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Protective Effect of Wheat Bran Extract against f—Amyloid—induced Cell Death and
Memory Impairment
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ABSTRACT

Objectives : The aim of this study is to examine the neuroprotective effect of wheat bran extract (WBE) against
B—amyloid (Af)—induced apoptotic cell death in SH—SY5Y human neuroblastoma cells and memory impairment
in triple transgenic animal model's of Alzheimer's disease (3xTg AD mice),

Methods : In SH—SY5Y cells, MTT assay and TUNEL staining were conducted to evaluate the protective effect
of WBE against ApBss-ss—induced neurotoxicity and apoptosis. Alterations in mitochondrial transmembrane
potential (MMP), expression of proapoptotic Bax and antiapoptotic Bcl—2 proteins, cleavage of PARP, and
brain—derived neurotrophic factor (BDNF) levels were analyzed to elucidate the neuroprotective mechanism of
WBE., To further investigate the memory enhancing effect of WBE, Morris water maze test was performed in
3xTg AD mice,

Results : In SH—SY5Y cells, WBE protected against ABss-ss—caused cytotoxicity and apoptosis as shown by the
restoration of cell viability in MTT assay and inhibition of DNA fragmentation in TUNEL staining, AfS25-35~
induced apoptotic signals such as dissipation of MMP, decreased Bcl—2/Bax ratio, and cleavage of PARP were
suppressed by WBE, Moreover, WBE up—regulated the protein levels of BDNF, which seemed to be mediated by
activation of cAMP response element—binding protein (CREB), In 3xTg AD mice, oral administration of WBE
attenuated learning and memory deficit as verified by reduced mean escape latency in water maze test.
Conclusions : WBE protects neuronal cells from ApBss-ssminduced apoptotic cell death and restores learning and
memory impairments in 3xTg AD mice. These findings suggest that WBE exhibit neuroprotective potential for
the management of AD,

Key words . Alzheimer's Disease, f—amyloid, apoptosis, brain—derived neurotrophic factor, learning and memory,
SH—SY5Y cells, 3xTg AD mice, wheat bran extract
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3], d=3slojH(Alzheimer's disease, AD)2 L=FdZofA
P =3k Zoje] PR i@ e] HRAHJ SR Q13

am ooz owa A

71 &3t
7198 Aozt WAsHH, AdE Ao, Fo8 Zd, A%
I, Ads, Ads, Ades Foll, FAH 4, 7|&EH3)
&, "9, Bt 2%, 44, AF¥E}, sEFe] 59 <
2, 7%, B¥F, AY "R A7 BE 9" 958
AAsHA B,

2 Evete 233 Ao Al weEr ol X
uf ko] =7F FFsk e, Auf {HE&L 200849
409k & ol 2020¢ellE 779HY, 2050\0lE oF 2137
ol o] ALR A= 4% AFAHAE EAR tFE
T A, A AAFeR 654 o4 wellqelA dzsto]
¥ SHELS oF 5~10% AHEolW, 654 HE Lol7l 54
S7Fe) wet fFHES oF 288 wobA 854 olAte] =9l
QAP ME 40~50%°] ThehEch,

dzstolmge] AL AANE &4 D APEE Q3 H=R
2 2o 4 9 HEgs it Z4 59 S Boled], 9]
g YRlo2E= ARFYH R wQlvk(senile plaque)Tt
A 7AA Gl S (neurofibrillary tangle)d] 2he H|E3slo] o}
& 44 9 Y 247t Fofsts Ae=2 A S
dyr|dorLE oldZol=E A (amyloid precursor
protein, APP)9] v £ A== <la HHE o
Efold 20| = (f—amyloid, AR)7F AFNE <R 884 &
A2 AZsHA "Hrhe obdRo|=EF5E /M (amyloid cascade
hypothesis)? F4H o2 uq#S FFFA)7|= 7S 3t
= EFTi(tau protein)o| TRIAMSIEO] AR HFUlES T
Ethe BH7H(tau hypothesis)o] tEHoITE, 1 ¥z
u] o} A Z (microglia), ‘HoluA|E(astrocyte) T IA|E
45 g FSEREl od AFAMETF Abdgitte A%
A%Z7}d (neuroinflammation hypothesis)”, @##A 9d
RS Yo AFAEZ EFo] fidHtE= @¥UHA
(vascular hypothesis)”, AZAHZEZ opy|elE e (acetylcholine,
ACh) o 9 Z34 AFAEY] 4= 74, B2y 9 Y=
g4 olMEEd £8A 7|5 Astol 3 719 &) &
wrElths 294 7Md(cholinergic hypothesis) So] Ut

