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Abstract

Porphyromonas gingivalis (P.gingivalis) is the major pathogen responsible for
chronic-periodontitis which contributes for inflammatory mediators from the host cell
by the direct stimulation of lipopolysaccharide (LPS) or the fimbria on surface of
organisms. Tumor necrosis factor-o (TNF-a) is a potent inflammatory cytokine, which
is induced by the stimulation of LPS and participates in the physiological reactions
such as the inflammation, cell growth, and apoptosis, that are mediated by the
activation of possess on nuclear factor kappa-B (NF-kB). Phytophenols possess on
anti-oxidant activities and have been widely used as the food additive, cosmetic, and
the medical products. Magnolol and honokiol are neolignane derivatives containing a
biphenolic structure extracted from the stem bark of Magnolia officinalis and they
have long been used in Chinese and Japanese traditional medicines. Murakami et al
previously reported that bis-eugenol (eugenol ortho dimer) inhibited Escherichia coli
LPS induced inflammatory cytokine expressions at relatively high concentrations in
the mouse macrophage. However, there were no report about the inhibitory effects of
magnolol and honokiol on the P.gingivalis LPS stimulated TNF-a expression in
macrophages. Therefore, in this study, using the mouse macrophage-like RAW?264.7
cells, we examined the inhibitory effect of magnolol and honokiol on the P.gingivalis
LPS (PLPS) stimulated TNF-o expression. PLPS stimulated markedly TNF-a

productions at 3 hours after the treatment. Phenol compounds such as magnoloal,



honokiol, eugenol and bis-eugenol at the concentration of 100 uM or less did not show
any cytotoxicity in RAW 264.7 cells. Also, we examined whether P.LPS-induced
TNF-a expressions were inhibited with these phenol compounds. As a result, magnol ol
and honokiol inhibited the P.LPS-stimulated TNF-a expression in RAW264.7 cells at
the concentration of 50 uM whereas eugenol and bis-eugenol was inactive. On the
other hand, we further investigated the regulatory effects of magnolol and honokiol on
the NF-xB activation, and found these compounds significantly inhibited the
phosphorylation dependent proteolysis of IkB-a. In addition, these compounds
significantly inhibited P.LPS stimulated binding of NF-kB subunit such as p65, p50,
p52, RelB to its consensus sequences in the cells.

These results provide the evidence that magnolol and honokiol inhibits
P.LPS-stimulated NF-xB activations by suppressing the IkB-o phosphorylation
subsequently exerting the preventing action of the TNF-a expression. Our present
results suggest that magnolol and honokiol could inhibit the TNF-o related

inflammatory responses followed by inhibition of NF-xB activation.

Key words: Magnolol, Honokiol, LPS, TNF-a, NF-kB, RAW264.7 cells
Running title: Magnolol and honokiol inhibit LPS-stimulated TNF-a expression in

RAW?264.7 cells.



1. #8

Prophyromonas gingivalis (P.gingivalis )X EREBREDOHEARY v F
NICETET 277 2rREECRBERAROETERFREEMETHD. £ OHF
REIIAEDIE NPT ERF, VAL WPS), MK, ¥ 0 Bk
KRR CORBEERTERAELTVWAIEERLTNS ™. LPSIE7 T LRHE
DHNEDEBERERBESTHY, TuRF IS5V E (PGE)DEH>RT 5%
RUBR#tz L RIEMAT 4 =—F —= interleukin (IL)-1, tumor necrosis
factor-a (INF-a) 72 EDRIEMY A VA VEAZBRIBET S > Y. ok
D IRRIEMET A P IA VROREMEAT 4 = — ¥ — XM R OERR matrix
metalproteinases (MMPs) 72 KD ZRIB L, &EMERMRIZI T oMas~ ~Y
I ARHMEEOWBELREIFZILEXLRLTNE 7.

INF-a I3 EICTEH L~ r 7 7 —VICKVEEIND Z ERHMBATNSH N,
LYIEREICS L CTHIOLEDOEFEZELIRDLIVA MM LTRAINTE
®. INF OAEBERZ, AENOMEICIE S E7E L TW 5 INF Z 514 (INFR) & 4
LTHEAT LN, BITINFRA——7 7 IV —IZET 5 INFRL iZHIANT R R
AL EHFLUTHANR—E-8 OFEHICLVMBRIZIT R b= 2 2FHET 3 7.
£ 72, TNF-o [ ZHIRQEES 40 F° IL-1, IL-6, PGE, R EDRIEM AT 4 = —F —
R EDORBSLHEMC L 2HERELEDTEZIT) & &I X 0 BRYPECHUE
BEAOREBIICLEETS. Lal, BRRBBIIMMEE s v/, 25K
SIESOSEGRE, MY v~F, REREECHERRE, &R, BHEHRERLED
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ZLDRBEBIRERAT = —F —L LTHRET S . S 5IT TNF-a D
FBUIEE R F nuclear factor kappa—B(NF-kB) DIEMEILIZ L > THHAM S
TW3 W, Znwx, LPS FHEMD INF-a EAZIH T 2MWELRET D Z
BRI RN L LEERD D.

