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Abstract

This study investigated the anti-inflammatory properties of an ethanol extract of Artemisia annua (AE) and its
underlying molecular mechanisms in LPS-stimulated RAW264.7 macrophages. AE demonstrated no significant
cytotoxicity at concentrations up to 200 pg/mL. The Griess assay showed that AE significantly and dose-dependently
suppressed LPS-induced nitric oxide (NO) production, with notable inhibition at 100 and 200 pug/mL. Quantitative
real-time PCR (qRT-PCR) analysis revealed that AE dose-dependently attenuated the mRNA expression of iNOS and
interleukin-6 (IL-6). While the mRNA levels of cyclooxygenase-2 (COX-2), interleukin-13 (IL-1pB), and tumor necrosis
factor-a (TNF-a) also decreased, this trend was not statistically significant. Western blot analysis further indicated
that AE selectively inhibited the phosphorylation of extracellular signal-regulated kinase (ERK) in a concentration-
dependent manner, and also showed a tendency to reduce p38 mitogen-activated protein kinase (p38 MAPK)
phosphorylation, without significantly affecting c-Jun N-terminal kinase (JNK) signaling. These findings suggest that
AE exerts its anti-inflammatory effects primarily through an ERK-mediated pathway, alongside a non-significant reduction
in p38 phosphorylation. This leads to the downregulation of iNOS and COX-2 expression and subsequent inhibition
of excessive NO production. Collectively, these in vitro results indicate that AE holds promise as a natural functional
ingredient with anti-inflammatory potential.
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A AA o] A 43 AEL]D o 2] A E(macrophage)
= A5 Z2 o ZA B LA SAskH, 25 A 2}
ol thgk 13-4 W 7158 433t (Hirayama et al.,

z3|
2018). A A EE LPSe}F 22 A5 72 Ao =Z 5
™ tumor necrosis factor-a(TNF-a), interleukin-1B3(IL-1
B), interleukin-6(IL-6), Nitric Oxide(NO) & th3t &
< lEES Y- EH e 2 A iS TS
A7) Ao 2 dEA Ark(Sugiyama et al., 2018). 53]
INOSe©]| ofal] A== NOE A% ¥he-o] T2 wi7iA=
z2h-ga8hm, =gk NO /42 22 &4 9454 29
A3y ol 71odgFcH(Wang et al., 2020).
olHgt AT A L g AE Y 2s
A AAel ols] AwslA Z2Hct. 1 5 mitogen-
activated protein kinase(MAPK) A& A A2 = Al
TEAZEEH kA A E dAgshe A Fo2,
q@E ‘E‘J—o—«l FEs} A& AR A sk Tk 2dx] ol
t}. MAPK A
(ERK), p38 mitogen-activated protein kinase(p38),
c-Jun N-terminal kinase(JNK)2] 4| 7}%] 8 H2 2
/ngtq ZV7F S8 F o)A E AT g E vl 7 o=
9h8-5 stk (Kyriakis & Avruch, 2012). o] 2] 14k
st &A= AARIAbY] 2dS
oxide synthase(iNOS) % cyclooxygenase-2(COX-2)¢}
e dF Fd 549 ¥¥S F=3HOh & Hyun,
2025). wpebr 23491 & H5 B4 P54 Al B¢l
o i AR of el B A Als dE AR 2d 7}
TAE I 1E 22Ut It Wang et al., 2024).
INEL(Artemisia annua)S AEH R Flo|stoA
“Ao(mE) = 2 dfld 9@ &9 52422 AgHo]
L k8 252 artemisining H| &3} )43} terpenoid <}
flavonoid A& -3k ATHERIA] 9], 2021). A A
Toll W2 o] & IS FHHET 2], 2016; Efferth,
2017), &23H(FA13 2], 2011; Cai et al., 2004), 31| 3F
(Hwang et al., 2016), 3+ (Donato et al., 2015) &3S
ek Aoz uaselc. Yot getetelob Al
7i 7V s do] A A1 bl 9l 2w (World Health Organization,
2006), 2019 F= -¢-gkollA] 2 % gl d A7 A A
tluls Zefgk AR umto] 227 ¢15-19(COVID-19) ] 4]
=
=