A7 Ao B8ARE= 7|97 g Fa% 9T
she AFHGEZR] ofNEE(acetylcholine, ACh) 715
A5t 7]7] sle] o e E B3l A A (acetylcholinesterase,
AChE)E AAA otMEdEd ¥& F7H17]= AChE A
A(AChE inhibitor, AChED7} tiFZ o2 ALgE|oj#] gt}
Ul FDA S90S ol ABAR AMFQ FE =y 93
(donepezil), ZHFAE|TIR(rivastigmine), ZeEM(galantamine)
o] % AChEIZ #AHZF ¥ F5%9 dxsto|mrgols aut
2 ogwm Io”. Il AChEI: 4S9 Z24E o
NHog TAA7ZIL e AIE 37X HY IPS
YR HA= Ko, YRAFANE ZEFOo=H o}
ANEE S7bl o2 Fgl(Fd, +E, dAHE vE
theFst Babgo] wWEs wo] glo], ol AFe=
FA-go] Hom o Y4H APl 45 ° HA &2 F
B Fg zd 9 7
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B Aol ARgE el We FojRte] wEd AgAe
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o glon, WL §o V5S B g5
F EAL E B Bof W MO R A% AHE W
t epEbgar ZER Qd ool A RS A=grtn
=z o, chast AgAToIN Wh(wheat grass)
AP LT AFEES A, AR 2B
Fol, A7tEe oA FEANo gupt gt ez ’
TEQCE SHAEE, ] 9 AFAE Qo] "ol oFElal %
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As e WA GTE AR AEA FRelA 245
Q43ET F YURA g8 Yold ASAL Axd

ML o

THTALE)o| Hglopd2o|E2 Q1% AAFNE S} AP,
71018 A AR stgen?, g2 dAxzine] 254
Foll A= TALEo] %&7F M M(bilateral common carotid
artery occlusion, BCCAO)o] 23t E3AX|ufjo] tfsl E&
535 7S Ye|a, 244EY SR AzEE olF=
ool sl ofehH]| =AY #H(arabinoxylan, AX)o] ZH&-
Fe FAsr?. eEgel AURA(xylose)7t APoR
4" 27+ (backbone)o] E THE QEhI¢l ofgiH|wA
(arabinose)7} ZBAl&(side chain)@ AZAE o] AR AX7}
SHAEYN AL AT EZHUE o] g3 AT Bl t3A
= 7198 Ad a%e el Aoz elstdnt?, 2z
7Is/MAel &5& YElyl= TALEY] tis] AAHEAIS
AN Yol dFARE A=t AR, T3 A= AA
stod AXO] g Eol7] e st A&UdE I
A zotE AES AASE Aol UG, ols BAH
< S5 Y3 FLEY 7HFo] AHSAANE HES F
3= D7)&E ARSSHEeH, Hizte YHEIVIE AR
st AR F3HA)7]7] Mol A= ulg) AAsGcH?,
olgA go=x FHFAEQ Wr|&FEE(wheat bran
extract, WBE)& ¢F10%2] &2 4L 4 qlth =3 A
PATE Bt WBEE $EF WMo o3t oA
zdlofx] Holw Azl mAjotmA|ze] BAFS AA|Ste] X
WA (white matter) &4 da Hs avs 7S HRG
15)

wEbi] 2 Ao 532 A7) e B8 A4kE WBE
o] g=zstol ufje tigt 53t 71AE el At s A
ol o]& 9J3le] SH-SY5Y neuroblastoma A|3E wijF &
dojlA HgloldRo|lER AN 54T AFES =T &
BEaag BEstGa, A9 FAHT 55 ZES o835ty
7198 Jid 55S ARSI, AFIEIA 45 H=E
g SHe=E 28 7|1HE FHstaA kit

A2 2 9y

1. A8A=

H|elobd 20| =(3—Amyloid)= American peptide (ABos-3s.
sunnyvale, CA, USA) AlE& ARSIt AlZujeF vz 2
AR2-E Dulbecco's modified Eagel's medium (DMEM),



HEfold Ro|E2 {rg AFAZ AP 7]99 &) did

fetal bovine serum (FBS) ¥ 3F¥A|(penicillin/streptomycin)
L Gibco (Grand Island, NY, USA)ARA A3t}
Bax ¥ Bcl—2, brain—derived neurotrophic factor (BDNF),
cAMP response element—binding protein (CREB) ¥X}3+
A= Santa cruz (Santa cruz, CA, USA)A}OA, cleaved
poly (ADP-ribose) polymerase (PARP)™} phospho—CREB
(p—CREB) ¥aF3}Al= Cell Signaling (Boston, MA, USA)
Apol| A FFEQITE, MTT [3—(4, 5—dimethylthiazol—2—yl)—
2,5—diphenyltetrazolium bromide], actin 42} &4 = A
b AJ2k2 Sigma—Aldrich (St. Louis, MO, USA) A&
ARG

