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Abstract. In the present study, a polyphenolic mixture was 
isolated from Seomae mugwort (SM; a native Korean variety 
of Artemisia argyi H.) via extraction with aqueous 70% 
methanol followed by the elution of ethyl acetate over a silica 
gel column. Each polyphenolic compound was analyzed 
using high-performance liquid chromatography coupled with 
tandem mass spectrometry, and compared with the literature. 
In addition to the 14 characterized components, one hydroxy-
cinnamate, six flavonoids, and one lignan were reported for the 
first time, to the best our knowledge, in Artemisia argyi H. The 
anti‑inflammatory properties of SM polyphenols were studied 
in lipopolysaccharide-treated RAW 264.7 macrophage cells. 
The SM polyphenols attenuated the activation of macrophages 
via the inhibition of nitric oxide production, nuclear factor-κB 
activation, the mRNA expression of inducible nitric oxide 
synthase, tumor necrosis factor α and interleukin‑1β, and the 

phosphorylation of mitogen‑activated protein kinase. Our 
results suggested that SM polyphenols may have therapeutic 
potential for the treatment of inflammatory‑related diseases.

Introduction

The genus Artemisia argyi H. (A. argyi), a perennial herb that 
belongs to the Asteraceae family, is ubiquitously distributed 
in the northern hemisphere (1). The plant has been used for 
various purposes, such as spring greens, spices, native tea or 
ornamentation (2). In addition, it has been traditionally used 
in the Far East to treat or prevent a variety of diseases, which 
include eczema, diarrhea, inflammation, hemostasis, menstru-
ation-related symptoms and tuberculosis (3). Pharmacological 
research has demonstrated that A. argyi exhibits a variety of 
biological activities, such as anti-diabetic (4), anti-oxidant (5), 
anti‑cancer (6,7), anti‑microbial (8), anti‑inflammatory (9), 
anti-ulcer (10), and anti-allergic (11) activities.

Among a number of components (fatty acid, amino acid, 
vitamin c, coumarins, glycosides, polyphenols, polyacetylenes, 
terpenes, sterols, sesquiterpene lactones and essential oils) 
identified from A. argyi (12,13). Polyphenols usually detected 
in plants can be classified into two groups of flavonoids and 
non‑flavonoids, and may be notably responsible for various 
pharmacological activities (14). Polyphenols including flavo-
noids serve a role as powerful anti-oxidants that are capable 
of scavenging reactive oxygen species, thereby suppressing 
the pathogenesis of age-related degenerative diseases, such as 
diabetes, cardiovascular disease, cancer, and neurodegenera-
tive diseases (15,16). Scientists have been shown great interest 
in the study of plant flavonoids, as of their potential application 
in the fields of nutrition and pharmacology, where A. argyi 
could be an attractive research target (17).

Inflammation is a defensive immune response of the human 
body that is conferred by the host against harmful stimuli, such 
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as foreign pathogens, damaged cells or irritants (18). Prolonged 
and uncontrolled inflammation hyperactivates macrophage and 
nuclear factor-κB (NF-κB), which up regulates pro‑inflamma-
tory mediators, such as inducible nitric oxide synthase (iNOS), 
cyclooxygenase‑2 (COX‑2) and and cytokines which include 
tumor necrosis factor-α (TNF-α), interleukin‑1β (IL-1β), and 
IL‑6 (19). This inflammation‑related process may result in the 
pathogenesis of various chronic diseases, such as hay fever, 
periodontitis, atherosclerosis, rheumatoid arthritis, Alzheimer's 
disease, and even cancer, such as gallbladder carcinoma (20). 
Therefore, inhibiting NF-κB and/or various pro‑inflammatory 
mediators could be considered a promising strategy for drug 
discovery in relation to the treatment of various chronic 
disease (21). Widely used pharmaceuticals, such as indo-
methacin, naproxen and etanercept have been designed for the 
inhibition of specific inflammatory mediators (22). Despite their 
benefits, such synthetic medicines may cause serious adverse 
effects (23). Therefore, scientific trials that have been intensively 
concentrated on plant substances to find more effective and less 
deleterious therapeutic agents are required. It has been scien-
tifically demonstrated that various compounds of plant species 
show anti‑inflammatory potential (24). The polyphenols are 
a group of secondary metabolites that are ubiquitously found 
in the plant kingdom, and exhibit various pharmaceutical 
effects (25). It is well‑known that the polyphenols of oriental 
herbs can inhibit inflammatory pathways and mediators, such as 
NF-κB, TNF-α, iNOS, and cOX-2, IL-1β and IL-6 (26).

