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FRFNE &1, HESRORGEEERS (WHO) (12 KL 2 EBRER /55 10 B (ICD-10) (2
BWT, NEH, B%EHLWVITETHEOMERIC L > TEL, RE EE A
Wik, PR, FHE, E, S, e E2EOEmIINEERERE N D 72 D fERE
B EERINTVD(), WHO OFERIZK D & 2018 R s THA OFREIE
ABEEITR 5,000 5 A BV EEK 1,000 5 ABEIIEEZFIET S & ST
W5 (2, DAETIE, 2012 RS T 65 Ml EOREEBRELN 462 TN (5

EEANODK 15%) T A (%)
1200 34.3 40
o R LR
- ST A 25 i AL
b5 & RNRAET 1000 S-S D G 39

30

POERREN B g
EHIT, ZOBERIT

2025 412 730 A 100

25
20
15
10

(BEE N O 20%) 500
[CETHINT D LR

2012 2015 2020 2025 2030 2040 2050 2060

ShTWAFigl), % "

Fig.1 Changes in patients and prevalence of dementia

72 2016 FEOEREN  y spwoes s qmmmma (5578 15) BEEEIC/R
HgRtic LA L. 65

ik PA B OB I I T DN MLENT /R o Te FARRJREIC DWW T, GREED i
HEIGNE L, 18.7% (B 152%, &1 20.5%) L72->TW\Db @), 5K FERD
mE bt OERATHRIN D DOREICEW T, RAEREROME & b
o EEE, RO XS RS AEOMINN RIS, LEER- T, @&
FUE O BERIEINZ MH 5 2 &3, REEDOSR A OATBIZ & 2723 %
EEZbID,

REVEIZEDORRIZ LY . WL O 0FEFICHFHEN D, BIEA<HALNT



WAHRBAVEIX, TV A ~—HERHYE [7 /LY N1 ~—%i (alzheimer’s
disease: AD)], L B —/MEBIZRHNE (lewy body dementia: LBD), Rif SE{HISARYFE A

Table. 1 Features of dementia

EHE LET
FILYNAT—8 | PHERETIEHTENINEESIN, RLITETT S
B HEE (AD) REYTIIETHEENEET NS
L E—/M&HE EEIED B EEIEE
SR H1%E (LBD) BREMN—FY =X L
ATEE{AIEE &Y ADE Y £ E L (40-755%) ERME THRIE
P H%E (FTD) MHROEL ETHES

ik =gFiEnd I~ O FERT, BLIckYBIERIIhS,
(VaD) MEDEEEH L. EAWILYERSIKECELD

Duong, Silvia et al., Canadian Pharmacists Journal., 2017 X Y {ERX

JE (frontotemporal dementia: FTD), ML 473 Z0)E (vascular dementia: VaD) @ 4

FHECTHD (5,6), TNLTNORMIEDIEIR, R % Tablel (79, ZHHD

=PI oS R
= a4 SR AHE
L b/ R IR
B O R B G Y S A
= Ol

Fig. 2 Types of dementia
HEREFRLNERRTS B 78 H) SZERLEITER

HED TS, AD IFRAVED FERFKTH Y | £ 70%% L5 (Fig.
2), AD TITHESS « KIMBIE OREIAME S D MOZE A A LN D, &6
\Z, 7 uA RAiBEs > 2X7 & (amyloid precursor protein: APP) U S5 =

EIWZEVAERKRT DT I vA KB (amyloid beta: AB) % EEAERAK ) & T 5 # AN



DR, UV rBb ST Z 7 & 37 SRR NI BT 2 MRk Rk 2 b
R E T2, AD ORKRIIFERITITHH SN THRWA, ZHETIZ TR
&9 RIGRBRE SN TE T,

1. =Y ARG

AD HBE D RKMEE TT7 2 F L2 o (acetylcholine: ACh) B kEHE THDT
Fal) kT AT =T —1F (choline acetyltransferase: ChAT) <> ACh 4 fi#
fECHDHT®FNal) A7 T —F (acetylcholinesterase: AChE) #EMEAME
TLTWD Z ENFA S, AD BF O KMEE ChAT 1M & B EEREAR =27
DFABET 2 Z ENEE STV D (7,8), F 7o, BIMERE SR 13 RN R o
BT 5 ACh TEEIWMEARRRR IS SFET 223, AD ORIMELEE T ACh 1F
PR OB 2D RO LN DE T ERRESNL TS (9), I HIZ, ACh
WA+ 5 =aF M ACh Z AR (nAChR) DD HiE S Tunad (10),
AChE [H5EIRIX ACh O3 fRZMHI L, v 7 AMBRO ACh % E5 S+ ACh ##
BRADIREAEET D (11), —FH., 7T hrEYRLRAIaRT I 2 X 504N ACh
MRERIREA W T2 Z LIk FESCRBITENMH SN2 L0,
AD DEZERRRED 1 D& LT ACh MR DOEENH D & T 5 = U ARG
BENTe (12,13), BIfEAD OIRFEHE L THOWLNTWD RV HT
IR NRZAF 7 IATTIL a2 AGEICHED< . AChE HEIETH
Do

2. TV I U PRARR RGN
TNE L BRI O £ BRI EEDE Th Y . TOZRIED 1 DI

N-methyl-D-aspartate (NMDA) 251K 8 5, NMDA &K%, KIMEE 1



IBICmEBEEICAAE L, RLlRICBIfR T 2 R IROARE v B 2 W) THLLAY R
TR ZH - TND (14,15), —J7. @Rl7R 72 I el 3 BUE TS X2 #ft
JRsEZ Bl &k 24, AD TiE. AP 23 NMDA ZBIKD 7 )V 2 2 U FRfE AL
ftier L. NMDA Z &K A S LTz Ca? i A3 —F#{kZ 3 (nitric oxide: NO) FEAE
I X DMIREME A TR L TV AR ER S LTV D (16), NMDA Z#EK
T DARBIFME D I S VEBMARKA N T LV F T=A N ThH LAY T U
BUE AD IRIIE L LTHEF ST D, A~ r T it AR 2 ihik B |
DAL D —WMEOBEED 7V I UERICKR L TIiE NMDA 2 5K )> 5 il
L. IEFZRHREESCESIHEI (long-term potentiation: LTP) (2884 5.2 721
. FERER TR v Z X VERRIICR LTI, T ORI B L AR AL VE
THDTIEIRWINEEZZ BN TNS (17),
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Fig. 3 Amyloid hypothesis and mechanism of therapeutic drug.



3. 7 I A NG

ENBEIMRRFRRAE L L & AD ISR 2R BRFREN SN2 &, AB LA
X5 UERICHATT 5 AD ORIIMIRE THSH Z & APP O RERERIZ LY

FIEME AD I3 RIET H 2 & S bIZ, FiEME AD OIRREE T TH 5 APP LT
APP DU 2 9 -7 L —BOWRERTHL L= LV OEETIT,
il U C ABap DEEA D D UVMIPEALLTR (ABs/ABso) MM THZ LR ENMD
TS (18-20), ZDIZ EMnD, BT AP DEIINAY AD FIE D & Lok
HERAE L L CEST DGR TH D (Fig. 3). — T AP ILEIXIEHIN#IC X
STHROOLND Z &, BAEREREFEIZIRNOT I v A NiEEE TR PRk
JFRAEZ L MRS 2 Z L EMER STV, E7o,  AD 38T 2 HRHH
fabsdEid, WA L7 I A REfETIE RS, WiEEO Ap A Y 9~— (AR H
AR 2 5310 A TG LT EAR) 12K - TEE S5 aTREME D RS
EH Tz, 2008 FRICHE SN2 AP lZxET D U 7 F o ORI OV CTaT
ENTE A, AP T 7 F UMD AP & NBEDILE &b 723, B
BERBIIdE SN o7 21), 2D Z E0 D, 2010 FEHIZIIER DT I v A K
A EIE LT AB A ) I~ — (AR SN D L H 2k oTc, ABAY T~v—
(AL TIX, AR DEEEE, ILENIT L, THITHN TH VI X D ApiiukE s
AL L. FERAC IS O S - FUERE - BRRAY 2R 2 D IE B
HEWVOIRIED A — RSB E LTV D (Fig. 4) (22), Z ORGERIC
Bk % 70 AR PURDERIRER M TN T, 128 AL OFUERFEEOBR ITF 1 L7
B TT 2l X~ THKE, ML HARIZBW T, AD T K D AR A RE R

% (mild cognitive impairment: MCI) K& OMEE AD % x4 & 3 5 &GRHFEN TH
NTW5, 75 24X~ (aducanumab, Biogen, USA) (%7 2 11 Rk

SO TO ADIERE L LTHERZHED TN D
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Fig. 4 Time dependent model of pathological conditions in AD.

SCHR 22 (Jack CR Jr et al. 2010. Lancet Neurol) & Y WE 5 H

ERRDOEL DT AD TIIRIEL Y b R OBEREN D AP DILENIMEE > TN D
EEZBND, LIin> T, AD DY TOMOKREZ R L, ARl
DL A=V D IR D BEED B TP IRRFEDOIAEIT) T ENEET
b5, I, BRKIISEGE (magnetic resonance imaging: MRI) °H—JG1
TR % (single photon emission computed tomography: SPECT), A~ h#
VWrE s (positron emission tomography: PET) 72 & O &2 W Hiffi 2 i L
TAB DIRFEAFERTHZ LKV AD OIFENEIRTE L L ) >7= (23-
25), EIMEREDNEF CTH O 2367 I v A K PET BEoRiEEZ L7 ) =%
)L AD (preclinical AD) & L, LAFD 3 DORT—VICHEEIND, AT —Y
I IR TH VD 2D BN AR DFERER A HILOIREE, AT — 20 iRt
WIGE S THODHIRIE, AT —T3: AT =V 2ICMCI BRALNLRETH D
(26), MCI T4/ 10 ~ 30% D3 FBHVEICHEIT T2 — 5 T, FRAMERED IEF 72 L
WCEET DA ND L NI MERH D Z LB MCI DR CRRAIERE & #E
R4 2 2 &3, ZOBROBAIEFRIEIMH ., THICORNLEEAbND, L



L7273 5, MCI OBPE T T & 2 FANIHEFE LRV, ey 7Y
AV MRECLDRBIVETNEE LB DBND,

RS K DRAIET & LT, I, MR R R LHIEAER Sh Ty
%o 2020 4 12 ABUE, [RR%0EERE] %% — U~FELTVQ@®% iﬁrﬁ
RGeS TN D, DRG0 < :
75 IDHA | EPA] A Fa vET TR A
NECHER, A Fa v T TF 7 b
Thole, TIO DG LIS DRI 2tk
PERIE & D BEREVE R An O BRAJE I, FERAVIE
TEHEDIEFRIC DR D EEZEZBIND, @&
FIFERE XTI DHEREME DR A D 5 |

