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(lipopolysaccharide: LPS) 72 & CilE SNBHT 5, AEERILRETO RIAERNE
B B e & E 2 Bl L TB Y . F O E D% < 1THEE K+ nuclear factor
kappa—B (NF-kB) DIEMEALIZ Lo TR S o Z &b TS, L LR
5,7 =/ —/VEEALEIZ L D COX-2 FEBLO B BT D W 7EI3 A 720,
Z ZTARMZETIE, 7 =/ — VB E(LE B L DGR BIROFFOHIRIE
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% VT LPS Hilli COX-2 IUKIFT 7 = / — /VESEAL EW OFREITER 2 oW
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butyl-1, 1" -biphenyl-2,2’ —diol (TTBBD, DTBP _&f{K)] OZhHEAMF L7,
DTBP /& COX-2 FELxt L TR 2 7R & 725 72723, pcresol, thymol (10
u M DOFLEE T RAW264. 7 M@ D> LPS Hiljs COX-2 FEHL 24 FE 2l L. £ 72 DDBP &
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?D NF-kB @ & B ARSI ~OFES Z RERICHH L7, ZAb0RERIT, 7=

J — )V HEH B LA LPSFHEREMD IxB-aV A2 5 2 ik D,
NF—«B {& (b 2 30 L. COX—2 FEELOMMIEM 2 BfE 2 vaEtE 2 "2 L7z, 4
B OWFFERE RIL, 7 =/ — VB &R MEE 4 T % DDBP & TTBBD 23455 K+



NF-«xB Ol &2 L. COX-2 (ZiE K3 2 Ff x4 D& IERFEME BRI T 5B/ %078 iR
PRI L U CTIER L 9 2 afREME 2 RIe LT,

FSIRE: 7=/ — VB HE _ERMEEY., LPS, COX-2, NF«B, v/ 1 77—,
IkB-aV (L

HWNRE : 7 =/ — VEIHE &AWL LPS 35 58ME COX-2 R EL &2 Wil 3~ 5



Abstract

Phytophenols such as phenol, cresol and thymol are potent antioxidative compounds
and have been used in the dentistry as a component of root-canal treatment agents.
However, high doses of these compounds cause adverse effects such as inflammation
and allergic reaction. Dimmerization of phenol-related compounds has been reported to
enhance their antioxidant and anti-inflammatory activities. Cyclooxygenase-2 (COX-2),
one of the rate-limited enzymes of prostaglandin synthesis from arachidonic acid, is
induced by growth factors, cytokines and bacterial lipopolysaccharide (LPS), suggesting
its role as a potent inducer against inflammation and tumorigenesis. In addition, it is
well known that COX-2 activity is mostly regulated by activation of transcription
factors such as nuclear factor kappa-B (NF-xB). However, few studies have reported the
mechanisms by which phenol-related compounds regulate the COX-2 expression.
Therefore, the present study was undertaken to investigate the effects of some
phenol-related compounds on the lipopolysaccharide (LPS)-stimulated COX-2
expression and NF-«xB activation in RAW264.7 murine macrophage-like cell line. LPS
induced the expression of COX-2 mRNA and protein at 3 and 6 hours after the start of
treatment, respectively. Next, the effect of p-cresol, thymol, 2,4-Di-tertial-butylphenol
(DTBP), 2,2’-dihydroxy-5,5’-dimethyl biphenyl (DDBP, a cresol dimer) and
3,37,5,5’-tetra- tertial-butyl-1,1’-biphenyl-2,2°-diol (TTBBD, a DTBP dimer) on
LPS-induced COX-2 expression, was investigated. The LPS-induced COX-2 expression
was inhibited slightly by p-cresol and thymol at 10 uM, whereas it was more strongly
inhibited by DDBP and TTBBD as compared to the monomeric compounds. DTBP was
not inhibitory. When the effect of these compounds on the transcription factor NF-kB
activation was investigated, LPS-stimulated the phosphorylation-and proteolysis of
IxB-a were markedly inhibited by DDBP and TTBBD. These phenolic compounds also
strongly inhibited the LPS-stimulated binding of NF-xB components (p65, p50 and
p52) to the consensus sequences. These observations indicated that DDBP and TTBBD
could act as an inhibitor of LPS-induced COX-2 expression via the suppression of
NF-kB activation by inhibiting phosphorylation of 1kB-a.. Also, these findings suggest
that phenolic dimer compounds DDBP and TTBBD could act as an effective therapeutic
agent against chronic inflammatory diseases caused by COX-2.
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FhE EELR IR RSN TWS MY, e, 7= — A EE LA O —
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Cyclooxygenase (COX) X 7 7 % K v 8 % prostanoid & FE X L 5
prostaglandin (PG) <> thromboxane 72 & DA PG E AT 2 @R IC B 59
HEHEEHL TH D, COX 121X 22D isoform 23V, COX-1, COX-2 &PEFNT
WD O CoX-1 I3 DM A oA L, fEEENCEBLL THE Y. FHT,
PR ORAE M EHERE, i/ MREESRICEE G- LT D, — 5, COX-2 13% <
O T B I IF BB DS, HEE K+ nuclear factor kappa—B (NF-«B) Dif
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(lipopolysaccharide: LPS) 72 & DEKA S TRENFEE IS W, COX-2 1%
PG %I L7 & B D TLHESCRIRIC R 5 LRIERZEY EIF 57217 T <,
B, KA. BHSEERE 72 EOEE b SR ICRBLI MR S v, BRI S
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M COX-2 FELUCEET A 7 =/ — VEE{LEY) (p-cresol, thymol, DTBP, ¥
XY p—cresol & DTBP &k &K T&H %5 DDBP, TTBBD) D FHEIEHIZ W TR
HLT-OTHET S,

