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tophagy induction, cell migration suppression and loss of 
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Summary

Purpose: Artemisia vulgaris (A.vulgaris) belonging to fam-
ily Compositae, commonly known as mugwort, has been 
used as a medicinal herb in Chinese traditional medicine 
for treatment of diseases. Studies have reported a diversity 
of activities for this plant which include antiseptic, anti-
spasmodic, antigastric, anticancer and nervous system 
diseases. However, the anticancer activity of A.vulgaris in 
HCT-15 human colon cancer cells has not been scientifically 
validated. Therefore the present study aimed at evaluating 
the anticancer activity of methanolic extract of A.vulgaris 
against HCT-15 human colon cancer cell line.

Methods: Cell cytotoxicity effects of the extract were eval-
uated by MTT cell viability assay, while clonogenic assay 
assessed the effects on cancer cell colony formation. Effects 
on reactive oxygen species (ROS) production and mitochon-
drial membrane potential (MMP) were evaluated by flow 
cytometry. In vitro wound healing assay was used to evalu-
ate the effects on cell migration. To confirm autophagy, we 

evaluated the expression of several autophagy-associated 
proteins using Western blot assay.

Results: Results indicated that the methanolic extract of 
A.vulgaris exhibited an IC50 value of 50 µg/ml and exerted 
its cytotoxic effects in a dose-dependent manner. Moreover, 
it was observed that the extract inhibits colony formation 
and induces autophagy dose-dependently. The underlying 
mechanism for the induction of autophagy was found to 
be ROS-mediated MMP and significant inhibition of cell 
migration potential of colon cancer cells at the IC50 was 
observed.

Conclusion: These results strongly stress that the metha-
nolic extract may prove a source for the isolation of novel 
anticancer lead molecules for the management of colon
cancer.
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Introduction

 Artemisia is a large genus consisting of small 
herbs and shrubs commonly observed in north-
ern temperate regions. Artemisia belongs to the 
family Compositae, comprising 1,000 genera and 
over 20,000 species. The Artemisia family itself is 
a large family mostly found in Asia, Europe and 
North America [1]. Among Artemisia species, A. 
vulgaris is commonly used as a medicinal herb in 
Chinese traditional medicine. Studies have report-
ed a diversity of activities for this plant which in-

clude antiseptic, antispasmodic, gastric, antican-
cer and nervous system diseases [2,3]. However, 
the anticancer activity of this important herb has 
not evaluated against colon cancer. Colon cancer is 
the second most widespread cancer among wom-
en and the third widespread cancer in men around 
the world. It arises from a single or a blend of 
chromosomal instability usually triggered by ane-
uploidy and loss of heterozygosity [4,5]. Although 
there are several treatment options currently 
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available, however, these treatments have several 
drawbacks which include, but are not limited to, 
frequent relapse, development of drug resistance 
and effect on the quality of life of patients [6].
 Natural products are considered important 
for the development of new anticancer lead mol-
ecules. Owing to their lower side effects they have 
gained considerable attention in the recent past 
[7,8]. In the present study, A.vulgaris extract was 
evaluated for its anticancer activity against colon 
cancer cell line HCT-15 and the possible under-
lying mechanism was determined. The extract 
induced cytotoxicity in colon cells by promoting 
autophagy through ROS-mediated alterations in 
MMP (ΔΨm) and suppression of cell migration. 
Taken together, our results indicate that A.vulgaris 
may prove a source of potential natural anticancer 
molecules against colon cancer.

Methods

Collection of plant material and extract preparation

 The plant material was collected at the experimen-
tal farm in Hunan, China and authenticated by the tax-
onomist in Changsha University of Science and Tech-
nology. The aerial parts of A.vulgaris were subjected to 
washing under running tap water to remove the surface 
contamination. The plant material was dried in air un-
der shade and then cut into pieces and then to pow-
der using a mechanical blender. Dried root powder was 
packed in a Soxhlet apparatus and extracted at 60-65°C 
for 4-5 hrs. Extracts were obtained using pure methanol 
as solvent. The extracts were stored at 4°C for 24 hrs 
and then filtered through Whatman No. 4 filter paper 
and evaporated to dryness under vacuum and stored at 
4°C till further analysis.