T. MU TN (Huperzia serrata) &\ 9 HE

WIZER Lz (Fig. 5). hoZ e \iZe )
AATRNET D v F <, TEOIEH  Fig. 5 Huperzia serrata

A7 SR & UCHTEEG . G e, i, I olgRIcHWs T &

Q7 FUFINFHE, A 2D, HET Y7, BARENICS B4R
HERBENTWD, D AR SRS HFTCAT L, X0 FEICHEZ AR
B SEDLRE & D, TR 29 FITB T DI R ILOFEHREL 1% TH Y |

EEE (84%) ICRSENE 2/ THLZ b, MU UABEEICALEL
TS EHERIND, FUT UL EBESZT VA R T&® S huperzine
A (Fig.6) 1%, MLIEMMEAM 2@ L, PN TRl RAIC AChE Z [R5 L

T, 7TeFra ) o onfEeiET % (27,28), %7z, huperzine A (X1 - Hi%H
LYV OFEREEE T VIV T AChE [HE A8 L CRlBEEL+deET5 2 &

DEEINTVWD (29,30), £72. hU 5 T 3\Z1E lycodine i, lycopodine %,



Huperzine A
Fig. 6 Structures of huperzine A
fawcettimine Hl7¢ ST SN FFHEAI T v I m A K. RUT AN A K|
T )=V, 7IR A KBREEN TS (31), Huperzine A B DO/EHIZ
BT 2 WMEIIBE SHFET 20, MU T v OMRRIEICEE T 2 S XA EE
FEBHIT, FU AT HO huperzine A DUAMTERAVE TR ST DS OF
HIZOWTHEARHTH S,

RSCTHL, R U7 Y R OV OFSREMERK /Y T & 5 huperzine A DR8I
REREE ST 2 EAARETT 2 2 L2 B E Lz, 1 ETIE, Furon
T & — /Al ck T v v A RiE4y (AEF) & U huperzine A 728 =2 U 2 {EH)
PEFRRE D FIFINC X 238 FBEREFE F T DF A Mat Lz, B2 ETIX, by
kY (WHS) RO b A N L 22T DEH OB 2170, h o5
KA (WHS) OFEIZ huperzine A LAZM DOFEREM:RL 25 DB 5- % gt L
7o HIFETIE, MUK (WHS) KON huperzine A @ NMDA 5 &

K LT anpkRe I3 D EM 2 Mat L7z,



1 TEFLAYUZRIET L HAT=A N (RIART ) FIETREERE

BEEEF ST D N AT L m A RESY (AEF) OfER

Fram Cib X7z X 912, AD IFREE & BHEERE O EATRY 72 EEITHE S b
DRFIED EELR K TH S, 727 Th, 2V UREUEL AD ORRK E LT
I IZIRE SN TH D | MHRASEWE O ER T 272 2:C, AD &
FITE VT ChAT X° AChE DOIEMEME T LTS Z ERRA I N (7,8), &
512, ChAT DiEMEL~Lid, AD ORI ERYR A ORI LA 5 Z &
NG SN TUVWD (32), ChAT =° AChE I3 EME THh 5 ACh &+ 5
£ TH Y, AChIITH-efe B A B T 2 7o DICE B &HI 2 1= 3 (33),
ACh T & o THIM 2 D IEEBEN O = U AEBIEMIR I, KIMEESOMES 12
R AT L. RGBS EEMRRRICE ST 5 (34), AB L. SEOFEMEE LT
ACh I OAK T | iR oo B M O 78 & OB ORI 2 1EH &2 A
LTW5b, SHIT, Ap OEMREREIZY Vo U Vb, 22U AEEPEmpRE
A~ EMEZFH L, ChAT JEMEL N ACh DIR FEFET 5 (35), D7z
. AD DIgEH —5 v FE LT RRARUARLHT T % I 72 & AChE fLE
SRR - Eifi&C& 7z, AChE X ACh & 2V v L FERRIC R T DR CTb
V. AChE FHEFIIMAN D ACh nfRZmsil L, £ORELZ LR SE5Z & T,
2 Y AEEEARRR OMEE 2 ST T 5,

AaRZIvidba "y Tdiafd RTHY, EEROL LAY NET &
Fral) UEEEERTH D, 2aRT I UREICL VER SH LML
T, AD R OVINERIZRE S SRAMEEE OIS TS 2 U UAEEE > 7 U RO
TIZE2bDTHLETHa ) VRN RE SN, HEEZED, AD KW
DRI D RERRERE FE 2Bl 2 E 7 v & LTRS RSN TN D (36),



SIT, W OREREIERR Sy D2 < T, A 3R T L VERRASRERE T T
JAZKET 2 RS RESGEEI N A ST b (37-40),

F7o. ADVERIEL LTHVBETHHEHN SN TWLI T U2 I3, e b
EeHNFRDOR ) — Rua v 7 (Galanthus nivalis) 7>5 %W S 72 RRYH
kDB THD (1), FTm. VARF T I NI AR T30~ A
(Physostigma venenosum) 7SR A ENTT 4V AF 7 I v OFERIKTHY . K
SR SR D AEBE W E S BIRy  H VLY — RILE L 72> T D (42),
EREORRIZ, MW KO RIKMEEMITIL AChE ZHET H2LEWMBFIEL, FF
(T T m A REIER )72 AChE HEMEH 2 H 9% Z & 06 AD IR E
(2D MM D ATREMEDS R S LTV D (43),

KDL B S LAY T D huperzine A 1Z, AChE OIEMETNALD
B AR ICEER A3 5 2 & T AChE [REEM 2779 (27). Huperzine A I%, X
AR T I B FERRAEREIEE DO 72 5, FREIBRREREE 2 A7 5 E il YL OFE
HRERE. T v b OAREE SRR MNP E I K DRk REREE | RS R O RR
MR E A UE Lo 2 e n, Mx OFREREEFEICAMN TH 5 2 & AR
SNTWN5H(30,41-43), £7=. MU AU AUNDRIEY TH D H. quadrifariata
NN H. reflexa & AChE IEMEHEEHZ A L TWA Z ERHESNTEY, H
squarrosa (XA AR T I VFHERTEIERERF T 7 /LT CRRAERESCEIE A
INHRE SITND(47,48), LLRA D, MU 7 Y/ NEIKD AChE PHETE MR
PRIEIFEREIC )T A ERIEH B s STz,

AKETIE, bourin"xzy ) —HiHE k7T v a A Niigy (AEF) @
huperzine A % % & N AChE FREEH Z M L7z, £/, ZAaR T I ViFHER
AR EE T L~ U AZxT 5 MU S AT vl a A NES (AEF) O

PERELCEIE IS DWW T H Al L 72,

10



28N SEBAMB R 0Tk
2-1 B
ARSI N O IE, ITF 0@y Th D,

R R AR VIR I T TG T2 (Osaka, Japan), huperzine A (% LKT
Laboratories Inc (Sant Paul, MN, USA), A 2787 X /| Sigma Aldrich (St. Loius,
MO, USA) X VA L7z, TritonX-100 /% Bio Rad Laboratories (Hercules, CA,
USA), A EH#RIZ Otsuka Pharmaceutical Co. Ltd. (Tokyo, Japan), 1 mM Tris-
HCl (pH 8.0), VU > lE/K3FE —F VU 7 A « 12 KF1¥ (disodium hydrogenphosphate
12-water: NaHPOs * 12H20). U i —/KFEF U o A KFI¥) (sodium

dihydrogenphosphate dehydrate: Na,HPO;3 * 2H,0), #Eft7F F U 7 A (sodium
chloride: NaCl) % Kishida Chemical (Osaka, Japan), <> k3L B X —)L

(Pentobarbital), dimethyl sulfoxide (DMSO) [X Nacalai Tesque (Kyoto, Japan) £ ¥
TNENIEA LI, £72. FUT IS RO RN, I BB S K
JesE (RIIHEEREER) Lo dth L THEW,

2-2 EEITIE
2-2-1 FEERENMY)

ICR ¥ 7 A% HA SLC (Shizuoka, Japan) LV HEA L7z, =7 A (HEME, 6 1 HR)
IXRREIREE: 23°C (FFAS#HIPH: 20-26°C), BXEWRSL: 55% (A4 HiH: 40-70%), BIKE
12 WEfE] (B 7T 8:00-7F 1% 8:00) ITHERF S 7o I BIERL K P 0O B el B 4
TEE Lz, ~TRITTAF v 78— (f{iE24.5x ${17.5x & X 12.5 cm)
AV, BHEBKTICEREE (CE-2; CLEA Japan, Tokyo, Japan) (Z CHilHE L
7o ATENRRERILT TR 9:00 2> 5 F1% 6:00 DFICAT o7z, T X TOERRIT

11



Iz BB RFEVERE - B ERE BRI OKRB ATV, FF a2 LT
Fhti L7z,
222 RO TRZH ) — AR O Vi e A RSy (AEF) O
AEtOFRRITIE, ERBILVART CRIRLIE by F oL, Fo Ty
NORFEE %, |R T 2 —/T 15 K Ue, B L TR okt
TR RETH ) — A (EXT) & L7z, EXT ZHEEREEMEIC LR RUKIC R
BERR T LTk Lo, KBZBRE LR, BT LVEIZ oW TR
PERERUKIC X D0 & EIT o 72, 2 BIOZREETH O TKEIZRET b
ULz THEEME (pH9.0) IZL72f%, Z7uerRLATH|RL, oz
ooV L BEENET S 2L T e A R4y (AEF) 28l L 7=, 2-2-4 DL
DR 2 VT2 S2BRIZIE ABF 2 L7,

2-2-3 N URT VI A R4y (AEF) H O Huperzine A & &7 8T
EEDSHTIZIX, Shimadzu (Kyoto, Japan) 6A 78>, Shimadzu CTO-10Avp 7
7 LA —7 >, Shimadzu SPD-10A #&5\ Al 53 YOG EE R % % OF SPD-M10Avp
UV-VIS # A A — R7 L A g T S Lo mdiiiik 7 v~ 777 7 (high
performance liquid chromatography: HPLC) *:i& 2 {# ] L 7=, Huperzine A fZ4E}&
Z 1.0mg/m OIRE L7225 X HIZTHHE L, 1.0 ~ 8.0 pg/mL OHIPAIZI T 5 mikE
B (y=16421x + 1553.2, R2 = 0.9964), EXT & AFEF I3 10 mg/mL O L 725 &
INCAZ ) =ML, BRI 2R Lz, o RHIIUL T om Y Th
%o 717 I Capcell Pak C18 (MGII, 5 um, 4.6 mm i.d. x 250 mm, Shiseido, Japan)
W 1.0 mL /%y, BT MR 40°C, FEAR 10 pL, BHER UV 308 nm, R4
AL =01% (v/v) U T A n FEREAREROK (2080, TA Y7 TT 4

