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Summary

Nuclear factor-kappa B(NF-EB) is a critical transcription factor for
maximal expression of many of the cytokines that are involved in the
pathogenesis of inflammatory diseases. Although cytokines may act
independently, inflammation is usually associated with their coordinated
production and action. Therefore, this cytokine network may be
important in the pathology of inflammatory diseases such as rheumatoid
arthritis and asthma. NF-kKB exerts a broad influence over this network
of cytokines by affecting the transcription of many of the genes
involved in its production. Because of its potential ability to influence
the production of a variety of cytokines, NF-kB is an appealing target
for therapeutic strategies designed to attenuate cytokine-mediated
inflammation. In this study, we found- that . pinosylvin, a natural
stilbenoid that is a component of the pine leaf(Pinus densiflora),
significantly = inhibited  LPS-induced NF-¥B  activation in a
concentration—dependent manner. Additionally, pinosylvin was found to
inhibit the LPS-induced phosphorylation and degradation of I&¥kB a in
THP-1 cells, which indicates that pinosylvin may act as an NF-kB
inhibitor. In order to further confirm this inhibitory effect of
pinosylvin, we performed ELISA for pro-inflammatory mediators such
as TNF-a, IL-8 and COX-2 the expressions of which are dependent
on NF-EB promoter. As expected, we found that pinosylvin can inhibit

the production of these pro-inflammatory mediators. These results
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suggest at pinosylvin inhibits the expression of pro-inflammatory
mediators through the inhibition of NF-kB signaling.

In conclusion, the data acquired in this study demonstrate that
pinosylvin can inhibit LPS-induced expression of pro-inflammatory
mediators, and the mechanisms underlying its action may be mediated
through the inhibition of the NF-&B signaling pathway. These findings
suggest that pinosylvin could be of therapeutic value in the prevention

of inflammatory diseases.
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LPS : Lipopolysaccaride

COX-2 : Cyclooxygenase—2

PGE; : Prostaglandin E;

TNF-a : Tumor necrosis factor—ua
IL-8 : Interleukin—-8

NF-B : Nuclear factor-kappa B
I¥B : Inhibitors of kappa B
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I. ¥ &

g% G aw A v o, S At 93k 7 (infection)S YA
qo 2 dF(inflammation), Y (fever)® 2 FH TS FEsta
(Dziarski &, 2000a), ©o|¥1 9 SHES Axy 2 74 2471 dhE o}
of =EFH Wt F, s AlxolA A thgek wjsRA e o5 o] Ht

al

(Dziarski &, 2000b). 952 FAHE = 5 A= A= disk AA o
ES

SOR(F 5, 1998), 95 WE M FH ade wEH ol AEHd £

b}

AeteE 9EFA w7 Al S (pro-inflammatory mediators)o] ™, o] &S &3
a4 cytokineo] gtal F-Et}, o] # 3 cytokineol = tumor necrosis factor-u
(TNF-a), interleukin-1(IL-1), interleukin-6(IL-6) Z1#] 3l interleukin—8
(IL-8) S©°] <dth(Parrllo, 1993; Bone, 1994; Young, 1995; Mitchell®}
Cortran, 1999; Janeway &, 1999; ¥ &, 2005). 9% wi/H=2< cytokine
So] g AAE M adult respiratory distress syndrome(ARDS)%} ™ E]
24 AEEH 2 A4F A5 Adks FEAT)aL o sk I tH(Hyers F,
1991; Asahara &, 1995).

Sen¥}  Baltimore(1986)7} A &o= st el dApIA}

AL

jutss

(transcriptional factor)?! nuclear factor-kappa B(NF-&B)+= F:% &
=/ Wi AESY] 2ds 2dsith dir o= cytokine> AEZE W A
Hol & Aol ofyg, AEE Tl Ao osiA EHlHoA = A

2, A W Skl A cytokine] 7= olell #ofst= o THA

ol

o

of Al H&ds sk Aol HARIAR] NF-kBolw, uteha] HdARlAt

g w7 H Q) cytokine®] WAL oA T 5 vt A



NF-¥B& A XZ A4 inhibitors of kappa B(IkB)2} &&= A4 oy
A BdAe dHE =AY AEE ASstA W9, kB kinaseZt 243
st Ho] BE QI4bsE A7t =, E@AA EEEo] €43t ¥ NF-«B
© kBe| QIAtstel Faj2 fREW, d4kst € kB7F "Hojx uxt NF-k
Be 8 U2 o]sste]l %A A LEEH Adsta oy dF #

A FHArEe] AAME sk Al ®th(Auphan 5, 1995)(Fig. 1).
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Fig. 1. Signaling pathway of nuclear factor-kappa B(NF-kB).

3 NF-kBX= 954 cytokine €9l % cyclooxygenase-2(COX-2)9} %
L dFare HE7x FE%th Cyclooxygenase(COX)+= A HFARC]

arachidonic  acidZ thARA] A A S HE-S-of A Q3 uf] 7] A 91



prostagladins(PGs) 2. & A 3A) 7)== EAEA, COX-13 COX-2&7 E&H3H
th COX-12 434 AA 7|5l 2H83tA 9, COX-2+ A7) de #ofst
v 242 wWEE PGEE FAAI71aL o]H 3 PGs7t @5 wkgol

o5t Al FtH(Park 5, 2004).

