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FFE

DA b e 22 2 R KOFIEY X7 L3257 )WY/ A ~—Ji (Alzheimer’s
disease; AD) DFEERIIIMO —i&%E=7=E 5, Lol BIIED AD IpRITFEMIRIEZ 5 O Txf
FESRIETH 0 | FIEFEF IR U7 X 0 ARARZ2IBRIEOBFE N L 72> T 5, AD O
e ICEA L C. 7 2 1A R B (amyloid B; A) DI FEEEER (4 ) I~ —) 235 H
REMEZ R L, ADBIEZHR L3254V Iv—(KADEBIN WD, £z, BB AICE
D KM EH 45 72 F L2 > (acetylcholine; ACh) TEEIPEMEE (ACh #8%%) 1L AD
ORINSWHE LTI, AT EF L2 o DORZHN AD BIEO—IZEH S L4523
AL BIRE SN TND, L L, D TEWEENEZ T AR 2 W fbriZ#t L <, E7-,
Fgektgel LCOE b AChH#RROATFIIREETH S Z LD, 2D OIGELIZHE-S < AD %
SERET OFERNIRTEAATH D, AFIETIE, BEMBEOHIEIC L VLE LAY I~v—
TR AT RE 72 26-O-acyl isoAPBi4 (isoAB) &, B ~ A T.ZHEME# (human induced pluripotent stem;
hiPS) #lifaA> & 53 {bFHE L7z ACh #if & vy, AV I~v—Gie=a V) AGREBE L7 b
B IR COMREEET VAR L, AR A4V I~ —IC X DMREEIC OV TR L 7=,
I, AP BEKRICHES T 2 IR0 TLEW 2 AR =X A0 DR L, iRt ER 25
O HFH I RINE TR AERRAR LT K DI AR DRRHIZ DU THET L 72,

1) AB AV dv—{KiB LV AMGERDOFEHZ B L7zt & ACh HREEET VOEE

& A A I —|T X B REERT ORNT

53 FHEENIC O-acyl fEGZ AT 5 isoAP 1X. BEMESME T CIRBEE T HER L L TEET
D8, FPESME T T O-acyl #E 137 X RS & 720 | isoAB 1T ITkD AR D—iEE & 72> T
BHEZBRMET 5, Z D isoAp DHFVESIET TOMBIREHEA T L= L 25, HEEND
AB AV I~v—%RTEDTEEAIK (747 V) 2K L, SEERRICBITS A %
b MMBREEMMIME SH-SYSY MIICALE L= & 2 A, AR A4V I~ —0NEBFITHFEET DHEMET
TIPS MR E SR S, 7 0 7V VIR A e & AR BE T XS L7, AL —
P—BAIEIIC K D BRI L AR & OZERIPRTEZ AT L2 & 2 A, FRNCEE ST A 7
4 T U NVENE LTGE & iR LT, FRTEERIRFR 2 72 AR OALE CIIMIfuRE D AR #
R 3S%E M LT=, 22 &b, ApA Y I~v—Z X dMlaEsii7 7 Ui b
<, MIRREEICRS BB T2 2 ERB Sz, RIS, 2 AGELE BB LT AD REE
MRS 2R CHEBLT 2 2 L 2 B L LT, hiPS flllgn & ACh i ~D /i LiBE H L2 et L
72, Dual SMAD BHEEIC L 0 MERAMREE R~ DM EFBE 2 HE 6 , MO AT flEs X O s o



Z2 R EERE | Z DWW T Z FLE AL Wnt/B-catenin o 27 /UiREE O BHER]CTH 5 XAVI39 & sonic
hedgehog 7" /U DIEMALHI T & 5 purmorphamine % VN CFAHT L7z, ZDfER, b
FHE24 HRIZBWT, 7T 2l U AkEER 2 H T LS MoK 86% & 720 | &
UMIEEC ACh 2 0 b8 5 2 L3 T& e, 2Dk b ACh #fHlfEIZ isoAR & ALE L
le& A, BRZGEAZ Gt M ACh MREDORIENZ AR 23HE L, MlafEENFHE SNz, U
EXY, ABAY I~ —§F%t M ACh HiRIEEET L OMEITKI L, Z OMFREIEEICIT AR
DMK A PG5 2 &2 L L7,

2) Bacopa monniera T T X X & V72 AB fE & MRS FLEW DERR B L O DOmd{R#E
YER DfENT & BORMERIAL T RIERRARIZ L 5 A O

iSOAPp M OAERL L 72 AP BHER A A ST 7 7 n— A E—X &V, JeATHFZE T AD &
TN AMND AR EAE WD SH D Z &R STV D N—T Bacopa monniera D45 A
M=% 2006 A BEERICH & T 2 IR TLaWZ K LT & 2 A, plantainoside B % [Fl & L
7o B 1 ETHELL AR AU I~—#%t b ACh #RIEEET V& AWIITIc L v |
plantainoside B 7% AP Ol # i ~DHE Z 55 S & TR REEMN 2R3 2 L b oo Tz,
S 51T, plantainoside B 1T isoAp ALEIZ K DA ~D Ca* i AFB LI b= NI 7 EEE
NOIK T 2 A BAZIH U7-, TR 2T AR OEEHEIZ kT 5 plantainoside B O 1E F & fi#AT L
72L& Z A, thioflavin T, I T-MNBEMEIR O NNy = 2 X T 0 v T 4V ZIRIC X DRITICE
VT, plantainoside B IXBAZE 72 AR MEEEMIHIEA 278 Uiz, — 07, BGHERIAICHE 21 2 15
L 7= plantainoside B % AP #EE{K & {25 LT blue native ANV 727 U L7 I RV TCREM L
& A 5~60 BEARD APEFERLCAR 7 4 7 U LISFAET DALE IRV RED R S T,
F7-. M ABEEZ~T AD £ 7 /L~ U 2O [Y) I 1 FEG# plantainoside B % 4L L 7= #&
R, BAER < T X L HANROBSTEER R S o, &BIC, B AGEREER I TR AR~
T ADOBRHEREET LT 2 A, MRNA~D isoAp 52X 0 BHERENIK T L,
plantainoside B |Z% O T2 #3252 b iro7z, LLEX V| plantainoside B (% AR 7 «
T I NEEERICAY Av—I2bHEE L, Ap OREESCHIIRR E~DOHAE Z#Hl L Tk b ACh
MRARET DL, SHIC, ABREICRVFEINZ~ U ZAORIEREREZWET 5 2
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7oA ) I~ —~OFEEME AR DB A~ DHE TN L D MRRAGEEN. 75T
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IIMEI A CTH AR ERHTE D Z b o 72, AD ORISR A - BTG O M) R S
DRI AWTRIZ. ZH (Ap EROMH) Link (RsHlareig) ZFFFZHE S AD 12t
9% theranostics BAFE D FJREME A RIZ L TR Y ( EOFBIR DO B & 705 Z LIRS D,
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Aina Fukuda, Souichi Nakashima, Yoshimi Oda, Kaneyasu Nishimura, Hidekazu Kawashima,
Hiroyuki Kimura, Takashi Ohgita, Eri Kawashita, Keiichi Ishihara, Aoi Hanaki, Mizuki
Okazaki, Erika Matsuda, Yui Tanaka, Seikou Nakamura, Takahiro Matsumoto, Satoshi Akiba,
Hiroyuki Saito, Hisashi Matsuda, Kazuyuki Takata. Plantainoside B in Bacopa monniera binds
to AP aggregates attenuating neuronal damage and memory deficits induced by AB. Biol. Pharm.
Bull. 2023, 46, 320-333. [ 1 &, 52 &)
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ANOVA
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ATP
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Blue Native-PAGE
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EtOAc
FBS
FDA
GABA
HPLC
HRP
LC/MS
LDH
MS
MeCN
MeOH
N
NEAA
NMDA
NMR
PBS
PFA
PVDF
Plant. B
RI

L-ascorbic acid

acetylcholinergic

Alzheimer’s disease

analysis of variance

amyloid precursor protein
adenosine 5’-triphosphate

amyloid

Bacopa monniera

blood brain barrier

brain-derived neurotrophic factor
blue native-polyacrylamide gel electrophoresis
acetic acid

carbon dioxide

choline acetyltransferase

dimethy] sulfoxide

essential 6
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fetal bovine serum

food and drug administration
y-amino butyric acid
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liquid chromatography-mass spectrometry
lactate dehydrogenase
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nuclear magnetic resonance
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hiPS

iSOAB

reactive oxygen species

small mothers against decapentaplegic

sonic hedgehog signal
N-2[(4-maleimidomethyl)cyclohexylcarbonyloxy]sulfosuccinimide
trifluoroacetic acid

thioflavin T

ultraviolet

human induced pluripotent stem

26-0-acyl is0APi-42






R TIEmEm LD R20RICHEA TEB Y | FRICATITHA T mlmbR08mu, 2020 F12i%
HABRADD S 6 65 LA EOEEE 13 28.6%% d5 8 T =23, 30 44 D 2050 F121% 37.7%
CHESEREINTEY A% ETETEBEOFGOWEMN THEIND, D TV g <
—J# (Alzheimer’s disease; AD) (%, #5170 EDFERZ R & LIFRAYED 1 > TH D | 5850
JERED I L 6 BILL L& HD MR EMRBTH S, 2D AD TIIIENHRRKD Y A7 LEZ
SRTEY ., 2050 21X 700 TR S EHEE SN TN D, +D)

AD X, 73vA KB X 37 (amyloid B; AB) 2SHMPN DOFRREHIIIAMCERE T 5 2 &2
FHRBIEDF EETHDHEEZLN TS, Ap BNERT D 2 & T SN D REMEDEHEE
DENBETH Y . AD ] TH LA D FHERIRIRBEFT D 1 D ThH D, D AP DEFENE - )
FERY . WENC Y VLI NTE X T X R DRI NS R L TR R L A
FlERZ L, MRBLIEIC L DMOZEHENA U T AD FENEHR SN D L W) —HEDfinz T
I8A RIART— REGELE WD, AD BIERT & L TR TR RIS T D, 9 2ok
MAEEIZAREX—F v b Lic ADEERHOMAENED N Tz, " ZOH T, AD &
FEWT AP RS FRESE () d~—) BAONY, ZDO AR AV I~v—N T S AEEL
AT S, AD BIEICHELSBEET 22 0) A AV I~— G B EIND Lok o 7=
(Schemal), ¥ ZDA =X LD—>L LT, ABAY I~ —2 Ml b CREALEZFR L, M
FEPIC Ca* Z RN IEA S, MW OMEFE MEZHE S & ClllaEE 25 R 232 LA
HEIRTWE, W E EEEESN ABA Y Sv—% 5T ApEEERE Y —F v FE L
PLAB PUE (L x~7) OEKRERTIZ. AD BE DN AP DD & BIERER E Dok
DR S G, 2192023 #4277 A U B D Food and Drug Administration (FDA) L VD AD JG#E3K & L
THARINTND, 29 L7e#lEND S AD RFEERBICBWT AR AV I~ —NEER ¥
—Ty R 9D ENEZILND,

—J7. MMORIMEEESICIX, SREOALE ., RS ICEHS 27 eFra )
(acetylcholine; ACh) {FE)EAMRE (ACh #1f%) ORIBAEAEIE L TRV | RKIMAIICZ Ollisk %
B LTS, WACh 1T, #REONER T2 U > & 7B F /L CoA ZIFEHT, AEEETH D 2
Vo T7R®F I hT AT 2T —F (ChAT) 2LV ARSI D MBIEEME TH Y . LB
I REZEEIZ R LTWD, UL, AD BHE O CTIXATMIEETT D ACh FHEE S F4
MOHPE L TNDZ ERRESNTEY, 51T ChAT {FELIKFLTWD, 319 ZoFE
25, ACh Oy UMK T SFEBAEEE I B % RIET L B 2 L, ACh KZ2% AD RIED Ui &
HOLT5a) MG HIRE SN TS (Schema 2), BUIERFKIGH ST 5 AD IREIRD
TifiE. ACh B ERTHD RV, BT X230 URRFZI 00 3 FET
B T T AMRO ACh EE DR EOMR A BRI E Lz, 2 U ARGUZE S IERETH
5o LL, T b ORFIEITERICH T DRHERIETH L7720, 2hRIT—KHITHY . +
IR ENRAEGD ZEDNH LV, 2D X DT AD I D X D IRARRIGERIENLE L S
ncTns,



Amyloid cascade hypothesis
Amyloid B peptide (AB) o
accumulation i AP oligomer hypothesis

* ! AB Oligomer Fibril
Al L monomer g
> e o e 00 O e—

a - o :5 ’5_2:

I;
Senile plaque
tangle

Neurcdegeneration

i 1
Neurofibrillary i T“:\&\ :
E 4-&\}5,:.‘

Cerebral atrophy

Alzheimer's disease (AD)

Schema 1. Amyloid cascade hypothesis and A oligomer hypothesis

The amyloid cascade hypothesis is one of the leading hypotheses for the pathogenesis of AD. It is
believed that the accumulation of AP in the brain triggers the formation of senile plaques and neuronal
cell death associated with neurofibrillary tangles that lead to the onset of AD. The oligomer hypothesis

is also known and states that AP oligomers are particularly neurotoxic among A} species.

Choline hypothesis

Choline + Acetyl-CoA Basal forebrain

l Choline

acetyltransferase * 2

Acetylcholinel Cholinergic neuron

£

AD patient’s
cholinergic neurons

p Memory
@ disfunction

Neurologic deficit

Schema 2. Choline hypothesis
In the basal forebrain, cholinergic neuron cell bodies are clustered in the basal forebrain, which
project to the cerebrum and are involved in memory formation, etc. It is known that cholinergic neurons

are shed from an early stage in AD patient brains, and the choline hypothesis has been proposed.



AD OIRENR KR EE 2 DIX, AD OERRIERITIF BB LA D E -8 LT 6B b
7D ThHDH, T b, AD OEFKRIERDBLIL DK 20 a1 5NN TIE AR 23ERE S iR
THEY ., 20/ 10 FE 0 HHRRFERHEL(L-CHRHIE N Z D iid 5 LB X LT D,
M ZDZ LG BIED AD IRED X 9 ICHRRIER DB T BIREEOZR G 2FIH L T,
T TITAN T O AR ZRECMPSHAEEIX 10 0L BB AN E - THB Y | JEROBEIESUE %
METHZEFHLNENILDOTHD, 29 LEREBE L, kRO AD 1HHRHERHIC
1T, FRAVERER S R S5 L0 S RN TO AR ERiA M L CEALZIH L, #heR A SE
ERHSHENDH D, ZORITBWT, ABEHEDHIHIEME CTH » Mtk EEZ2 T L &and
AB AV I~v—%HF—F v hETHZ LT, AD O L VIRAR IR 2 H 5 3% BUE iRk
(disease-modifying therapies; DMTs) DOBAFIZ O N D EE X HND,

iR X 91z, AD @ DMTs BIFIZBWT AR A Y I~ —ite 2 U UG D RRGFER 3
BRoR A2 T AT ISR II A TH D, L L, T D& 9 2 FERENFIE O SEhE (2 134k & 72
BNHFIEL TS, AR AU F~—IiF, A OHER (£/~v—) NEEL TED TEELK
(7 4 7 V) BT DB RIS S LD AB BEEERTH D, ' ZO—RHNIZEK S
o A AV I~ —IC XD MREEER OMNTIL, AR Z2EEEE AR RS 2 EZRIES S
EINRKEL, BEEPREE > TS, £72, ACh 2 1I U &35 Mkl
AFIERENTH Y, EBEIZE MRIKE AW ETIIRE S OB FE M TE 5O TIdk
W, 9 L7ETERND ., AD OIRIERGL & LT Ap AU I~ — (i =2 U AR ORGE
IARFTHREZAHY | ETARGITRZE LIZIBREOBR LR E R b DL R> T, =
S ORI EZ RS 25 72 DIARHFSE Tld, 26-0-acyl isoAP (isoAP) 3Lk b AL ZHEM:#
(human induced pluripotent stem; hiPS) Hifd % 7=,

is0AB I, 7 X/ BORLAHIHIZ O-acyl fEiEZ A L TWD, BBESM T TIZZ D O-acyl ff
ADHERF SN D T2 ONAREEE L 72 0 | isoAP 1X AP DUEERENTH D p o — MEEEZ KT S
ZENTET, B/~ —HBELHERFT 5, P2 —F T, isoAB ZHMESMFICESHZ D &, O-
acyl fFEEITMEFF ST, 7 X REEGICEB SN D, THUT LV AR ITekO—kiEiE L 72 0 |
BI— MEEZEHK L CEBELBIMGT D, ZOX I, B pH K2 EHT5 2L T AB
DUFERIAZHIET 2 Z E N ARETH D, T700b5, isoAp Ml ~MLET HZ & T, ZhE
THlE O AR TITIAMNKRECH -T2 A AV I~ —ZMIEITHIZICLE T D Z ENFIRE L 722
0. Ap AV I~—Z X HMEEEOFMICHERAEREWEEZBNRD,



hiPS fifdix, & R OEHIIRIZEFED 4 SDOBBTEHEAT LI LT, BNOZE Y =3
T4 v 7B EOEME L, BE, ARNOITE A SOOI oL TE B EREM A 5 L2/
faTdh b, 2 hiPS ML, IR HIE LD IMPEE (embryonic stem; ES) fifc & 13 5 7q
D, & FNOEMRNOIERTE L Z LG, i - BRI ~OIS RIS % E
T, SEIEMHEMRMENRRTE S, S 5IC, BOMEZFAWT hiPS #ifaz ER L,
HEOE T 2IBICET D 2 ENARETH D720, T E CHREEHSSENREE 25 T
XTMEBHIREICB N TH, REFAZ MR TH L Z ERPFIfEINTWD, £, 0%
REPED B Ak 2 7R BB JR AR O &4, 2V AD 1B D ZEEIkIC VT L MR T
DEH YO 7 a7 U T & iPS HilE DLEE L CE O & 2RI 572072 ST A
ENTW5, 22 JETIE, BN DO ACh MFEA~DO BRI OV T HMENH Y |
B30KiPS AL S LEEE L7z ACh iR E WA Z LT, ZNETEITORETH -2
N ACh ##% & JHV /= AD OJRREIRITCIR RIEBRFEMT FEIC R & IR 2 & 72 & 3 RTREME 2N HIAF
b,

