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Abstract 

The present study aims to investigate the antioxidant activity and cytotoxicity of white mugwort 
(Artemisia lactiflora) leaf extract in the human liver cancer cell line (HepG2 cell). Dried leaves of white 
mugwort were macerated in 80 % (v/v) aqueous ethanol to get white mugwort leaf extract (WMLE).  
Spectrophotometrically methods were conducted to quantify the total phenolic content and the antioxidant 
capacity of the extract, and were found to be 213.33±17.80 mg gallic acid equivalent and 27.20±1.06 mg 
trolox equivalent per gram of dry extract, respectively. Cytotoxic effects of white WMLE on cell viability 
and cellular antioxidant defense against reactive oxygen species (ROS) were also examined. The WMLE 
showed weak ability to inhibit cell growth, with a 50 % inhibitory concentration (IC50) value of            
148 µg/mL. Furthermore, the extract exhibited antioxidant activity in HepG2 cells via the ability to lower 
cellular ROS in a dose-dependent fashion. The preliminary results of this investigation supported that 
WMLE exhibits strong antioxidant activities while remain considerably non-cytotoxic effect. However, 
more intensive studies are required to clarify the use of WMLE as a novel alternative medicine for the 
treatment of liver cancer.  
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Introduction 

Medicinal plants have been used for Ayurveda aspects for thousands of years [1]. World Health 
Organization (WHO) estimated that, majority of the world’s population still relies mainly on traditional 
remedies. Herbs are benefit for health preservation in several dimensions such as better cultural 
acceptability, better body compatibility and less severe side effects [2]. With growing knowledge on the 
role of free radicals in human diseases, antioxidants have come into focus since their ability to inhibit free 
radical reactions, thus help protecting against free radical-induced oxidative damages [3]. 
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Artemisia lactiflora Wall. ex DC (Asteraceae) is a species of flowering plant in the daisy family, 
native to Guizhou in China [4]. A. lactiflora is also known as white mugwort or ‘jingjuchai’ in Thailand. 
The leaves and flowering stems are used as internally drug formula in traditional Chinese medicine to 
treat menstrual and liver disorders [5]. In Thailand, white mugwort leaves are used for cooking and food 
dressing. White mugwort has many medicinal properties, including anticancer and anti-oxidative 
properties, as well as help control of blood circulation, dysmenorrhea, chronic hepatitis, cirrhosis, and 
vaginal discharge [6]. 

Major chemical constituents were isolated during alcoholic extraction of white mugwort including 
7-hydroxycoumarin, 7-methoxycoumarin, aurantiamide, aurantiamide acetate, balanophonin, caffeic acid 
ethyl ester, methyl 3, 4-di-O-caffeoyl quinate, quercetin, methyl 3, 5-di-O-caffeoyl quinate,  iso-vitexin, 
rutin, and kaempferol-3-O-beta-D-rutinoside [7]. Numbers of evidence have also been reported that white 
mugwort leaves contain beta-carotene, riboflavin, ascorbic acid, iron, protein, and calcium. Leaves 
contain lactone, bitter absinthin and anabsinthin, at about 3.6 % dry weight basis, which activate digestion 
and antimalarial effects. Monoterpene (narcotic thujone) and cytotoxic diacetylenic spiroketal enol ether, 
another constituent in white mugwort leave have been shown its anticancer effects, and are included in 
the treatment of menstrual and liver diseases. Furthermore, diacetylenic spiroketal enol ether epoxide, 
also called AL-1, has been discovered to inhibit tetradecanoylphorbol acetate (TPA)-induced tumor 
progression by reducing oxidative damage to the rat skin [8-10]. 

However, it has been observed that, till date, rare studies have focused on the relationship between 
white mugwort extract and human hepatocellular carcinoma cell lines, HepG2 cells, which are frequently 
used as in vitro alternatives to primary human hepatocytes [11]. Therefore, this study was designed to 
examine the antioxidant activities and cytotoxicity of the extract of white mugwort leaves in HepG2 cells. 