Pinosylvine AU A A 2 & U(Pinus densiflora)ol A A= &4
&, AAAQ stilbenoid AIEe] sHgF=olty. AEo] wMAEIN HFdAS

W Agel osld @A, FHHAE ARA] FEA 3

phytoalexin®] 2} &}=H|, pinosylvin< phytoalexin® stz A, Ao A

i=e] =~
== S0

%
oM
o
>

AEgr oz HEaet e AEZHQ AEY 2 sty S A7)
H353E 98-S dvh(Holmgren 5, 1999; Sung, 2004). SR 7oA £

Qe L PF AAHE FA g3 W77 FAAAY vt doiAm

A oo g7t vk dekar A, 1997). Pinosylvin o dlgh A
2& gAaks #Z8(Fang %, 2002; Hong %5 2004), 3334 A8 (Pacher
5, 2002), tyrosinase 2 Al & ¥(Ohguchi %, 2003; Sung¥ Kim, 2005) %
o] B Ut} Wuk olugl, COX-2 A 3l &8 (Christopher %, 1998)3}
PGE, A3 A3l = (Park &, 2004 #S FSwESo #AAH
pinosylvin®] 455X T RIFAT. oy AFAEHE T8 2 A, FH
< stilbenoid A Edeo] zt= ofe] 2ol tigh #Aalo] Tz e 9o
W, o] Ade &4 F 3t} pinosylving thFdr A Aol ot

& ATt £33 AP 9

X
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O. #e 2 HiE

21. A=
Am 2 A3 pinosylvin(trans—3,5-pinosylvin)< ArboNova(ArboNova,

Finland) 238 7943t 2™ (Table 1), 3384 F+224L Fig. 2 ¢ 2t}

Table 1. Information of pinosylvin

Name CAS # Availability Purity
Pinosylvin 22139-77-1 In stock >95%
2. AX A%

2 Aglo] AF&3 THP-1 A X (human monocytic cell line)= culture
disholl H38le] S2eles W9AXE AXF 231 ATCC(TIB202)l A
& worth M ¥k RPMI-1640 HfA](BioWhittaker)oll w243} 3tk

e

10%(v/v) fetal bovine serum(FBS)¥} penicillin 100 units/mf, streptomycin
100 pg/mee] FAAE H7tste] weE EFIAGuAE AFESt 17Ul
1-23] AjujF sk

2.3. Lipopolysaccharide(LPS) &
as &4 dtElgoele] Alx
(lipopolysaccharide, LPS)< W54
WA AZ o RREH WEH

(Toshio, 2002).

el EAshE AR PAL
2 % ged gon, weeobst Fo
fex]

FAR AR AR fEar)



THP-1 MEE 24 well dishel 27} ml 3 1x10° cellso] HE= B33
T 1 mg/ml FEZE AZ3 LPS(E.coil serotype 026;B6, Sigma, USA)=

7ZF well B 10 pg/mb A 7}aba 24A 7ol A 7241 7F B<oF gAd s A # )



Fig. 2. Structure of pinosylvin.
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2.4. Luciferase reporter gene =73

7t well B 8x10° cells/meo] ¥|%== THP-1 AEZ 6 well plated] &5
il 24711 7F Eot wjFksl ittt SuperFect reagent(Invitrogen co.)S ©]-& 3}
o wjdwE Z+ AEo] NF-kB =4 2240 wE reporter vector ¢l firefly
luciferase reporter gene(Stratagene, Germany) 2 pg3 control vector= A
Renilla luciferase expression vector(Promega, England) 0.2 pgs & 42
g, Y3t dAA o2 NF-kB luciferase reporter plasmid DNAZ &3
Ak AT 24N A F FdHdE @ AEZES phosphate buffered
saline(PBS, pH 74)°2. & A &H3}a, LPSE well § 10 pg/mle] == 7}
sto] A3 Al7]al ¢ H| pinosylving FE=W 2 A gsta 5A7F F A
2 $ 43ttt Luciferase activity: PromegaAl®] luciferase assay
system© 2 Luminometer(Berthold, Germany)Z ©]-&3}o] A3} om,
Renilla luciferase activity(relative luciferase units)oll w3k firefly

luciferase activity(relative luciferase units)e] H]& = AAFSEA

Firefly luciferase activity("RLU)

Luciferase activity =
Renilla luciferase activity("RLU)