=
=
=

=2

&2 extracellular signal-regulated kinase

%3 inducible nitric

3t Q&) &2 2K ethnopharmacotherapeutic drug)
ZFE7 9Jvk(Adhikari et al., 2021; Haq et al.,
2020; Hong, 2024). Aoll= 7jE2e] G742 o2 A
2718 23 2= 815HE-2] artemisining B] 55} casticin,

[o

chrysosplenol D 5-¢] flavonoid®} chlorogenic acid 52
phenolic 33H&E-S B 13} 2 H(Brown, 2010), LPSZ

g 95 ZdoX NO A8 % A5/ Ao =7kl
< A5 2= El5F 9t (Abate et al., 2021). 18]
ol 2|gh 35 &g o] EAMESHY 713, 53] MAPK
As A 2ol Aol gk A7 o} mln|gh A
Aolt}.

w}ﬂw, B ool A= RAW264.7 Al £2 o] &3}] 7§
T ehE FEE(AE)S] I9F A ZAESE 7]
ALe o]-J_X} 39tk LPSZ 452 7= 5, A2 A

4, NO A, 9454 Fd=HINOS, COX-2, TNF-q,
IL-6, IL-1B)2] mRNA a8 24319101, Western
blot2 %3l MAPK 74 2(p38, ERK % INK)$] 21438} &=
T2 ST AES] F4lT 2H 713S A ol
A FAste] A fref FHT 2AER Y 8 TS

1

F

&2 (F)ARFolA &, F,
QJste] ALt Az 7

OHEFE% 247}?‘& %, 70T ollA 1217 308 g}
#)7](sonicator)E o]g3}] F=3 ). FE9 o3}
(whatman No.2)Z A}83Fa] o33l % 38 C ol A] rotary

evaporatori2 4] 55ete] g AZISgle. 5
NEE WRatel WE nasle A9 A4 22

gA %% 57.8%% A=t

2. M= M=g "I}

RAW264.7 A| X i‘/‘ﬂ}: -3 (Korean Cell Line
Bank, Seoul, Korea)oﬂ/ﬂ Hokg dbol ALR-3}T. o]=
96-well platec] welld 1x10* cells® EF3}3L 244]7F
v oFet & 7 H: olehe 2555 12.5, 25, 50, 100, 200,
400 pg/mL F== Aelstsict. 2423 M2 § EZ-
Cytox reagent 10 pLE Z} wellol] 37}13}¢] incubatoroll
A 1~4AZF §EgA1Z 0 W, 450 nmollN S35 S48t
Aok Al BEE(%)2 FA 2l ] gk o= Alkst
Act.
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Lipopolysaccharide® FE=l RAW264 7 CHAIMZO|M 7HE4 of|Ete FEE9| SHS &1} 3
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3. Nitric oxide(NO) AdMzt =X

NEL FE250] LPSE 8 RAW264.7 A2
nitric oxide(NO) Aol nxl= J&g olslr] 25
Griess assay S 33} 9tk A XS 3L 2447kl ek
gt 7, LPSE 1 ug/mLS A st 45 vh&-S =33
t}. o] F TfELE oehE FEES F51H(0, 12.5, 25, 50, 100
ng/mL)E 23kt NO g2 9|3} nitrite standard+
stock solution(0.1 M) DMEM #]#] ol 3]43}¢] 100 1