ARFFROE 1 FETIE, AP A Y T~ —FUT SR Z Y T, isoAR & FV TREFRN 22 BRI
bzt I~v—JEREHMi L, AB AU I~—& AR 7 1 7 UL OHIfaFEENEZ L L
Too Flo, 2V AGRIZHZEE L, hiPS HElED O RIMEL AL E T 5 ACh Mk ~D (b
MBI LT-, S 51T hiPS fiEH & ACh #FEIZ isoAp ZALET HZ & T, AR A
U I — (B L2 U ARG OFER % B8 L7 E T T L 2R L T2 olF &
Mt L7=,

52 ETIL, isoAR M OAERI L7 AR AV I~—0EBER Ap HEREE Y7y —A Y
—RIHEA L, A= A LIRAE T2 2L T, AP AV I~—ICfiatt 2 R~ Ky +bd
MERR LT, IHIHELNT A FEAETEIRS TALEW OMRIREERIZOWTE 1| B TH
KL ABAY I~—F% e b ACh R EEET LA HWTHIT L7, b2, ZOKS 1
bW D ISP RN T AR A 2 IO T AP & DFEATE S~ 7 A i ETo Ap DR HIZS
WNTRRRT L 72,



E1E APA) Iv—(FHBL O ) RO A HIE L2t & ACh #REEET LD
WL L AR AV T~ —IC L B AR REREE BT ORAT
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BN ETL AR BN T, BADIZED D 65 MLl Lo @ lE OEIA1E 2020 4Tl 4
NZ 1T ATHDLDOIZK LT, 2050 FiE 3 AT AERDZ ERfEESN TN D, Y Fie,
ZOHFEOLE, NMEGERRKOEBRIEY A7 L35 AD BEROEMLHEE STV,
SAD FIEFEFIZ DN T, N AR EREDNTRIEER DS & ThH L T5T7 I v A R R —
RAGEL © BIRE S, ZOFTYH AR A Y I~ — IRV REE 2 R ) 4 ) I
—EAER ST D, Y

AB I, BHEEOEWILVE v—, FV I~v— T4 T U ERE L IFBEITHTTD
b, ABA Y T~—|T X 5IT, 53 F&ED 50kDa LA D AB-derived diffusible ligands (ADDLs),
D15 - 20D AR 23EEEE L7247 15725 90 kDa LA F @ AP oligomers (ABOs) *? 33 L OV - &)
200 kDa F2E D AR SRS HEHEIRICER L7270 b7 0 7Y 3D 2 b Tnsg, =
NHD AR A Y A~ — IR EEZ R T VD R Z2oHRTHL T e b7 4 T U LDBRRTERORRRE
BEEZRTZENMEINTND, D LR~ T X, ZOAB TR b7 4 T U LEERE L
HARIFICTH Y, B AD BE ARG L LR 3 MERBRICH VT, R EEDIK T %
I 27T% I+ 5 Z VR EN 12 2023 4EI2T7 A U FDA K 0 #HL AD 1558 & L TKR
SN, ZOXIIT, FETHE, AV I — (RO EM T &5 2152 BRSO R b W
X, AD [ZBITHHE/D DMTs BIRICHB W T AR A I~—0NEEREN EE X LT
Ho M LivL, BIRFRTH AR AV I~ —IZ X D3R e ppRBEEHFF > AD FAEMS T 37 B
SN TV,

ZOFY) A —RRERGET DI2HT20 | ka2 A AV I~ —OFRETGIENRRE S
T&7, ¥ LovL, ZiuH o HPLC RO A% S V2 7151, 7V OfIR, BE)
FOBRN, 71T LASDZ 37 EOWRERTENCE T D/ &, FEAZRMBER1Z <
ZHIF o, MEBROFBRMENRSEINTEZ, 2 Ladsky, 4V I~ — KO ML
oF O ERT O ST, SEOEERT AP 4V I~ —& {4 5 HIEN
MELZZ BND, isoAB X, 7 XV BBEHIF D257 ) >k 26 itk U 208 N-amide #i& &
TlE72 < O-acyl FEATHREA LT D, 2D Trifluoroacetic acid (TFA) 72 & OFRMES: T Tl
iSOAP D 26 L7 X/ B N-H $4{ & BRPEL A0S BEAER 212 Z 9772, N-H 8523 KBRS At
BARE L COMEZRES L 10D, ZOFER, isoAB 1 O-acyl #5414 - T IREE THERF S,
ABTLRDT I A ~EEHINT, R B — MEENER CTE A RV EELEZ
R, T, FHESME T T isoAB @ O-acyl FiAHERHZME < BRMAL AWM FEE LRV
B N-H#HBKFREAMEARE L TOME AR L, O-acyl #5475 N-amide fE S ICE#L S D,
ZORISIZ LD | isoABIFILHKD AR (AR AB) LR —O—MEEERY, B — MEEL
TR U CHREEZBItAT 5, Z DX 91T isoAP IE., IREED pH 12 L 0 BEHE OB R ZHE4 5 =
ETCHBME BG4 Y I~—BRNATRE/R AR TH Y . TOFHR Y | isoAR DG K E
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TFA CTHET 2 0O fER D TH 5,

LB OB B 57 2 BN LR EZ ) b KN IRIC BT 35 ACh ##RI%, AD FJE
FHEIVEEZZTLZERMBNTED, ZOREA T 5 ACh OFEEN AD OFRAIFEHRERE
ErEHTEHT LN ) AGRMEE SN TS, BOZ oG ZFEAT 57202l B b
ACh 1% % W RGERIC L 2 BT ZE N LB T D, Lv L, BEx fkn sty hU—7
ZIEMR L TOWDINHICEN T, FEDOE MRSz AFT2 Z LIIREETH D, £Dw,
AR AU I~—& ACh DB EMEIZ OV CREMIZ A TH 5, hiPS Hilaix, KNDITZE A
EDORBEA~DEFFEENFEETH D . hiPS HifeZ H\ 5 Z & Tk MMfAla~D /b FIEE
Th 5, I, hiPS M & B A AFET D ACh M~ LI EFIE b ST
W5, B30 UL, ZhETOMEFHEEIETIE, Kob7e hiPS MR ORI E I~ 7 A H
KDT7 4 —=F =l L TRy, SMEFERCH R OMI~D BN TH D5~ 7 A
JEDOBADBRESIND, ™ £, ACh MRE~OGLFERIZIZY a2 B F v hE XU
MEA SN TEY, S oz a v FERD O HMEFEOREEICBRENEDS, ¥ 20
Loz, DB EOFHENECHME O EV Y ACh #ifk % hiPS AL BRI LA E S 5 )5
FEIZOWT S BITHRFTT O 0ERH D,

AREETIL, AD JRREHET ORI BRI D A 7 ) — = ZIC b TE 2 ABA Y =
v — KB L2 AGROFEH A2 B L, & M ACh MR IEEET T L OME LR Lz, K
BREHZIB W T, ZEMe AR AV I~ —aAZ HRJIZ isoAB & EBRICH Wz, £7o, HEMES
R D WAL EE O ACh #it 2 /0bihiE T 5 2 & 2 AMIC, Kok72 hiPS #ifldz ~7 ¢
—H =7 U —BREE T TR L, Var ety NE T BEIZE b TEEE v
DT i i AbiB S AR Us, T h . hiPS D DAL~ DO FFE 21 TR O
small mothers against decapentaplegic (SMAD) [HE#| (Dual SMAD BHEE) &2 Hu, ZDOH D
A ESIEEES D ACh MR~ OFFEIZ I, T84 DO IE 2 FHEi 7 5 sonichedgehog 7 F/Lif%
HEOIEMEALA & Atk 2 FHET 9% Wnt/B-catenin > 7 T VIR OILER 2 L7z, S BIZ,
FEFHFE L72 B N ACh #ffRIC isoAB ZMLETHZ LT, ABA Y I~—I2X bt ~ ACh ffif%
R T L OGS MR LT,



1-2. S2BRJ51k

1-2-1. #EfasE %

b IR E SH-SYSY Ml (ATCC, Manassas. VA, USA) (%, 1.0x 10*cells/well &
25X, 10em ¥ — L ETHEL, 5 BB U7z, MlaMER ISR L7285,
Eagle’s minimum essential medium (Fujifilm Wako Chemicals, Kfx, HA) & Ham’s F-12 (Fujifilm
Wako Chemicals) % %5 & (Z{RA L 72 ARSI, 100 units/mL <=3V >3 LTV 100 pg/mL A

L7 h~ A 2 (Fujifilm Wako Chemicals), FEHZHT I B2 (non-essential amino acids
solution; NEAA; Fujifilm Wako Chemicals), 200 mM L-7 /L% X >~ (Fujifilm Wako Chemicals) 33
X N15% 7 R IMIE (fetal bovine serum; FBS; Fujifilm Wako Chemicals) (2725 & 5 (ZFHEL L |
5%C0,, 3TCOBREE FICBWTHEE LT,

hiPS fifEiX, & & 2> L iMatrix-511 silk (Nippi. HAEL, HA) Ta—7 1 7 L7z 6 well
ZL— MZ, 15 x 10%cells/well (2722 KO ITHEFREL, 74 —&—7 U — (7 4 —X—Hiladk
TFAET) THEE U7, ZEEEZHIIL, essential 8 (E8; Thermo Fisher Scientific, Waltham, MA, USA)
E L, MCWIH DA 10 pM Y-27632 A0z, 2 B BURRITE Y BR\ =, B5iAs#d e B 30
L. AR OMEFEI S U CH MO B2 280 UTe, ARS8 THU - hiPS #ifE (1231A3 £%) D 1%,
RIKEN Bioresource Research Center (3L, HA) LV Rtz DZEEH L7, 72, A hiPS
MO BTz 0 | AP R EMEZ A2 OFGBEZETEY (K& 5 20-18-26), TA
ZxtG b T HEFRMRICE T D mEtast CUHEI A, BEATEE. SEAk26 412 A 22 A
HIE, SR 29 422 A 28 A —HBekiE)) 38 X OME NG s ORGEICEI T D 1EME (CFRk 15 FFIEEEH
57 7)) &SP L CHE LTz,

1-2-2. hiPS #ifE & 7= AT EL B ACh R~ 73tk 8

hiPS #ifiEl %2 iMatrix-511 silk T2 —7 4 > 7 L7= 6 well 7' L — ~Z, 5.0 x 10° cells/well (2
7B X OITHRME L, 2 HIF 10 uM Y-27632 35 X OY 100 units/mL ~=X=/Y > 35 KX OV 100 pg/mL A
T h~A G B8 THR LT, /b iEBisa4 0 H A & L SEiEES 2 100 units/mL
NR=v U B 100 pg/mL A F L7 h~<A >, NEAA. GlutaMAX (Fujifilm Wako
Chemicals), 3 X TN 100 pM 2- AV 7 b =% ) — VIEEHE (Fujifilm Wako Chemicals) % & €9
essential 6 (E6; Thermo Fisher Scientific) (2288 L7z, hiPS HEf@> & O RIiAMESEET ACh g
Ja~DoEFAF I T, T BEHICH D Dual SMAD BHEVE ) 24 L. SMADI1/5/9 [l
HCTH 5 LDN193189 (Sellck Chemicals, Houston, TX, USA) I Xk O SMAD2/3 BHEZK A83-01
(Fujifilm Wako Chemicals) % F\ T hiPS Ml ZMRIEZR~FFE L 72, I 61T, MO NEHE O
i % sonic hedgehog signal (shh) 27 F /L DIEMEALAITH % purmorphamine (Sellck Chemicals)
IZE V., ESHITMOFTHREIOFETIX Wnt/B-catenin > 7 TV OILERITH D XAVI39 (Sellck
Chemicals) Z VTN L, RIMESEE ORI~ & FHE L 7=,

IMEFEE 0 H HIiX, JEEERHIZ 10 pM Y-27632, 200 nM LDN193189, 500 nM A83-01, 2
uM XAV939 ZiEA L TRl ~4LiE L7=, 1 uM purmorphamine |3/3LFFE 1 HEH ML
72o 10 pM Y-27632, 500nM A83-01 (ZZ LNtk 3 HE, 6 HHNHED BRu Mz, HhAE
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EeiCdh D B6 1XLiFE S HED 11 HBIZHT T, R4 12, B27 supplement vitamin A
minus (Thermo Fisher Scientific), GlutaMAX . 100 units/mL <=3V T 100 pg/mL A bk
L7 h~A > %ETe neurobasal medium (Thermo Fisher Scientific) |Z&E & #i% 7=, /3bLihE
11 H H2>51%. neurobasal medium % JEAfEEZHI & L, 200 nM LDN193189 & 2 uM XAV939 %
Z CHIfa~LE U7, Z0{b#5E 16 H HIZIX. TrypLE (Thermo Fisher Scientific) % L& L T 5
SDE3TCORE T THEL, 7L — MO RIEE L7, FIBE L 7ZMfEIEL. neurobasal medium (T
L. 1,300 rpm C 3 ZpfiEaO L TR L7, & 52U, poly-L-ornithine hydrobromide
(Sigma-Aldrich, St. Louis, MO, USA). iMatrix silk 511, 1 pg/mL fibronectin (Fujifilm Wako
Chemicals) T —7 (7 L7284 7 L— MZ. 1.0 x 10° cells/well (272 5 X 9 (2 HfR % £&HE
L7z, & DOFF, JEAEREH & L T neurobasal medium (Z 100 units/mL <=3V >33 LTV 100 pg/mL
ARV h~ATr, 10 M Y-27632 ZVRfiE L=t O & L=, 2{LiFE 16 H B O3Bl
GK F- & fEAT T D 72 6O O SR e MR Y e I Y L 7o fERRIC 1T, ZRAEER HLlZ 200 nM
LDN193189 & 2 uM XAV939 #{FfiE L7- b D& ME L, — 5 CofbiFE Lo fiflaZz il & &
DAL, FEMERFHIZ 5 uM SU5402 (Sellck Chemicals), 1 pM PD0325901 (Sellck Chemicals).,
200 uM L-ascorbic acid (AA; Sigma-Aldrich), 10 pM DAPT (Sellck Chemicals), 20 ng/mL brain-
derived neurotrophic factor (BDNF; Peprotech, Rocky Hill, NJ, USA), X' 10uM Y-27632 %
IR LT b DERER LT, O 8iAcd, b8 1S BEETIXEH, 16 HELMIZ3 -4
HE Z &2 50 L7,

1-2-3. AB i & EREE 2R

Native (B A7) ABra2 13 A AKX human AR JEBRYE (AnaSpec, SanJose, CA, USA) %, Ca**
B IO Mg* % EH L 720 phosphate buffered saline [PBS (-)] TI&f# L 7=, isoAP (Peptide Institute
Inc.. KPR, BA) (X, 3E L7z @ik z VT 0.1%I2 785 L 72 TFA (Fujifilm Wako Chemicals)
TR L, 4°C, 20,000 x g T 1 R0 Lz, 0%, EiFZBEIL L, micro volume
spectrophotometer (NanoPhotometer NP80; Implen, Germany) (ZC 280 nm DU % HIE L T
IREZ RO T, FHRL 72 150 uM isoAB (T FBRICH 95 £ T, —80°CTHltfis L THRAF LT,

iISOAR DHESAE NITIIT D RERF A 22 B FE O AT I, 1%FBS % & Tr SH-SYSY ffifia o K
RS 2 FV T 380 L 7=, isoAB & 551t % Protein LoBind Tubes (Eppendoorf, Hamburg, Germany)
N THRAEDIRED 6 uM (2725 K O ICFRI L, 37CTH#E L T, SRS 7L 2RI L
7o

