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Protective Effect of Luteolin against f—Amyloid—induced Cell Death and Damage in
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ABSTRACT

Objectives : The purpose of this study is to investigate neuroprotective effects and molecular mechanisms of
luteolin against f—amyloid (AfB2s-35)—induced oxidative cell death in BV—2 cells,

Methods : The protective effects of luteolin against AB 25-ss—induced cytotoxicity and apoptotic cell death were
determined by MTT dye reduction assay and TUNEL staining, respectively. The apoptotic cell death was further
analyzed by measuring mitochondrial transmembrane potential and expression of pro— and/or anti—apoptotic
proteins, To elucidate the molecular mechanisms underlying the protective effects of luteolin, intracellular
accumulation of reactive oxygen species, oxidative damages, and expression of antioxidant enzymes were examined,
Results : Luteolin pretreatment effectively attenuated AQBs-ss—induced apoptotic cell death indices such as DNA
fragmentation, dissipation of mitochondrial transmembrane potential, increased Bax/Bcl—2 ratio, and activation
of ¢c—Jun N—terminal kinase and caspase—3 in BV—2 cells, Furthermore, Afss-ss—induced intracellular formation
of reactive oxygen species and subsequent oxidative damages such as lipid peroxidation and depletion of
endogenous antioxidant glutathione were suppressed by luteolin treatment, The neuroprotective effects of
luteolin might be mediated by up-regulation of cellular antioxidant defense system via up-regulation of ¥
—glutamylcysteine ligase, a rate—limiting enzyme in the glutathione biosynthesis and superoxide dismutase, an
enzyme involved in dismutation of superoxide anion into oxygen and hydrogen peroxide,

Conclusions : These findings suggest that luteolin has a potential to protect against ApBss-ss—induced neuronal
cell death and damages thereby exhibiting therapeutic utilization for the prevention and/or treatment of
Alzheimer’ s disease,
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plaque) &3+ AFAEZ Wi (intraneuronal) | A17344F
2 (neurofibrillary tangle) MAS S 2 o, olu
w]lgkel 2o FAHGEL Hefobd 2ol =(f—amyloid, Ap)
Helo|=oln, H|glopd 2o|Eo] MMz gt S4do] &
Z3lolmHo] o WO oAAXT Yt
Hgfold2o|of o3t A7 SA4L AAFRAZS] o7
Fof wat A 52 1¥AQ 7FeE s 4 Ut ¥E
AefollA  HEtopdRo|Ee o5 EAgstE  AlAFARAE
(microglia)= GZA Ao|E71e(proinflammatory cytokines),
AFSHA A (nitric oxide, NO), EAgAtAZ(reactive oxygen
species, ROS) 5& A4, Falste 1842 4354 of
AT, wbRo] FaEelxe) AdsaAEE $3477)
o] F HANZEA FZHE HgloldRo|EE AASI= o2
€ AL | G, wlo] whE AANEY HHPL o

Astn AHNES ASA fA7] s ARz}
AALBAZSL) 710G AsaLgo] Bol, ol 9ia

Me AFLuA e YEI 7 5/A7F A= ojof gt o
ZhA Hglopd 2o|Eo 93] fEE= AFAFEIolA A
H AR EY AZYEES AT = AFRSELS W
okl 1 7|1AE FYshe A2 AWE oA, 2™ AE
7% el o] uf$ Fagt ARbolgt & 4= it

ZH2(uteolin, LUT)L 3.4',5, 7-tetrahydroxyflavone
o2 ARFEFETE) ol L B AY, AYE, I% §F =
Ao g EXjsts St o|EY] YFoR, EEXTFE
o W29 FEHEHo] @o] FFE dAEL  HWAY=E RS
ofFar 7| 71717 YR EEtes AS X RS, d
g3 9 f 28t 1L 7|[&HH ol FEHEHY &
4=, FAYA w5S vt FAE FAHYA 7%’ o
oz, Ak EdHol 9A 2 A9 5 o FEHEH
9] mo] AA gom™, Aol WA 9 AR,
E3| 7198 A Zgo digh Tie] AxFHeR FrtE
it ~3Za(scopolamine)”, 1 ¢ B AFA &4
229 gns b2d dgapd 2, w3 gy Hq8s
(cerebral hypoperfusion)'®? @ w|glopa2oj=!4Pa o]t
719 9 RIX7E &4 in vivo FEEDA FHEHY H
3 ago HF Aol EuEHgeH, Fgrider =9
AZA 710 gael D) gl 2t A7) 078t
(long—term potentiation)'”, =W 7|5 AAY A
¢lZH(brain—derived neurotrophic factor, BDNF) &3}
219 o] ANEAT, AN, AFLTAEAA K] el
=291 HgopdRolER2 S &4fo] gt FHESIHY B
3 3% 4 71 o g dt= mugk Aol