MW7 = 7 —NVBEAEDITEN T HIERLA & L TR ERMY R LBE R,
ERPCERBICELSEAEINR TS ™ 9. &Y i}, magnolol & honokiol ik
7z ) — )V _Bik#EEE L7 neolignan FEERTEIZ L UBOMEBH TH DAL
/) % (Magnolia officinalis) > LERESh, BFtL W EROEERKS L L
THERTELAVLNRTWS V. BEL PXm/H 5 ITLLRT eugenol ZEER
pcresol Z“EBKR YDA BN Escherichia coli LPS Hl¥ TNF-a 353 %
WMARICHMBI CEAILEZRE L. LoLAEYXDL, RROZEEK LAY TH
% magnolol & honokiol A% P. gingivalis LPS HI¥& TNF-a 3B & Z D IE B s E
WREEZFS T 0BT 2V TRI LG IZ 2.

% ZTAIEl, P gingivalis LPSZEZfERL, RAW264. T~V R~ a7 57—
MR IZI T B LPS FHiE M TNF-a DR BLIZ K IET magnolol, honokiol D %hHE

COWTERERFHREEA LSO TR LICOTHET S.



2. MM EFE
1. FERRE
Magnolol & honokiol %3 ¥ #{b¥E T (KFR), eugenol IXHRIKILRL T3 (K
) ZBEA LM L. bisEugenol I% eugenol & ¥ BR{LHI “BILKETAR L
b D EMA L . Bugenol, eugenol “BK, B X UOZFDELULAH DIL%E
#%ERX % Fig. 1 I&R”T. LPS X Porphyromonas gingivalis ATCC33277 ¥fH 3
LPS (R M3k T3, KR ZEM L7z, ~ v 2 KA TNF-a 1 Miltenyi Biotec

(Bergisch Glandbach, Germany)#lZ AF L 7/~.

2. ML MBESERR

ARERICIE, vV A7 u7 7y — VKM RAW264. 7T(CRH REAMIE, K
BR) Z M Fl L7=. #HEIX, penicillin 100 U/ml, streptomycin sulfate 100 pg/ml
& 10 %4 {71 3% (Flow Lab. ,MacLean, VA, USA) ¥/ RPMI 1640 £5#1 (Gibco
BRL, Rockville, MD, USA)H T 37 C, 5 % CO, D&M THE L. MEEEME
REBIIKBEET bF YU v L WST-8 OB TLIEAZIGH L7 cell counting
kit-8 (CCK-8) (RMALZ#FZERET, RA)ZHEHLRL V. §2bb, 1.0X10°
cells/100 pl D& E D RAW264. 7 MAHIIZ 10 Y4IEfFIMTE Z R L, 96 JXEER
~A 7 uaINVFx¥—7F L — bk (Nalge Nunc International, HI) DK INIZTERE
LT 48 FEfEIRIEEZ/ 21T o 2. T D%, Fig. 1 IR LEKE LAY %E dinethyl

sulfoxide (FIEHIE TE) ML 100 mM & L7 bO” b, ThEhBRKIBE



0.01 pM~10mM IZ72 5 K 5 ICEFBERICHRLAML T, 24 FEFEE L. R
% CCK-8 Wz HimML, 1 REOR2AREZITVY, 450 nm BT DR AEZ
NJ-2001 v VFRHFx A L)) —F— (AR FZ—Ay F, BF)ZHNT
BE L. MABEMBEEIET =/ —VEBEMEWIERMOMEE 100 %& L

TEHLEEEZHWTE L.

3. TNF-o @ fI5E i%

RAW264. 7 #BE (1. 0X 10° cells/100 pl) Z & MIE T 96 )N EER~A 7 a b )L
F % —F L — b (Nalge Nunc International) M4 7UICHERE L T 24 BREE®E L 7=,
Bz 2Z#H L, 100 ng/ml OWEICHWN L7 P.LPS Nz 7. B DRH%ZIC
B EWEZEIRL INF-a BIED7HDORE L L. DOV THKRICHEEL, B
EDOEBEICHR LKL LPS %, 6 BEMBZICHEILLZ. TNF-a O HIE I,
enzyme—linked immunosorbent assay (ELISA)¥EIZE -3 7~ TNF-a ELISA kit
(R&D systems, Minneapolis, MN, USA) IZ CHIE L72. 972 L, anti mouse TNF-a
antibody 2AE /L EN TV 5 ELISA 7L — R D% well IZ standard diluent
buffer IZ CEBMBEICHR L7288 LELZHRML, ERIZ biotin-conjugated
anti mouse TNF-a antibody Z & HIZHRAM L, Z|IRIZT IO 91 s FaX— KL
7o. VE¥gtk, streptavidin-HRP Z¥IML, Z|EIZT 30 HFHFE L. FiTHkE
PEE %, tetramethylbenzidine (2T 30 43 F&fa S RIGEIEH, 450 nm DR

E% NJ-2001 ~VFRAF¥x A L) —=F— (AL Z—RXAy R)EZHWNWT



HIZE L7-. TINF-o 1%, kit CEHINTWBEEHMEE D recombinant ¥ 7 &

TNF-o L D REBREMERL, TORXEIVEB L ELZREME Lz ™.