Seomae mugwort (SM) is a Korean variety of A. argyi H. 
Lév. & Vaniot that is exclusively cultivated on Namhae Island, 
and has been registered under protection as a local‑specific 
resource by the Korea Forest Service (registration no. 42, 2013, 
09. 27) (27). Few studies have been conducted to investigate its 
chemical and biological characteristics (12). Therefore, further 
analysis of its chemical composition and biological activities 
is required. Though previous studies have been conducted on 
the anti‑inflammatory effect of Artemisia polyphenols (28), no 
information regarding the anti‑inflammatory properties of SM 
polyphenols has been obtained at the molecular level.

In the present study, we aimed to comprehensively char-
acterize the SM polyphenolic metabolomes, such as flavonoid 
using high-performance liquid chromatography coupled with 
tandem mass spectrometry (HPLc-MS/MS), and investigated 
their anti‑inflammatory effects.

Materials and methods

Experimental extraction of polyphenols
Standards and reagents. Caffeic acid, apigenin, kaempferol, 
amentoflavone, ferulic acid, quercetin and flavone were 
purchased from Sigma‑Aldrich (Merck KGaA), and used 
as external standards, after recrystallization in ≥99.9% 
HPLc-grade methanol. The purities of all standards were 
confirmed by HPLC to be >99%. All other chemicals and 
solvents were of analytical grade, and were obtained from 
Duksan Pure Chemical Co., Ltd.

Collection and preparation of plant materials. The SM 
plants were collected in May 2017 from Namhae Island. The 
Animal Bioresource Research Bank authenticated the plants 
as taxonomically homozygous. The voucher specimens (ref 

nos. 2012M3A9B8019303 and 2017R1A2B4003974) were 
deposited at the herbarium of the Research Institute of Life 
Science, Gyeongsang National University. The plants were 
washed with water, lyophilized and stored at ‑20˚C, till 
extraction.

Extraction and purification. The isolation of polyphenols from 
the plant was carried out based on the technique described 
by Song et al with minor modifications (29). The lyophilized 
plants (90 g) were refluxed in 70% methanol (1.5 l) for 20 h 
at room temperature. The mixture was filtered through a 
Büchner funnel, and concentrated to ~300 ml at reduced 
pressure at 35˚C, using a rotary evaporator with 80 rpm. The 
concentrated filtrate was washed with n-hexane (300 ml) three 
times to remove nonpolar impurities. Subsequently, the filtrate 
was extracted using ethyl acetate (100 ml) three times, and 
dried over anhydrous MgSO4. The solvent was removed under 
reduced pressure. The sticky residue was placed on the top of 
a silica gel solvent (40x2.5 cm), and eluted with ethyl acetate 
to eliminate highly polar impurities. The solvent was then 
removed to yield solids of polyphenol mixture (1.34 g, 1.5% 
of the lyophilized plants). The mixture was stored at ‑20˚C, 
pending analysis.

HPLC‑MS/MS analysis. HPLc-MS/MS were conducted 
according to the method previously reported by Song et al (29). 
HPLc-MS/MS was performed on a 1,100 series HPLc system 
(Agilent Technologies, Inc.) and 3200 QTrap tandem mass 
system (Sciex LLc) operated in negative ion mode (spray 
voltage set at ‑4.5 kV). The exception being only that the 
gradient system comprised 0.5% aqueous formic acid (A) 
and 100% methanol (B) at a flow rate of 0.5 ml/min. The 
gradient conditions used in the mobile phase were 0-10 min, 
15% B; 10-15 min, 15-20% B; 15-25 min, 20% B; 25-30 min, 
20-25% B; 30-60 min, 25-45% B; 60-65 min, 45-70% B; 
65-70 min,  70-15% B.

Quantification of polyphenol. Polyphenol samples were quan-
tified using LC‑UV chromatograms (at 280 nm) with seven 
selected standards. calibration curves were plotted for each 
using five concentration levels (n=5; 50, 100, 200, 500, and 
1,000 µg/ml) and polyphenol contents were determined in terms 
of peak area ratios with the analyte vs. analyte concentrations 
using a 1/x (x, concentration) weighted linear regression (n=5). 
Quantification of each polyphenol can be conducted using 
a standard with the same chromophore. Thus, the standard 
caffeic acid was used to quantify compounds 1, 6, 10, 11 and 14; 
apigenin was used to quantify compounds 2 and 3; kaempferol 
was used for compounds 8 and 9; amentoflavone was applied 
for compounds 5 and 7, followed by ferulic acid, quercetin, and 
flavone was used to quantify compounds 4, 12 and 13, respec-
tively. And all samples were repeated three or more times.