Chemicals and reagents

 The following chemicals were used in the pre-
sent study: RNase A triton X-100 dimethyl sulfoxide 
(DMSO) were obtained from Sigma-Aldrich Co. (St.
Louis,MO,USA). All primary and secondary antibodies 
were purchased from Santa Cruz Biotechnology Inc. 
(Santa Cruz,CA,USA). Fetal bovine serum (FBS), RPMI-
1640 medium, L-glutamine and antibiotics (ampicillin 
and streptomycin) were obtained from Invitrogen Life 
Technologies (Carlsbad,CA, USA).

Cell culture conditions

 Colon cancer cell line HCT-15 was procured from 
Cancer Research Institute of Beijing, China, and was 
maintained in DMEM supplemented with 10% FBS and 
antibiotics (100 μg/ml streptomycin and 100 U/ml pen-
icillin G) in an incubator at 37°C (5% CO2 and 95% air).

Determination of IC50 by MTT assay

The antiproliferative effect of the methanolic extract on 
cancer cell line HCT-15 was evaluated by MTT assay. 

HCT-15 cells were grown at 1x106 cells per well in 96-
well plates for 12 hrs and then exposed to 0, 10, 25, 50, 
100, 150 and 200 μg/ml methanolic extract dose for 48 
hrs. To each well, MTT solution (20 μl) was added. Prior 
to the addition of 500 μl of DMSO, the medium was 
completely removed. To solubilize MTT formazan crys-
tals, 500 μl DMSO was added. ELISA plate reader was 
used for the determination of optical density. 

Clonogenic assay 

 Exponentially growing HCT-15 cancer cells were 
collected and calculated with a hemocytometer. Plat-
ting of the cells was done at 200 cells per well and kept 
for 48 hrs to allow the cells to adhere, and then different 
doses (0, 25, 50 and 100 μg/ml) of the methanolic ex-
tract were added. After treatment, the cells were again 
kept for incubation for 6 days, washing was done with 
PBS and methanol was used to fix colonies. Afterwards, 
colonies were stained with crystal violet for about 30 
min before being counted under light microscope. 

Transfection with LC3-mCherry expression vector

 HCT-15 cells were seeded at a density of 3.75×104 

cells/well in 24-well plates and permitted to adhere 
for 24 hrs. Transfection with the LC3-mCherry vector 
was done using Lipofectamine (Invitrogen) according 
to manufacturer’s instructions. HCT-15 cells were in-
cubated with media having 5% FBS for the first 4 hrs 
of transfection; afterwards, incubation media were re-
placed by new media with 10% FBS. After 24 hrs of 
transfection, cells were collected and exposed for 48 hrs 
to (i) blank medium only and (ii) methanolic extract of 
A. vulgaris (at IC50 concentration). Afterwards, the cells 
were treated with 4% paraformaldehyde and then fixed 
in PBS. The cells were then finally examined under a 
fluorescence microscope.

Determination of apoptosis-related proteins expression

 HCT-15 cells were seeded in 6-well plates at the 
density of 1.5×105 cells/well and incubated at 37ºC for 
24 hrs. The cells were then exposed to the methanolic 
extract of A.vulgaris at its IC50 concentration. Untreated 
cells were also included as control. Following 48 hrs of 
treatment, cells were collected and lysed for quantifica-
tion of proteins and expression analysis.

Autophagy inhibitor treatment

 HCT-15 cells were seeded at the density of 1.5×105 
cells/well in 6-well plates and permitted to adhere for 
24 hrs. Cells were then exposed to 15 μg/mL of the lys-
osomal inhibitors E-64d and Pepstatin A for 1 hr and 
then administered IC50 concentration of the extract for 
48 hrs. Untreated cells were kept as control. Protein 
expression analysis was carried out by Western blot 
analysis.

Protein expression by western blotting analysis

 The methanolic extract administered cells were 
harvested and lysed. The protein concentrations of the 
lysates were quantified by BCA assay using specific an-
tibodies. β-actin was used as control. From each sample 
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equal amounts of protein were loaded and separated 
by electrophoresis on a 12% denaturing SDS gel.  Af-
terwards, the proteins were electroblotted on polyvi-
nylidene difluoride membranes (0.45 μm pore size).