"RLU - relative luciferase units

2.5. Western blotting

Anti-IkB-n, phospho-IkB-u 12]il f-actin FA&& 247t ALEste] o
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Wl AZM el Western blotting .2 [kB-u$} ¢14Fst # kB-a¢ W& <k
S =AYt THP-1 AEE 24 well dishol 22 me & 1x10° cellse]
Hes B5% §F, LPSE well T 10 pg/mle] %7t H =5 7tsto] &4
3} A1712 ¢ ), pinosylving FEHEE ATt FHI AES AL
o] PBSZ A& 3sta, 0.2 ml lysis buffer(10 mM Tris-HCI, 150 mM NaCl,
2 mM EGTA, 2 mM dithiothreitol, 1 mM sodium orthovanadate, 1 mM
phenylmethylsulfonyl fluoride, 10 pg/ml leupeptin, 10 pg/m¢ aprotinin)®l
Hol dmds FE3FtE 16000xGE 4TolA 307 &<t dAaEgsta

AZFAs FHEto] AExo JHES AAS FH, AX lysates S8 #&

Sodium dodecyl sulfate’} ¥3Fd 16% polyacrylamide gelol A 7] <3
5 & Hod @A S hybond-C membranel & 4T A HolA] 7] W
o o A (immunoblotting) &2 @A S HEZSIH T o] uf H|5o|F 4

< Adstrl fstel PBSE 3AE 5%  skink milke]l 20 mM
TBST(Tris-buffered saline(pH 7.4), 0.1% Tween-20)7} &%)+ buffer
2 25Tl A 341 &<k blocking 3T 20 mM TBST buffer 2 13] Al
23k 3 Z+zF 1 1000 H]& % 3143 mouse monoclonal & #| phospho-I
kB-a(Ser32/36), IkB-a(112B2) 183l B-acting 1x &A= AF&3}o] 44]
oEek w3 A7|a, gA] TBSTZ 33 AlFsAch 23 A2
HPR-conjugated anti-mouse IgGE AF-&3le] 25Tol| A 1A]7F HE-§-A] 7] 3L
W oo, @A (protein-band)2  enhanced chemiluminescence(ELC)

system (Amersham, USA)2 2 <AoA] X-ray filmol| 7H3AZAch Z+



2.6. Cytokine =A

2.6.1. Tumor necrosis factor-a(TNF-a) &3

LPS AHglZ =% THP-1 MXE 43A7F st & A xZujx]=2 4]
7l ¥l TNF-uo] v%Z ELISA kits(Genzyme, Minneapolis)& ©] &3}
o Q#atelch oF&std, THP-1 AZE 7 well @ 1x10° cells/m ©] 5|

= E50tal 24X wlF $ol LPSE well 9 10 pg/ml A 7o} &4
31

—

3} Al7]2 @ H, pinosylving TEEE A3t} 48417 Bl T Z)
9

wellS PBS® 13] AlZ 3} no serum RPMI-16400.2 wj#] w33k % o}
Al 30E%E wi et A dAlEeste] ASds FHetar AlE wAE |
# AR TNF-a¢] EEE 8 42954 (enzyme-linked

immunosorbent assay, ELISA) S & =3 3&}¢t}.

2.6.2. Interleukin-8(IL-8) &4

LPS H2Z X% THP-1 AXE 48A1ZF vt & A xujx]=2 FH]
H gue IL-8¢ w%E ELISA kits(Genzyme, Minneapolis)E ©]-&3}]
A 2Fahol %39, THP-1 AEE 7} well 9 1x10° cells/mio] = %%
WAL 24417 wlF Foll LPSE well B 10pg/mb % 7hske] @43t Al
712 @ H, pinosylving =R Z A 3tATh 48A17F vl & 7F wells
PBSZ 13 Al#3}3 no serum RPMI-1640 o= wjx] w3kst F t}jA] 30

B2 wjekala A QAR Ee] A=aS Hala A ¥ w2 Eud

=

W IL-8 ¥ =8 T2UGZHW(ELISACE ZH3STh

2.7. Prostaglandin Ez(PGE2) 3% (COX-2 activity assay)
LPS A2 fFE¥ THP-1 AXE 48AF v F wiA = 2n] ¥ o]

_‘IO_



ME FWHe] BAl" PGE:¢] FAE prostaglandin  E; Enzyme
Immunoassay Kit(IBL, Germam)E& ©|&3sle] AH=sdth. oF&Eshd,
THP-1 MEE 72 well @ 1x10° cells/mlo] %2 33 5] 24471 H)
Fsle] COX-25 fF%A1713L, LPSE well @ 10 pg/mé A 7}eto] &4 3}
Al71aL @ H) pinosylving s E Agsdnh 16A17F i F 7

< PBSZE 13 Ml #3stal no serum RPMI-1640= ®j#| w3t % ThA] 30
E1F et UM A Egste] Asde FHAstr aAUYgSAY

(ELISA)S. 2 7435t

ANV)

BE SAZE Jgk £ X523 (mean + standard error of the mean)

O

2 Yell o student s t-test WS o]&sto] Bt fo4
< 0.05 o3kl A& frofsiohar Aot
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m &R R BE