4. Total RNA MERE L F = Polymerase chain reaction (PCR)i%

%

RAW264. 7 K (2. 0X 10* cells/100 pl) Z4EM¥E T 96 NEER~ A 7 2L
F % — 7L — k (Nalge Nunc International) D& UERE L T 24 Fpjig&E L
To. . BEHZ AR L 5 puM & 50 pM DR EIZH IR L 72 RFK % 30 /oI RjLB%, P. LPS
¥ 721X TNF-o Z L3 L 3 BFfE#%, RNeasy Plus micro kit (QIAGEN Japan, X R)
[T total RNA #[EIX L7z, *Z D%, High Capacity RNA-to—cDNA kit (Life
Technologies Japan, HIX) & ¥ —~< /%A 75— (PerkinElmer Japan, ik
FRAOVWTHEEBEEREICE S cDNA OA& K %1 o 7%. INFa &
cyclooxygenase (COX)-2 ® mRNA 3 Hi|X TaqMan probe/primer mixture (Life
Technologies Japan) #fEfH L, & PCR ¥ X A GeneAmp SDS5700 (Life
Technologies Japan) iZC TagMan probe D LR — & —@EDHENLBE & K

AINVEERE L. RNEE=I Y e — L1 18S rRNA Z v 7-.

5. IkB-a D) VEILKTEH2 RV EHR

IkB-a DV VERAL & MR ITMIE 2 A%, PU IxB-a PLAEENITH Y Bk
IkB-o HifA % fEH L7 Western blot ¥ THFT L 7. RAW264.7 Hifa (3.0Xx10°
cells/mI)IXEMFETO60mn v — L T 24 REfERTIEE L7z, M2 3Z#| L 50 pM
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DRECAHR LRI L 30 SHIRTLEME, P.LPS 2B L 30 40k, MAQEM®
#% [10 mM Tris-HC1 (pH 7.9), 1 % deoxycholate, 0.5 % Nonidet P-40, 150
mM NaCl, 0.19%SDS, 20 mMethylenediaminetetraacetic acid (EDTA), 0.25
mM phenylmethylsulfonyl fluoride (PMSF), 10 pg/ml aprotinin] T¥ME L
ZUNRIBERME L. F0%, M LEZZ /X7 EX Tris—glycine buffer
system (25 mM Tris, 192 mM glycine) & 12.5 % polyacrylamide gel (FiuYti
ETE)ZRAWTSIS-RI 727 V7 I FEXIKE (SDS-PAGE) 1T o 7-. ¥KE)
%, FURIBRIEIRIABRE I AT vy MV AT A ATT0, HK) A
L polyvinylidene difluoride (PVDF)& (Milipore, Bedford, MA, USA)IZ
BRELZ. 7r vy M, 0.05 % Tween—20 Z&¢r Tris buffered saline (TBS)
buffer [100 mM Tris-HC1 (pH 7.5), 150 mM NaCl1lIZ¥ME L 72 5 %A ¥ A I L
7 C2RET Ry X7 EIT, 0.1 % Tween—20 % & ¥p TBS buffer THH L
7-. =D PVDF BElX, 24 B, 4C, 5 % bovine serum albumin (BSA) &F
TBS buffer FIZFHIR L7~ rabbit anti—human IkB-a polyclonal antibody, rabit
anti—human phospho—IkB-a (Ser32) monoclonal antibody (FIRfZ=X 1:100, Cell
Signaling technology, Beverly, MA, USA), rabbit anti—human actin (H-196)
polyclonal antibody (FIRAZ2R 1:100, Santa Cruz Biotechnology, Santa Cruz,

CA, USA) LK) & ¥ 7%, 0.1% Tween-20 % & TBS buffer T 2 [H¥E¥ L 7z.

% D%, PVDF JEiX 4 CiTT 3 K, BSA &F TBS buffer FITHI] L 72 Goat
Anti-Rabbit IgG(H+L)-HRP Conjugate (FFR{fZ=2 1:200, Bio Rad, Hercules,
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CA, USA) &) &, 0.1 % Tween—20 % & ¢ TBS buffer T 2 FIYEH L7=. ¥k
%1%, PVDF JE LB Shic¥ /%7 EiX 20X LumiGLO Reagent and 20X
Peroxide (Cell Signaling technology) # Al \» TAk % ¥ ¢t & ¥, X-OMAT
film(Carestream Health, Rochester, NY, USA) IZE X X /-%, ThFHLD ¥

VRIBORBOBEYRE LE 2.

