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ARTICLE INFO ABSTRACT

Keywords: The aqueous extracts of three different Artemisia species (Artemisia capillaris, Artemisia iwayomogi, & Artemisia annua) were
Artemisia evaluated for their antioxidant potential and antiproliferation, antifibrotic effect using activated rat HSC-T6 cells. The
Extraxtion antioxidant activities of these plant extracts were assessed by different in vitro methods, such as free radical scavenging
Antioxidants

assays by DPPH, Superoxide, Hydroxyl, Nitric oxide and H,O,, and Ferric reducing antioxidant power (FRAP), total
antioxidant abilities, and Iron chelating activity. The total phenolic and flavonoid contents were examined as well.
Antifibrotic effects were investigated for three Artemisia species by measuring the hydroxyproline content and analyzing
the gene expression of the two main fibrogenic cytokines of TGF- and a-SMA in activated HSC-T6 cells. Among the
tested Artemisia species, Artemisia capillaries is highest in TPC, TFC, TAC and FRAP while compared to others with
900.91 + 22.81 (ug/g of GAE), 2918.83 + 109.37 (ug/g of QE), 43.21 =+ 0.28 (ug/g of GAE) and 3880.24 + 340.37
(ug/g of FeSO,) respectively. The aqueous extracts of all Artemisia species reduced the proliferation of activated HSC — T6
cells. Regarding antifibrotic effect, the hydroxyproline content was significantly reduced in a concentration-dependent
manner while treated with extracts. Further the activated HSCs drastically upregulated the fibrogenic cytokines (TGF-B, a-
SMA), while the addition of three Artemisia extracts (50 ug/mL) significantly reduced these alterations. However, Artemisia

Anti-fibrotic

capillaris and Artemisia iwayomogi enormously reduced both TGF-B and a-SMA expressions.

1. Introduction

Reactive oxygen species (ROS) and reactive nitrogen species (RNS),
including free radicals, play a vital role in oxidation, which may oxidize
proteins, lipids, or DNA in tissues, leading to degenerative/chronic
diseases including cancer, diabetes, cardiovascular diseases, etc. (Lee
et al., 2004; Mantena et al., 2008). The main role of antioxidants is that
they can protect biological systems against oxidation or inhibit or delay
the oxidation process (Sikorski, 2001). Commercially available syn-
thetic antioxidants, such as BHA, BHT, and TBHQ, as well as their ap-
plications, are constrained for use in foods because they are suspected
to be carcinogenic (Valentao et al., 2002). Plant-derived products offer
a wide range of natural antioxidants which are considered to be su-
perior to synthetic antioxidants.

Liver fibrosis is a very common disease that can result from many
forms of chronic liver injuries, including alcoholism, persistent viral and
helminthic infections, toxins, and hereditary metal overload (Bataller
and Brenner, 2005; Friedman, 2008a). The activation of hepatic stellate
cells (HSCs) plays a crucial role in the development of liver fibrosis. The

formation of myofibroblast-like phenotype, extracellular matrix (ECM)
proteins, and increased cell proliferation are the main events involved in
the pathogenesis of liver fibrosis (Wu and Zern, 2000). During liver fi-
brosis, HSCs are activated by inflammatory cytokines as well as certain
growth factors in paracrine and autocrine manners. Therefore, the sup-
pression of HSC activation and proliferation, along with the induction of
apoptosis in activated HSC, have been offered as therapeutic approaches
for the treatment and prevention of hepatic fibrosis (Bataller and
Brenner, 2005; Henderson and Iredale, 2007; Friedman, 2008b).

In Korea, a total of 28 species are present in genera of Artemisia,
which belongs to the class Campanulales and the family Compositae
(Lee, 1996). Artemisia herbs have long been widely used in foods and
traditional medicine for the treatment of diabetes, hyperlipidemia, and
hepatitis (Noori and Dawood, 1986; Nam et al., 1998; William, 2008).
Based on their high consumption in the traditional market, we selected
three genera of Artemisia plants for our study.

Artemisia capillaris (AC) Thunberg has long been widely used as
traditional medicine in Asian countries, particularly to treat liver dis-
orders such as hepatitis, jaundice, and fatty liver (Jang, 1975). AC and

* Corresponding author. Vellalar College of Pharmacy, Maruthi Nagar, Thindal, Erode, 638012, Tamilnadu, India.

** Corresponding author.

E-mail addresses: drsaravanakumara@gmail.com (A. Saravanakumar), htjang@hanseo.ac.kr (H.T. Jang).

https://doi.org/10.1016/j.bcab.2019.101040

Received 7 September 2018; Received in revised form 7 February 2019; Accepted 10 February 2019

Available online 14 February 2019
1878-8181/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/18788181
https://www.elsevier.com/locate/bab
https://doi.org/10.1016/j.bcab.2019.101040
https://doi.org/10.1016/j.bcab.2019.101040
mailto:drsaravanakumara@gmail.com
mailto:htjang@hanseo.ac.kr
https://doi.org/10.1016/j.bcab.2019.101040
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcab.2019.101040&domain=pdf

A. Saravanakumar, et al.

Biocatalysis and Agricultural Biotechnology 18 (2019) 101040

Abbreviations used

TPC Total phenolic contents
TFC Total flavonoids content
TAC Total antioxidant capacity
GAE Gallic acid equivalent

QE Quercetin equivalent

FRAP Ferric reducing antioxidant power
FeSO,  Ferrous sulphate

ROS Reactive oxygen species

RNS reactive nitrogen species

BHA butylated hydroxy anisole
BHT butylated hydroxy toluene
TBHQ tert-butyl hydroquinone

its active constituents, including phenolic acids, coumarins, flavonoids,
and 4-hydroxyacetophenone, have exhibited pharmacological actions
against viral infections, oxidative stress, and obesity (Seo et al., 2010;
Hong and Lee, 2009; Hong et al., 2009). In particular, AC has reported
significant hepatoprotection in drug- or chemical-induced liver injury
rodent models (Lee et al., 2007; Wang et al., 2012).