 
Materials and methods 

Chemicals and reagents 
2',7'-dichlorodihydrofluorescein diacetate (DCFH-DA), 2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulfonic acid) (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), and gallic acid 
were bought from Sigma-Aldrich, St. Louis, MO, USA. Folin-Ciocalteu’s phenol reagent (Merck KGaA, 
Darmstadt, Germany), dimethyl sulfoxide (DMSO) (Fisher Scientific, UK), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), fetal bovine serum, hydrogen peroxide (35 %), Dulbecco’s 
modified Eagle’s medium (DMEM), penicillin-streptomycin, and 0.5 % trypsin-EDTA solution were 
purchased from GIBCO® Invitrogen, CA, USA.  

 
Plant materials and preparation of plant extract 
White mugwort leaves were obtained from Baanpakkhuntum, Chiang Mai, Thailand. Leaves were 

dried successively in an electric oven for 24 h at 60 °C. The dried powder of the white mugwort leaves 
(100 g) was soaked in 1,000 mL of 80 % (v/v) aqueous ethanol, overnight at room temperature. After that, 
the ethanol extract was filtered and the filtrate was evaporated using a rotary evaporator (yield = 38.12 
%). The dried residue was kept at −20 °C until being used for further analysis. 

 
Analysis of total phenolic content 
The quantification of total phenolic content in the white mugwort leaf extract (WMLE) was 

measured by using the Folin-Ciocalteu method [12]. Briefly, WMLE was incubated in the dark with 10% 
Folin - Ciocalteu’s phenol reagent for 3 min. Then, the mixture was added with 7.5 % sodium carbonate 
and stand in the dark for further 30 min. Then, the optical density (OD) was read at 765 nm using a 
UV/Visible spectrophotometer. Gallic acid was used as the reference standard for the quantification of the 
total phenolic content and the results were showed as mg gallic acid equivalent (GAE)/g dry extract.  

 
Total antioxidant capacity assay  
The ABTS radical cation decolorization method [13] was adopted to determine the total radical 

scavenging activity of WMLE. Briefly, a stock ABTS°+ solution was produced by mixing of 4.9 mM 
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potassium persulfate to 14 mM of 2,2 azobis (2-amidinopropane) dihydrochloride, the mixture was 
incubated in the dark, at room temperature for 12 h. The working ABTS°+ was prepared by dilution of 
stock solution with distilled water till OD of the solution reached 0.70 ± 0.02 at 734 nm. To determine 
antioxidant capacity, WMLE solution was added at a ratio 1:100 (v/v) to ABTS•+ working solution, then 
incubated for exactly 6 min in the dark at room temperature. The decrease in absorbance was measured at 
734 nm. Trolox (water - soluble vitamin E analogue) was used as the standard and results are expressed as 
mg Trolox equivalent antioxidant capacity (TEAC)/g of dry extract.  

 
Cell culture 
Human hepatocellular carcinoma (HepG2) cell line have been widely used to study biochemical and 

cytotoxic effects of a variety of chemicals and drugs [14]. HepG2 cells were cultured in complete DMEM 
medium supplemented with 100 IU/mL penicillin/streptomycin and 10 % (v/v) of FBS in T-75 tissue 
culture flask, and incubated in humidified atmosphere at 37 °C, 5 % CO2 [15]. After reached 70 % 
confluence, cells were harvested. 5×103 cells were plated in each well of 96-well plate and incubated 
overnight to allow attachment to the culture wells. After then, the medium was discarded and the test 
solution, which was diluted with the medium to a final concentration of 25 - 200 μg/mL, was added to the 
well and incubated for further 24 or 48 h. As basal control, the cells were cultured in the medium without 
test solution. All analysis was done in triplicate. 

 
Cell viability assay 
To investigate the effect of WMLE on cell viability, the MTT assay was performed according to the 

method described previously [16]. Briefly, the cells were incubated with MTT dye solution at 37 °C for 4 
h. At the end of time, the supernatant was removed and the purple formazan product formed was 
solubilized with DMSO into a colored solution. The optical density of solution was then read at 540/630 
nm using a UV/Visible spectrophotometer. The results were recorded, percentage of inhibition were 
calculated, and the cytotoxicity of the extract was expressed as IC50 values; the concentration of sample 
which inhibits 50 % of cell growth. 