mty] 2 dAfoiE FEHEHY FA a5 FYstal
7, Helopd Ro|ER AAFLUA|Z AAEE FE3 & FHE
o o3t R aats dFsiea, FAEV|HS FAHeRE 7
L7134 st stk =914 Zuje] wle Slof Ab
3 2FeA 9 AP AN 2] B F HES A5
I geuz 2L AALTAE U3t RsaaE A
5| st AHHES] 2AESITH o= Wl Auje ot
9 zdo| IA 719T AR AlmH
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1. A=
HletopPd 0] =(8—Amyloides—s5,  ABes-35)=  American
peptide (Sunnyvale, CA, USA)olA, FHYL LKT

Laboratories, Inc. (St. Paul, MN, USA)ollA Z}z} 3}
o ARgStETE AlZuloFo]l AR-E Dulbecco’ s modified
Eagel’ s medium (DMEM), fetal bovine serum (FBS) ¥
A (penicillin/streptomycin)= Gibco (Grand Island,
NY, USA) AEFE Yt ARSIt I3 FHAF
tetramethylrhodamine  ethyl ester (TMRE) 2!
2',7'—dichlorodihydrofluorescein diacetate (H2DCF—DA)
L Invitrogen (Carlsbad, CA, USA)9] A|ZL ARR3}YIL,
MIT [3—(4,5—dimethylthiazol—2—yl)—2, 5—diphenyltetrazolium
bromide] @ Uyt AJ2F2 Sigma—Aldrich (St. Louis, MO,
USA) AES ARSsHEth. ¢aF 9 oz} A= EF Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA)oJA F#
Akt

2.4

1) MIZHHRS

oA AFAWA|EFRQ] BV-2 AZE 10% FBS
penicillin (10,000 IU/ml)—streptomycin (10,000 g/ml)
RBAE ZFs= DMEM sigdollA], 5% CO.2 37C =L
2 §A wigsigct. viAs olSol 3 HY Zol FHlon,
7S] AE RO UHA MEE Zxste] A ARSI

oot wH,

2) M MZE =& : MTT dye reduction assay

Helold 2o|ER QI MEF/Z gt FHIEHY 2T
B2IE WS MTT SHHE ol8sigict. BV-2 Alx&
48—well plateo] 8x 10" 7l/well®] WEE 7+ TS 24A)7F
B S AIFY, o]F, FHEHUE FEEURE BV-2 AlX
o IAZF A A 3t thy HEoPdE0|EE Jlete] 24A417F
et wigstaTh AlEe FHEHH wise A AvF
(phase contrast microscope)& ©]-&3 TEF o, uElo}
gd2olt A 22412t & MTT FHELS 7l5te] 247 &
Qb St Aokl AlZolA BHE Hebye WgA
formazan< dimethyl sulfoxide (DMSO)Z 3] £3fA|
71 & microplate reader (Molecular devices, LLC,
Sunnyvale, CA, USA)E o]&3}o] 540 nmojA TI=E
745ttt DMSO vehicle®t A3t 29 FF=E
100% 71&22 A AEZYEE (RS ALkt

3) MIZAIE FEi =H
(TUNEL EAHEH)

Hglopd 2o]E7t f=dk= AlZAME FHE SAsH] s
apoptosis® £42?0 A& DNA HH3Kfragmentation)&
TUNEL ¥4 7|E(Roche, Germany)E o|&3te] =A%
ot AeF AE7F Ed AHlEo] 100 we 10% neutral
buffered formalin (Sigma—Aldrich)2 7}8le] 1A|7F 59t
IZAZ o AArSE89Y(phosphate—buffered saline,

in situ nick—end labeling
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PBS)e2 33] AAsAch 1FE AlZe] 0.3% H:0o—w%
L GNHE TI5te] ALoA 3087 WA peroxidased]
AL A3t ok PBSE AlAst, 0.1% Triton X—1002
4colA 287 AEstgct. o]F TUNEL §H&-89(terminal
deoxynucleotidyl transferase; TdT, digoxigenin—11—dUTP)
o=z 37TolA  IARFEF St ®AARL o,
peroxidase—conjugated anti—goat antibodyE 7}t 3
TColA 308 F¢ widstlth ©l$F diamino—benzidine
(DAB) gdog AoA 1087 ¥hREAIZl oE 50%
glycerol2 &YUste] A|lZAIE FeE TESHA