Artemisia iwayomogi (Al) Kitamura is a widely used valuable herb
that is distributed throughout Korea and China (Jang, 1975). The
pharmacological activities associated with Al and its key active com-
pound, scopoletin, have previously been reported to show anti-in-
flammatory (Shin et al., 2006), antimicrobial (Seo et al., 2010), anti-
oxidant (Seo and Yun, 2008), and hepatoprotective activities (Choi
et al., 2005; Wang et al., 2012). In addition, several active components
of AI such as chlorogenic acid, genkwanin 3-O-methyl iso-
secotanapartholide, and isosecotanapartholide have shown peroxy ni-
trite scavenging as well as the inhibition of nitric oxide (NO) production
in LPS-activated macrophages (Ryu et al., 2003).

Artemisia annua L. (AA) has been used globally to treat various
disorders, particularly malaria fever, across all ages (Hsu, 2006; Wright
et al.,, 2010). The active compound is artemisinin, a sesquiterpenoid
approved by the World Health organization (WHO) for the treatment of
drug resistant and cerebral malaria (Bhattarai et al., 2007).

The objectives of this investigation are to assess the in vitro free
radical scavenging (DPPH, H,O,, Hydroxyl, Nitric oxide, and
Superoxide), total antioxidant abilities, Fe?™ metal chelating activity,
Ferric reducing antioxidant power (FRAP), total phenol, flavonoid
contents and antiproliferation, anti-fibrotic effect of three Artemisia
species using activated HSCs. The results of this study will provide a
better understanding of the scavenging properties of these plants and
allow for the identification of high value plants with prominent anti-
oxidant activity for further investigation.

2. Materials and methods
2.1. Chemicals and reagents

Aluminium chloride (AlCl;), Catechin, and Gallic acid were pur-
chased from Acros Organics. 2,4,6 — tripyridyl - s-triazine (TPTZ), 1, 1-
diphenyl, 2-picryl hydrazyl (DPPH), Ascorbic acid, 2-2 azino-bis
(3ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), PBS
buffer, Folin—Ciocalteu's phenol reagent, Gallic acid, Quercetin,
Methanol, Nitro blue tetrazolium (NBT), Ferrous sulphate, Sodium
hydroxide (NaOH), Dimethyl sulphoxide (DMSO), Salicylic acid,
Hydrogen peroxide, Sodium nitroprusside, Sulphanilamide, Phosphoric
acid, N— (1- naphthyl) ethylenediamine dihydrochloride, EDTA,
Sodium carbonate (Na,COs3) and, Sodium nitrite (NaNO,) were pur-
chased from Sigma Chemical Company. All other chemicals and re-
agents used were of analytical grade.

2.2. Plant materials and extraction

Three Artemisia medicinal herbs were collected from Jeong — Seoung
Oriental medicine market, Daejeon, South Korea and was authenticated
by a professor in College of Pharmacy Kangwon National University,
South Korea. Herbs (each 100 g) were mixed and boiled in 1L of dis-
tilled water for 150 min using an automatic non-pressure pot (Dae-

Woong, Seoul, Korea). The suspension was filtered using a 300-mesh
filter paper (50 mm) (Advantec, Toyo Roshi Kaisah, Tokyo, Japan), and
the filtrate was concentrated in a rotary evaporator and lyophilized at —
80 °C for 48 h. The extraction yields were 5.63% (AC), 8.91% (AI), and
8.63% (AA), and each extraction was stored at — 80 °C until further use.

2.3. Total phenolic content

TPC of aqueous extracts were determined by employing
Folin-Ciocalteu reagent (Kim et al., 2003). First, 400 pL of Folin ciocalteu
reagent was mixed with 100 pL of aqueous extracts (0.2-10 mg/mL) of
the three Artemisia species in a volumetric flask. The solution was placed
at 25 °C for 5-10 min and mixed with 0.5 mL of Na,CO3 (1 M) solution,
then the mixture was finally diluted to 10 mL in a volumetric flask with
deionized distilled water. Prior to taking the absorbance at 765 nm, the
mixture was placed for 2h at 25°C. A calibration curve was plotted for
gallic acid and the total phenolic contents were calculated as per g gallic
acid (GAE) equivalents per gram of dried fraction (ug/g).

2.4. Total flavonoid content

A calorimetric assay was used to estimate the total flavonoid content.
In a volumetric flask of 10 mL, an aliquot of 0.1 mL of aqueous extracts
(0.1-10 mg/mL), distilled water (4.0 mL), 5% NaNO- (0.3 mL), and 10%
AlCl3.6H,0 (0.3 mL) was mixed and placed in room temperature for
6 min. Then, 2 mL of NaOH (1 M) was added, and the solution was di-
luted with 2.4 mL of distilled water. The absorbance of the colored so-
lution was recorded at 510 nm against a blank (containing all reagents
except sample) in UV spectrophotometer (Molecular devices). Quercetin
was used to plot the calibration curve. The total flavonoid content was
calculated as pg Quercetin equivalents per gram of dried extract (lg/g).

2.5. Antioxidant assays

2.5.1. DPPH assay

The scavenging activity of DPPH was assessed by the scavenging of 2, 2-
diphenyl-1-picrylhydrazyl radicals (W. Brand-Williams et al., 1995). A stock
solution of 0.3mM DPPH was prepared by dissolving the DPPH in me-
thanol. DPPH solution of 100 uL. was added to 100 L of three aqueous
extracts at varying concentrations (0.01-0.5mg/mL), then shaken vigor-
ously. The absorbance was recorded at 517 nm after 15 min of incubation in
room temperature. Water and DPPH was used as control. The experiment
was conducted three times and averaged. The DPPH scavenging activity of
various extracts was calculated by the following equation (eg-1).