 
Assessment of intracellular reactive oxygen species (ROS)  
Intracellular production of ROS was estimated using the oxidation-sensitive fluorescent probe; 2',7'-

dichlorodihydrofluorescein diacetate (DCFH-DA) [17]. Briefly, HepG2 cells were treated with a different 
concentration of WMLE, ranging from 0.312 to 20 μg/mL, at 37 °C for 24 h. Then, the treated cells were 
washed 3 times with sterile PBS and labeled with 10 µM DCFH-DA solution in the dark at 37 °C for 30 
min. Washing step was continue and the cells were challenged with 125 µM hydrogen peroxide solution 
for 20 min in the dark. Immediately after time, the induction of cellular ROS production was examined 
using spectrofluorometer at excitation/emission wavelengths of 485/530 nm [18]. The fluorescence 
intensity (FI) value, directly proportional to the quantity of intracellular ROS, and is responsible for the 
level of cellular oxidative stress [19].  

 
Statistical analysis 
The results are reported as mean ± standard error of mean (SEM) from triplicated, 3 independence 

analysis. Statistical analysis was carried out using GraphPad Prism version 7.00 for Windows, GraphPad 
Software, La Jolla California USA. Statistical significance was defined using one-way analysis of 
variance (ANOVA). P < 0.05 was considered as a statistically significant difference. 
 
Results and discussions 

Analysis of the total phenolic content and antioxidant activity in WMLE 
Folin - Ciocalteu method, commonly used method for the determination of phenolic quantity in 

various plant extracts was selected to determine the total phenolic content of WMLE. The result from 
triplicate, 3 independent experiments was found to be 213.33 ± 17.80 mg gallic acid equivalent (GAE)/g 
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of dry extract (Table 1). Pi-Yu Chao and colleagues suggested that morin and quercetin may serve as 
principal flavonol constituents in the leaves of white mugwort [20].  

Furthermore, total antioxidant capacity of WMLE was determined by modified Trolox equivalent 
total antioxidant capacity (TEAC) assay using its ability to decolorized ABTS°+ cation. As evident from 
Table 1, the level of antioxidant capacity of WMLE was approximately 27.20 ± 1.06 mg TEAC/g of dry 
extract. Combined with the aforementioned results, it may be concluded that the presence of abundant 
phenolic compounds in WMLE contributed to its strong antioxidant potential. Indeed, phenolic 
compounds are composed of one or more aromatic rings which possessing hydroxyl groups, thus capable 
of inhibiting oxidoreduction by forming resonance-stabilized phenoxyl radicals [21]. In addition, 
quercetin, one of the most important bioflavonoids which is widely known for its antioxidant properties, 
play a vital roles in exhibiting beneficial health effects. Present of quercetin along with other flavonoids 
in white mugwort extract encourage the use of this plant as a source of potential antioxidants [22].   

 
 

Table 1 The content of total phenolic and antioxidant activity of WMLE. 
 

Extract Total phenolic content 
(mg GAE/g of dry extract) 

Antioxidant activity 
(mg TEAC/g of dry extract) 

White mugwort leaf extract 213.33 ± 17.80 27.20 ± 1.06 
WMLE: white mugwort leaf extract; GAE: gallic acid equivalent; TEAC: Trolox equivalent antioxidant 
capacity. Values are presented as mean ± SEM (n = 3).  
 
 

Cytotoxicity study in HepG2 cells  
The cytotoxicity was determined using the MTT method based on the abatement of the soluble 

tetrazolium salt by mitochondrial dehydrogenase activity into a purple formazan product which could be 
simply determined by a spectrophotometer. The 50 % inhibitory concentration (IC50) value, refers to 
concentration of the plant extract which could inhibit 50 % of cell growth. Such value obtained from the 
viability graph was simply defined as a parameter for cytotoxicity. In order to determine the IC50 values 
of the crude extract in the HepG2 cells, concentration-dependent assays were carried out at the 
concentration ranging from 25 μg/mL to 200 μg/mL for 24 and 48 h, respectively. As shown in Figure 1 
and Table 2, the extract decreased cell viability in a dose-dependent fashion and the IC50 value of WMLE 
was found to be 148 µg/mL after 24 h of incubation. Apparently, for 48 h incubation, WMLE decreased 
the amount of viable HepG2 cells in a concentration-dependent manner with IC50 value of 110 μg/mL 
(Figure 2 and Table 2). Recently, a novel polyacetylene, artemisidiyne A, was isolated from Artemisia 
lactiflora. This compound exhibited cytotoxicity against HCT-8, A549, and BCG-823 tumor cell lines 
with IC50 values of 7.5 μM, 4.6 μM, and 1.1 μM, respectively [8]. 