Anti‑inflammatory experiments
Cell culture. The mouse macrophage cells, RAW 264.7 
(American Type culture collection), were cultured in 
Dulbecco's Modified Eagles medium (HyClone; GE Healthcare 
Life Sciences) supplemented with 10% fetal bovine serum and 
100 U/ml streptomycin at 37˚C in humidified 5% CO2 incu-
bator.
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Cell viability assay. cell viability was evaluated with MTT 
assay. RAW 264.7 cells were seeded at a density of 5x104 per 
well in 48-well culture plates. The cells were stimulated with 
LPS at 1 µg/ml for 1 h and then incubated with SM polyphenols 
at the indicated concentration (2.5‑30 µg/ml) for 24 h at 37˚C. 
control and LPS-only treated groups were treated with the 
same volume of the solvent dimethyl sulfoxide. After washing 
the cells, 0.05% MTT solution was added to each well, and 
then incubated for 3 h at 37˚C. The formazan crystals in live 
cells were dissolved in dimethyl sulfoxide. The absorbance 
of each well was measured at 570 nm using PowerWave HT 
microplate spectrophotometry (BioTek, Inc.). The cell viability 
was expressed as a percentage of viable cells compared with  
the control group consisting of untreated cells.

Measurement of nitric oxide (NO) expression. The quantitation 
of NO expression in biological systems was analyzed using 
Griess reagent kit (Promega Corporation, TB229), according to 
the manufacturer's instructions. RAW 264.7 cells were seeded 
at a density of 1.5x104 per well in 96-well culture plates. RAW 
264.7 cells were then pretreated with 1 µg/ml LPS for 1 h, 
followed by treatment with SM polyphenols at a concentration 
of 2.5 and 5 µg/ml for 24 h at 37˚C. The mixture of 50 µl 
of cell culture supernatant and 50 µl of sulfanilamide solu-
tion (1% sulfanilamide in 5% phosphoric acid) was incubated 
in 96-well plate for 10 min at room temperature, protected 
from light. After incubation, 50 µl of N-(1-naphthyl) ethylene 
diamine hydrochloride solution was added to each mixture, 
and incubated for 10 min at room temperature, protected 
from light. The absorbance of each well was measured at a 
wavelength of 520 nm using PowerWave HT microplate 
spectrophotometer (BioTek Instruments, Inc.). To calibrate the 
amount of NO, sodium nitrite (0, 1.56, 3.13, 6.25, 12.5, 25, 50, 
and 100 µM) was used as the nitrate standard.

Enzyme‑linked immunosorbent assay (ELISA). RAW 264.7 
cells were seeded at a density of 5x104 per well in 48-well 
culture plates. The cells were pretreated with 1 µg/ml LPS for 
1 h and then incubated with SM polyphenols for 24 h at 37˚C. 
The cytokine IL‑1 β levels were quantified using the mouse 
IL-1β kit (ADI‑900‑132A, Enzo Life Sciences) according to 
the manufacturer's instructions.

Western blot analysis. Whole cell lysates were prepared using 
radioimmunoprecipitation assay buffer (RIPA; iNtRON; 
50 mM Tris-Hcl, pH 7.5, 150 mM sodium chloride, 0.5% 
sodium deoxycholate, 1% Triton X-100, 0.1% SdS, 2 mM 
EDTA) containing protease inhibitor cocktail (Thermo Fisher 
Scientific, Inc.) and phosphatase inhibitor (Thermo Fisher 
Scientific, Inc.). The concentration of proteins was determined 
by a BCA protein assay kit (Thermo Fisher Scientific, Inc.). 
An equal amount of protein (20 µg) was separated using 
8-15% SdS-PAGE, and transferred onto a polyvinylidene 
difluoride membrane. The membranes were blocked with 5% 
non‑fat milk or 5% bovine serum albumin (Gibco; Thermo 
Fisher Scientific, Inc.) in Tris‑buffered saline with Tween‑20 
(TBS-T; 25 mM Tris, 137 mM Nacl, 2.7 mM Kcl, and 0.1 % 
Tween-20) at room temperature for 1 h, and incubated with 
the respective primary antibodies at 4˚C for 16 h. Primary 
antibodies against iNOS (cat. no. 13120S; 1:1,000), cOX-2 

(cat. no. 12282S; 1:1,000), phosphorylated (p)-p65 (Ser536; 
3033S; 1:1,000), p65 (8242S; 1:1,000), p-IκBα (Ser32; cat. 
no. 2859S; 1:1,000), IκBα (cat. no. 4812S; 1:1,000), p-JNK1/2 
(Thr183/Tyr185; cat. no. 4671S, 1:1,000), JNK (cat. no. 9258S, 
1:1,000), p-p38 (Thr180/Tyr182; cat. no. 9216S, 1:1,000), p38 
(cat. no. 8690S; 1:1,000), p-ERK1/2 (Thr202/Tyr204; cat. 
no. 4370S, 1:1,000), ERK1/2 (cat. no. 4695S; 1:1,000), and 
β-actin (cat. no. 3700S, 1:10,000) were purchased from cell 
Signaling Technology, Inc. After washing with TBS-T more 
than five times, the membranes were incubated with the 
anti-rabbit or anti-mouse (cat. nos. A120-101P and A90-116P, 
respectively, Bethyl Laboratory, Inc.) secondary antibodies 
(1:2,000) conjugated with horseradish peroxidase for 3 h at 
room temperature, followed by visualization with an enhanced 
chemiluminescence kit (Bio‑Rad Laboratories, Inc.). The 
images were acquired by the chemidoc imaging system 
(Bio-Rad Laboratories, Inc.). The β-actin protein was used as 
a loading control. Western blot images were quantified using 
the ImageJ 1.50i software (National Institutes of Health).

