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ABSTRACT

Anti-inflammatory Effect of 4-tert-butyl Phenyl Salicylic
Acid in Lipopolysaccharides—stimulated Raw 264.7 Mouse
Macrophage Cells

Na, Baek Hee
Advisor : Prof. Yoo, Jin Cheol, Ph.D.
Department of Complementary and Alternative Medicine,

Graduate School of Chosun University

Inflammation may lead to onset of a variety of diseases if it runs
uncontrolled. Over—expression of both inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) proteins is well known to be crucially related to
stimulative effect on some severe chronic inflammatory diseases as well as
various tumors. Nuclear factor-xkB (NF-xB) is also known to play a critical role
in transcriptional regulation of these proteins. This study aims to investigate the
anti-inflammatory effect of 4-tert-butyl phenyl salicylic acid (TBPS), one of the
salicylic acid derivatives, and to figure out its mechanism by using the model

of lipopolysaccharides (LPS)-stimulated Raw 264.7 mouse macrophage cells.

MTT assay, Western blot analysis, ELISA analysis, and Reverse transcription

and polymerase chain reaction (RT-PCR) analysis were performed in order to



explore the anti-inflammatory effect of TBPS. It was found that TBPS
meaningfully regulated nitric oxide (NO) production without cytotoxic effects on
Raw 264.7 cells in a stable state of 1~15 ug/ml. TBPS dose-dependently
reduced iINOS expression, and COX-2 expression significantly in a range of 1~
15 ug/ml. Moreover, expressions of INOS mRNA and COX-2 mRNA
meaningfully decreased in a dose dependent manner. In addition, TBPS
significantly  inhibited the production of inflammatory mediators or
pro-inflammatory cytokines such as tumor necrosis factor-a (TNF-a),
interleukin-18 (IL-1B8) and interleukin-6 (IL-6). Moreover, mRNA gene

expressions of TNF-a, IL-18 and IL-6 attenuated in a dose dependent manner.

Furthermore, it was found that TBPS suppressed the LPS-stimulated DNA
binding activity of NF-kxB. TBPS potently inhibited the translocation of NF-xB
into the nucleus by IxBa degradation following IkBa phosphorylation. It
indicates that the TBPS inhibits NF-kB activation.

In conclusion, the results show the first that TBPS exerts the
anti-inflammatory effect in vitro, both by inhibiting the expressions of iINOS
and COX-2 in Raw 264.7 cells, and by suppressing the activation of the NF-xB
signaling pathway. Therefore, TBPS may be a potential therapeutic candidate

for the regulatory agents of inflammation.

Key words: Anti-inflammatory effect, 4-tert-butyl phenyl salicylic acid (TBPS),
NF-xB pathway, COX-2, iINOS
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List of Abbreviations

Cyclooxygenase-2
Dulbecco’s Modified Eagle’s Medium

Enzyme-linked immunosorbent assay

Fetal bovine serum

Glyceraldehyde 3-phosphate dehydrogenase

Inhibitor of kB kinase

Interleukin

Inducible nitric oxide synthase

Lipopolysaccharide

Messenger ribonucleic acid
3-(4,5-dimethylthiazol-2-2,5-diphenyltetrazolium bromide)
Nuclear factor kappa B

Nitric oxide

Polyvinylidene difluoride

Reverse transcription polymerase chain reaction
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Tumor necrosis factor-a
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(a) White Willow Bark (b) Meadowsweet
(Salix alba) (Filipendula ulmaria)

Fig. 1. Origin of salicylic acids
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Fig. 2. Structures of salicylic acid and salicylic acid derivatives
(a) salicylic acid (b) acetyl salicylic acid (c) 4-aminosalicylic acid
(d) b—aminosalicylic acid (e) methyl salicylic acid

(f) 4-tert-butylphenyl salicylic acid
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Fig. 3. Inflammatory response process of iNOS and COX-2 (37)




Fig. 4. Regulation of PG formation by NO (37)
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Fig. 5. Schematic of the prostaglandin pathway (38)
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Fig. 6. Pro-inflammatory and effector cytokines involved in autoimmune

inflammatory and allergic diseases (39)
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1. AleF