Percentage inhibition (%) = [(Control Abs — Sample Abs) / (Control Abs)] X
100 (€8]

2.5.2. Superoxide scavenging assay

The Alkaline DMSO method was used to determine the superoxide
radical scavenging assay (Elizabeth and Rao, 1990). First, 10 pL of nitro
blue tetrazolium (NBT) (1 mg/mL prepared in DMSO) was added into a
microtiter plate, and 30puL of different concentrations of extracts
(0.2-10 mg/mL) or standard were introduced in to the wells. Then,
100 pL of alkaline DMSO (90 pL of DMSO + 10 pL of 5mM NaOH) was
added. The absorbance was measured at 560nm in a



A. Saravanakumar, et al.

spectrophotometer (Molecular devices). DMSO was used as a control
instead of sample. The percentage scavenging activities of the various
extracts were calculated by the following equation (eq-2)

Percentage inhibition (%) = [(Test Abs — Control Abs) / (Test Abs)] X
100 2

2.5.3. Hydroxyl radical scavenging assay

Hydroxyl radical scavenging activity was analyzed as described by
Smirnoff and Cumbes (1989), with some minor modifications. To 1 mL of
different concentrations of extract solution (0.2-10 mg/mL), 300 uL of
FeSO, (8 mM) solution and 250 uL of H,O, (20 mM) were mixed. In
order to initiate the reaction, 250 pL of salicylic acid in ethanol (3 mM)
was added. The reaction mixture was allowed to stand for 30 min in a
water bath at 37 °C, after which, 450 pL of distilled water was added, and
the mixture was centrifuged at 10000 rpm for 10 min. The absorbance of
the supernatant was measured at 510 nm. Extracting solvent was used as
control instead of sample. The percentage scavenging activities of the
various extracts were calculated by the following equation (eq-3).

Percentage inhibition (%) = [(Control Abs — Sample Abs) / (Control
Abs)] X 100 3)

2.5.4. Nitric oxide scavenging assay

The nitric oxide scavenging capacity was measured by the method
described by Sreejayan and Rao (1997), with some minor modifica-
tions. First, 500 uL. of sodium nitroprusside (10 mM) was incubated
with 500 pL of phosphate buffer (1 mM) and 30 uL of different con-
centrations of aqueous extracts (0.1-5mg/mL) at 25°C for 90 min.
Following incubation, an aliquot of 1 mL solution (1:1) was prepared by
mixing incubated solution with freshly prepared Griess reagent (2% of
sulphanilamide in 4% phosphoric acid and 0.2% of N— (1- naphthyl)
ethylenediamine dihydrochloride), and the absorbance was measured
at 546 nm after 3-5min. The percentage scavenging activities of the
various extracts were calculated by the following equation

Percentage inhibition (%) = [(Control Abs — Sample Abs) / (Control
Abs)] X 100 (C))

2.5.5. Hydrogen peroxide scavenging assay

Hydrogen peroxide scavenging assay was carried out according to
the method described by Muller (1985), with some modifications. First,
80 L of different concentrations (0.01-0.2 mg/mL) of aqueous extracts
were mixed with 20 uL of H,O, (10 mM) in a microtiter plate. Then,
100 pL of phosphate buffer pH 5 (0.1 M) was introduced in to the wells.
Next, the plate was incubated at 37 °C for 5 min. Finally, 60 uL of ABTS
(1.25mM) prepared with 1 IU/mL of peroxidase was mixed, and the
plates were kept for incubation at 37 °C for 10 min. The absorbance was
measured at 405 nm. The percentage scavenging activities of the var-
ious extracts were calculated by the following equation (eq-4).

Percentage inhibition (%) = [(Control Abs — Sample Abs) / (Control
Abs)] X 100] 5)

2.5.6. Ferric reducing antioxidant power (FRAP) assay

In order to evaluate the reducing power of extracts, the ferric ion
reducing antioxidant power (FRAP) assay (Benzie and Strain, 1996),
modified for 96 well microplates, was used. FRAP reagent was prepared
by mixing 10 mM/L of TPTZ in 40 mM/L HCIl, 0.02M/L FeCls, and
acetate buffer pH 3.6 in a 1:1:10 ratio, respectively. Following the ad-
dition of different concentrations of extract or standard (10uL) to
290 uL. of FRAP reagent (substituted with distilled water in blank
probe), the absorbance at 593 nm was measured after 6 min. All sam-
ples were prepared in triplicate, and the mean values of reducing power
were expressed as g of ferrous sulphate equivalent per g of dry weight
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(dw), calculated according to regression equation (Y = mx + C re-
gression line) derived from the standard calibration curve.

2.5.7. Total antioxidant capacity (TAC)

The total antioxidant capacity was measured by taking 90 uL of
phosphate buffer (1M, pH 7.2) was mixed with 50 uL. of myoglobin
(18 uM), 20 puL of ABTS (3 mM), and 20 pL of different concentrations of
sample (0.01-0.2 mg/mL) or standard. After 3 min incubation in room
temperature, 20 pL of H,O, (250 M) was added and again incubated in
room temperature for 5 min. The absorbance was then measured at
600 nm. In order to obtain good results, the whole experiment was
carried out in cold condition. Gallic acid was used as a standard, and
the results were expressed as g gallic acid (GAE) equivalents per gram
(GAE/g) of dried extract (ug/g) on the basis of regression equation
(Y = mx + C regression line) using the standard plot.