Reverse transcription‑quantitative polymerase chain reaction 
analysis (RT‑qPCR). After treatment, total RNA was extracted 
from RAW 264.7 cells by using TRIzol reagent (Thermo Fisher 
Scientific, Inc.). cDNA was reverse‑transcribed from 1 µg of 
RNA with iScript cDNA synthesis kit (Bio‑Rad Laboratories, 
Inc.), according to the manufacturer's instructions, and used 
as templates in quantitative real-time PcR using AccuPower® 
2X GreenstarTM qPcR Master (Bioneer, daejeon, Republic 
of Korea). The sequence of primers were as follows: iNOS, 
5'-Tcc TAc Acc AcA ccA AAc-3' (forward) and 5'-cTc cAA 
TcT cTG ccT ATc-3' (reverse), IL-1β, 5'-TGc AGA GTT ccc 
cAA cTG GTA cAT c-3' (forward) and 5'-GTG cTG ccT AAT 
GTc ccc TTG AAT c-3' (reverse), TNFα, 5'-TGG AGT cAT 
TGc TcT GTG AAG GGA-3' (forward) and 5'-AGT ccT TGA 
TGG TGG TGc ATG AGA-3' (reverse), β-actin, 5'-TAc TGc 
ccT GGc Tcc TAG cA-3' (forward), and 5'-TGG AcA GTG 
AGG ccA GGA TAG-3' (reverse) (30-32). Thermocycling 
conditions consisted of an pre‑denaturation for 2 min at 95˚C, 
followed by 40 cycles at 95˚C for 5 sec, 58˚C for 30 sec, and 
95˚C for 5 sec; qPCR was conducted with a CFX384 Real‑Time 
PcR detection System (Bio-Rad Laboratories, Inc.). All data 
was investigated with the Bio-Rad cFX Manager Version 3.1 
software. Relative quantitation was analyzed on taking the 
difference (ΔCq). The mRNA expression levels were normal-
ized using the expression of β-actin.

Statistical analysis. All the results of the anti‑inflammatory 
experiment were presented as the mean ± standard error of the 
mean of triplicate samples. Statistical analyses were conducted 
using GraphPad Prism software version 5.02 (GraphPad 
Software, Inc.). Significant differences between groups were 
calculated by one-way factorial analysis of variance, followed 
by a dunnett's test. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

Separation and characterization of SM polyphenols. The 
mixture of polyphenols isolated from SM by 70% methanol 
extraction was followed by the elution of ethyl acetate over 
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a silica gel column. Each polyphenol was characterized via 
HPLc using a c18 column, MS/MS in negative ion mode, 
and a comparison with the reported data was performed. The 
polyphenols were labeled according to their retention time (tR) 
order in the 10-60 min absorbance segment of chromatogram 
recorded at 280 nm (Table I). A total of fourteen polyphenols 
were characterized, which are composed of five hydroxycin-
namates (1, 6, 10, 11 and 14), eight flavonoids (2, 3, 5, 7, 8, 
9, 12 and 13) and one lignan (4). As shown in Figs. 1 and 2, 
and Table I, the structures and HPLc-MS/MS data of the 
polyphenols were presented. Hydroxycinnamates (1, 6, 10, and 
11) and flavonoids (2 and 3) were recently reported in Chinese 
and Korean A. argyi (33). To the best of our knowledge, we are 
the first to characterize one hydroxycinnamate (14), six flavo-
noids (5, 7, 8, 9, 12 and 13), and lignan (4) in the SM variety 
of A. argyi. It has been known that plant bioactive components 
may vary in accordance with the plant variety based on 
geographical location, which is attributed mainly to climatic 
variation and nutrient availability (12). The novel polyphenols 
were identified on the basis of their molecular ions and mass 
fragmentation patterns in comparison with the literature data. 
Thus, phenolic component 4 (tR=24.02 min) yield [M-H]- at 
m/z 361, which was fragmented to ions m/z 346 [M-H-cH3]-, 
313 [M-H-cH2O]-, 179 [c6H4(O)(OcH3)cH=cHcH2OH]-, and 