6. %PV BEDOHREL NF-xB DNA #&F

RAW264. 7 G (3. 0X 10° cells/ml) Z #EMIE T 60 mm > % — L T 24 FrijE#
Liz. #EHiER# L 50 pM OB EICHR LRI % 30 sy MansEek, LPS A
1 F¥f#, Nuclear Extract Kit(Active Motif, Carlsbad, CA, USA) & L
TER L7, BURL7ZEEH 737 B H @ NF-kB @ DNA #5-& 15 1% ELISA % R B
& L7z Trans-AM NF—xB family kit (Active Motif) Z W TCHIE L7z *®. 7
HbbH, NF-kB fEEHEFHI TH % 5 —GGGACTTTCC-3’ Dt Y REF| DAV I X
7 LAF K DNA BNEMIL I TW3 ELISA 7L — FH D% well IZ Complete
binding buffer Z#M L, F® Complete lysis buffer I CTEFEME AR L
Tokg & R 78 (20 pl) ZHML, 100 rpm D ¥ = — K — (ATTO) IZ BB EIRIZ T
60 4y Bl#E A K& 4T - 7. Wash buffer TOPEF# I Antibody binding buffer
THAI] (1:1000) L7z p65, pb0, p52, RelB D4 NF-kB Hifkz & biIcimmL, =
BIZT60 RIs S, BOBE#% kit I2¥AT D HRP-con jugated anti-rabbit
IgG antibody(1:1000) Z¥RM L, BIEIZ T 60 ARSI ®h. FilzHkEk

12



Developing solution|Z T 54 EF & & ¥ X HE 1L, 450 nm D WG FE % NJ-2001
CNNTFAXFX AL ) V—F— (AR VFZ—Ay F)EHWTHEL .

3. ¥R

) Z2z/— I BEELEVOMBEEH

XU I, 2—Y ) —)VEAELE Y D RAW264. 7 FERI T B MIBREEMICS
WORET L72. RAW264. 7 #If % & ~ @ F ® magnolol, honokiol, eugenol,
bis—eugenol ZFMM L, 24 Kefi¥EE LHAXAYAM %% Cell Counting Kit-8
THIE L. ZD#E%, magnolol, honokiol, (X eugenol, his—eugenol & i~
10 fFIRWVEE CHIREEEZTRLELOD, WTFROLEHDH 100 pM LT O

BECIIEELMREEEL RS2 7% (Fig. 2).

2) P.LPSIZ& % RAW264.7 #iRGIZE T 5 TNF-o RILDFE

RAW264. 7 #lifd > TNF-a FEAEBIREIC K IE 3 P. LPS OERIZ DWW TR L 7. LPS
P, BREFRICHE EEZEINL, EA SN/ INF-o &% ELISAJETERL
7. P.LPS |34y 3 BRI 4 ICBHE 72 INF-o EAZFHE L, I REZ CIRERKICE
L7z (Fig. 3A). WICHIRE~FTEDIWEIZHR L7z P.LPS ZLHE L, 6 REf#&IC
B LEAEILL INF-o B2 EE& L7z, P.LPS IZIREKRFMEIC INF-a ¥ 237

BrREL%ZFHE LT (Fig. 3B).
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3) Zx/—I)EAEILEWIZK S P.LPS FE TNF-o RIROMH

P.LPS iX RAW264. 7 fif@ D TNF-a EAZFHE T OIRRPBONTZZ L0 H, Z
DRBICKIET 7 = /) — VEEILEHOMBEER ZRE L7z, MRICEHTE DR
BEIZ 7B L7~ magnolol, honokiol, eugenol, his—eugenol % 30 4yRIATALE$
LPs B L 6 Rk DEEE LIEZ B L, ELISA (TR L. Z0/E,
magnolol, honokiol X 50 puM T TNF-a PBEAE DO #IH 2 R 724, eugenol,
bis-eugenol JLEEIZIITRWVIFIZIR LA b h o7z (Fig. 4). RICEEBETF
LUV TO P LPS B M TNF-a BB O 7 = /7 — )VEELA Y OMHIER 2 Rt
U 7z. RAW264. 7 MIfRIZSE D EER & FIZfE T 30 o MATAER LPS LB L, 3 K
% D total RNA % [EIX L T TNF-o mRNA %81 % E & PCR TH X, Control & 1 &
LCRELE. ZORER, ¥ v /)7 EEA L FIHRIC magnolol, honokiol X LPS
FEME INF-o BIETFRE L REKRFMICHS L7223, eugenol, his-eugenol 4
BB IXMEI S RIIR O R0 o 72 (Fig. 5). —7F5, magnolol & honokiol @ #f
BIRMN LPS BREZBREHFENR OO THLINRAET 5728, LPS LiTMias
BRKDE % INF-o 4 LT COX-2 mRNA 363 %, FERICEEPCR ZAWVTH
FFL,Control Z1& L TR L. £DHfER,P. LPS & [F4RIZ magnolol, honokiol
SLERFETIE TNF-a FHEME COX-2 mRNA IR 2 BHE ICHH L 722, eugenol,
bis-eugenol WEEEIZIITFVIHIBE LA N2 o7 (Fig. 6). T OFERIX
magnolol & honokiol MO#MHIZNEL LPS MG EMBE RN TRV L ZRL
TW3.
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4) 7x/—)VEAELLEWICKDLPSRIB IB-a D) U ERILEKFES VNV ESH
fR DR 1E A