A EZrjoks 913 DMEM (Dulbecco’'s modified Eagle’s medium), fetal bovine
serum (FBS)¥} anti-antiv= 27 Hycolne®} GIBCO-BRL (Grand Island, NY,
USA) A 438ttt LPS (Lipopolysaccharide), DMSO (dimethyl sulfoxide),
Griess reagent, MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium
bromide)= Sigma aldrichZ%H ¢ 3ste] A&t th Mouse TNF-q, IL-6, IL13
ELISA kit= BD biosciences (San Diego, CA, USA)o|A Rabbit anti-mouse
iNOS polyclonal, NFx-B, IkBa & A+ Santa Cruz Biotech Inc (Santa Cruz, CA,
USA)l A Fh38t 3, COX-29F HRP-conjugated donkey anti-rabbit IgGef
anti-mouse IgG= cell signalingol4 73T Alkaline phosphatase
Conjugated affinipure Donkey Anti mouse IgGi+ Jackson Immunoresearch
Laboratories INCollA +jate] Ab&siith. Aeldat F=A1Q 4-tert-F¢ #HE

Ml are AR YALA AA Aol A AFwor AR QWA

2. WA AHE A F

2 AFoA AREE FHY B oA AEZFQ Raw 2647 AES HlSE 10%
fetal bovine serum (FBS)¥} 1% anti-anti’} 2Z3%¥ DMEM (Dulbecco’s modified
Eagle’s medium)oll A 37C, 5% CO, 273t A At vl &3k th. Mouse TNF-a,
IL-6, IL1B ELISA kit¥ BD biosciences (San Diego, CA, USA)ol A <18} o}
Rabbit anti-mouse iNOS polyclonal, NFx-B, IkBa3 4| += Santa Cruz Biotech Inc
(Santa Cruz, CA, USA)A TFYstHz, COX-29 HRP-conjugated donkey
anti-rabbit IgG¢ anti-mouse IgGi¥ cell signalingol Xl 943t  Alkaline
phosphatase Conjugated affinipure Donkey Anti mouse IgG+  Jackson

Immunoresearch Laboratories INCOl A - 3+ t}.



3. AIE AEE

TBPSS] Ao gt 54 4 MTT SAHoZ Felstgirt. o] Wi A
xol mEFZ=ol bl &A% succinate-dehydrogenaseol €3] MTT7} formazan
o7 A=y, AT AFo] WEAY AE7 ZoW formazane] Ao i

Ay

HS o] g3 ol WA Raw 2647 AXE 1x10° cells/mE 96 well plateol]
100 pt B3}, 37C, 5% COy vi7]olA 12417 <t w3}, v oksk A xE

© TBPSE s&=W(l, 5 10, 15 20 pug/mb)= Aefste] 2443 &b wjkst F,
phosphate buffered saline (PBS; Sigma Chemical Co., St. Louis, MO, USA)°l| =
¢l 5 mg/mle] MTT (Sigma Chemical Co., St. Louis, MO, USA) €945 50 s
Z} welloll ¥aL 37C, 5% CO. vjF7lel A 417 Ftb widatitt. vt 5, &
S ®gx2 DMSO (dimethyl sulfoxide)Z 100 x% %o} formazine £33 3
microplate reader (Model 550, Bio—Rad labolatories, Japan)® 550 nm S3E=E

SAstA 2o Ao Alx AEES TBPS VA g tizaat vlasto] ALt
At

Olr
-

4. NO AA =7H

Abol E7Lelell o8] RAW 2647 AE7} @A SHE nitriteE 4317 98] Griess
He& ol&skaint. o] W2 Griess Al°Fel diazo”7]7} nitrites R 23S
2 WskE A7 WhgS o] &3 Aolth 6 well platedl ZF welll & 1x10°  cells/ml
o] M2E 10% FBS7F 3Hr¥l DMEMeol| &3k 37T, 5% CO, vl 7)ol Al 24A]

s

st w5, NO BAS w=dt7] flsf LPS (1 pug/m)E A A gstsiv. 14]
2+ 5 TBPSE A ste] 12417 wj %3 3 nitrite =4S Y8 A= 100 =S
96 well plateo] FH3FHTh o7]o] &FS] Griess AleFS Ho] 29 A A 10
B2 wS-A171 ¥ microplate reader UV 550 nmolA &3 =5 =439t} Nitrite
o] T%+ sodium nitrite (NaNQOo)E At&3le] SAHE 3 =2 FF348 FA )
o NO9 v=d FHEE ddon, xa34S Ag4d7d H&3ste A4 E NO