2 243l 3 oA 34514 100, 50, 25, 12.5, 6.25 uM
=9 nitrite solutionS A Z8}e] ZAJ5HSITE NO A4
S gststr] flal, AEZm e d5H 100 pLe} Griess
reagent(Promega, Madison, W1, USA) 100 pLZ &£%}3h
5 oA Z7AoA 1087 HF A A o W, 0] % 540 nm 373

oAl $4 == Bio-Rad Laboratories, Inc. ZH]|Z o]-&3}

o] 2333},

4. Quantitative real-time polymerase chain reaction
(gRT-PCR)

IL-1B, IL-6, TNF-a 5 9124 Ao E7}217 COX-2,
iNOS 5 g5 ¥ g4 ol d o] mRNA & 52 9
7}at7] 913 qQRT-PCR 415 57343} it Al ZE 6-well
plateol] well®d 5x10° cells7} &2 253}o] wjokst &
LPS(1 pg/mL)2 ¥95E F=3F9ck LPS(1 pg/mL)=2
J=S &3 g 7H £k 2200 FEH(12.5, 25, 50,
100, 200 pug/mL)E =] 2]&}¢Jt}. Incubatordl] A 24A|3F
v oF & TrizolS Zt welld 1 mLA A 7}sle] A& &3
3}9t}. o]0 chloroform< H7}sle] YAR 2] T AHSH
& 3|43}, isopropanolS ©]-83le] RNAE A7
% 70% Oﬂ%%i M2t =59 RNAZSFE ¢cDNA
T, FAAE Eo]4 primer?}t SYBR green
gPCR mixE cDNA9| &3sle] PCRE AHAI8F3Ith
Real-time PCR ] ¥H$- Zﬂ—% o o] AAsS
Pre-denaturation @A)+ 50 C o] A 23, o]o]A] 95T of|A]
1587 33k ol o m, T3 A ellA= 95 C ol A 20% 4L
60 C oA 40 27102 % 40 cyclesS ¥HE3} 4T}

= 3438k =

5. Western blot

MAPK ] tjE 7 ¢] gkl zle] P38, INK, ERK 2
A &4 iAol COX-2, INOS ] vHal & 3el3}7] ¢
o] A ZZ 6-well plated]] wellZ 5x10° cells7} &=

=
[
s}

=]
o

Z319jch 22522 12.5,25, 50, 100 pg/mL e FE 2 7}
Z} Aelgh 7 1AZE B3 5 1 ng/mL 552 LPSE F7}
ekl o, o] % 24413 F1t incubator Uj ol 4] vl k3t
et woF 2+ 2 3 plate= PBSE A|2]5}31, RIPA buffer
& CIgslol A U] ki FeI00k 24 ot
9] F =+ Bradford reagent(Sigma-Aldrich Co.)E &&
B 7§ Faron, dud S de 10% SDS-PAGE
(Polyacrylamide gel)E B3l A7|dsos E3 &
blocking buffero| 4] 147} &<} blockingS A8}t
COX-2, iNOS, p-ERK, ERK, p-p38 & p382] whuf 7 ut
3§ 5 gel8l7] 93] Cell Signaling Technology Inc. ol
A Algshs FAS A& 221 3|2 anti-rabbit
shoict. o
J3}7] Y3} Polyvinylidene difluoride
(PVDF) membrane(Bio-Rad, Hercules, CA, USA)d
Exwestlumi-plus(ATTO CO., Tokyo, Japan)ZE &3] &
ChemiDoc(LuminoGraph, ATTO Co.)Z W= AFF-S &
e} = o] A7FA H-29.2 Tmage J software(US National
Institutes of Health, Bethesda, MD, USA)Z &-8-3}¢] =
&3} oich. COX-2 % iNOS vl 2 o] vl = Ak Al ofli= B
-acting internal standard 2 A A3} o™, MAPK | &
3= ©hil 2 o] phospho-form W= 33 total-forme
internal standard 2 %]-8-3} 3t}