B2 B[R F NF-kB [T ERH ORE TIX, ARES "7 ETHD IkB-alZ LD
FOEMERIMBEIENTWS. UL, LPS 722 L ORI A MBS B I EE S
e, IkB-aBNY VELENTF T 7T Y —LATHMENS. FDREE, IkB-o
EREE LTV NF-xB BN EREL, BNICBEIL, ENEBERFOSnE—F—(
FET 5 NF-kBREGEFICHESTSH. 7=/ —/VEEEWIL INF-o FBERZ B
FIZHH L7222 b, Zhbo{bEWid NF-«B OIEMALZ #H 3 5 rTREtE 2
Zabhle. 22T, 7=/ —nVEELEWH LPS FIE IxB-a U v ERILIKFHE
ZUNRIBEGBENHICTEANPKREE L. TEOEBREICHIR L magnolol,
honokiol, eugenol, his—eugenol % 30 4y MEIRTALEEES LPS ALEE L, 30 /%% ICHE
fE % /)7 B xZEIL L Western blot IBICTHET L7z, EORER, Fig. 71T
T RIS, LPSIZL B IkB-a DV VERfL & & /X7 B 43 ##1%, magnolol, honokiol
kv Shiz. —F T, eugenol, bis—eugenol iX IkB-a DV »VE{k, ¥
NI ERRERIMEI L o7z, AERLEESFRLEBFT TO practin FEH
TIPS R°7 = /) —VEAELEMLBEDOEBEMOZIT 22722 &5 5, P.LPS
I IxB-a DV ERALKTFEDOMFIEM I, magnolol & honokiol 2 & 2 %55

HRIERTH D LBHH L.
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5) 7z / —)LEAELEWMIZLBNF-BHYHTa1=y FODNAFESFEEICT 5
#l4E A

7= /) —)VBE ZERE W LPS R IxB-a O Y UBRILIKTFEEZ NI H
SREEBHEBEIMH L2 LD, 2o DILEWIX NF-«B OIEHLZ T 5
AN B 2 bz, £Z T, ELISA #Jf# & L7 Trans AM NF-xB family kit
ERANVTINDODILEMIZE B NFB Y T 2=y Dk ¥ REFI~DRE
ATEHICT B REBIC OV TR L7z, RAW264.7 #ifE@% 50 uM @ magnolol,
honokiol, eugenol, Ais—eugenol T 30 4y RIRTALIE Z 1T\, LPS ALEE 1 BEf# D
BE U7 E%ZEIL, NF-«xB &4 Z BT 5 p65, p50, pb2, RelB O%&%¥
Ta2=y FODNAEATEEEZRFT L. £O/RKE, Fig. 812777 & 5 IZ magnolol,
honokiol i p65, p50, p52, RelB @ DNA ~DHES Z#Hl L7223 eugenol,
bis—eugenol IIMHI Ligrotz. T HDFERM S, magnolol & honokiol 1X#x

BERF NF-xB OIFEMALZ I RANTHHI T 52 L BB N E R -T2,
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4. BE

Magnolol & honokiol IXEZ7 VU BARA /) XOMERENOHEBIND
phenylpropanoid L &# T, ®IZTFF A /) % (Magnolia officinalis) DR FE
AL WS AL UTREARLTE, A%, TH, WE, MEPRLEDOHEE
ELCEbR, TShERREERAZBELTNWS V. WY = 7 —VEEL
EHIIEL PORREEAZAL TR ERMLNTNENR® W b
DILEIIBIL ST, BEERLICLVERECE Y=/ v I Uk
L, 7uAdxv A b LTHERESCT VAX—KIED X 5 RBIER %5 %
BT, TNEEY DR OBMIERIS ZIRH 7R reactive quinone methide
intermediate DFRICEK T3 * 3 3V, Fujisawa b DHFEIN—T1L, TV
ANMELTaFH v Z L MRV WBED Y = ) —VEE{LEMEZRE L
72 &L = A, biseugenol® , dehydrodiisoeugenol® , bhis- butylated
hydroxyanisole (BHA)®¥, bis—ferulic acid® R & _BELEHBZTNTH
DHEEBERE LB L TREMEY A b A R cyclooxygenase (COX) -2 D FEH % 58
ZICME T2 LR AL, ORI ZEEKETT VML LIS WEE
D7 =) —VEEIEWIHREERAPFET S22 L ETREBLTEY, eugenol
“ERICHEENL-YE TH D magnolol & honokiol IZIXFREDZENH B D
TIERVWhEEZE., 22T, IUDICvU R~ v 77— JHIKEE RAV264. 7
(B} B P gingivalis LPS &M TNF-a B2 XIE T magnolol & honokiol
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DR HRIZOVWTHEF L. TORRER, ThbDbEaWid e HIiZ 50 pM DK
JREET P.LPS B TNF-a BB Z B F L AN EZ U ANTHELXNVOHE G TRE
WIFRICHE L7z (Fig. 4, 5). Lo Ledb, stBE L THWE eugenol &
bis—eugenol ICF CIRE COMBIZRIIRO bvie s o7z, LPS IIEEME Lo
CD14 * Toll-1like-receptor 4 (TLR-4) + MD-2 A K Z N L =58 EIC L - T
MREANCEREEI N ZEB/MOENTNS . Zhwx, mgnolol 28 LPS ¥
TFINDOHEHRCHHTI0BRFT L2 LEIREKIHD. £2T, RIZ~™
ru7y—VHREFRLEOLVE X —DR2?D TNF-a % RIBANC A\ T CoX-2
mRNA F BT KIF$ 2 5 magnolol & honokiol DFHEEAIC >V TRFT L2,
ZORR, 2 b Z >0 (LA Wi LPS I TNF-o 3 & IR IZ, TNF-o JFI] i COX-2
mRNA BB 2 Ml L7=. —F, F&x 1L/, magnolol & honokiol A% RAW HfifE @
AREMR BN COX-2 FBLL NF-kBIGHALZ MM T2 2 L 2@ME L. BEIX
8 EMfE D TLR-2 X° CR3, CD11b/CDI8 ZZAME L TWVWB I LR RENTNS
58.39 40 = N6 DR R IT magnolol & honokiol 2% LPS-TLR-4 ¥ 7 F WARERT
7 ©72 <, TLR-2, CR3, CD11b/CD18, INFR R E¥Z N+ B L DY IS FNGEER
Zx L CHFRPIZIMH TEDEHTHDIILETRBRLTNS.