3.1. pinosylvin®] &4¢ &3
B

Ao FFu

_‘d
oo
s

A=A v 7} E 2 (pro-inflammatory cytokine)
of oA wizfEvtn <A Jdrh(Jaindt Basal, 2003). 53] TNF-au}
IL-8= 958 dod)E= FR3 cytokinel & Hil Hal lon HFHkS-
o] AxE YglE AEE o851 9vi(Auphan 5, 1995). =3 o=

cytokine fA#Fe] L2 o] EA43lE NF-kBE 23 #dx &dd x=

(o}

A Q1A (Pierce &, 1996)2 A5 23 Wwo] ot ThY3H cytokines

[o
N
N
o)
ot
_&g
k)
o
fr
BN
)
ol

A3t AR (Schreck 5, 1992)& <A E 3hol, A
A G EAS pinosylvine &89 Txel 1 g wIUSS MEF

o A A3 A ¥ At (Naofumi 5, 1994).

r2

3.2. Nuclear factor-kappa B(NF-kB) &4l did &3

3924 w7/l E A (pro-inflammatory cytokine) f+d#¢] ZERE ] &
Aet= NF-B & 2 (element)7t 32 Hde] Fo3 4T85 svkes HAs
T Ae] NF-&B reporter &/3}o] SRS T

318 F45] A% 48 FPsar

AR, AE

4

pinosylvin ¢ ¥

f
2

Firefly luciferase reporter gene(Stratagene, Germany)¥ Renilla
luciferase expression vector(Promega, England) =, SuperFect
reagent(Invitrogen co.)S ©]&3}lo], THP-1 MEE LA Zoz A3
AN 24X 9lF 5 pinosylving FE®E AHEleta LPSZE #f=d

NF-kB 84 & luciferase assayS @) =434
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o

Fig. 3 oA o], relative licuferase activity(RLU) 4% & H] u 3}
uj, LPSE A g3 txao] LPSE A gstA] &L thEatuth oF 3 )
%= X 7F #=okth Pinosylving 0.001 pMelAl 10 pM7HA] s=- 2 A g
gk A¥, LPSE f=¥ THP-1 AlxelA RLU #tel +o4 AA(,
p<0.05) #Astdon, 1 57t 7l wel NF-kB A& %= F7Fst
© FE YE4U 4FS YEuddd 58], pinosylving 0.1 uM #2138} 3]

gido] 50% olat FEoE A, o EH

o2

i
o
o
—
@
fo)
o
=
1)
=

pinosylvin® reporter A4S 50% A&t xS ICe kel 2F 0.1 u
MYAS & 5 AAJok. zela o] Ao th3F pinosylvin® &rf 50%
ethanol®] F3Fs skl Qg AFS F4g 23, LPSE A2 oA &

2 A 49, LPS v Agd iz vl
A, A FAFSE 2X17F Uk, pinosylving £33 &) 50% ethanol?]
Zardt vl Al Ae FARRE A1 ATt uiskt o]
A E pinosylvin®] NF-kB 43} 94 &7 tha] pinosylvin AFA] 4 <1
FaFolrt, &l 50% ethanol o w529l 432 glies S 5+ 3
2tk NF-kBe &4 tx+e® NF-kBY AsjA|el  pyrollidone
dithocarbamate(PDTC)E A2 ®lag A3, PDTC7F NF-kBE A A2
W pinosylvin®] NF-kB &4-2 AAZ T AlE $=Fo| 4 NF-xB

A3 s Aelsl= o83 AF}E EE, pinosylvine] NF-kB &4 3=

o
o
b
L3
X
o,
2

2

ol
=
>,
E
2L e

ot
fols

1S 298 gdT o+ A3, NF-&B signaling # 3l 5}

A
-

ules

4 cytokine F414 BAL AAFORHA 4L AAT F Yk I}

4% WA HATh
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* % *

LA ool

PS-() ) B BB EHEH OO 0606066060
Pn: () (0000001 0.1 (1) () (10)©00100H0HA) @) (10 6 () 0
POTCC) 6 ) O 6 O 860 0 006066 ®«

WREOHE O 6 0 0 0 0 0O 0600 6 60660 6 ¢

Fig. 3. Inhibitory effect of pinosylvin on LPS-induced NF-kB activation.

[} Cad P wn o b |
[
=+
[ ]

—_—

Relative luciferase activity

(=]

THP-1 cells were transiently co-transformed with 2 mg of the firefly
luciferase reporter gene under the control of NF-kB responsible elements and
0.2 mg of Renilla luciferase expression vector driven by thymidine Kkinase
promoter using Superfect™ reagent, as described in Materials and Methods.
After 24 hr, cells were stimulated with 10 mg/m¢ LPS in the presence or
absence of pinosylvin. Luciferase activity is expressed as the ratio of NF-&B
dependent firefly luciferase activity divided by control thymidine kinase Renilla
luciferase activity(relative luciferase units). Data are expressed as means
SEM. * p<0.05 compared with LPS alone.