1-2-4. Blue native-polyacrylamide gel electrophoresis |Z & 5 AP DEEEMEHT

iSOAB D FYESME NI 1T 2 RRIFH 72 BE4E DR HT1Z . Blue native-polyacrylamide gel
electrophoresis (Blue Native-PAGE) |2 T5/i L 72, Blue Native-PAGE %, X ® sodium dodecyl
sulfate (SDS)-PAGE & 720 & L /X7 H OZEMAEM 3590 Coomassie brilliant blue Z %
LT, BEROEMEE ST XNV EERERTLHZENTES, P HoLDEES
72 AB % 4 f5R £ ® NativePAGE Sample Buffer (Thermo Fisher Scientific) & RS W72, [A
X L 72> 7 Vi, 4 - 16% Bis-Tris mini protein gel (Thermo Fisher Scientific) % H V> T&E&IK
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L, BEAROKE ST EICHBELT, EXUKEI%. polyvinylidene difluoride (PVDF) A > 7
L AZERG LTz, PVDF A 7 L 3, #55.9% 0.05% Tween-20 % 1 €6 25 mM tris aminomethane
& 0.15MNaCl DIEAEWK (TBST) T L, HUARDOIEFR R RFS 2 HE T 57290, Bullet
Blocking One for Western blotting (77 7 A 7 X7 | F#, AA) & 5 50 E LTz, —kREUEK
I% Bullet Immunoreaction Buffer (77 7 A 7 A7) T L 791 AB HLiK (clone 6E10; 1:2,000;
Biolegend, SanDiego, CA, USA) % 4°CC—Bti & ¥ 7=, TBST THEFE. 2 KFifAE LT
Bullet Immunoreaction Buffer (777 7 A 7 A7) THj# L 7= horseradish peroxidase (HRP)-linked
secondary antibody against mouse IgG (1:2,000) % 30 4] =i CTALE L, TBST Ty L7z, A
¥ RO X, Chemi Lumi One Super (7% 7 A4 7 A7) Z M, lumino-image analyzer
(ImageQuant LAS500 system; GE Healthcare Life Science, Pittsburgh, PA, USA) (2L DL
7o

1-2-5. is0AB |2 X 2 Ml fu 3 O AT

iSOAB (= K 2 M E & 9 5 7=, SH-SYSY fifnds X O hiPS #lla sk ACh fif %
FHVT WST-8 assay 35 &L U8 LDH assay #1772, 96 well 7' L — MZ SH-SYSY ffifid % 3.0 x 10°
cells/well THERE L. 5%CO,. 37°COEREL M2 T 7 A#ES# L7z, hiPS flifid 1ok ACh #if%
%, MEBE 16 H B OMEZ 1.5 x 10° cells/well #EFE L, 8 - 12 Hf#EZE L7z, isoAp ZALE
T HERNT, MO AR Z Il 5 72 SH-SYSY Aija sz 15%FBS & A s &
1%FBS & A SRR U B X # 2 72, hiPS MLk ACh MfRIE, SHrfiE 72 B OB it A2 R
L72o AB(1-6 uM) ZAL[E L 7214 48 FE[E. 5%CO0,, 37°COEREE T T L7, 48 FF#. WST-
8 assay (23T AR EGHIEFRIL CTo D Cell Count Reagent SF (74T A 7 A7) ZAULE L,
5%CO0,, 37°COBREL F T L, 2 BRI 450 nm O % HlE L7z, LDH assay /% LDH
cytotoxicity assay kit (7" 7 A 7 A7) Mz, ERIFEIZ it IZEHEEN T HaEICHE-
THEE L7z, isoAp & 4LiE L7=#fEiZ 100 puL/well Substrate Solution 1%, =R CHlE L T
20 rERiE L7z, T Dk, 50 pL/well Stop Solution Z 12, 450 nm DOWL Y % HIE L7-, LDH
assay (Z331F 5 control & LT, kit (25 £ T 5 lysate regent (Triton X-100) “CHfifid 2 @l fiE <
H7-#E% high control & L, Z @ control #f & e U 7= BEOMIAMEER 2 HH Lz,

1-2-6. Sz Al gL,

SH-SYSY % 35mm 57 AR M AT v o (M. KBk, BA) 12, hiPS Hifd
Rk ACh HIfRIZ~ VT 7 = VT AR b AT v T a2 (RRIERF) IR L, 5%C0,, 37CD
BREE FIZIWTHEEE L7z, PBS (-)C 3 [P L7-t%. 4%paraformaldehyde (PFA) % AL L |
4°CC 30 7rflEfE Lo, FRE PBS(-) T3 [EIPEH L. 0.1%Triton X & 47 PBS (PBST) % ALiE L
T, 10 IR CHE Lz, DL FO—RPUEZMEH LT 5% NG &4 PBST CiafiE L,
ol ~ALE LT 4°C T e S8 72, —RPUk L LT, =7 251 A Hifk (clone 6E10; 1:500).,
7B ML NKX2.1 HUA (1:500; Abcam, Cambrige. UK). 7t v hHi FOXG1 HUA (1:500;
Abcam), 7 £~ ML LHXS8 Hif& (1:200; Thermo Fisher Scientific), ~ 7 A Ht ISLET-1 Hitf& (1:500;
Abcam), ~ 7 AHt MAP2 Hi{K (1:500; Sigma-Aldrich), 7% H1 MAP2 $iti& (1:500; Abcam),
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¥ ¥ $L ChAT HU{K (1:250; Merck Millipore, Darmstadt, Germany) % f\ 7=, —kHuiRix, PBST
ZRWTIHR L, SR T 2 FERIMIlE & BOG S 872, ZIRPUA L LT, Alexad88 Ik i~
7 AHUA (1:500; Thermo Fisher Scientific), Alexa555 #%Eak & "L~ 7 AHLA (1:500; Thermo
Fisher Scientific), Alexa647 {5k 2 /\FL~ 7 ZAHL{K (1:500; Thermo Fisher Scientific), Alexa488
Sk 0 NPLT By R (1:500; Thermo Fisher Scientific), Alexa555 #ik B 7 ¥ MUk
(1:500; Thermo Fisher Scientific), Alexa647 ik =2 /NHL7 ¥ > M HLIA (1:500; Thermo Fisher
Scientific), Alexa555 £k F % > HU-¥ FHLA (1:500; Thermo Fisher Scientific), Alexad88 15k &
INPLF U BUR (1:500; Thermo Fisher Scientific) % 7z, FIZE ¥ F-actin O & LT
rhodamine-phalloidin (1:3,000; Thermo Fisher Scientific), & &2 DOFEGK & L T Hoechst33342
(1:4,000; Thermo Fisher Scientific) % VYT, ZIRPUALERFIC [RIFFICALE LTz, a0t WE X
A S L — Y —BAMEL (LSMS800; Carl Zeiss, Oberkochen, Germany) % FWCTHEIZ L 7=,

1-2-7. B4R

FRIOBEBRREZR T A I~—NEERAR &, BESETT7 4 7TV ANREER ABIZ
£ % SH-SYSY MfuRm ~DHeg L, HEA L —V—BAMEE (LSM800) Ty LIEB % &
Lz, HEEfENT Y 7 K (Photoshop version 22.2.0.; Adobe, San Jose, CA. USA) % F\THENT
L7z, 9725, rhodamine-phalloidin (F-actin) Dt Y23 RS C & 2 fEK O S & FavE & L 7-BF
. AB & rhodamine-phalloidin 28 JTES 2 DA DOEIG 2 HH U7, Wi 1 FEErb 7o
D 1AL DOEHg ZfEST L, CFEMEZ RN L TR L 7,

hiPS il /il 1 >k ACh #1073 (L% B 35 1T 2 BIEHABA 7 O S BUAAT I3, AR R L —F —
BEMMER (LSMB00) THs L7l & LI, Bfgf#ENT Y 7 ~ (Photoshop version 22.2.0.) 12T
fENT U7z, I (Hoechst33342 FEMEMIAE) (2392  #55 A T-BMEfin sk OB & 2 FH LT,

1-2-8. HEFHAFAT

BT OEBRFEROMITIX, HEHENT Y 7 N Toh % GraphPad Prism 5 (GraphPad Software; La
Jolla, CA, USA) #fEM L THEM L7, HFONT-EBRORRIT, LI FEHERRZE (standard
error of the mean; SEM) T/~ L7z, 2 BEM D H#ZIT Student’s t M E 2 W2, 3 BELL oD b
. 0TI (analysis of variance; ANOVA) % FV T, #EIZ1X Bonferroni/Dunn % & % H
W, WHATRRE TEBRER S%LL N A M FRICAEEDNH D L HIE LT,
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1-3. SEBRGEHE

1-3-1. Native (B ) ABian % FV 72 H IR RS D fifthT

X U ¥IC, native AP (T & D AREFEE/EHIZDVW T, SH-SYSY Hilfi a2 VYT WST-8 assay
\ZTREMNT L7, WST-8 assay ISR NICAFIET DMK FERERIC L 2 LB S E IS L, 4
s 2 B E T DT CTdH 5, native ABra (1 - 9 uM) ZHLE L TH> 5 48 I D SH-SY5Y
IR D AEAFR AT LTz & 2 A, AE L7 T R COREICE W CHlfafEE S FE S e o
7= (Fig. 1),

n.s.

150 1

100 1r—

0)
o

Cell viability
(% of control)

Cont. 1 3 6 9
Native AB1-42 (UM)

Figure 1. Analysis of cytotoxicity of native APi_4.

SH-SYS5Y cells were treated with native APi4> (1 - 9 uM) for 48 h; cell viability was analyzed by the
WST-8 assay. Data represent mean = SEM (n = 3). The statistical significance of differences among
groups was determined by ANOVA with post—hoc Bonferroni’s/Dunn’s test. Control; cont., not

significant; n.s.
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1-3-2. isoAB HEEEBE & SH-SYSY flifid 2 Fi v 7= i & o bl

AR AV IAv—IZ LD MEEEET 2L, Ap A Y I~—ZiER9 L Lz AD 167k
YRR T DT OITIE, in vitro FHIRICEWT AR AV I~ —IC X A MiluEEZ BT 508
WD, 1-3-1 DFEFR LV | native ABra TITHIIEEENFE I N2 o7, ZHUX, AR AR
BUEE LT <, AR OFRBLE IS D EEDBAE L TW ATt o 5, £72, Ap A Y A~
— DN R TH Y | Mk L OBANFERF Th o7o7od, ZDREENFEI N5
TERREMELEBE X b D, TDD, ABE/ ~v—hboA U I~v—%%FE L THEML T, Mgz
RLES D Z ENARER AB Z WS Z L T AR A Y I~ —DfMafEEZHHTE 5 L& 27,
2T, ST T native AR ICEHA I AL, B v —D0 b OEMER G Z il T & 5 isoAP
FHOWCHIlaREEE AR5 L & Lz,

5e7 is0AB DHFMESAE T CTREEE A BilAR L 712 DREFFRY 72 EREE (R TE#E A Blue Native-PAGE
ZTHRIT L7- (Fig 2A). ZOFEH, #E 1 FrEI£ 12139 TIT isoAp ITEHEZ Bl L TH Y |
20-1048kDa £ TD AB A U I~ — DD R TE 7o (Fig. 2A), F£72. 3 -6 KL IZH T
T 66 -1048 kDa DEERSEENNI L, 1048kDa LA DO KX BREHERTH D 7 4 7 U AR &I
AR LTz, S HI29-72 REEZIZIL, 20 kDa D3 RA3EA L 66 - 1048 kDa 233 %
—5C, 1048 kDa LA LD 7 ¢ 7 U LRI L T2 (Fig. 2A), Z DORERENG | isoAp ITHEEE
OFERHIE S, ZELTAHY I~v—% BT D52 & bhoTo, £ 2T isoAB 1T K DA
b E e & 2195 72 8, SH-SYSY Ml isoAB Z AL L T, WST-8 assay (& CTHEHT L 7=,
ZORER, isoAB DR FEIKAFH 7 M bR A AL E % 48 IFEIIC W T, BEIMER < ZE L Tl
HXNDZ ENbooT= (Fig. 2B),

WIZ AB BHEERDEWZ X D MRS DM I #3272, SO0 COHMESET T
iSOAP A #fiE L C AR BREEMR A ERL L | §HERFH Z & 12 SH-SYSY MARIZALE L7z, & DR,
FiE RE(E] 12 IREf] & C O BESEIRALE CIXBEE 7o IR FE E 358 S L7203, 24 IR R0 72 IRfft]
PRITIERL S D BEEIR 2 JLE - 5 & IR PR E S e < 47z (Fig. 2C),

UbEaFLEDD L, isoAP BEEFEBROFMER (Fig 2A) TILFFE 9 KT 20 kDa 1T
D AB FHEMRITIHIL L TV ey, ZORERZMICLE L C b HIRES IS I (Fig
2C), F72. 66 - 1048 kDa DAY I~ —73 /03 % 24 RE[H LA CHEFERE S 23855 L7z Z & 2
5. Z ORI EIZIL 66-1048kDa D AR AV v —NERS L LTWDH Z ERRmB I,
TROAEHIX. Fukuda et al., Biol. Pharm. Bull. 2023, 46, 320-333.7» 551 L 7=,
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Figure 2. Analysis of aggregation and cytotoxicity of isoAp.

A, 1S0AP (6 uM) was incubated for 1 - 72 hour (h) at 37°C in culture medium for SH-SYSY cells; AB
aggregation was analyzed by blue native-polyacrylamide gel electrophoresis (Blue Native-PAGE) using
an anti-Ap antibody. LMW; low molecular weight, MMW; middle molecular weight, HMW; high
molecular weight. B and C, Cells were treated with isoAf (1 - 6 uM) (B) or 1 - 72 h pre-incubated A}
(6 uM) (C) for 48 h; cell viability was analyzed by the WST-8 assay. Data represent mean = SEM (B,
C; n = 3). The statistical significance of differences among groups was determined by ANOVA with
post—hoc Bonferroni’s/Dunn’s test (B and C). ***P < 0.001 vs. control (cont.). One representative

experiment is shown; similar results were obtained in three independent experiments.
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1-3-3. isoAB & & B Alflabsss & A DOZERNRITE

1-3-2 DFER LV | isoAP 12 X HHIEFEE 1L 66 - 1048 kDa @ Ap 4V I~ —03 < 5
L CWARREMEN R S L7z, £ 2 C, MAaICLE L T A O AR A Y Iv—RNEEFEIC
TERR S5 REFE D isoAP & SH-SYSY MIICALE L7=5E &, FRiiC 24 R E LT 7 4
TV AL E T AR A ALE L7255 A 1B W T, AR DJRTEIC DT i L — Y — BRI CRF
Brite, ZORE, REERLETETIX, AP DSIRESEREZE S X O ITEEICHEE L TWD
BRI HERTE T (Fig. 3A), — T, HOHN U 24 FEEHE S W72 AR 2 4LE L7-8E i,
REBEMRLEETRONT-L 57 AR LR L OBEIIMEGRTE T, BEPIZFEL TV
BRI HERR CTE 72 (Fig 3B), £ 2T, ZTNENOAEREZEHIT S AR EMlak L oBE % E
BT L7- & 2 A, REMEMRLERIZB O TIE AR 2ASHIIRE I O 70%I1I28:4E L TRV, 24
I EREE N LERE CIIE DA 36% & L2 0 BRIV T 5 2 L b7 (Fig 30),

ZORERMND ABA Y T 13T 4 TV L U CHIRRICEES LT < L 2O R,
A~ DOREEMEEZ R T Z &R STz, FilfERIE, Fukudaetal., Biol. Pharm. Bull. 2023, 46,
320-333.2 55 H L7z,
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_ _ Pre-incubated
No pre-incubation (24 h)

AB/Actin/Hoechst

-
o
o

201

AB covered area
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=

No
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Figure 3. Analysis of cell attachment of AP oligomers and fibrils.