4) CHHE] 85 H= =X : Western blot analysis

A& A7t £ BV-2 A|Zo| protease A3AI(Roche)
£ 3§3l= RIPA buffer (150 mM NaCl, 0.5% Triton
X-=100, 50 mM Tris—HCIl, pH 7.4, 25 mM NaF, 20
mM EDTA, 1 mM DTT, 1 mM NazVO,, Thermo, USA)
£ ARE & 42 HolA 1087 AlZzE £3A7 o=
15,000 rpmo.2 1583t AR ste] A5ds Aol AR
shich, il e BCA Ao R Ao, 30-40ug
o] gL 10-12% SDS—PAGEdA #H7|9%3 ke,
PVDF membrane (Roche)2 2 transfer st TF membrane
L 5% fat—free dry milk—PBST (PBS, 0.1% Tween—20)
E ARE3HY] blocking A7 §, 3% fat—free dry milk—PBS
of LAFAE FAMste] 4ToA wHA wiFsttt. PBSTS
Aoz 1087 33 A T membranex horseradish
peroxidase”} SFH O|AFFA GHo|A 1AIZE Fet A2 =
gt PBSTRHo 2 1027t 33 Al&E th& enhanced
chemoluminescence (ECL) reagent (Pierce biotechnology,
Rockford, IL, USA)E A3t W¥HEAIZl H 942 LAS4000
image (Fujifilm, Japan) AH|E o]-&3ste] &gstqct.

5) D|EZ=2(0F Mt &8 © TMRE staining

nEZc o} 2 A Y, mitochondrial transmembrane
potential, MMP)-& TMRE &3 HMA|SkE ALE3le] =3
sHgitt, BV-2 A|IZEZ 5x10'7H/well®] W= 4 well—chamber
slided]] #5% ¥, Hlgfold2o|E¢}t FHESHE 2447 &
g Astyeh, wiAE 2odW F, 10 uM TMREE 7}sted]
37ColA 1587 ¥ A7l ohg 39 WHILE excitation
& 540 nm ¥ emission I 590 nmolA FHFHw=|F
(Leica Microsystems, Wetzlar, Germany)2.2 #a3}ct,
AFE Slsted, PBSE 23] A& thg DMSOZ AZE &
JAFHLH, FF =L microplate fluorescence reader
(SpectraMax Gemini XS, Molecular Device, CA, USA)E
Ahgstel 2k,

6) Caspase—3 &M =X

Caspase—3 colorimetric assay kit (Biovision Inc,
MilpitasCA, USA)E ARg3td A<l caspase—39 &4
< 54 vusistt, AEX7 ¢ BV-2 AlZE PBSE
13] MRS o2, lysis buffer® PI iceollA] 1087+ wjok
itk olF ujojele YR @ H ASAL Hstod
L—aspartic—L—glutamic—L—valyl—L—aspartic acid (DEVD—zINA)

7143 E33e o 37TColA AR B vhEAFT 24
3tE  caspase—3% <13 A4dE EZQ  pnitroaniline
(pNA)9] L 405 nmold FF==z =A5c DMSO
vehiclet A3t 279 FFEE 100% 7|&o= AHA
A caspase—3 B4 (%)= AT

7) M=ZL EM8MAES =™ H2F ¢ DCF-DA staining

MEHol 49 SP4aFS FEst7] fIskel DCF-DA
GUA kG AHgBIATE BV-2 AIZES 5x10'H/welld] W=
2 4 well-chamber slideo]| &3t FH, HgfopdZo|=ot
FHSHS 6AIRE B¢ Asgch wiAE ol F, 15
UM DCF-DAE 7}sto] 37ColA 1583 v A7l o &
o] W3S excitation THY 485 nm U emission T
530 nmolA FFAuFom TS AT st
PBSZ 23] A3 o3 DMSOZ AZE falAzeH, 3
3} ZJ=E microplate fluorescence readergs ARE3le] =
Astsict.