2. Wrlgr2Ee Az

7] &F=ZE(wheat bran extract, WBE)= %A X|j
BN oju] 7| wigt Zol AZEAL, SH. Fohet
WSS A2 2y F=2 HAEORE o|FoF 2 Y=
ulg] AASHATE oA 42 Wr|ERHEH WY &2
AEJRE AAS7] Y3 500 L 3&7|(extractor, BestKorea,
Daejon, Korea)oll ¥ 589 Wa(w/w)E 7t A&
o A2 AE H 58 oY W4E oAl M-S o2
e HAEdE z3bete Y4 Az dRd U9r1eS =23
She TFEFFE7)E Aot o] Y IS bigty
YA1E 7] (decanter, PTM300, Tomoe Engineering Co.,
Ltd., Tokyo, Japan)Z Q4Ee|3te AEURS] AAH
AsdE d9lor, o] AFdd JFUINESE st 95T
oA 1AIZE Bt wRkete] F FE2HE ARt ol T
A=z AL the AF AZ7|(vacuum dryer, HyoSung, Incheon,
Korea)2 =3} B AZR7|(spray dryer, Yoondin Tech,
Pyeongtaek, Korea)2 ZAxstY L WI|LFZEE(wheat
bran extract, WBE)S Agel| AME3tqtt. WBES &2
o 10%92H, o] WBEY] Z3H AX9] & A5t Hsl
ol WtEE £ St dEF ol io FRFS SHTH
A3} 2,4-2,5%% AASFAE, B Agolx A8H WBEE
FoF(Seoul, Korea)o2HE AF =it

—

3. A|=e)g

QIZHa] SH-SY5Y neuroblastoma A|ZE+= 10% FBS,
penicillin (100 IU/ml) ¥ streptomycin (100 mg/ml)<
X3sk= DMEM HJA] AL 2 5% CO, 9 37C 2% =4
o2 {7 wigstact, AlEu vl 2guitt A2 viA =
ZopEglon, AES 9ot A =2 MEE platingst
o AlEZ7F Ao R BREY AloRE A sttt

4 NZ AEE 5

A2 AEE(cell viability)E 24317 Yt MTT
HE  o]gstgrt. SH-SY5Y AZE  48—well plated]
5x10* 71/ 300 we] WERZ platingdt the HE7} HHH
oz BAEY YL E5FEEWBES o¥d 5=(0.1
mg/ml, 0.3 mg/ml, 1 mg/m)E 3087+ A3}, o]%
Helold 2o|=(15 uM)E A7Fetgct. 22417 v ¥ MIT

A

WrleSEBY HEAL 69

|HE 7hsto] 2407 FRF WRSAIX] thE 200 W dimethyl
sulfoxide (DMSO)Z 4o}l A|Eof| AAE formazan Z
e g3AFEY. Hepyoz dhlE gdE 540 nmollA
microplate reader (Molecular device, USA)E AR5}
F¥=E AT oS AdEA AEZPEE(%)E vehicleTt
Aet g2 FHEE 100% 71EoR sho] AHESh

5. NZ=AE 573

524 MZAFEAAS] apoptosise]] B]2= WBEY &%2
AES7] $18te] apoptosis®] HEAS AE F sl DNA
fragmentatione TUNEL YMH(DNA fragmentation in
situ, Roche, Germany)22 Z#3}gct SH-SYSY A|ZE
4—well €8to]=9 plating ¥ ths, 24A1ZF § Al27) ¢H3
Aoz HAEH WBEE 3087F AXT3FL Afes-ss5 71t
o] 24AZF Bt uistaTh AleF AHErl Ed AlEZE 10%
neutral buffered formalin®2 TAHA|Z] thS AALZE
(phosphate—buffered saline, PBS)Z2 33| A5}ttt o]%
WelAd peroxidase?] TS 0.3% HOr—HEHE 8N4 7}
sto] Zpghet o2 PBSE A|&3ta, 0.1% Triton X-100 &
N(0.1% Triton X—100 in 0.1% sodium acetate)ol] B1o]
HIZE permeabledtd 3ttt PBS fHo=z AN F
TUNEL Y28 (terminal deoxynucleotidyl transferase:
TdT, digoxigenin—labeled nucleotides)ollA] 1A17F F<F Hjf
oFsle] EX|AJZ] TR, peroxidase—conjugated anti—goat
antibody®} diamino—benzidine (DAB) &Ho=Z $£2}F o
2 9RAIAT|I 50% glycerolZ2 Bdle] dunjFoz TS}
Sth(Leica, Wetzlar, Germany).