Pn : pinosylvin, PDTC : pyrollidone dithocarbamate
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3.3. Inhibitors of kappa B(IkB)9] <4t3le} Ejo] v X &= &3

NF-kB 243t 42 T dtih= kB7F QI4bst Ho] 335w A3y o
= NF-kB7} A2 25E 8 = o]Fst= ot} o9k & NF-kB
24 AE AG FEC FAAA TS st kB dAkskel Eafel g
pinosylvin®] = 3E =A3s7] fste] LPSE AHg¥d THP-1 A9
pinosylving &=¥W & 2] 3}1l, anti-phospho-IkB-ua(Ser32/36)¢} anti-Ix
B-a(112B2)E AF&3Fe] Western blotting sttt o] @, B-actin 4=
o] &3ste] T duldR HAYPS FAsA=A Gl

Fig. 4 oA 9} o], kB-a] A%, LPSE AHestA &2 A4HA d=x
o A= band7t HAEHA oY, LPSE A gk Adgod= Ui
pinosylvin® &% 0.1 pM oA wjF g Al band”’} @&
Bt 2 phospho-IkB-a2] 4%, LPS AH# A ¥&d % AA %, pinosylving]

% 01 uM o3 W EE WA Jusk oA bandE YA @

.

o 5 uFo] pinosylvine] IkBel <QI4tslel EalE A&stay S5 &

AN

&

_15_



LPS: (-

) (B B ) ) ()
Pn (uM): ()

() (0.001) (0.01) (0.1) (1)

kB a

Phospho-IkB a

B-Actin

Fig. 4. Inhibitory effect of pinosylvin on the protein level of
LPS-induced phosphorylation and degradation of IxkB-u.

THP-1 cells were incubated in the presence or absence of LPS, along with
the indicated concentrations of pinosylvin, for 30 min. The cultured THP-1
cells were subjected to Western blotting using “anti-phospho-I&B-a(Ser32/36)
antibody or anti-I¥B-a antibody.

Pn : pinosylvin

_16_



o= 092 AR oF 10 v A% =718 22, pinosylving 0.001 u
Mol A F-H 1 pM7HA] w282 Aed 43, Fol4d A« p<0.05) 4

stgom, 1 5k 13 W dAEE FbE ¥R 9EH A

S HWoJ(Fig. 5) pinosylvin®] phospho-IkB-u¢] H|Z o Asil &S
o S ek ole} Wb, Bractinel WF kB-ao] £x= LPSE Aeld

ey

A e giE&a 095 o HlE] LPSY Aggh gixzatelAes 012 A= o
1/8 & #23 Tl pinosylving 0.001 pMol A FE 1 pM7FA] FE=d 2 A
2]t A3, kB-nel FA7F fFAA AAx, p<0.05) Frkskslen, O
7h S7hekel Wt JAlER SUtete vk oEF Q) AEFS vE o (Fig.
6), pinosylvine] IxkB-un¢] QIAsE At USS HoFAT olgh
A3 Z5H pinosylvin®] IkB-a2] <lilkstel FlE ATz, AEA=Z
T 8 Wz NF-kB °|F 4=&5 At NF-kB signal& A& gkt A

2 (Auphan 5, 1995)& &2l&titl. ¥3F pinosylvine] NF-kB signals A

1_4

Aale AAES ZAR £9F5A cytokine AR FEHS oA, 95 24

AR GAe FaATE S FAT AU
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*

*
e
= =

-
= =

Level of phospho-IkB-a
(Phospho-IkB-a/B-actin)

‘B2 88 -

(-) (+) (+) (+) (+) (+)
(-) (-) (0.001) (0.01)  (0.1) (1)

-
s
?I_
)
=X7)

Fig. 5. Inhibitory effect of pinosylvin on LPS—-induced phosphorylation of
[£B-n.

THP-1 cells were incubated in the presence or absence of LPS, along with
the indicated concentrations of pinosylvin, for 30 min. The cultured THP-1
cells were subjected to Western blotting using - anti-phospho-I&B-a(Ser32/36)
antibody. Bands were visualized by an ECL method and quantified using a
densitometer. Similar results were obtained in three independent experiments.
Data are expressed as means S.EM. of three independent experiments (bar

graph). *p<0.05 versus LPS (10 mg/m{¢) only.

Pn : pinosylvin
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& - &

Level of IkB-o
(IkB-a/B-actin)

ool

LPS: (-) (+) (# (+) (+ (¥
Pn (UM):  (-) () (0.001) (0.01) (0.1) (1)

o

Fig. 6. Inhibitory effect of pinosylvin on LPS-induced degradation of Ik

B-a.

THP-1 cells were incubated in the presence or absence of LPS, along with
the indicated concentrations of pinosylvin, for 30 min. The cultured THP-1
cells were subjected to Western blotting using anti-I¥B-a antibody. Bands
were visualized by an ECL method and, quantified using a densitometer.
Similar results were obtained in three independent experiments. Data are

expressed as means S.EM. of three independent experiments (bar graph).