5. Western blot analysis

Raw 2647 AEZ 2x10° cells/mle] H5E=Z 6 well platec] F38ko] 124 wj %
% & TBPSE %9 (1, 5 10, 15 ug/m)2 A& s ohs, LPS (1 ug/n)E ¢
sho] 24A17F wikstA Tl 24417 Wik $ phosphate buffered saline (PBS)S.2 A
23 e AEZE do] AA Byste] pellete] lysis bufferE 7Fa] &2
incubation ¥ 13,000 rpmo.Z 15% &< 94 EElste] F5dE Bodoh e A
= N2 bradford assayE AF-&3ste] oW d-S Ao dWd 20 ug NEHS
S5xsample buffere] ¥ i 100CoA 5E7F
polyacrylamide geldl #7] 9&3tdt. #2ld @92 PVDF membranel &
transferdt & 5% skim milkel A 60+ &<t blockingdl$ith. iNOS, COX-2, NF-
kB, IxkBa, p-IkBa®} actin &A= 4T A overnight*l 21 % tris-buffered saline
Tween-20 (TBST, 10mM Tris-HCl, 150mM NaCl, 0.05% Tween 20, pH 7.6)
buffer® 15%%F 33] AlH kil 234 A= 1:1,0009] Bl&= 3]4)sto] 2417 A=
A FEZAZT INOS, COX-2, NF-kB, IkBa, p-IkBa @¥del #AES& 94,
TBST buffer2 10&3F 33] AlFsta 2837+ membrane] ECL (Amersham
Pharmacia Biotech, Piscataway, NJ, USA)S g3te] LAS-3000 (Fujifilm,
Tokyo, Japan)o 2 ZA 3t} B-actin @& HE TBST buffer® 1077+ 33
A28l AP (AP conjugate substrate kit, Bio-rad laboratories Inc.) WA b3l

o WA wude] WAL SHelshglth

6. ELISAZ o] &3 IL-6, IL-1B3, TNF-a A% =3

A gy e Afe]lEFIQle] AL ELISA kitS ol&3te] A3
Raw 264.7 Al3+= DMEM wjA| & o]&3to] wjgatdrt. Aol 1 ug/mee] LPSE
A28 5 1Az Foll 1, 5, 10, 15 pug/mle] TBPSE A elste] wjatct 2 &
¥ wiA| & FHato] Aol E7EIY BAS SASAH. WA 96 wells microplate?l]
IL-6, IL-1B, TNF-a Z}7}9] capture &S coating W ¥ ol 84 &}e] 100 w04 +

T F A4ToA skxw WA ved plates AlHE S5 A(PBS with



0.05% Tween 20)2.2 3H A|#3 F blocking B|HE 200 pl FF3Fo] 220l A
A WAkt 1 & Alz5E dFdoz 3 AF T assay AES 100 pH

Tkl A2oA 2A1ZF WA T Al M8 SFolA 5 Al HEkal detection &
1o

Al 100 pe A HZO}Oi IA1ZF REGA171 a0 5/ AlX g & SAV-HRPE 100 x0 A
e *8}01 MSAZ F TH ARSAT 1 AAS 100 i e F 0% uSAA A
o WHE wART 50 W FAS Adstel w2 AAAAL FPEE

microplate readerE ©] &3] 450 nmol A =74 s 1 t}.
7. RT-PCR< ©]&-3 iNOS, COX-2 B Alo]E7II mRNA 28 &34

TBPS®| d5 dd ddn Ale]E7kle] {2} FEoA e
3l RT-PCREH S Z INOS, COX-2 % Alo]E7}19] mRNA
Petri dishell 1x10" cells/ml Raw 264.7 MXZ 12A17F E9F s & TBPSE %
R AP ste] AZPERE djget e RNAE 8387 918 45ds wea 1
m¢ ] TRIzol reagent (Invitrogen Life Technologies, USA)S Yo 387+ w84 #A
15 m FEo| ®Egkth 7)o chloroform 200 W& ¥l 15%7 & E50 & &

SolA 103 WA 4TAA 12,000 rpm o2 1577 A EEE T35
. AFAs Fgsted vE AGA ' 15 m FEO &3 %, AR
isopropanolS &% Yil —20ColA 1AZF ¥F-gAlZATE 4T A 12,000 rpm S 2 20
B2 JA R & A=alS A Astar RNA pelletoll 75% ethanol 1 mE @At}
ThAl 4TeolA 12,000 rpme. 2 583 JAE A As AASL RNA
pellets clean benchollA < 3087 dAZFA|7Z1 ¥ diethylpyrophosphate (DEPC)
water 20 wlo] RNA pellet2 =t RNA AL UV/vis (SmartSpec TM3000,
Bio-Rad, USA) #3333 E=AE o] &3to] 260 nmol X FH=E SH3Ach
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RT/PCR Premixo] Alo]E7}Fel2] 10 pmole/nl®] sense primer 1 ¢t 10 pmole/
W2 antisense primer 1 ul, 1 ,ug-4 RT A4 %, DEPC A#¥ /5SS Yol F
T FY97F 25 w7t HEE 3  RT-PCRE F33tdtt. RT-PCR<Y cDNA 34:
42°C, 30%, predenaturation: 94°C, 5%, denaturation: 94°C, 303, annealing: 56-5
8T, 30%, extention: 72T, 40%Z 30 cycles, postextention: 72°C, 727+ 334