Evaluation of ROS and MMP

 HCT-15 cells were platted at a density of 2×105 
cells/well in a 6-well plate, kept for 24 hrs and treated 
with 0, 25, 50 and 1000 μg/ml methanolic extract for 
72 hrs at 37°C in 5% CO2 and 95% air. Thereafter, cells 
from all samples were collected, washed twice by PBS 
and re-suspended in 500 μl of DCFH-DA (10 μM) for 
ROS estimation and DiOC6 (1 μmol/l) for MMP at 37°C 
in the dark for 30 min. The samples were then exam-
ined instantly using flow cytometer as previously de-
scribed [9].

Wound healing assay

 HCT-15 cells were seeded at 5×104 cell density in 
96-well plates and then allowed overnight to adhere. 
As the cells reached 80% confluence, a wound was 
scratched across each well by wound maker device. Af-
terwards, the cells were washed with PBS to remove the 
detached cells.

Statistics 

 All experiments were carried out in triplicate and 
presented as representative images or average values 
± SD. One-way ANOVA and Tukey’s test were used for 
statistical analyses with the help of Graphpad prism 7. 
P values were considered significant at p<0.01, p<0.001 
and p<0.0001.

Results 

Cytotoxic potential of methanolic extract of A.vulgaris 
on HCT-15 cell line 

 The growth inhibitory role of methanolic ex-
tract on HCT-15 cells was detected by treatment of 
these cells with varied methanolic extract concen-
trations. Methanolic extract displayed potent an-
tiproliferative effect against HCT-15 cells with an 
IC50 50 μg/ml (Figure 1a). In the colony formation 
assay, we observed that methanolic extract treated 
cells showed reduced number of colony formation 
in a dose-dependent manner (Figure 1b).

A. vulgaris extract induced autophagy in HCT-15 cell 
line

 After transfecting AGS cells with mCherry-
LC3 expression vector, they were administered 
IC50 concentrations of the methanolic extract for 
48 hrs. The autophagy experiment was carried out 
because the extract inhibited the growth of cells 
and triggered cell death. Therefore, we speculated 
that the extract might be triggering autophagy in 
HCT-15 cells in a concentration-dependent man-
ner. The results of the study indicate that the 

Figure 1. Effect of indicated doses of methanolic extract 
of A.vulgaris on (A) cell viability and (B) colony forma-
tion. All experiments were carried out in triplicate and the 
results are shown as mean ± SD. The Figure depicts that 
Α.vulgaris extract inhibits cell viability and decreases col-
ony formation potential of cancer cells in a concentration-
dependent manner. *p<0.01, **p<0.001, ***p<0.0001.

Figure 2. Induction of autophagy by methanolic ex-
tract at indicated concentrations. The Figure depicts that 
Α.vulgaris extract induces autophagy in a concentration-
dependent manner. 
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treatment with the extract induced the presence 
of LC3 within autophagic vacuoles (Figure 2). To 
confirm autophagy, we evaluated the expression 
of several autophagy-associated proteins. The re-
sults indicated that the treatment with the extract 
induced the expression of several autophagy-asso-
ciated proteins as indicated in Figure 3. No change 
was observed in the expression of several proteins 
including Vps34, Beclin-1, and LC3-I. However ex-
pression of LC3-II was significantly increased in a 
time-dependent manner, while slight reduction in 

the levels of p62 were also observed. The capacity 
of the methanolic extract of A. vulagris was fur-
ther confirmed by the use of autophagy inhibitors 
(E-64d/Pepstatin), however, the results indicated 
that the extract abridged the effect of the inhibi-
tors (Figure 4).

Methanolic extract of A. vulgaris induced ROS accre-
tions in HCT-15 cells

 The autophagic potential of methanolic ex-
tracts suggested that it might induce generation 
of intracellular ROS. Therefore, we calculated the 
ROS level at varied concentrations of methanolic 
extract for 48 hrs and observed that the intracel-
lular ROS levels of treated cells increased to 225 
% at 80 μM as compared to untreated cells (Figure 
5a). Our results suggested that the methanolic ex-
tract can act as a potent source for activating ROS 
in HCT-15 cells to trigger autophagy.

