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Abstract - In this study, the anti-inflammatory activities of the extracts of different parts of Hovenia dulcis such as leaves,
stems, and roots were investigated. Among them, the roots extract (RE) showed the most potent suppressive effect against
pro-inflammatory mediators in LPS-stimulated mouse macrophage cells. RE induced dose-dependent reduction of
inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) and concomitantly reduced the production of NO
and PGE,. Additionally, pre-treatment with RE significantly suppressed the production of inflammatory cytokines, such as
tumor necrosis factor-a (TNF-a), interleukin (IL)-1[3, and IL-6, as well as mRNA levels. Moreover, phosphorylation of
mitogen-activated protein kinases (MAPKSs) and nuclear translocation of nuclear factor-kappa B (NF-kB) were also
strongly attenuated by RE in RAW264.7 cell. Furthermore, RE induced HO-1 expression through nuclear translocation of
nuclear factor E2-related factor 2 (Nrf2) and increase HO-1 activity in RAW264.7 macrophages. Therefore, these results
indicate that RE strongly inhibits LPS-induced inflammatory responses by blocking NF-kB activation, inhibiting MAPKs
phosphorylation, and enhancing HO-1 expression in macrophages, suggesting that RE of H. dulicis and a major component,
27-O-protocatechuoylbetulinic acid could be applied as a valuable natural anti-inflammatory material.
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LPSE §%=% RAW264.7 thAlA|3E] thet QNS Hovenia dulcis) 5259 49% a1t

2 I A QtH(Forstermann and Sessa, 2012), TNF—q, IL—-1
B R IL-6 2 2 A/ cytokine W THil o] fod A} Wi
L mitogen—activated protein kinases (MAPKs)?} nuclear
factor kappa B (NF—kB)of| 2Jafj 22 #lc}, HH} ¢35 Hk5
TAE AR o] QlofA] NF-kB7} 2/d 3= NF-kB
2} Agts| 9% inhibitory kappa B @ (IkBa)7} E-3l% HA]
NE-KB7} AJE 21804 9102 Sol7) ] ol 3 TNF—g,
IL-62} 22 cytokine L& ] HAl QIALZA] F83 ATHS
thJang et al, 2005, Majdalawieh and Ro, 2010).

Heme oxygenase (HO) 2] HAIS 243}= §4:2 HO-12
A|3E9] heme2 H3|3}0] carbon monoxide (CO), ferrous iron
9 biliverdin©. 2 AZSHA| E]1L, biliverding thA] a4
o] 9J& bilirubin .2 T cHElbirt and Bonkovsky, 1999).
HO-12H A0 FANe5-2 o5 2 Al A E ol T &
AR W 50 S0l gl A AE Am e A
0L RAS HSdl= AAR Q4 %11 QItk(Gozzelino et al.,
2010, Tsan et al,, 1989). Bilirubin2 iNOS2} COX-29] H&
1 NO9J AALS AA|3}HH biliverdine A YA cytokine?l
IL-69} IL-199] AAS SAAAZIE A02 B Heitt. S5
LPSE A 2|3t RAW264,7 A 3Eof| 4] HO-1-2 NO2] A4 3}+iNOS
SR} WSS AARFRo ZH TR = 212G Edlo] A|E L&A
& oEite @7 2apt w1 Hgi

BN (Hovenia dulcis Thunb, )= Zwjju}Eate] Ul
SO0 2 YA Ul o] 7slal Wol o] 78t 2%
o2 el HOM oo, A Bt 5
o 22 e, ZE AP HERE W AgolA 3 3T
o SIRe B SERel dEAon 0 BYEY
2= saponins A €2 Hovenoside I-VII, Hovacerboside Al,
Hovenidulcioside Al, A2, Bl, B2, Hoduloside ITII5-¥} Flavonoid
A€ 2] Quercetin, Kaempferol, (+) Ampelosin, Hovenitin I~111,
Hovenodulinol 50| 22| E|o] L27} A% QIch(Park et al,
2015), A|a7kA| Hars okejgA] o & ol oA a3k 7hA|3E
B3 Fyf 8 o] oA 53 o]k zg SPALS}H 2R 3Joka)
£ 2 o X7 a3 So] HuE3 QItkYand er al, 2013),
23 A S ) 2580 F9Z % 0 AR
BAof tfgt E&lo] H11E|9) E} (Park et al,, 2016).