A and B, Confocal laser scanning microscopy was performed after treatment with or without 24 h pre-
incubated isoAP. Cells were stained with antibody against A (green). Actin (cell morphology marker)
and nuclei were stained with rhodamine-phalloidin (red) or Hoechst 33342 (cyan), respectively. Scale
bars, 20 pum. C, Image analysis measured the cell surface area covered with AP (merged area with AP
and actin stained). Data represent mean = SEM (C; n =11). The statistical significance of differences

among groups was determined by Student’s t-test. ***P < 0.001 vs. no pre-incubation.
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1-3-4. hiPS a3 ACh ##E D F3 L 41k DOt

1-3-3 £ TOMNTIL, SH-SYSY iz AW THEmE L7, L Less, SH-SYSY Ak
RIbMifECTH Y . BAMIE LTOMEEZA L, 72, ACh #ft L L THRET DR T H 72
WZEMBEL DRTE M ACh iR & IXME N B2/l Thd 2 EnTHRENS, £2T
LV IEfEZ B N ACh MR OFEREMRHT & F2hi 3 2 72 912 hiPS M & ACh M & s {bifkE 4
HZEELT,

HMAILJEERZ O y-amino butyric acid (GABA) &~ EEEE L 72 SBATHFZE ¥ 22510, #&
FMREANAFAE T D RN EE IR O ACh Mk ~D/MEFFERICKZ L, 87 1 b a2 LA ERR L
7= (Fig. 4A), ZML#FE 16 HE L 24 A HICK T 2WER T L OX o3 BOFBL 4 3L 5
L — P — BRI CREAT L. RIMIRIEE ACh iR~ DFBE 4 J 1 L7z, £z, KT s 5%
IZHEHIR TR O bR ED 72, 916 H HLAREIL fibroblast growth factor L& 7% —
(FGFR) BHEHITH 5 SUS402, MAPK FHEHITH % PD0325901, = 512 y-secretase A L
D Al D53 EIZBI 5 Notch & 7 /L ZHET 5 DAPT A 4LE L7z (Fig. 4A), & DGR,
16 HEIZBWT, ¥BMORIF~— 0 —Th b FOXGI? I L OKEMEN~— T —Th D
NKX2.17%) ORBINMER TE 72 (Fig. 4B), S HIZ, ACh R OIEAE BRI OB TRl S
% ISLET-1°Y ORBL SR T X, 16 H HIZILAMNILEE D ACh #HERRTHH LA~ D F55 73 i
PR TCT&E 72 (Fig 4B), 51224 HEBIZBWTIX, NKX2.1, ISLET-1 {212 T, ACh #E D%
REME~—#H—T ACh DERBERTHLaY o TEFALINT AT 2T —E (choline
acetyltransferase; ChAT)* 3iFE I iL7- 2 & AR &7z (Fig. 4C), & HIZ, ACh RO FAE
2B 54 2B N 7- LHX8? 35 X OV ISLET-1 & ACh #fROEEENE (k) ~—H—Th D
ChAT OZ NN O GHEMIEO S % etk Tl L7z & 2 A, LHXS BEfa o &8 25.3
+7.4%, ISLET-1 FEPEMIa OEIA 1% 47.7+5.1%, ChAT BRI OEIG1E 86.6 £3.1% CTh o 7=
(Fig. 4D), LA E XV | AHF5E CHEEL L7 hiPS M@ > H ACh & ~D /M baFE FikIc L0 | #l
JEDEREA L7 ACh RN FHETE 5 Z L b o7z, Faofi i, —#F Fukuda et al., Biol.
Pharm. Bull. 2023, 46, 320-333.2> 55| L 7=,
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Figure 4. Developmental evaluation of ACh neurons derived from hiPS cells.

A, Protocol for induction of ACh neurons from hiPS cell differentiation during maturation. B and C,
Confocal laser scanning microscopy was performed during differentiation of hiPS cells toward basal
forebrain cholinergic neurons using antibodies against NKX2.1 [maker for ventral telencephalon, red in
(B) and green in (C)], FOXG1 [telencephalon, red in (B)], ISLET-1 [cholinergic neurons, red in (B) and
green in (C)], MAP2 [dendrites, white in (C)], LHX8 [cholinergic neurons, white in (B)], ChAT
[cholinergic neurons, red in (B)], and Hoechst 33342 [nuclei, blue in (C)]. Scale bars, 50 um. D, The
graph shows the rate of cells expressing cholinergic markers, such as LHXS (an early marker), ISLET-
1 (an early marker), or ChAT (a functional marker), in relation to the total number of cells (Hoechst

33342" cells). The data represent the mean + SEM (n = 3).
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1-3-5. hiPS #lfAH >k ACh #ift & W= A Y S~ —Riik L O = Y ARG OREA Z HiE L7 in
vitro MR E £ 7 /L DR
1-3-4 (2 TR U 72 hiPS Ml B3k ACh #H#EHIIE & isoAB 2 W T AB I & % Milfaka

WST-8 assay & lactate dehydrogenase (LDH) assay THEMNT L 72, isoAP Z4LE LT 48 REff & D
AMAE R E A fi#HT L 7=, Lactate dehydrogenase (LDH) assay (. FiA@HNBEE 2 52 1 F A AR AR AS Ao
T 5 Z & THIRIWNIZAAET % LDH 2SI M i S 4v 5 2 & 2RI L | Mfa b oA 4 5F
M35, ZIHD 2 OOfFNT OFER., WST-8 assay & V. AP OIEFEMAFII 72 A Az o
DHEZR T & 7= (Fig. 5A), & 512, LDH assay OFERICEWTEH, AR O EMRIFI 72 /ist
LDH O R 5 7= (Fig. 5B), LA EX V| isoAp ALEIC L - T ACh fifffEENFHE XD
2Ly, b b ACh gl 2 W e A Y e — ik LU= U ARG OFEA 2 Bf5 L
TR E T LSMEE CTE 7=, FiokERI%. Fukuda et al., Biol. Pharm. Bull. 2023, 46, 320-
333.0BbEI H LT,

A B
5 = 15- e 3 ok
S 100{= =« 52
5 = 810
& o S x
= 201 FE 5.
E S E\E
L1H]
E . i e e ¢ 0 -
8 Cont. _1 3 6 Cont. 1 3 6
AB (M) AB (M)

Figure 5. Analysis of isoAB-induced cytotoxicity using hiPS cell-derived ACh neurons.

A-B, hiPS cell derived ACh neurons were treated with isoAB (1-6 uM) for 48 h; cell viability and
cytotoxicity were analyzed by the WST-8 (A) and LDH assays (B), respectively. Data represent mean +
SEM (A, B; n = 3). The statistical significance of differences among groups was determined by ANOVA

with a post—hoc Bonferroni’s/Dunn’s test. *P < 0.05, ***P < 0.001, vs. control (Cont.).
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1-3-6. hiPS #MHH 3 ACh #R# % FIV 7= isoAP 1T & B ke & AR D22 R fE

iSOAB ALiEIZ £ 5 ACh MR EOFEM A S O IHNT T 5720, S L — VBRI
THIR DT REZL Z 5l L 72, isoAPB & ALiE L TAH>5 48 I§f#], Rhodamine-phalloidin (7Rf4) %
FAWTHIIRE# O actin ZY4ufa, L= & Z A control Bf Tl E A DMERF STV D EET D3
R TET- (Fig. 6A), — T, APALERECRBWTIEL, AP 2SRRI » THEICHE LT
W DB D3RR T 7= (Fig. 6B /£33 /0), S BT, AB WFEL TV DR O E#I1E,
control B CTH OGN E A REF S NIRRT IZEONT, MlaEENRELZ ST TV
% Z L DHMERR T E 72 (Fig. 6B /3% L),

WIZ, ACh fFEDORRIR IR KT % isoAB WLE DA fifHT L7- & Z A control F£ Tl
STWTEDIRVBRIRZGE ORI L o220 L BIEETE 72 (Fig. 6C), — 7T, isoAB LERE T,
AR DBLIRZEEITHE AT & (Fig. 6D /310 HRHD, BRIRZEE W Ak S TV D823
BTz (Fig. 6D £ b BRED, LLEOFRER LV | isoAB I X 5 ACh #RfEEIZIX, A
R AR CBRZEE ~D AR DEENIERS 535 Z L AR I, Tl R, Fukudaet
al., Biol. Pharm. Bull. 2023, 46, 320-333.2°5 5| L 7=,

20



Control AB (3 uM)

o

MAP2/AB/Hoechst

Figure 6. Neurodegenerative effects of isoAp in hiPS cells-derived ACh neurons.

A-D, Confocal laser scanning microscopy was performed using antibodies against A [green in (B) and
magenta in (D)], actin [cell morphology marker, red in (A)], and MAP2 [dendrites, green in (C) and
(D)]. Representative images of cell bodies and neurites are shown in (A) and (B) (Z-stack). Nuclei are
stained with Hoechst 33342 (blue) in (C) and (D), and arrow heads show damaged dendrites. Scale bars,
20 pm.
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1-4. &%

ARETIE, ABA Y Iv— (B L= ) AR E B E LR MR COMREEET
JVOREEFS X ORI E 2VE U o1 Ofigi &2 BRg & LTt 217 72,

AP ITBEEMENIEFICE <. AR AV I~ — | FEREREE C—RIICER SN D 72 DZ O
EOMFFNRNEETH D, AMHTIZI N TS, HIIEIC native ABia & O F FALE L T MfakE
ENRFERINR Do T, THUTHWTE native AR DI FICEHEZ B L TR Y | Mfalc
B LR T ¢ 7 U VR BTk 2 REEEROIRAGM L 720 5370 E e b NTRE O A A
VA< —ZMfICRE CERDPoTTEDTHLEZEZXBND, £ 2 TAMIE TIL, native AB-
w2 DRV IZHEED pH T K > TEEER I 2 HITH FTRE 7R isoAB W5 Z & T, MilafEE O
07 AR AV A~ —Z MR CE 20 TIERWhEB X T2, Z0 isoAB & HPES
T Ol U CGRERFIZRBER 2T+ 2 &0 IRHKRIFICE ) ~ = b F ) I~ —2 K T7
4 T VNERKT D ERnbhole, ENENOFERMO AR EEEIK%Z SH-SYSY #llfud ~4L
BT DL, 66-1048kDa D AB A Y I~—, T7bb, ABOs BL N7 v 7 4 7 U ANEE
\ZAFIET DEFEREM Y 12 BRI E TO AR BERZLET L Z L THlaEENFEI NS Z
EWERTE T, T7hbb A AV d~—0N7 4 7 VLK BROIIEEE 2" 2 L3RI
ST,

AHFFEIZBNT, ApA Y d~—& AR 7 4 7 UV VOMEEEM,Z I L, ApA Y 2~—
DFRVHIRE~DEEEPE DS MR FEEF IR 532 Z LRI E N7, ZIVE TOMEIZED
T, AB AV I~ — TR B L CIRFLA BT 5 2 &0, D v X I VB RIEOY T
B AT D—D>TdHDHNMDA ZREEIIERATH 2 & T, N OMEFMEZ e S5 2 LA
HEEINTND, D FEEFEOHELY, Ap AV T~—HEPSHIEEERRICER L WD H
PANTBICHEA L, ZU R A NV RIZEGT XN ETHL I TR R E RN L
THIENIZEV IAEND Z ERREINTND, P 20D AR LiEET D MIEREL » o Xy
Bk, RBE YR R EZRIKEE Y VST 19D 27U 2 TE D pRabh
TW5, IOICMIENICEYIAENTZ AR AV I~—iF, T T RAOAEHELAZNET L &
R, XTI T TV —LRICKDE R TEGRERET S ENMBNTW D,
D7, WENC Y R S I THRREN R S lERET D X U X LRy AN EL Y A F
NIZABA Y I~—F DL OMEANICER L Gl EZ2FHE 55 2 ERME SN TW 5,
W FE ARV T —IXAB T 4 TV NK D ERFGICE RY A h—T R L o THiAN~
BUAEND Z ERMEINTEY, P L Eo®REIZ, Ap A Y I~—nHfakEEL2FHET 5
ERSEDHREBEICGET DI EE2RETHEDOTH D, KN TIX, AB 7 4« 7 U TN
AP AV T —IZBWTHII L OEEETENE W EAVRENTZN, ZOBEENREDL S RE
KITAEL 2 DONIEBOMIEHRETH 5,

INET AD [ZBT DHFEMEIK CEH S C & 72 SH-SYSY Mfaidn AMIIC k3 %
PRI FE Cd 5, EBRD b « B U7 oifd G & 138722 0 | BETRERE 2 ¢ O A SE{ LA
ELTOMEERT, ¥ S 512 SH-SYSY Aflaix, BRIRZEEIZHILT S MAP2 O X 9 7afk#h
it~ —h —ZFHL L, 20— ARAFFECHV - hiPS fliAE 53 {biEE L= ACh ##

22



FRIZ, MAP2 ZFBLT DL HOBIRERZEKR L T, ZD72H AR & BHREER OBEIZS
WCRHMIET 5 Z &R TE 7, AD BHE O CIIIE R MICBHRSE N ZEME T2 2 L nHwb X
NTEY, O ARPEICED . AP HENBIREEOFEROF| =& & 70 5 ATREMENN AL S L7z,
AHFFETHESE L 72 isoAB & hiPS MIIEH S ACh #Rf% %2 W /- fiflufEE T T M L D B 58
Fr DA HIRE S 5,

hiPS #d 4 IV 2 ACh #FFE~ D/ LFFEFIEICEI L T, ZHLE TOWmE Tl hiPS i
DORCKREDOMEFFIC~ T ABRD 7 4 —F —flifa & DIETRZME L LT, £/, &
{EFFERFCIZY 3By AT EOMER 2 ZH L Tnd, 20 7 0 — X —Hlilao
fEAIX, BRSO MBOIRAZHRE, " Vo) MR B
I A MEHOM, 7y FERLEFM OB E R ENSMEBESROER T E LTI b H D,
WOARMFTETIX, 7 4 — X —Hla 7 U —BREE T C hiPS Mfu & R LIRBE CRERFREE L. 72,
MEFEIZIZY arv ey v T BEoRb I bEME IR E Uiz biFE k% v
52 &T, AR MECEAEELOTBEMO W MEFEEHIEOMSI A BiE L Lic, £ Of
R, AEIOMEHEETEERMNT 22 LT, EEE 16 A HIZH W T FOXGI, NKX2.1 X
ISLET-1 & W o 7eHIMEREHOBEL R T~ — I —F VXV EORBLNHERTE, S HIT5H
k24 HETIX, 7EF Lzl ERBEFE T 5 ChAT 2547 86% DA TIHHL L TW\e, BE
? ACh #FEA~D I LFEE F71E Y CTld, ChAT Z BN FHER A2 5 35 H BIZH) T 20-40%
FETH D, miliis Sz Krajka b OFFETTETIE, /0bEFERLE 60 H HIZ T ChAT D%
BIAHERE S, 96 H H THI 32.7% D% CIEEY M O FENHER SN TV D, 2 EXERY
BIFRITIZ A 2 OFETH DAY, AWFFE CHEE L8 kIR, B TH IV RS KDY
NFRAIIZ ChAT 3BT HHERENYEE N ACh MR ZEAETE 5 Z LT, L ENDG, KRR
IZBWT, 74— —fll” U —RE T TLEW & AW R >B i 72 b ONCFFE B
IZBWTH R RFEEOFE VO E N ACh RSO EFFE LR T E o, RFE ik
IZRVERI L 728 N ACh #1#%7% AD #2802 OO INEH 7R O FBICFH 595 2 & A HIFF
b,

% 1 FTIE. isoAP FB L O hiPS MK ACh # A2 WD Z & T, Ap AU I~—1(K
MBLOa Y AMGOGEAZ BIE L. AR AV I~ —FRMREEET VEAHBELL, 20
BT NEHOTATIZE D AR IC L D ACh MR EFITIE AR OMIFRZR i CHRIR 22k ~ D
MRS B35 ENRBIh, £/, ZOEET AB7 47 VLIV B ABA Y d~—D
FWRRNZ ERbnoTz, 52 ETHE, SHIEARETAVREANT AR AU I~v—|Z X 54
FRBEEVEH 2 33 2 LA OTRER ., I LN EOREFERBT O 21T o 72, & BITIE,
AB A Y T~ —lhT DA A= TIT OV TR LT,
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% 2 ¥ Bacopa monniera T X % 7z AB fE S AR AL AW DERFRE L OV Ofpfk
PRAEVEF OFEAT & B ERINL TR TRIARIZ LD AR DR

2-1. &5

BEHRCHEA STV D AD IBFEEIZ, B2T7 T2 ) v onfamtl+s=2 Y v
T AT 7 —EBHELTH D, Z OFEANIMRAIIE 2 IH T 2 ER IR ST, —FRi7e e
DOEFTEMHTHIEROAREFFOLE SN TND, Db, ABIZ X D HREEE &Mkl 2 1F
M ZFi> AD IBIRIEDFRE N RO LA TWD, o, FIERTOMN AR HRIO 715D
X, BHIRZM oA 57, HiEl AD IREEOBRICT T T2 BBIN 2RO EDT=OIC b E
TR HETH D,

RIEDIE. EOEHBT L B E A LT Y FHEDORFIZHNH TV D,
W FE, BHTEEMDOLERIENS . REIL, FiIGEED v — MuAwiRERICE T %
TATIZVELTHERTHS, ZOXIIT, Ap AV Tv—DRHHL, Ap AU I~v—I2L5
PR E T D IREEH A BT DA OBRRICRIDEZ AL Z LIZREGHTHD &
BEZDILTND, 9 R LERE S 4L AD B O AN ED HnizplE LTor s I v
MDD, JNVIIZvarzZILHET5ya UITRMEMICIAS EFENDIRDTH Y,
AP DEFEIHIER., AR FE T DERLA b LA ORI R#EIER, © X5,
M AR OEFEMHIER @ 2B+ 5 Z L @GS Tnsd, SHITEFETIE, 207072
OGRS UTEH S AR AV I~ —ICR RN A 2R TFE R bR ST
50 66)

M AR DR FIEIZ DWW TIX I < 22 BIFFERHED S TE Y . 1997 FITHGHERN T
F D Te-99m Z ATk L7291 AB FUEADMENRH V. 7 AD FBF~OE G N FEM 7, Mk
B 2 i@ 3, NS P Te BRI AB FLIRD AT L2V e WO RES R B o7z, Z DR
RELZ KT LT 2008 4R1T, HUHPERIAZ CSE 'C CHER% L 7= Pittsburgh compound-B (PiB) % %
LT, MN AR EHEA R T A I ENFRETH D Z E A Sz, ONC KER PiB 1L
BRI T D08 NC O 20 43 BRI CTH D LW O ES R H 5,9 F7=,
FLAB HUAB L O PIBILAM T AR 7 4 7V L OBHILATRETH 5735, AP A4 U I~ —DHH
IREEE SnTnb, 0 —F, ERTERRZZ V7 I UFEERIE. MNO AR 4D 2w —0
BRHRARETH D Z ERHRESNTEY, OQABNR T 0 T VIV &I o TEHET D RO R
TAD OZBHISHTE D AEME AR L T 5, 20X 912, AD BRI ICB T, K
SIS DAL MIRR L REEE R ) VY —A L2 0EDL 2 LT 5,