Methanolic extract reduced the mitochondrial mem-
brane potential

 ROS generation causes mitochondrial dys-
function. It disrupts the outer mitochondrial 
membrane potential to release the death-promot-
ing proteins . Therefore, we examined whether 

Figure 3. Expression pattern of autophagy-associated pro-
teins by western blotting. The Figure shows that Α.vulgaris 
extract alters the expression of autophagy-related proteins 
in a concentration-dependent manner.

Figure 4. Methanolic extract of A.vulgaris abolishes the 
effect of autophagy inhibitors at IC50 concentrations. The 
Figure shows that Α.vulgaris extract nullifies the effect of 
autophagy inhibitors on the expression of LC3-I and LC3-
II at IC50.

Figure 5. Effect of indicated concentrations of methanolic 
extract of A.vulgaris on (A) ROS and (B) MMP. The Fig-
ure shows that Α.vulgaris extract increases ROS and de-
creases MMP in a concentration-dependent manner. The 
values were considered significant at *p<0.01, **p<0.001 
and ***p<0.0001.
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methanolic extract reduced the MMP in HCT-
15cells treated with varied concentrations (0, 25, 
50 and 100 μg/ml). Treated HCT-15 cells showed a 
significant reduction in MMP in a dose-dependent 
manner. The MMP reduced by 72% at 100μg/ml of 
methanolic extract as compared to untreated con-
trol (Figure 5b).

Methanolic extract affected cell migration in wound 
healing assay

 We further investigated that if the methanolic 
extract of A. vulgaris can suppress the migration 
of HCT-15 cancer cells at the IC50 concentration 
by wound healing assay. The results of wound 
healing assay showed that the methanolic ex-
tract reduced the migratory capability of wound 
healing assay cells (Figure 6), while the control 
cells showed fairly good capacity to migrate. The 
treated cells showed less migration as depicted in 
Figure 6.

Discussion 

 Colon cancer is one of the leading causes of 
cancer related deaths across the globe and the 
treatment options for this type of malignancy are 
limited. Moreover, the currently available treat-
ments have severe side effects and severely affect 
the patient quality of life [4,5]. Therefore, the pre-
sent study aimed at determining the anticancer 
activity of the methanolic extract of A. vulgaris 
against colon cancer cells. The results indicated 
that the methanolic extract exerted significant 
anticancer activity against colon cancer cells in a 
dose-dependent manner with an IC50 of 50 μg/ml. 
Furthermore, it also reduced the colony formation 
of HCT-15 cells dose-dependably. The IC50 value 
of A. vulgaris is much lower than the IC50 value 

observed for several plant extracts. For instance, 
IC50 value of Moringa oleifera leaf water extract 
was 150 μg/ml (48 h) against HeLa derivative 
KB cells [10,11]. Similarly, Cassia tora methanolic 
leaf extract exhibited an IC50 value of 191 μg/ml 
against HeLa cells [12]. Therefore, these results 
suggest that the methanolic extract of A.vulgaris 
is a potential source of cytotoxic agents. The cyto-
toxic effect of methanolic A.vulgaris was reported 
later on to be due to the induction of autophagy. 
Expression of several of the autophagy associated 
proteins was evaluated and was found that the ex-
pression of only LC3-II was highly induced by the 
methanolic extract of A.vulgaris. Furthermore, the 
extract exhibited a strong potential to abridge the 
expression of autophagy inhibitors, providing a 
strong clue towards the role of this extract in the 
execution of autophagy.
 Moreover, the results indicated that metha-
nolic extract-treated cells displayed ROS-mediat-
ed MMP reduction. Therefore, the results suggest 
that the methanolic extract of A.vulgaris may in-
duce autophagy through increasing intracellular 
ROS and reduction in MMP. Our results are in 
agreement with studies wherein several antican-
cer drugs have been reported to target cancer cells 
partly by accretion of high levels of ROS [13]. In 
addition, mitochondria play a key role in ROS gen-
eration [14-16]. For example, capsaicin disrupts 
MMP and mediates oxidative stress resulting 
in apoptosis in pancreatic cancer cells [9]. Colon 
cancer cells have very high capacity to migrate 
to other tissues and in our case the methanolic 
extract exhibited the capacity to inhibit the mi-
gration of such cells. Therefore, the inhibitory ef-
fect of methanolic extraction on colon cancer cells 
may prove crucial in the treatment and manage-
ment of colon cancer.