B ol SUIE R, 71, ) 2389
O SRS e ) ] e AN

Q15t7] $18 NO, PGE,2] A2 A4 cytokine (IL-18,
IL-6, TNF—q) £H|& &% 45—} 1, 11 %A 7|0 & HO-13}

IL.

Of

OI

mz

AR U FSE A
2 A AR UL Al 2= 2017 8ofl B A
drfjof opplof|A] AFsI e, eks] ARt ol 51 - Aldst
of Agof ARk om, 2 ST A
AFJAlo]| Hatskar QItHPR01708130066), HaiE SAUHE 9,
Z7], Ma] AR A& 1.5 kg #5}] 10 L fER2-& 71510 30
oA 244t FE7 & A EEfsto] A NS 1A 0= 543
I oA e AFEste] falddste Aedke st
12N Skt ?- A FEsto], 200 9] Yisatel] Hak
SHAA A% Bk % HPLC #4135 SRt Al = ARESISIth

Aok @ 717]

Dulbecco’s modified Eagle’s medium (DMEM) ¥} fetal bovine
serum (FBS) 59| A Zufjokg AJeFE-2 Gibco BRLAHGrand
Island, NY, USA)ol|A St8}SIt}, Lipopolysaccharide (LPS)
9} 8'—(4,5—dimethylthiazol—2—yl)—2, 5—diphnyltetrazolium
bromide (MTT) = SigmatHLouis, MO, USA)9llA] 3185tk
96—well tissue culture plates?} 7|E} tissue culture dishes=
FalconA} (Corning, NY, USA) AlZ2 o] &3}3th Aldof AF
25 9z} g2l iNOS, COX-2, 18]l Lamin B Santa
Cruz BiotechnologyA} (SantaCruz, CA, USA)oA U355
a1, p65, phosphor—p6d, IgBa, HO—-1, Nrf2, phospho—ERK|,
ERK, phospho—p38, p38, phosphor—JNK, JNK (Cell Signaling,
Beverly, MA, USA)o|A] +431ict, 22} &kA 01
peroxidase (HRP)—conjugated anti—rabbit or goat antibodies
= Jackson ImmunoResearchA{West Grove, PA, USA)oj|A] 5+
QI5I9IT}. Griess Reagent SystemS PromegaiHMadison, WI,
USA)of|A] 9151931, ELISA kit R&D systems (Minneapolis,
MN, USA)oflA] F-5H3It,

Horseradish

1\‘“ EBH oF

op-A O] A A E520] RAW264,7 A E+= American Type
Culture Collection (ATCC, Manassas, VA, USA)o|A] =72 A
|2 3-9]5}0] 10% feta bovine serum (FBS)¥} 1% antibiotics
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(100 U/m¢ penicillin G, 100 wug/ml streptomycin)& 73t
DMEM Hj 2|2 37°C, 5% CO, 270l A vt 3ict.

AEZE 2L =

HFEERDY AZ=4 F7E goldr] 9fste] Cell
Counting Kit—8 (Dojindo, Japan)& ©]83lo 43Tt
RAW264.7 A& 96 well plateoﬂ 2x10* cells/mlE BE3=3}4a1
24AI7F HlFRE TR, He] FZEREE =, 10, 20, 712
140 ug/ml) 2 H2)sto] 24A)7¢ Hﬂoba} ek, Zhwell & 10 w09
CCK-8 &= A7Fsto 37, 5% CO» 22700 A 2417F HEG-A]
71 & microplate Reader (BioTek, Winooski, VT, USA)< o]-&
3kof 450 ol FEEE Sk,

