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Abstract Toll-like receptors (TLRs) induce innate immune responses that are essential for host defenses against invading
microbial pathogens, thus leading to the activation of adaptive immune responses. In general, TLRs have two major
downstream signaling pathways: the MyD88- and TRIF-dependent pathways, which Jead to the activation of NF-xB and
IRF3. Numerous studies have demonstrated that certain phytochemicals possessing anti-inflammatory effects inhibit NF-xB
activation induced by pro-inflammatory stimuli, including lipopolysaccharides and TNFo. However, the direct molecular
targets for such anti-inflammatory phytochemicals have not been fully identified. Identifying the direct targets of
phytochemicals withii the TLR pathways is important because the activation of TLRs by pro-inflammatory stimuli can induce
inflammatory responses that are the key etiological conditions in the development of many chronic inflammatory diseases. In
this paper, we discuss the molecular targets of resveratrol, (-)-epigaliocatechin-3-gallate (EGCG), and curcumin in the TLR
signaling pathways. Resveratrol specifically inhibited the TRIF pathway in TLR3 and TLR4 signaling, by targetting TBK1
and RIP1 in the TRIF complex. Furthermore, EGCG suppressed the activation of IRF3 by targetting TBK1 in the TRIF-
dependent signaling pathways. In contrast, the molecular target of curcumin within the TLR signaling pathways is the receptor
itself, in addition to TKKp. Together, certain dietary phytochemicals can modulate TLR-derived signaling and inflammatory
target gene expression, and in turn, alter susceptibility to microbial infection aud chronic inflammatory diseases.
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lipopolysaccharide; PGN, peptidoglycan; LTA, lipoteichoic acid;
MALP-2, macrophage-activating lipopeptide 2-kDa; Poly[I:C], polyr-
iboinosinic polyribocytidylic acid; CpG DNA, cytosine phosphate
guanine DNA; MyD88, myeloid differential factor 88; TRIF, TIR
domain-containing adapter inducing IFNB; IFN, interferon; IkB,
inhibitor of kappa B; IKK, IkB kinase; IRAK, IL-1 receptor-associate
kinase; TBK1, TANK-binding kinase 1; RIP1, receptor interacting
protein 1; IRF3, IFN-regulatory factor 3; NF-xB, nuclear factor kB;
AP-1, activator protein 1; EGCG, (-)-epigallocatechin-3-gallate; COX-
2, cyclooxygenase-2; iNOS, inducible nitric oxide synthase.
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wEgololnt it AR, ARG WS A
A& molecular patternS-S o]® WY shlwro
Jde T2t olE oy HAd#FEel FEE A
Jojot g}, £, ©]2%F molecular patternS-2 YA
< FAET H9A (pathogenicityye X1317] HAsiA P54
B4 vE HYHo = chEnh A, BAAS molecular
patiernES £59] self antigenSEHE TREE OO} gt} & A
A w1 S F557] YalME SF7F sell antigenSTE
WA ] nonself antigenS-S THE & glojofil Fh(3).
o]2)3t HAFES] 7N 9= molecular patternE pathogen
associated molecular patterns(PAMPs)E}Y. E2l-20H4,5). 484 |
k28 {FTshe PAMPsY] &3 FZEE lipopolysaccha-
ride(LPS), peptidoglycan(PGN), lipoteichoic acid(LTA), double
stranded RNA(dsRNA), flagellin, unmethylated CpG(cytosine
phosphate guanine) DNA 5°| ITH4-8). HEFES] PAMPse =
Zoto] )& pattern recognition receptors(PRR)Y ]34 {12] %]
oA e, A4 WY W2 8 Fag 988 3 Toll-

like receptors(TLRs)”} PRRY &S 34| Hri(4,9,10).
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Toll-like Receptor

TolHike receptors M4 HAYUIS ZHE 2 28 o
g it

Tolldike receptorsi= HfE|2jelt vlold 2 B WAAEo) £5¢
o AY3EE ul, HAFET] /KL e FRE Y ‘M A
A3 W wkga FHolo] 44 HY(acquired immunity) W2
FEde $03 982 TH10-14). Tollo] A7) o] A7A &=
HA3H 2 FHA FHS o[oSUAT, Tollo] 2AR o]
FE ARG B B2 T /XA HAU Tolk 19911 9]
29| (Drosophila melanogaster) oA Ao 2 WA HYom,
1997d9] 232l Tolst AR human Tolle] HAEATHIS). ©]
23 THEEC) 7L e Tolle 9] Tolld a7 93t
& Toll-like receptor®} B3 A} SA7A 13709 TLRs7}+
Ew—%% Qellx] wAHA O, Z}7te] TLRsS PIAEEC] 71A]