2.5.8. Iron chelating assay

The ability of extracts to chelate Fe?* was determined as previously
described (Dinis et al., 1994), with some minor modifications. Briefly,
0.1 mL of FeSO4 (0.1 mM) was mixed with 0.1 mL of different con-
centrations of extracts (0.1-5mg/mL) or standard and 0.1 mL of Fer-
rozinc (0.25 mM) in microtiter plates. This was then allowed to stand in
room temperature for 10 min. Next, the absorbance was measured at
562nm. EDTA was used as a standard. The percentage chelating ac-
tivities of various extracts were calculated by the following equation

Percentage inhibition (%) = [(Control Abs — Sample Abs) / (Control
Abs)] X 100 (6)

2.6. Anti fibrotic activity

2.6.1. Hepatic stellate cells (HSC-T6)

Hepatic stellate T6 (HSC-T6) cells, an immortalized rat hepatic
stellate cell line, were kindly provided by Prof. SL Friedman, Mount
Sinai School of Medicine, New York. HSC— T6 cells were cultured in
DMEM supplemented with 10% heat-inactivated fetal bovine serum,
100 IU/mL penicillin, and 100 mg/mL streptomycin at 37 °C in a hu-
midified atmosphere of 95% air — 5% CO,.

2.6.2. Anti proliferation assay

HSC-T6 cells (3 x 103 cells per well) (180 uL) were cultured in 96
well plates for 24 h. Different concentrations of herbal extracts (5, 10,
50, 100 ug/mL) were added to the cells and further incubated for 24 h.
Finally, 20 pL of CCK-8 kit (LPS solutions) solution was added in order
to measure the cell proliferation after 1-3 h incubation at 37 °C in 5%
CO,. The absorbance was measured by an enzyme linked immune
sorbent assay (ELISA) reader (Versamax tunable microplate reader,
Sunnyvale, California, USA) at a test wavelength of 450 nm and a re-
ference wavelength of 600 nm.

2.6.3. Hydroxyproline content

Collagen was determined by estimating the hydroxyproline content,
which is an amino acid characteristic of collagen. HSC-T6 cells were
lysed after treatment with different concentrations of the three different
Artemisia species (10, 50, 100 ug/mL) for 48 h. The lysates were hy-
drolyzed in 2mL of 6 N HCI for 24 hat 110 °C, and evaporated to dry-
ness in order to remove the acid. 100 uL of 0.05M CuSO,, 250 uL of
2.5N NaOH, and 250 pL of 7% chloramine T were mixed with the re-
sidue. The solution was kept in room temperature for 5 min, then he-
ated at 70 °C for 10 min in a water bath, followed by cooling in ice for
5-10 min. Then, 200 pL of 8 N H,SO,4 and 1.25 mL of 5% p-dimethyla-
mino benzaldehyde in isopropanol (Ehrlich's reagent) were mixed, then
again heated at 70 °C for 40 + 5min in a water bath. p-dimethylamino
benzaldehyde in isopropanol was prepared by heating the solution in a
water bath at 65-70 °C for 10 min. The absorbance was measured at
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558 nm using a UV spectrophotometer. Hydroxyproline was used to
prepare a standard curve. The values obtained were expressed as pg of
hydroxyproline.

2.6.4. Gene expression analysis by qRT-PCR

HSC-T6 cells were maintained in Dulbecco's modified Eagle's medium
with 10% fetal bovine serum and incubated at 37 °C in a 5% CO, humi-
dified atmosphere. The cells were treated with 50 ug/mL of each of the
three Artemisia aqueous extracts. Total RNA was extracted after 24h
treatment with plant extracts using TRIzol reagent (Molecular Research
Center, Cincinnati, OH, USA). The harvested cells after 6 h of incubation
were used to isolate the mRNA. The total RNA was measured by
NanoDrop 2000 (Thermo Scientific). The extracted RNA concentration
was adjusted to be 2 g per reverse transcription reaction using a High-
Capacity cDNA Reverse Transcription kit (Ambion). The primer sequences
used were (forward and reverse, respectively) -actin (CTAAGGCCAACC
GTGAAAAGAT and GACCAGAGGCATACAGGGACAA), a-SMA (AACACG
GCATCATCACCAACT and TTTCTCCCGGTTGGCCTTA), and TGF - B (
AGGAGACGGAATACAGGGCTTT and AGCAGGAAGGGTCGGTTCAT), re-
spectively. Reactions were performed with 8uL of iQ SYBR Green
Supermix, 1 pL of 10 pmol/L primer pairs, 8 uL of distilled water, and 3 pL
of ¢cDNA. Each PCR reaction was performed under the following condi-
tions: 95 °C for 5 min, followed by 40 cycles of 95 °C for 1 min, 58 °C for
40s, and 72 °C for 40s, followed by a single fluorescence measurement.

2.7. Statistical analysis

All of the experiments were carried out in triplicate. The results were
expressed as means * standard deviations (SD). The analysis of variance
and significant differences were examined by one way ANOVA followed
by the Bonferroni post hoc test using SPSS software (version 13.0 for
Windows, SPSS Inc., Chicago, IL). In addition, Pearson correlation coeffi-
cients were calculated between total phenolics, flavonoids, and anti-
oxidant methods. In all methods, p < 0.05 was regarded as significant.

3. Results
3.1. Total phenolics and flavonoids content

Phytochemicals such as phenolic compounds are accepted as valu-
able in human health for maintaining and repairing agents in cells,
tissues, or the whole body. The major secondary metabolites from
plants are polyphenols, which have been reported to possess anti-
oxidant and free radical scavenging activities. Several studies have
proven that polyphenols reduce the risk of degenerative diseases by
diminishing oxidative stress and inhibiting macromolecular oxidation
(Silva et al., 2004). The highest concentration of total phenolics was
measured in AC (900.91 * 22.81pug), followed by Al
(419.35 = 43.88ug) and AA (392.13 * 25.61ug) of GAE/g DW.
Flavonoids make up the most common group of plant polyphenols, with
a wide range of biological activities, which includes antibacterial, an-
tiviral, anti-inflammatory, anti-allergic, and vasodilatory actions
(Abdella et al., 2009). The maximum concentration of total flavonoids
was measured in AC (2918.83 = 109.37pug), followed by AI
(1852.31 + 240.81pg) and AA (1422.85 + 80.61ug) of QE/g DW.
The results are shown in Table 1.