Nitric oxide (NO) ¥ PGE,2] &3

LPS A} oJsl RAW264,7 A| 2o A f= H5
3} 7 Boj == %ol gl = Fuls 243517 35t
A= HljoFel 50] NOE asto] ulmwaldeh, NO 4
Z2A517] Ysto] AlEZS 96—well plateo] 2x10* ceus/mfa A=
31od 2471 HjOFat B RES 0, 10, 20, T12]TL 40 pg/mlo] EE
= A 2]sto] 1A7F F2t vt &, LPSE 1 ug/mle] T2
Alefato] 24417k 5k uloFsHATE, WSk S 50 et Fe
Griess reagent (Promega, Madison, WI, USA)S 2315} HES-A|
71 % 540 nmoY| 4] microplate reader (BioTek, Winooski, VT, USA)

imz
ik
]Io?s:

Table 1. Primer sequences used in this study

£ ARESle] T 1S 2751t Sodium nitrite (NaNOy)
o] T #E TS o] 85l NOZES AREsIGlnt, T1ejaL
A|3E vfjoFol )] PGE; level 2 PGE, ELISA assay kit (R&D
System, Minneapolis, MN, USA)E Al&d}o] 2435}t

Cytokine (IL-18, IL-6, TNF-a) &3

NO &7} & Wi 0. & Al S vt 3, 2t wellof A A
3 FolE Bt AlZEef FSH o] TNF—, IL-1
B, IL—6 %+ enzyme linked immunosorbent assay (Elisa)
kit (R&D system, MN, USA)E ©]-&5}o] Z7g5}3ict,

=

AF s aEL
polymerase chain reaction (RT—PCR)

RAW264,7 N|ZE 6-well plate] 6x10° cells/mlZ £53}
o] 247 iRt F RES 1AIZF St A 2jet & LPSE 1 ug/ml
9] Fr & 24A17F FQF HE3-813t) 0]& Trizol (Invitrogen,
USA) A|eFE 0]-85}¢] total RNAS H-2]8}9 T} Total RNAS
AeFslal, RT—PreMix (Promega, Madison, WI, USA)S o]-&
&to] 1 ug®] 7t total RNARFE Z}22] cDNAE -/dsk3it,
7} ¢cDNA®] template®} iNOS, COX—2, IL-6, IL—18, TNF—«
9 f—actin®] primer+ Table 19] EFY )37, ]2 mRNA gf
A Falsisict

Y} real—time reverse transcription

Gene Primer sequence

’ Forward $-CCC TTC CGA AGT TTC TGG CAG CAG C

INOS Reverse 5.GGC TGT CAG AGC CTC GTG GCT TTG G
Forward 5$-ACT CAC TCA GTT TGT TGA GTC ATT C

CoxX-2 Reverse STTT GAT TAG TAC TGT AGG GTT AAT G
Forward $-CAA GAA AGA CAA AGC CAG AGT CCT T

-6 Reverse 5. TGG ATG GTC TTG GTC CTT AGC C

. Forward 5-TGC AGA GTT CCC CAA CTG GTA CAT C
Reverse $.GTG CTG CCT AAT GTC CCC TTG AAT C

N Forward $-ACA AGC CTG TAG CCC ACG
Reverse $-TCC AAA GTA GAC CTG CCC

o Forward 5-AAG ATT GCC CAG AAA GCC CTG GAC
Reverse $-AAC TGT CGC CAC CAG AAA GCT GAG

. Forward 5$-AGT GTG ACG TTG ACA TCC GTA AAG A
Fractin Reverse 5-GGA CAG TGA GGC CAG GAT GG
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Western blot analysis