3 e AME UE 2EE AN Aoz dEA SthFig 1)

TLRs2 ZHH2I5tHl MyD88-2t TRIF-dependent 2
AE 71X 'i’ll:}
TLRsZ o8] ¥
< B3k

=2

MSHE H|

AFE 25 R HA &0 2 dimerization
Aoz &#A Utks). TLR4= thE TLR4S
homodimerization& /8314 LPSE ¢1413}3(16), TLR2E TLRI

oL} TLR69} heterodimerization® BEAsIA 21z} tiacyl B8 di-
acyl lipopeptides® ¢1413l= Aoz QA 17, s 2
o]9]9] TLRs= ©}2] ¥ TLRs%} dimerizations ¥4 3h=2] A
g3 4E A JA 9Lk Agonistsq\ AR F=F receptor)
dimerization TLRsol ¢J3lA == 413 e AA B4
sl¢} Folo] L= MY 2Ex FHA WY WS fE
A "o TLRsE B HsA F M9 Az A AAA
MyD88(myeloid differential factor 88)%} TRIF(Tol/IL-1R domain-
containing adaptor inducing IFN-b) dependent AT 4F AAE 7}
A3 JrkFig. 1)(10). MyD882 TLR3E A3 ZE ¥ HEE
SlA @AEE TLRsY TIR(Tol/IL-1R) £ E& &7+491
o] ¥ E(adaptor) EA}o]TH(10). MyD88L IRAK-4(IL-1 receptor-
associate kinase 4Y5 #+E=312, IRAK-4= IRAK-1S ¢I4kalA|7]
™, 48HE [RAK-1& &AF Fadc), £33 A4tslE [RAK-
1+ TRAF6(TNF receptor-associated factor 6)2 551, TRAF6
£ IkB kinase(inhibitor of kappa B kinase, IKK)S &-43}A)A,
HAAS A NF-kB(nuclear factorxB)8) 8482 H=30). MyD88
NZAG AAS 5 NFkB 43t 2T cytokineo| L}
cyclooxygenase-2(COX-2)%t 722 inflammatory gene products
=3l o) Fye fEstA o).

TLR39} TLR4= MyD88 th2lell adaptor molecule‘ﬂ TRIFE
31 interferon(IFN)ol IFNS] 213jH fesle FAYES o
= NS Ag AAE 493 ANZthFig 1)(19). TRIFE TBKI1
(TANK-binding kinase 1) IRF3aFN regulatory factor 3)& %3}
o IFNBY IFNe 434 fEHE AL F=dt =3
TRIFY] -2 S5 RIPl(receptor interacting protein 1)7} ¥H2-
8to] delayed® NF«B 8435 §E30H20). 234 TRIFE
IRF3 24315 984 TBK1S AM4-3lx, NFxB 432 93
Al RIP1S AHE30H(19,21).

NF«BE QIZte] Hejiiss
R (transcription factor)0|C}.
NFkB= A9 ZE ¢3A e AxdN 2ALE £83% A

flal s28t AHHE = TA

triacyt Imidazo-

diacyl  yipo, rotein umolnes
lipoprotein pop fin ¢ CpGDNA  LPS

a5 Bk E
S

00 *’% IRF3

nucleus

j'
NF-«<B wea  |IFNB
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MyD88 TRIF
dependent dependent

Fig. 1. Toll-like receptor(TLR) signaling pathways and their
agonists. TLRs have two major downstream signaling pathways;
MyD88- and TRIF-dependent pathways leading to the activation of
NF-kB and IRF3. TLR2 dimerized with TLR1 or TLR6 recognizes
triacyl or diacyl lipopeptides of Gram-positive bacteria. TLR4
recognizes bacterial LPS. TLRS recognizes bacterial flagellin. TLR3
recognizes double-stranded RNA (dsRNA). TLR7 recognizes
imidazoquinolines and single-stranded viral RNA (ssRNA). TLR9
recognizes both viral and bacterial CpG DNA motifs. LPS,
lipopolysaccharide; CpG DNA, cytosine phosphate guanine DNA;
MyD88, myeloid differential factor 88; TRIF, TIR domain-
containing adapter inducing IFNP; IFN, interferon; TIRAP, TIR
domain-containing adapter protein; TRAM, TRIF-related adapter
molecule; IxkBa, inhibitor of kappa B alpha; IKK, IkB kinase;
IRAK, IL-1 receptor-associate kinase; TBK 1, TANK-binding kinase
1; RIP1, receptor interacting protein 1; IRF3, IFN-regulatory factor
3; NF-xB, nuclear factor kB.