2. ¥MPLTE

1. ERAREE

p—Cresol., thymol IXFnYEHHHK T2 (KPR) .2, 4-di-tertial-butylphenol (DTBP)
WX A b T2 R) LV BEA L7-, pCresol —&{K[2,2° -dihydroxy-5,5" -
dimethylbiphenyl (DDBP)], DTBP #:f{&[3,3" ,5,56° —tetra-tertial-butyl-
1,17 = biphenyl-2,2" —diol (TTBBD) JiZ45 &R L V) ER(LAYA /L b BALKIE
kv ER L ®Y, 7z — VEELED O AEERE Fig. 112" F, LPS
X Escherichia coli 0111:B4 LPS (List Biological Laboratories, Campbell,
CA, USA) ZfEM L7,

2. {ERA#ARE L MR EEEER

AREBRIZIZ, v~V A7 177 —URRHIlark RAW264. 7 (R B ARFEAREE, K
Fx) ZfEH L7z, ML, penicillin 100 U/ml, streptomycin sulfate 100 pg/ml
ZEde 10 %4 FILTE (Flow Laboratory, MacLean, VA, USA) #SHI RPMI 1640
BzH (Gibeo BRL, Rockville, MD, USA) H1°C 37 ‘C. 5 % CO, D THE L7z,
IR =B BRI FKIRIET N5 ) 7 A3 WST-8 OB AEM Z IS L7z cell
counting kit-8 (CCK-8) (FUZALZEWFZEAT, REA) 2 L7z, J72bb, 1.0
X10° cells/ml ORFEED RAW264. 7 Ml a 96 YOEREM~ A 7 o I F v —7 1
— K (Nalgenunc International, M) DU LRESEZITo72, Z Dk,
Fig. 1\ IR L7 Y = 7 — VB L AW & I iR EE 0. 01 pM~10 mM (2722 K
INZERFERIZA IR LN LT, 24 RFfEEE R L7c, B3 1% CCK-8 iR AL, 1
IRF D RSS2 4TV, 450 nm (23T DWOEEE A NJ-2001 w/LF A% ¥ A L
JY—=F— (ARAZ—RX v R, H) ZHWTRIE L, FExa9A MR X
7 = ) — VB LA WIETIM O A 100 %& L CHEH LZEA2 AW TE L,

3. RNA OFASEE & U Northern blot assay
RAW264. 7 #ife (1.0X107cells/ml) %, 60 mm 77 AF v 7 >+ — L (Falcon



Becton Dickinson, Franklin Lakes, NJ, USA)|Z#Eff L. 24 WfjEs1% . 55t
B, BT = ) —/VBELE Y L 30 MIRTLE R . LPS & AT DRr AL
H L7, D%, acid guanidine phenol chloroform (AGPC) %% FIVNTHAE K
D total RNA Z[EIN L7= %, F 72t #d% 4.2 M guanidine isothiocianate
WRICIRAE L . = OWRIR % %5 D water—saturated phenol JRIZIES L7-, =D
#%. 2 M sodium acetate & chloroform/isoamyl alcohol (49:1){RGHR % HIN