RAW264.7 A]E RE U LPSE A8t & HO-1 2AA
(SnPP)= 1A]7F Hof| A2 5F59t). Ice—cold PBSE 23] A&
31 5 RIPA buffer [25 mM Tris - HCl pH 7.6, 150 mM NaCl,
1% NP—-40, 1% sodium deoxycholate, 0,1% SDS, protease
inhibitors] & Yol iceol|A 3087} BF-A]7]2 Whole cell
lysateE A28k 2027 Yalefsto] A5HS Hoth,
7} A7 2] thill2l AHekS Bradford protein assay (Bio—Rad,
Hercules, CA, USA)E AFE38}o] 595 mo| Al SF=E =74
ato] ArJsteleh, FUst ol T30 ug)S 10% sodium
dodecyl sulfate (SDS)—polyacrylamide gel 2 &3t & iBlot
2 Blotting System (Thermo Fisher, Waltham, MA USA)<& ¢]
83}o] transfers}it}, ©] PVDF membrane2 5% non—fat
milk block solutionofl 4] 1417 59F HEGAIX] 3, A2} A S
(1:1000 dilution)S 4°Co)| Al overnightA]Z T}, TBST &0 o 2
3H A|Z3st & o]x} A= horseradish peroxidase (HRP)—
conjugated anti—rabbit, or anti—mouse IgG (1:10000 dilution)
2 ALl 1A BEGAIZAT, o]ojA 33] A|A & e
ChemiDoc™ Imaging Systems (Bio—Rad, Hercules, CA, USA)
< o]gste] WEs Eelstairt

2918 ST $28 HPLC 84

HPLC 7]7]%= pump, auto sample, column oven, DAD

(Agilent 1260 infinity HPLC system, Agilent Technologies,
USA)E ARESILoH, Ao ARG 2= 8l J.T. Baker
(Phillipsburg, NJ, USA) 2X.E] 7193l HPLC & &1iS AR
STt o] FAC R 0.1% formic acidE EF3F E(ul] A)L}
oM EHO|EL(EH B)S ARSI, 1 mb/min 502 A
210 S F431o] 254 nm T A gradient condition O &

BA1gl0n], B 270 Table 29} 2T},

SRR 228 B4 4E He 9 7= 54
SR 98 228 % 71 940l BIE A1

M) 2259 Recycling preparative HPLC system= A&}
of 223}t JAIGEL-ODS AP column (20 x 500 mm)°l| &
E1g8 F95la T3 &l (Water: ACN=1:2, v/v)S £ 10
ml/ A=A 7] Th2 UV detectorS ARESH0] 4= 254 nmo|
A EAsklon, 67119] 272)(HR1-HR6) &2 LSl o]
2 HR4E EtOAc:MeOH(30:1)9] &3} fuj& preparative
TLCE A3}l Sephadex LH-20 (95% MeOH)Z A A3}
SFHE 1 (30 mg)& AL 2F A o] 529 =84
F-2 Q Exactive plus Orbitrap LC-MS/MS (Thermo Fisher
Scientific, MA, USA) 2} 900 MHz Bruker AVANCE II NMR
(Bruker, MA, USA)& 55t A2 3lel L2449 =4 9 &
2 220 Ut 4HE o] YAH A 4R 728 5

F.

oft

Table 2. HPLC conditions for separation of different part extract and major compound from H. dulcis

Parameter Condition
Column ZORBAX Eclipse plus Cig (4.6 x 150 mm, 5 m)
Flow rate 1.0 m{/min
Injection volume 10 pb
UV detection 254 nm
Run time 50 min
Time (min) % A” % B’
0 95 5
6 95 5
Gradient 30 30 70
35 30 70
45 100
50 100

?0.1% formic acid in water.
Y0.1% formic acid in acetonitrile.
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3}5HE 1 'H-NMR (900 MHz, Acetone—ds) J'1,68 (1H,
H-1), 1,01 (1H, m, H-1), 1.59 (2H, m, H-2), 3.16 (1H,
H-3), 0.8 (1H, m, H-5), 1.54 (1H, m, H-6), 1.35 (1H,
H-6), 1.63 (1H, m, H-7), 1.48 (1H, m, H-7), 1.42 (1H,
H-9), 1.55 (1H, m, H-11), 1,19 (1H, m, H-11), 1,79 (1H,
H-12), 0.91 (1H, m, H-12), 2.54 (1H, m, H-13), 1.96 (1H,
H-15), 1.49 (1H, m, H-15), 2.23 (1H, m, H-16), 1,35 (1H,
H-16), 1.83 (1H, m, H-18), 3,09 (1H, m, H-19), 2,07 (1H, m,
H-21), 1.40 (1H, m, H-21), 1.94 (1H, m, H-22), 1.49 (1H, m,
H-22), 0,91 (3H, s, H-23), 0,90 (3H, s, H-24), 0,77 (3H, s,