165 [c6H3(cO)2cH2cH2cH2Ox]-, was identified as secoisolar-
iciresinol (34). Flavonoid 5 (tR=28.70 min) was identified as 
amentoflavone isomer, which has shown [M‑H]- at m/z 537, 
and fragmented to generate an ion at m/z 443 [M-H-c6H5OH]-, 
417 [c ring 0,2 cleavage, M-H-c6H4(O)cO]-, 399 [c' ring 0',3' 
cleavage, M-H-c6H2(OH)2cO-2H]-, 375 [c ring 0,4 retro-diels 
Alder fragment, M-H-c6H4(OH)c(O)cHcO]-, 331 [M-H-(A' 
+ c') rings-cO]- and 117 [c6H4(OH)c=c]- (35). Flavonoid 
7 (tR=34.17 min) was also identified as an amentoflavone 
isomer, which showed the similar fragmentation pattern 
[M-H]- as flavonoid 5. Three amentoflavone type isomers 
(molecular weight=538, amentoflavone, robustaflavone and 
hinokiflavone) have been reported until now (36). However 
at present, it is unclear which of the three isomers should be 
assigned to 5 or 7, because the MS/MS data are not sufficient 
to exactly characterize the atomic connectivity of the isomers. 
Therefore, for exact identification and confirmation, further 
spectroscopic investigation should be performed. Flavonoid 
8 (tR=41.69 min) yielded [M-H]- at m/z 593 with additional 
peaks observed at m/z 447 [M-H-rhamnosyl]- and 285 
[kampferol aglycon]-, and this component was identified as 
kaempferol 3‑O-rutinoside (37). Flavonoid 9 (tR=42.83 min) 
yielded [M-H]- at m/z 461, and showed an additional frag-
mented peak at 285 [kampferol aglycon, M‑H‑glucuronyl]-, 

Table I. High-performance liquid chromatography MS/MS data of polyphenols from Seomae mugwort.

Author, year No. compound tR (min) [M-H]- MS/MS (m/z) (Refs.)

dou et al, 2007;  1 caffeoylquinic acid isomer 10.29 353 353, 191, 179, 135 (53,54) 
del Rio et al, 2004
Simirgiotis et al, 2013 2 6,8-di-C-glucosylapigenin 12.19 593 593, 503, 473, 413,  (55)
  (vicenin II)   383, 353
dou et al, 2007 3 6-C-Arabinosyl-8-C-glucosylapigenin 16.60 563 563, 545, 503, 473,  (53)
     443, 383, 353
Fischer et al, 2012 4 Secoisolariciresinol 24.02 361 361, 346, 313, 179, 165 (34)
Yao et al, 2017 5 Amentoflavone isomer 28.70 537 537, 443, 417, 399,  (35)
     375, 357, 335, 
     331, 201, 178, 
     161, 117
dou et al, 2007;  6 caffeoylquinic acid isomer 30.89 353 353, 191, 179, 135 (53,54) 
del Rio et al, 2004
Yao et al, 2017 7 Amentoflavone isomer 34.17 537 537, 375, 357, 179, 134 (35)
Ahmed et al, 2016 8 Kaempferol-3-O-rutinoside 41.69 593 593, 447, 285 (56)
Ahmed et al, 2016 9 Kaempferol-3-O-glucuronide 42.83 461 461, 323, 285, 160 (56)
Bastos et al, 2007 10 dicaffeoylquinic acid 44.79 515 515, 353, 191,  (57)
     179, 173, 134
Gouveia and castilho,  11 3,4,5-O-Tricaffeoylquinic acid 45.01 677 677, 515, 353,  (58)
2012     335, 299, 191, 173
Li et al, 2018 12 Quercetin dimethyl ether 46.49 329 329, 314, 299, 271 (59)
Luo et al, 2012 13 Skullcapflavone II 48.12 373 373, 358, 343 (40)
Sanz et al, 2012 14 calcelarioside A 51.73 477 477, 179, 161 (41)

tR, retention time; MS/MS, tandem mass spectrometry.
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which was identified as kaempferol‑3‑O-glucuronide (38). 
Flavonoid 12 (tR=46.49 min) yielded [M-H]- at m/z 329, which 
was fragmented to ions at m/z 314 [M-H-cH3]-, 299 [quercetin 
aglycon, M-H-2cH3 ]-, and 271 [quercetin aglycon-cO] -, and 
was identified as quercetin dimethyl ether (39). Flavonoid 13 
(tR=48.12 min) was identified as skullcapflavone II, which 
showed [M-H]- at m/z 373, which was fragmented to generate 
an ion at m/z 358 [M-H-cH3]- and 343 [M-H-2cH3]- (40). 
Hydroxycinnamate (14) (tR=51.73 min) was identified as calce-
larioside A, and its MS/MS showed [M-H]- at m/z 477, which 

was fragmented to 315 [M-H-caffeoyl]-, 179 [caffeic acid-H]- 
and 161 [glucosyl-H2O]- (41).

Validation and quantif ication of SM polyphenols. 
Quantification of the individual polyphenols was performed 
using calibration curves obtained from structurally related 
external standards as described above. As presented in 
Table II, satisfactory validation data were obtained for the 
parameters considered. The calibration curve (R2) was found 
to be ≥0.9714. The limits of detection and limits of quantitation 

Figure 1. Structure of the polyphenols in Artemisia argyi.