6. nEZ=gol wAY 4

TMRE (tetramethyrhodamine ethyl ester perchlorate,
Invitrogen) B33 FMAIFE ARGsto] mEZE=2jof SR
H3E 2A5IAt. SH-SYS5Y A|EZE 4—well &Eto]=9
plating 3 ThE, 24A17F F AlZ7t oz RREY
WBEE 3087F AA 8L ABos-3s5 7Fote] 24A|17F 52t Hl
st HIAE Zold &, PBSE 23] A H 10 uM
TMREE 7Iste] AlZ wig7]olA 1587 ¥kg ARt ol%
PBSZ 23] AlIA3t o2 DMSOZ A|EZE &3JA]A excitation
A 545 nm 9 emission T 590 nmollA HF H =9
W3S microplate fluorescence reader (SpectraMax Gemini
XS, Molecular Device, CA, USA)E AM&3ste] =33}t

7. g 2E 24

Azd ol Id BistkE 545k 5k Western
blot analysisE $3stct. AlFA =7 1 A= RIPA
buffer (150 mM NaCl, 0.5% Triton X-100, 50 mM
Tris—HCI, pH 7.4, 25 mM NaF, 20 mM EGTA, 1 mM
DTT, 1 mM NasVOy, protease inhibitor cocktail)E 7}5}
of g7l the, 4 ¢, 14,000g0014 1587F YAalE st
AFoe Aol AHgSITh BCA §oo2 aide go
3 30 uge S-S 10-12% SDS-PAGEZ H71%9531
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ot o] A7|dE d TS 300 mAoA 3AIZH FF
polyvinylidene fluoride (PVDF) membrane (Roche)2.

transfer 3921, membrane 0.1% tween—202 E33=
5% nonfat dry milkS /\}*9-5]'01 Ao 1AIZE F<9
blocking AlZHTr 12 FAEL 3% fat—free dry milk—PBS
oAl 4C, overnight }.Zﬂgi Hke A]71 o2 PBSTZ 10
E7r 33] M|A &, horseradish peroxidaseZ} &%= o)af
A GHoR A2ox 1A7F viFAIFHTE, PBSTE 33 AlF
% enhanced chemoluminescence (ECL) reagent (Pierce
Biotechnology, IL, USA)E AMEste] dRAA|fon FHARS
LAS4000 image (Fujifilm, ¥4) 8§ 0|83t FFatct.

Alt;]Ei

3xTg A X|off uk¢A 3xTg—AD [B6;129—PsenltmlMpm
Tg(APPSwe, tauP301L) 1Lfa/J]= Jackson Laboratory
(Maine, USA)o|lA 3t 6714% A (female) HFE-AS
A ARSSHATE ARG B2 AREA AFXTZIEA 2=
23 £ 20, €% 45 £ 5%, 12A17F (06:00~18:00)9] HY
F712 dAsHA |ASH. BE FEAE 2 At
Qutfst FEIYAUIY SeAS ot FEAERY A8
Eote] A E G “ﬁ—'la" A4 =2(B6129SF2/J
okeA n=5), 3xTg 7198 &4 $2F(n=6), 3xTgol WBE
(400 mg/kg, n=6)5 A+ “_IE—OE‘?F]' AEE & 3Z Yo
AFE JPstleh. AHRS =2 AFEA HFHAZIHA WBE
= 6L REH At 197t FAFE Fosiglon, 2=
23 + 20T, &% 45+ 5%, 12A17F (06:00~18:00)9] =Y
F7NR A 24E G fASEH. 1Y B & 7]
AL 25t YPFAYP o2 En|E(Morris water maze)
AFS AAEHT

9. Eu]& A|¥(Water—maze test)

sk 9 7198 HrhE Yot ENE AYEE JysHh
A7 120 cm, =°] 45 cm9 98 £z A 10 cm, =
o] 30 cm9 =HHE £ AHREH % 3k ol YX|A|7] L
E9 ol TYYiEt 1 cm 4 Ao EY 2=
= 25 £ 2C A AN B3 gz;g].cq +d oY &=
o7t Bolx] FesE st EF UF £ FH 4719
A E(visual cue)E Fol AFFEC| WS AX|3te] =md
i”"]’ Z = JEE s AE2 nheAvt AEA 120

B gty A28 =g ot = JIEE S,
120% ool 2A] & & AL £08 EAEHE =5t 10
27t HEY 7198 = =S st EvE A2 F 5Y
Zot sty on, ukeAo] 221912 Ethovision 3.1 software
(Noduls, Wageningen, Netherlands)E ARgslo] RUEH
=g

mlm

10. A=

HE AFANLE Hi + HREAL EE PP + BROXE
#7181 28 FAF 7942 SPSS statistics 20
Z2IS A8t ANOVAR HAAT £, AFRAHo=