Conclusion

 Taken together, we conclude that the metha-
nolic extract exhibits significant anticancer ac-
tivity against colon cancer cells by inducing au-
tophagy and inhibiting cell migration which is 
considered critical for anticancer agents. Thus, the 
methanolic extract may prove a very handy source 
for the isolation of anticancer molecules against 
colon cancer and therefore requires further re-
search endeavors.
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Figure 6. Wound healing assay depicting the effect of 
methanolic extract on cell migration (IC50=50μg/ml). The 
Figure shows that Α.vulgaris extract inhibits cell migration 
at IC50 after 24 hrs of incubation.



Artemisia vulgaris has anticancer activity against colon cancer cells78

JBUON 2018; 23(1): 78

References

1. Bora KS, Sharma A. The genus Artemisia: A compre-
hensive review. Pharm Biol 2011;49,101-9.

2. Chopra RN, Nayar SL, Chopra IC. Glossary of Indian 
Medicinal Plants, CSIR, New Delhi, 1956;26:2. 

3. Narwaria A, Khosa RL, Dhar SK. Experimental studies 
on Artemisia vulgaris - a possible antifertility drug. 
Ancient Sci Life 1994;14:10.

4. Ferlay J, Soerjomataram I, Dikshit R et al. Cancer in-
cidence and mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012. Int J Cancer 
2015;136:E359-86. 

5. Fearon ER, Vogelstein BA. Genetic model for colorec-
tal tumorigenesis. Cell 1990;61:759-67.

6. Baba SA, Malik AH, Wani ZA et al. Phytochemical 
analysis and antioxidant activity of different tissue 
types of Crocus sativus and oxidative stress alleviat-
ing potential of saffron extract in plants, bacteria, and 
yeast. S Afr J Bot 2015;99:80-7.

7. Yadav JP, Panghal M. Balanitesaegyptiaca (L.) Del. (Hin-
got): A review of its traditional uses, phytochemistry 
and pharmacological properties. Int J Green Pharma-
cy. DOI: 10.4103/0973-8258.69158.

8. Hissin PJ, Hilf RA. Fluorometric method for determi-
nation of oxidized and reduced glutathione in tissues. 
Anal Biochem 1976;74:214-26.

9. Azuma M, Tamatani T, Ashida Y, Takashima R, Harada 
K, Sato M. Cisplatin induces apoptosis in oral squa-

mous carcinoma cells by the mitochondria-mediated 
but not the NF-kappa B-suppressed pathway. Oral On-
col 2003;39:282-9.

10. Shoemaker RH. The NCI60 human tumour cell line 
anticancer drug screen. Nat Rev Cancer 2006;6:       
813-23.

11. Sreelatha S, Jeyachitra A, Padma PR. Antiprolifera-
tion and induction of apoptosis by Moringaoleifera 
leaf extract on human cancer cells. Food Chem Toxicol 
2011;49:1270-5.

12. Rejiya CS, Cibin TR, Abraham A. Leaves of Cassia tora 
as a novel cancer therapeutic–an in vitro study. Toxi-
col. In Vitro 2009;23:1034-8.

13. Ding H, Han C, Guo D et al. Selective induction of 
apoptosis of human oral cancer cell lines by avocado 
extracts via a ROS mediated mechanism. Nutr Cancer 
2009;61:348-56.

14. Kowaltowski AJ, de Souza-Pinto NC, Castilho RF, Ver-
cesi AE. Mitochondria and reactive oxygen species. 
Free Radic Biol Med 2009;47:333-43.

15. Khursheed A, Rather MA, Rashid R. Plant-based natu-
ral compounds and herbal extracts as promising apo-
ptotic agents: their implications for cancer prevention 
and treatment. Adv Biomed Pharm 2016;3:245-69. 

16. Iram H, Iram F, Husain A. A review on Imatinib: 
A wonder drug in Oncology. Adv Biomed Pharm 
2016;3:227-44. 