*p<0.05 versus LPS (10 mg/m¢) only. Pn : pinosylvin

_19_



3.4. Cytokine A v x+= &3

Fd P& Fl pinosylvine] ASHEE +5=8h= cytokine Ak ¥
S AT 5 AS Agks A A ARE KR5S, o= pinosylvin
o] NF-kB¢] AsAl= 288 5 vk 7HedS BolFdu. odd 4
H(Fig. 3)& EUZ pinosylvino] & H <54 cytokine Aitel A g o=z
oAet=A1¢ 1 A& E&3E FAstr] fsto], ofn] dH A U=(Wrightst
Christman, 2003), TNF-a, IL-8 1g]31 COX-29} #Z& NF-kBel| 473
ol Z2RE ds] ELISAS F3stich

3.4.1. Tumor necrosis factor(TNF)-a ¢ v x&= &34

LPSZ A=3F THP-1 AXZHE pinosylving 247 F="E =2 23
S A EZEfA W2 Ee)EE TNF-a9 %= ELISA kits(Genzyme,
Minneapolis, MN)E& o] &3s}o] =439t}

Table 2 %2 Fig. 7 AA< o], LPSE A ElshA] Z2 Uz oA+
0.152(ng/ml), LPSE A g3 thFxol A= 2470(ng/ml)e] TNF-a7} A
H itk LPSE A#sted A58 THP-1 Al2Ze] pinosylving 0.001 pMe]
AFH 0.1 pM7HA sEEE AHE g Ay, 0.001 pMelA] 2.393(ng/mb),
0.1 uMel A 0519(ng/me)e] TNF-a7} BQE At olelgt Aa 2482 &
T gEHo g Fo4 JA(x, p<0.05) WEFEO ™ E3] pinosylving A &
=E7F 01 uM ¢l A9, TNF-u AA odA7F 50% o] A& o,
pinosylvin®] TNF-a AAS 50% Asfjsts %A ICxo 0.1 pMYIS &
F Ao 2ga old Axte] W3 pinosylvin® &7 50% ethanol?] <
FE ek A% APES g8 A LPSE AHY A F1
pinosylvin ¥H& 77} FE¥E Ak 49 LPS Wi AHEd gz

ol Al A9 §AEE =X17F ugkal, pinosylving &3 &0 50%
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ethanol®] A-$% zZ+zre] hxa3 vl A, A9 FAFSE =1 A7 gk
t} o] A= pinosylvin® NF-xB &4 3} oA &3] ths] pinosylvin
ApA) A ol o gkolu} Sufel 50% ethanol®] ©=A <l e glSS 3

3 4 Atk NF-kBY &4 tix72=Z NF-kBY AdlA¢l PDTCE A

o

R

o
e
Jo

A

glste] Hvlwgt A3 PDTC7F NF-kBE 94 A7 ATHE pinosylvin®|

NF-&B &4 & oA A H o

Table 2. Pinosylvin inhibits LPS-induced secretion of pro-inflammatory
cytokine, TNF-u

Treatment TNF-a (ng/m{) Treatment TNF-a (ng/m{)
Control 0.152 + 0.016
LPS 2470 £ 0.143
LPS/Pn(1 nM) 2.393 + 0.185 Pn(1 nM) 0.210 = 0.010
LPS/Pn(10 nM) 2.144 £ 0.045 Pn(10 nM) 0.204 + 0.011
LPS/Pn(100 nM) 1.207 = 0.002 Pn(100 nM) 0.211 £ 0.011
LPS/Pn(1 uM) 0.770 = 0.050 Pn(1 uM) 0.177 + 0.009
LPS/Pn(5 uM) 0.606 = 0.088 Pn(5 uM) 0.228 = 0.001
LPS/Pn(10 uM) 0.519 £ 0.036 Pn(10 uM) 0.231 + 0.011
LPS/PDTC 0.570 + 0.039 50%EtOH 2.201 + 0.004
PDTC 0.202 = 0.008

_21_



THF alpha{rngfm i)
__. =3
el L= P on [ ]
-
i
L3

=
ks

u.ﬂ ..”nﬁﬁ.ﬂﬂnﬂﬂﬁ.ﬁﬂ

S- () B EHEHBHHEO OO 66O
Pn{uh): (4 ()(0.00(0.010.1(1)  (A)10000NOMEH) G (106 ¢ ©
POTCH ) O 0 B 0060600 606060HH O
SWAREOHRE 6 O 0 O 06 60 6060606060606 H

Fig. 7. Inhibitory effect of pinosylvin: -on LPS-induced secretion of

pro-inflammatory cytokine, TNF-u.

THP-1 cells (10° were incubated with LPS (10 mg/ml), LPS bplus
pinosylvin, or without LPS for 24 hr, after which the supernatant was
assessed for TNF-o by ELISA. Data are presented as means S.EM. of four
independent experiments. All values were significant (*p<0.05) compared with
values for LPS alone.