t}. RT-PCR9 AAHEL 1% agarose gel2 A3 #dr7|dsoz s 0.1%
ethidium bromide® QA3 t}& UVlA WM=Z2 A&ttt 2 primerd 4 7]1A4

g & Table 19] Ve

8. TAEH

oo mE Ade A W oy wEsdon dojx AR5e ARy ¥

FAH 2 (mean+SD)E Al4Fste] e QAT



Table 1. Oligonucleotides used in RT-PCR analysis

Primer sequences

Primers
Forward Reverse
iNOS 5'-CCCTTCCGAAGTTTCTGGCAGCAGC-3' | 5'-GGCTGTCAGAGCCTCGTGGCTTTGG-3"

COX-2 5'-CACTACATCCTGACCCACTT-3" 5'-ATGCTCCTGCTTGAGTATGT-3"
TNF-a 5'-TCTCATCAGTTCTATGGCCC-3" 5'-GGGAGTAGACAAGGTACAAC-3'
IL-1 B 5'-TGGACGGACCCCAAAAGATG-3" 5'-AGAAGGTGCTCATGTCCTCA-3"
IL-6 5'-GTTCTCTGGGAAATCGTGGA-3" 5'-TGTACTCCAGGTAGCTATGG-3"

GAPDH 5'-CACTCACGGCAAATTCAACGGCAC-3" 5'-GACTCCACGACATACTCAGCAC-3"
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1. TBPS7} Raw 264.7 Al 2] F4d n X = 3

m>~

Fa] A2 G549 TBPSO w2~ a4 % w 264.701 WE A EEA
|

Jd R <
gst7] fal MTT assays Fdste] MEZAEES S48 TBPSS w53
(1, 5, 10 15, 20 ug/mO)E A2 F AF=A G v o)A 2447+ v} gstA ).
TBPSE A atA &2 Axe 4S5 10002 i, TBPSZ &4 38tH Al g
AELZAE SAHS A, AXZTA A& Fig. 8% 2tk 1~10 ug/meel 5 =0l
A& TBPS7F AlZ54dS HolA gAY, TBPS 15 ug/mle] =AM+ 86%4
Lol AZEAEES YERWY TBPS 20 ug/ml sEdAdE AEZEAS Ho] 60%

Az AFEYESES Btk TBPSE 20 ug/ml ©)8te] oA AEZAo] vrof
AEe] AEE TS T4 XS gl mepA i EE Ade 1~

15 ug/mee] 9] FExo|A a3t
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Fig. 8. Effect of TBPS on cell viability

Cell viability was measured after 24 hours incubation. Survival rates were
tested with MTT assay in Raw 264.7 cells. Raw 264.7 cells were incubated in
the presence or absence of 1~20 upg/m{ TBPS for 24 hours. Each bar shows

the mean + S.D of three independent experiments performed in triplicate.



2. TBPS9 NO A4 A &

Raw 264.7 AlEol4 TBPS2] NO A4 As &3S dolrr] 93] LPSE NO
AEE FES 5, Axs5de] A AA WA 1, 5 10, 15 ug/mee] == TBPS
£ A st TBPSS NO A oAl o§-& Felstdrt. 1 A3, LPSE A& skA
Lo oA E NOZF AAE A gtort LPSE A8 3 FolA= NO2 ko] Z7}
}th LPS9F TBPSE 74 Agdls ul, TBPS? 57k 1 ug/mie] A5 =ollA
= NO9| o] LPSHE @508 Aegls weof v=stAl 1.4 M= 7kttt 1
g1} TBPSE 15 pg/me] 1= A dS " LPSE AgshA] &2 w3 i
=% 7 09 uM7EA] NO9| ko] zHAstaith. LPS9 TBPSE &7 A
W 1~15 pg/meoll Al LPSol ol&] F7FE NO<9 do] v&% o&Ex oz st
o] A% e Az TBPS7} LPSZ H%%H NO9 2de ¥ Fodo=z A&
gl A vh(Fig. 9).
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Fig. 9. Effect of TBPS on NO production in LPS-stimulated Raw 264.7 cells

Inhibition of LPS-stimulated NO production by TBPS in Raw 264.7 cells. The
cells were treated with indicated concentrations of TBPS for 1 hour prior to the
addition of 1 ug/m¢ of LPS, and the cells were further incubated for 12 hours.
NO production was determined in culture supernatant by Griess reagent. Results

represent the mean+S.D. of three independent experiments.