L. KB 20 79FFE L. 3EO00BER ethanol TEEZATVREERIRNA & L7o, Bis+
FEHUIL, Northern blot JEIZL VG LT-, T72bH, FEHIRNA %2 1 % agarose
gel THEXIKENZITV), RNA & J 1 = i (MST Magnagraph, Westboad, MA, USA)
WZHRE LEFR(L LTz, ZDF A 1 % 50 % formamide, 50 mM sodium phosphate
buffer (pH 6.5), 1 % sodium dodecyl sulfate (SDS), 5XSSC [1XSSC=150 mM
NaCl, 15 mM sodium citrate (pH 7.0)], 1XDenhardt’ s solution [0.02 % Ficoll,
0.02 % bovine serum albumin (BSA), 0.02 % polyvinylpyrolidone], denatured
salmon sperm DNA % & % prehybridization buffer T 42 °C. 18 Kf[H
prehybridization Z17->7-, ™% . Megaprime DNA labeling system (GE -~
VAT % 80, W) W T T O [a—*P]-dCTP (PerkinElmer, Waltham, MA,
USA) THEEE L 7~ mouse COX—2 ¢cDNA 7’1 —=7 (Cayman Chemical, Ann Arbor, MI,
USA) . 5 —-end labelling system (Promega. Madison, WI, USA) ZH W\ TTF®
[y="P]-ATP (PerkinElmer) T#E#% L 7= B-actin oligonucleotide 7' m — 7
(GeneDetect, Bradenton, FL, USA) Z T, H&EE 10 % dextran sulfate
% Nz 7= prehybridization buffer #1C 42 °C. 18 Ff[{] hybridization 1T~
7zo Hybridization &, ZdF A 1 /% 1XSSC, 0.1 % SDS T55 C. 1 KffH
Yo U U 7=, Kodak X-OMAT film (Eastman Kodak Company, Rochester, NY,
USA) Z vy, -80°C, 24 WA — N T A7 T 7 4 —HATV, T OBBEFHE
DREET v F A MY —IZTRFT L7 22, &I COX-2 mRNA / B-actin mRNA
DOEZFRE L, FExEEHh 217 - 7=,

4. Western blot assay

#MAEIE Northern blot & [RIEEDSZEMET, 60 mm > ¥ — L CTHTE DRFEIEFEE
TR ARE (10 mM Tris—HC1 (pH 7.9), 1 % deoxycholate, 0.5 % Nonidet P—40,
150 mM NaCl, 0.1 % SDS, 20 mM ethylenediaminetetraacetic acid (EDTA), 0. 25
mM phenylmethylsulfonyl flupride (PMSF), 10 pg/ml aprotinin] TI&fEL #



VNI B M L, F0%, i L2 X7 E 11X 12. 5 % polyacrylamide gel
DA T T Tris—glycine buffer (0.025 M Tris, 0.192 M glycine) %\ C
SDS-AR VU 77 U7 I RERVKE) (SDS-PAGE) 1T -7z, VkEhitk., % v /37 BiX
TIRTIAM AT AT 2y AT AMTTO, BA) Z{EH L polyvinylidene
difluoride (PVDF)f& (Milipore, Bedford, MA, USA)ICERE L7z, 7' = v Mg,
0.05 % Tween—20 #Z&¢p Tris buffered saline (TBS) buffer [100 mM Tris—-HCI
(pH 7.5), 150 mM NaCllIZ¥fE L 725 9 AF L IL7 T2HM T v v %0 7 %247
VN, 0.1 % Tween—20 & & ¢e TBS buffer THEA L7z, £ D% PVDF BT, 12 KRefH,
4°C. 5 % bovine serum albumin (BSA) &7 TBS buffer HIZAI L7z goat
anti—-mouse COX-2 polyclonal antibody (C-20) (FHIRf%= 1:1000, Santa Cruz
Biotechnology, Santa Cruz, CA, USA). rabbit anti-mouse IxB-a polyclonal
antibody, rabbit anti-mouse phospho—IkB-a polyclonal antibody (FifRfE=R
1:2000, New England Biolabs, Beverly, MA, USA). rabbit anti-mouse B-actin
polyclonal antibody (FHR{%3 1:1000, Santa Cruz Biotechnology) & )it~ L
7%, 0.1 % Tween—20 Z&de TBS buffer T 2 [HI¥EH L7z, ZDk, IKiX4 C
(2T 3 K], BSA &7 TBS buffer HIZ4A R L 7= horseradish peroxidase (HRP)
—-conjugated goat anti rabbit IgG antibody (FIR{%3 1:5000, New England
Biolabs) & i &H, 0.1 % Tween—20 % & e TBS buffer T 2 [HIPEiF L7-, VEi%
% . PVDF & FIZHR G X 7= # > /X7 B L Phototope—HRP Western blot detection
kit (New England Biolabs) & W T/ba2%8 )t S, X-OMAT film (Eastman Kodak
Company) IZEOL S/ 72th, TNTNDOX R BEORBOBELZT v A b
U —ZTHa L7, E8IE C0X-2 protein / B-actin protein DfEZFH L,
MR 24T - 72,

6. %% >/ BDOEUR & NF-B #&&

FakzE 2 o X7 Il %2 Northern blot ¥ & FREEDOSAET, 60 mm > v — L
THTE DORFEE2EH . Nuclear Extract Kit (Active Motif, Carlsbad, CA, USA)
ZREA L TR L7z, B L7egE & v X7 B D NF-xB @ DNA # &% M 1% ELTISA
ZJF B L L7z Trans—AM NF-xB family kit (Active Motif) Z W CHIE L7z *,
T7bb, NF-xB fEEEATH D 5 —GGGACTTTCC-3> D =t o ¥ AFH D A
UIX7 LAF K DNA BNEMAIES TS ELISA 7L — FH O well (2
Complete binding buffer Z¥A L., T Complete lysis buffer 2T ==



