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Artemisia princeps Pampanini is an herbal medicine widely used to immune function-related diseases,
such as anti-oxidative, anti-inflammatory, and antibacterial agents. In this study, we investigated the
anti-inflammatory effects of AP extract and underlying mechanisms were evaluated in RAW 264.7
cells. The effects of AP extract were also studied in a complete Freund's adjuvant (CFA)-induced ar-
thritis and lipopolysaccharide (LPS)-induced inflammation mouse model. In RAW 264.7 cells, AP ex-
tracts significantly inhibited the LPS-induced nitric oxide (NO) production and inducible NO synthase
and cyclooxygenase-2 protein expression. The LPS-induced phosphorylation of mitogen-activated pro-
tein kinases and nuclear factor-kB was also significantly blocked by AP extract in RAW 264.7 cells.
Oral administration of AP extract suppressed the increase in mouse paw edema and spleen index
compared to CFA-treated mice group. Histologically, the infiltration of inflammatory cells was in-
creased in cartilage and synovium in the CFA-treated mouse group, whereas it was suppressed in the
AP extract-administered group. Furthermore, AP extract treatment significantly reduced the in-
flammatory cytokine, tumor necrosis factor-a, levels in CFA and LPS-treated mouse. In conclusion, the
anti-inflammatory and anti-arthritis effect of AP extract was confirmed in both in vitro and in vivo
models, suggesting that Arfemisia princeps Pampanini may be a candidate material for arthritis

treatment.
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Artemisia% W% q8 ‘34 T3 FotAloL =7kl A AL
2L A 3H A Eolt). Artemisia
%%— J Artemisia princeps Pampamm (AP)= HBHoZ
, AL AY, 5 g8kl AHEH o $ow([39], F A
AA A3k (Ganghwa County)oll A A Hj = 3L 1T}, o]
02 A9 v A eupatilin, jaceosidin? Z-&
To| ggo] gy HiHo] uh17]. £33, AP
E% 23 9 T35 36), JAF
NF-xB 429 243 53 d4dZ &
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Aot % Rz
2 AFoA AE gl A-E3 Dulbecco’s-modified
Eagle’s medium (DMEM), phosphate buffered saline (PBS),
penicillin/streptomycin, trypsin, fetal bovine serum (FBS)<
Gibco (Gibco, USA)A Al F94 3k AH8-31% T Mouse TNF-a
ELISA kit R&D system (Abingdon, UK)oll A 79} 8t %1t}
g oyl Ao AHE-3 anti-INOS, anti-COX-2, anti-phos-
pho-NFkB, anti-NFxB, anti-phospho-IxBa, anti-IxBa, anti-
phospho-p38, anti-p38, anti-phospho- SAPK/]NK, anti-SAPK/
INK, anti-phospho-ERK1/2, anti-ERK1/2 9 anti-B-Actin &
A& Cell Signaling (Beverly, MA)oIl Al F+9) st} AF&-3t4iTh
NE =4 7o) AHEE 3-(4,5-dimethylthiazol-2-y1)-2,5-di-
phenyl-tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO)
2 lipopolysaccharides (LPS) Al ¢F-& Sigma (MO, USA)9ll A
THARCH, 2 o9 BE A2 EFS AESATh

