous 
phytochemical study has led to the isolation of antimalarial 
phytoconstituents from the crude methanol extract of A. 
indica, including exiguaflavanone‑A, exiguaflavanone‑B, 
maacklain and 2‑(2,4‑dihydroxyphenyl)‑5,6‑methylenedioxy 
benzofuran (16,17).

Materials and methods

Plant material, preparation of extracts and chromatography. 
The shade‑dried aerial section of the Artemisia indica plant 
(3.0 kg) collected from a local region of Gansu, China (Specimen 
number: GNS‑762) was subjected to chloroform extraction 
three times. The solvent was evaporated in vacuo to obtain a 
crude extract of 300 g. The obtained extract was subjected to 
column chromatography over a silica‑gel to obtain compounds a 
(700  mg), b  (2.1  g) and  c (100  mg) using hexane‑EtOAc 
(Guoyao Chemical Co., Ltd., Shanghai, China) as an eluent with 
increasing polarity of 20, 25 and 35%, respectively. Similarly, 
the root section (1.5 kg) was shade‑dried and macerated with 
CHCl3 (Guoyao Chemical Co., Ltd.) to yield 100 g crude extract, 
which upon fractionation, produced fraction I (7.4 g), II (13.2 g) 
and III (17.3 g) with 10, 20  and 50% EtOAc, respectively. 
Repeated column chromatography of fraction I yielded three 
more compounds: D (50 mg), e (65 mg) and f (2.5 g), fraction 
II and III yielded c (200 mg; also isolated from the shoot) 
and g (10.0 mg), respectively. A number of the compounds 
were purified by re-crystallization. The isolated compounds 
were characterized by spectral techniques, such as 1nuclear 
magnetic resonance (NMR), 13Carbon (C)‑NMR, distortionless 
enhancement by polarization transfer (DEPT)‑NMR (all using a 
Bruker AV III NM Spectrometer; Bruker Scientific Technology 
Co., Ltd., Beijing, China) and liquid chromatography–mass 

spectrometry (LC‑MS) using an Agilent 1200 system (Agilent 
Technologies, Waldbronn, Germany) coupled with a Bruker 
micro QTOF mass spectrometer (Bruker Daltonics, Ettlingen, 
Germany).

Chemicals used for cytotoxicity assay. Growth medium 
RPMI‑1640, minimum essential medium and fetal calf serum 
(FCS) were obtained from Gibco‑BRL (Carlsbad, CA, USA) 
and trypsin, penicillin, MTT, streptomycin, dimethylsulfoxide 
(DMSO) and phosphate‑buffered saline (PBS) were obtained 
from Tianjin Hanyang Biologicals Technology Co. Ltd. 
(Tianjin, China).

Cell lines. MCF‑7 human breast cancer, BHY human oral 
squamous carcinoma, Miapaca‑2 human pancreatic cancer, 
Colo‑205 human colon cancer, A‑549 human lung cancer cell 
lines and NIH‑3T3 mouse embryonic fibroblasts were procured 
from the Institute of Cancer Research (Gansu, China). All cells 
were grown in a humidified incubator with 5% CO2 atmosphere 
at 37˚C and cultured in RPMI‑1640 medium supplemented 
with 10% heat‑inactivated FCS, 100  IU/ml penicillin and 
100 µg/ml streptomycin.

Antiproliferative assay. Serial dilutions of the compounds 
(10‑100 µM) were prepared by dissolving them in DMSO. The 
cell cytotoxicity was determined in MCF‑7, BHY, Miapaca‑2, 
Colo‑205, A‑549 and BHY cells using MTT assay, and the 
the half maximal inhibitory concentration values (IC50) 
were calculated. The cells were plated in 96‑well plates and 
treated with different concentrations of the seven compounds. 
Subsequent to incubation for 24, 48 and 72 h at 37˚C in a 
humidified incubator, MTT (5 mg/ml) was added to each well 
followed by incubation for a further 4 h. The medium was 
carefully removed, then 0.2 ml DMSO was added to each well 
and the plates were agitated to allow for mixing. The absor-
bance was measured at 545 nm. The inhibitory effect of the 
compounds on cell growth was assessed as the percentage cell 
cytotoxicity, where vehicle‑treated cells were considered to be 
100% viable. The final concentration of DMSO was 0.5% in 
all treatment protocols.

Flow cytometric analysis
Cell cycle analysis. MCF‑7 cells (5x105) were seeded in 
60‑mm dishes and treated with two concentrations (25 and 
50 µM) of compounds b and d, for 48 h. Floating and adherent 
cells were collected by trypsinization and washed once with 
PBS. Cells were incubated in 70% ethanol at ‑20˚C overnight, 
treated with 20 µg/ml RNase A, then stained with 1.0 µg/ml 
propidium iodide (PI). The stained cells were analyzed by flow 
cytometry  using a FACS Calibur instrument (BD Biosciences, 
San Jose, CA, USA) at a wavelength of 488 nm. The data were 
acquired using CellQuest Pro Acquisition software version 3.3 
(BD Biosciences).