8) ML 2t SREIXI2 (glutathione, GSH) H&t

AW AEetd B39 77t He 3HE GSHY 528
BIOXYTECH GSH—-400 colorimetric kit (Biovision, USA)
& A8l EAsk4Th AlEA 7L ¢ BV-2 AlZE PBS
2 13] A3 & ice—cold GSH reaction buffer 715t
23St o2 5% sulfosalicylic acidE F7Fth o]%, €
AEE g F(8,000 g, 108) ASHE Fsto] =2 FE=Z
37 the, AE 20 woll NAPDH solutiong Z3st= GSH
k229 (glutathione reaction buffer) 160 uWE 7}t
vortexdto] 1087t Ao BEEAIF T o]F 20 w 7]12-§
og rlketel Agod 58 Bk WlAIZ F microplate
readerg ©-&sto] 415 nmolA FF=E STt

9) SAEA

nE A¥EAIe BF + BEREEAE BVET a8
EAA  golgde ANOVAER AR FT AZEMozm
Turkey's test& At p ( 0.05 € wf F4do] Sickx
wrgstgict.

2 3

1. HgloldRolER JEH AFEA diF
2Hg9 REFT}

BV-2 A|ZoA HElolU 20| =(Afss-35, 15 UM)E A&
to] AFELE F=31aL ol digt FHSALUDNY ES
5 FE5H] Hete A AZYELS MIT assay=
skt A kst H=(1, 3, 10, 30 uM)e] FH&H
=02 24A1ZF B AYYE ©, 10 uM ol &
A FEHEH AAY MESAGo] dEEHS T o
g AR o]39 MM FEHLHY FEE AEEA0]
UJeEhA] = 1 uM 2 3 uMOeZ TASIT 3087F AA T
gt ok 15 1M Afys-sss 7ISte] HElobdRol=g Qlgh

l::)|l ol
ofr
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NAEAR] g3t Telee) REENS HEsks Yol A
B FAAAL. A (15 S BEOR AP 18
AL tzo] Hs) MZYERC] S FaEglon,
ot RHLAL AXY PO HE JGEA(L uM % 3
WM O.E o5 F7Hhe Bl & 4 YSitkFig. 1A).
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Fig. 1 Attenuation of ABxs-3s—induced cytotoxicity and apoptotic
cell death by Iuteolin (LUT) A. Cell viabilty was measured by MTT
dye reduction assay after treatment of BV—2 cells with ABs-35 for
24 h in the presence or absence of LUT (1 uM and 3 uM). Data
are represented as mean®SD. (n=3). “p < 0.01,
vehicle—treated control vs, ABss-ss—treated alone groups, p
0.01 : ABes—3s vs. ABxs-3s + LUT groups. B. DNA fragmentation,
an indicative maker for apoptotic cell death was determined by
TUNEL staining as described in the ‘Materials and Methods’ . a
: vehicle—treated control, b : ABss-gs (15 uM), ¢ : ABss-ss (15
uM) + LUT (1 uM), d : ABasss (15 uM) + LUT (3 um).

2. HleloldR2olER {EH apoptosisol] e
FHeue) noaz

FeHEH g3f A== AZAPEY FHE #9579
sted apoptosisE EXot= tHEH A#EFY Sl4el DNA
fragmentation® TUNEL @MHS E3) FQIstHct, Heko}
UZO|=(ABos-35, 15 UM)E 24A|17F A&]st Ax} TUNEL-9F
ARl Az 71 fYHoR F7HHoH, ol Afxs-ssol 9
gt MlEZAFES] FE7F apoptosisdS AlAFEITEH T, A
25-350 J7F BV—2 AIZ9| apoptosis @2 FHSH(LUT,
1 uM ¥ 3 uME AAYTeEN maxoz A=t
(Fig. 1B). ¥, apoptosis7t == T4 durrgoz
nEZegole] wEHKmitochondrial transmembrane potential,
MMP)o] Ed#Hoz 7ragu'® o o]F apoptosisE
Hote dHASE AEZAR JEst=d 2% 9L
2 A= BV—2 ANzof| A etoPd 2O E(ABos-35, 15