Bacopa monniera 1&, NV TN A RYPR=VERMSELTER, H<0HA 2 ROIR
MEFOT —a T = —FEFCRENEBIEN 2 ARICE ST HIN—7DO—HTh
Lo VD Z OB EEAMIT D X DT, NI AR 3EFE L7z~ 7 AT B. monniera TX A% &
WIMEEET 2 &0 BN AR B KIMEE 722 & ONSHERIZB W TIP3 5 Z A ST
%o PEBIT, B.monniera 137 v N OFUREGEARRMND 2 F W7 fEATIZI W T ABIZ L A A
RANFEEE A b L ADFAZRT 5 2 & THRRES 2T 2 2 & blEESnTns, M
o DOHE LY B monniera (213 Ap OMRREE SR 2 RET DEM 2R oME 5 £
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NHZEMEZLND, LHL, KA AR DR AR IZ X 2 MR FEE 2 M+ 2585 (bd
). 72 5 ONT, SRR 722t R E IR 1 3 I S U TR, & 2T B. monniera 53 D H
5. AB T K DR E Ik U THRIREIE 2 R bW 2 FrE L. £ OREEO R i1
M 2T 5 Z L%, ABIERITIEORRBICEWTEHERFERNDIZRD LERT,

ARETIX, AP AV I~ —ITHEE M EZ FF OIS T LEa W% B. monniera DA HH = % 2
M HERF L. nuclear magnetic resonance (NMR) 35 & TY mass spectrometry (MS) 7 — ¥ (2 TZ D
ke ZFRE LTz, S bIZ, RMEAaMIZ LD AP DFFREREE IR 2 REERIC DWW T,
FIETHELZARPA Y I~—iF%t b AChMfIEREE T T L2 VTR L7z, £7-.
F RN PRI L D~ 7 AMEI A ETO AR DRHHIZ DU THEHT L 72,
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2-2. EBRITik

2-2-1. FEEREMW

~ 7 AX C57BL/6 M~ 7 A (4% 10 Win;, 4V = Z A A —E 2 JTEE, BHA)
%Z A7z, APAE9 [~ 7 A (9 » Hilin) 1%, Jackson Lab. (Bar Harbor, ME, USA) XV HEA L
7o~ U A% C5TBL/6 ¥ 7 A & AR L CRFSHERF L CHEBRICH W=, Bi#1E 25 C O 1EIRIZ T Hid
BL. KT EBICERSE-, BT 12801 7L Uiz, BiERIT [EF5RIC
B 248 (AARERIYYR)] B THHEHER R P8 ERICEA T 218 (20E- 72,
723 AW OB EER T ENER R FEW EIRE B KRS - DIPS19-001) (2 TG %
BTn5,

2-2-2. Bacopa monniera & flitH = A
Bacopa monniera %=%.0 methanol (MeOH) fliiH = 2 |ZBEHR TR L 72 b D& L7z,

75)

2-2-3. B. monniera ¥ AB #5 G ARy TAL S DBER

BER Y OoFikzISHA L, AR BERE A ST 7 7 12— 22— X (Cytometric Beads
Array Functional Bead A9; BD Biosciences, San Jose, CA, USA) % VT AR fE & MEIR S LAY
YRR L7 (Schema3), EARAYIZIZ, £ 6 uMisoAB % PBS HC 1 Iffi] & 7213 24 5[, 37°C
THEEE S, 7 1 /L ¥ — (10 kDa; Amicon Ultra centrifuged filters; Merck Millipore) T L 7=,
A Lo AP #E#E{R % N-2[(4-maleimidomethyl)cyclohexylcarbonyloxy]sulfosuccinimide (sulfo-
SMCC) & 1 FFSEIR TG SH, AB & sulfo-SMCC ##E& Lz, Wik 7 7 r—A%—X
& 1M O dithiothreitol A LT, €7 7 B — AP — XD HK [ EICHFET DV ANLT 4 R
HEFA—NIEIGET L TR LSS, E bS8t 7 72— 2% — X% @m0 LT R
Z RN 2%, 20 uL @ Coupling Buffer (BD Biosciences, California, USA) (ZFFFERA% L, sulfo-
SMCC % #&& L7z AP (sulfo-SMCC-AB i &5#)) &iRA L CEIRT 1 K8 S sulfo-SMCC-
ABREEME T 7 — RO — R L SH T, B 7 7 7 — AP — XK HEOARE SH Fi
N-ethylmaleimide Z /12 T 15 MERE TGS ED 2 & TR#E L, REIZ AB @%E%ﬁ:m*
A &H7=E 7 7 B—A®E— X% Functional Bead Conjugation Buffer Set H|Z5 £415 Storage
Buffer (BD Biosciences) % /12T 900X g T/l L CHF% 3 [BIFNE L7, & TORIGERET
TIT o7,

2-2-4. B. monniera 1K AB #5 A& AR LA W DFRMT
3k U7z B. monniera ™ MeOH #ififH=% X (100 g) % . ethyl acetate (EtOAc) & H,O T
BE3HL L. EtOAc RIVRTEMI Sy (15.8 g, 15.8%) & H,O RIVEMEEI ) (84.2g. 84.2%) % 15%7=, 10
mg @ EtOAc RI¥AMEE /) % 2% dimethyl sulfoxide (DMSO) % & e ik CHME L. 10,000 X g
TI10 O L7cth, 7 40 Z — Tl L CREM AT BRUVZ, £ D%, EtOAc AT
S HEHED AP BEAREA Y 7 7 0 — AP — X LIRS L CEIERAT T 1 B G S -, &#
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DB (900X g) L CHEi%, ethanol (EtOH) Z /%, 1000CTHEA LT AR LA LTk
EREES T, mOHEE (900Xg) %, RIEEBEULL TRIKE L7z,

iSOAB
(AR oligomer) AR oligomer binding
% ,‘55: low molecule compounds
Beads B. monniera

extract

Schema 3. Exploration of AB oligomers-binding low molecule compounds from B. monniera

Y L 72 iEhicE 5662 oW T, liquid chromatography-mass spectrometry
(LC/MS) % HAWTHHT L7z, LCMS XKk 7 v~ 75 7 « 27 AU EMRVE &/ i
(LCMS-8040; SEBUERT, al. BAR). 77 AL Cosmosil 5Cis-MS-II (B 7% 5 um, PN 2.0
mm X 150 mm; F 4 Z A7 A7), V7 K~ =7 % LabSolutions LCMS Ver.5.6 software (/&%
YEF) % 7z, LC /1% formic acid C pH3.0 (ZFH%L L 72 H,O & acetonitrile (MeCN) % f5 8}
FE L, 77 MEST (IEBLAEE MeCN:H0 = 10:90, 1 K% MeCN:H,O=100:0) T
FEhi L7z, MS &fFE. 27 T A F—DH APEA 3 Limin, W0 ZAOfik% 15 L/min,
desolvation line D& % 250°C. heat block DIEE % 400°CIZF%E L CHIE L7-, LARTOHFZE
C B. monniera 75 DOEEFHULEYORERDT-9I1238 272 - 72 B EFE S K OVRFFRE 2 12 B 5
DIRET GRIFRET A) 22512, HPLC OFER L V45— 27 ICH Db e e e L7,

2-2-5. Plantainoside B o Hiff & [F]E

B. monniera @ BtOAc "I¥EMEMISy (14.0 @) % EBHAM [CHCI;:MeOH (v/v): 30:1 — 15:1
— 7:1 — 5:1(v/v) = MeOH] & L T chloroform (CHCI;) 35 X O MeOH DIRAVANIR & VT,
UBTNI T A~ NTTT 40— (EET Y BV 840g) (2L D 10 {EDHE Sy (Fraction;
Fr) (2B L7-, TNENDOESyOILEIL, FrE1(2.2g). Fr.E2(1.6g). Fr.E3(0.3g). Fr.E4(0.4
g). Fr.E5(0.9¢), FrE6(1.5g), Fr.E7 (4.8 ). Fr.E8 (0.7 g). Fr.E9(0.8¢g). FrE10(0.9g) Th >
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Tzo HREDOSRIRE A £V FrE7 12, B ETLEMRER SN TWD Z ERfEE ST
728, Fr.E7 (1.1 g)% i\ T HPLC [SPD-20A (B ERT)] THM L7-, HPLC OREIX, B
##H A2 MeCN:H,O:acetic acid (CH;COOH) = 14:86:0.3 & L., 777 A3 Cosmosil 5C;s-MS-II (hZ -
£ 5 um, N 10 mm X 250 mm; #7747 A7) Z{iH L T plantainoside B (45.9 mg.
0.228%) LEBEZX LN LHILEMEHEEL 7, AXMEAWIT-OV T, NMR [JEOL INM-ECA600 (600
MHz); JEOL Ltd., ¥F. HA] ® 'H-NMR & BC-NMR 7—4, BL O, MS A~ f)LF—
X e W CTREEfRNT L. BEER 77 & Lbf L C. plantainoside B TH 5 Z & Z[FIE L7-, HEEHE
# 7= plantainoside B % Z AVLARE DAFFEIZIBWTHEH L7,

2-2-6. Plantainoside B @ isoAB Al il f& 55 1259~ 2 #PfR CRFEVE FH O i AT

hiPS I H 3 ACh #&im Z FV € WST-8 assay 33 & 0" LDH assay %477, hiPS fiiz
Hok ACh #rfifai L, 0 fLiFE 16 A H OMildZ 96 well 7' L— MZ 1.5 x 10° cells/well £
L. 8-12 AfIRGEE L7z, ACEAVHETHIZAZHA L, 3uM AP & 1-30 uM plantainsoide B % hiPS #f
e Hisk ACh ARSI IZALE L7z, 48 i, 5%CO,. 37COEREL T THi#E L7z, 48 Wi,
Cell Count Reagent SF - ZL{& L, WST-8assay (FEAHIL 1-2-5 22 /) (1T TRl AR 2 it L
7oo —77. MBEREEIZ-DUTIX LDH cytotoxicity assay kit & FVNCTHENT L72 GEMIIE 1-2-5 &
ZH) .

2-2-7. SafEE IR

hiPS M3k ACh Hifd 2~ VT T =V H T AR KNLT v v o (KRR T) (SRR L7,
PBS (-) T 3 [E¥&f L7=t%. 4% paraformaldehyde (PFA) Z L& L. 4°C T 30 ofHEE L=, #
J£ PBS (-) T3 [FIPEF L, 0.1%Triton X &4 PBS (PBST) A 4LiE LT, 10 4y =R CifE L
7=o —WHURIZ, ~ 7 25 AB LA (clone 6E10; 1:500) % 5% = 155 A PBST TIAME L .
A A~ILE LT 4CT—B S S 7o, ZIRPURIT, Alexad88 £k 2 L~ U7 AHUL (1:500;
Thermo Fisher Scientific) % FV 7z, ffLE#D—>TH 5 actin DFEFE % Rhodamine-phalloidin
(1:3,000; Thermo Fisher Scientific) % PBST T L, ==& - #ET 2 RFfElfifa & SOs S,
KBTI S L — Y —TEEE (LSMB800; Carl Zeiss) & WV THEIZ L7-,

2-2-8. M Ca®* imaging

HIIRPN Ca BRI A OV T, MIN T Ca®t L8R 2k L Tt %2 %1% fluo-4 AM
(Thermo Fisher Sciences) % VN THEMT L7z, 43{b#%E 16 A B @ hiPS Hilil >k ACh #hféHEA
ENTF T2 NVHTARBNLT 4 v 212 1.5 x 10° cells/well #fE L. 8 - 12 HWEZE L7=,
ACh #1EIZ fluo-4 AM OFELIRFENS 10 uM (1272 5 & 9 (KRR CRRAL L, 30 40 37°C CEfiE
L7z, Fluo-4 AM 5 AR5 HL CHEfMZ 2 Veif#. 3 uM AR & 1-30 uM plantainsoide B % #fifel
N2IFHALE LTc, A U FaX—Ta U F v =2 D TRllaEs R R i 4 37°C. 5%CO; (T
HEFF L, LS L — Y —EAMEE (LSMS800; Carl Zeiss) % VT 547 2 & 1T 3 BRI 2 8152
L7,
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2-2-9. I b=z N U T ONPEEN OfENT

2 har R TEEDOEE S LT, JC-1 MitoMP Detection Kit (DOJINDO, AEA, HA) %
MAWTI hay R 7 ORNBEEMZELZ TN L7z, JC-1 I3EERICh T4 2R oL EW T,
R b KU TS BRI Z2 R, BEEAL M L TV D BRIE, JC-1 DMEEERZ AL L T
REEOCE T, —H T, I hay RUTREMDBmR L T LB, IC-1 ITEERE T
CE T HER & e D kot AT, AR E O T REEDE Skt OEI S 2R L
NN OZALZfEMT LT=, /b#EE 16 H H @ hiPS Mifid 3k ACh #if&Hifn %2~ /19 7 = L
HTARBNLT 4212 1.5x 10 cells/well #FEFE L, 8-12 HEEZE L=, D%, 3uMAB
& 1-30 uM plantainsoide B % #lf~LE L, 48 B§fH] 5%C0,, 37°COBREE FCH#& L=, Hifik
IREE R CYRE A, JC-1 RIEDHIREEN 2 uM IT72 5 K D IZFHIL LT, ffa~aLiE L, 30 45
37°C. 5%CO, Bets F A2 #ERE U7z, BB GO L2, kit IZE& TV D 10 f55E
JE @ Tmaging solution Z & L 72 @ik CTAR L, MIAICAE L Cat 2 e Lz, seilleE
I%. GloMAX (Promega, Madison, USA) (2T, #kfau % 475 nm/500 - 550 nm, 7REHOE %
520 nm/580 - 640 nm D 7 ¢ )L X —Z W CTHIE Lz,

2-2-10. Thioflavin-T (ThT) fluorescence assay % H\ ‘7= plantainoside B |2 & %5 AR EESE#H O figtir

6 WM AB & 100 uM plantainsoide B % PBS TAf#E L. 1-24 Kffi] 37°C. 5%CO, THfiE L7,
B 7 &I L, ThT Z8EBEN 10 M 12725 X 5 I2A T, S aEHE Lz, &
FERE L, FHEIEEERE (F-7000; Az, HAl, BA) Z VT 445 nm ORI EZ H W
T, 485 nm DHEOGH R 2 HIE L7z,

2-2-11. JR [ B EE % F 7= plantainoside B (2 X 5 AP EEEEFNH] D FRHT

6 uM AB & 100 uM plantainsoide B % PBS Ti&fi# L, 24 K§fif] 37°C. 5%CO, THfE L7z,
AP & B RK CTAR (X10) L, ~A BHAE E (Nilaco Corp. HAL, HA) (6 F LT 10 45
IR THE LTz, ~A W3 21 . Nanoscope Illa Tapping Mode AFM (Veeco Instrument,
Plainview, NY) & single-crystal microcantilever (OMCLAC160TS-R3; Olympus, H A, HA) %
HAWTABDEMEZHIE LT, &7 idded &b 3B R L,

2-2-12. Blue native-polyacrylamide gel electrophoresis {2 & 5 AP DEEEMEHT

6 uM AB & 100 uM plantainsoide B Z Hft5##K (1%FBS & ie) THML ., 1 - 48 Kl
37°C. 5%CO, THiE L7z, &Rt 7L AR L T 4 {5 D NativePAGE Sample Buffer
EIRA SH T, B L7237 UiE, 4 - 16% Bis-Tris mini protein gel (Thermo Fisher Scientific)
EMOTERKE L, BEEARORE S T LITH#EL 7o, BXIKEIR, PVDF A > 7 L U (Z#E
L7z, PVDF A V7 L%, #8554 0.05% TBST CTHalf L. JUROIER RN fES 2 RET 2
72, Bullet Blocking One for Western blotting (77 7 A 7 A7) % 5y L=, —kbuk
& L CTHLAB HUE (clone 6E10; 1:2,000) % Bullet Inmunoreaction Buffer (7> 7 A 7 A7) THi
L. 4CT 24 BfHALE L7z, TBST TUE%. 2 kHUA L LT Bullet Immunoreaction Buffer
(FH 747 A7) CTi# L 7= HRP-linked secondary antibody against mouse IgG (1:2,000) % 30
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3[R CALE L, TBST THEH L7-, SR % Chemi Lumi One Super (77 7 A 7 A7)
W TEEFR L S, lumino-image analyzer (ImageQuant LAS500 system; GE Healthcare Life
Science) 1T TR L7z,