FEICHRIR LTS "2 (5 pg) UL, 100 rpm D = — 71— (ATTO) [T 3
HEIRIZ T 60 Mk A S Z1T 272, BEF#IZ Antibody binding buffer THy
FR(1:1,000) L7= p65, p50, p52. RelB D4 NF«B HifAZ & HICHI L, =iEIC
T 60 /i ST, HOWEF4., kit (Z¥RfT HRP-conjugated anti-rabbit IgG
antibody (1:1, ooo)%;?f%bub FIRIZT 60 Ui S W7z, BICTEFHERE .
Developing solution (2T 5 3% S W 1ET% 450 nm DO JE A NJ-2001
vw?2%¥/4A/)~&~(H$4/&—%yk)%%%Tﬂmbko

1. TOVRARY—

Northern blot, Western blot OFEH:. X7 /LA EIZHE B2 mRNA, Z
NI EOBERIE CT-X970 ZAF ¥ T — (BA =3—=7 Y HA) THEERDY A
AT2%% . NIH Image version 1.62 (http:// rsb.info.nih. gov/nih—-image) %
W THRBLEZ T L7z,

3. #R

1) 7=/ —VEELEYOMBRESENE

ZUOIZ, &7 =/ — LERE(LAY O RAW264. 7 HIRIZ %3 5 MMz
WTRRRT L7z, RAW264. 7 Mifu Al 2 OIREED p-—cresol, thymol, DTBP, DDBP,
& DML TTBBD & 24 FRefEREFE LARXHA ARk % Cell Counting Kit THIE L
7o TORER, WTROLAEH D 100 uM DL T O CIXBEE 72 G EME 2 7R
XeinoT- (Fig. 2),

2) LPS T & % RAW264. 7 HIAEIZ IS 1T 5 COX-2 BIDFHE

RAW264. 7 #ID COX-2 EAnFFEHUZ MIFE T LPS DAEFIZ-SUNT LPS LB
PRI total RNA Z RN L, COX-2 MEAnFHBLFHEIEH Mt L7z, LPS 1%,
RAW264. 7 HERIZ 30U TRLBRFL 3 R[] CRHEE 72 COX-2 Bin 7B A 7HE L7z (Fig.
30, AERREELFEURMLET TITo72pactin BIaFIEBIX, LPS WLEERE & It
LT OERZBDD Z &Nl

WIT ., COX-2 & o 7R 7 BT IET LPS OFEMIT DU T LPS LB | R IR
ICHIE E G 2B L, Western blot {EIZ L WK L7-, T O#ER, LPS AL
% 3 WFREC COX—2 & > /37 ORBBLNRD H v, 6~9 Rtk TIZITHR KR DH



HElcEL (Fig. 3B),

3) Phenol BHE{L-E#IC X % LPS i COX-2 FEE DI

LPS 1% RAW264. 7 D COX-2 WA T72 5 NTH L /87 R B A2 FHE T 2 i 5
WIFLNIZZ D, ZORIUIKITT 7 = 7 — VEEAL &Y OFTEIVEH %
U7z, RAW264. 7 AAEIZ FTE DIREIZAIR L 7= pcresol, thymol, DTBP, DDBP,
& H VNI TTBBD % 30 4y [BIRMALEE L, LPS 4LHE 3 BEf#£1C total RNA Z[E[IL L .
COX-2 BInFIFH AT, TORF. peresol WP TII COX-2 BEixTFHE
% 30 WREEEHNH] L 7= 2%, DDBP ALERAE I 10 pM O C 80 W EEHIH] L 7= (Fig.
4A) , Thymol AUERREIT COX-2 BAn T BLZ K 60 %l L7z (Fig. 4B), F 7z, TTBBD
SLERRECIE COX-2 iBn 1 FHLZ 10 puM DOFREE T 90 %4l L7223, DTBP ALPRRET
AR RIS b o= (Fig. 4C, D), —F. AEREFE UL TTO
B-actiniEfE FHBULLPS 07 = / — VEEAL A W LEE O BB % (7] 5 5% 1F 72 )3 o
722 &b LPS §FEME COX-2 B FREOMBMEMIL, 7 =/ — LV REMIT X
LEFBRMMERCTH D Z LR STz,