Table 1
Total phenolic, flavonoids and antioxidant capacity.
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3.2. Antioxidant assays

3.2.1. DPPH assay

DPPH is a stable organic nitrogen free radical that has been widely
used to study the antioxidant capacity of plant extracts or compounds.
In this assay, picryl hydrazyl radical (purple color) was reduced to pi-
cryl hydrazine (pale yellow color) by plant extracts or antioxidant
compounds (Blois, 1958). The color change or discoloration indicates
the free radical scavenging activity of the tested sample. The capability
of DPPH reduction was determined by the decrease in its absorbance at
517 nm, which is roused by antioxidants. In the DPPH assay, all three
Artemisia species showed significant radical scavenging effects with
increasing concentration. The studied plant extracts showed scavenging
activity in a concentration-dependent manner. The investigated plant
extracts demonstrated the lowest ICs, value of 0.14 + 0.02 mg/mL for
AC, followed by 0.17 = 0.01 mg/mL for AI and 0.35 * 0.03mg/mL
for AA. Ascorbic acid and gallic acid were used as standard and showed
ICso values of 0.001 *= 0.0 mg/mL and 0.006 * 0.0 mg/mL, respec-
tively (Table 2). On average, the DPPH radical scavenging activities
were in the order of A. capillaris > A. iwayomogi > A. annua.

3.2.2. Superoxide scavenging assay

The scavenging of superoxide radicals is important because it is one
of the precursors of the singlet oxygen and hydroxyl radicals. (Marklund
and Marklund, 1974). Oxidation reactions at the cellular level, super-
oxide radicals, are normally formed first, and their effects can be mag-
nified because they produce other kinds of cell damaging free radicals
and oxidizing agents (Aruoma 1996a,). Different concentrations of three
Artemisia species were used to measure the scavenging activities of su-
peroxide radicals. In our results, marked inhibitory effects of all Artemisia
aqueous extracts on superoxide radicals were shown in a dose-dependent
manner. The order of ICsy, values was shown to be 8.66 * 0.06,
8.54 + 0.42, and 9.42 + 0.06 mg/mL for AC, Al, and AA, respectively
(Table 2). Ascorbic acid and gallic acid were used as standard and in-
vestigated under the same conditions, ultimately showing ICs, values of
0.008 + 0.0 mg/mL and 0.02 *= 0.01 mg/mL, respectively.

3.2.3. Hydroxyl ion scavenging assay

The hydroxyl radical is an extremely reactive free radical formed in
biological systems that has been implicated as a highly damaging spe-
cies in free radical pathology, capable of damaging almost every mo-
lecule found in living cells (Hochestein and Atallah, 1988). This radical
has the capacity to join nucleotides in DNA and can cause strand
breakage, which contributes to carcinogenesis, mutagenesis, and cyto-
toxicity (Manian et al., 2008). The Fenton reaction generates hydroxyl
radicals which degrade DNA deoxyribose by using Fe** salts as an
important catalytic component. Oxygen radicals may attack DNA at
either the sugar or the base, giving rise to a large number of products
(Rajeshwar et al., 2005). The lowest ICso value with highest scavenging
capacity was found to be 3.85 = 0.06 mg/mL for AC, followed by
7.81 = 0.14mg/mL for Al and 8.66 * 0.02mg/mL for AA (Table 2).
The standard gallic acid had an ICs, value of 0.06 + 0.0 mg/mL.

3.2.4. Nitric oxide scavenging assay
Nitric oxide is an important bioregulatory molecule involved in
several physiological processes like neural signal transmission, immune

Artemisia species TPC (ug/g of GAE)

TFC (ug/g of QE)

TAC (ug/g of GAE) FRAP (ug/g of FeSO,)

Artemisia capillaris 900.91 + 22.81 2918.83
Artemisia iwayomogi 419.35 = 43.88 1852.31
Artemisia annua 392.13 = 25.61 1422.85

*
+
+

109.37 43.21 = 0.28 3880.24 = 340.37
240.81 25.42 + 6.55 3599.33 + 435.78
80.61 20.08 + 3.25 2474.56 *+ 49.65

*All the SD values given were the results of triplicate estimates each study, n = 3.
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Table 2

Antioxidant activities of plant extracts and standards.
Plant or Drug name ICs (mg/ml)

DPPH H,0, Nitric oxide Super oxide Hydroxyl Iron chelating

Artemisia capillaris 0.14 = 0.02 0.01 = 0.00 1.05 = 1.75 8.66 = 0.06 3.85 = 0.01 ND
Artemisia iwayomogi 0.17 = 0.01 0.02 = 0.00 1.17 = 0.42 8.54 = 0.42 7.81 = 0.14 3.83 = 0.06
Artemisia annua 0.35 = 0.03 0.04 = 0.00 3.14 = 0.30 9.42 = 0.06 8.66 = 0.02 4.78 = 0.1
Ascorbic acid 0.001 = 0.0 ND ND 0.008 + 0.0 ND ND
BHT ND 0.03 = 0.00 ND ND ND ND
EDTA ND ND ND ND ND 0.06 = 0.00
Gallic acid 0.006 = 0.0 0.002 = 0.0 0.05 = 0.00 0.02 = 0.01 0.06 = 0.00 ND