7)o

12



2-2-4 NUTUAT I A RESy (AEF) o7 ®Fral) raxr I —E8
(AChE) FHFIZxTT 5 1EH O

FEIZIL, 6 WERLEME ICR ~ 7 A2l Lz, ~2 F2L e X — ) LEREE T T
~UAEWE L, EMERE L, M LE2NE, v A7 eFa—Tofi
A, BEREZNESR., MAEREZHNCREMRE Lz, IRt Y A X
3% £ T—80°C IZRFF LTz, MO FBE T A XIIWEED 4 50 0.05
mM Tris-HCI buffer (pH 7.4) Z s L7=1%. FE A ¥ —(Psycotron, Microte
Microtec Co., Chiba, Japan) % H\NTKm F T O —{L LT, ZD%#%,
3,500 rpm, 4°C T 10 Zyfidi.0 Lz, 050 Bft: O EiEZ B L, AChE B#RE A
& LT L7z, AChE BESATSIRILAEM % £ T-80°C TPRAF L7z, AChE {%
PERIEIL. Amplite™ Colorimetric Acetylcholinesterase Assay Kit (AAT Bioquest®,
CA,USA) ZEH L TiTo7c, BRI THDL MU 7o "\ T A RNilisy
(AEF). Huperzine A, RF3XULIE, 1%DMSO & A phosphate bufferd saline
(PBS) |ZiAfiE SH 7=, 50 f5ICA R L7- AChE BEETAIR & 93k % 9:1 oEIL T
BA L, 37°C T30 A v Fax— b Lz, WEIEEGOFIRICHE > TTT
VY, 405nm, 412nm OWEE~ A 7 17 L — K U —#— (Thermo Fisher
Scientific, MA,USA) % H\CHIE L7z, AChE 5D 5S0%BEEEE L (ICs0)

T, LT ORIt > TR LT,

A_ (500
ICSO =10% X = log _— IOgB
(D-0)
A:50%% T =R
B:50% % e o IRV EE

C:B DEEIC BT BIRER

D:A DR IZI31T AFLER

13



2-2-5 MU UART VA A RSy (AEF) O7F VU val) AT T —+8
(BuChE) FHEAEMH OREES

FEERIZIT 6 BEHEME ICR ~ U 22 LTz, ~ U AT F2L B2 — Lk
BET (80 mg/kg, i.p.) THIM L, TREIRE Y ERMLZ1T o7, TRILEDY T
(%, 3,500 rpm, 4°C OFEMT, 10 spfHEO LT, mOE%EO FEEER L, 7F
Yozl A7 77—+ (butyrylcholinesterase: BuChE) BEsRIAR & L7=,
BuChE BEFRIFIRILME 95 £ T—80°C THR7FE L7=, BuChE {EHERIEX, =V
T AT 7 —¥ U a— (Wako, Osaka, Japan) ZfEf L TiT-o7-, ZHEN O
BRIEIL. 1% DMSO &4 PBS IZIEfiE S W7, 55124 R L 7= BuChE BERIRIK
L. WA 9:1 OFIATIRA L, 37°C T30 oMo v FaX— |k Lz, Wk
R ERIK, WEIRIZ, £ Eh 2.5, 200, 50 uL iz 7=, 405 nm O
%, vA 2717 L— b U —X&— (Thermo Fisher Scientific) %l L THIE L
72,

2-2-6 Y FRURKFGAR

N7 XTIV v A R4S (AEF) (30 mg/kg/day) F721% R0 (10
mg/kg/day) % 0.5% carboxymetyl cellulose (CMC) (Zf&# L. 1 H 1[F], 10 mL/kg
TRARGEZITo72, F&kG 6 0 BICEHIREOMhE LT, Y FRIZREKR
BREATol, 3207 —4h (EZ40cm, 1R 10cm, &S 12em) 26725 Y F

RUPRPRALE 2 I CL R AT o 72, WBRBAMG D 1 FFREIRTIC, b7 v "7 0

H A R4y (AEF) £7203 FRALOLVERE LTz, ¥EE 30 5%, 2 aR
7 v (3mgkg) OIEFENEGIC XV FBMEREREE 2 Bl L, *HRBECIE R

aRT O IAERRER (10 mL/kg) ZMEMENES L=, Rz »

T, YURAI3IARDT =205, 1 OOT7 —L2BIR L TEHESN., 7T—254

14



RBATE OB EZBE LT, ~UADBRERD 3OO 7 —AIZEFIRA L
X, REITEHZ AT T AR LTe, ~TUADITENZ 8 IET A ATk -
Tk L. UTOHRICH S TT — 2R EEH LT,

Alteration (%) = (7 — LA TENEUAR R ABIEL-2) x 100

(Once a day, 6 days)

-
Huperzia serrata (30 mg/kg, p.o.) or Donepezil (10 mg/kg, p.o.)J

>

|

6 days

1 2 3 4 5

T : Scopolamine (3 mg/kg, i.p.)

Q 2

O Alternation X Error

Fig. 7 Behavioral test’s outline and illustration of Y-maze.

2-2-7 s Ep[ElEEEAER

N oRT v e A RESr (AEF) (30 mg/kg/day) 7213 REXT0 (10
mg/kg/day) Z. 0.5% CMC ([Z8&#&E L, 1 H 1A, 10 mL/kg TREAOHK G- %2175
7o FE 5 ARG T HAIC, FEEEOMEE LT, BRI 217
S7c, ZEERERBROEE L, DA WTF ¥ o3 — (fiE15.5x £{9.6 x &S 18

cm) &, BEWTF v oN— (fiE32x ME32x EX27cm) B 5, 2O0DF ¥
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e N
Huperzia serrata (30 mg/kg, p.o.) or Donepezil (10 mg/kg, p.o.)
(Once a day, 7days)

T >

| habituation || stimulation H test | days

1 2 3 4 5 6 7

| Passive avoidance test |

T : Scopolamine (3 mg/kg, i.p.)

¥nFv F¥aFy

Shock (0.16 mA 2 sec)

P

) RE [ /S

/

Fig. 8 Behavioral test’s outline and illustration of passive avoidance test

N=DfiX, 274 FRoXuaF o R7 U6 T05, SHHEIC, w74
DIEE~DHULAR 21T o 70, AL NWF v o=~ U A ZE X, 30 ki
%, ¥uF U T EHETE, vV ADRERHEWT v N —ICAo72fh, ¥R
Fo RT7 WD, 30 WRHBLSE-%, vV RAETF v o= b M|V LT,
Bi{b.o 24 FEZIZ, IMEBRZIT o7, ZORBRICBWNTIE, U AR
F X N =IRALTE, WEDZ Y v R BE XA (0.16 mA, 2 B &5
Z. BB A A S E T, BB 24 R, BREFRITEIT o2, 2O
AATICBWTIE, FuF >y R7BRHNTHAL, v~ T ABRHLNT v R —ni
N T ¥ NIRRT D F TORE A REERF (Latency) & L TEHHILT-,
RO 2 600 F £ THA L7z, SZEhEEEEFAERIC ISV T, FABRBALA 1 B H Al
IR NI E T ROV ARG LT, RS 30 551k, AR
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7Y (3mgkg) OIEFENGIZ L0 AR E 2~ 2K LT,

2-2-8 A—7 27 4 —)b Rk

REBRITA—T 7 0 — L REEE (]E 30 x F830x @& 22cem) ZHW T T-
2o N TRT VA REIS) (AEF) (30 mg/kg/day) F721% FR~<XTL (10
mg/kg/day) $5-8 HBIZA—7 27 4 — /N KRB EIToT2, ~ T A% 20 %)
[, wEOPCTHBITEISE, BT AICREk Lz, BH&IT Etho Vision XT
(Noldus, Wageningen, Netherland) % N THEHT 24TV, #BEHEEREA HIE L
Too ARBRBHAG 1 FFMRTIZ, PO I E I "2 RE L, Y

530 0%, AarRT 22 (3mgke) DEENES E1T-7=,

2-2-9 HEEtERISRAT
FEERAAR T T + EEERE TR LTn, WEH R0 lbleix, JSTAT (Vector)
% FV T Student’s ¢-test & 5 VM Dunett’s test (2 K W 47572, BRI 5% K

WEAEAEDY & LT,

SE3HT RERAR
3-1 U UART e A RESr (AEF) @ huperzine A & A 2

AEF ® HPLC F ¥ — 226 5 5D B — 27 (IRFFEE 9.034, 12.679. 15.950,
17.717, 21.494 min) M SN2 (Fig. 9), ZHHDE—27 O, FREFRFRE]
21.494 min D fx b =V E— 27 73 huperzine A CTd > 7z, Huperzine A DR AR %
{ERLL . AEF O huperzine A AR ZH M L& Z A, 0.500+0.003%TdH-o

7’9—
—o
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SFO-10A GEnm)
—— H5_AEF_{ Grme sl jni 1 0ul 01
H5_AEF 1 Gme il jni| 0ul 01
1 {REER

21.494

9.034
12.679

Fig .9 Quantitative Analysis of Huperzine A Content in Huperzia serrata
(A) A standard alkaloidal enriched fraction (AEF) sample chromatogram of Huperzia

serrata. The huperzine A retention time was 21.494 min.

3-2 U v T vdiaA REsy (AEF) 7 8Fval) o X7 73—+

(AChE) FHZE/EH OFH

DA RT Vv A R4y (AEF) (% AChE JEE % 8 BRI PR L,
ZOVEMAIE 1 ~10 pg/mL OHZEIZBWTHE TH -7 (Fig. 10A), F7 7N
TG aA RE4y (ABF) OFERKS TH D huperzine A, FEMEXTFRIETH D KX
~ Yt AChE % BH%E L7-, Huperzine A |E 30, 100 nM (2B W\ T, KR~
1% 10, 30, 100 nM (2B W THEIZ AChE #HE L 7= (Fig. 10B, 10C), 50 %H.
EIRE (ICso) (X MU T "7V uA NESy (AEF) 75 5.96 pg/mL (95% C.1.
4.05 ~ 7.88ug/mL), huperzine A 7% 87.2 nM (95% C.1. 69.4~ 105.0 nM), KR~

JVI5 55.6 1M (95% C.1. 46.5 ~ 64.7 nM) Td> o 7,
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Fig. 10 AEF of Huperzia serrata and Huperzine A showed an inhibitory effect
against acetylcholinesterase (AChE) activity.

Each graphs show the activity of acetylcholinesterase (AChE) after treatment with
(A) AEF of Huperzia serrata, (B) Huperzine A, and (C) Donepezil. The AChE
inhibitory activity of control was considered as 100 %. Values are expressed as the
mean = SEM (n = 3 to 5). Donepezil is positive control. *; p < 0.01 vs. control
(Student’s #-test). **; p <0.01, *; p < 0.05 vs. Control (Dunnett’s test).

3-3 bV ART B aA RE4 (AEF) O7F U val) o275 —+1
(BuChE) BHEAEH OFH
NU S NT T B A REISy (AEF) O AChE FLE(ER ORI Z R~ 25 7=
DIZ, BuChE (264 21 MGt L7c, 2 OBICI W Tk, AChE [HEMEH
ORFHZHWIZIRE L AR ORE T, REBrE 7o/, FUF Y ART A R

|5y (AEF) 1T OiREIZHB W T H, BuChE FHEEM 2R S 22hr o 72 (Fig.
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11A), [RIERIZ, huperzine A O8N Rx~<7/L' 4, BuChE % H5E L7272 (Fig.
11B), TN HDFERNG, MU T a4 RE5r (AEF), huperzine A K&

N RRARP/LE, ACKhE 2K L TEVEIRME A A5 Z LVRIB S iz,

A
N.S.