WIZT7 = ) —/VEEAL A LPS FFEM: COX-2 & /X7 EFR BT 2 5%
Z a5 AT, MBS 30 4 p-cresol, thymol, DTBP, DDBP, & %\ /% TTBBD
ZATALBE L, LPS ALEEf% 6 WM OMuE & > /7 H Z B L, Western blot %
THEt LTz, TOMEER., Bl FEEOT —4 LIZIEFRBEOMEF T, pcresol AL
PRAECIE COX-2 3881 % 10 puM OIRFETHI 50 %Ml L7=43, DDBP ZLERLRECIXIA U
TREEC 80 %) L7= (Fig. 5A), Thymol ALEEREIE COX-2 FHLE 40~50 %Ml L
7= (Fig. 5B), F7=. TTBBD ALEEREECTIX COX-2 FHL % 70~80 %4l L7=A%, DTBP
RLFRRE IS4 < Wil U722 Ay o 7= (Fig. 5C, D), —J5. DTBP [ZHMLEE T COX-2 #
VXY R B 30 $HIRHEE T S Z EAVHIBA L7z (Fig. 50), LA EDORERIT, 7
=/ —/VEE T BR{LA %o DDBP 1 X ON TTBBD A3 LPS #5384 COX-2 B2 T
PO L 0 EIIIHT 2 Z L NS0Tz,

4) 7 = ) —NVEEEEWIT X D LPS F IxkB-aD U VERLIREME S V7 By
fROFREE R

HAG A F NF-kB [ZEEFFROMRRETIX, il Z X0 EHTH D IkB-all LY
FOIEMERIIHE SN TS, LAl LPS 72 & ORI A S S IRICEE SN
HEL IB-aB ) VBBl ENTT e T 7 Y —ATHfRENS, TORE, IkB-a
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LG LT\ NF«B 23 L, BENICBEI L, ENEEE O rE'E—% —I|T
FFAET % NFxB fEABINSHE AT D, 7 =/ —/VEIE “&(LEWIE COX-2 %
WAEFHFICIHE L2 b, b 0LAWIE NF-xB OiEMAL A 42 7]
BEMENE 2 bT-, £2 T, 7=/ —/LEE LAWY LPS Hili IxB-aV 1k
IRTEMEE A0 iR 2 TRET T B et L=, RAW264. 7 fifd A 10 pM @ p-—cresol,
thymol, DDBP, & %\ & TTBBD T 30 4y ATALEE L, LPS ALEE% 30 43I Al E &~
N7 B ZEILL Western blot I THRET L7c, £ DREE, Fig. 6 1TR”T L9
12, LPS (2L D IkB-aD U VERfb & & v R 7 A5 fRiE, —BMbE&%) TTBBD (2 X
DIIFFERICIH ST, e ZE&B(EEY O DDBP X IkB-ad U (k% 80 %
FEEERHI LTz, — ) 2SI L CHERD pcresol, thymol X IkB-ad U i
b, B R0 55 R % 50~60 %FEEE L2 L2z hno 7z,

5) 7= /) —/VEIHEALAEWT XL B NFB YT 2= kD DNAFEATEMICK T 58
il A

7 x ) — VB BRI AEWIT LPS FIY IkB-ad U UMK EE S R0 E
IREBEEICIHI L2 s, 2D OLEWIET NF«B OIFHE(LEMEl§ %
AREMENRNE 2 B vz, £ ZC, ELISA Z B & L7z Trans AM NF—«B family kit
ZHNTZINODILEIZ LD NF«B 7= hDa & AESI~DfE
EIEMEIZ T DB OV TRET L 7o, RAW264. 7 il 10 M @ p-cresol,
thymol, DDBP, & %\ TTBBD T 30 4y[MIATALEL L, LPS WLFR | FFREI% DK% & o
NI B & [E L NF-«B AR Z R 5 p50, pb2, p6b, RelB ODFH T2 =y
;@D DNA FEATEHEZ e LT, ZOfE R Fig. 71289 XK 912 pcresol & thymol
1% p50, p52. p65 D DNA ~DfEE Z M2l L7z, —J7, &K DDBP, TTBBD
IZHERIZE T NF«B £ 7 .= | @ DNA s 75 M A2 BEZE 20 L 7=,

INDDO/RERNG, Z&ET = 7 — VBEE(L AT E &R g L CTHERER
+ NF-«B OIEMAL 2 2 RANCENHI T2 Z LB B iR o Tz,

4, EE

W7 = 7 — VEEEAL AT e <D OIIRIEERZ B L TWAIZER LI T
% L. eugenol @ X 9 72 KEX o-methoxyphenol IZHiEBL/EHA B T5—F
T, @BRETIEZOT A XX U NMIRICIVENBE DT = /XTSI,

11



RIERT L AX—ISDIHRENWER A EHIT LB MO TWVD, TR, T
TINALL T B AR X NIV WEIED 7 = ) — VB L S W E R 2R
BEROOHIEEZZ D, A, ~U A~ a7 7— UL RAW264. 71235172 LPS 35
EE COX-2 FEHLE NF-«B &1 % p-cresol, thymol, DTBP B L NZ DAL &
A, DDBP., TTBBD 239~ 2 S iaT LT,