 
 

Table 2 Cytotoxicity of WMLE at various concentrations in HepG2 cells for 24 and 48 h.  
 

Concentration of WMLE (µg/mL) % Cell viability (24 h) % Cell viability (48 h) 
0 100 ± 0.00 100 ± 0.00 

25 84 ± 4.92* 82 ± 1.24* 
50 81 ± 2.28* 67 ± 2.11* 

100 72 ±4.46* 52 ± 1.14* 
200 24 ± 3.78* 19 ± 0.79* 

WMLE: white mugwort leaf extract. Values are expressed as mean ± SEM (n = 3). *P < 0.05 compared 
to non-treatment control. 
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Figure 1 The percentage of cell viability of HepG2 cells against a various concentrations of WMLE (0 - 
200 μg/mL) for 24 h of incubation. The data were obtained from 3-independent triplicate experiments and 
are shown as mean ± SEM. *P < 0.05 compared to non-treatment control. 
 
 

 
 
Figure 2 The percentage of cell viability of HepG2 cells against a various concentrations of WMLE (0 - 
200 μg/mL) for 48 h of incubation. The data were obtained from 3-independent triplicate experiments and 
are shown as mean ± SEM. *P < 0.05 compared to non-treatment control. 
 
 

Effect of WMLE on intracellular ROS levels  
Oxidative stress response is modulated by an imbalance between production of reactive oxygen 

species (ROS) and capability of antioxidant enzyme to eliminate ROS. HepG2 cells are highly metabolic 
human liver cells which are produce large amounts of ROS. Implications of ROS regulation are highly 



Antioxidant Properties and Cytotoxicity of White Mugwort  Kanokwan KULPRACHAKARN et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2019; 16(3) 
 
190 

significant for cancer treatment since ordinary antitumor drugs inhibit cancer cell proliferation through 
ability to accelerate cellular ROS production [23]. This ability, however, also affects damage to normal 
cells. Apparently, WMLE exhibited the antioxidant activity in the cultured HepG2 cells, demonstrated by 
dose-dependently reduction of cellular H2O2-derived-ROS levels (Figure 3). The WMLE at a 
concentration of 20 µg/mL significantly diminished the ROS levels. Results have shown that the natural 
antioxidants of white mugwort leaf extract strongly decrease the ROS levels in the HepG2 cell, thus may 
prevent or inhibit conditions that promote oxidative stress in the cell [24]. Yoshima Nakamura and 
colleagues [25] had previously demonstrated the inhibitory effects of the diacetylenes compounds isolated 
from the leaves of white mugwort on TPA-induced ROS formation in differentiated HL-60 cells. In this 
study, comparable influence on ROS levels between WMLE (Figure 3) and Trolox (Figure 4) was 
observed for HepG2 cells. 
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Figure 3 The levels of ROS in 24 h-treated HepG2 cells with WMLE. The data were obtained from 
independent triplicate experiments and are shown as mean + SEM. *P < 0.05 compared to non-treatment 
control. 
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Figure 4 The levels of ROS in 24 h-treated HepG2 cells with Trolox. The data were obtained from 
independent triplicate experiments and are shown as mean + SEM.  
 
 
Conclusions 

Concluded from results of this preliminary study, it is obvious that WMLE exhibits strong 
antioxidant activities while remain non-cytotoxic to HepG2 cell. Moreover, it was demonstrated that 
WMLE could reduce the levels of ROS in the cytosolic compartment of HepG2 cells. Nevertheless, 
further studies are needed to confirm and support the use of WMLE as a new alternative medicine for the 
remedy of liver cancer.  
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