A} .4 (transcription factor)©| TH22). NE-kBE @2 (development),
¥ (inflammation), HY (immunityyS JaiA F238 J&L e
Aoz A Atk BE FFY wElgoht uo]aiirl NF«B
& @370, 2324 8493818 NF«kBE cytokined} chemokine
£ ¥&3% immune/inflammatory®l] 23l A3 FHe A

x\iZP—J B ke AoE 28F Uth22). NFkB= ‘r‘i
heterodimerization2] HE]E NF«xB 2 AA| IkBo (inhibitor of
kappa B alpha)s} 28l H]E%l(cytoplasm) gl EAI3H(23).
o] HEAASY) 95 B43kE NIEL KBaS Q14T
?lﬂ‘}iﬂr% IkBae 265 proteasomed]] —JSHH 3 5o} NFxBE
A wET A5EAE NFxBe 8 QO 2 translocations]
o] DNAY] ZAgsle] g7l F232 &g =53 °1°]‘/} 2
S Al Bch22,23). WHHEC] S5 ol EolgviH,

} HHAEL AEA, A EE o= B NF«BE %“35} "]
7] cytokine 5 inflammatory gene productsS F-E=3c} Yk o
2 inflammatory gene productse 34 WY WL FL8iA
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Fig. 2. Several diseases caused by the NF-xB activation mediated
through Toll-like receptors. Pathogen-associated molecular
patterns (PAMPs) induce NF-kB activation mediated through TLRs.
NF-kB activation induces inflammation and then many inflammatory
diseases. Resveratrol, (-)-epigallocatechin-3-gallate and curcumin,
which have anti-cancer and anti-inflammatory effects, inhibit NF-kB
activation induced by PAMPs.

HLFE M frHe o FYorRE £FE HFd}
o Fo} AT ALE HAFe] ATl o) 53] HAA A
o] -‘4~,— }7]- ARE o= inflammatory gene productss 23]
H G5 fusl dolu o8 ZHe fus 9o Fig 2v
o ‘:o“%ﬂ'—‘?] TLRsS} NF«B 84318 F3f o197 o8 2
HE {sl=A], E3 phytochemicals 5¢] NF«B 24312 ¢
Aste] o]%A anti-cancer, anti-inflammatory effectsE 71A3 1
TAE BAFZ 9t JELUE, LEl o3 =¥ NF-«B
243 AANE 4 H, NF«B #8438l 93 f=s=
mﬂammatory gene products-4 WS TAAA, 2 AR Yot
AYES A = A He Aol £ =Ed4E TLRs A
sAg ﬂ]ﬁ] ¢rollA) molecular targets®) 23R phytochemicalsol
A Z1estaat gtk o SolME TERA FE TEy ol
U resveratrol(24), =] EE o] 3 E(-)-epigallocatechin-3-
gallate(EGCG)(25), 225 749 3821 curcumindl| (26) tHa)
St gtk oM Aol oaiA Yoz FEA 2E
3l AF3taA}t she ATFAECNA TLRsO 28l 2dE o]
E 450eelv Ex Folo] @se v FHE], 97
7t &3] B AFoly 2B ¥PEo] 2E phytochemicals

of gJaiA oFA 2EHEAE oSzt 42H =8 5
Re™ g,

Phytochemicals

2 phytochemicalE2 HaTS0 2siA
EMSIE AFAlZICE

27t &3] He o8 AEFole B phytochemicalEol E
#=o] Sloh. o]#)@ phytochemical S TNFa, LPS, H,0,8 7

=8 NF«B

Red Grapes Green Tea BeoP 5
Tarmeric {Resveratrol) (EGCG) Iém;fe}: eed mg; ES
{Curcuamin) {Caffeic acid, CAPE}
Pomegranate
Garlic (Ellagic acid)
(Diallyl sulfide /
Ajoene — S —
8-ally cysteine (?g:l;:j:;?
Allicin) /
Broceoli \ Rosemary
{Salforaphane) {Ursolic acid)
i Cianamon
lobe ke .
¢ f;:\rhc.io Ginger Ajoe_ {Cinnamaldehyde)
(Silymarin) {6-Gingerol) {Emodin}

Fig. 3. NF-«B inhibitors found in dietary agents.