IgG(Cell Signaling Technology Inc.)& A
w2 uks ks =

6. SA4IEM

e A9 33wk sdgsiglon, /842 IBM
SPSS Statistics ver. 29(IBM Corp., Chicago, IL, USA)
olgte] Arsteir. 49 Ave BE% EFAR
(SD)= FHNT, FO4 e ARAA A
(one-way ANOVA) .2 24 A5t 2 A% 7, 1ek 7h
t}5H| 2+ Tukey's multiple comparison testo] 2]3j
SasL Ao p<0.05 S 2NN FAH ol g SHals)
At

m s g w2

Axc

1. Raw 2647 MIZO|M 0SS FES2| MxE MES

oot

E(AE)o] RAW264.7 A 2] A&&0| 1|

NES F=
= Zl8t7] $15te] MTT assay2 33} it

e IF
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AEE 12.5~200 pg/mL H L] oA Frol g Al E=2d0] 3zt
7] 22 gelslgl o, 400 ug/mL F o4 AE F-3]
2l v ashke] AlE =] frolahl Fhashe As
SRl 1]. b 2 A3 o= AlZ 540
ERA] €22 200 pg/mLo]3}e] A8t At

=
o=

2. Raw 2647 MIZOIM 7HEL FZ29| nitric oxide(NO)
M8 5H

H=sHA B
28 77

EHL 22 &Y

SIEHCAA 31, 2024). T, RA
b AF oA e A E 3

7 celloll Al AE
0}71 25 LPSE

N

=

qZ HJ%O] ol FEEAES Fele A2

= 100 pg/mL 0]’\WF FEE A2 TollA
%94 3hA| FAs ). ol 2t A= AE7H
CENO AL JAIT o 22X FH5 24

}\] /x}b‘]—ﬂ-

3. Raw 2647 M|ZO|M 7HER: FEE20| =M A}O|
Eglol MM -

IL-1B, IL-6, TNF-a< pro-inflammatory cytokine o
2, QaAEe] B4s) s AT SE, 9% vkg fAof
%83 935 gHQu et al., 2018). INOS9} COX-2%
9% Wse Ay Ghz, AL £ F7PFNO ¥

ololn dzel FFL FEHT

prostaglandin F7}2

¥z ukeS f5d B NO AL =435+t 2 47, (Mollace et al., 2005). 2 ?E?OML AEZ} 954 Afol
LPS A e FA gl vls NO o] ¥4 3] 571 EFII(IL-18, IL-6, TNF-a)¥% d54 &4 oz
120-
__100- T = — *kk
X
3.. 80'
5 60
2 40-
3
20
0 L] T T
0 1 125 25 50 100 200 400
AE (ug/mL)
(33 1] RAW2647 MIZOIAM THESR FE5S20| HE MZEE
NE2 2ZB(AE)S] AE AEE. NEL 325 P eled v, 2ok AREERAE EAF(0=3), *+*p<.001.
50+
_ 40_ *kk
2 301 = #
5
20
2 ittt
Z 10
0 L] T
AE (ng/mL) - - 25 50 100 200
LPS - + + + + +

[ 2l 2] RAW264.7 M|ZEO[AM 7HE%
FEA)3Hn=3), ControlZ} H] 1L **

£520| NO MMz

#p<0.001, LPS 2] 2]t} 1] 3, #9<0.05, #44p<0.001.
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Lipopolysaccharide2 FE & RAW264.7 CHAIM|ZENAM 7HE4: of

|Et=

(iNOS, COX-2)2] mRNA @& o] w|X|= g Bz}
39t LPSE 958 =3 RAW264.7 AlEol| AEES
25,50, 100 pg/mL F%= 2 A 2|8t A7}, LPS v = g+
oM BE FH2Le] mRNA &8 S o] v =39l v &
ojH o7 e 2H g5 mdeo] f et AGH o R o]
Fo152-2 ST H 3]. AE A 2|0l TNF-
a, IL-18 2 COX-29] mRNA %3 o] 5 o|&2 Q] 7kA
FFe YER o SAIA o2 ElEA] ettt
IL-69] mRNA a2 FE55 #8725, 50, 100 n
g/mL)ollx] LPS ©5 A g)at tin] froj& oz 7hA4e}e]
t}. iNOS<] mRNA &de FE& 387425, 50, 100 1