3. TBPS¢] iNOS 2& oA &3}

NOE At EAQ INOS9 Tdel gt TBPS® &E3E FAFsHATE LPS
o8] &A3tE Raw 2647 A EZHE TBPSO iNOS whld whalo] ojdt As &
7= Western blot analysisE $@8te] X8ttt Raw 2647 Ao LPSZ =}
=& F ¥ TBPSE 1~15 pg/ml 552 Helstdrt. 7 A3 Raw 2647 AEg

T Fl A INOSe| de] A8 Ul 2tk e} LPSE wE
o2 A3 T A= INOSe wdo] Tt H&l A3 Z7skg k. LPS 1
pug/m2} TBPSE 1, 5, 10, 15 yg/mee] T=W=Z A2 g 4% iINOSe| wdo] F4
g mzTel vs) FE gEHoR @43 AP FAsdrt (Fig. 10).
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Fig. 10. Effects of 4-TBPS on LPS-stimulated iNOS expression in Raw 264.7
cells

Inhibition of LPS-stimulated iINOS expression by TBPS. The cells were treated

with indicated concentrations of TBPS for 1 hour prior to the addition of 1 ug/

m¢ of LPS, and the cells were further incubated for 24 hours. The levels of

INOS protein were monitored. This experiment has been repeated three times

with similar observations.



4. TBPS9 COX-2 &#d oA &3

TBPS7} LPSell 28] &4 38le Raw 264.7 Al COX-2 ©d w-dof sk
A EHE geslr] 98] Western blot analysisE 383ttt Raw 264.7 A%
of LPSE AHzslA &2 FAgTdolrs COX-29 @do]l ofzt F7istd ot
LPSE At oAM= COX-29 wdo] Fxje] thxel Hls| dAA3 F7tst3d
t}. LPSe} TBPSE 7 Hed 4% COX-29 Tdo] Fx o&EHoz oA 53]
om o]l INOS @¥d gy e S vttt (Fig. 11). o Ade= %3
NO A As &ve] Axet dx=o], NO A4 A3 &7 TBPSol °fs
INOS, COX-2 @id I Aol A 7] Felatsith
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Fig. 11. Effects of TBPS on LPS-stimulated COX-2 expression in Raw 264.7
cells

Inhibition of LPS-stimulated COX-2 expression by TBPS. The cells were

treated with indicated concentrations of TBPS for 1 hour prior to the addition

of 1 ug/ml of LPS, and the cells were further incubated for 24 hours. The

levels of COX-2 protein were monitored. This experiment has been repeated

three times with similar observations.



5. TBPS9 AlZ Wl |45 #d @92 mRNA T&Hd wA= IF

Western blot analysisE F33te] TBPS7} iNOS¢F COX-2 w2 o] k3]s
T gE&Hoz A Fsgrt. kA INOS9 COX-29 wao] &zt
oA 2HEE Felsry] 98 NOE Aikshs &491 iINOSe COX-29 mRNA
1d AEE RT-PCRES o438t #zstAth TBPSSE 7 Azt = w3t
Raw 2647 M ZlA total RNAE F%&3te] RT-PCRECSE iNOS % COX-29]
mRNAS FZA A vlweget. 2 23 LPSE AgeA &2 FolHE iNOS9
COX-29] mRNAZ} =5 ¢t 28y LPSE 9502 Ad FodAs
iNOS¢} COX-27F =¥ Ao LPSe TBPSE 4 A3 oA TBPSY
FE7F F71e4E INOS9F COX-29] mRNASl o] dAsHA AUt oA
Aol 27 ste] TBPS7F @l At ofu e} AALgFol = &34 0% INOSS
COX-2¢] wdg =43¢S gelstaitt (Fig. 12).
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4-tert-buryl phenyl salicylic acid (ug/ml) - - 1 5 10 15
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Fig. 12. Effects of TBPS on the mRNA levels of iINOS and COX-2 in
LPS-stimulated Raw 264.7 cells

Raw 264.7 cells (1x10° cells/ml) were pre—incubated for 12 hours, and the cells

were stimulated with LPS (1 ug/ml) in the presence of TBPS (1, 5, 10, 15 ug/

m¢) for 12 hours.