2-2-13. WSHERINIESE °1 & V72 plantainoside B D FE 7

Plantainoside B (500 ug) % MeOH (10uL) T&MEL, N-7ra X7 v A I K (0.5mg) %
ETeTAE (MeOH:CH;COOH = 70:20, 90 uL) &iRA L7z, ['®IINal (15 MBq) i1z, =ik
T30 MRS 5 SERN LGS 2, No HAZRE AT TR ZRZ L. SPD-20A (B
BUEFT) ultraviolet #&H %S (220 nm, 254 nm) & Radioisotope (RI) #iH#% Gabi Nova (Elysua-
raytest, Liege, Belgium) % #%#¢ L 7= reversed-phase-HPLC % F\ T, "I #£3% plantainoside B %
MR L7z, M8HAOA Z A%, Cosmosil 5Ci5-AR-II column (K278 5 um, PNEE 4.6 mm x 150
mm; FTHTAT A7) AL, BEIFEIE H,O & MeCN % HU N, MeCN % 10%D3EE )& B
IR LT 30 23T 50%I2 72 % K O ISRERFRICIR L 2 8 b S E 72, fitdiE, 1.0 mL/min (2% 7E
LC, LU OET, BLIOHII RIBEHS TR SN/ —2 2V THEME L 72, 55
U7z 215 plantainoside B (3.2 - 5.9 MBq) 1%, FEBR~DO M HERTIZ Ny A % H\W T MeCN
R Uiz, HEREOHIE X dose calibrator IGC-8; H L) Zf#HH L7z,

2-2-14.Bluenative /R U 7 7 U L7 2 K7 0% F 72 " 1HE5 plantainoside B |2 & % plantainoside
B O AB ~DOfEEMED T

Plantainoside B @ AP BRI XIT K5 G PEIL, blue native R Y 727 U LT I K7 L% H
WTHET L7z, H 622U isoAp & PBS THM L. 1 - 6 IFfH 37°C. 5%CO, BREi F THEE L
7o. WEEETR. 20 MBg/mL (272 % K 912 PBS CTHiM L 7= ' £25% plantainoside B & 4 {5 JE D
NativePAGE Sample Buffer ZJ& 5 L, o7& Uiz, B L7=H% > 7 /ViE, Blue native 75 U
77 UNT I RTNAVTHD 4 - 16% Bis-Tris mini protein gel (Thermo Fisher Scientific) % T
EAVKE) L7z, kBN D7 V1L, photo-imaging plate (Fujifilm Plate BAS-TR2025; & L7 1 /L
A, B, BHAR) IZ24 Fffil=2 % 7 - L. imaging analyzer (Typhon 9410; GE Helthcare) Th%
WREZ MR L7z,

2-2-15. <~ U APYITIZ I T D 21 #E55#k plantainoside B % Ff]\ V7= plantainoside B D AB fi &% D
fiRHT

9 » HEORED AD ET /L~ A (APAE9) & wild-type ¥~ 7 A BHGH L2 o890
AR U CTERICH W, v U ARG MERME T 2RI, = MIEaMEZ vz, =fiRE
T, 03 mgkg AT b XV UHEREH (K F—/1; ZENOAQ, f&&. HA), 4mgkg X &/
T (RVI ALy SRS KR, BHA), Smgkg 7 M7 7 ) — WBE AR (XNLV7 7
—/L; Meiji Seika 7 7 —~. B, HA) ZAHAHK (T1E, i, HA) LEALTE
ML, ZFRGMEEE~ T ZAOMEENICEE L=k, B L, ZZ0E S PBS IZ XV #ER
L7z, WEWE 4%PFA ZA88R S8, BE LB/t Uiz, i L72/Ki% 4%PFA T3 H
MREEEL, 4 HEND 30%Y =—27 2 — AT 3 HEMAK L7z, iK%, optimal
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cutting temperature compound (Sakura Finetek, B, HA) ZHWTHECIL, 7 T4 AR ¥
> I (Leica Instruments, Nussloch, Germany) % H\\TC/E X 20 um OBHAEGI 2 /ER L7=, K
BI 1% PBS &iRA LT 350 MBg/mL & 725 X 5 IZFAHL L 7= "1 #23% plantainoside B (2775 L
T, RIE T2 HIEE o &¥7-, WY& PBS T E., A 74 RAUT A (i) IZHEE L
C photo-imaging plate (Fujifilm Plate BAS-TR2025; &= £ 7 ¢ /L&) |2 24 Kffil= > % 7 ML,
imaging analyzer (Typhon 9410; GE Helthcare) THUHEEZ M L 7=,

2-2-16. Sk gta

SRR AL, 7 ) — T a—T ¢ U ZIET T, B R eI R R H O T T o T
—WPURIL, ~ 7 AP AB FUA (clone 6E10; 1:2000) % 4LiE L T 4°CT—MBes S, ik
PUARIX, Alexa555 1%k 2 A\ Hi~ 7 ZAFUAK (1:500; Thermo Fisher Scientific) # 7z, Y AIZ
Hoechst33342 (1:4000)% AV, IR THSE L C 2 BB ARG S8 70, S8 emEiddE L —9
—BESSE (LSMB00; Carl Zeiss) % AW TEIZE LT-,

2-2-17. isoAB & plantainoside B O~ 7 AEE N 5-

~ U A =FRIR ORI G U IMEE 2SR I [EE L7z, PBS (-) & 51 4 ok e
& LT, 20 uM isoAB. 20 uM isoAP & 30 puM plantainoside B % C57BL/6 ~ 7 A D /e A [l D
WSS (ERAZZED S B~ 2.00 mm, #ME~ 1.50 mm, #fE F 2.00 mm) ~~ A 270U
(Hamilton, Reno, NV, USA) % H\T 1 uL/min O E CTHH L7, ¥5% . BHEEGIXERH
PAEAITHAE UTe, IMEEIEEN O~ 7 A2l L. 7 F A Y — VIR (0.3 mgkg, 7~
F & ¥ ZENOAQ) ZMENENIG L, FEE T O REES HT,

2-2-18. HHHM RRRGEAR

iSOAP DUEE NG X 2 FRFHEREIL T IZ%f 9% plantainoside B OIHIER 254 5 7=
O, &h 1% O~ U 2AOFREERE 2 ST IRRRER I TRl L7z, AR TR, £920
Ix DB T CTA—7>0 7 4 — /L B (M s S, 40 cmx40 cmx30cm) = L7-, 1TEhEAT
I IZCOI 100~ A2 A =T 07 4=V FIZANTHBERZTHhE T, EREREIC
Bt STz, 30 DA o Z =t T - AR ERR DMK 01 BXL T 02 27 1 —/L FDxH4
ICRRIE LT, 7 A% 10 23R S 7= (trial phase), 24 FF[EI#:. 1K 02 % O3 ICE & iz
THE L, HE~T 2% 10 BIESRE S 72 (test phase), TTEIEATIZIE EthoVision XT11.5
(Noldus Information Technology. Lessburg, VA, USA) % H\\\T, ~ U AR FHEICHIET 5
e 2 E L7, WiRiamfatid. BEF 8 (Familiar object) % O1, FHMIEK (Novel object)
% 03, Object MTERFH A Tox & LT FRErHHENUICTHEM L7,

WyiKfam$a%k (Object preference index) = Tos/(Toi1+Tos) x 100 (%)
2-2-19. [ fRHT

AR ORI ~DEEE T DWW T, HHE SBMEE TR L7 %2 $ & 12, Rhodamine-
31



phalloidin THE#k L7=MifaR D7 7 F BN EO 20k E . AR 2L RTET 2 MilaZk imfg
Z W f#AT > 7 & (Photoshop version22.2.0.) ZHWTHIE L, TDHEIGEHE T Lz, 1 EBRH
720 10 DO mHG A fRbT U, SFEE 2 S U TR L 72,

2-2-20. HERHEHT

BT DOFEEE R OMENT I, HEFHENT Y 7 F T % GraphPad Prism 5 (GraphPad Software) %
i LT3 L7, 15 B2 ERROFERIL, FEIE AR HERRZE (standard error of the mean; SEM)
TR LTz, 2 BEM O R IX Student’s t #E 2 VM2, 3 BELL EO G, 738U #TiE (analysis
of variance; ANOVA) % FH\ T, #E |21 Bonferroni/Dunn # & % W =, WA EIZ LV Gk
5% T 2 A FRINCHEEDN DD & HE LT,
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2-3. FEBRfE R

2-3-1. B. monniera 2RI 205 D AB fEE MK 7L &Y DR

AB AV I~ —N B E R isoAB D 1 RefHEEEAR (4 d~—) £F 74 7 I AREER
24 BEMEHER (747 V) 27 70— A — XIS &, B monniera AR T X
A D EtOAc FIIAMEEI 7y LIRG LT, AR LHEA L7c{b&% EtOH 1T A DO RIS E 7
#%. LC/MS THIETIZE ENDIGA F v A A2 tnenflliE Lz, il L7 bamo
Pt e EAE B — 7 mfEEZ W CTHEE L7z, ABA U I~—BLUAB 7 4 7 U VEREE S
et 770 =R =X B o RAEM THBRICIZEAEENR RV LAY
(compound A, FREFIRFEIK 21 77) ZHKMEYE & L7z (Fig. 7A). Z @ compound A 1Zx7 5 4%
LA ORI 2 B 2 el U=, B A A O BIE, MR AR TR &ICER A S
NI ALEMIIMEER TE D o7 (Fig. 7B), 24 A 12B W TIE, 10-15 M TR LN 3 K
DE—=ZIZBWT, Ap AV I~v—%#a Lt 77— TEonzr—7 (Fig
7C) DFFN. AP 7 4 7 VL&AV E—27 (Fig.7D) XV EmWZ ENbrot-, ZOHTYH,
PREFIRF R 11 2y D ER sy D ¥ — 27 (Fig. 7E,F) 1X. & b=k & < (Fig. 7G). 2D E— 7 1%,
MS AT MIVDFERMNS mizE 47T DIEA 4 ThHDHZ Enbhotc, T T, ZOLEW
(m/z=477) 2O\ T, ABA Y T~v—IZ LV FiEMHZ R~ TLEY compound X & L CTLIE DO
HratEdic, oMo SNTALEWIE, IR TOMM EIZZEN L LILRD-T2D | AR
T4 7V NEANERIRO TR ES N7 EREHEEN DTN TH T,
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Figure 7. Exploration of AB-binding low-molecular-weight compounds from B. monniera extract.

A, MS chromatogram of compound A detected by LC/MS (negative ion) of oligomer sample (upper
panel) and fibril sample (lower pannel). B, MS chromatogram of positive ion detected by LC/MS for
30 min with oligomer sample (upper panel) and fibril sample (lower sample). C and D, MS
chromatogram of negative ion detected by LC/MS for 30 min indicate the compounds derived from B.
monniera extract which were bound to AP oligomers (C) or fibrils (D). E and F, MS peaks of the
oligomer sample (C, red dotted square) and fibril sample (D, red dotted square); MS spectral peaks were
detected in the AP oligomer sample (E) and fibril sample (F) at approximately 11 min retention times.
G, The relative amount of each compound in the AP oligomer sample or the AP fibril sample was

determined based on the amount of compound A.
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2-3-2. B. monniera =¥ AHH = A )> 5 O plantainoside B O B & [F]7E

2-3-1 DT AR AV A~ —IZiEa M2 =LA compound X [IZ-DW T, RiR DA
faEt A £V plantainoside B Th 5 Z & HEE S, £ 2T, ARSI WT, & 57250
Wratdbs7-n, BB ™ 2252 B. monniera ® EtOAc FI¥AVEBEI 3 BIBEFE S Y B 7 v H
Fhrua~ 7T 74— LOHPLC % H T plantainoside B % 73 fff - ¥ L 7=, HBEEHLE
D NMR A7 kL5 —4 (Fig. 8A,B) & MS A7 h)LF—4 (Fig.8C) %, M ™ &
Pl U7z A 5. 0Bl - K EL L 729’8 )8 plantainoside B (47 1~ & 478.45) (Fig. 8D) ThHhH Z &N
gl T E 7o,
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Figure 8. Isolation of plantainoside B.

A - C, The collected compound was analyzed by NMR and MS, in which 'H-NMR (A), *C-NMR (B),

MS spectrum (C) data were analyzed for identification. D, Chemical structure of plantainoside B.
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2-3-3. Plantainoside B (Z X % AB A U =~ —§%5 ACh fP#ER=EINHI/EH Ofigtr

%1 I CTERLL 7= hiPS MEFEH 3k ACh ##8 2 V- AR A4 U I~ — ik ET T L
% F\ > plantainoside B D #EARFEERIZ DWW TG L 72, is0AB (3 uM) & plantainoside B (1 -
30 uM) A [AIRFIZ hiPS MEFGHI >R ACh FfE~ALE LT 48 Wff]1% Ol IZ-DV T WST-8
assay & LDH assay CTfEHT L7z, WST-8 assay (233 T, plantainoside B DR EKAFAIIC isoA
ALEZ K DM AFR O T S s 2 L R¥bino72 (Fig. 9A), X 512, LDH assay O
FERIZIBW TS, plantainoside B DIRIRFALE (2 L V) R EEKAFRY 72 LDH MU E DR S L 61
722 &5, isoAP 1T K D AR~ DREE A plantainoside B (2 LV #ifill S D Z ¥ booTz
(Fig.9B), LLEX D | isoABIZ L2 E I ACh #i#fE 2% plantainoside B (i EEK A4 =
o Z &Y | plantainoside B DOFFFRRIRFE(EHI 23 RME S 7z, TRLAERIL. Fukuda et al.,
Biol. Pharm. Bull. 2023, 46, 320-333.7° 551 L 7=,

A B
104
1004 — IE 8 *kok
~ 1 + - §
gg K “S = 6
O C o
30 5 S )
O R
0
0%Cont 0 3 10 Plant B (uM) Cont 0 3 10 30 30 Plant.B (uM)
AB (3 uM) AB (3 uM)

Figure 9. Analysis of neuroprotection of plantainoside B by A neurotoxicity.

A and B, Cells were treated with isoAp (3 pM) in the presence or absence of plantainode B (Plant. B,
3-30 uM) for 48 h. Cell viability and cytotoxicity were analyzed by the WST-8 (A) or LDH assay (B),
respectively. Data represent means + SEMs. The statistical significance of differences among groups
was determined by ANOVA with a post hoc Bonferroni’s/Dunn’s test (A, B; n = 3). *P < 0.05, **P <
0.01, ***P < 0.001 vs. control, TP <0.05, 7+P <0.01, TF1P <0.001 vs. AB only.
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2-3-4. Plantainoside B AL{&EZ L 5 AB & ACh f#% 0> 22 i) JTEZS L O fidthT

H1E (1-3-3 B 1-3-6) OFENTIZIBT AP OFRREFEENME I I3 R m~D AB
BAENEET D Z LRI, £ 2T, plantainoside B L& |2 X 2 ML LD AB D5
TEZAb % g s Yo ia et ds L O R sl L —F—BAPSEEIC TREFT L 7=, AB (3 uM) HMUALE
FEIZRBWTIE, AIRRE AR NS L TV AR AL BV (Fig 10A, /3R /VEKHD, —
J77C. plantainoside B (30 uM) [RIRFALERE TIid, AR HAMMALERE & bl U CRIFRIA & AR & DR
[l 70475 D3 LTz (Fig. 10A, 73 1L), MRS AR I DL TV S O EIG 2
Fa i miAE (actin YeBAL) & W CHEH L7z & Z A, plantainoside B [RIFRFALIEREIZ VT AB
BUMALE R U TR 15% 825 mAE 23 L Tz (Fig. 10B), LA E X V| plantainoside B i
AR LI E OREEZIHIT D Z LT AR IZ K HMRRBEE I T SRR E 2R 2 &
DRI X 7=, FafE 3%, Fukuda et al., Biol. Pharm. Bull. 2023, 46, 320-333.72 55| H L 7=,
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Figure 10. Analysis of spatial localization of AR and ACh neurons

A, Confocal laser scanning microscopy (Z—stack) was performed using antibodies against AB (green)
and actin (cell morphology marker, red). White arow heads indicate AP attachment to cell surface. Scale
bars, 20 um. B, Cell surface area covered with AP (merged AP and actin area) was measured by image
analysis. Data represent means = SEMs. The statistical significance of differences among groups was

determined by Student’s t—test (n = 10). *P < 0.05 vs. Ap.
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2-3-5. Plantainoside B ® AP 12 X 2 AN Ca> it AT xt9~ 2 il VEFH O fight

AP AV H~ — DR EREFE O — DI ~D Ca¥ OIBFEIHA DN T ST D, b
D Z N E TOMMHRE S5 plantainoside B (3 AP & 40 & OBEE ZNHId 5 & & TR #
TERZZRTZ &0, AR OHIBIE~DOIER 2 ST, Mg ~D Ca> OIRFEIiEA % B <
AREMENE Z b e, £ 2T, wmNCa¥' A vV — 2 —TH 5 fluo-4 AM % VT hiPS il
Fi 3 ACh fifE~DRRIFAY Ca? i A Z 3l L 72 (Fig. 11), 3 650E OB bIZ e L — 5 —H
B2 FHT 180 /3 [MIBIEE L 7o (Fig. 11A), FEEFMEi&E LT, Mg 1 fHoREMEH 7= v Ok
FARE 2 FH L, AORIE 0 & kA 77 74k LT (Fig. 11B), T DO#EE., control #f & hifs L T
iSoAB HUMULIEFEIZ I T 180 434 DML OH IR XIS Hm < 220 . A IS KD Hifam
~O Ca¥” OBFHANR 47z, —F. plantainoside B [FIRFALERETIX, AP HMALERET
R ONTHORE O FAITMER TE o7z, AT LV | plantainoside B (3 AR (2 & 25l
NA~D Ca* BEITEAKT T 2 MEER 2 F>Z E A RB N7, FrofiRix, Fukuda et al,
Biol. Pharm. Bull. 2023, 46, 320-333. % &% L C3IH L 7=,
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Figure 11. Analysis of neuroprotective effects of plantainoside B against Ap oligomer-induced Ca**
influx into the cytoplasm in hiPSC—derived cholinergic neurons.