Measurement of mitochondrial membrane potential (ΛΨm). 
ΛΨm was measured by Rhodamine‑123 (Rh‑123) dye (Tianjin 
Hanyang Biologicals Technology Co., Ltd.). Briefly, 5x105/ml 
MCF‑7 cells were treated with different concentrations (25 and 
50 µM) of compound b and d and ΛΨm was measured by flow 
cytometry. Rh‑123 (1 mM) was added 1 h prior to the termina-
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tion of experiment. The cells were collected, washed in PBS 
and incubated with PI (5 µg/ml) for 20 min. The reduction in 
fluorescence intensity, as a result of ΛΨm loss was analyzed in 
the FL‑1 channel.

Fluorescence microscopy. Fluorescence microscopy was 
performed to evaluate the morphological alterations on the 

cells following drug treatment. Cells (1x106 cells/ml) were 
seeded in 6‑well plates and treated with the tested compounds 
at 25 and 50 µM. After 24 h, cells were spun at 1000 x g for 
5 min. The pellet was resuspended in PBS. Cells were stained 
with DAPI (Guoyao Chemical Co., Ltd.). Cells were then 
observed, and images were captured, under a phase contrast 
microscope (Nikon TMS, Nikon Corporation, Tokyo Japan) 
for morphological analysis. Fluorescence‑based dyes were 
employed for staining the cellular components.

Statistical analysis. IC50 values were calculated by non‑linear 
regression analysis with Graph Pad Prism, version  5.0 
(GraphPad Software, Inc., La Jolla, CA, USA). Values are 
expressed as the means ± standard error of at least three inde-
pendent experiments. A P<0.05 was considered to indicate a 
statistically significant difference.

Results

Isolation and structure elucidation of the compounds. The 
seven compounds (a‑g) were obtained from shoot and root 
extract of A. indica. Their structures are presented in Fig. 1, 
and the molecules were identified as (a)  5‑hydroxy‑3,7,4

Table I. Cytotoxic effects of the extract and the isolated compounds (a-g) of A. indica against the four cell lines.

	 IC50 values (µM)
	 ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cell line/Sample	 Extract	 a	 b	 c	 d	 e	 f	 g

MCF‑7	 67.09±0.9	 42.24±1.2	 25.18±1.3	 38.12±1.2	 28.08±0.9	 77.12±0.9	 55.22±0.7	 44.32±1.1
BHY	 84.17±0.7	 48.31±0.9	 28.05±0.8	 47.06±1.4	 32.31±0.5	 65.12±0.5	 71.12±0.9	 43.54±0.9
Miapaca‑2	 72.12±0.7	 52.10±0.3	 31.21±0.5	 56.21±2.1	 36.45±1.2	 71.21±2.6	 77.33±1.2	 72.11±0.4
Colo‑205	 92.33±2.2	 64.09±1.2	 34.33±0.7	 65.42±2.3	 39.01±1.1	 51.54±1.4	 88.12±1.5	 71.09±1.3

Values were obtained from a minimum of three independent experiments performed in triplicate and expressed as the means ± standard error.
 

Figure  1.  Structures of isolated compounds from Artemisia  indica. 
(a) 5‑hydroxy-3,7,4'-trimethoxyflavone, (b) ludartin, (c) maackiain, (d) lupeol, 
(e)  cis‑matricaria ester, (f)  trans‑matricaria ester and (g)  6-methoxy‑7, 
8-methylenedioxy coumarin.

Table II. Cytotoxic effect of the compounds (a‑g) on NIH‑3T3 
cells.

Compound	 Concentration (µM)	 Cytotoxicity (%)

a	 50	 67.21±1.6
b	 25	 22.13±1.4
	 50	 28.21±0.7
c	 50	 44.45±0.7
d	 25	 28.31±0.6
	 50	 34.67±0.7
e	 50	 42.32±1.8
f	 50	 66.05±0.9
g	 50	 76.45±1.3

a, 5‑hydroxy-3,7,4'-trimethoxyflavone; b, ludartin; c, maackiain;  
d, lupeol; e, cis‑matricaria ester; f, trans‑matricaria ester;  
g, 6-methoxy‑7, 8-methylenedioxy coumarin.
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'‑trimethoxyflavone, (b) ludartin, (c) maackiain, (d) lupeol, 
(e)  cis‑matricaria ester, (f)  trans‑matricaria ester and 
(g) 6‑methoxy‑7,8‑methylenedioxy coumarin, by comparison 
of spectroscopic [1D‑NMR, 2D‑NMR, infrared spectros-
copy (IR), and high resolution (HR)‑MS] and analytical data 
comparison with previous literature (18‑28). The majority 
of the compounds were isolated from A. indica for the first 
time in the current study, to the best of our knowledge, 
with the exception of maackiain, which has been reported 
previously (16). A number of the isolated compounds have 
previously only been isolated from other species of the genus 
Artemisia (29‑32).