uw)E AEet A MMP7F Z4ES TMRE &% g4 5
=l Q?lﬁﬂ‘ﬁ, ol FHEH HA ) dizxda} 22
sxo2 JEHHFig. 2). FHHY JIFE e
apoptosis WHEASES sty fsf, olF AHFolA=
apoptosis ZATMAQ] Bel-2/Bax®] WEWE, AZARE
A QJAkst 8491 JNKF A3 &4 caspase—32 TAWH
T2 EA5tuth. HietoldRO|E(ABys-3s, 15 UM)E A |5t
W, apoptosisE HA|ISh= Bel-2 @iF ] @do] HAaE
ZAX7]= Bax Tuldo] e Zrinis uiy =2geae
AAEe FS$ HgopdRol=e] 93] ¥HFH Bel-2/Bax9
iy o] AFER EEUTHFiIg. 3A). JINKO| 7%, H]
EfoldRo|=e] o3 QUiIEEe] o] F7 HYAW, FHE
AL AAFe= S JINK K= #8438 A=K Fig.
3B). HetotdR2o|=e o3| F7HE caspase—39] AE &4
A 2HEY HA o o3 fo¥oz FrastgrkFig. 30).
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Fig. 2 Effect of LUT on ABssssinduced dissipation  of
mitochondrial  transmembrane potential  (MMP) A. Cells were
pretreated with LUT for 1 h and then exposed to ABes-ss for 24
h. MMP was assessed by using fluorescence probe TMRE. B.
Quantitative data of TMRE fluorescence intensity. Relative
fluorescence intensity was calculated regarding control as 100%.
Data are expressed as mean+SD. (n=3). “p ( 001
vehicle—treated control vs. Afss gs—treated alone groups, o {
0.01 : AB2s—35 vS. ABs-35 + LUT groups.

3. HigoldRolEg fEH 4L A ¥
A5HE &4 Oig FHEAY Ak B aq

Hgold2oltg f=H AR 2 AFEo dig FHE
A9 B37|HE Fistad, Az SHE S9404aFY &
< DCF-DA FFHRE AM&3 S35ttt Higtopd2o|=
(AB2s-35, 15 UM)E AFF 23 4P| Fr & A=x
W 449 S840 AT FUHEeH, ol FHIEH
1 uM @ 3 uMe AAstozy anRozs ZAgQch
(Fig. 4). 3H, SAAA A@A—] o2 o3t AhA &b sk
FHEUS Bease gJsted, EAQ AsH &
A Aw] A s A=E SHEG. HEopdRo|=
£ Aet 39 X2 aks)k 39 2] ARE<Ql 4-hydroxynonenal
(4-HNE)7} dizgte] vla] @A F7t=Eglen, o= FH|
+UE AAE FoEH anygoz A= hFig. 54). o
A WgoluRolg SxE AAEA 2 AFHo| tidt 2§
o] BEaTos AFAE f ST A4 T4 2
AAIAE A7 BHES L+ 3

A B
APyy - + + + - - A ¥ e
A AP s
LUT@M) - - 1 3 1 3 LUT (uM) 13 13
= paNK >
Beld B | — — — K
S
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Fig. 3 Protective effect of LUT agaisnt ABs—ss-induced apoptotic
signaling cascades in BV—2 cells Cells were incubated with AS
25-35 With or without LUT pretreatment and protein samples were
prepared for Western blot analysis. Protein expression of
pro—apoptotic Bax and anti—apoptotic Bcl—2 (A), phosphorylated
and unphosphorylated forms of JNK (B) was compared. The
protein levels of actin were monitored for the confirmation of equal
amount of protein loading. The caspase—3 activity (C) was
measured by colorimetric assay kit as described in the 'Materials
and Methods. Data are expressed as mean=SD. (n=3). “p <
0.01 : vehicle—treated control vs, ABzs-ss—treated alone groups, p
(005 and o< 001 : ABxsgs vs. Als-gs + LUT groups.
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Fig. 4 FHEfect of LUT on the ABxsastinduced intracellular
accumulation of ROS in BV—2 cells A. Cells were pretreated with
LUT for 1 h and AB2s-35s was added to the media for additional 6
h. Intracellular ROS levels was assessed by using DCF—DA dye.
B. Quantitative data of DCF-DA fluorescence intensity. Relative
fluorescence intensity was calculated regarding control as 100%.
Data are expressed as mean+SD. (n=3). “p ( 001
vehicle—treated control vs. ABxs ss—treated alone groups, o <
0.01 : AB25-355 vs. AB2s-35s + LUT groups.