120 ¢
g
< 100 t -
2
5
E 80 |
&
.% 60 L
<
240t
@)}
=
@M 20 |

0
Control 0.1 1 10
Huperzia serrata (ug/mlL)
B
N.S.

120
— i 1 1
S 100 o
2
® 80
—
=
Z 60y
g
m 40
0
5 20 r
m

0

Control 10 30 100 10 30 100
Huperzine A (nM) Donepezil (nM)

Fig. 11 AEF of Huperzia serrata had no effect against butyrylcholinesterase
(BuChE) activity.

Each graphs show the activity of butyrylcholinesterase (BuChE) after treatment with
(A) AEF of Huperzia serrata, and (B) Huperzine A and Donepezil. The BuChE
inhibitory activity of control was considered as 100 %. Values are expressed as the
mean = SEM (n =4).
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3-4Y FARKERBRICKB TS by ST v e A R4y (AEF) Oh5

INETORFTRU AT VA0 A RES (AEF) (Z AChE FHEEM
RO LNTmd, NUFV ATV aA RSy (AEF) 2SiRAHEREREIC 5 2
LB Lc, b 6 HHICA 2R I UFRGLEREEET L2 A
T, Y FABREERBR AT o7, Y FRIREGERIL, Z2MFERE R 2
AT 2R AR TH D, AR T I TR L I LT, BERICT — A
PR LTe, UV RT v a A R4y (AEF) (30 mg/kg, p.o.) KON R~
UL (10 mg/kg, p.o.) 1, AIRT I K DFLEREELAEICHHE L (Fig
124), F72. 8 MO T7T —LZBIRBUIA R T I v oFE5ICLD, FREICES
Lo Z EmbBatsien K T Mil S hi-tBExonbd, —FH, hUFv AT
Vv A R4y (AEF) KON KRV O HIT T — LB EE RIF S
RinoTeZ Eh, BRIEEEOZ(LIZ ACKE [HEFEMIZEEG LN EB 2 6
5 (Fig. 12B),

A
70

70 r

N.S
#H
65 1 *

* 60 |
60 | 8 50 f
23 L

55 | 40
30
50 20 b
45 r 10 |

0

40

Alteration (%)
Total arm entries

Control  Vehicle Huperzia Donepezil

Control  Vehicle Huperzia Donepezil
serrata

serrata

Scopolamine (3 mg/kg) Scopolamine (3 mg/kg)

Fig. 12 The effect of the AEF of Huperzia Serrata on the short-term memory in
scopolamine-induced cognitive impairment mice using Y maze test.

The effect of AEF of Huperzia serrata to the short-term memory against
scopolamine-induced cognitive impairment mice. Donepezil is positive control. (A)
Correct arm alteration, (B) Total arm entries in 8 minutes. Values are expressed as the
mean = SEM. (n =9 to 10). *; p < 0.01 vs. Control mice. *; p < 0.05 vs. vehicle mice
(Student’s #-test).
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3-5 ZEEEERERICIS I D b U S U ANT L a A Rili4y (AEF) OZhE
POINEERE DR & LT, BRI 21T o 7o, SZEhEDEEER L. AYRLEE
(FHEE) ZhT 23 BRRTH L, TEEREARRIL, EEkE S ARG 7
HEIZIT->72, 7 HHOEFRITIZBW T, 2AaRT I 0%, TR L
THWF v o= ZAT L ETCORMEZAEICEMIE, hyTronRT L
J1va A RE4r (AEF) (30 mg/kg, p.o.) XN KR~ (10 mg/kg, p.o.) 1L, 2D
f= ANIRF R O e 2 A B A U S2E DR 1 3o CRBANBRBE DK T 2 4l

L7- (Fig. 13),

600 r

s0 | ] i

400 r

300
H#

Latency (s)

200

100

Control  Vehicle Huperzia Donepezil
serrata

Scopolamine (3 mg/kg)

Fig. 13 The effect of the AEF of Huperzia Serrata on the memory in scopolamine-
induced cognitive impairment mice using passive avoidance test.

The effect of AEF of Huperzia serrata to the leraning and memory against
scopolamine-induced cognitive impairment mice. Donepezil is positive control. Values
are expressed as the mean = SEM. (n =9 or10). *; p <0.01 vs. Control mice. **; p <

0.01, *; p < 0.05 vs. vehicle mice (Student’s z-test).
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3-6 =7 T7 4— )V NIRBRIZEBIT D N 7T Ve A Riigy (AEF) @

BIES

N Z L RTV v A RSy (AEF) O B RIGENEICKIETHEEZ R 2
eIz, A—707 4— )V RRBRZIT o 70, AR T I 0%, RHHEEEE ik L
THEICABEHELZ NS Y, MY 7o A"T v aA N5 (AEF) (30
mg/kg, p.0.) KON KR~ (10 mg/kg, p.o.) DEHIZ, AaRT I U #EHIZK
2 HIIGEEOIINK LT G082 5. 2 1> 72 (Figl4), 2 b0
RNG, STV AT aA RSy (AEF) ORMBUCEERIC, B RIEH)

IHT DRI N AR S T,

12000 ¢ N-S.
#
10000 |
g
s I
= 8000
z
S 6000 |
3
2 4000 |,
8 2000 |
0

Control  Vehicle Huperzia Donepezil
serrata

Scopolamine (3 mg/kg)

Fig. 14 The AEF extract of Huperzia serrata did not affect to the locomotor activity
of scopolamine administrated mice.
Values are expressed as the mean = SEM. (n =9 or 10). **;

(Student’s #-test).

; p <0.01 vs. Control mice
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B B

AR TlL, I RILPE b7 7 ) (Huperzia serrata) =% / — L4 LV
FHEE L 7= AEF @ AChE (2% 9 A 1EMH Z Mt L7z, HuperzineA (X k77 230D
BT, T AKX T (Huperzia selago, Lycopodium selago) \ZH & ENDHT
NhnaA RTHY., TOEHEIL0.04 ~0.16%FE TH 5(49,50), FEE R
TFINIBWTHZEOEHEENHE S TWS 23, huperzine A A &E1T 0.02%
A & ME SN TND—F (27). AR THEM L7z RIRE o 7o 7 L
J1va A RiEj%; (AEF) @ huperzine A %A %1% 0.5% T > 72, THY DORERAK
Gy, BOTERRIL, RET DEM, R Lo TR ZLnb . RIFFIC
fifi ] U 72 BRI PE T 7 47 21 huperzine A IC B MBI Th 5 L &2 bh
2o

WEOHEITBNT, KRR LT huperzine A (3 E K FAIIZ AChE [
EERHEZTRTZERREINTWDS (51,52), b F YT haA Riisy
(AEF) & [AERICIREEMRAFRY 7 AChE BREEM 2R LTc, 2 b OFERIL, b
TV RT v a A R4y (AEF) @ AChE (Zx3 5 EH O —#BIZ, huperzine
A DMERED > TWDHZ ENRBINT, NIT AT T A sy
(AEF) @ AChE (2% % ICso 2 [5.96 ug/mL (95% C.1. 4.05 ~ 7.88ug/mL)]
X, S ENDHE M L7 huperzine A B CHE T2 &80 123nM L 720 |
huperzine A M ICso 2 (87.17 nM) DFJ 1.5 f & 725, Huperzine A 1% 2
DN FEMEARIFEIE L, (-)-huperzine A 1% (+)-huperzine A KX ¥ % AChE (2%
HBFIENF 355 L m< . K VEEIIC AChE ZFET 2 LW o MENRH S
(53), W+ O BIERDOIFAELLRIT R TH 223, M HIT (+)-huperzine
A DBTFEL TWD Z 23, huperzine A Bl & D ICs) DFEE L TENTWS ]

REMEINZ 2 BN D,
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BuChE (%2 =27 7 —BO—F T, AChE L[ EF /2l & ifiE
T 5, AHFZEIZE VT, huperzine A & K312 /LiX AChE FLEMER 2 /R~ 1R
TlX. BuChE %[l L7/ > 7=, HuperzineA (% AChE PHE LV H 1T 5 MITmW
BB WT BuChE ZBET 5 Z LN LTV D (29), AL, AW
IZB VT huperzine A |3 AChE BIRWICHEEH AR LT, RO AT AR
=4 RE4y (AEF) & [FEERIC, AChE FAEEM 27~ L7 Tl BuChE # [HE
Loty TROLDOREERNG, MU T TV aA NEgy (AEF) I
AChE [Z@m\WEIRMEZ 920 2 L VR STz,

2 ART I UHEHEBAREREE T L~ U AT a2 U AAFEMEER AT LT

LB T OBLED S, BAVE, AD OFEBRMNEMET L E L TR EHENT
W5 (36), YFRIRERBRIZE T D7 — A TENL, EHRLEC/EEREEO
FRIRE LTHWORD (54,55), BhEDEEREAERIE, RCIBOFE 21T 9 72012176
., RHIRESCFEGRE, ZUEEORIE L S TVnD (56), RAVEIZIBWNT
1T, P OB bR, EERREA KDL, JERDPETT DI TR
HlE, —v Yy — FiEENKRbND, Lo T, Y FREBKEABRIIZRAAES]
W, ZEEEEER IR AEET TR ORAERE 2 T 2R Th D LB b
Doy AARTIUOEEIT, D ORBRICE W TELWT — A TE),
ERAFHOKFICLDRERERELZFE LI, Ny TN T AL Ry
(AEF) KO R0 i, EBHLOTERRICEB N THE X aRT I 02k
FlERE I SNREREZER L, ORI, by FAv "7 e A

7y (AEF) 7% AChE FLEIZ LD 2 U UMAEEMMERE O (L ZBm L T, A2
KT I UEERAEREREEET L~ U AORIERREEZ WET D 2 L 2T
W5, E72Y FREEKRBRICB W TR aRT I IR T —LEAEE LA &
7208, UV ART IV aA R4y (AEF) KON R, 7 —L=A
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BUTR B E RIE S oo Te, Y FREREGBRIZ BT 207 — MR AL B HIE
ORI E LTSN D, MU T vhaA Riligy (AEF) KO
RRARDE, BEEER TR RBAERICOAZEZ KT LT B2 6N
%, AChE[HEHRTHLZ 7V NIAaRTI I VI HAEREHLIE T SES
M. £V AChE FHEMER DR bis(7)-4 7 U AL AFRIEENHE L 2 &
5. BREEIGTHEMIT =2 Y AFEEMRROME O BIT DN EZ 2 6
b (57, F£lo. PRI UMRROMEIZEY, AaRT I BEICLDHZE
EINENT D2 LM, AaRT I UFRBMERREE T T /L0 3R IEH) &
X, RRIUMRRRNEELZ T TNDHEBZ2HD (58),