Antitumor activity. The isolated compounds (a‑g) were evalu-
ated for antiproliferative activity by MTT assay against the 

human cancer cell lines, MCF‑7, BHY, Miapaca‑2, Colo‑205 
and A‑549, and a normal mouse embryonic fibroblast cell 
line NIH‑3T3 at 24, 48 and 72 h following treatment with the 
compounds. All of the compounds exhibited cytotoxic activity 
in a dose‑dependent manner at different time intervals with a 
maximum effect at 72 h. The antiproliferative effect obtained 
as a result of 72‑h treatment and the IC50 data are summarized 
in Table I. Among the seven compounds, compounds b and d 
exhibited the greatest antiproliferative effect against all the 
cell lines. The IC50 values were 25.18 and 28.09 (MCF‑7); 
28.05 and 32.31 (BHY); 31.21 and 36.45 (Miapaca‑2); and 
34.33 and 39.01  µM (Colo‑205) for compounds b and d, 
respectively. The MCF‑7 cell line was the most susceptible to 
these two compounds. Furthermore, the cytotoxic effects of 
the compounds (a‑g) were evaluated against NIH‑3T3 mouse 

Figure 2. Effects of compounds b (ludartin) and d (lupeol) on the cell cycle phase distribution of MCF‑7 human breast adenocarcinoma cells. The cells were 
exposed to two concentrations of each compound (25 and 50 µM) for 48 h and stained with propidium iodide to determine the DNA fluorescence and cell 
cycle phase distribution. Camptothecin (10 µM) was used as positive control and 0.5% dimethylsulfoxide was used as negative control. (A) Negative untreated 
control and (B) positive camptothecin‑treated control. The middle two panels show the results for ludartin, while the lower two panels are for lupeol.
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embryonic fibroblasts. This was performed in order to provide 
further insight into whether these compounds are specific or 
non‑specific to cancer cells. The normal cells were treated 
with the IC50 equivalent concentrations of the compounds. 
Table II lists the cytotoxicity data of compounds a‑g in the 
normal cell line. The data shows that these compounds also 
exhibit cytotoxic effects towards the normal cell lines, which 
in this case are NIH 3T3 mouse embryonic fibroblasts. The 
results demonstrate that compounds b and d exhibited lower 
toxicity towards the normal cell lines. This implies that these 
compounds show specific cytotoxic effect towards cancer cell 
lines.

Effect of compounds b and d on DNA damage and cell cycle 
phase distribution. The effect of compounds b and d on cell 
cycle phase distribution was analyzed by flow cytometry. 
The MCF‑7 cells were stained with PI and then treated with 
different concentrations (25 and 50 µM) of the compounds 
for 72 h. Significant DNA damage was indicated by the fluo-
rescence patterns obtained from the flow cytometer (Fig. 2). 
Apoptotic cells were designated as shrunken cells with 
degraded chromatin, high side scatter and low forward scatter 
properties. The rise in the sub‑G1 cell population (hypodip-
loid DNA content) may be due to DNA fragmentation, which 

results in apoptotic cell death. The inhibition of cell cycle 
progression may be one of the molecular events concomitant 
with the cytotoxic activity of these compounds.

Effect of compounds b and d on ΛΨm. The effect of 
compounds b and d were further studied by evaluating their 
effects on the ΛΨm. MCF‑7 cells were treated with 25 and 
50 µM compound b and d and ΛΨm was measured by flow 
cytometry. The untreated control cells had intact mitochon-
dria, and the majority of the cells were bioenergetically active, 
as evidenced by high Rh‑123 uptake as compared with the 
positive control, which exhibited damaged mitochondria. 
The two compounds induced a significant increase in mito-
chondrial membrane potential loss. Ludartin (compound d) 
produced a more potent effect on the mitochondrial membrane 
potential loss as compared with lupeol (compound b) (Fig. 3). 
Mitochondria have a key function in the induction of apop-
tosis, as they are involved at an early period in the apoptotic 
pathway. Mitochondrial membrane potential is crucial in the 
regulation of apoptosis, and any reduction leads to increased 
mitochondrial penetrability and the opening of the perme-
ability transition pore, which is a key stage in apoptosis (33). 
The opening of the permeability transition pore permits the 
release of factors such as cytochrome c and apoptotic inducing 

Figure 3. Effect of different concentrations of compounds b (ludartin) and d (lupeol) on the loss of mitochondrial membrane potential (ΛΨm) in MCF‑7 human 
breast adenocarcinoma cells. (A) Negative untreated and (B) positive camptothecin‑treated (10 nM) control. (C) 25 µM and (D) 50 µM ludartin‑treated cells. 
(E) 25 µM and (F) 50 µM lupeol‑treated cells.
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factor, which trigger the finishing and degradative stage of 
apoptosis.