6. TBPSY 4= wi/lAd Alo|E7}Q A3 &3

LPSZ A=¥ Raw264.7 AZoA AAEE I35 v/l AlelE71Ae] A
3 TBPSS &35 F¢la7] 9] TNF-q, IL-1B89 IL-62] A4S ELISA 4
& o] &3le] =AU TBPSE 1~15 ug/ml =5 LPS (1 ug/ml)et A A2
sto] TNF-q, IL-189} IL-62] A o] W= Fig. 130 YeblAch LPS z}ﬂoﬂ
°]8] TNF-q, IL-1B¢} IL-62] 4% 2% Ao A4 F7189x, LPSE
o2 A9 S WrRt TBPSE 7 A e ul zhzhe] Alo]|E71<l *@*é%kOl
T gFEHoR Zadgrh o] 8 TBPS7/F 95 wilA AlolE7lele] 2
S TR EAH R AdTgs g + At (Fig. 13).
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Fig. 13. Effect of TBPS in the suppression of TNF-a, IL-18, IL-6 production
in LPS-stimulated Raw 264.7 cells

Cells were incubated with the indicated concentrations of TBPS for 30 minutes

before treatment with LPS (1 ug/ml) for 24 hours. After incubation for 24

hours, the supernatant was collected, and the amount of proinflammatory

cytokines were measured by ELISA assay.



7. TBPS9 4% wi/lAd Alo]E71¢19 mRNA 2& oA &3

TBPSO] 95 wiZi4d Ate]E7hQle] A2 ELISA WWHow
7 dF w7 Aol EFFel el o] TBPSY F=7t F7Me4E 7H4ds
th 1 ARE B2 TBPS7F 942 ul/lA Aol E71209] mRNA 2Hae] nx|=
FFS FAstaa RT-PCRE G333 th Raw 2647 Al TBPSE #7}e}o]
12~24A17F FoF viFsk & AlE Total RNAS F%3¢th RT-PCRS 383t
o] Ato]E7F1e] mRNA Hd S #48 A9, IL-1B8, IL-6, TNF-a°] mRNA %
AL LPSE AgstA] &2 dolA= %%‘8}%1 grath. 12y LPSE Agsd s
+ mRNA 2 o] & A 3sA . LPS¢} TBPSE 1~15 ug/ml =& 3+
7 st S W FE o)F2 o2 mRNA wa ko] #A3%dS el o Axt
+ ELISAE ol &3 A@A¥e dAlon TBPS7F 2 FFolA A% vl
A Afol BTl BE S g AoR AATES Felsty tHFig. 14).
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TNF-a T
IL-1p
GAPDH R ———
4-tert-butyl phenyl salicylic acid (ug/ml) - - 1 5 10 15
LPS (lug/ml) - - - + + -
Fig. 14. Effect of TBPS on LPS-stimulated TNF-a, IL-13, IL-6 mRNA

gene expres sion

After LPS treatment 2~12 hours, the levels of TNF-a, IL-18, IL-6 mRNA

were determined by RT-PCR. GAPDH was used as

RT-PCR assays.

internal control for



8. TBPSY NF-«B, IxBa, p-IxBa @& mX & g3

INOS, COX-2 % o] dF wiNAd Aol EFRISES AAFEEolA F& HARR]
Q1 NF-xBell o8] =ddt} o A=o] FolA A =W NF-xB¢ IkBa®l 2%
o] IkBa®] <14tsle] ofs] &Eal¥i FEl®l NF-xkB7F & W& o]Fste] % vk
o] frm¥rch uwglx TBPSel 9l NF-xB, IkBae] Zdel ojust g3g A=
% BFelal 7] 18l Western blot analysis® 33l At NF-kB¢ &
29 o]lFg Fstr] fs) Axdat 3 e NF-xBe 45 2424 A9 1
A3, LPS FA oAM= AEE e o] F7FHol AJtk ¥ LPS @5 A
ool e AEE el o] FAasta 3 e o]l TS Ed LPS$
TBPSE 37 A#stids we] NF-xBe] ¢S @13k A3 TBPS®| w:=7F 571
s 3 o] & Asta vrE AEd e 42 Frhstn o] A3 NF-
kB Fol AEA HelA F7FetAaL 3 2] o]Fo] AAIE o INOSS COX-2

l

$F NF-kB¢} IkBast HdAE ol Fo] Alxdo EAst= kBadl 28 =
gola gt Aol Folx A 3tE IkBael 4% abstEwA NF-xBot #25
o] @dFWgo] o]Folxitt. TBPSE A2l & W IkBa®t p-IkBa® 4+ Western
blot analysis® 2Felsldtt. g o= AEZE W kBa9 %o] Z7FE o]
o LPS Aol A= IkBael o] #HAstal p-IkBael Yol F7hshsith LPS<}
TBPSE 37 AeldS W& &elg A3 TBPSO s%7t 71845 p-IkBad
ol #Fastal kBael 4ol F7FsklvH(Fig. 16).

o] A#e] A3 TBPS Al A LPSel 3] A=54 IkBa®l A4tstE A8t
NF-kB¢ IxkBa®] B A7 FREOZH dFwgo] JAEdS s, o=
TBPS7} thA Al oA LPSel &3] &3ty = NF-kB A9
=y
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Fig. 15. Effect of TBPS on LPS-stimulated NF-kB expression

Western blot analysis was performed to detect NF-kB protein level.
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Fig. 16. Inhibition of LPS-stimulated IxBa phosphorylation and degradation
by TBPS

Raw 264.7 cells were treated with indicated concentrations of TBPS for 1 hour

prior to the addition of 1 ug/mé of LPS, and the cells were further incubated for

1 hour. Western blot analysis was carried out. These experiments have been

repeated three times with similar observations.