B

B

(
(

=]

B

B

=]

=

)

=

B

’

=

)

~

H-25), 1.05 (3H, s, H-26), 4.72 (1H, d, /= 11,58 Hz, H-27),
4,55 (1H, d, J= 11,84 Hz, H-27), 4.77 (1H, s, H-29), 4.63
(1H, s, H-29), 1.74 (3H, s, H-30), 7.53 (1H, d, J= 2.0 Hz,
H-2), 6,92 (1H, d, /=817 Hz, H-5), 7.46 (1H, dd, /= 2.15,
8.31 Hz, H-6"); C-NMR (225 MHz, Acetone—ds) & 38.8
(C-1), 27.2 (C-2), 77.7 (C-3), 38.7 (C—4), 55.5 (C-5), 18.2
(C—6), 35.4 (C-7), 41,5 (C-8), 52.0 (C-9), 37.4 (C-10), 21.1
(C—11), 25.4 (C-12), 39.1 (C-13), 45.8 (C-14), 24.2 (C-15),
32.4 (C-16), 55,7 (C—17), 49.4 (C-18), 46,9 (C-19), 149.9
(C—20), 30.4 (C—21), 36,4 (C—22), 27.7 (C—23), 15.4 (C—24),
16.4 (C—25), 16.1 (C—26), 62.8 (C-27), 177.2 (C-28), 109.5
(C—29), 18.9 (C—30), 122.3 (C-1), 116.2 (C-2), 144.8 (C-9),
150,5 (C—4), 1150 (C-5'), 122.4 (C—6'), 166.0 (C-T7").

2E AY Aiks 39 o) AAste] 1 BatgkE V2=
Mean+SE= YERHSloH, A Ao digt FAA =
GraphPad Prism 5,0 software (GraphPad Software, Inc.,
San Diego, CA, USA)E 0]-8-3}o] Two—way ANOVA®| &35}
L p—valueZ} 0,05 BJRH 739 -3 Ao = wgskqirt,

R
NO, PGE, A4 W iNOX, COX-2 Z@o] w]X|=REQ| &3}

S o) 2580] FA% AHE el Ba7} 9]
oup el &7, Y] Y F9F Al digk 4= AT
gt AAole ST ReE 2559 d9F avE Hlal
5}7] $)5}4] lipopolysaccharide (LPS) 2 G352 S =35t
RAW264.7 A3 W 5918 2552 FAlol A2lsto] 452 A

o) SR =E2E(RE) oA L3 A A s ey
Atk Al =4do] YehliA] o= 559110, 20, T12|31 40 ug/
meof| Al RES o850 9% aat 9 24 7]185 WEskal
27| 9% 93-S inducible nitric oxide synthase (iNOS)2}
cyclooxygenase—2 (COX—2)2} 0|5 thil zl o] o]t = uj7)
AE(NO, PGEy)o] f=Htt, & dol|A= RES] FEF &
= golH 7] Y5ke] RAW264. 7 A|3Eof| RE 10, 20, 1837 40
ug/mé& IAIZE F2t 7 23k -1 ug/ml LPSE 24417 59 A
2J3lo] NO9| AY/gafol ujal= ks T2 WHos B4 4
10 ug/mloY| A<= 53.1%, 40 ug/mbol| A= 94, 7% TH A ZATHEF
14), TE3F, LPSo] o8} -2 Bi= PGE, &) Aol vl A= FoF=
A 23}, 10 ug/mlol| A= 47,2%, 40 pg/meo A= 90.1% 4
Zick(Fig, 1B),

REQ] 31415 Aol gt 2H8- 7142 dobi 7| fiste] AU
LA RA(INOS, COX-2)9] mRNA &g EAFSHITH
INOSO|| 2JaljA] A/ NO= kgl A #-83 9k st
A9k A &A1 NO2J A2 WY A5 Aghs dorl= 58
gt aglo] Hrt, webA Aol e NOE A8k iNOS9
o] thet RES] Faf& £A5}7] 918l RT-PCRE: AJ2Y3H3
t}, LPSE A 2|3t 7ol 4] iNOS, COX—2 mRNAE §-2j% o g
S7V89 AL, REE Aejgh wtollA= LPS Aajta} H]uste]
iNOS, COX—2 mRNAQ] Hi&zko] S-0]7 0 2 7h43ko 2 iNOS,
00X—2 mRNA ASJ &= NO, PGE, A AA|BI7} frARRt