Fluorescence microscopy. The MCF‑7 cells were treated with 
compound b and d for 24 h, stained with DAPI and visual-
ized to determine the resulting morphological alterations. The 
untreated cells displayed a normal nuclear morphology, but 
ludartin‑ and lupeol‑treated cells presented apoptotic bodies. 
The number of apoptotic bodies was greater at a higher dose. 
Camptothecin, which is a known apoptotic inducer, was used 
as a positive control and also led to the appearance of typical 
apoptotic bodies (Fig. 4).

Discussion

Cancer is a multi‑factorial disease that commonly presents 
numerous complications, and requires a holistic approach 
to treatment, control and prevention. Cancer develops via 

a multistep carcinogenesis progression involving a number 
of cellular physiological systems, such as cell signaling and 
apoptosis, making it a very complex disease (11). Cancer is 
the second most prominent cause of mortality worldwide. 
According to global cancer statistics from 2011, cancer rates 
are increasing at an alarming rate (13). Plant extracts have 
often been used for the prevention and treatment of human 
diseases, including cancer. The Artemisia species have 
well‑established chemical and pharmacological properties, 
and have been used traditionally for the treatment of hepatitis, 
cancer, inflammation and fungi, bacteria and virus infections. 
Numerous bioactive compounds that exhibit antimalarial and 
anticancer (34) activity against tumor cells, such as artemisinin, 
have been reported to be of the Artemisia genus, and arglabin, 
another bioactive molecule is used for treating certain types of 
cancer (35,36). The present study, is the first study on the anti-
proliferative and apoptotic effects of the chemical constituents 
of A. indica, to the best of our knowledge.

Figure 4. Fluorescence microscopy in MCF‑7 human breast adenocarcinoma cells. The cells were treated with compounds b and d for 24 h, followed by 
staining with DAPI and then visualized in order to determine the morphological alterations. (A) Untreated control cells displayed normal nuclear morphology; 
(B) positive control camptothecin‑treated cells displayed typical apoptotic bodies; (C) 25 µM and (D) 50 µM ludartin‑treated cells; (E) 25 µM and (F) 50 µM 
lupeol‑treated cells. The arrows indicate the presence of apoptotic bodies. The data are representative images of three independent experiments.
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The effects of the isolated compounds a‑g on MCF‑7, BHY, 
Miapaca‑2, Colo‑205 and A‑549 cell lines were investigated 
by MTT assay. As indicated in Table I, of the seven tested 
compounds, compounds b and d were identified to have the 
strongest antiproliferative activities against all of the cell 
lines. The IC50 values were 25.18 and 28.01 (MCF‑7); 28.05 
and 32.31 (BHY); 31.21 and 36.45 (Miapaca‑2); and 35.12 and 
39.01 µM (Colo‑205) for compounds b and d, respectively. 
On the basis of the IC50 values and cytotoxicity data (Table I 
and II), the effect of compounds b and d on DNA damage and 
mitochondrial membrane potential loss in MCF‑7 cells was 
investigated. The aim was to determine the mechanisms by 
which these compounds exert their cytotoxic effects. Flow 
cytometry was used to verify apoptosis induction in MCF‑7 
cells following 48‑h incubation with compounds b and d at 
their IC50 concentrations. As presented in the figures, the two 
compounds induced significant DNA damage and reduction of 
ΛΨm at 25 and 50 µM concentrations.

In summary, the current bioactivity‑guided isolations led 
to the conclusion that the strong inhibitory effect of the ethyl 
acetate extract of A. indica on the proliferation of the cultured 
human tumor cell lines MCF‑7, BHY, Miapaca‑2, Colo‑205 
and A‑549 may be attributed to ludartin (4) and lupeol (6). 
However, a favorable interaction between the chemicals may 
be responsible for the overall antiproliferative action of the 
extract. The present study also demonstrated that the antip-
roliferative effects of compounds b and d as anticancer agents 
may be due to the significant DNA damage and mitochondrial 
membrane potential loss induced by these compounds. Further 
studies are required to fully evaluate these underlying mecha-
nisms of action and the toxicity of the compounds, prior to 
further development as potent anticancer agents.
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