2 o7 pro-inflammatory A4l oJsiA =¥ NF-«B S43E
AAAIZITHFig. 3)(24,26-28). BE3F AHA WY whe-g A7)
AN F2% JEL Fh= TLRsS 5% NF«B 243k= a4
e AAFHeZ F N AzHAE AAeltk. 2P NF«B
8435 A4 3t Aok A ow AFoly e B
o] Z3tso] Q& phytochemicalEo] 94 TLRs AZHE A
A 223t Y, FATEAE 7T YEAE AFsiax)
g}

Resveratrol

Resveratrol(3,4",5-trihydroxy-trans-stilbeney2> =98] 7oL} &

3ot o] XIET THE A F2 EAHE polyphenol©]
ThFig. 4). Resveratrol® E=7} 259 &4fo|ut Fgo] A4,
delgl, 2L AL SRS AT tiEslr] s 4
B4 ~227F o8l phytoalexins 2] 2 ¥€#A 9t
(29,30). TH5E UoIM resveratrob® FHZ A9} chemopreven-
tive I 7HA3L e 222 4#HA Ut Resveratrole AE
A (prostate), F-H}(breast), 27 (colon) LHEE EE3 7] oA
o] Qs g AT AR ¢gEA o3, &
3] “French Paradox& AWshz 522 WHATH32). T2 A}
HEL2 S 718X 24 Bol HFBNME AHem <
g Abdge] RIS HIEA @ttt 2EiAM 2 ol/E
oSG ulE AXEF wjfolzls Aoj BERith o]go]
ZHF2REq AN vehte 7103k A48 “French Paradox2hal
BzA H9Adck =3 HZ A7) 231 resveratrolS sirtuin
FHAE Mt 3R ABE IV 222 At
(33). Resveratrols~ TPA, LPS, H,0,9} <& oJ#] pro-inflamma-
tory A=Al 98N HEE NF«B 43S oA AA, 952
farshe B4 cytokines, COX-2, iNOSS] W& & JAA)7])+=
ZAog deA Ark34-39). 22 resveratrole] B &3 molecular
target> $-2l7F AP WA WES-E Y3A Fad JB8E =
TLRs Asdg AA QA 37 J7AE 2 484 JA &
SFeh24).

Resveratrol> LPS(TLR4 agonist) F+ Poly[I:C}(polyriboinosinic
polyribocytidylic acid, TLR3 agonist)o] 2l3ix §=¥ NF«xB &
g8t} CoxX2 HH e AN EHA Uth24). AR
resveratrole MALP-2(Macrophage-activating  lipopeptide 2-kDa,
TLR2 agonist)y =+ unmethylated CpG DNA(TLRY agonist)©ll
o8|M F=¥ NF«B E43te} COX-2 8L AAAINA] Fgt
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Fig. 4. The molecular structures of resveratrol, (-)-epigallocatechin-
3-gallate and curcumin.

o A Jrh24). T3 resveratrob THAM ERAW264.7) SF
oA TLRs 2134g AAQ downstream molecules?! MyD88 &
T IKKpY F&dol] o3jx F=8 NF«xB 8435 JAA7)
A Baitiy 4#A UtH24). TLR4E MyD88-# TRIF-dependent
FE AEAL AAS B3] NF«B EA3E §58 4 Yot
AT TLR29} TLR9S MyD88-dependent AlSHY AA TS &
8o, TLR32 TRIF-dependent 215 dY AATHE Sl NF«B
4315 =3ttt Murakami 5(40)2 resveratrolo] LPS9} TFNy
o 254 FE=8 kBod BIE QAR BRI By
T}, E3 Manna 5(41)2 resveratrolo] TNFel] &JajlA H =¥
kBa®] 2Atste} Bl oA|A71X] Rehrial Basleit). 28
Dz 2E A 2F)A] resveratrol2] molecular targete MyD88-
dependent A ZAe F| A7} ol 2}, TRIF-dependent A EAE A
Al gt ¥ Urk= Ao BRI