Turkey's testE& AAISI p € 0.05 € o §-4do] St

wystert,

2 3
1. HgoldRoleg {x¥
o3 21 &FEE9 Heav}
WBE7} el 20| E(Afys-35) 2 FEE AFAE EA9
el Heavs 7PAeA dEs7] fste] MIT aA%s
ARgete Al AEES &4 vty WBEE 0.1, 0.3,
1 mg/ml¥ s=2 308 B2 AAE 3 & 15 uM ABss-35
24 AZF St AP g AT Afss-sE AT IFONA
1'412401] H|3) 55.0 £ 0.7% (p < 0.0)E N=E FZE&o] 7
238 ¥ 0.1 mg/ml, 0.3 mg/ml, 1 mg/mle] WBEE A
A7 g 2FAE 22 58.0 £ 0.7% (p € 0.05), 60.9 +
1.3% (p < 0.01), 77. £ 1.3% (p < 0.01)8] A= Y=L=2
Lo w2 2718 Bgth(Fig. 1A). &, WBE: ARR3l &
= Yol A58 MEZ E54E TAXYE RostA <
Agre st + Joh. EF WBEE 0.1 mg/ml, 0.3
mg/ml, 1 mg/ml9] =& &5 Aot AAEFS F7t
3t Aal NZAREL BT 90% oo JA|Ho NE =
o] TEEA] Agtrh(data not shown).
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I e o e
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Fig. 1 Protective effect of WBE against AB2s-3s—induced cytotoxicity
and apoptotic cell death in SH-SY5Y cells A. SH-SY5Y cells were
incubated with ABxs-35 for 24 h in the presence or absence of
WBE (0.1 mg/ml, 0.3 mg/ml, and 1 mg/ml) and viable cells were
detected by MTT dye reduction assay. Values represent mean *
SD. (n=3). "p ( 001 : vehicle—treated control vs. ABzs-ss
—treated expenmental groups, © € 0.05 and p { 0.01 : ABxsss
vs. AB2s-35+WBE groups. B. Apoptotic cell death was monitored
by TUNEL staining which detects DNA fragmentation in situ, a
typical maker of apoptosis. a : vehicle—treated control, b : ABxs-3s
(15 uM), ¢ : ABzs-3s (15 uM)+WBE (1 mg/ml). TUNEL— positive
cells were indicated by arrows.

2, HgloldRolER JEH AHNZ AR
g WreFEE9 Beay



vElold o= S ARNE Azt 7o

NZREE F712 42 235 EHE Abss-35 AR F
= AZ Ao tidt WBES BEaws AESY] st
apoptosis®] TJEZ]2l A7 F2] 5142l DNA fragmentation
<= TUNEL EM4¥S AMgsto]l £33t dizol B8 A
Bos-355 XSt IFo|A TUNEL FMo] 7ZstA = A
< T T 5 Yon(Fig. 1B, SRR #7]), ABw-32
A3 Z7HE AFNZE AFELS WBE (1 mg/m)E Az I
IFoNA Ao Az FeHoze 2ty FARE
FE Bgrh(Fig. 1B).

3. HjglopdRol=R2 {E= apoptosis ATA
2o g3 WrjeFEE9 BeU|A

M, apoptosis IO THRE M2 ATHAge] &
A EL B3hge wid), Y9z nEzsole) o
Qt(mitochondrial transmembrane potential, MMP)2 Zr4
o, o= °o]¥ apoptosisE "iAete A A4S
sl Fa% g wt?, vEzeeol wpdg &4
Q& TMRE % gA AokS ALgsiglon, o= u]gﬂ:a
ofi2 o|Fdte] HHY YEHQ H249 FFE YA
i}, SH-SYSY All2Zol|l ABos-355 A=Al ”]E%EE]OI’ ut At
o] 71,4 +1.52% (p < 0.01)2 =] vl3) 28.6%7} T
H ¥ WBEE 0.1 mg/ml, 0.3 mg/ml ¥ 1 mg/ml2 A
g & ABss-ss= 713 A B3F A= 44 76.8 £ 2.1%,
79.5+4.1% (p < 0.05)2} 90.0 £ 0.8% (p ( 0.01)o=& &
7HE 2 & 4 USick(Fig. 24). £3], 0.3 mg/ml % 1
mg/ml] F=oA FAA Fo4E UEhden, 1 mg/ml A
A 7MY B2 JEES B9 WBEZF Afes-30 gt n|EE
o} sy a4 fYFes JAIZFE & = U

mlo I-N

A
=
= 100 | .
£
2z -
EE 80 o
28 o |
=
) 40 4
20 |
=
i [
APyrys - + + + +
WBE (mg/ml} - - 0103 1
B APwmas - o+ + o+
WBE (mgml) _  _ g3 1

Bax b | = - — -
[ TTSJ R———

CPARP P [ v e s = |
e

Actin | "——— —

Fig. 2 Protective effect of WBE against ABzs-ss—mediated apoptotic
signals in SH-SY5Y cells A, Cells were treated with ABzs—s (15 UM)
for 24 h with or without WBE and mitochondrial transmembrane
potential was measured by using TMRE probe. Relative intensity
of TMRE fluorescence was represented as mean = SD. (n=3). “p
{ 0.01 .~ Vvehicle-treated control vs. ABxs-ss—treated experimental
groups, p { 0.05 and p { 0.01 : ABxs-35 vs. ABs-3s+WBE groups.
B. Cells were preincubated with WBE for 30 min and then exposed
to ABs-ss (15 uM) for additional 24 h. Protein expression of
pro—apoptotic Bax, anti—apoptotic Bcl—2, and cleaved form of
PARP (c—PARP) was compared by Western blot analysis. Actin
levels were monitored for the confirmation of equal amount of
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protein loading.