4, BAW FAast oA A vz FHIH
o ax

AW APl A nA= FHEUY IS
ME2sHA 8] $otd, FAEPToIA|AY] ExHA £
%9 sl MZY ZFERX (glutathione, GSH) &%
Z7g3tqth. HEtobd 20| E(Afxs-35, 15 UM)E A3t Axt
MEZY GSH F52 izl vls Hastaen, o= FH
+9UZ 1 uM 2 3 uMe =2 AAFLEN FEoEH
© 2 3E=QckFig. 5B). © Yok, GSH Aol Hoist
849 y—glutamylcysteine liganse (GCL)9 ¥dL =
g Axh, RS QAT o TaE ddo] AzF o9&
Hog Frlste AL #EsIHtHFig. 50). FHEHU2 1 8
o= tjE:Zl At 849 superoxide dismutase (SOD)
o] Tl W E3F FUMAEE ERIE 5 QQltHFig. 50).
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Fig. 5 Protective effect and molecular mechanism of LUT against
ABxs-3sminduced oxidative damages A. Lipid peroxidation was
measured as a marker for the oxidative damage to lipid. The
formation of 4-HNE was examined by Western blot analysis using
anti—4—HNE specific antibody. B. Intracellular GSH levels were
compared as an indicative endogenous antioxidant molecule. Data
are represented as meantSD. (n=3). “p < 0.01,
vehicle—treated control vs. ABxs-ss—treated alone groups, o (
0.01 © ABss35 vs. ABxs-ss + LUT groups. C. Cells were treated
with indicated time with LUT and total proteins were isolated by
RIPA buffer. Protein expression of antioxidant enzymes such as y
—glutamylcysteine ligase (GCL) and superoxide dismutase (SOD)
was assessed by Western blot analysis. Actin levels were
measured as a loading control.
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gok 2g R ABAZ A olRle] mAE Segwe] wat
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Z2A, AAREAHAEEY HgotdRo|EE ZAIZE- 02 A
= o2 IS I3t ShAN HFGHeR st
A A3 = AL chemokine (C—C motif) ligand
(CCL2), interleukin—18 (IL—1pB), interleukin—6 (IL-6),
tumor necrosis factor—a (TNF—eq), nitric oxide (NO),
prostaglandin E2 (PGEg) 5 834 A% SAHAEZE &Y
st AN EZO &4 fEgith O HolE Al 4N 29
=3t A= EA|(complement), THMES|R A (proteases),
Sk A (reactive oxygen species, ROS)9l AL A 3]
F7HNA AALaAE W AFAEY APEE et AL

2 gA U

A, AR, PP 5 4 Aol wol FHE TS
o 71z ot AT E B 940 F9F A% -

POUNACH

o= v Hugrh, FHEUS BV-2 AlZA tjEZ

¥% §EAQl lipopolysaccharide (LPS)E &&= ¢
W8-S Alst=d, o] 1P dF5 "/l &4 inducible
nitric oxide synthase (iNOS)%} cyclooxygenase—29] &&
oA, NO ¥ prostaglandin E;9] ABAAA|, F=A RolE
711 interleukin—18 (IL-18)¢} tumor necrosis factor—a
(TNF-)] A472 So| wjstgct?. Qxpujore A2
WAEL}F N9 AAALTA|EZF A= interferon—y (IFN-y)Z2
=% signal transducer and activator of transcription 1
(STAT1)2] &Als}e} o]2 1%t CD—40, TNF—¢ 9 IL—69]
AE ARG, o ozt Bv-2 MEe} Azpujok
AR LIAZAA LPSe IFN—yE A4 Ast 3¢ =9
iNOS9] 9l =7} 9 NO, IL-18, TNF—o9] A4 &7t ®
o FHedol o) mRHoE Fasgon, ot 49l A
ARRIAR] nuclear factor—«B (NF—«B), STAT1, interferon
regulatory factor 1 (IRF-1)2] &4 Ao 93t HAo=Z
NN

E AFoA HgfopdZol=E BV-2 A|EZo A3 -
MEEY 2 APHo] fEEGeH, o= FHESHS AAT
FoEHN & YEHoR aNHoR HIEHL 5| T
<& BV-2 ANZojA] HetopdZo]=R QIgE apoptosis T+
A &, apoptosis A A9 A} G420 IJNKO &43},

[e]

ofN
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apoptosis "7} ©rlA el Baxo] W& %7} apoptosis A
TGl Bel-29] IE A, olF w|EZEdol whHet &
A, caspase—3 &3t 5 Y AsHY IS AAFS
24 352 o2 DNA FH3E JAFe N NEE HTs}
Aot ol ATEES FIBHH, BV-2 AEZA A HgloldE
ol §rd AAEA 9 AP digt FHEHY EIiav=
TaE nEZ=gotd] whHY IE, HEH Bel-2/Bax @
A A3 INK 2 caspase—39] &/43t Ao 23] uij7f
He AR AlRHL