AWFFEIZEBNT, b AT IV a A Rili4y (AEF) (30 mg/kg, p.o.) KOV R
F UL (10 mg/kg, p.o.) XA 2RT I VHERRISIERET T Mk LT,
[FRR R DR HBERB B IR A s LT, b U v "7 v iu A Rlj%r (AEF) 30
mg/kg % huperzine A (ZHAEL4 2 & 140 pg/kg ITFYS L, T~ k OIREEHE M M.
PRI (X 2 BB e R T N OV o6 36 ME DR AR REIE T 2 s L 1o i 5o &
EFEEL LT D (45,46), Huperzine A | AChE FAE(EHOAR LT, /LT R
LU, RARIUVHIBTER A LTV AD, 512, huperzine A [X KR~ L
& Mt U TN T AChE FRETETES K 8 fi5 & <. ACh JHHICKT T 21EH b
KINEThdZ b, RRRULEFASORMERELEDREZ AL TND L
Exbnd 27,

ZaRT IO btal) VT AT 7 40— RRBRICBWTHSE
EEEZINEE, BEESE Lo 2 ERRESINTND (59,60), Y FHIE
HABRIZBIT 2T —MRAEFERRIC, AaRT I VI~V AOAREE R
NS E, b T ART VA Riigy (AEF) KON RRADVITHE FETEE)
B E RIZ S o Te, /MRICIKRAE L7 FERLEIE,. BREROHEMmE &

i
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HICHIREND Z ENRE SN TWVDN (61), MUFIART L aA Risy
(AEF) KON RRARE~ T ZADITENCEEZ KT T 2 & <filEadE LT
ZED, EERE, BMRIEORRICITAREBRIEE LN ENEX
bIvd,

ULb, ARZECIIIEREIREE b7 47282 huperzine A V& ENTWD Z & ZHERR
L. hUZF o7 uhuaA REisy (AEF) 28 AChE FREEHZALTWAH I &
ERIOTHLMNI LT, S5, AaRT I VR ERET T L~ T A
DFRHEREZ S E LTz, TNUODORRNDG, FUT AT A aA NSy
(AEF) 1Z=2 U AEEMEMRROFRNENCE G- L, BAES. AD 72 £ OFLIEEE A
KT 2EBOTHICERATH D WREMES RSN, RETIE, F 77Tk
Y (WHS) D2t A b L 233 21/EH OfET 21TV, huperzine A LSO
BEREMERR D DR EIZ W T H R LT,
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H2Em LA RLRIHT D B A oK (WHS) ROV D& RS

DIEH
FIF WS

AD 3R & & BITHIESEN EHT 525, IEsIZfE-> T EAT5 2 &0

HNLTWDONRIEA NV ATHD, BIEA NV AL AD O&HRL BT, /X—F

> R ZEAE I ZE B LAE  (amyotrophic lateral sclerosis; ALS) 72 & DD

PR ZE PSR B O REHIISEIZ B W T H B G RRIB S LTV D (62,63), BEbA K

VAL TEEOSIC R VBl EiEEZ &
NHEMRIZE > THERIEH] L&
AN, TEMEREFEFE (reactive oxygen
species; ROS) DFEAE &I O Htlz b
REDOARBIMBIC L0 BAET D, EBFER
ROS 1I¥5., IBE. # o Vv HEr %
ML, bR b L REFHFET D

(64), ROS M L7 A h L AD
FA1T AD ORI R BN & 72 % Z
EMIRIB STV D (65,66), AB 1T
ROS FEAZ IS E, £ D ROS O

TauiB El
Y L

Fig. 15 Relationshins of oxidative stress and AB.

SCHR 64 (Maes, O. C et al. 2011. Stud. Exp. Model)

QUL ¢ 1V

HMX AP AR E TUE LEREEZ S HICE S5 (67-69), FEERIZ AD BE D
FIRAM-C M BRI Tl iR, & L X8, IRE OBAUERRE D R AR L

%) (advanced glycation end products; AGEs) 72 £ ROS & ORGTHEK S NDW)

EREMLTWD 4), 2. ZOX DR A b LA~ —H— O

MCI & CTHER S TWD (70,71), ADIZEBWT, LA ML A0 LRI

AB DEERFIR CRIEIND Z &, BAHBEREOKT LY L RO AR
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MEET L2 E2HEZRD L. AD BIE, BAEREOERT LY b S HIZRMT
BRLA R AR EHLTWD ZEDPRBESND, EDID, BB{EA h L 2D
UL AR DFBFE, MRAAIISE, REMRREDIK T2 VT 2HEERFERICRD &
EZbhD,

PURIEWEIZ L D LA B L 2OMiIE, AD (23 TR SE D) |
HBREPEEOUGEICEAE T 5, EXIVE, ATy LAXRT br—)L
721, AD ORFEMIET V. BT T BV THRRRGETER, 38aikRE
WEERANRE SILTWD (72-77), £7-. BRAEEREIC B3 D HEREMER R A
DT THHAF a VEZF ZLHMILIEHAZ AT 2 2 L RHEIITND
(78)s & BT, FL LYY A & L THRIEZ I TV 5 Twendee X
(Coenzyme Q10, 7 X k., X I VAWM & T 25) DFRFEE TRIICAZT
b5 ENHEINT (79, ZOWETTBILHEN N ORBTRHIZHET
L YD ORLIEHME TH Y . BEE TP O & L TRRIRAYIZE RN
bHHEBEZ, NUTUNICETLARFERICENTHEIA L RICER L,

N7 NIZIFS OIEREET L T A IaA RREENTHDLN, FU T
OO EFDERIZOWTRIZEA LML TR, AETIENY
73730 huperzine A SN DR GERFET H7-012, 1 HEIFE R HBUKIZE D
N UAROR (FU VoK) 21T o7, b U Yo SKEIEY (WHS)
ZHNT, LA P LR D REFER ZRFT Uiz, S 612, sAkaElRE
DWHFEILA LV ARFET 50O TR LT,

H2fn ERAEL R O L
2-1 EBRbE
ARERICHWZ 5 R 0K I1X, LLFo@m» Th b,
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KRR~ VIR, Caffeic acid, trans-Ferulic acid (& Tokyo Chemical Industry
(Tokyo, Japan), i&E2{L./K3E (hydrogen peroxid: H202), N7 v /URiERT KU 7 A
(Sodium dodecyl sulfate: SDS), 7% /—/b, B U > HEEE (acetic acid) I3
Wako Pure Chemical Industries (Osaka, Japan), B-Amyloid Peptide (1-42) (APi-42).

F A3V Y — LR IL Sigma Aldrich, Dulbecco’s modified Eagle’s medium
(DMEM) X Nacalai Tesque, TritonX-100 (X Bio Rad Laboratories, Huperzine A %
LKT Laboratories Inc (MN, USA), A =777 X /(& Sigma Aldrich (MO, USA) L ¥
A L7z, TritonX-100 (% Bio Rad Laboratories (Hercules, CA, USA), AP K
IZ Otsuka Pharmaceutical Co. Ltd. (Tokyo, Japan). ¥E{t77 UV &7 A (potassium
chloride: KCI), 1 mM Tris-HCI (pH 8.0), VU Y E&/KE T FU U A - 12 KF0#8)
(disodium hydrogenphosphate 12-water: Na,HPOs * 12H,0), U U/ " /KFEF FU ¥
2" 7KFn%) (sodium dihydrogenphosphate dehydrate: Na,HPOs « 2H,0), {7 K
U 7 2 (sodium chloride: NaCl) [ Kishida Chemical (Osaka, Japan), L-glutamic
acid, ~> h’N)LE X —/L (pentobarbital), dimethyl sulfoxide (DMSO) (& Nacalai
Tesque (Kyoto, Japan) KV ZNEHMEA LTz, 7o, FUT Ky
(WHS) 1, 7 efRAath (Rl Lo fts L THEW,

Phosphate buffered saline (PBS) (X, KCI, KH,PO4, NaCl, Na,HPOs * 12H>O

Z MilliQ |ZyEfiE L, FHf L7z,

2-2 EEITEA
2-2-1 FEERENMY)

ICR ¥ 7 A% HA SLC (Shizuoka, Japan) L VHEA L7z, ~ 7 A (HEME, 6 1 HR)
LR EIRIE: 23°C (FFEAR#IF: 20 ~ 26°C), R ETSE: 55% (FFA#IH: 40 ~ 70%),

BRI 12 B (BRBH: 4RR1 8:00 ~ ZF-1% 8:00) (ZHERF S U2 BB K F 0 EhYy)
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BEECHE L, vV RITITRAF v 78/ —2 (245 #1755 % &S
12.5cm) Z v, BHH&GAK TIZHEIEREE (CE-2; CLEA Japan, Tokyo, Japan) (2T
B Uiz, 1TEEERILT X THRHT 9:00 205 1% 6:00 DRI T2, 73T
FEER T RAER R FEE T - B EREE D TKRAE LTV, S a2
7o BTk LT,

2-2-2 AEfEREEE

~ U A H RS M HT-22 Mifa Tl B OR s SEEVEFEER K DB S s b
DZEMFH L=, HT-22 Ml 10% fetal bovine serum (FBS) Z ¥l L7~ DMEM %
MAWTHEE L7z, MifiX 37°C, 5% COr & T CH#&E L7z, £72. 2~3 BB &
2R Y T R KD AR RER R AT o T

2-2-3 b ToKHY (WHS) OFHELE O HPLC 2534
T ORI, ERFEINEFTRIRLZ hy F o "2 Lz, by

FUONRE A% UK (90°C) T3 RERIFRIN L. K A2 TR L 72, UK
T S (58 (wiw) OBRIKZINZ 726 O Z2#REE & LT, HPLC 947 %
1T>7z, HPLC \ZHEH L7225 K OESRIFIZ TRLO®E Y Th 5,
4L © ACQUITY UPLC H-Class (Waters, Milford, MA, USA), 3B Z A :
ACQUITY BEH-Cis column (2.1x100 mm), &HZ:M: ; fitiE 0.3 mL/min, 7 7 A
JEFE 45°C, JEAE 10 uL, M 310 nm, BEHHE : IR A (0.1% XM & A R
K BB (0.1%FBREATE h=hrV 1), 77V~ (BB B): 3% @04y
— 30% @154 — 97% @ 18 43

Fo. = REDIZOIZFERDZAE T, huperzine A, caffeic acid, ferulic

acid Z 04T L7,
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2-2-4 HARSERE
2-2-4-1 ABi.42 B FE MR SE

HT-22 flifi % 1.5x10° cells/well D% T 96 well 7' L— NMI#EFE L7, 37°CT
24 FEfE L. B ABiax (S uM) & 2% FBS B A L72, ABia (5
uM) &H 2% FBS 55#liX, DMSO (¥ S 72 ABia & 2% FBS HiHi TR
L. AR #&IREZ SuM & L7z, Z D% 1%DMSO & f PBS, 30-300 pg/mL
U7 K (WHS), 0.1 ~ 1 uM huperzine A, 1 ~ 100 uM caffeic acid % 7=
1% 1~ 100 uM ferulic acid %45 well {Z 10 uL 2RI L, 37°CC 48 FFHIEEEE L
7= HMARAEIX Hoechst dye 33342 (Molecular Probes, Eugene, OR, USA) KOV = 74k
~7'm v A (propidium iodide; PI, Molecular Probes) (2 & % & Y4452 H
THHAli L7z, Hoechst 33342 (2 X 0 ffilaA Yuta L, PLIC KV SEMIIaA Gufa L
7o