G S

X

H
L

Al

Ml

Table 3. Cell viability and in vitro decrease of nitric oxide production of different part of extract in LPS-stimulated RAW264.7 cells

Sample Cytotoxicity ICsy (1g/ml) Inhibition of NO Production 1Csy (1&/m{)
Methanol extracts of leaf >40 >40
Methanol extracts of stem >40 37.64 + 0.73
Methanol extracts of root >40 12.51 £ 048
27-O-protocatechuoylbetulinic acid >40 542 + 0.61

*Values are expressed as mean + SD of the three replicates.
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(A) 25,
20-
=
= 151
]
E 104
=
5.
u.
LPS (1pg/ml) — + + + +
RE (ugiml) — - 10 20 40
iNOS
(©) 1,
=
=]
@ 101 .
:‘% %
[ 4]
% 5 x%
14
E
o
LPS (1pgm) — + + + +
RE(ugim) — — 10 20 40

(B) 25007
__ 2000
%1500-
a
i 1000-
U]
o
500
u-
LPS (1 pug/ml) — + + + +
RE (ug/ml) — - 10 20 40
COX-2
D) 15,
=
2
@ 10
g
[
< s -
4
E
o
LPS (1 ugiml) — + + + +
RE (ugiml) — - 10 20 40

Fig. 1. Effects of RE on NO and PGE; production, iNOS mRNA and COX-2 mRNA expression in LPS-stimulated RAW264.7 cells.
RAW264.7 cells were stimulated with the indicated concentrations of RE in the presence or absence of LPS (1 ug/m) for 24 h: (A)
amounts of NO were determined using the Griess reaction in culture medium. (B) PGE, levels in the cell culture medium were
detected by ELISA assay. (C and D) The iNOS and COX-2 protein levels were determined 6 h after LPS stimulation. GAPDH was
used as an internal control for the real-time PCR assay (» = 4). The data represent the mean + S.D of three experiments. *p<0.05,

**#p<0.001 compared to LPS alone.

7282 e Ith(Fig. 1C and B), 132 & RE: iNOS2H
AT =N HF Al AE THE RIS

Aol =% I ol A NO % PGE2F 22 A5 vl
=

[e)
] 3 A2 F3F AEA cytokined] 4] B
[e)

Hy, 9= Jehy= R?FP A Fo|tHHorwood et al,
2006). 53] A Zof| A= LPS 52 ofd] A= Q1A 2js}o]
S} = AGZA cytokine (TNF—¢, IL—6 % IL-18)<
Z7IA7]1L, 0]5-& iNOSQ| HHe-& S w3l AE ZAul LPS

£ A3t 2ol A= TNF—a, IL-6, IL-15 H&o] {24 A
Z271=]9)a1, RES A3t F-ol| Al TNF—+= 817.2-212.1 pg/m,
L—6+= 885,3-275.6 pg/ml, IL—13+= 146,6-62.3 pg/mlE LPS
A2t Hlawske] GRS T YEH o7 s

sl 2RIsHIHFig. 24), $19F =2 Axto] 2etsto]
mRNA =oM% H A ARES AAlst=A] Yok 7| = of

52
T
;%
%

~a, IL-6, IL-132] mRNA TS A2 59 a4
kS o= 579 A3 LPS A2 mRNAS] el #-014
. RES 7 #2343 2ol TNF—, IL-6 3
o] BT Fie oA OR A HIrhFig.

2B), o] 7;3?45 E3] RE:= TNF—, IL-18 % IL-62] A4S

al RE
=]

A2 INOSO] HEE 2 5l0] NO S oSS
o5 KIS Yehiks 202 SRlskich mE Al A}

ol

=
L5 REQ] i AZEA] o] HE MIT assay S E5f0] o}
HYLo o ARG W= 520 A 90% o)) ERS Kol RE
& RAW264,7 Al 3Zol| A =/ el A] ehe A glakaict
(Fig. 20).