Figure 2. High-performance liquid chromatography of polyphenols of Artemisia argyi.
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were between 1.00-2.96 and 3.01-8.95 mg/l, respectively. 
Recoveries at 50 and 100 mg/ml were between 80.9-98.1 and 
80.3-100.3%, respectively. The relative standard deviation 
values were in the ranges of 3.4-7.5 and 2.3-9.1%, respectively.

The contents of the individual components were listed in 
Table III. The total hydroxycinnamate content was ~2-folds 
higher than that of flavonoids. Among the hydroxycinnamates, 
caffeoyl quinates (1, 6, 10 and 11) were predominant, and in the 
case of flavonoids, amentoflavones (5 and 7) were found to be 
abundant. Additionally, >90% of the total isolated compounds 
were found to be caffeoyl quinates and amentoflavones deriva-
tives.

Anti‑inflammatory effects of SM polyphenols on RAW 264.7 
macrophage cells. Our results indicated that >90% of the SM 

polyphenols were composed of caffeoyl quinates and amentofla-
vones, which have been known to possess various pharmacological 
activities, including anti-oxidant, anti-viral, anti-depressant 
and anti‑inflammatory effects (36,42). The alcoholic extract of 
A. argyi was recently studied for its anti‑inflammatory effects (9), 
but that of A. argyi polyphenols remains unclear. Thus, we further 
investigated this property in SM.

Cytotoxicity of SM polyphenols on RAW 264.7 cells. An MTT 
assay was used to investigate the potential cytotoxic effects of 
SM polyphenols. RAW 264.7 macrophage cells were treated 
with SM polyphenols at a concentration range of 2.5-30 µg/ml 
with or without LPS (1 µg/ml) for 24 h. SM polyphenols at a 
concentration of 2.5 and 5 µg/ml did not exhibit significant 
cytotoxicity to RAW 264.7 macrophages in both LPS-treated 
and untreated cell group of cells. On the contrary, significant 
cytotoxicity was reported for cells treated with ≥10 µg/ml SM 
in the presence or absence of LPS, compared with the control 
group of cells (Fig. 3A and B).

Effects of SM polyphenols on LPS‑induced NO production 
and protein expression of iNOS in RAW 264.7 cells. In order 
to investigate the inhibitory effects of SM polyphenols on NO 
formation in LPS-induced RAW 264.7 cells, NO2

- produc-
tion was measured by a Griess assay. As shown in Fig. 4A, 
NO production followed by LPS-treatment was increased 
significantly by 5‑fold, compared with that of non‑induced 
cells. SM polyphenols were determined to significantly inhibit 
LPS-induced NO production in a dose-dependent manner. The 
protein expression of iNOS and cOX-2 were investigated by a 
western blot assay. The proteins iNOS and cOX-2 are involved 
in NO and prostaglandin-endoperoxide synthesis, respectively. 
LPS could significantly increase the expression of iNOS 
in LPS-stimulated RAW 264.7 cells, compared with that of 
unstimulated cells. Treatment with SM polyphenols revealed 
a significant decrease in LPS-stimulated iNOS expression 
in a dose-dependent manner (Fig. 4B). On the contrary, SM 
polyphenols did not notably affect the protein expression of 
cOX-2; LPS induced a significant upregulation in cOX-2 
expression compared with the control.

Table III. content of polyphenols in Seomae mugwort.

Compounds Amount (mg/kg of dried plant)

  1 7.25±0.41
  6 58.91±0.54
10 19.90±0.31
11 0.84±0.11
14 0.65±0.04
Total hydroxycinnamates 87.55±0.75
  2 0.92±0.03
  3 0.30±0.02
  5 12.18±0.51
  7 15.83±1.17
  8 0.21±0.01
  9 0.11±0.01
12 3.67±0.11
13 3.59±0.29
Total flavonoids 36.81±1.31
  4 0.97±0.01
Total 125.34±1.31

Table II. Calibration curves and validation data for quantification of polyphenols in Seomae mugwort.

 Recovery (%) ± RSd
 -----------------------------------------------------
Standard calibration curve R2 LOd (mg/l) LOQ (mg/l) 50 mg/ml 100 mg/ml

catechin y=13.58x+147 0.9962 2.95 8.95 80.9±7.1 98.5±6.2
caffeic acid y=67.66x+80.2 0.9954 1.15 3.47 90.9±6.4 90.3±4.4
Ferulic acid y=59.25x+93.3 0.9914 1.00 3.01 98.1±6.1 100.3±5.7
Apigenin y=33.87x+31.8 0.9998 2.96 8.95 93.7±3.4 93.3±2.3
Quercetin y=44.86x-133 0.9975 1.81 5.49 85.7±7.1 88.1±5.3
Kaempferol y=43.96x-58.4 0.9983 1.10 3.34 90.8±7.5 80.6±9.1
Amentoflavone y=39.64x+70.9 0.9911 1.08 3.24 91.7±5.9 89.7±4.2
Flavone y=55.20x+201 0.9714 1.67 5.07 81.4±5.1 80.3±3.8