NF-kB I3#HEISICB W TH LR ZRIZITEBEERFTHY, A FLAR
YA MIA v, BABREOFIRIC L VIEHEA I, Bt L ORBMERERKISR
MFBEE, TR =Y AR EOBEL OEBBRICEES LTS Y. NF-kB 7
7IV—IZCBT D FIE5BEIMONTEY, Class (p50, p52) & ClassIl
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(RelA(p65), RelB, c-Re)IZHmBIND. ThOLBRFEHLDLIWVIE~T v _EHEK
ERR L2 OREERF L UCHEEL, 55 F, V1 M A L, C0X-2, —
ML ZRAREER (INOS) RABEROZEEOBETFRBRICEETH 2. &
Y i} p50-p65 ~T 1 " BKIX NF-kB ¥ 7 A ERGEROTELR B TH

D, FHRBT TIX IB-0 EHEET D L THEESDH SWMREICHEELTY

1|

%5 ¥ ZoiEMHEIIL IKK(IkB kinase)a & IKKp, MGV 7 ==+ + NF-«B
essential modulator (NEMO) 2> b S 5 IKKEAEKIC L o THIF s TV 5.
LPS R TNF-a 72 £ ORIIKIZ & - T IKK EEEITE ML, IkB-a DY 81k, 7
BT 7Y —ACXBNREFHETD. TOMKRE, pb0-p6s HAKIIZICBITL,
DNA k@ kB BL%1 (5" -GGGACTTTCC-3" ) I & L, BB FOBREEMH{LELFHFE
$ % *. Magnolol, honokiol X LPS iZ &% IkB-a ® VU V(b L i, TDOHD
p52, p65, p50, RelB D kB ERF|I~DiEE 2 L7 (Fig. 7, 8). @RIZHW
eugenol & bis—eugenol IZIXIF & A EMAMEMRBD b RN oZ &0 b,
4 EIDOKER T magnolol & honokiol A3H #7172 LPS # &M NF-kB & M1k D # il 1
THOHFREEEZRE L. LrLeddb, ZOMG#EECRETSES 2=y
N OMBERNODAHCHEBRBBEIC OV TOFEMIIRERAHAR L ZANELSED
HRETHDHLEEZD.