Pn : pinosylvin, PDTC : pyrollidone dithocarbamate
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3.4.2. Interleukin-8(IL-8) Al m X & &3

LPS& #=3t THP-1 AEEXE pinosylvin® Fxof wz} A Eu]A
W2 BHE+ IL-89 5%= ELISA Kkits(Genzyme, Minneapolis, MN)Z
o] g3to] FA 3t

Table 3 ¥ Fig. 8 olA<} Zo], LPSE HE A &2 dlx2TodA=
0.575(ng/ml), LPSE A &3t izl A= 10.229(ng/ml)e] IL-8°] A5
Ath. LPSE AH#late] z=3% THP-1 AlZel pinosylving 0.001 uMei| A
10 eM7HA] s=d 2 283 23 275 =4 11.49(ng/ml), & FF =
2] 3531(ng/ml)2] IL-8°] AA = ATt o]z 3 A& gL T oFEZHo
2 oA A, p<0.05) YEsEer, 53] pinosylvin® §X=7F 0.1 UM
A7} 50% ©] A& E o], pinosylving IL-8 AAS 50%
#] &ff 5} ¢l ICs ©] 0.1 eMSIE & & AUSdvh 28l o] ZAto
3 pinosylvin®} &1 50% ethanol®] 3k &2l3t7l 93 23
s Azt LPSE AHE A &3l pinosylvin TS TR E A e A4
LPS w5 A3 dizxzaa v Al A fFAREE FA7E gkl
pinosylvine &33 &vl 50% ethanol?] 4$% ZHzte]l dxo¥ wu
Al, Aol FrAbgE A A3rb vttt o] A3 2 pinosylvin®] NF-xB &4
st oA &mo] th3l pinosylvin AFA A QL FdFolrt, &riQl 50% ethanol
o] @5A¢l G2 gATS FUT 5 AU NF-kBe 4 = e
2 NF-kBe] AsjAldl PDTCE A€ Wk A3, PDTC7F NF-kBE ¢
A A7 AWEE pinosylvin®] NF-&B &4 S Al A| At}

Table 2 ¥ Fig. 7 3 Table 3 2 Fig. 8 2 pinosylvin®] LPSe] 2|3
S7Fd TNF-a¢} IL-8 279 AHS TaAA
cytokine F+H A HHS A= AS B 5 oA, A HAF AR (Fig.

3 FEerdoh. aglar o]l# s AFE=  pinosylvino] T HEA

o
oﬁ

87
&

rr
Prl

o
4
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cytokine AAdol 2% To]dte], NF-kB luciferase assay® 74-%x%, NF-
kB o &S AN L J5S BRAFA(Parrllo  1993; Bone 1994;

Young 1995; Mitchell &, 1999; Janeway &, 1999; ¥ -5, 2005).

Table 3. Pinosylvin inhibits LPS-induced secretion of pro-inflammatory
cytokine, IL-8

Treatment IL-8 (ng/mf) Treatment IL-8 (ng/mb)
Control 0575 + 0.016
LPS 10.229 + 0.462
LPS/Pn(1 nM) 11.499 £ 1.008 Pn(1 nM) 0.539 = 0.033
LPS/Pn(10 nM) 8.042 + 0.524 Pn(10 nM) 0.541 + 0.038
LPS/Pn(100 nM) 7.185 £ 0.135 Pn(100 nM) 0.565 = 0.004
LPS/Pn(1 uM) 4252 £ 0.292 Pn(1 M) 0.577 £ 0.007
LPS/Pn(5 uM) 4.075 = 0.504 Pn(5 uM) 0.619 = 0.015
LPS/Pn(10 uM) 3.531 £ 0024 Pn(10 uM) 0.451 + 0.020
LPS/PDTC 5489 = 0.049 50%EtOH 11.653 + 1.003
PDTC 0.513 = 0.058
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Fig. 8. Inhibitory effect of pinosylvin on LPS-induced secretion of

pro-inflammatory cytokine, IL-8.

THP-1 cells (10°) were incubated with LPS (10 mg/ml), LPS plus
pinosylvin, or without LPS for 24 hr, after which the supernatant was
assessed for IL-8 by ELISA. Data are presented as means S.EM. of four
independent experiments. All values were significant (¥*p<0.05) compared with
values for LPS alone.

Pn : pinosylvin, PDTC : pyrollidone dithocarbamate
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3.5. Prostaglandin ExPGEs A tid &3

Cyclooxygenase—2%= 954 WS AAS Fosts A4 uzpAQd

prostaglandin(PG)& AAst= ZTAZA, Smithet Kobolt(1998)7F 5
cytokineol 98t COX-29] & Ao dojix] NF-kBe] &3t} AHE]
o] 9J&S Bt wEkAd COX-2 Ao 3+ pinosylvin® &=
NF-kB¢] &g 5-&5 <lst7] 93 43S T8t