g/mL)ollA} LPS T 2] 2)<2 thv] -] 0. = oA = ]t}
(p<0.001). ol= /NFZ: FEEo] AAL FFollA] iINOSE]
TS AT EA NO HABGE AN D 7 95-& A4

gt

4, Raw 2647 MIZOIM 7HE% F£EB0| chuy

MAPK= A2 2] =24 8}5h4 2}
=29 Jlatel L Sl &8t Al
O, p38, INK, ERK7} thE#3l T4

of

ol
nw

fotr U
)
o Mo
oft L oo

oz

8o 2

o

] o]

d

1.5+ 1.5
t; ©
L o =
=T =2
s i 2 1.0
'S g 14 T § 5 i HH (T
O m© g pe
g S { s
23 < S 0.5
g @ 0.5+ % -.I'L.-
E
£
0.0 ; : 0.0 T :
AE (pg/mL) - i 25 50 100 AE (pg/ml) - - 25 50 100
LPS - + + + + LPS - + + + +
1.5 1.5+
@ o
>
N e o=
=g O 91,04
B = 5§
< 5 = &
g o S
=32 23 05
g é 0.5 g g
E E
0.0 - . e o.oL 7 r
AE (pg/ml) - i 25 50 100 (pgimb) - - 25 50 100
LPS - + + + # LPs - + + + +
1.5
)
e
.?- d“-\}- weded
w 9 1.0
55
o L
= 0
2o i
S 0.5-
% < i g
= Bl
0.0 r T
AE (pg/mL) - 25 50 100
LPS - + + + +

[0 3] RAW264.7 MIEOM THES FE20| TNF-«, IL-6, IL-18, COX-2, INOS 2| mRNA 2isiz
Avh= B EEAAE FASHn=3), Control7} H]IL #+#p<0.001, LPS 3] 2]} H] L ##p<0.01, ###p<0.001.
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(Cowan & Storey, 2003). LPS9l| 2J3+ 5 =7} &
Z719A AEE 25, 50, 100 ng/mL 5%
ERK®) Q1433} 522 2% o derdon 72
= AFE UEhiAE 29 4]. 53] 100 ng/mL 550l
+ LPS ©= A2 thy] fo]2 o= oAHo] &2ly

l-'O

—

ERA O, TAIA Fof e &l EA] ket vhd, INK
o] QIIs FE 2 FEE A Y Fxol wet Stk BF
< UeR At ollst AFH=AE7} ERK 9] X&) A]3)
£ 5 9T 2IE U= Aoz Almdd.
INOSE 9% A o3 f= L Ho] AE 54 5
F9] NOZ BAetH, COX-2+% ol Eat thAl A=

LPS (1ug/mL) - + *+ + +
AE (ug/mL) . - 25 50 100
pERK | ~— S ==
ERK T S— S— s—v——

— —

LPS (1pg/mL) * * * *
AE (pug/mL) - - 25 50 100
p'P38 — ——— —— o —
LPS (1ug/mL) - * + + +
AE (ug/mL) - - 25 50 100
—— — — —
p-JNK — — G
o - o= TEp S =
e G e 0

[aR] 4] RAW264.7 MIZ0[M 7H

£ B3 ZE2EEdd] AFAS Suistema A5
Hhgo] A& gl ofslef| 7|ofet= Ao R Halwo] ik
(Aktan, 2004). 2 AA7olA LPSE =¥ g5 27104
Z71gHINOS ¥ COX-29] el Wk & 55 2o
o8] = o|EH o2 7143 o, 100 ng/mL ol
A] LPS ©5 A 2] din] BAIH o2 foJsiAl oA Hol
golg e ¥ 5]. 53] iNOS v ka9 F-0]% o
A= NO assayollA] 22 NO A 2] Ao} X|eh=
A2, AE7FINOSS] B A Y chill ] ool A 5
Alel AAFEo 24 NO 9| A& Adlfsh= A o= Als
=N