*All the SD values given were the results of triplicate estimates each study, n = 3.
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Fig. 1. Effect of Artemisia species on cell proliferation, hydroxyproline content and gene expression. (A) Inhibition percentage of activated HSC's treated with 5, 10,
50, 100 pg/mL. (B) Hydroxyproline content in Artemisia species. (C) Alterations in the gene expression of TGF -  and a - SMA determined by RT-PCR. The gene
expressions were normalized to that of B-actin. Data are expressed as the means + SDs. P < 0.05, P < 0.01, “™P < 0.001 compared with the control group.
AC = Artemisia capillaris, Al = Artemisia iwayomogi, AA = Artemisia annua.
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response, control of vasodilatation, and blood pressure (Jagetia et al.,
2002). In the present study, our results indicated that the lowest ICsq
value was shown in AC (1.05 * 0.75mg/mL), followed by AI
(1.17 * 0.42mg/mL) and AA (3.14 = 0.30 mg/mL) (Table 2). Gallic
acid was used as standard, and showed an ICsq value of 0.05 + 0.0.

3.2.5. Hydrogen peroxide scavenging assay

Hydrogen peroxide (H»0,) was generated in large quantity during
the inflammatory process, which may be due to the activation of mast
cells, macrophages, eosinophils, and neutrophils, which generate su-
peroxide radicals, predominantly via NADPH oxidase (Barnes, 1990;
Hamelmann et al., 1999). The superoxide is then rapidly converted into
H,0, by superoxide dismutase (SOD). H,O, can easily enter the
membranes of surrounding cells, whereas superoxide usually cannot. In
our study, all three Artemisia species were confirmed to show scaven-
ging property, and they exhibited ICso values of 0.01 * 0.0,
0.02 + 0.0, and 0.04 = 0.0 mg/mL for AC, AL, and AA, respectively
(Table 2). Gallic acid and BHT were used as standard and showed ICsq
values of 0.002 = 0.0 and 0.03 * 0.0 mg/mL, respectively.

3.2.6. Ferric reducing antioxidant power (FRAP) assay

The FRAP assay is commonly used in routine analysis to evaluate anti-
oxidant capacity, since it is a rapid, simple, sensitive, and reproducible
method (Prior et al., 2005). The assay is based on the ability of antioxidant
compounds to reduce complex ferric (Fe (IIN-TPTZ) to ferrous (Fe (I)-TPTZ).
The Fe (I-TPTZ complex gives a blue color with an absorbance maximum at
593 nm (Zou et al., 2011). In order to determine the antioxidant capacities of
the samples, the absorbance values were compared with those obtained from
the linear standard curves of FeSO, (r* = 0.9971). The antioxidant capacity
values were expressed as pg FeSO, equivalent in g extract (ug FeSO, eq/g
extract). Within these plants, the AC displayed the highest FRAP value
(3880.24 = 340.37), followed by AI (3599.33 = 435.78) and AA
(2474.56 = 49.65 g of FeSO4 eq/g) (Table 1).

3.2.7. Total antioxidant capacity (TAC)

There are actually three TAC tests developed at different periods,
namely TAC I (ABTS'* generated enzymatically with metmyoglobin
and hydrogen peroxide), TAC II (radical generation with filtration over
the MnO, oxidant), and TAC III (with potassium per sulphate (K5S>0g)
oxidant), which were totally different from each other and applicable to
different solvent media, and their findings for a given antioxidant could
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vary significantly (Schleiser et al., 2002). The advantages of ABTS/TAC
have been reported to be their operational simplicity, reproducibility,
diversity, and flexible usage in multiple media, since the reagent is
soluble in both aqueous and organic solvent media (Awika et al., 2003).
The calibration curve was plotted using gallic acid (r* = 0.998) and the
results were expressed as ug of GA eq/g. Based on these plants, the
highest antioxidant capacity was observed in AC (43.21 * 0.277),
followed by Al (25.42 = 6.55) and AA (20.08 = 3.25 g of GA eq/g).

3.2.8. Iron chelating assay

Among the transition metals, iron is known to be the most important
lipid oxidation pro-oxidant, due to its high reactivity. The ferrous state of
iron accelerates lipid oxidation by breaking down hydrogen and lipid
peroxides to reactive free radicals via the Fenton reaction. Fe>* ion also
produces radicals from peroxides, although the rate is less than that of
Fe?" ion. Thus, Fe?" ion is the most powerful pro-oxidant among the
various species of metal ions (Lim et al., 2002). The highest chelation
with a lowest ICso was observed in Al (3.83 + 0.06), followed by AA
(4.78 = 0.1 mg/mL) (Table 2). AC did not show 50% inhibition in all
tested concentrations. The EDTA was used as standard, and showed an
ICsp value of 0.06 + 0.0 mg/mL.

3.3. Anti fibrotic activity

3.3.1. Anti proliferation assay

We hypothesized three Artemisia species for anti proliferation by asses-
sing the cell viability in fully-activated rat HSC's. Among the plants tested,
AC and AA displayed the most potent inhibitory activities on the pro-
liferation of HSCs after 48 h of incubation. Our present results revealed that
all species showed significantly decreased HSC proliferation (AC and
Al =p < 0.01 and 0.001, AA = p < 0.001) in a concentration-dependent
manner (Fig. 1A). The Al showed weak inhibitory activity as compared with
other plants. Since the plants tested the inhibitory activity on HSC pro-
liferation, we further observed the cell morphology under a phase contrast
microscope. HSCs cultured in the absence of plant extracts exhibited flat-
tened and membranous processes, representing myofibroblastic mor-
phology. However, the morphology of HSCs treated with plant extracts
changed to a slender cell shape at the tested concentrations (Fig. 2).