4 [8] O 2B T magnolol & honokiol EIxtf & L TH W= eugenol X
bis—eugenol & HLEXL TRERAUKEEMAEZRLEL. 2D 2 DD{LEMDOEA
DERIL, BEOLL 7=/ =AM OHPLKEREHRIPNDFOMBET L Z )L
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&’ — (BDE: bond dissociation enthalpy) DERIZEER L TWL I E&REZXBH
5. BDE BNEVMEEM TIIARKRKEF D5 &hE N2, 7=/ —MEEMHB T
VANMELIZS W ERBEOTH LA DRI VALMZIN TS ¥ iz,
SEBIOEBRTERLZ{LA® D BDE fEIX honokiol > magnolol > eugenol >
bis—eugenol DJEIC/EWZ & BH|E I TWD *®. L7d o T, BDE 28 eugenol
R bis—eugenol X ¥ &\ magnolol & honokiol TiIZ 7 mAF v & v MEHENH
2 ONHEBILER R L INF-a BEH L NF-xB ERIEAMI N2 b D EE X
H#%. —7, phenol EEMNFA T 2 MAIEMICEET 5 EMFTEMLITE
BRI ETEMEFEES (QSAR) IZ & % BDE RHLEEF DR ITE LIZE T % molecular
orbital energies THFHE T ZAREMEN R I TS 749 & & ¢ phenol
B L& #4591 038D chemical hardness (), X electronegativety (y) 72 &
DILFEWERFEZEHEL, TN O OE L AW FHIEHB OMBIZ OV T QSAR %
TRVWHEE-TEHEREZALNCTIRFONTETT7 = 7 —VEEILEY D
s L MIREEESS CoX-2 MBIICETAREETRILTE R . ZO/RKE, 1
ERBEMEADCHARERANRD D Z LMy > TE 7 0y flT magnolol
A% 3.240, honokiol % 3.002, eugenol 25 2.6, his—eugeno A% 2.715 TH Y, B
272 COX-2 #1125 % 7% L 7= magnolol & honokiol %, eugenol R his—eugenol
CHBLTEW Y EZH > TVBEIERHFEINTNE Y, Zhwx, SEO
RRIEERITI N DGO OBERNREIC I > THRASi S TV 5 W HE
ERHDLEEZD.
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SR Y IE 8 M S E O BIEALIX R MR OB A RCR B2 EL 2 L i
EN T3 ™ Murakami & X LRI Porphyromonas endodontalis O LPS %% TNF-a,
IL-1p RGFHHREMER TR EOREEY A NV AV OELEZNL, BEHERY
REHRKOENEERBEERICEEREFZE L VD AIEEEZRE L 2.
SERIOE A DERITBERBRETNVEMRE LK P gingivalis LPS 12X 5
TNF-o BBEOFFEELRIT LD TH B, £ INF-a bFLx DEBRTIX
COX-2 RELZ RHICHEE T 52 L 27 L7 (Fig. 6). COX-2 X PG &4t L 7=1
BEHBEOTLERCRRBICEEGE LRIERZEY BT 57210 T, BE, KIBE,
FEHEREDOEENOEmBPICRELERIN, EEERICOLEETLZ &N
ZAbITWD 0 —J5, NF-kB IIREMY A b AA L OFBELZEL Z Lh
DAREMECRELEE LT IR T LEEXL LN TV, BETETR b—v
AHEBEEREELL, BOERBZREET I LALLM RSP 7,
%< DEFME TIT NF-xB BMMEEHREEILEZZ T TN Lb, EF,
NF-kB D3 DLZRIBICB T 24 —F vy P LTEBEESRATWS . 2ok
(Z NF-kB IZRIERLT A b — T AMiEE EICFHAE L, NF-xB %A 3 2% NSAID £
ILEWITRRIER, SUBAREDENSFICER L LTRASN D FREEND
% %, &ift, magnolol & honokiol 1326 < DM THMBEROME L L T
BRa R RIEMAT 4 = — 2 — MG LEFRBREDO TR ERET 5 W
BEMEREMMIND X IR TERL W, 6o T, EEMREZ S 2 MR
(23 T magnolol & honokiol DRIGHEEZ < DIFEMRIBERZ S O TREMICH
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MBI L, £, MHEDEN LIPS LOBERCLIDZLONEPERFNT I L
IEBROEERMARELEZZD.

SEIOMEREIL, 7=/ —VEELEWD 5D, KIZ nagnolol X honokiol
DK E CEE R+ NF-xB OI#I 2 L, INF-o IZEE T 2B MHEREEREBO
PR FHAILE LTHELELIREELZ IR L. BAREREKICIWT,
magnolol X honokiol Z HFHAKIILA I TVRNEZY, T bDIEHH
AR THACHEARICT T H2REMFF E LTUSHTE 2O TR 2V EE

25,
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i
=

7 x ) —)VEENEMORRESEIERZMATI-DHIL, YURY IR T 7—

DREA AR RAW264. 7 HIRIZ 1T B LPS & M INF-a RIROMBIER & 2 D1EH

CHT 3 ETE T EELRERECS TR L, UTORELEL.

. Magnolol, honokiol, eugenol, his—eugenol % L 7= RAW264. 7 #i}a Dl
REEERBRTIX, WTho/lkd® b 100 pM AT ORE CIIMRESEME %
RSB Tz,

. P.LPS X RAW264. 7 #ifa® TNF-o BiZ FHEL 2 0% 3 R THEL, £0
RBIIP.LPSREKFH TH o T-.

. Magnolol, honokiol IZ 50 uM O & B C RAW264. 7 MfE ® P. LPS Hll# TNF-a &
o FFH 2 BE THH| L7223, eugenol, bis—eugenol (55 WIS A b7z,

. Magnolol & honokiol i%, P.LPS HI# IxB-a DU BRIk & & U NI E k%
PR 1ZIE L7=2% eugenol & bis—eugenol [ZEWHIEIS RS-,

. Magnolol & honokiol X NF-kB %7 ==y k@ xB EFI~DHEE % IH L7z

D3, eugenol & bhis—eugenol [FHIH| L 720> 7~

L ER#ZEENG, 72 7 —VEIEALE D 9 B magnolol, honokiol @ LPS Hl

B TNF-a FBL O S &I IkB-a OV VEBBILIKENEZ v 7 BEHBImE I ER
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U7 NF-kBIEHEALOIFNIZ LB Z EBRHLNE 2o . S EIOFERIL magnolol,
honokiol 23D 7 = /7 — )V AL & W IZ Hb R TNF-a |2 K 5 18 M & 5E MR B