o]% apoptosis AlZHAYE TG F Q3 TS =
Bcl—2 family @923} PARP @43} Western blotZ &
ste] ZA5HATE 1 AI Afes-3s5 AEFOEH apoptosis
£ "Wi7iske Bax@ Ldo] izl Bls| dA3] F7t=EH,
apoptosisg Alst= Bel-29] Ido] AEE BFT £
ASTHFig. 2B). ¥ WBEE 1 mg/mli AT 2FA
+ Bax9 @@L FTAET Bel-2 HHL A S7HEY of
273 FARE FAAE UEGH ‘4 apoptosisE w7}
Sk ThZIQl PARPS A, Afss-ssoll 2 ZajA EAdo]
57t H9A T, WBEE AAY 3 HA$ 53] 1 mg/ml &
oA &H oz AA = UcHFig. 2B).

4, WEFEEY AHISIA Zstas

o2, WIEFEE0] ABAE BS 85% A= &
o2 7|4 #9357 $5te] brain—derived neurotrophic
factor (BDNF)9| ¥&& Z74s}¢ict. BDNF= AZAIZ A
Z, A7) 7198 Z3Hlong—term potentiation), AlY2 7}
42X (synaptic plasticity), A7 B (neurogenesis), AAE
7] /4% (neurite outgrowth) T Ao 7] FAJo
FaF gL sl Ao A At APAT Ay
o 95 BDNFY] Wdo] HAEE IR = 9dgleH o=
WBE (1 mg/ml)e] HAgle| oJsf tzxa FARE 502
35 ckFig. 3A). © Yol WBE (1 mg/ml)= BDNF
9 HHASE A= A9 HARIAR CREBY €4 XS &
gFo R F7MNALE &, Abxs-ss5 A Al CREBE 4}
AR o] AT HAEGLeH, o= WBEE AAF
o=23 F7HE

:l2

A
APrsas - + 0+ 0+ ?-.:- u
WBE (mg/ml) - - 03 1 =5 ¥
z-:‘ 08
Actia b (EmEmam—— £
= w0
Afsas - + 0+ 4
WBE (mg/mh) - - 03 1
B
APpsas -+ + 4 E
WBE (mg/ml) - - 03 1 10

P-CREB P S e e
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Fig. 3 WBE—mediated up—regulation of BDNF via activation of
CREB in SH-SY5Y cells Cells were pretreated with WBE for 30
min and then ABxsss (15 UM) was added to the media for 24 h,
BDNF (A) and p—CREB/CREB (B) levels were examined by
Western blot analysis using specific antibodies. Quantitative data
for BDNF/Actin and p—CREB/CREB levels were shown in the right
panels. Relative expression was calculated by regarding control as
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1. Data are expressed as mean + SD. (n=3). 0 { 0.05 and "p ¢
0.01 @ AB2s-35 VS. ABas3s5+WBE groups.

5. Al FE R WrEFEEY 7|9
3% a3y}

WBEQ| AFMEZ 25 9 NZAE oA 53E in vitro
SH-SY5Y Al mdlox BQlstgon olF Higtoz &
9 7198 A} uX= FEgS AES] Yste] in vivo
3xTg BFAAZ A FERIDS AR 671E=9
3xTg AD "t9-2of WBE (400 mg/kg)E 3t & &< F49
T 7198S S5 PeAECRE EuE AFES AAEHY
tt. WBE o4l AEjad4-E Fo3 dx2 38 34 ¢
109.0 £ 6.9%, A 9 92.1 £ 14.3%, AR < 385 =+
15.3%, UA & 25+ 7.5%, T4 & 152 £ 2628 &
g ok AZHEE € A)ZE mean  escape
latency)°o] & dg-oE&F oz ZHAEQow o] HiF|
3xTg 7199 &4 152 =odiE Fopke Algte] 9 1t
A9k & 108.8 £ 7.12(GEANE EFF=H 59 I BHEH
3 ErR AEE PPl EFSIL Hd EE AR
ZAEA dthFig. 4). ¥PH WBE 400 mg/kgs Foidt
3F9 AS ZOgiE Foptes AIZte] T EA dHE ©
Zrlo] 494 55.2 £ 17.3% (p < 0.01), 547 46.4 +
1452 (p € 0.0)E FARLE Fo5tA 3xTg 719¥
At v|wste] o W =ugiE Fopls AL TEE
AH(Fig, 4).
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Fig. 4 Learning and memory enhancing effect of WBE in 3xTg AD
mice. Learning and memory functions were evaluated by Morris
water maze test. The mice were divided into three groups: wild
type (WT), 3xTg AD mice, and 3xTg AD mice administered with
WBE (400 mg/kg) for 1 month. Mean escape latency (sec) during
5 consecutive training days were represented as mean £ SE.
(n=5~6). #p ( 0.01 : WT vs. 3xTg AD mice, p ¢ 0.01 : 3xTg
AD mice vs. 3xTg AD mice co—treated with WBE.
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U7 &FEE WBEZl Hefobd2o|ER QI3 AAFANZ =
A A, TET 7198 &3S dAIskEAl AESE] Histke
SH-SY5Y AN|ZZ o]83}o] MZAYZE, DNA fragmentation,
apoptosis 7R TEHA U A FEFARY THEE A5G
o, 3xTg FAAS Auf FE REE o]&sty 78S
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Est= EUE ARE Y5t & Aol AREE wE
Z|2o|tl ofglZ2olt A PAchlE APPE HE| f—secratases
y—secratases®| ZH-gol 93] FHEA= L T BAE
AZZAZ 9Fof JFE o AFAE 5L Fdste AL
A Utk FA4E dorle VHLEE ARHE AES
ASES, ZadAl o, AFAGED 4 AYA Vs
3, AAAEY) &4F 2 Aol FAET QeHs),