y, peak area of standard; x, concentration of standard (mg/l); LOD, limit of detection; LOQ, limit of quantitation; RSD, relative standard 
deviation.
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Figure 3. cytotoxicity of SM polyphenol on RAW264.7 cells. (A) cells were incubated with different concentrations of SM polyphenols (2.5-30 µg/ml) for 24 h. 
(B) cells were pretreated with 1 µg/ml of LPS for 1 h, and then treated with different concentrations of SM polyphenols (2.5-30 µg/ml) for 24 h. Percentage of 
cell viability was measured via an MTT assay. ***P<0.001 vs. LPS-treated group. dMSO, dimethyl sulfoxide; LPS, lipopolysaccharide; SM, Seomae mugwort.

Figure 4. Effects of SM polyphenols on LPS-induced nitrite oxide production and protein expression of iNOS in RAW 264.7 cells. cells were pretreated and 
stimulated with LPS for 1 h, and then treated with the indicated concentration of SM polyphenols for 24 h. (A) The cell culture media were measured for the 
amount of NO formation. (B) The protein expression of expression levels of iNOS and cOX-2 were determined by western blotting. β-actin was used as a 
loading control. ###P<0.001 vs. untreated group; *P<0.05, **P<0.005 and ***P<0.001 vs. LPS-treated group. cOX-2, cyclooxygenase-2; iNOS, inducible nitric 
oxide synthase; LPS, lipopolysaccharide; SM, Seomae mugwort.
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Effects of SM polyphenols on NF‑κB and inflammatory 
cytokines in LPS‑stimulated RAW 264.7 cells. The ability of 
SM polyphenols to induce the expression of the cytokines via 
iNOS was examined in LPS-induced RAW 264.7 macrophage 
cells. The activation of NF-κB and the mRNA levels of cyto-
kines following LPS treatment were investigated by western 
blotting and RT-qPcR, respectively. The expression levels 
of IL-1β were measured using ELISA. The SM polyphenols 
significantly attenuated the upregulation of IL‑1β, p-NF-κB 
(p-p65 and p-IκBα) induced by LPS in a dose-dependent 
manner, also decreased the mRNA expression of iNOS, 
TNFα, and IL‑1β (Figs. 5 and 6). These results indicate that 
SM polyphenols effectively inhibited the NF-κB pathway, and 
the protein and mRNA expression of cytokines involved in the 
inflammatory process.

Effects of SM on the phosphorylation of MAPKs in 
LPS‑stimulated RAW 264.7 cells. To determine the relevance 
of the MAPK pathway with SM polyphenols, we examined the 
effects of the SM polyphenols on the phosphorylation of JNK, 
p38 and ERK. Treatment with SM polyphenols significantly 
suppressed the phosphorylation of the JNK, p38 and ERK in a 
dose-dependent manner when induced by LPS (Fig. 7). These 
findings suggest that the SM polyphenols exhibit anti‑inflam-
matory effects by regulating the activation of NF-κB and 
MAPK pathways.

Discussion

A. argyi is a traditional Asian medicinal remedy for diarrhea, 
hemostasis and inflammation. SM is a Korean variety of 

Figure 5. Effects of SM polyphenols on the activation of NF-κB and expression of IL-1β in LPS-stimulated RAW 264.7 cells. (A) cells were pretreated with 
LPS for 1 h, and then incubated with the indicated concentrations of SM polyphenols for 3 h. The activation of NF-κB was investigated by western blot assay. 
(B) cells were stimulated with LPS for 1 h, and SM polyphenols were treated with the indicated concentration for 24 h. IL-1β level was measured by ELISA. 
#P<0.05 and ###P<0.001 vs. untreated group; ***P<0.001 vs. LPS-treated group. IL-1β, interleukin‑1β; LPS, lipopolysaccharide; NF-κB, nuclear factor-κB; p, 
phosphorylated; SM, Seomae mugwort.
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A. argyi harvested in Namhae, Korea. The alcoholic extract of 
A. argyi was recently studied for its anti‑inflammatory effect (9), 
but that of A. argyi polyphenols has remained unknown until 
now. In the present study, the anti‑inflammatory effects of 

polyphenol extract form of SM on LPS-stimulated RAW 264.7 
mouse macrophage cells were investigated. Among the 14 
components profiled via a single HPLC‑MS/MS, one hydroxy-
cinnamate, six flavonoids and one lignan were reported for 

Figure 6. Inhibitory effects of SM polyphenols on the mRNA expression of pro‑inflammatory factors in LPS‑stimulated RAW 264.7 cells. Cells were pretreated 
with LPS for 1 h, and then incubated with the indicated concentrations of SM polyphenols for 16 h. The mRNA expression levels of (A) iNOS, (B) TNFα 
and (c) IL-1β were analyzed by reverse transcription-quantitative polymerase chain reaction, and normalized using β-actin. ###P<0.001 vs. untreated group; 
***P<0.001 vs. LPS-treated group. IL-1β, interleukin‑1β; LPS, lipopolysaccharide; SM, Seomae mugwort; TNFα, tumor necrosis factor α.