2 AFoME FELAL BY(serum) AY"T herst
AAEAEAE(6—hydroxydopamine 6—OHDA,
N—methyl—4—phenyl—pyridium : MPP+)* ?g gxg=
A AAEAZL AZAFES JAIs= A2 B
AP FE ol AFAE oA FHESHULS Hetotd o]
T2 A% AZEAAT MEAES AAISHAAL, o] TFolA
extracellular signal-regulated kinase (ERK), JNK, p38
mitogen—activated protein kinase (MAPK)S2] AF¢] <lAt
3 &40 AT 519 caspase—32 E/do] Ao Hu
Htid), T3 FHLULS PCI2 AZAA =xbuly AAE
d £420 6-OHDAR I3t ARAEZ 43 AFES oA}
fom, ol Bax9 Wd A, Bel-29 #HE J7F pb3e
g4 2ol o8 wiAE AL,

Helopd 20| B A0 AZzAPES Fiddtes 7142
THFSHA AAE I QAT BAJAAF O PSR Qg Ak}
A £ 4548 AlEIRIY A T8 dFEEeeE o
HET, AA KRR HolA 2 -abiks, TEilksl, DNA
A &4 5 AR AEH A 7Bl SHEAY F7

= AR HuEY oA HwsiA A, JFE HE
ol 20| & I3 oligomerization), 27 (aggregation)
NS AR iS4 (hydrogen peroxide), ZHsHE 0]
2 (superoxide anion), d|EEAlgtt)Z(hydroxylradical) S
9] SJAAFE FAoH, o]E2 HhEAdol uig- =of AFE,
g, A2 5 AW AQER ] S XL T4
o2 AAAM|ZANA apoptosisE Lot o] X|uje] &
Hakgol glo] A 7kl AR A &) F83 98-S
517 wjEol, o= A et sttt g A
SHEAESS R tekst AS-3Y I EARE
S 283l FAu a5 AN dd FELAE ¢ FE
< sk Aol EFAQl Auf XEA AL AT g
T EolE QAEI o},

AtollA FHEUL HgtoldRZo|ER A MEZY &

nra

> N,
>

s

hil
=2

g SHS garzlen, o= dt AF Il
F7F 9 WA kst EEQ GSH 1245 aafxoes oA
SHATE. 53] H= olvA diapzh &8sk, Holg&ol S
5] EAsH, o] TR mZol Ado] AkeHy EA4e
B7] HeH, A IAbeh daRbeE S o A

3Eo] AAE 4 ok GSHE 3 #98e 7k YA
FAst EHAEA, JHEREH fYH SAHAEELE 7535 A
I, o] —SHY|E fAXA FH, S9445S AHF
o7 At T AW A Holr|=e A FA4E0 9
& 3t o2 d3AEY A¥gddd nEd FEHEUS d
2hefeF AMEgA TASIEAR FEE BT A
qA|, nEZEgol &4 i, A4S A4 catalased] 4

IS
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2 GSH FE Z7HA7)1%; test tube AFANHNE FAbsl:
A2 QIgt DNAS] Akshz £4& aiatdoz A5t AL
2 RIE e

shH, AAdolls WelA d4tsl B2 GSH o= &
2FE AASE st 4k

Ak 5} G450| FAksholHF
o] FHQAR ZASH, o]SL ATHAHOR Asty A

R

Wolsts QTS s "ot &3], & ATolA At
B EZ ARESE GCLS GSHO A 139 =2
Ao Zgshs JaholH, Xuf FAto|A GCLEY HdH|
A TaE AR dEA Ut 2 AFoA FHEHL
GCL aA9 o HdE A7t S&EFoR2 JF7HFOH,
o Yoyt tEAQl A4S 54¢ SOD HEE =4 74
AATE, SOD= I ol Eallshs AE Sfjsk=
BAZA, AEZ F2 EASH= CuZnSOD%} H|EZC
ofo 2 ZA3t= MnSODE FEHTE E d743 ZE
232 F 71 FEHQ SOD 49 thild wdg nE =
ZHNFHT, o)y A2 FHIER] WY A £
GSH ¥ o|& @4sh= Astas GCL, SOD 58 Z3s}
= Az A3t FolAA Y 75 AIE F3 HEtetdRol
ER frd A3ty AAAMEREE AR ZE B5T = 9]
= AZEE ATTE AARRH