LPSE &A43A171 THP-1 A% pinosylving Z7Z =& A3

oh 1642k
AT
Table 4 3 Fig. 9 A9} o], LPSE AHestA ¥ dxrodras
0.038(ng/ml), LPSE g3 gz 0.887(ng/ml)e] PGE:.7}F AAH
Aok LPSE &43tA171 THP-1 A Xl pinosylvineS 0.001 uMol| A 5-H
10 pM7HA] == Age A3, 2H7F 0.845(ng/ml), 0.215(ng/mé)°] PGE;
7F AAE Y LPS ols] F7Fe PGE:e] A4d o] pinosylvin *1# el <]
3 0.001 M Xt} 10 eMell A oF 48 B% FFAsHaL, o]k As 2H&
o] % oEHoR FoA UA(x, p<0.05) HESTE 53] pinosylving]
FE7F 01 pM ¢ A, A AA7F 50% ol A Z ¥ o] pinosylving
PGE; A& 50% Adsts §59 ICx°] 0.1 tMAS & 4= gt 1g
a2 o]ld Ao W3k pinosylvin® £wl 50% ethanol®] &S 13547
Az 2SS 3 23, LPSE A9 &A%l pinosylvin WS 2t F
TR AEe 49, LPS o= A izt vlal Al A9 fFAEE
31, pinosylvine &3]3t &1 50% ethanol®] 74%%= Z+zhe] oj
Zardt Bl Al A AR =] A37F yglth o] Z 3= pinosylvind]
NF-xB 2743} A1 &Itoll thal] pinosylvin AHA A1 G o, &wldl

siles 39 5 UMY NF-kBe] &

r\l

o Az wjx] el &P E PGE; X & ELISAZ 574

Ol
o

50% ethanol®] @21 gt

%Z

rlo
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A dEzTe® NF-kBe A&#A1¢l PDTCE A& Hlwdk Ay, PDTC7F
NF-kBE oA 271 A% pinosylvino] NF-kB &4 & oA A #A T} o]
3k A3 2 HE pinosylvine] COX-29] AAIE<2 PGE, AAS A3t
Z(Smith ¢} Kobolt, 1998; v} &, 2005), & COX-2 FAx} stAdel #ofs)

o oolg oA IS @ 4 Aot

Table 4. Pinosylvin inhibits LPS-induced PGE:

Treatment PGE: (ng/m{) Treatment PGE; (ng/m{)
Control 0.038 = 0.002
LPS 0.887 = 0.050
LPS/Pn(1 nM) 0.845 + 0.019 Pn(1 nM) 0.038 = 0.001
LPS/Pn(10 nM) 0.764 = 0.030 Pn(10 nM) 0.039 = 0.001
LPS/Pn(100 nM) 0.537 £ 0.001 Pn(100 nM) 0.040 = 0.010
LPS/Pn(1 uM) 0.283 = 0.051 Pn(l M) 0.050 = 0.020
LPS/Pn(5 uM) 0.336 %= 0.002 Pn(5 uM) 0.089 = 0.005
LPS/Pn(10 M) 0.215 £ 0.021 Pn(10 M) 0.080 £ 0.010
LPS/PDTC 0.366 = 0.028 50%EtOH 0.785 = 0.049
PDTC 0.073 = 0.000
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Fig. 9. Inhibitory effect of pinosylvin on LPS-induced PGE: .

THP-1 cells were stimulated with LPS (10 mg/ml) for 16 h in the presence
or absence of pinosylvin. The PGE; lipid concentrations in the culture
supernatants were determined by ELISA. Data are expressed as means S.E.M.
of three independent experiments. All values were significant (*p<0.05)
compared with values for LPS alone.

Pn : pinosylvin, PDTC : pyrollidone dithocarbamate
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A5 AT cytokine?] =HAQ 28 L o), Aty oz ¢
< cytokine®] oz fty = AAHAELTNS FaAge by E gk
© & o]¥l cytokine network HE| A~ A3 2 A4 AW 429

ey AAE 1 A+ cytokine networkel]l T sk JeS w Xt} o]t

A dEel oA 2Adel ofjt A4 cytokine] & Asfsts A=

H
HoAGo| = 2uUE A (Pinus densiflora)®] <9 stilbenoid A#C =
2 A pinosylvin®] NF-&B &Alo] thadl 23S Al =31t}

1 A3}, pinosylvine] LPSE A& THP-1 A3 A NF-kB signaling
S A5t =AFA w7l E A (pro-inflammatory mediators) A3 & & A
ghthis AP S sl Ee LPSE 2% THP-1 AlZolA kBe <
Ahskel ElE e Alste] pinosylvine]l NF-kBe| AsjAl=A #&3 4 9l
e BoFAvh webA o9 pinosylvine] A matE F]lskr] 9lsto,
tumor necrosis factor-a(TNF-a), interleukin-8(IL-8) =3

ol mEuEo] 3

Ay

cyclooxygenase-2(COX-2)2} 72 NF-kBol| <+
ELISA $o=x aaHom Aafd 4+ JeAE ATsidn. 2340 =
pinosylvine LPSE A g3l =% TNF-a¢t IL-89 AAHS 5 A3

S 8409 COX-2 2w oA}, o4

o] A#}E2L pinosylvine] NF-&B signalingS Aaf|gtozs 9% w74

stFh w3 LPSE fEd 9



AZH o7 o AT A pinosylvin®] LPSZ FE% 9= H2 w7

gatar, w7 & A% NF-kB signaling 22¢ A& =

lo
rE
oo
o
N

A e 7FeAS HAFAY. o]y ZAH=E pinosylvin®]

%
dS A e ARAQ Aol ZHAF des AL & UdA HA
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