3.3.2. Hydroxyproline content
In order to assess the effect of Artemisia extracts on ECM

Fig. 2. Effect of Artemisia species on cell morphology in HSC-T6 cells. HSC-T6 cells were incubated with vehicle (control) (A), Artemisia capillaris (B), Artemisia
iwayomogi (C) and Artemisia annua (D) for 48 hat 100ug/mL. Cells were observed with phase contrast microscope (original magnification X 45).
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production, the hydroxyproline content was measured. Treatment with
different concentrations of extracts significantly reduced the cell hy-
droxyproline content in a dose-dependent manner as compared to
control. The inhibition of hydroxyproline content was significantly re-
duced for AI (2.68 = 0.28ug/mL) (p < 0.001), followed by AA
(2.74 = 0.36 ug/mL) (p < 0.01, 0.001) and AC (3.76 = 0.17 pg/mL)
(p < 0.001) at 100 pg/mL (Fig. 1B).

3.3.3. Gene expression analysis by qRT-PCR

Following the demonstration of the growth inhibitory effect of three
Artemisia species on activated HSCs, we continued to further examine
these plant extracts (50 pg/mL) in terms of mRNA expression of two
main fibrosis related genes, including TGF - f and a-SMA in cultured
activated rat HSCs. The addition of extracts significantly downregulated
the TGF - 3 and a-SMA (p < 0.05) as compared with control (Fig. 1C).
3.3.4. Correlation between total contents and
antioxidant activity

The antioxidant activities of plants containing polyphenolic com-
pounds are mainly due to their ability to act as hydrogen donors, reducing
agents, and radical scavengers (Niciforovic et al., 2010). The correlation
between phenolic contents and antioxidant properties was determined by
using Pearson correlation coefficient (r), and the results are shown in
Table 3. According to these results, the higher correlation was found for all
species between total phenolics and total flavonoids with FRAP than those
of other methods. Sulaiman et al. (2011) reported the highest correlations
between TPC and FRAP with the extracts of Coriandrum sativum. In the
three species, the highest correlation was found between FRAP and total
flavonoids (r = 0.998, p < 0.01) with the extracts of AA. Meanwhile, the
values of total phenolics of Al and AA were significantly correlated with
superoxide scavenging assay (r = 0.991, p < 0.01). The lowest correla-
tion was found between total flavonoids and TAC (r = 0.815, p < 0.05).
There were no statistically significant correlations between total phe-
nolics/flavonoids content and H,O,. These findings suggest that the ac-
tivities of extracts on these methods may be attributable to the presence of
non-phenolic compounds.

phenolic/flavonoid

4. Discussion

Recently, several methods have been employed for the determina-
tion of antioxidant activities. The chemical compositions of extracts,
often a mixture of dozens of compounds with different functional
groups, polarities, and chemical behaviors, could lead to uneven re-
sults, depending on the test employed. Therefore, a reliable approach
for evaluating the antioxidant potential of extracts with multiple assays
would be more informative and even necessary. In our study, the eight
methods of DPPH, superoxide anion, hydroxyl, nitric oxide radical
scavenging activity, metal chelating activity, ferric reducing anti-
oxidant power, and total antioxidant capacity were mainly employed.
The concentrations of total phenolic and flavonoids were also de-
termined for the tested extracts.

Table 3
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In the present study, three different aqueous extracts of artemisia often
used in Korean Traditional Medicine (KTM) have been tested for their
antioxidant activity by measuring their ability to inhibit the free radicals.
The three extracts showed different capacities to inhibit free radicals. At a
given concentration, the inhibiting capacity for different extracts is in the
order AC > Al > AA. The effective inhibiting concentrations corre-
sponding to 50% (ICs, values) of AC were obviously lower than those of Al
and AA. These results confirmed that all of the plant extracts tested exhibit
some antioxidant potential, but to different extents. There are a number of
mechanisms by which antioxidants can act. One of them is by the
scavenging of reactive oxygen (ROS) and nitrogen free radicals (RNS).
There are many different testing methods by which the free radical
scavenging activity can be estimated. One such method involves de-
termining their efficiency to scavenge DPPH radicals. DPPH radical is a
stable free radical, and any molecule that can donate an electron or hy-
drogen to DPPH can react with it, and thereby lighten or remove the DPPH
color (Blois, 1958). When the above extracts were tested for DPPH
scavenging ability, only AC and AI showed high activity with the lowest
ICsp values as compared to those of AA. These results suggested that all
Artemisia species contain compounds such as polyphenols that can easily
donate electrons/hydrogen, but to different extents.

In order to further confirm the radical scavenging activity, we used
H,0,, Superoxide, Hydroxyl, Nitric oxide, and iron chelating ability.
The results of these methods were in close agreement with the DPPH
scavenging study, excluding metal chelating activity. Furthermore, we
confirmed the antioxidant abilities in terms of pg/g of different stan-
dard equivalents. In TAC, the gallic acid was used as standard and the
values obtained were expressed in ug/g of GAE. Among these extracts,
AC showed a very high level of total antioxidant capacity in terms of
gallic acid equivalents; AI showed a moderate value and AA showed
very little value. The ferric reducing antioxidant power (FRAP) of tested
extracts were steadily increased with increasing sample concentration.
All extracts, at testing concentrations, were capable of reducing Fe3™.
Similar to the other results obtained, the strongest reducing power was
found for AC at a concentration of 10 mg/mL followed by AI, while the
weakest reducing power was found in AA at the same concentration.
Hong et al. showed the antioxidant activity of different solvent fractions
of Artemisia capillaris and its ethyl acetate fraction showed lower ICsq
values in DPPH, Nitric oxide, TBARS, and superoxide scavenging ac-
tivity. The chloroform fraction of Artemisia capillaris showed a smaller
ICso value in hydroxyl scavenging activity (Hong et al., 2009). Kim
et al. showed strong DPPH scavenging activity in ethyl acetate fraction
of Artemisia iwayomogi. Furthermore, different compounds were iso-
lated, but chlorogenic acid isolated from n-butanol fraction of metha-
nolic extract of Artemisia iwayomogi exhibited higher scavenging ability
on DPPH(Kim et al., 2003). Isabel et al. compared the antioxidant
profiles of six artemisia species, and Artemisia annua showed sub-
stantially less antioxidant capacity than the other species (Isabel et al.,
2011). The same findings were observed in our results, that Artemisia
annua displayed less antioxidant potential than other species. A com-
parison of our results with those of previous studies shows that the

Pearson's correlation coefficients of total phenolics, total flavonoids and antioxidant.