B AT AE Ae A4 GEAQ TBPSS @95 mdeh 1 487192 #la
7] 918l No°| A4 % dF

& sostarh

TBPSO Alx=543 NO B4 Adll &35 SA87] fal v 54 A=
¢l Raw 264.7= ©]-&3dto] Alxe] AEE&S AT 2L A3 1~15 ug/mle] &
Zol A Ao 545 HolA &S s th(Fig. 8).

TBPS® NO A4 =4 aas <str] 98 Raw 2647 AIEXE LPS 1 pg/ml
2 223 & TBPSE H=9w= Alsle] NO A4 Ad axs 24394, 1
A AlEe] ZAS HolA & FES 1~15 pg/molX EH oz NO Aol
A& FAs A h(Fig. 9). o]AE TBPSY NO A3 &dst A% &g 7t

ol 9% Aol obd ;ie EAYLS I & At

NOx= NOSeo| 93] L-argininel. 2% & A ET. NOSE 3F7H9 5F a47t
Aok AAAEAL NOSeE o A2 NOSE= 344 A5 A8l AxE e
At A FAEJNAT o5 AFE A= Axd Wl Aol
o o) F£3 AT AHHoR INOSE HAx FA7] AE Ho= A8
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COX-1€ 9% ATl oJs) AAsa thipie] 2HolA AP FF02 o

s 24 PYIAZ A% BE D AF S FAS 2L A F4Y F7

of golgtth. W COX-2& ty#9 J4A FA7] 24 A Wt

COX-2% TNF-q, Aol E7hel, A4 WS, 494 53 28 dId 95 2

Aol ols) HHT GF WS Bl

et 2% Hay Age] wwn Adel FUiF 4L AehEE). AZel o
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9% #d wude] fEHY kel NOZF A4, A4E RFES NOE 79
2xo] AEEYS vehith Ao FolAu NOE GEWes g% djEae
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TBPS® NO A4 <Alseo] &ldel wet TBPS7E 95 2/ A4 o
g gt @Ml iINOSeF COX-29 wdd m = 93-S Western blot
analysis® ¥ 7}sla, RT-PCRS F3)3lo] INOS % COX-29] mRNA #ds 3hel
stk 1 A7 Fig. 107 Fig. 110 AlAlE whel o] LPSel 98 f=% iNOS
o} COX-2 dude] W&ol TBPS Aol <& % 1~15 ug/mle] HL A =
YA oR HAaES B 1 &4 Axx= Figo 99 NO B4 A =3t
o Aol dXAettt. o] Ad= NO A4 A3 &7 TBPSOl gk iNOS$}
COX-2 wid g A sfjol A 7]Q1shs AAFST &g RT-PCR 23, TBPS+
F5 dE ddy O dWde] FHA FEAA Y HES oA