A, HgoldRolER F= AAFAEZ E4 st WBE
9o RS 358 ARSI A 4 5= HYE 4] ¥
gt MTT assayE F5t9om, Helold2o|=2 QIgH Al
ZIPEE a7t WBEE AAE FoEN FE-g&Hoz
(0.1 mg/ml, 0.3 mg/ml, 1 mg/ml) SEESE SRIsIGTE FHE,
ol2fgt 2uf & T tht AFA|EZE0] apoptosis
£ B0t AMEEER AFAMEY] APE BS= 2uj ol
24 9 A8 e 7bte] =He VIR, FHHe
2 e d7AE0] o]F Fa wHoR du Yop’, E3
2 Mxels g HAAANEZE GAHo] §7] el A4
MEz AFEE AT = Y= FEEY fdo] Fasitta
LI ii=g

durg o2 HelobdZo|=ER QIgH AAHAIE APFEL apoptosis
HGE AXA =Hedl, o] 3HL FHEFHORE AE9 HF
A, ANEzere] =ty gAFe] §5, DNA fragmentation
FWetA "t ojwf FEEskE DNA EHY 3'-OHo|
dUTPE #X|3}] TUNEL FHHOE ANZAMES H=E &
A g 4 e, AA SH-SY5Y Az wgepdzol=S
Agst ¢ TUNELSY| ZstA |ME Az 471 371d
A& &, DNA fragmentation®] +2% o] apoptosisE 53t
Az Apdo] JPHS T = Q%o o= WBEE XA
g FoEN amHoz AA =t

gk, o]2fgt apoptosis I thFet SR} AsHE
450 o gt I F diFEAQA A Bel-2 family ©
WAlY|, o] apoptosisE A|SH= antiapoptotic Bel-2,
Bel-Xy, Bel-w 59 ©@¥AI}  apoptosisE  FAske
proapoptotic Bax, Bad, Bak, Bik, Bid, BNIP3, Bim,
Bl-Xs 59 gdz A9t s, nefceo} 9
£22 UJA #HEZE(intrinsic pathway)e] ¢ o=t
proapoptotic/antiapoptotic Bel—2 family THHZIQ] AFA<]
H7} Z7)ste] uEZEE=gobo]  permeability transition
pores FAsH FHH o]F nEZEol2RE cytochrome
b 2GS 013 cytochrome ¢ apoptotic protease
activating factor—1 (Apafl)d} apoptosome EIHE A4
311, procaspase—92 caspase—9°22 HFA|F|L o]F
caspase—3% SASIE ZA5tH, TA3IE  caspasese
DNA $Al(repair)oll $83% 92 sh= PARPS AohE &
FshA o,

WBE= 53] ogjgt NEZAPE oA HefoldRolER
Q1% Bel-2 family Teid o] W H3lE PYAH O R 3 & A
#, = antiapoptoticdt Bcl-29 W& Z7HA7]| HbH
proapoptoticgt Bax®] W& AT 53], WBEE v
EZcdol A AAE sE-YE&H R {Y5tA AA st
Row, ol o|F mEZEZORE F cycochrome ¢ FE,
caspase ZAlSt AFE F3, PARP cleavageES At A
o2 AlgH
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o2, WBEZl ABAZ B3 28-S Zh= 7|HS %
5t7] 98t neurotrophin familye] &3t= wield ©Hd
2l BDNFO] #d-& &3t 2 Zujoll 9lo] ol=gt Al
AAZ AE Aol F A oA BDNFY ogto] 5%
Wy Qlty, BDNF& thofst AFEA AZRE AFNEE
Hostn, AFSY, H3 2 T2 AFNEY fAd Fadt
gghe Y. 3], BDNF o] 74ad FAAT nfor
o] AL AHA 7%, A7) 7198 AE, s 2 7Y &