7 x )= AL A CTIREEHEA 2 EITHEHASILTW S pcresol & 2D Z&ED
DDBP, Y RA T vy & (Thymus) TH A LED RS EH LUBHEH, A,
Ve AR E IS S thymol DN REMEILIZEZA, pcresol (£ 10 pM DPRJE
T LPS #FiEM: COX-2 FEHRAMBIL 725, DDBP 1% p-cresol LVig< COX-2 DI %
IHIL7= (Fig. 4A, Fig. 5A), £7-. thymol & COX—2 FEFMHIMER Z AT HZ L85
T2 o7= (Fig. 4C, Fig. 5C), LA EDZ LG, p-cresol X° thymol IZRE HEAIE
LCORNRITHN A, COX-2 FBLMHZ R b DD EDNAGINIIR 0T, £/2, pcresol
& DDBP 1ZEBLHE TV I VHIR-IE 2R 205, &Ko DDBP D787V —FV 1)L
FIAERARENZENMESN TS 2, ZoZdix, 'R bR 2858
TELHIEZERL TS, — 7, BB bBh IR RIS AR A & U TRY 1 —R R — koD
HEAEER A L =L OZEA SO TEMRBITHISAIN TWAH &K DTBP
I3 LPS #38ME COX-2 FEHARIMHI L) o7= (Fig. 4B, Fig.5B), LOSLARADH, —
R THZ TTBBD (LAEFAL 72 5 R ORI P et & T L7z (Fig. 4D, Fig. 5D),
— R, T EARICEAPIRIEE O NT T =/ — e OH 2sBKFEN G &3k
A OfiEEET 4 /L °— (BDE: bond dissociation enthalpy) DZEEIZHERL TV
HZENE ZHND, BDE BEMEE W TII KRR T 05| Zh &7, 7=/ — 1k
BTN L EL TS 2, LIZ23>C, BDE 28K DTBP L Y &
TTBBD TiE 7' v A U Z U MAEP AL LA/EH 23K L COX-2 FBLZ i
LI=bDEE 2 5D D, —fRHIIC o-biphenols DXH72 — BAK(LIZHBIKROE S
PR T A X X U NN RERD ST T = ) — ViFERO AL FIRRLER 5%
SEAEZ RS T2 E08 %0, 2D X570, B IRIC I D5 - JTRIEIEH O
JRVEF T eugenol & hbis—eugenol® . isoeugenol & dehydrodiisoeugenol®
butylated hydroxyanisole (BHA) & A7s-BHA” | ferulic acid & bis—ferulic
acid® | phenol & 2,2° -biphenol® ¥ X % 4-metoxyphenol & DDMB
(2,2 —dihydroxy-5,5" —dimethoxybiphenyl) (CRFEFETFT—%) HREOHEMR—
T EIREOFIETHLNIESN TS, iz, BDE E0T Y IV IHEVE & 2L v
(& DT =) — AL E ) ERE AR L ZUOOHRIENEHZF R 5281tk
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FHERIEDRN T I T WAL B2 TH L THEERILEEZ D,

AR LG O ECTE AL O SRR RN & 18 E 2 AR E O AAE I 23 fealt
HEHINTNWD, ZHUIE FEOBERSZOIEVEINL, 2B DMEE W D SLARE &
LA L key and keyway OBIfRE RS | O 0RNLIRHEE O L BAHE S 7LD
on—of f ZLEATHIEERLTND 3 7= )— L% OH D BDE DZEF0T Y 7V
PAEADBER R THHZENEIN>OHY % L&D T A NIEED
T I NARYAE RS SIEVE R 72 & DRl N 2 B A bbb,

—7J5. Ishii & 1% DDBP 73 LPS Hl¥4 TNF-a3& Bl 27~k 23, 2, 2-biphenol
VAR B IR SR IR SV o T, RO B b A TR T D AT TR
LT, ZOZET, S BAEIEEZ LS T TH LIS T, HLlRfb - HLRIE/EH
b7 aA R F U RIEAER P RESNDZ 2R L TVD, 7=/ — /LR
AW E DT aA R R RIEERBLOMREEEII T 2/ — L&D
mitochondrial uncoupling, 7=/F T TV INEEA 7=/ — VAR EIZBEEL
72 —IRM72 reactive quinone methide intermediate JERK72E DSEMEZISIrd>