2-2-4-2 WEELKF R OV Z I U EE SR AT

HT-22 #lificl & 3.0x10° cells/well D FET 96 well 7' L— MIFEFE L 7=, 37°C
T 24 WRRBEE1% . KiHhZ 1% FBS 85H#IlCA8#a LT-, = D% 1% DMSO &4
PBS. 30-300 pg/mL k77 kA (WHS), 0.1 ~1 uM huperzine A, 1~
100 uM caffeic acid & 721% 1 ~ 100 uM ferulic acid % 4% well {Z 10 pL T2OUSHII L
7o 37°CT 1 FRfiEEFR% . E{L/K5E (hydrogen peroxide: H202) (100 uM) F 7=
(X7 V% U 2mM) ZIRINL, 37°C T 24 Bl U7, AAasEaEmhIL 2-
2-3-1 LABRDOFIETIT o 7z, WG OBREEIE, BINLES#OLBEMED (1X70;
Olympus. Co., Tokyo, Japan) & 7213 Lionheart (BioTek Instruments, Inc, Winooski,
VT, USA) ZfEH L7, SO IZEGAE Y 7 7 =7 (Image-J,

version 1.33f; National Institutes of Health, Bethesda, MD, USA) % 723 Gen 5
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(version 3.03) Z{EH L7z,

2-2-5 JEMERR SR FEPE AL R

HT-22 fifd % 2-2-4-2 & [FAEED FNETH# %, 5-(and 6)-chloromethyl-2’, 7'

B

dichlorodihydrofluorescein diacetate (CMH>DCFDA) (10 uM) (JEh#d i & 485 nm,
FH K 535nm) UL, Varioskan flash2.4 ~A 7 a7 L — K —4&—

(Thermo Fisher Scientific, Waltham, MA, USA) ZfiH LT, ®E&2HE L1z, &
JERER . 37°CT 1 RFATEHE L 72 A HORRIE 217 o 7o, SORRER IR

Z AZ# L. Hoechst 33342 Z RN L, Bt x2iT-7-,

2-2-6 bV AHIMOT v Fva ) e AT T —F (AChE) [HEICKT 5
st

1 2-2-4 OFINEIZHKE- TITo 72,

2-2-7 Y TR EER

N D7 k) (WHS) (50, 100 mg/kg/day) E 721X RR~<T L (5
mg/kg/day) ZZKBKICEM L, 1 H 1[FE, 10 mL/kg CRAKGZ1To7,
514 0 BICEMGEEORNE S LT, Y TR 21T o7, FIRIZE 1

T 2-2-6 IZPE- T,

2-2-8 B [EEERER
N 7ok (WHS) (50, 100 mg/kg/day) F721F KR (5
mg/kg/day) ZZAHKIZEM L, 1 A 1E, 10mLkg TRAKGZ1To7-, Y

B 13 HENS 15 HEIZ, FEHREORMDE LT, ZERREBREZIT - 72,
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FNEILE 1 3 2-2-7 1206~ T,

2-2-9 MBIl

SENEDRERERE TR, ~ v AZWEA L, AR Lz, Sl L7ekid, ~ o
raFa—7ORIAN, BEELZNER, BIKEREZHOCTEERHR LT, K
IRETFTA RMHEHT D FE T—80°C IZMRIF LTz, MOREY T A X IHEE
D 10 5D 1.15% KCl SR 2 WM Lictz, REV T A =2 A TOKE T T
RO —{b LTz, Dk, 3,000 rpm, 4°C T 10 srffliEo Lz, w00 BE% O
FiGAEE L, BREIR & LT, RUBRIEHE 200 pL, FEREAZMEHR (pH 3.6) 200
uL, 0.8% FA /L e — L 200ul, 8.1% SDS 40 uL %4 L. 100°C T 1
B RO &8 7, Mnth, KB TFTT X 7 — /e ) v (15:1) IREEIK 400
ul Z Nz, $EEEFI L 4,000 rpm., =R T 10 oz Lz, @m0 o B

D 532 nm (21T DWW E = HIE LT,

2-2-10 HEFHFAIMENT
FERAAE T + YRS TR LT, #EHFA b, SPSS (IBM,
Armonk, NY, USA) % U C Student’s t-test & 5 M J Dunett’s test (2 5 V1T

Teo fEGBREFD 5% RmrxAEAHY & LT,

PE3ET BRI
3-1 bk (WHS) HPLC 2347 M OSRFAT % 43 D 7

ko7 LK (WHS) @ HPLC 7 i~ k7' F L% 9 (Fig. 13), KK
WS & b Ok (WHS) 2 ERFTH T2 2 &I K0 EA S DR
xR, B —7 | (RFFIFRE] 5.27 min) % huperzine A, E—2 2 (fA£FIF[H 5.90
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min) % caffeic acid, B —7 3 (PRFFIRFfE] 8.91 min) % ferulic acid & [FE L 7=,
W, MRS huperzine A D& A HIL 0.065% TH D Z LM -T2, LBEZ O

3oy A E ARy & LCRHI L7z,

2

0.80 7
0.60

0.40
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) __ M
4 1

0.00 : LMJ‘L&W‘L—N——M‘—_M
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Fig. 13 Huperzia serrata and its components
HPLC chromatogram of Huperzia serrata extract samples at 310 nm. Peaks: 1,

huperzine A; 2, caffeic acid; 3, ferulic acid.

3-2 A BERAMILSEIC KT 5 b U7 KA (WHS) K OYE A RSy OFE

AD [T W T AR (TR O IR B 5 L TW\W5D, % 2T HT-22 #life
ERHWT, b Yok (WHS) ROV DOEF R O AR 7% M fu &
IR DIER ZEt Uiz, AR (5 uM) OALE L, PI B ESEHIIE O LR %2 K
(&7, U7y HiHE® (30 ~ 300 pg/mL). huperzine A (1 pM). caffeic
acid (100 uM), ferulic acid (100 uM) (%, AB FHEFEMAISEZ A ZIZHHI L7 (Fig.
14),
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Fig. 14 Water extract of Huperzia serrata and its components protect HT22 cells
against Ap-induced cell death.

The number of Hoechst 33342- or propidium iodide- (PI) positive cells were counted,
and the cell death rate was expressed as the percentage of Pl-positive cells to Hoechst
33342-positive cells. HT22 cells were treated with vehicle, with or without water
extract of Huperzia serrata and its components, followed by treatment with AB1-42 (5
uM) or vehicle for 48 h. (A), (C), (E) Representative fluorescence micrographs of

Hoechst33342 (blue) and propidium iodide (PI: red) staining of HT22 cells. (B) Water

extract of Huperzia serrata and huperzine A, (D) caffeic acid, and (F) ferulic acid.

p <0.01 vs Control (Student’s ¢-test). *, p <0.05; **, p <0.01 vs Vehicle (Dunnett’s
test). Each column and bar represent the mean + S.E.M. (n =5).

3-3 (LK FE R R NVH I UEEFHFMIASEIC KT D N U S K
(WHS) K OVEA RS DER

H,0, 07 V4 2 UIRIFERE A B L ALK W I ZFE T 5720, Znbo
EHNZ AT, oAU oK (WHS) K OVE A RSy ORI E k3
DN AT L7z, Ha02 (100 pM) HANC & 0 3538 S ioifaseicst L ¢, b
U kY (WHS) (30 ~ 300 ug/mL), caffeic acid (10, 100 uM) 13 &I
SR O B2 Mifl L7=, —J7. huperzine A, ferulic acid 1% H,O, i 38 /i 5
Ik L CER 2R & 72 v o 72 (Fig. 15A~F), [AERIZ. 7V % 2 U (2 mM)
TN L0 FE SN MRSEIC R LT, o7y kit (WHS) (30 ~
300 pg/mL), caffeic acid (100 uM) (FAEITHIfSER O FAZMEH L7, Ll
72735 huperzine A, ferulic acid 1% HoO0, #BFMIIEIEIZ ) L THER 2 /R S 72 o

7= (Fig. 15G ~L),
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Fig. 15 Effects of water extract of Huperzia serrata and its components on HT22
cells against H202- and glutamate-induced cell death.

The number of Hoechst 33342- or propidium iodide- (PI) positive cells were counted,
and the cell death rate was expressed as the percentage of PI-positive cells to Hoechst
33342-positive cells. HT22 cells were treated with vehicle, with or without water
extract of Huperzia serrata and its components, followed by treatment with H>O> (100
uM), glutamate (2 mM), or vehicle for 24 h. (A), (C), (E), (G), (I), (K) Representative
fluorescence micrographs of Hoechst33342 (blue) and propidium iodide (PI: red)
staining of HT22 cells. (B), (H) Water extract of Huperzia serrata and huperzine A;
(D), (J) caffeic acid or (F), (L) ferulic acid. *, p <0.01 vs Control (Student’s ¢-test).
* p<0.05; ** p<0.01 vs Vehicle (Dunnett’s test). Each column and bar represent
the mean = S.E.M. (n =15 or 6).

3-4 IEVERRZFEPEAICHT D b A L oK (WHS) M OVE A RS DAVE
ROS DPEAEIIIEL A N L A2 X A DBEENZRRIE E 725720, CM-

HoDCFDA % FW 72 HEfdN ROS DRl 21T o7z, ~ o7 27k (WHS)
(30 ~ 300 pg/mL), caffeic acid (10, 100 uM), ferulic acid (100 uM) I, H20> (100
uM) BN L AN ROS D ER-Z2 A EICHfl L7z (Fig. 16 A~C), [AlER

2. ook (WHS) (300 pg/mL), caffeic acid (10, 100 uM), ferulic
acid (100 uM) (%, Z V¥ 2 U 2 mM) IINC X v EH L7-HEN ROS &%
AR 7 (Fig. 16 D~G), — T, huperzine A [ZWV T IO T

THHMAEN ROS |mIZHEZ RIE S 2o Tz,
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Fig. 16 Effects of water extract of Huperzia serrata and its components on ROS
production in HT22 cells during oxidative stress.

ROS production was measured by CM-H2DCFDA kit assay at 24 h. HT22 cells were
treated with vehicle, with or without water extract of Huperzia serrata and its
components, followed by treatment with H>O> (100 uM), glutamate (2 mM), or vehicle
for 24 h. (A), (D) Water extract of Huperzia serrata (A), (E) huperzine A (B), (F)
caffeic acid, (C), (G) ferulic acid. *, p <0.01 vs Control (Student’s t-test). *, p <
0.05; ** p <0.01 vs Vehicle (Dunnett’s test). Each column and bar represent the mean
+S.EMM. (n=06).

3-5 AChE {EMEICKI3 2 b v 77 oSkt (WHS) kKOG A R DIEH
1832 TRUT AT T aA NESr (AEF) KON huperzine A 73 FE (K A7
M2 AChE iEMEARET 5 Z L 2 BT L-, AETHEH L7z huperzine A LA

SO EH RS T % AChE {EME~DE B MG Lic, U7 oK
(WHS) (10, 100 pg/mL) K X huperzine A (30, 300 nM) |32 #7772 AChE J& 1
PHEIEM 27~ L7z (Fig. 17A,B), —77. caffeic acid. ferulic acid |3 AChE &%
[HEMEHZ RS 72072 (Fig. 17C, D), ®HRIEL LT L7z RR~_U VI
W ORIV T H AChE IEHELEEH 27~ Lz,
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Fig. 17 Effects of water extract of Huperzia serrata and its components on the
inhibition of acetylcholinesterase (AChE) activity.