Figure 7. Effects of SM polyphenols on the phosphorylation of MAPKs in LPS-stimulated RAW 264.7 cells. cells were pretreated with LPS for 1 h, and then 
incubated with the indicated concentrations of SM polyphenols for 3 h. The protein expression levels of MAPKs (JNK1/2, p38 and ERK1/2) were measured 
by western blotting. ###P<0.001, ##P<0.005 and #P<0.05 vs. untreated group; **P<0.005 and ***P<0.001 vs. LPS-treated group. ERK, extracellular signal-related 
kinase; JNK, c‑Jun N‑terminal kinase; p, phosphorylated.
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the first time in A. argyi. Our quantification analysis based 
on the validated methods indicated that >90% of the total 
compounds comprised caffeoyl quinates and amentoflavones, 
which have been known to possess various pharmacological 
activities, including anti-oxidant, anti-viral, anti-depressant 
and anti‑inflammatory effects (36,42). In the present study, we 
investigated the anti‑inflammatory effect of SM polyphenols.

Additionally, the total content (125.34 mg/kg) was calcu-
lated by the sum of each isolated phenol compound and 
identified by HPLC analysis. As the lyophilized sample was 
subjected to liquid-liquid extraction to remove lipophilic impu-
rities, such as fatty acids, the silica column was subjected to 
the removal of sugars and proteins before the HPLc analysis. 
Therefore, there may be a difference in the content between 
the substances purified by the gel column of raw samples and 
some phenolic compounds detected by their HPLc analysis at 
280 nm.

Nitric oxide synthases (NOSs) are composed of three types 
of enzyme (iNOS, endothelial NOS and neuronal NOS) that 
catalyze the production of NO from L-arginine (43). iNOS is 
involved in the immune response‑like secretion of pro‑inflam-
matory cytokines through the increased production of NO (43). 
NO radicals serve a crucial role in regulating inflammation 
and immune responses in asthma and inflammatory bowel 
diseases (44). In the process of inflammation, cellular NO is 
immediately oxidized to NO2

- (45). As expected, treatment 
with SM polyphenols inhibited NO production in our study. 
In addition, the protein expression of iNOS was decreased, but 
no significant reduction in the expression level of COX‑2 was 
observed by SM polyphenols in LPS-stimulated RAW 264.7 
cells. This discordant result may be attributed to the degree of 
reliance of the transcription factors required for the expression 
of iNOS and cOX-2 (46).

Activation of transcription factor NF-κB has been 
considered as the pivotal factor to regulate the expression of 
inflammatory enzymes and cytokines, such as iNOS, TNFα 
and IL-1β, which comprise the NF-κB binding sites in their 
promoters (47). Therefore, the proper regulation of NF-κB could 
be useful in the treatment of many inflammation‑related disor-
ders, such as allergies, cancer, dermatitis and arthritis (48-50). 
The activation of NF-κB and the increased mRNA levels 
of cytokines following LPS treatment were investigated by 
western blot and RT-qPcR analyses, respectively. The levels 
of IL-1β were measured using ELISA. SM polyphenols were 
observed to attenuate the upregulation of IL-1β, phosphory-
lated NF-κB (p-p65 and p-IκBα), and increases in the mRNA 
expression of iNOS, TNFα and IL-1β in a dose-dependent 
manner. These results indicated that SM polyphenols effec-
tively inhibit the NF-κB pathway, and the protein and mRNA 
expression of cytokines involved in the inflammatory process.

During the inflammatory process, the phosphorylation 
of MAPKs, in which serine and threonine protein kinases 
perform a crucial role in the transcriptional regulation, medi-
ates LPS-stimulated iNOS and cOX2 expression through 
NF-κB activation (51,52). To determine the relevance of the 
MAPK pathway with SM polyphenols, we examined the 
effects of the SM polyphenols on JNK, ERK and the p38 
phosphorylation levels. Treatment with SM polyphenols 
significantly suppressed the phosphorylation of JNK, p38, 
and ERK in a dose-dependent manner in the current study. 

These findings confirm the anti-inflammatory effects of 
SM polyphenols, which may be accomplished by regulating 
the activation of NF-κB and MAPKs signaling pathways. 
Therefore, SM polyphenols have great potential to be 
developed into a therapeutic drug for inflammatory‑related 
disorders. In the future, we may also perform animal experi-
ment to further validate our findings. The present study 
proposed that SM could be effective for treating chronic 
inflammatory related diseases, including diabetes, cancer and 
arthritis due to its significant effects on the suppression of the 
inflammatory response.
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