A, Time—lapse calcium imaging with fluo—4 was performed using a confocal laser scanning microscope.
Scale bars, 5 pm. B, Image analysis was performed to measure the increase of fluorescent intensity 180
min after AP treatment. Data represent means + SEMs. The statistical significance of differences among
groups was determined by ANOVA with a post hoc Bonferroni’s/Dunn’s test [n = 18 (Cont.), n = 19
(AB), n =15 (AP + Plant. B)]. ***P < 0.001 vs. Cont., TP < 0.05 vs. AB only
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2-3-6. AB ##EFE X b = N U T HEREREE 2% 5 plantainoside B DO #NIEH O gt

AB AV I~ —lC LA MEbEEICI by RY THERTOBGRAME SN TN, ™ %
OMFFE LT, C¥ BHIFENICIAT 52 LTI hary RUTHICH Ca¥mMiEAL, X b=
¥ R TREMET 2 292 & T, ATP OEAKTR ROS OEAIZSRNBD L ST
%o 235 OFER LD AP AV I~ —ITHIIEAN Ca’'il %’JOIL]\’E BT HIENDbhroT,
T, AEET VBT AR AU I —AEICLVMIENI b Y 7 OREL
FENFEINDAREMENE 2 B D, £ 2T hiPS inH’F]EEIEE ACh 812 AR ZALE L C,
=z R U T EEME AT Lz, ZOMHTIZIE. < oy B U TIREMZE 2 #Ot Ak
T 5 JC-1 3 A W THRFT LTz, %@F% AB TILIEF RN 2 <9 IR ol
DEIGEP A U, BEREN 2R TikesotoBIE2 EA L7z (Fig 12), £72. 2-3-5 DR
£ U | plantainoside B 7% Ap A4V I~ —(Z X HHIEAN Ca* @A Z M35 Z 2r iz,
% Z T, AB & 3-30uM plantainoside B % [FIRFALE L 72 B0 X h 2 B U 7 IREEAL 2L & f# b
L 7=, & D& 5, plantainoside B D& EEARTFHINC , IEF IREN & R I RO SEOFEENEML .
— ) CIREEN R 2 "Ik oF a8 LT, 2 hay Y PEREMNEE 2 S
7= (Fig. 12), LA EX VD, ApA Y I~ —4LEIZ XV hiPS fifd#H 3k ACh #ifkicI b= KU T
MR B, 233K 8 X 415 — 5 C., plantainoside B 132 O B 2 i) L CHRERFEEH 2R 2
CRIBR STz, TRoAE 8. Fukudaetal., Biol. Pharm. Bull. 2023, 46, 320-333.72 55| H L 7=,
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Figurel2 Analysis of the neuroprotective effects of plantainoside B against AP oligomer-induced
mitochondrial disfunction in hiPSC—derived cholinergic neurons.

The mitochondrial membrane potential was assessed by JC—1 analysis and the red/green fluorescence
ratio calculated. Data represent means + SEMs. The statistical significance of differences among groups
was determined by ANOVA with a post hoc Bonferroni’s/Dunn’s test (n = 3). **P < 0.01, ***P < 0.001
vs. Cont., TP <0.05, 711P <0.001 vs. AB only
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2-3-7. Plantainoside B @ AP EE5E %3 5 YEH OfifhT

KIZ., plantainoside B @ AR GBI 5 1EMH % ThT assay (1 - 24 Kfff]) 3 X O AFM (24
RED) (TR L72, B o — MEEZFRFRL AP 74 7V MVERICE b7 > TN EFRT D
ThT % Hu 72 ThT assay 128UV T, isoAB Z B TREE S W72, BRI D 6 IFRTZIZ
T CTHENEREE DN BT AL, 24 K% £ Tl 77 h—IZiZE L7 (Fig. 13A), — 4,
plantainoside B 177/E . isoAp & #EE S B7-15A . GEERRMA | BEE 05 24 FEfiIt: £ TlT,
WOEIRED FFIRIF L AR TE o7z, 2D L5 plantainoside B fF7E(LTIE T «
T VN ES I S D Z EBNRIB I N, S HIZ, AFM T 24 FRfitk OEER K %
fi#fT L7= & Z A, isoAP & plantainoside B % [FIRFICEEEE S H 725813, isoAB & HUM CTEEHE X
BIHGAICARONT AR BEIITIFEAER OGN > 7= (Fig. 13B), LLEDFER LD |
plantainoside B |3 AR BEEE A TR < M2 Z E AR I N7z, FREfEEIX. Fukuda et al., Biol.
Pharm. Bull. 2023, 46, 320-333.7°5 5[ H L 7=,
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Figure 13. Inhibitory effect of plantainoside B on A fibril formation.

A and B, The iSOAB (6 UM) was incubated at 37°C for 1-24 h with or without plantainoside B (Plant.
B, 100 uM) in PBS. Thioflavin T (ThT) assay (A) and AFM (B) were performed to analyze the effect
of Plant. B on A aggregation. Scale bars, 2 um.
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2-3-8. Plantainoside B ™ AB A4V =~ —JERkIZ %t 2 INifil 20 2R O fig b

2-3-7 DFENTHRER L U | plantainoside B 1% isoAp OEEEIZ®T L CTHIHIICIEH T2 Z &0
RSN, S HICEERICA Y I~—% &1 AR BEEMRTEZAKIZ KT 5 plantainoside B D{EM %
fiENTI % 72 1T Blue Native-PAGE (2 KX Dt 4 FEhii L 72, isoAp DA AR S ¥ 16, &
EBALA 1 BERT O FRF AU CTREIZ 20 - 480 kDa O A Y F~<—3 K TN 1048 kDa LA LD 7 ¢ 7 U VI3
RSN TV, £DH%, 146 kDa LA EOF ) I~—B L7 1 7 U VO ES, 24 K
% TIE 20kDa DEHEENRHTE <20 AV I~ —b D LTT7 4 7V VBRA S 51T
#E /72, —J7C, plantainoside B (100 uM) % & Tp isoAP %E5E TIL, BREERALE 1 RFHZ OREA T
(320 - 480 kDa DAY T~ —MR&X B S UARD . 48 BFHIZ TH Ap A Y I~ —DIEHA
FHITZ, AP HAEE & bhlt U CREMEHRE NSRS Th o7, Fo, BEEE 48 FEfIZk W\ T
% 20kDa OEFEMR TR vz, BLEXL Y | plantainoside B fF7E FIZH W T, AR EEENE L
HBIET 2 Z EARB ST, TRofESIE. Fukudaetal., Biol. Pharm. Bull. 2023, 46, 320-333.
o5l LT,

kDa) [~ - - 24

1048 — ’

720 —

480 — ‘
o110
146 — ' 0 )
66 — ’ |

20—“. ooe s -

1 362448 1 3 6 2448 (h)
AB AB+Plant. B

Figure 14. Inhibitory effect of plantainoside B on AP aggregation.

The isOAB (6 uM) was self—aggregated at 37°C for 1-48 h with or without Plant. B (100 uM) in cell
culture medium. AP aggregates were analyzed by blue native—polyacrylamide gel electrophoresis with
an anti—Af antibody.
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2-3-9. FEHHERINICHE 21 & V) 7= plantainoside B D FEFRAL

Plantainoside B @ AR EEEIR~DFEEIZ DUV THGHERIN TSR 21 2 W CTHENT T 5 729,
plantainoside B @ | ik z1To7, LA E LT N-Zmr R T v A REHWT 21 %
plantainoside B (211 L, HPLC T% Ok 4 fEst L7z, HPLC OLRFFRF A Ll L2 & 2 A,
FJERESRAAR plantainoside B o UV b — 7 MEFFRF) 10.9 43 TR &7z (Fig. 15A), — 5.
125 JEER IR CITK 18,6 43, 13.8 4. 14.7 /02 Rl B— 27 3 &= (Fig. 15B), Z Ui,
plantainiside B @ = o7 & biZ & 0 JEIEMED EH U 21 EEGRIR O R EFIFRI D IRAERIA L 0 b E<
ol Z ERHEHE LTEZ BN D, Plantainoside B 12% LT 150 251 &M L1254
HE SN 5t F &% Shemad IR LTz, LA A-F X plantainoside B IZE £ 5 17 22—
JVERE I LA LTS E RMA TH D, (LAY G - |1 plantainoside B O = A 7 /LA A3
TR L7282 2200 S U < PR ISR g LIAb B Th 5, ThEhofbs
Y DNEEAME% . Chem Draw 20.0 (PerkinElmer Informatics, Waltham, MA, USA) % fl\CA4 72
& )= VIRGEAREL (logP fE) Z2HHT2 &, (LB G- 1IHMLEWA-F L L TRV
BN W Z ERTREND. T RDDL T 5O =7 MEEW G-1 THLAREMENRH D,
Z T, 1305 14 ORI SN v — 7 a3 L& & 1 5 X7z plantainoside
B & L CUBEDIEBITAM L7z,

| OH OH OH
HO /\ﬂ HO /\/@ HO
(o] OH o) OH [®) OH

O Q. (o)
OH OH OH [ OH OH OH
OH H OH H OH H
© \ OH © \ OH © \ OH
o o o
L& A {t&% B b C
(Log P=12.27) (Log P=2.27) (Log P=2.27)

e} | o] o}
L& D {LEWE {E&W F
(Log P=2.27) (Log P=2.27) (Log P=2.27)
| OH | OH OH
HO\]m:OH HO. N oH HOT\V-Q:OH
L& G L&Y H ftaw1
(Log P=2.51) (Log P=2.51) (Log P=2.51)

Schema 4. Structures of '*’I-labeled plantainoside B compounds.
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Figure 15. Evaluation of '*I-labeling of plantainoside B by HPLC.

A and B, The progress of 'I-labeling of plantainoside B was determined by comparing the retention
times of compounds with or without '*’I-binding reaction in HPLC. UV peak of the unlabeled
plantainoside B was observed at a retention time of approximately 10.9 min (A). In contrast, RI peaks

of '*I-labeled plantainoside B were observed at about 13.6, 13.8, and 14.7 min (B).
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2-3-10. "I #%5% plantainoside B % i\ 7= plantainoside B & AP EEEEIK & DFEA DT

2-3-9 GBI L 7= I 123 plantainoside & AP EHERZIRE L7-M 1A% blue native ;R U 7
7 UNT I RZ VT AP BESEIRZ BB L. 21 55 plantainoside B 235 & L7z AP BEEIK % 4
— NI TUFTTT 4= Lo THE LT (Fig. 16), 1 BRI F 7213 6 FrfEIEEE S B 7= AP &K
FEMTICAE R L7z, AR Z7KEN L. U AP HUA TR L7 BEE R ORGSR & el L 72 (Fig. 16 £/3
FIV), EOFER 1 REREEE ¥ 72 AB & "P1IEHK plantainoside B 2R A& L Cyk@E L7247 /LT
X, A= T VF 7T 7 =28 5T 20-242 kDa 35 L U 1048 kDa DL EONL{EIZ U RED
H &7 (Fig 16 73RV, 6 REffEEEE AR & 21 #£:% plantainoside B Z iR A& L CykE L 7=
VBT, 20-242kDa AL THEH WIS BE R S 7223, 1048kDa LA EDOALE TS S5
HHHRENGR® H 7= (Fig. 16 A/3% /L), Blank & LT, "I 25 plantainoside B 0 7 % JkE) L
=7 v FICEBRZ H RR T S e o 7=, BB D . 1 R plantainoside B 1 IC
1048 kDa LLED AB 7 4 7 U MTHEA L, £/, 20-242kDa D A A4 U I~—|Z biEEM%
IRTZ ENboT, FiohERiX. Fukudaetal, Biol. Pharm. Bull. 2023, 46, 320-333.72 5 5|
ML,
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Figure 16. Analysis of the binding of plantainoside B to AP aggregates using '*’I-labeled plantainoside
B.

The isoAB (6 uM) aggregates preincubated for 1 or 6 hours at 37°C in PBS were run on blue native
polyacrylamide gels and detected with anti-Ap antibodies (Fig. 16, left panel), or samples mixed with
125|_|abeled plant on the aggregates were run on blue native polyacrylamide gels and then detected by
autoradiography (Fig. 16, right panel); the anti-Ap antibodies detected the AP aggregates on 1 h and 6 h
samples (Fig. 16, left panel). The radioactivity on the gel was detected by autoradiography (Fig. 16,
right panel). Blank indicates that **|-labeled Plant. B without Ap aggregates was loaded on the gel (Fig.
16, right panel).
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2-3-11. "I }&3% plantainoside B & FV 7=~ 7 AU A2 B1F 5 AP Wi OfifdT

2-3-10 DFEFTIZ BT, 2T HEF& plantainoside B 2 iV % Z & ¢, plantainoside B (% Ap &
TA4T7INEELLTABA Y I~—ICbaMEEZRT I ENRBEINTZ, £ 2T, KMLEW
ZHAWT~ 7 ZOMEIA Lo AP ORBHIZOW TN L=, NI Ap NEFET 5 AD 5 /1
~ A (APdE9 ¥ 7 R) & wild-type ¥ 7 ADNEIT 2 7o, APdE9 ~ 7 XX, AD DJH[A
B & LTHBILTUVWDE b amyloid precursor protein (APP) 8 ¥5&{x - (Swedish mutation,
K595N/M596L) & PSENI ORI R T (PS1-dE9) ZEA L=~ ATH Y, NN THEE
AB BN LND, PET. PLAP HilfkZ WV THE L — Y —BAEE TIAT 5 & . wild-
type TILR O LIRS T2 ADET /L~ 7 AYIFIZB W C AR DEREBI MBI S iz (Fig.
17A), Z O~ 7 ZAOEGNY) &2 VT, 21 15 plantainoside 24L& L CA— N7 V47
74— TN T 5 & wild-type ¥ 7 ZADMEI TIIHBEHEE SR S o723, AD 7
= 7 AO R TCIE MR T W BES R S e (Fig. 17B), 2 O L RE 2
plantainoside B {Z X DFEEIZ L Db D0 E 5 NEFHET 572, @& O IERE plantainoside
BT/ nyXxo 7 LizéZAh, wildtype 7 A7 5N AD £5 /b~ 7 ADIMYIF Ol 512
BOWTHERERS B S 72 o7z (Fig 17C), X502, PToOHEME F ~LE L TH,
BEIIMH S 2o 72 (Fig. 17D), LA E X Y | "1 #E3% plantainoside B 2 FV 5 & | plantainoside
B O AB ~DFEATEIZL Y AD E7 L~ U ADMNEIR ECHUREN I S, AB BRI
TEXDHZENREEI T, Tichi 8%, Fukudaetal., Biol. Pharm. Bull. 2023, 46, 320-333.7)>
H5RIHA L,
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Figure 17. Binding affinity of plantainoside B on mouse brain tissues.

Wild-type
mice

AD model
mice

A and B, Confocal laser scanning microscopy with anti—A antibody (red) and Hoechst 33342 (nuclei,
blue) (A) and autoradiography with '?*I-labeled plantainoside B (Plant. B) (B) were performed using
brain tissues from wild-type mice and a mouse model of amyloid pathology (APdE9 mice). Scale bars,
1 mm and 50 pum in insets. C and D, Autoradiography was performed with ***I-labeled Plant. B in the
presence of excess amount of non-labeled Plant. B (0.8 mM; approximately 10° higher concentrations

than that of *|-labeled Plant. B) (C). Autoradiography with *?I" solution (D).
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2-3-12. RSN AR #5512 X 238 5EEREIK T I2x 9~ % plantainoside B O #IHIEH O fiEtf

ZNE TOMHHRES LV | plantainoside B I3 invitro fHfR 23T isoAP 12 & B fll i
EVEH 2 L TR ER 2R3 2 ERIB & L7e, % Z°C, plantainoside B @ in vivo |2
BT DHREEMERIC OV C, BB ARSI X 0 B L7z, BAR <~ 7 R OV ]
\Z. PBS 2R 5 L7-REZRIIREE L LT, isoAP Z# 5 L7=#E, isoAB & plantainoside B % [F]iF
WG LB 2 VLT, &5 5 1 BE%OBEBEEEZ 51 L7= (Fig. 18A), PBS #&5-REH
X WisoAPB & plantainoside B [RIFF& G- £ D~ 7 A3, testphase (ZB W THHMIKTH 5 03 £+
VTIZHTET DREMN R 725 2 E R CT& 72— 5T, isoAp EHETIX 01 & 03 (D
TERFFIZ DWW CIIR E R IT R b iv7e > 7= (Fig. 18B),

~ U A B EFHERIIR A A R T2 RABKEEN IER Th A5 A X, FEIRAT
T CHITET 2 RS BEM ORI ER L 0 bR R EZ X 6ND, —FH T, Bk
REME T LTWAD T AZBWTIE, BRI E BB 20 7enWzo | [FASEOfR R %2R~
L. FBE~ORERAERIL 50%I< 2T eEx bbb, 2T, A TH~v T A0OY
RIZRET D FRIAPEIC DU THEREE A2 O TR R U SRR mfa e B Lz, £ ORE R,
PBS $¢5-#£3 X N isoAB & plantainoside B [RIFF& 58 Tid O3 fTICHET DR OEE TH
HYAFRIFEEL Y, O1 8 XY O3 FHITIZIAE LT-RREF O 5 B 60%% (57 (Fig. 18C),
— 5T, isoAp BB SR B W TITMRIR IFEE A IS L, K50% Th o7z, 2D
LD, isoAR AT 5 Z L THAR~ U XA OFRIERENME T3 5723, plantainoside B % [F]
FRICPE 572 & BAHEREIR T 2MH S D Z E AR ET=, LA E X U | plantainoside B 13874
Tl 7 2 Z AN in vivo FEFTIZEB VT H isoAP IZ & DHRFEE 6 L CIR#EER A2 R Z &
PR ST, FEiAEIX. Fukuda et al,, Biol. Pharm. Bull. 2023, 46, 320-333.7255|H L
7o
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Figure 18. Analysis of attenuation of A induced memory impairments by plantainoside B in mice.