=
drbe AHdE Slak gl (Fig. 12).
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Wue ol d A it s vlustua] Agdirde] 44 INOSe COX-2
T4 mRNA 232 018~180 pg/me] s=oA v% oEXH o= A3 = Artar
Bt th(57). =3 Kepka-Lenhart 5 LPSEZ fXd iNOSe wdS ZAbs
Ay ot~y A} Aol A9 Z47F 36 ug/ml, 27.6 ug/mle] FIEol A whaA
L FAA] Bdo] A HJTL B PATHER). 12t TBPSe A¢+= 1~15
pg/mee] Bk FrolA AEEA glo] dF w¥ &4 % mRNAS o] Ay
ATh 71Ee BuERE dejdskd 9 oo an iy vustls W 2 Aol AR
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o] AslgS A3
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o] X&) faA= NOSF 22 A% wiA=Zd o]9o W Ao
A AR ERlEE 9 vl AlelEgkle] EwRkEn 1 & TNF-q, IL-1B, IL-6
7 E AL AlolETII o2 LPSeF e o FA= o3 AT TNF-ae F
2 g4gste g g Az A W WA A Ee] @E = IL-1, IFN-y9}
2 Alol 7k 3 g &3tk TNF-ae 53] LPSo 98 A== 4§ o
AAEZAA g AEAT Fxel=A A vRkAE, WIHEE H Fste <
A W kst AEol e AAATHB0). IL-6 FAA H&AL TNF-q, IL-1, IFN-
yoF 22 95 wiriEddd o ASHw, FdH 24 ol & A Fag
WhE milEd R g IL-1B+ A AFelA TNF-aok A 2-&sho
INOS #dS fstrh IL-1B9] &A% TNF-a9 F&A 9 F+x71 v = ¥
o A& 7l TNF-a¢t w9 H]szstrh. ol F AtolE7Elo] gk 484
7b U AR ASE BHun FUe HdARIA NF-kBet AP-15 &4 34417
otk IL-1BE BE AAA wlg e sxR gt AE Fgoly
AW B A dastth AT Aol AA e WA Aso] Foid
e oz Aol A Hi3kE o7l Aow dEA JrHEI). ol A"
LPS, TNF-q, IL-1B, IL-6¢} #& dF w/EAES O B Jaz8&S o
AAFIARRD NF-kBE 2434174 NO, PGE2, TNF-q, IL-1B, IL- & 7t
NEA=3
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TBPS7F A5 ¥ w@ujde] 2dS qAFS &lsisla, ds dd o
ol 5 izl Aol ETbQle]l el oW JFS A=A AT Fig.
134 &4 zFo] IL-1B, IL-6, TNF-a €< "7 Aol E7IRIES
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Agatua iNOSSH COX-29] Wde F7HIA 9% Wee FEATHE0-6). =
Aol 0wl HEA U NFkBe F& @A Zol5A Hr, @ Ue] NF«B
o ol Z7haiA B wWebd dzol B AfolEAAT Bulde] BHL NF-
kB 243 Azol o zaH.

e

ofN

AFoA TBPS7F d5whgel A4S v A= dAFZHAAQ] NF-kBe| &3
of ojust JFS wAE=AE AT 1 A¥, ¥ Y29 NF-kB o]0
TBPS®| 9Js] A== Aoz vepdt (Fig. 15). =3 TBPSel| 23] [kBa2l <l
Abshe] ojw gl @S w A=A gRlg A¥ TBPS® %7t F71E+5 IkBa9

A4k 7 Faso] NF-kBe €44 & A&l s th(Fig. 16).
Kopp$® Ghoshe gl A4 HEFo] 32 mg/mlel FEoA kBag <1X4k3l oA
2 E3 NF-kBY 3 29| o]%< A&ty x, of~ud £ kBaol 23 E

i3kl NF-xBel 488 Asidctn nusger 15 Fdze 2ea
HEET ofd® gedite] NF-xB AARIAe] BE2 oAzt FYF NS
WG AHLS W Ae BaEEA TE viEREy FASAE

ol =AFoRMA FdT BHE LAY Aol AAHATHE2).

Qb3 24wy Aol NF-xB 9ol Fagho]l 2 27 97] We] NF-«
Bel oAAE 4 glo] wol FANNUT. NFxBE te B A4 Axsh nas)
s

2o get a1 FxAY o], 1L

HXE st NFxB A% F249 @A77 288 NF-«kB 2435 oA st}

63). 35 & 9ol Loz I8zl AAUH S MxddER ‘”ﬂiol
== ]

F

A&l Chaturvedi 52 Hi1g1(64), Jung 5 4y 2 3 3%7’% 79‘*%0]

Tz dy Ao A FA e FuAsioz 3 7HdA 13 A"
A AFEE = AR 2EEo] NF-kBel DNA ZAg 2 AAl &84S oA 5o
< 29%E Yepdtia B39 tHE5).
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L3t Zhang 52 o9 HAF 98 AE G. yunnanensisol A 23k HA A

o T f A

AALA =4 methyl salicylate 2-O-B-D-lactoside’} &2} +%7} g A Aka} 3}
st o2 Aol Qa, ot~y Ho FAFT AU u dAT Bk ofye} 9
T 54 7

H AT B s tH66). 15 oojA At YEFo|H of
A3tA NF-kB 84312 A8t &% a3 vehyy o=
AT AL Az mAE oA &3t IKK-Bo Q4ksl oAo] &3 Ao
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e S ul, 15 ug/me] FEAA FyHo® NF-kBe 4
+© TBPS7} Aeldi HEFEY ¥ koA ZdHow NF-kBe 4S5 9
Alste] INOSeF COX-2 2 dF i7hAd Ale]lE7qle] 2ds aapdes Ao

o ATolA v E TBPS= Al AdolA &9 et
o

24 Fds 2dE B9t AMES on R
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