Resveratrok> TRIF-dependent A A AAE A3 TLR3
S} TLR42] agonistsll 2134 =8 IFNpe] T3S AN 7|H,
X% TRIF-dependent pathway2] signaling molecules?! TRIF &
= TBK1¢] ddof o)A f=d IFNpe T3S A7
I GEHA JThR4). SR resveratrolS IRF3S] Fitdd] o)z
Al Fr=E IFNBY] WES JAANTIA] Eihrh24). oleigt Aahs
resveratrol®] molecular target®] IRF32] upstream, = TBK19]
resveratrol?] molecular targete]2l= RS A)7)5k952, 2#4 TBK1
kinase assay®] 2l&04 TBK19)] resveratrol®] ¥x18k&¢l glilelt
= Zo] EA=ATH24). B resveratrolS downstream molecules
¢l TRIF =& RIP19] ol 934 =¥ NF«B 84352
AAAZICH24). ©]23 ZE Aol J8)M resveratrol®) F-#}3}
A<l g7lo] TBK1# RIP1S F33H TRIF complexi= ARalo]
- thFig. 5)24).

EGCG

227t €4 virl= SA ol 393, chemopreventive 9=
7RI e o 279 FEkE wo|=(flavonoids)’} E3HH o] ¢l
T}, Catechin, (-)-epicatechin, (-)-epigallocatechin, (-)-epicatechin-3-
gallate, (-)>-epigallocatechin-3-gallate(EGCG) 5°) F=2 E&HEo] gl
tH25,42). ©] ENX= EGCG(Fig. 47t 714 738 anti-oxidative,
chemopreventive 72 7IA3 e Ao g 4#A itk EGCG
9] galloyl groupe] &893 45 sl T 23 9L 3
(43,44). EGCGE UV, LPS, IL-p 72 pro-inflammatory AF=A]]|
g3l F58 AAL2A NFxB9 AP-1(activator protein 1)¢} &

v v
&

NF-xB
late phase

5. . =i

NFxB IRF-
early phase

Fig. 5. The molecular targets of resveratrol, (-)-epigallocatechin-
3-gallate and curcumin in TLR signaling pathways. TBK1 is the
molecular target of resveratrol and EGCG. IKK is the molecular
target of curcumin and EGCG Curcumin also inhibits the
dimerization of TLR4 induced by lipopolysaccharide. EGCG, (-)-
epigallocatechin-3-gallate; RES, resveratrol; CUR, curcumin.

43E JAANZITHE547). L AT} lipoxygenase(48), COX-
2(49,50), iNOS(51,52), TNFoE(46) E &3+ inflammatory gene
products®] LHL JAAIZIT}. EGCGE IKKPE Ex18HE €
Zloz AobA pro-inflammatory Aol &J&iA] =¥ NF«B
FASE AANNTHSE3,54). & EGCGE key kinase?! IKKB2)
ZHE F3to] MyD88 dependent A5 Y AAE 2FHITh

EGCGE LPS(TLR4 agonist)y =& Poly[:C}(TLR3 agonist)ol
i SEE N 2Es} IRF3 A4S AAAZICH2S). *
g BGCGE TRIFST TBK12] spbde] ofsiA fr=d IFNpY) &
HE ARAIAZITH25). AT EGCGE IRF39] do)] <fs)A
FE=E IFNpY #dS JAAIA Kt} o3 A} =
EGCG9 BEx1849 E7lo] TBKIC] € k= A& A7I3
31, TBKI kinase assay®] 9J3]A EGCGSl #AH31#<] €le]
TBKIo]gl= Zo] #ol=2irh25). 284 EGCGE IKKBS} TBK1
£ molecular target®.2 3} Z}z} MyD88-3% TRIF-dependent 4!
A AAE =™zt Zlol WHHTEFig 5)25).

Curcumin

Curcumin® Curcuma longa oA FASE =342 =3I §
£ phytochemicals £2) dh}oltt, Curcumin A AejlAe
ketoF 02 A ol enol formeE A} (Fig. 4) (55,56).
Ketone group®] Ar2¢} hydroxy group®] #4:7} A]2 hydrogen
bondE A Bt IHE FHE EA] T+ 7] W,
curcumin®] YA AN E enolF L E EASH= Aotk Cur-
cumin® IKKPE EX8H g7 02 3] o3 pro-inflammatory



Toll-like receptors 2 B3 A 28-& %3 resveratrol, (-)-epigallocatechin-3-gallate, curcumin®] 9= &3} 485

AFA SEM FEH NF«B S A AZITh57-60).
Curcumin 3 key kinase?! IKKBSl XL E3}9 MyDs8
dependent A THE AAS ZAFTH26).