FHEINHIENHEIN TG "0 x| 7=/ — VEEL G OERR
FIS AT HAIG U B H R BB DR L E THLEE 2 D,

NF—«B (355 SO B W THILHI R FI 2 7 TR G R Tdh D, NF-KkB (FARL A
R AT AL FRIMRE ORI LOTE ML S, B3 TOMEME S E IS0 At I
BEGE, TARN— Y R Ie 8 OF L OAFBIRIZB G LTS ) NF-«B {EHEHIEO AR
RiZ7o— il ~F e 8 O RIEMR BAIICO LU, oMEME S 2y 7
7REDJFIN LR | BRI MRS TIEZ L DOHA NF-«B OTE & AL 23580 bhb
¥ NF-kB 77U —IZJ& 925> 115 5 f¥H (Class 1 :p50, p52;Class II :RelA (p65)
RelB. c—Rel) BENHNTEY , ZNOHNHFEHHVNIA~T T - EAREZ TG LIS DAL
BIRFEUTHREL , #5507, AR, COX-2, #MI:%“% Eizﬁ%%'g (iNOS) =%
TIERDOZRBOBIR A RBUBE 5-52 1, JL%@77:) LT DNA f&
HRENBAT. EmREROEIRFET 223, Class I 43 _)Efi% p50. p52 I
X BEIEERICES 357 oV Ve — RN ABL S DN EIE T 5, — 7.
Class I 2 FITITER B IEMAV AR SMFELEL . Class [ 2y F& Class I 3~T 12 &
HREEKTH2ET NF-«B DREIEMEILAEZ /R T 9, pb0/p65 ~TuX f~—[k
NF-kB > 7 VGRS O FH e — &K T, FERI T IR ZE I FEL,
IkB-a it AT 52 TIHEN RIS TS P, LasL, LPS X2 INF-a25 DIz &
0 TkB-aSV AL S TkB-a X /" E N3 fRSID EENICEATL . DNA | oDxB i
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5 (57 -GGGACTTTCC-3" ) IZfEAa L. BWER FORGIEEILZFHEE T 5,
p—Cresol & thymol % LPS I2X5 IkB-aD VR b &4 fiE . F D% D pb2, p65. p5ho
DB BLH~DFEESZIMHIL 7=, LU, &K DDBP & TTBBD L HL &K T =/ — L1k
HEMIOLTRINC TkB-aDV bl izl L7z (Fig. 7), COX-2 BB EZ D7
2E— X —fHICkB BANEFRD | B PR BLHEZH S THHZENBIL TS
W0 P T, TV—T VBN REED E\NT =) — )L T BIR LA E OHUERLAE
FIZEY NF-kB @ izl L, NF-«B {E Mk ZiicHi COX-2 Ein1-F Bl A H ]
L7=bDEE 2 HND, COX-2 13 PG 2 L7~ I & M TLHE L3 (2 B 5 L JE B
ZAED LI B2 T, B Rl BESTHE 2 E O IEE &m BRI B R
SNBSS 5952 ENEZHN TS Y, 2L OBEESAIN TIENF-«B 23
T BTG MHAL 232 1 TND ZEMD | T4 NF«B 2N DL FRIEIC BT L4 —F
YRELTHEESN TS Y, - C, SRz B W TZnbo — B L& O Kt
PEERRETT 228135 % OEERMFLRES 2 5.

A EIOMZERE RIL, 7=/ — )VEE —#&IR{b 5 Téd % DDBP & TTBBD 723555 [A]
- NF-xB O#filA I L, COX-2 (T K3 D18 MR IE MR B ORI 15 RESE L T
RELODATREME A R LT b IC, RMEIRIC B W I RIEMEEH 2R oL v
= /)= VSRR E IR ORI BT T2 — R A EL Co T REME 2 /R LTz,

. faam

7 x ) = VESE(LEW R L OF OA R EROFIRIEMEER 2 #4572
2. ~ 7 87 7 —HEHIIEEE RAW264. 7 (2351F 5 LPS #5384 COX—2 J& B DM E
M &2 DERNCES 85 K FiE AT ERE I DWW THRFT L. LT ORISR %
7=,

1. pCresol, thymol, DTBP, DDBP, TTBBD Zf#i /] L 7= RAW264. 7 #lf oD #l {5
PERBRCIE, WINo/LA® D 100 uM LT O FE TG EME 2 R S 720
ST,

2. WHEIKRT = /) —AbLEW pcresol, thymol I% RAW264. 7 HifEo> LPS #iit:
COX-2 BInFIEHLe b N & /™7 B3 B2l L7273, &4 DDBP, TTBBD
ITHEEMR LAY X D 58771 COX-2 DIEBLZ 4 L 7=,

3. LPS |2 X % RAW264. 7 #AE D IkB-aD U (b & # )7 B fRid, —BiR{k
A% TTBBD |2 X W IFIF 2= S 7z, £72, &M DDBP (X IkB-ad V >
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fafb. % 80 WERFEEMNHI L7-, —J7. BLEIK p—cresol, thymol I% IxkB-a® V &
{b& #2280 B iR % 50~60 WFEREE LosPi] L7eho 7,

4. HEAK p-Cresol, thymol |& LPS #illit NF-xB ¥ 7 == b (p50, p52, p65) D
= A ARSI~ DNA ft ATE M 2 B S L7, —J7. A DDBP,
TTBBD (L HER AL AW L 0 & BFE (T DNA K5 A TSI 40| L7z,