FEE NZX

B Aol AR AL S Artermisia princeps Pampa-
nini, AP)2 3= A FHste] AYHE AEsAT. 43}
AR FE2ES 97 A8 dx8 AAATES vy
%, 108 2] ethanoloﬂ AA sl oA 24X FE3HA
. 3% 938 3, 44X (045 im) 2 T 3 FE2ES A
FEIL 5 7d 7] (FDU-2100, EYELA, Japan)& 7 %3}
T2 U= et 3 FE22 80TAA Eas)
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/‘ﬂi M EEE 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
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TSI 24AE T MY F, AP FEEE FEEE AT
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ml)< 7}3kaL 37°C ol A 4412 B2t HHEAIZ] &, DMSOZE &
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Holl LPS (1 ug/ml)E A 2jste] 18417 Sk WA 2T Al
X %A Griess Al F[Griess reagent, 1% sulfanilamide,
0.1% N-(I-naphthyl)-ethylene diamine dihydrochloride in
25 % phosphoric acid solution|& & #o.2 E3ata -2
A 10% FeF HE AR F 540 nmol A AR FREE A
At st & g Ee sodium nitrate (NaNOy)E EFIA
< A5k 7114‘}0}91‘3}.
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A7kste] 3083t lysisA 7l - 4°C, 12,000 rpml A 107+ €
A Zelste] Axe AL 52 AASAH ‘ﬁ’}:‘ welstel &
452 BSA (bovine serum albumin)E ¥F3}3to] BCA
Protein Assay Kit (Thermo Fisher Scientific) & *}%3}@] o
A& A% 39T 20 pge lysateE 8 or 10% SDS-PAGEZ
71953t ettt 29 & d-2 PVDF membrane
(Bio-Rad Lab., Hercules, CA, USA)2. 2 transferst $, 34 <}
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i o] v Sl Al AgE Adetr] #lste] blocking
buffer (5% skim milk in TBST)I A &€& 1412 5ok wwt 349
o A& A E 5438t 4T A overnight (anti-B-Actin
1:10,000, 223 1 & o2 A& 1:25002 2 blocking buffer
of 54]) ¥h-&A1 21 &, o] %8 A (anti-mouse IgG or anti-rabbit
IgG linked with horseradish peroxidase, SantaCruz Biotech-
nology) & A&l A 2417t 5 $2A 7 th. Enhanced chem-
iluminescence (ECL) &% At8-3}4 Gel Documentation
chemiluminescent imaging system (Amersham imager 600,
GE Healthcare, Buckinghamshire, UK)2.& Tl W& &
ettt HoiA A wE S Image ] software program
(National Institute of Health, USA)& At&-3sto] A st it

AY S8 U Adjuvant R 2HEQY o9 Xz}
Adjuvant & B4 @ ZdoA APFEEY %S B4
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dde (MAFeAELAdTd = 49 &9 d8Y 5
QlJAMI TACUC2017002)% 4o} =33}

Adjuvant 8 #H Y & vp-2 4% Wt min-
eral oil (Sigma, MO, USA)Z 10 mg/mle] FE2 §3| A
complete Freund's adjuvant (CFA) [containing 5.0 mg of dry,
heat-killed Mycobacterium tuberculosis, Sigma, MO, USA|E
0.02 ml ¥ 3tFAete] =8 #HEE F 53 GiE
219 5<¢ AP FEE(300 mg/kg) S 1% 13] AFFH 3190
o, 33w z2we A LT ¢ FHRT
oAttt CFAR #EHE st 21979 43 3
oS AEste #AE FASAT. A s v 7
of ek AT =2 Abak i TH45].

A
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Hzd #4- 24 & 4% paraformaldehyde £ 02 1%
A7, Ao g Tug & 4 ume FAZ AHH 22 &
slide glassoll F#A A xylene €40 & Eate}A sl & 100,

90, 80, 70% ol &-& Z =43} th. Heamatoxylin & Eosin (H
&E) O 94 F dngoz #3394 tH(Olympus, Tokyo,
Japan).

M W(in vivo) TNF (tumor necrosis factor)-a &4

A U TNF-a 242 Kang®] W& ddstd 4319
TH19]. 24417t A3 mp$- 20 AP 322 ES HTEY 8t
158 & LPSE 57 Fo3te] 9083t /H-SAIZ & A& A
AstAd . vk 4 W TNF-a $F2 enzyme-linked im-
munosorbent assay (ELISA) kitE o] &3kl A 2AL] 2] 7] of
ot Ags FYs

SHEN

3719 BE ]'33- Ak 38 o] whE Ao
AP B+ RFAAE YRS UJ], sAA B2
ma-plot program (v140 San Jose, CA, USA)< ©]
94 AA-E& ANOVA (one-way analysis of variance
3] p<0.05

=

)

Duncan’s Multiple Comparison TestE ©] &

A HSstA

AP FE£E9| MIE M I} Y NO (nitric oxide) MM

AP FEE AX 542 MIT ¥H & AHdste] 34319
AP FEES 7#74 0.1, 1, 10, 25, 50, 100, 250, 500 ug/ml
Aol A2lstAthFig. 1A). AP F
A 1’415 (Blank)#} AP F&&2 100 ng/
ml =7 A APT Aol A E YEE S FAHOE
T Aol7k I 22 250 ng/ml Fx=9f AP %%%
S AHE AEES F 40% HAAFT oY ARE H}
Z RAW 2647 Al Zo| M A
7 #5001, 1, 10 9 25 pg/ml)E
Ty