CHT B S E TN AR TR L LCRIEL 5 B TR 2 R LT
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BHEE

MERDDICHEEY, KinEiEE, ARHEZzHDLY £ LW RFEEHRE
PUTTEREZREREBARAENZEZLSETF -l BEBERIIERELRIWEZRLET.
£, BRBEEBOY £ LCREFZSE - RE BB, ELFESEF - KW
AN#R, BMEWFRE - RESILBERICERNT-LET. KFROXRITIZH T
DHRBEDRIEHEELZERNZLE LEARLEERR - BEBEE—BELICR
MW LET. £72, BrxOoEICOY TEWZEE LIEHBREHEFES

RRBWTER ZHREREHRAERZFOSMICESE#ILFA L EFET.
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Figure Legends

Fig. 1. Structures of magnolol, honokiol, eugenol and Ais—eugenol.

Fig. 2. Cytotoxicity of magnolol, honokiol, eugenol and bis—eugenol towards
RAW264.7 cells. The cells were treated with the indicated concentrations
of phenol-related compounds for 24 h and viable cell numbers were assessed
by cell counting kit. Each value represents mean of triplicate assays.

Reproducible results were obtained in another independent experiment.

Fig. 3. P gingivalis LPS—-induced TNF-a expression in RAW264.7 cells.
(A) The cells were treated or not with P.LPS at 100 ng/ml, and then the
culture supernatant was collected at the selected times after the
initiation of the treatment. TNF-a production was quantified by ELISA. The
colorimetric reaction was read as the optical density (OD) at 450 nm. (B) The
cells were incubated with or without P.LPS at 100 ng/ml, and then the
culture supernatant was collected at the selected times after the
initiation of the treatment. TNF—a production was quantified by ELISA. The
colorimetric reaction was read as the optical density (0D) at 450 nm. Each
value represents mean of triplicate assays. Reproducible results were
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obtained in another independent experiment.

Fig. 4. Inhibitory effects of magnolol and honokiol on P. LPS—-induced TNF-a
production in RAW264.7 cells. The cells were pretreated for 30 min with
the indicated concentrations of magnolol, honokiol, eugenol and bhis—eugenol
respectively. They were then incubated for 6 h with or without P.LPS at
100 ng/ml. Thereafter, the culture supernatant was collected and TNF-a
production was quantified by ELISA. The colorimetric reaction was read as
the optical density (0D) at 450 nm. Each value represents mean of triplicate
assays. Reproducible results were obtained in another independent

experiment.

Fig. 5. Inhibitory effects of magnolol and honokiol on P. LPS—induced TNF-a
gene expression in RAW264.7 cells. The cells were pretreated for 30 min
with the indicated concentrations of magnolol, honokiol, eugenol and
bis—eugenol respectively. They were then incubated for 3 h with or without
P.LPS at 100 ng/ml, and their total RNA was prepared. Each cDNA was
synthesized, and the expression levels of TNF-a mRNA were quantified by
real time PCR and standardized against the expression of 18S rRNA. Each
value represents mean of triplicate assays. Reproducible results were
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obtained in another independent experiment.

Fig. 6. Inhibitory effects of magnolol and honokiol on TNF-a—induced COX-2
gene expression in RAW264.7 cells. The cells were pretreated or not for
30 min with the 50 puM of magnolol, honokiol, eugenol and bis—eugenol
respectively. They were then incubated for 3 h with or without P.LPS at
100 ng/ml, and their total RNA was prepared. Each c¢DNA was synthesized,
and the expression levels of COX-2 mRNA were quantified by real-time PCR
and standardized against the expression of 18S rRNA. Each value represents
mean of triplicate assays. Reproducible results were obtained in another

independent experiment.

Fig. 7. Inhibitory effects of magnolol and honokiol on the phosphorylation
dependent proteolysis of P.LPS-stimulated IkB—a in RAW264.7 cells. The
cells were pretreated for 30 min with magnolol, honokiol, eugenol and
bis-eugenol at 50 puM, and then incubated for 30 min with or without P.LPS
at 100 ng/ml. Thereafter, equal amounts of cell lysates were analyzed by
Western blotting after SDS-PAGE with phosphor—-specific anti—-IkB-a
antibody, anti-IkB-a antibody or anti-P-actin antibody. Reproducible
results were obtained in another independent experiment.
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Fig. 8. Inhibitory effects of magnolol and honokiol on P.LPS—-stimulated
binding to its consensus sequences of NF-kB in RAW264.7 cells. The cells
were pretreated or not for 30 min with magnolol, honokiol, eugenol and
bis-eugenol at 50 pM, and then treated or not for 1 h with LPS at 100 ng/ml.
Then the nuclear extracts were prepared and used in a Trans—AM (Active
Motif) ELISA-like assay kit to quantitate the NF-kB p50, p52, p65 and RelB
DNA-binding activity. The colorimetric reaction was read as the 0D at 450
nm. Each value represents mean of triplicate assays. Reproducible results

were obtained in another independent experiment.
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