A, Schematic diagram indicating the coordinates of intrahippocampal injection of PBS, isoAp, or isoAB
plus Plant. B in wild—-type mice and schedule of novel object recognition test (NORT). B, Representative
trajectories of mice in the NORT test phase are shown. O1 and O3 indicate the position of familial object
and novel object, respectively. C, Bars indicate the discrimination index analyzed by NORT. Data
represent means + SEMs (PBS injection; n = 10, Af injection; n = 8, Ap + Plant. B injection; n = 10).
The statistical significance of differences among groups was determined by ANOVA with post—hoc

Bonferroni’s/Dunn’s test. *P < 0.05 vs. PBS injection, T < 0.05.
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2-4. EER

ABETIE., FLBEIMBIER 2L, AD TT /L~ ZADOMMN AR 2D S5 2 &0V
ENTWD B. monniera™ OEARZNE., AP AV IA~—I|liEA M Z2 R ITILAEMAERRE L
plantainoside B % [F]7E& L 7=,

AWML T, plantainoside B & AB% [FIFFIZhiPSHMAE HORAChHFRRICALET 5 &, ABE MR D
Peg D3 S A, MfENCa I\ ERIEA I LN X by R U 7 NIREEM B S H S, AB
DR & HAE T HBRITIEMIC 2 2K 7 & LT, a7=aF %7 v F 1 a ) U B RSPNMDA
SZRENMOLNTND, O q7=aF o7 F Ll al) U2 BIRITEICAP & BAE Bz
BIETHY . WAPRoT=a F LT B F L a ) S BRKLNMDASZ BRI RS % L Ca® D
MR M B L. HlRNA~OCa BRI ANFEIE SN D, 8 £, ABEEET 0T
& LT, YT T RARRICE SAFFE LTI O Ca® R BE OMERFICEE G- L T2 E / 7
a7 YA RGMIRH LN TWD, % 2ot boal=aF o7 Fral U2/ K
SONMDASZ A & FIRRIC, APOFERT 5 2 & T, APOREZ Lt L, HIIPN~DCa? iE |
MAZFHER L THRIEEZ /T Z ER®E S TS, ¥ BBREO Z &IOS iR %
M L7=Ca” OFMIENBRIFE AL, ApA Y I~v—C ko THEIND Z LRHEIN TV D,
180 X512 MFEANIZCa” BIRAT H Z & T, X har RUTHICCa DA L, £ DFEFRROS
DOFEANFE SN THREENECDL EBZ LN TS, 9 F= /MafkRs 6 oCa> it
LFE I, MENCARENIDIZER T bHEIN TS, ) ZoZ b, AB
AV I —IC X AMREFICIE, Ca” OMBNEREIEAPES G L TWAH EEZx bLD,
Plantainoside B3Il & ABA™Y =~ — D45 2 i3~ 2885712 DW Tid, plantainoside B & AB
IV =G L. APAF U I~ — O REEN LT D 2 & THBEYE RIS Ila~HE T
ZARWVEREME, NS, a7=aF UM T T a ) VR ESCNMDAZ AR, B8 XUGMI E
\ZAFET D ABRE AL I plantainoside B2SBEA MK G T 5 2 & T, ABEZHREBOFES 2
flTHZEBBELLND,

Z OMIZH | plantainoside BZ D b O MFRHIILICEEAEMN 32 2 & T, MfEMiao 2 b
U ATMED A E L7 REMEDRZ 2 5D, al=aF %7 eFra ) U RRERT 5 &
PR DOWAL A b LA ZMH] L, RSN 5 2 &% 226 plantainoside B3 5% 2415
L LTOEREZR-Z & T, MRREFERZ R T RERE X biLd, — T, NMDAX
BRIZIB N T, SRR X 20O 72 BUE SRR E A2 HE T 5 2 &7 b |
plantainoside B35 A HIEE L L COEM Z/m L, AR ORI 722 B & BNl 9~ 2 rlaetE N &
Do TORER. ABIZ X AR E NG S LD & WV o 7o iR EREEREF B 2 b5, o
=aF T BT 3V UZFIRSONMDAS KK % 5 8 - plantainoside BIZ & 5 MR IR F#EE
O BEMEZ DUV TIE, RS2 Tldplantainoside B D FEFR 72 X CRFEIE R FF O fiffr T C
BHT, LELICEHE LICABRE G M F & OBEMER E 230 T, AR OMERETH 5,

ThT assay {235\ T plantainoside B & AB Z [RIRFICEREE S B 7o 7L Tl AR DA%
FESRTF TN TR LN LD REREOHINE R b kinoTz, £/ AFM BN T
% . plantainoside B & AR Z[RIFFICEEEE S BTV TV Tl ABOAZEES T 7T
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Ao L) B EIHRITHRE TE R o7, & 5IC Blue Native-PAGE D #5112 LV
plantainoside B DAF/E F TIX AR AV A~ — DN BAFICIIET 5 Z & bR TE e, BT
a— UEEEZFFLAWIL. TOe Rux il AB 07 X/ BEESIFO 16 FH L 28 FH
DY UFEREDPMINIE LT, Ap D B-2— MEEERZLE L, AR OEREZMEHIT5 2 &
DERE SN TV 5D, 7 Plantainoside B D4y FHEiEIZH 2 DO BN 7 a— WUAEENIFEEL TV 5
LMD, FATHIE TRS NIRRT A BEEMGIER 2R Lo ety ZE 2 o d, 7700
% plantainoside B 1377 7N D 1 7 = — /Ui T AR BEEEIRICHES L, AR A Y I~ — LR
BAEXE, £z, WD ABEELIHIT 2 2 & THRMGEFEHZ R T2 NEZX LN D,
FELABET 5 &, plantainoside B 23T AR HUlAD L 5 2 EHZ R~ L, MANAREH SR ToH
L237u 7V TICEBBENEZFHET LN E X 6D, Jt AR PURIT. AB & FrEY
WS L CTHEBIREZTEM L, AR OEEZINGIT 5 L RIS, FUAR AT Y = 2RICE D 2
sa 7 ) TICAERINTHRESILD, * Plantainoside B (35T AR PR & [RIERIC AR BEEEIA &
EMEERTZ LD, plantainoside B N34T Y = VRO X O B RO AL AP BEEEIR
& plantainoside B DEAEERZ I 7 a7 U T REARLT AP BERESNLHREENR S D, —F
C. plantainoside B 28X 7 v 7'V TICEBEEH L TERRA(EET 22 L ) T AR BRES
. AD JREEDTEALE K OMETZMH 32 L W o e MR REIER N E 2 65D, L Laen
5. AHFFEIZIS VT plantainoside B IZ XL DI 7 127 U 7 D AR BERE~DFEEIZ OV TIEfRNT
TETWARY, ABFETHE L AB A Y I~ —% ACh fiRREEET VI /) T %
Nz CIeEEH U7z in vitro &7 /W2 & 5 plantainoside B DOFHFRIREVEH OfEATIX. 4 1% OHFFE
ETH D,

HHPERINL TSR 12°T THEqR L 7= plantainoside B (2K 5 AB fEATEDFRITIZE D . AP 7 1
7 U V% ERIZ AR A Y =~ —|Z plantainoside B (35 A MEE ~T Z L 3o 72, AD K
HEMER IRIEEZRAE LT AP DA A=V 7 COEKIGHZE 25 L, PiIB/LEWTH
WHALTWZ NC I, P 20 3 L ESHERA LSO N E WS ERER S 5, @ —F, B
PN T PRI 13 RFETH Y | 'C &k L CTIRAEICERL TV 5, 1% A4
ZECIE, P TR L7 b B OBR O I L LT P L0 b 60 H & K<
PN T NPT 2 TR ZED 72, 72 AD T T /b~ 7 A DRI P T plantainoside
B #WLE T 5 & MY O JRFELTRIC o7z o THETREDS B S iz, Z i, T plantainoside
BW, AB AV I~—IZbfGHEER O ENL AB 7 A T IUNLTEREND AP T T7—T D
B2 BT MERIFET D AP A I~—F TERHE L0 EEZLND, 2D LI IT,
THETITHLIMA AP ZMHT 570D 7 10— 7 DORRRENTED STV DA, 100 Kt ¢
[ %€ S A7 plantainoside B &MU ED AR BERKZ L TE 5 2 L300 . AR T 1
—7 & L TCORREMEN R Sz, F 72, plantainoside B X, BRI~ 7 2~ AR OHEEN
PEHIC X0 8 SRR T A2 M T A ER 2R L 2 &0 n | 1 #E5% plantainoside
B 1% AR BHERZ MM T 2 L RRFICHRIRGEIIER T 6 7 r—7 8720 5 5 Z LRB I D,
— 5 T, AT Tl plantainoside B #5124 5 L 72 BRORBHBERE DK Nk 278 L7223, R
RIS ZZET 2 L RIMEGIZ X DMN~OBATHHIFF S 415, Plantainoside B (3§ 1EH1Z
200t Fux v Eaags, ZHICERKT 2 KEMED G S 7225 BBB ~OFIEEIC U TS
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WiED, LUt 1 plantainoside B O fIF7AMEIL. Chem Draw 20.0 % VT log P
EEFHT5 L logP=227 TH V. plantainoside B (log P=0.91) XV HIEEMENEWNZ &)
O, PTG 2 2 & THRIARIED BN D L MBESND, BIIEE TOMITT, EU XY
RERIZEDWN AB A A=Y 7H7Tm—71X, BBB &L, 071 —7 OfREMNEZ
logP=294 ThHZ ENMEINTND, " Fe, JL7 IVFHERIZLD ABA A—T
77ua—71% log P =3 FEEL ’foEZoJZ 5 ”f%ifﬁwxnjré?}’bfb\é 1)zl T R
plantainoside B &, BBB % i#i 7" % Al HE THEBEZONDN, A%~ T A Z HOTCRGED2
BTHD, 2D LT, X0l Lﬂu“\@%’rﬁéﬁé 7= DIZITAREME R log P=3 FRIEIZ R D,
BBB Zilafk, EHLIKRICR2 70 R v ZIbBRRETH L LEZBND, —J7 T, MNIZ

BIF DAY OREN EHAT25 L9 REERKICOVWTHFIT 2 0E R H 5D, — KIS
BBB Zilili CX 5 L B2 HND 0 F&EiE, 500 F2ETH D '™ 23, plantainoside B % 1 THE
WD 2 LT, RN 47845 70D 60435 L RE D, EOIIE#REICLY | (LEYE
BENOIREGT D & BRIED S WIN ST LAY, BBB 2 S THA~E#EBITT 5 2 &
bﬁﬁ&iémm\éo 105710 AD VR DM & L CTHFZERED BTV DY 77 BV (4
T8 822.95) IZBWVWTH, RRERGIZ IV MA~BIT L T, N AR OBAMEM Z7R"3 2 & 23k
HENTEY B REEGENMEEMERNASBES T L7 OOEEHED 1 L LTEX
BNTWD, £/, AD BERRMEIZZ N EHBET D L. L0 REEMROREER 51

KEGHRBEGRETHD ZENEZBND, AW TIE, 21 #E#% plantainoside B DA FH #%
B I ORERGICEDMBATIEICOWTITT cE TR 67T, S%ROMERETH D,

52 E T, ABA Y T —IZHK L TREAMEEZ R TIRS FLE W % B. monniera XV H5R

L T plantainoside B % [F]7€ L7z, Z ® plantainoside B ® AB 4V =~ —|Zxt7 2 Mt tR#EEH
% in vitro 7RI L OV in vivo FHRIZIB W THENT L 72, Z Of55E. plantainoside B 1% AR A
U I~ — RO 2T 5 2 & T, ﬁ’*Eﬂﬂ@V\? Ca”BEIRAZI LIz, I b RU T
RN FLE A2 BN U TR EEIER 2o LT, Wz, ‘@ﬂ{ifcyﬁ ’C@nﬂa L 7= plantainoside
B % V>, plantainoside B 7% AR 7 4 7'V /I/%EMK AB AV A~ —IZHEAMEAETHZ &
LI, v RAOMYI T LD AR AV Tv—% 5T AP % %Mﬁ%*ﬂéhﬂf%é EMbhho
72. LAEX V| plantainoside B i AR A4V I~ —IZxt 3 DR EMER 35 L OV AR S5 AR H
AR ILAE TH D Z EBRBE ST,
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AD (2B W T RER2HT - FHENERIL, +oRIBEIR A5G0 ETREEHER A TH D, K
W22 Tld. AD JRBETE R FHABR PR ICE B LT, isoAB N BIE &5 4 U =~ —3 L OV hiPS
flHa 2k ACh #hif% & AW TR REE T /L A EE L C AP OFRRREER T 2T L7-, X512, AB
AV I —ZHREE T LA 2 AR GERFR LT, MR REER B LU A Miise
Z in vitro, in vivo FFAl R &2 VW CTRENT L 72,

1 ETIX, AR DEHEBIGZ IO pHIZ L > THIE CE, XE LA U A~ —% K
BT 5 Z ERATREZ: isoAB ZHWT, AB AU I~—lC X AMlaEEZBELL-, S DIC,
ZHUE T AD BEE TRV BT X 7 SH-SYSY Ml ZE 0 . AD FIE R 2 5 O i 23
F1 5 A5 BTN R EGH O ACh #fifRIZ DU T, hiPS MR 6 7 ¢ — & —7 U —BIR F oK1
a2 O CRE N SHENER < MEFFEN AIRER HIEZ M LT, 2Ot b ACh #iftiC
iSOAB ZALiE L TR EZFETHZ L T ABA Y I~ — it & a2V KGR ZBE L= AR
AV I~ —iFRE b ACh iREHEET NV AMHE L, Z0 AR A Y I~ —FRmMREETT
o IO TTHRRR RS T 2T LT & 2 A, BRIRGE 2 3 Drtilakm~0 AR OHE N
WR<BETLZ NN, ZOERIZAB 74 7 VALY AR A Y I~ —|{ZBWV TRHIZHRW
ZERbhoT,

52 ETIE, isoAB ZHWT, AB AV I~—fEatEa Ko ke ad —7 D —F
T& D B. monniera 7> HHEFE L, plantainoside B Z [ E L7, FH 1 ETHELZApAY I~
— R EE T L& HU ., plantainoside B OYEH & fi#HT L 72 %558, plantainoside B 1X AB
CAPRRDBERE A NH L, AN Ca R AIB LN h = R U 7 OREERENZE LA #iil LT,
MRRREER 29 2 & boo T2, £72, ThTassay X° AFM (2 L Bi#HT7> 5, plantainoside
B 2% AP DEEEZ IR Il T 5 Z & LR &7z, £72. plantainoside B | L D MR ERFEIEA 1.
B AR~ 7 2 % AW in vivo IR THMNT L. isoAR ORENHK G2 K D58 HEEREIR T
*t LU CHMIERZ7R Lz, & 512 "1 #2:#% plantainoside B % 72 fi##T1Z X U | plantainoside
BIZAB 74 7V NEFERIZABAY I~—IZbfATHI D0, ADET /LT AD
MBI £ AB ORI S AIRETH 5 Z & 23R 4172 (Schema 5)

PLE LD | ARBFFEIZEVT plantainoside B D WL RINL LT AE W5 Z & T, K]
FETO AR AU T~—0MHTE, £72 Ap 4V I~ —IC K DHIfEfEE) D ACh 1Rk & (%
ETEXLZEERM LI, %O LR HMEIZE Y | plantainoside B &2 — RN & L7t &Y
ZICHT 5 Z & T, AD KT 2 R & 15 R 2 [RIRFIZHE O theranostics DBAFEIZ D273 %
NI E NS,
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