A TEEO 7|9 &4 F=9F BDNF Hdo] 29 A
£ 39! BDNFE TkrB receptor® E3lo] A58 A
she, olE{gt o] &AE= A ofURo|lE A HE
(amyloidogenic pathway)7} 8443t =0 Hgtold2o|=9]
o] B Z7tEen™ uid AAFALED oI
Fe A=A, weba, BDNFS Agixoz Z7hay)s
279 A Ao 7o &% T A Y & e W
Hoz 7|g7t "ok

£ dAFolx WBE= HeloPUR2o|ER QI3 AFAZ =4
9 Afge) s A TS ®el FE(I mg/m)A|A BDNF
o) we BAHoR Golah ZANYS el T U
o} o olrk, ol AFSl ZEIA] CREB st ol
fEE Aoz AlzEth CREBE EHaA H sy #y
of AFAES AE U BT AdA 7K, 7198 SR
FaF AL ke Aoz dHA 9lon™, BDNF o]
Z Bel-2& v]23t anti—apoptotic TR I} AE FAS
ol Id zdo| Hol st Aow wuHIHY, duixom
CREB+ serl33 #z|o] Q4kst Eo = o]Fste &4
3} =W, o]t <AslolE protein kinase A (PKA),
protein kinase B (PKB)/Akt, protein kinase C (PKC),
mitogen—activated protein kinase activated protein
kinases (MAPKAPK), -calcium—calmodulin kinase IV
(CAMKIV) 5] 49| &250| 28 7Fs3ltt”. WBES A
23t F¢ HgoldRo|2% F4AH CREBY &4o] tA] o
27 AR =EoE JEES JAEE FEY CREB ¥
A SATeEN I T 4 SlsleH, A9 i =2E

]

o2 AT OFNAE SH-SYSY M|Zof| Afs-3s5 A28t
74$¢ BDNFS| wdo] ZHAEw, uij2 BDNFE 9]FojA
T FoEN NEZ EAT AbHo] HAES Bty
E3], ¢g=stolmyat THE F e FHA =dH
(APPswe/PS149)7} dojt N2a Az 2 FZAS o)
%2 wd(double Tg AD mice)S o83 Uz} AAANZ Y
FloNME TeFoz WY ABZ | CREBEAT BDNF
o wrdo] @A HAaEHPeH, ot A 2y FHEW
q o3 2B F4E Zapu=?S g g AL WBE
¢t FYT FFoE fYHoR FEE o] APAE BSat
£ venfoidt,

olae] NEAY Ans uigoz olF AYoAE 3xTg
A A A FE 2dS olgste WBEQ 7198 A
858 AEstuAl 39 3xTg AD npeAal AD9} BaE
Al 54A Psenl, APPSwe, TauP301L7} WHE Z o], wW-E
A% 3~47i9 Amo] MiEolURol=E 717 Ko} U]

A

WlgFERe) BEHY 73

A3, YA A D 2] 7)o A8t EAL 671
oy o] Em, o]% subrglolA FejH<el Wt 2wl
AbstEl B9 ghlgo] AR En o] AR WY mheak A
W2 7)5olaka) § WiglollRo|ls Moz Qg w=Qlul
H4, e Flatstz Qg AAHGuEe] 2k 5 X 3
Ao AA BRI ZAka} vl&gt FARS Uehfol X
71A AT 9 8A el g ST Y 2 a7
o|A 3xTg AD uk9-2o 24202 WBES #AF Sojdt 7
o 7198 &xbo] AAEle] Eulz Ade|A 5U7ke] T#Y
7 B9 BE 25 4t A48 Z7h He AL gl ¥
F 9ot o2 A7 oA WA Buto] AL Wistar
albino rato]d gREuEoR SEE 7198 A4S AR|EHgY

o, B3| U AAaE T A3tY &S AfAskr
Absl 491 sueproxide dismutase?} catalase?] WS

7ANAE B g ouk Qg @ gl oeke 3&E9 FeE
74 B¢ 3R 68 A A =9 AlA fEE U4g-E
o g3 Exads 7HHeH, 5&4(locomotor activity)
I BoF J=E AL A4S B4 catalased] TE F
7te B3 Wy AdisE IR et

o|AHS QokslH, WBEL: SH-SY5Y A|ZojA H|etolrz
olE2 f=dH AAFAEZ =4 E apoptosisE B3 AAFAE
APEE adtdog AAEtFe, ol& Bel-2/Bax9 F7F,
nEZcgjol abAY 3|8, PARP E43F A, A7 JFAA}
BDNFe| #d F7HE B3 wiZi=E gl o volrl, WBEE=
3xTg FAAE Av) 55 ZdoA ks d 7]98S sHAls)
o Bu|E Ao FFEEAME FoFoz dEAFe
o, ol&e] Ayk= WBEZF M A oY € & 22N
FES 8 7FsAE RS AARRI
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