Methods AC Al

AA

Total phenols Total flavonoids

Total phenols

Total flavonoids Total phenols Total flavonoids

DPPH 0.975"" 0.867" 0.977**
Superoxide 0.987*" 0.909" 0.991™
Hydroxyl 0.930"" 0.797 0.909"
Nitric oxide 0.951*" 0.911** 0.987**
H,0, 0.622 0.456 0.712
FRAP 0.993" 0.996"" 0.916™
TAC 0.834" 0.673 0.941"
Iron chelating 0.977** 0.985*" 0.853"

0.884" 0.985™" 0.958™
0.918™" 0.9917" 0.963™"
0.796 0.939"" 0.909"
0.948™" 0.951"" 0.973""
0.560 0.773 0.721

0.997"* 0.948™" 0.998™"
0.815" 0.926™ 0.872"
0.980"" 0.898™" 0.903™"

*Significant at p < 0.05,** Significant p < 0.01.
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locality of the plant material and the extraction procedure leads to
differences in the antioxidant activities of the plants.

The activation of HSCs plays a major role in myofibroblast pro-
liferation for the development of liver fibrosis. In our study, we eval-
uated the antiproliferation and anti-fibrotic potential of three Artemisia
species in activated HSC cells. The results showed that the growth of
HSCs was inhibited by Artemisia extracts, and comprises the first piece
of evidence for an antiproliferative effect of these extracts. We proved
that Artemisia extracts decreases the proliferation of HSC's, as shown by
the spectrophotometric determination of HSC's growth. Cell growth
inhibition was significantly improved by the addition of increasing
concentrations of Artemisia extracts. These data suggest that Artemisia
extracts may play a key role as a negative regulator of liver fibrogenesis.
Recently, several reports have demonstrated that natural dietary plants
may play an antioxidative role in the prevention of aging and carci-
nogenesis, and may also offer effective protection from lipid perox-
idative damage in vitro and in vivo (Galli and Costa, 1995; Hamelmann
et al., 1999). The Artemisia extracts directly inhibited the proliferation
of HSCs and induced cell death in a dose-dependent manner. As shown
in Fig. 2, the treatments of AC, Al, and AA (100 pg/mL) changed the cell
morphology from flattened myofibroblastic membranous morphology,
indicating an activation state, to a slender shape, indicating a quiescent
state. As compared with the antioxidant results, the HSC — T6 pro-
liferation was in same order of AC > Al > AA.

Furthermore, we used an activated HSC-T6 cell line for the assess-
ment of antifibrotic activity in terms of measuring hydroxyproline
content. Hydroxyproline, a main component of the protein collagen, is
produced by the hydroxylation of the amino acid proline by the enzyme
prolyl hydroxylase following protein synthesis. In order to evaluate
extracellular matrix production, the hydroxyproline content was mea-
sured. The cell hydroxyproline content was higher in activated HSC-T6
cell line, and this was reversed or inversed in a dose-dependent manner
after the addition of Artemisia extracts.

In liver fibrosis, the cytokines play a major role in activating the
HSCs. These activated HSCs becoming a main source for the stimulation
of cytokines leads to collagen production. Among the cytokines, TGF-31
is the most potent fibrogenic cytokine in liver fibrosis, and its expres-
sion is up-regulated during fibrogenesis, which induces increased ECM
synthesis (Shek and Benyon, 2004). The primary approach to treating
liver fibrosis aims to disrupt or decrease TGF-B1 expression. Alpha
smooth muscle actin (a-SMA) is a commonly used marker of myofi-
broblast formation, and the TGF-3/a-SMA pathway is the most potent
fibrogenic stimulus to HSCs, resulting in increased production of ECM
(Lin et al., 2013). We investigated the Artemisia species for the in-
hibition of the development of hepatic fibrosis in terms of TGF-f 1, as
well as a-SMA gene expression levels in cells treated or not treated with
extracts. The results showed that the treatment of all extracts markedly
ameliorated the TGF-B1 and a-SMA mRNA gene expression levels in
activated rat HSCs. This was treated as further evidence that TGF
secretion during cell growth triggers liver fibrosis by means of collagen
accumulation.

Our results collectively demonstrated that, all Artemisia extracts
possess prominent anti-proliferation as well as anti-fibrotic activities
via the inhibition of TGF- B gene expression in activated HSCs. On the
other hand, the positive correlations between antioxidant assays and
anti fibrotic activity suggest its involvement in liver regeneration.

5. Conclusion

In conclusion, our results demonstrated that all three Artemisia ex-
tracts exhibited significant antioxidant potentials. Of the three plants,
Artemisia capillaris and Artemisia iwayomogi were found to offer the most
antioxidant capacity with lower ICsy values than Artemisia annua. In
addition, antiproliferative, anti-fibrotic, and mRNA gene expression
data showed that AC and AI remarkably inhibited or inversed liver fi-
brogenesis by downregulating TGF-B1 and a-SMA gene expression,
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which are commonly used markers for myofibroblast formation. The
possible mechanism associated with this anti-fibrotic potential may
involve the inhibition of TGF-/Smad pathway. Thus, we suggest that
AC and Al may be useful in preventing the development of liver fibrosis.
This will provide further insight into the design of new approaches to
liver fibrosis.
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