Curcumin LPS(TLR4 agonist)el <814 =4 IFNB 23
< AAXZIARL, TRIFY TBK19) #28d) ojsix f=¥ IFNB
o] FEE AAATA B3iz LEA AchEe). ol#E Ae
curcumin®| molecular targeto] TRIF Yol Foiglon a4 A
A7} curcumin® molecular targeto]ZH= AL A|718H}. 42849
dimerization TLRs? &|3jX f=HE AS A AA 24
sto} Holo] WA= AW T2 TP WY whee s
37] A Hxe dohvke weF suz deiA ok w3
TLRAE ligandl| £33 22 homodimerization 343314 NF-«B
2938 FE80H15,18,61). Curcumin® LPS = ligando] =
gHeg f=H TLR49] homodimerizations 914 AlZITH26). &
g curcumin® LPSo] 9Jsir] fE=¥ IRAK-1 #3]2 oA AJ71
H26). °1E 3 Aol 28l curcumin®] HAEHEQ €}l
KKBl| 57M4 02 RAK-19)] ¥ cke Zo| wazgon,
curcurmnol Hzo] oA & F 3 $8A9 dimerization
< Al NF«B 84312 oA ]7] 740] A TH26). ©l
¢} 22 A= phytochemicalo] AEHAG AA ol 274
EAZE oW signaling T AR molecular targel @2 3= A
o] oh}, FEA leveld EPlOE & ¢ Qthe S RYFE
AFoln}.

e HEEde HUaEd g9 =¥ NF«Bo 843
£ dAlske 238 7IX 3 e phytochemicalSo] =)o) 9l
T}H24,26-28,62). ©1213 phytochemicals 514 Michael additionol
f#A] cysteine 71719} sulfhydryl 2F) 9He8 & Y TREB
7HAAL S)= polyphenole]\} sesquiterpene lactone 50] o] tk
(63-66). o,B-Unsaturated carbonyl groups 7FA3 & curcumin
<= IKKBell U= cysteine®] sulfhydryl(-SH) 280 £ojA] IKKP
Aibst ZAe] FIE AAAZITHS7,67). Sesquiterpene lactone 3
9] 343l helenalin® p6SNFxB Stol Qe F A9 cys-
teine(Cys38, Cys120)] €014 NF-kBS DNA ZAFE A7
tH63,66). 1 ez Be Aol 28I o, B-unsaturated carbonyl
group 7HA 3L 0= phytochemicalE2 Michael addition®l] ]3]
Al cysteine®! sulthydryl “Z5o] Eof deide] gA4S AR
T3 EHA ATH64,65). TLRsE AlETte] upgzZel] o7 7
leucineo] FHE-H 0 2 LRI, cysteineo] FH-3 A o] 9lom,
T3 AET FEoE TIR(TolVIL-1R homologous) A 9& 714
I e ARTE B3R Type 1 S @olth 2822 TLRs
= AlzEre el droz o 7H«] cysteine 715 7HAZ Q)
o} oA % cysteine 271 olvk= ¥ JN¢ TLRs7F A7) §)
5t o) FB}E(disulfide) BT T4 %‘ Aoz A ArHeS).
2 BZ curcumind} 7] Michael addition #HS-S S%3t 4= 9l
© TZE 7F phytochemicals® TLRs2] cysteine 27| AL
&1 TLRs®| dimerizationg AAA F¥Z 42 7MAZ
te Aol #elFth

2 =

ARG WY -3l dodM 83 J8L B
FH A ZAFelA HAg v 3

oldel el AR Jrw Be AT} s WaEz A
= Eofolth. X3 TLRsE 53 NF«B 43k= @4 nf$ A
Aoz 2 Fyd AsAD Aot} St 3| H= oy

£ 2= phytochemicalse]# £2 $& o7 7154 24
o] Z3eo] Ut} &3] phytochemicals F\A 4= 47}
2 gde] ¥EA Y= resveratrol, EGCG curcumin® #4438t

i)

o«

E}zlo] TLRs A1&4%Y #A OPOJW w71 =1
phytochemicalE0] golvt HFS AAA IR A3s &
F=d 2492 FHUAW, 2 =82 01]/\1 phytochemicalEo] ¢
& molecular target® E 3t oA FPF EHE /X

Mesketl $4E FArh 714 AEY F9 24
AUREAQ] o=t ‘:}Eﬂ] 2Wg As8sked $HL §
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