AP 259 NO A4 94 &%< H7Hst7] 93 RAW
2647 Aol LPS (1 ng/ml)E A elste] #23 A3, LPSe
NO9| &S oF 32 F7HANZ U AP T2+ 93 %
O EHOZ NOY FreFo] FoH o Fad As Fdstsl
th(Fig. 1B).
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Fig. 1. Effects of AP extract on NO production and iNOS and COX-2 expression in LPS-induced RAW264.7 macrophages. (A)
Cytotoxicity of AP extract in RAW 264.7 cells. Different concentrations of AP extract (0.1-500 ug/ml) were treated for 24
hr, and then cell viability was measured by MTT assay. RAW264.7 cells were pretreated with AP (0.1, 1, 10 and 25 pg/ml)
for 1 hr, and then stimulated with LPS (1 ug/ml) for 18 hr. (B) NO production was assayed for measure the accumulation
of nitrite in culture medium. The protein expression of (C) iNOS and COX-2 was examined by Western blotting. The densi-
tometry data represent are shown as relative density of protein bands normalized to B-Actin level. ~ p<0.001 vs. Blank or
N; *p<0.05, #p<0.01 and **p<0.001 vs. C (CON). Values are expressed mean + SD of the three independent experiments.
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Fig. 2. Effects of AP extract on the activation of MAPK and NF-kB signaling pathways in LPS-induced RAW264.7 macrophages.
The phosphorylation levels of (A) MAPK including ERK, JNK, and p38, and (B) NF-kB, including IxBa and NF-kB, were
determined by Western blotting. The densitometry data represent are shown as relative density of protein bands normalized
to B-Actin level. “p<0.01, " p<0.001 vs. N; *p<0.05 and *p<0.01 vs. C (CON). Values are expressed mean + SD of the three
independent experiments.
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AA | FEFE WA= AL FAsAT

AP -’F—§=‘°I MPAKs (Mitogen-activated protein kin-
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Freund’s adjuvant (CFA)E #8 @S FEAA 4P S 3
33t CFAZ 849 Friels BHY AP F22& 47
Fojste] #Ad A, B vlwstel CFA AeTollA
paw edema’t A3 F7} HJTh(Fig. 3A). CFA Ag ¥ F
Fol AUZE T/ & W paw edemaE 4 A3} CFAT
of Hlg} AP F2& FATANA FFo] fFoHow HAT A
< #2138t th(Fig. 3B). Synovium W HEHE & F71 o
& AP FE=9 N E5S #F] Ad vk #H 24
< hematoxylin & eosin ¥4 § 1 A& ##sAT 1
A3, B4l vlEl CFAT Y] synov1um of @SAE A&l
F7HE = S BEsAoH, o AP FEE 95 F94
Sz AAHE AL &dedth(Fig. 30). £3 AP FE=9
B A Wsto] mlA s de wud A3 AT vle
CFAZ A A A7t 7ofstAl S718tAoH, AP FE=
Foqgd Tolie 74 As AT

AP FEE9
k=153

2 ATAME AP FE=] Y3 2HHE TNF-a B8 F
FEA A FASHTE RAW 2647 A9
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Fig. 3. Effects of AP extract on complete Freund’s adjuvant (CFA)-induced arthritis in mice. (A) Representative images of arthritis
mice. (B) Index of paw edema. (C) Representative H & E stained-image of joint tissue (upper panel, x40; lower panel, x100).
(D) Adjuvant-induced arthritis in mice were induced by Mycobacterium tuberculosis into the plantar surface of the left hind
paw, and then administrated with AP 300 mg/kg during for 21 days. The ratio of spleen to body weight was calculated.
Tp<0.001 vs. N; "p<0.001 vs. C (CON). Values are expressed mean +SD of the three independent experiments.
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Fig. 4. Effects of AP on TNF-a production. (A) TNF-a levels were measured in RAW 264.7 macrophages culture medium, which
were treated with LPS (1 ug/ml) for 18 hr in the presence or absence of AP extract. TNF-a levels were measured in (B)
Adjuvant-treated mice serum after AP 300 mg/kg treatment for 21 d and (C) LPS (2 mg/kg) treated mice serum after AP
300 mg/kg treatment for 15 min. p<0.05, p<0.01 and ~ p<0.001 vs. N; #p<0.01 and ***p<0.001 vs. C (CON). Values are
expressed mean = SD of the three independent experiments.
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< sk Ath(Fig. 4Q).
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A AR (Artermisia princeps Pampanini, AP)2 73} = o]
A AAsE BdA 2202 dofety g 175, 4t
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