ol MEZAF ZASS HFoE ot sEEE
A FHEHY AFAxZ S 9 798 JjA assel HE
Hi o}, FHESHLE =0y AFEAHAEZQ 6-OHDASY
MzEYAY ARFEAHEZQ 5,7-dihydroxytryptamine2 2
=29 7198 &L IAEA7IA] ZRAW, THEAE &
71 otAEEY #8A dFAIRl A3EFeva Uzgy
olEdEd 84 ZAFAQ] mecamylamineC® QIg 719
g a2 andoz JFetatt?. ol gL ot
A4 AFAY 24 37 7FeAS AART FHEE
53] X4d3|(dentate gyrus)ollA AEZ FA], A% opy|E
Z(neuroblastoma)?] £315 &£23}1, A7 FSQIRe] wd
9 otEEY ¢S S7MI7IH, AFAIAEE Aot AF
Zoiylog $TE AYES IEA7E Aoz BuEd’,
1 dhof FHEH2 =32 QI3 7|98 HE, & 22-247
4 w3} mpe-2ofA gut Ed 719 &4 JAISHA
on JFA Alo|EFICIC IL-18 o IEE AT AR
q_lz).

FeEHo| A2z A HAAAE AFA 7= A
=4 2L 7| daide AEHA A7 2aT Ae=
AtmEh o]e} WA ot AAFNE BdoA FASE B
3852 AE 2SS HENEYA Wl GSH, 4
a4 9o, NF-E2-related factor 2 (Nrf2)v} NF—«B Z+
AbE-3 g3 HsHA Fgskes AARIAEE FH
Yo] AARTAGS AT Roz JEPcP P
2 dPdAe dAEY F8 BH8E FY S FH
AZ A2 AL ZA Y 55 2 7HS Ay
AASFFA T, T A= ohgFgt AR D FEHe
2 dojxl Y 2FEEH] f55 v ¥ FEHESH TF
o] A 19, 1 9 FHELAS et e F23)
(&8518), A5 @LH) FE2ETO vjnd+, ol FAE
3 WAk v Fo| GAZFLE I EojHoF &
Zloltt,

e oxt o flo

o rlo

bu o
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ARoll= 22 0]9] ZRE S (flavone derivatives)
2 apigenin, scutellarein, AI'gAF F=A(cinamic acid
derivatives)® rosmarinic acid, caffeic acid, L Hof ¢F
EAJold(anthocyanins)S FAAAES=Z §sln low,
A&l T2 rosmarinic acid, FEHE®, caffeic acid,
apigenin «Alo|tF"® 2 &@e] AL rosmarinic acid
Bop AArgel oha RA ShiEle] AT, HEleldRo|EE
A= A f-secratase (BACEDQ] oA Ao 9o
rosmarinic acid (21 uM)Eth A-L2H0.5 uM)A 552
Uetgew™, in vivo SEAFNA o2 SHHET bl
sto] grget B &% UehiUdd?. & ICR whes =Y
oA OK—432=2 <Ist Y TNF—a A =7} oxasoline
FLX= 12-O—tetradecanoylphorbol—13—acetate (TPA)E &
=5 PEZE9 HL rosmarinic acid®} caffeic acido] 2J3f
Ae W17 AT FEHE- Qs dAs| FAEAT
53], FHSHL OE SPEZET AS5E(synergistic
effect)o] Th R glonz ZHSAL APPJECR
Tt 2FEEY AL o 22 AW 242 7UE ¢+
[

A Aol

2 &

detolazo|ER fEE AR2IAE
2wl HAE AL v, e 2o AES A

1, AA2TAZ 2ddl BV-2 AZoA TEH AL H|elo}

d2oj=2 At ABFAZE B4 ¢ AES adtyoez B
Fstgon, ol BiH nEZco} wbHgt B WE
H Bcl-2/Bax @@ A, JNK 2 caspase—3 A3t
AA o &J3f virfEl= AeRE AlmE

THikek 8 GSH 1242 tiis= Aehy S48 AsH
.

3. FHEYE GCL ¥ SODE HIEZ Al ] HAtahdolA
A 71s FIE Fo HEloldRo|ER {F=H AMSH
S % AEERE ARLuAEE BT 5 Sle AT
4= AFBIAL, ol HE Al A H A7 SE=2A
FHEH &8 7S ARt

WA 2

o] AT 2011WE AL AT GO o]0l
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