Ik-B Z@Fo] u]X]= REQ] &3}

RAW264.7 ALt LPSO]| 2Jso] 0] dojuA] =H ok
3 A1 ek 7| 20] oftol B4 o) BEES Bulap o
=g, tJ#A Q] H =9l NF-kB (Nuclear Factor—kappa B)7}
ST}, NF-kB= KL= Al 2ol A Wl = f2A) AAL QIAkR Al
= ol A0l it ol 2445} Hel ] 2431 0]

F

O

ke
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) ®)
2000- 154 IL-6
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Fig. 2. Effects of RE on LPS-induced pro-inflammatory cytokine expression in RAW264.7 cells. Cells were treated with the
indicated concentration of RE and/or LPS (1 ug/mf) for 24 h (for mRNA): (A) the protein levels of IL-6, IL-13, and TNF-¢ in the
culture medium were measured using ELISA. (B) The mRNA levels of IL-6, IL-143, and TNF-¢ were determined using RT-PCR with
specific primers. (C) Cell viability after treatment with RE for 24 h was evaluated by CCK-8 kit assay, and the results are expressed
as percentages relative to the untreated control. Date represent the mean + S.D of three experiments. *p<0.05, **p<0.001 compared
to LPS alone.

U% A220] HT whSofl THH Thgt iAo HEs 243t o= A3l 319 inhibitory kappa Ba (Tk—Ba)7} 3]

A0 2 4y JthGhosh et al, 2012; Kim et al., 2018). 12, 10 w2t NF-kB7} Al| 22 of| A] 3 Y| 2 o]F5}o] COX-2,
LPSoﬂ oJalo] Aarulol| ZAH3}= toll like receptor 4 (TLRA)2} iINOS 5-9] HARE FE3th(Kim et al,, 2013). & Aol|Al=
AgsHA =1L, oofl osf Al Aol Sl HARRIAF NF-kB7} 2 RE 20| ofsfix] Zrable A5 Wil A=) A4 A7t
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Fig. 3. Effects of RE on the activation of the NF-kB pathway in LPS-stimulated RAW264.7 cells. Cells were pretreated for 30 min
with the indicated concentrations of RE before LPS (1 ug/m{) treatment for 5 min. Nuclear and cytosolic proteins were subjected to
Western blot analysis with the indicated antibodies. $-Actin was used as internal controls for the cytosolic and nuclear fractions,

respectively. Date represent the mean + S.D of three experiments.
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Fig. 4. Effect of RE on LPS-stimulated MAPKSs activation in RAW264.7cells. Phosphorylation and total protein expression of ERK,
p38, and JNK were extracts prepared from the cells RE treated with LPS-stimulated analyzed by western blot. Date represent the
mean + S.D of three experiments. *p<0.05, **p<0.001 compared to LPS alone.
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Fig. 5. Effect of RE on Cytosolic Nrf2, Nuclear Nrf2 and HO-1 expression in LPS-stimulated RAW264.7cells. Cells were pretreated
for 1 h with various concentrations of RE (10—40 ug/m) and stimulated with LPS (1 ug/m{) for 24 h. The Cytosolic Nrf2, Nuclear
Nrf2 and HO-1 protein expression were analyzed by western blot analysis. The mRNA level was analyzed by real-time PCR. Date
represent the mean = S.D of three experiments. *p<0.05, **p<0.001 compared to LPS alone.
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Fig. 6. Effect of RE on iNOS, COX-2, HO-1 and Nrf2 expression in LPS-stimulated RAW264.7 cells. Cell were pretreated with 10
UM SnPP for 1h prior to with various concentrations of RE (10—40 ug/ml) and stimulated with LPS (1 ug/m{) for 24 h. The iNOS,
COX-2, HO-1 and Nrf2 protein expression were analyzed by western blot analysis. Date represent the mean + S.D of three
experiments. *p<0.05, **p<0.001 compared to LPS alone.
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