Each graph shows AChE activity after treatment with (A) Water extract of Huperzia
serrata, (B) huperzine A, (C) caffeic acid, and (D) ferulic acid. AChE activity
observed in the control was considered 100% . * p <0.01 versus control (Student’s -
test). *,p <0.05; ** P<0.01 vs Control (Dunnett’s test). Each column and bar
represent the mean + S.E.M. (n =4).
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3-6 ARANFERERE T (C
AR ANBEAERR 5 oD BIE 22 FRET3 5 72 0

[ | 1
L UBRRRAREREREE T T L~ U R IxT D N U v oK (WHS) DOFE
HzaetLic, AaR7 I 3a ) AEHORL BT, JVEFF o OIRT

IZEVEMEA PV AZFETIEFTHD Z RO TS (80), AaRT

IV (3mgkg, ip) IFEEREAFET 2 Y FREERABRICHWNT, 72D
N

*95 o oK (WHS) O
1 FE L [RERIC AR

REATERZAEICED S, 7 —ABRAREZAEICHENS ST,
AR (WHS) (100 mg/kg, p.o.) KON RE~TL (5 mgkg, p.o.) OHEHIZE
D, VYU ADORBITHRITARICLES N, —FH., T OEANTHRT — 4
= RIES 2o 7= (Fig. 18 A, B), RURLIE % sFM 3 2 5 #h[nlkE

RAENT TR
RERZBWT, MU ok (WHS) KOV RV FEAaRT I (T

FVIET LI E~ORARFRZ A EIZ LA 872 (Fig. 18 C),
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Fig. 18 Effects of water extract of Huperzia Serrata on cognitive function in
scopolamine-induced cognitive-impaired mice using Y-maze and passive avoidance
tests.

Water extract of Huperzia serrata (50, 100 mg/kg/day) or donepezil (5 mg/kg/day) was
administered orally once a day for 15 days. On day 14, the Y-maze test was
performed. On days 13 to 15, the passive avoidance test was performed. Effects of
water extract of Huperzia serrata on (A) short-term and (B) fear-learning memory in
scopolamine-induced cognitive-impaired mice. *#, p <0.01 vs Control; %, p < 0.05; %,
p <0.01 vs Vehicle (Student’s ¢-test); *, p < 0.05 versus Vehicle (Dunnett's test). Each
column and bar represent the mean £ S.E.M. (n = 10-16).
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3-7 REEEmEI T2 b v oo kbt (WHS) OFFEH

IO E IR I, IMNICIR T DL A F L ADOFRAELBEEMN T NS T
O, MUK (WHS) ORFE BB IR 2 ER 2 MGt Lz, R =
K7 IV Bmgke, ip) OUEEZT-~U A%, MOIFEEBLE (TBARS)
MABEIZ LA Lz, Uo7y ukiit® (WHS) (50, 100 mg/kg, p.o.) KT Rx
UV (5 mgkg, p.o) DFEIZL V., TBARS O _EHNHEIZHH &= (Fig.

19),
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Fig. 19 The effect of water extract of Huperzia serrata on lipid peroxidation in
murine brains.

Thiobarbituric acid reactive substance (TBARS) ratio is shown as an indicator of lipid
peroxidation. Water extract of Huperzia serrata administration decreased lipid
peroxidation induced by scopolamine administration. The TBARS ratio observed in
the control was considered 100%. ** p <0.01 versus control; $ p <0.05 versus
vehicle (Student’s #-test); *, p <0.05, **, p <0.01 vs Vehicle (Dunnett's test). Each
column and bar represent the mean + S.E.M. (n = 10-12).
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B B

RETIE, MUV kY (WHS) ROV DOER RSO AR F 7213 (b
A R LA X DMfEREE ST D ERZ R Lz, AECTHWZ by 7 v 3
Hix, BokzHWCTiii L7z b o2 Lz, =% 7 — A hitii i L
77 e A FEIZEWTIL, huperzine A DEHHRITH 0.5% TH - 7223,
BOKRIHEY TIEZ < DR DNRETET 5 729 huperzine A & A R 1TK 0.07%I2 T3
ol RUTVANZFEZL DT A RA RIREENTND Z &EH o T D
M. MOEHES EZOERICET 2T E A ER N, RETII NV
/X0 huperzine A LISF DSy EEFRT 72010, 55 1 3 L1382 5 KM %
W TR 21T 272, TOREFR. b7 ki (WHS) 1213 caffeic acid }
W ferulicacid Z & H T 5 Z ENHAL NIRRT, ABIEA Y I~—fkT+5Z L
T, MRS L, HT-22 Mifaicxr L CHMIaEZ R T 5 (81), AR D
VEEEZ T 2L E . FIZIZ7 7 2 0T AR BEEEIIHITER 2 LT, it
HIROPEE 259 5 (82), ARy & L THiET L7- huperzine A, caffeic acid &
O ferulic acid (%, AB BEEMAEWEHZ AT 5 Z L 03HEINLTVD (83-85) 7=
D, ZOEMIZ XV MIFEDFFLE A ME L7z & B X 5D, Huperzine A D& A
I 0.07% TH D72, ~ 77K (WHS) 300 pg/ mL 13 huperzine
A K1 uM IS T 5, Caffeic acid 2 O ferulic acid IXEHED AT T2z, IE
R EREIIAATHD, NUFINERER, VHEM TN T ) I RT
(Lycopodium clavatum) 3 ferulic acid % H &34 0.5 % ThH o7z &L W I HEDH
D (86). MU I NI HIERRE D ferulic acid WEA SNTWD EET D &
N7 gk (WHS) 300 pg/ mL 13 ferulic acid 9 10 pM (ZFH S -5 &35
Z Bbhb, Caffeic acid K O ferulic acid D B —27 DR E SOHER L TWD Z & n

5. caffeic acid & O ferulicacid DE A ELRIEETH L EEZLND, FNUF
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KA (WHS) IEEB AL 0 bR ICAIIsEZ Jndl LTl . &
AR DHMANCAEH L TWS B2 b b,

AR DEHEIZ LD FMEOFRBIZIE, ROS EALE L, FiRRLANZ LD AR D
AR MR TR S D (87,88), MR T ROS O - HREIXEILA L X
IZ X DMIfaSE A FHE S H, £ 2T, bR b LRI KV RIRSEAE FHET D H0,
LTV I UiEFEALT, hv Aokt (WHS) ROV OE A RSy
OMBAFEIHIVER Z 5t Uiz, HT-22 Mo xh3 2%l 72 7 v 2 X 2 FR oA fef
X, VAT UITNE I RN T VAR —Z — O IIH L TilaN O > 25
YRZ, INVEIVEBEOEREEFHET D (89), VAFLDORZIZEY, NIEME
PR EE T D 7N EZ TF A3 L, ROS DERERDMET T2 2 & T
RIBERFHEIND, H0xldE FaF LT Uble ¥ Do ROS [T S
. BAEA R LA K DHREZFHET D (90), b7 kit (WHS)
(X HaO0 OV V& X RIS &0 358 S LTI SE X OF ROS PEAE D 157 % 4l
Lz EBIZEARS & L THiET L7 huperzine A, caffeic acid, ferulic acid @
N, caffeic acid DA HyO2 KNV /L& X U IRIZ K 2 ABMESE, ROS BEA: % #1iii
L7ce ZORERNE, U7 kit (WHS) F O caffeic acid 25f{b A2 bk

2T K DMK L CEEREHZ R LTS Z &R sz, —Hh.
ferulic acid 1X Ho02 KON/ L2 2 U FRIC L 2 MIRASEIC 8§, ROS FEA D F
PNl L7z, Ferulic acid 1% Ha02 1T & D MIfaFEE 6 LT, MfEH 285502 &
DG INTND 91), Fiz, BB LIEMEOE X X caffeic acid D F5 73 ferulic
acid X 0 HEEWLZ L2005 (92). ferulic acid (100 pM) (FHIIESE 2 #H| T& 51T

DOHRATEMEIZBZE L TWRWATREMEDYE . 415, Ferulic acid (3,
formononetin <° calycosin & FHANFIIC 7 ¥ U AR EES) . MIRAREER %2 LA S
D 91) ZEnn, b ommopsy EAMENIERT 2 2 & T, Bk
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N LRI K D HRRSE A I L 72 FTREEDN B 2 b b,

RIEEC R 7Y "T v ia A R4y (AEF) & huperzine A 1338 ERTFHIIC
AChE iEMEEIHITH Z L ZHOMMI Lz, £/, RV 7=/ —, 7THR )
A RO LD 7P bW E 25\ T H AChE IHHEZ 45 2 & BNl ST
% (93-95), ED7=d U SKAHEY (WHS), huperzine A IZHZ ., caffeic
acid O ferulic acid ® AChE {&VEAIE L7z, AChE {EVERRFEMIZ 7
AS/KHHY) (WHS). huperzine A [IZD A8 B L, caffeic acid & T ferulic acid |2
TR N5 72, Caffeic acid & O ferulic acid (X, AChE PAEER AT %
ZEPRHMEIINTVD (96-98), L L7enn, ZNH60HRETITET L~D
RCHHNZAEH S ETEHEDORHERTHY . AChE & BHEIEHT 5 Z & 13ER
nTWwy, SEIAWZFETIE, 341 AChE NEEEMT 5 Z L 2R T
x5, SEOFEENS . huperzine A 1% AChE [JIEIEEM T %73, caffeic acid &
O ferulic acid I3 AChE (ZIEAEIEH L7aWZ LA BN Lo Tz,

A2 AR T I UHRERAEREREE T T LT, AD BAE THIER S b iLiEREE
B2 10—2L L THASN TS, AChIZ L DM EIZ=aF 1k
ACh Z IR, 22T UZFRICKBISNDR, ELLOZEERLFHE, flE
5T 2ZRIKTHLZENRMBNTND (99), AARTIVIETLALY v
ZREEWERTH 2 LT, TEFAa ) UARREREIC L B Rk ERE
FHHTDHN, EFART I UBMNTHRBILEESE (V& T4, SOD) &
KT EE, B{EA P L RZFHFET L2 ERMEIINLTND (80,100,101), S5
2, TANVE VB EOTBIEMEIZA 2R T I UERRAEREREEE T L
DFBHERE A AT ET D (102-104), ZNHDZ EMnD, AaART I v
IZ &L DERIMSREREE D A B = X AD—HICEMEA N L ADBEREZ Hivd,