1.5

-
o
1

p-ERK/ERK
(Fold change)

o
o«
1

0.0~
AE (ng/mL) . - 25 50 100
LPS (1pg/mL) - + + + +

1.5+

]

p-P38/P38
(Fold change)

e

T

0.0~
AE (pgimL) . - 25 50 100
LPS (1pg/mL) - + + + +

1.54

-
o
1

p-JNK/JNK
(Fold change)

bl

i

0.0-
AE (pg/mL) . - 25 50 100
LPS (1pg/mL) - + + + +

& =ZS0| MAPKS| CHHEl disizt

= =

A= HR+EFAE FAEH0=3), Control@} H] 1 ***p<0.001, LPS A 273} H| I #p<0.05
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Lipopolysaccharide® FE=l RAW264 7 CHAIMZO|M 7HE4 of|Ete FEE9| SHS &1} 7

LPS (1ug/mL) - + * + +
AE (pg/mL) - - 25 50 100
COX-2 - e
iNOS N W—— — ™ -
B-actin W e Go———_ . gt
1.5
-~ Fkk
=0
=
§ 2101 T
L]
[co R o
N ©
D -]
S © 051 wt
oL
0.0 r T
AE (ng/mL) - - 25 50 100
LPS (1pg/mL) - + + + +

[32! 5] RAW264.7 M|Z0|M JHES

1.5+
_E ’g 1 o *kk #
R U %
52 T
=5
Do
O % qgrl w
z o 0.5
0.0 = T
AE (ng/mlL) - - 25 50 100
LPS (1pg/mL) - + + + +

%229 iINOS U COX-29| CHHEl ahsizt

A= HA+EF AR EA3Hn=3), ControlF} B] 1L ***p<0.001, LPS ] 2]} v #p<0.05, ##p<0.01, ##p<0.001

IV, aoF 9 48
NEE S-S FE=(AE) FAEe R 1
gtolatal, o] 2 538l 7154 AL 2 e
V528 HrVeh) 9she] 3 H ek RAW264.7 cell S
o]-&gk M E Al A, AE= 200 pg/mL o]} F=ollA Al
Fmrdo] YehA] ekghon, wheba] o] % &hed dd A9
ol o] FI= o]stE A 2]} irt. LPS& ?iz-% Fr=gk Al
FoM FEE A2 Al NO BdFo] &

2x8F3JaL, 58] 100 ng/mL o] %EOM Froldk oAl &
F7F B2 E . Wb NO A7 A a3k= AE7E 5
w7l QIAF S Ao FAT 28-S FAl B
FohaL Qo2 SN gk 3 IL-62) mRNA 9 5
2 LPS A 223} vlurste] $A|H 0 2 frof el 745t 3l

o1, IL-1B, TNF-0 ¥ COX-2% %58 57} ol ds
5 Aashe S Bov SAA folde ERlEA
2&3kth. Western blot- B3l Tl ke 9 A2 ] 215
AL F=5 43 23, AE= 95 i7h <1<l iNOS
2 COX-2 Tl do & i o] EX 02 Fof3H o
I8kt wl, AE

rlr

rZi r}m

QAT
< 3

3

[

7]

01 r
b oEL ¢

o]z oz 7}

J

I FF8H, £ AT invitro MESFF A
= = 84 7sAde AABH, 4

I 2 7R Qg 75 A AT 71 &AL
Z‘,: e}

FAo): NE, AS, RAW264.7 A2, Al 2ol s 2

7| HA(ERK), 2Fah2l 2
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