LI EDOFERD S, DDBP <2 TTBBD 72 E D7 = /7 — )VEEA ik — &R L& Wi
EIR L I U C LPS IZ X » THHE S D NF-«B OIEMEAL 2 58 )12 B L, NF-«B
IZE o THIE SN TVWD COX-2 BInFHE LT 5 Z LN E o7,

AR OMFFERERIL, 7 =/ —/VEE# & RLA T 5 DDBP & TTBBD 23455
(K1~ NF-xB O3l 24T L, COX-2 [T R ¥ D 18P RAEPEIR SBT3 T~ 5 A 2h 7 I
FELTERLY B alfelE 2 R~g LTz,

EIf5E

FRa D DITHIZ0 | KEIEE, R EZ B F L oW Wrinik 7 e
WA OPEZW 28 - Il EERICEER2#EER LET, £o, HKEH
IGO0 F UIIEBR P00 - b mEdR. AR - KN ABER, Mk
Wty B« REREALEAR 20 5 NS A D EZ WrR /0 8 - ITE SPRlZE IS
W LET, RFROZETICH -0 Khhiy) 72 G 2 THES 2 LE LA
R KA - BRI LET, £, Fxomicbiz JE
By 72 & F LG DR WrE 0 B O SR AL L BT ET,
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Figure Legends

Fig. 1. Structures of phenol-related compounds.

Fig. 2. Cytotoxicity of phenol, p-cresol, thymol, DTBP, DDBP and TTBBD
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 triplicate

assays.

Fig. 3. LPS-induced COX-2 expression in RAW264. 7 cells. (A) The cells were
incubated with or without LPS at 100 ng/ml, and then the total RNA was
prepared at the indicated times after the initiation of the treatment.
Northern blot analysis was performed with [*P]-labeled COX-2 cDNA probe
and P-actin antisense—oligonucleatides probe. (B) The cells were treated
or not with LPS at 100 ng/ml. Thereafter, equal amounts of cell lysates
were analyzed by Western blot analysis with antibody raised against COX-2
and B-actin. (C and D) Autoradiographs from the Northern blots and Western
blots were quantified by densitometry and values were normalized to levels
of B—actin mRNA or protein. Reproducible results were obtained in another

independent experiment.

Fig. 4. Inhibitory effects of phenol-related compounds on LPS—induced
COX-2 gene expression in RAW264. 7 cells. The cells were pretreated or not
for 30 min with the indicated concentrations of p—cresol or DDBP (A), thymol
(B), TTBBD (C) and DTBP (D), and then treated or not for 3 h with LPS at
100 ng/ml. Thereafter, their total RNA was prepared, and Northern blot
analysis was performed with [*P]-labeled COX-2 cDNA probe and B-actin
antisense—oligonucleatides probe. Autoradiographs from the Northern blots
were quantified by densitometry and values were normalized to levels of

B-actin mRNA. Reproducible results were obtained in another independent



experiment.

Fig. 5. Inhibitory effects of phenol-related compounds on LPS—induced
production of COX-2 protein in RAW264. 7 cells. The cells were pretreated
or not for 30 min with the indicated concentrations of p-cresol or DDBP
(A), thymol (B), TTBBD (C) and DTBP (D), and then treated or not for 3 h
with LPS at 100 ng/ml. Thereafter, equal amounts of cell lysates were
analyzed by Western blot analysis with antibody raised against COX-2 and
B-actin. Autoradiographs from the Western blots were quantified by
densitometry and values were normalized to levels of B-actin protein.

Reproducible results were obtained in another independent experiment.

Fig. 6. Inhibitory effects of phenol-related compounds on LPS—stimulated
phosphorylation dependent proteolysis of IxkB-a in RAW264.7 cells. The
cells were pretreated or not for 30 min with p—cresol or DDBP, thymol, and
TTBBD at 10 pM, and then treated or not for 30 min with LPS at 100 ng/ml.
Thereafter, equal amounts of cell lysates were analyzed by Western blot
analysis with antibody raised against phosphorylated IxkB—a, IxB—a and
B-actin (A). Autoradiographs from the Western blots were quantified by
densitometry and values were normalized to levels of B-actin protein (B).

Reproducible results were obtained in another independent experiment.

Fig. 7. Inhibitory effects of phenol-related compounds on LPS—stimulated
binding to its consensus sequences of NF—xB in RAW264. 7 cells. The cells
were pretreated or not for 30 min with p—cresol or DDBP, thymol, and TTBBD
at 10 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—«B p50, pb2, p65 and RelB
DNA-binding activity. The colorimetric reaction was read as the optical
density (0D) at 450 nm. Each value represents triplicate assays.

Reproducible results were obtained in another independent experiment.