JEE B GITR A N L AD—FETH Y, ROS DEHICELI ST, fF
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BT Oy & LT, MO E 22T 2ERAA D . IFE D
RbITMIIE ORI, s, MEMEZ 2 EE5 (105). ~ Uo7 Kt
(WHS) KO RRANDVE, BTE L RRRIC Y SRR AR 2 EhRhEEAER 12 3
AT AOFTHMRELAUGE LT, SHIZ, AaRT I UEIMNICEBIT SEE
W LEFE LT, —H. MUK (WHS) RO R R VIR
W D B ZMfl L7z, ACh ZEEDO—>2>Th D o-7 =2 F M ACh ZHIK
(a7nAChR) 1FZAEDTEME(LZ I LT, HLFRLIEEKR D 1 D ThH D Nrf2 ## %
JEYEL L. P bBEsE HO-1 235535 Z LA bILTWD (106,107), Z D7
D, MU oNKEIHY (WHS) KON R R0, a7nAChR % HIl L HLER L
BeRafE L, IREEB LA ME L CO 2 RN EZ 2 b b,

VLB ZFETIX, MUy kit (WHS) KOV OF ARG IR A R
VA X DM EIC L TH AR TH Y . RABREERE OMf A 1 = X A0
—D L LTBLA b L ADEHMNEG T 5 Z & b2 & 72572, Huperzine A
I% AChE FHFEMEMICINA T NMDA Z A RHFFEM A TLZ L b, RET
. b AT oKHIEY (WHS) } O huperzine A @ NMDA Z 24K %/ L7238

HIBREEIZ AT D EHIC DWW TR L 72,
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H3FE NMDA ZHFERT X A=A | (MK-801) iR BHHEREREICRT 5
ko ok (WHS) B OY huperzine A O1EH
CANI =i

FB1EKLOFE2FEIIBWNT, My TroAR"xzg ) — )L ROKEmo =2 A1k
EPEAR LA & L 7oA RE PR E UGB R 2 5N Lz, —J7. NMDA %
AEHEFL THDL A F N ADIRFEE LTSN TS L 91T, AD
RRETIZ N Z I VB VT IBEORE LG LT D, ZF I U,
PR ROF TR OEFRT I JBO—ETHY . MREEWE & L%
B, REBOBRICEELREREZ R, LoLens, Rk 7 g I U Eo
TAE T TR IS X oM ER 2" 2 bmE SN TN D (108),
TNEIVRIT, AT F v XN NG I R ERE I LMY T
AMBMRZEEATV, A T F v RABT NV I B2 RRIZIE NMDA 4
(K, 0-7 2 /-3-t RO F-5-AF )L4-A Y FHY > —)L (AMPA) 2B, A
= UEZARRO 3 FEENGFET D (109), @FEIZR 72 I UEBOFIE R Thl &
FZ D v T AMRRERR S, FRAMERERRE . B EIEIT. Ca ~DIRE RN
BT HZ ENERTHD EEZHBNTWS (110,111), £72, £ A F ¥ 1L
B NE I VERZRAOHFTH, NMDA ZRRIE Ca OFmIENE N2, i
F2p 702 I VBRI X DEEITEIC NMDA ZAEEKEZ N L T0DH EEZLRD
(112),

NMDA =&ML, Ca>* Ot & 1Tz Mg? "R O FREIZ L 2 BALK
TFHEIEE L, BONY B NMRTEEERE e EORE A L, T 7 ADRERE L AT
YAVEIC LB 72 B 2 e T- 3 (113), v 7 A AP I3 R WIHE58  (long-term
potentiation; LTP), &EHi#IJ£ (long-term depression; LTD) 2 K 5 ) 7 A& iER)

ROBICER L, 26 OHRIT. BUiSMATT., GWFEE R P08 L
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B2 Z ENHESNTWD (114,115), F£7-. LTP iZ NMDA ZFIEDOFEH %
ERSEZ—J), NMDA ZF KV 7 2=y FOXKIE~ 7 AD LTP, FrliifEix
KTFT 22 E0b (116,117), NMDA Z A KILGRAERE 2 i 2% EI 4G L
TS EEZBND,

B PR BORRENE U (clinical dementia rating : CDR) (28T, MCI (ZFH Y49
% CDRO.5 DI EN D MFRIEF 702 I VBRRED EH LT D Z L
SNTND(118), S HIZ, NMDA IZ L 2R mZEDEER, NMDA 5K
Tz FORDHN AD BEICEBWTHRESNTVWD (119,120), £D7=H, §&
HUE TRHICBWTIE, ZAH I URY 7T IUREEIC L 0 GRAEERIC BT 5
NMDA ZHKEIZHT 57 7 a—F b AN THLH B2 LD,

MK-801 (dizocilpine) 1%IEHi A H) NMDA Z KA ERK TH W . NMDA Z &K
ZEVBIFIEEZ A LTV D, MK-801 IZ XV 5% SN AITEIOZ(LIX, FRAVE
K O JCRE | B 2 5B EEE O T LB & L CHEA ST\
(121), MK-801 72 & 0 =gl fnt: NMDA 5 A RFHES L, shfflaoREIEH %
Y0, VS X ARG B 2 MRS L C LTP ROV A AT A
fEE L, FEEEEREZRET D Z ERMLN TS (122), £72. NMDA 5%
MERFEICEL D, Z7v& I VEBBBHEEIERZ A L TV (123,124), MK-801
(X NE I VY T I RERET 2 L CTRAKRERESEZHR T 5B 20610
TW3,

B1ETIE NS N\T L aA N4y (AEF), huperzine A @ AChE FRE/E
I3 B L7243, huperzine A 13 AChE FHE/ERIZMN X2, NMDA = & AKREEM
RO Z LN & TV D (125,126), Huperzine A I3 F LT b7
V=)V, NMDA #FHHD TAMAFIE. TA =V BEFERO TAnAFIE, Rk

HEFEE 2 e L7234 (127-129) 136 5 A3, NMDA Z K% I U 7= il ik hE
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BCEERITHRE STV RN, £, B2 ETOMRFNS, FURKEREZET
HIEME LV EHRE LTS Lk (WHS) 73, BEREMESER & L
TEHTHDLEERTZ, 22T, RETIX MY UKt (WHS) & 20
R 5 T & 5 huperzine A @ MK-801 3R R HIFSREFR E 12 0H - 2 1EH R Y
MK-801 (2 LD 72 X s 7T VR OIS T DIE A e+ 2 2 &
HIE LT,

2t FERMEL R OITE
2-1 EEME

AREBRIZHWTFEY R OGAEEIT, Loy Th s,
Huperzine A [X Tokyo Chemical Industry (Tokyo, Japan), Sample Buffer Solution
(QME+) (x4), A &5/ A% —CLD, T4 F T a—fEr VU 7 A (sodium
deoxycholate), R7 I /VHifET KU o A (sodium dodecyl sulfate: SDS), K7 ¥/
JURREET R Y O LR Y 77 Y vT I R L [SDS polyacrylamide gel] Wako Pure
Chemical Industries (Osaka, Japan), Dulbecco’s modified Eagle’s medium (DMEM)
I'X Nacalai Tesque, MK-801, protease inhibitor cocktail, phosphatase inhibitor
cocktail I,  phosphatase inhibitor cocktail IIT, Tgepal CA-630 [ Sigma Aldrich
(MO, USA) X WA L7z, Can get signal solution 1, Can get signal solution 2 {3
745 (Osaka, Japan), Tween 20 Solution | Bio-Rad Laboratories (Hercules, CA,
USA), AHEHE#I Otsuka Pharmaceutical Co. Ltd. (Tokyo, Japan), HE{th U v
2\ (potassium chloride: KCIl), 1 mM Tris-HCI (pH 8.0), U VE/KE ~F U ¥
2+ 12 7KF1¥) (disodium hydrogenphosphate 12-water: Na,HPO3 + 12H,0), U g
“KFEFT MU T L TIKFIW) (sodium dihydrogenphosphate dehydrate: Na,HPOs -

2H,0), ¥{t7F b VU 7 A (sodium chloride: NaCl) (% Kishida Chemical (Osaka,

52



Japan), L-glutamic acid /% Nacalai Tesque (Kyoto, Japan) £ Y = Z A L7,
Fio. UV oKEHEY (WHS) X, T ERRK SR L D TEVW A,
Phosphate buffered saline (PBS) X, KCI, KH>PO4, NaCl, Na;HPOs * 12H.O

Z MilliQ (Ziafig L, sRfd L7,

2-2 EBITE
2-2-1 EBREMW)

ICR ~ 7 X HK SLC (Shizuoka, Japan) L VWAL=, ~7 A (B, 6
) 1 IRREIREE: 23°C (FFAHIPH: 20 ~26°C), % EILE: 55% (FFASHiIPH: 40 ~
70%). FAREA 12 BEE (FREA: ZFA1 8:00 ~ ZF1% 8:00) |ZHERF S 7= B 3K ALK
FOYEABEETHE Lz, ~TRIT T AT v 78— (it 24.5 x #f
17.5 % @& 12.5em) 2V, HHEKGAK TIZEZREE (CE-2; CLEA Japan,
Tokyo, Japan) |2 CEE L7z, {TEIEERILT < THAT 9:00 2> 5 F7% 6:00 DRI
1107z TRTOERITE BIERRFEMEE - B ERT BB OKR R
ATV, R &= B TS LT,

2-2-2 UTARHZ Ty MR
2-2-2-1 FUBHRER

~ U AEWEA L, AR Lz, ML, KLl oAy y—1 D
FloEE, KMEE ALY 5307, MfkiE, v~ 7 8Fa—7IZ A, KIKE
FRERNTREAH LTz, o7 dy X7 B E T—80°C IR fF L
T2 X287 EHiHRIZIX. RIPA buffer [50 mM Tris HCI (pH 8.0). 150 mM

NaCl, 0.5% 74 F > a— /@S FY 7 A 0.1% SDS, 1% Igepal CA-630] 1 mL
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(2%} L. protease inhibitor cocktail, phosphatase inhibitor cocktail I &2 TN T % Z 4
Z10 ul TOIRA L THW=, kT Eito ¥ v X7 ik E A, AT
V7 A #— (Physcotron, Microtec Co., Chiba, Japan) % FH\ T 30 AT A
A LTz, D%, 30 BPKHICEE S, 10,000 rpm, 4°C, 20 4[5 L4y B

Lz, LBl L7 BEEARIR L, & X7 Btk & L,

2222 HUNVEGE

& 287 B E BT BCA protein assay kit & VN TIT o 70, EHEMFROER D72
HOY T E LT, 0, 12,5, 25, 50, 125, 250, 500, 750, 1,000, 1,500 }%
T 2,000 ug/ mL DR FEIZH%L L 7= bovine serum albumin (BSA) % VM7=,
Working reagent % fsiN#&, > 7% 37°C DA > F 2 X—X —H1C 30 53K
Jis S, Z D1% Varioskan Flash (Thermo Scientific) % FV T 532 nm OWSEEE T
HIE LTz, #2737 8HEIL. Sample Buffer Solution K OF RIPA buffer % H T

FELL . FEIB O L —80°C ITIRTE LT,

2223 WwITAZLTay k

B Ry ERE A RB LT T L& —80°C 22 HERY L, K B TR S
721% 100°C T 5 A MLE L | FRICTHR AL XU Lz, SDSAKY T
7 UNT I RPNV EREEEICE Y N L, BERCIKENHFEEK (25 mM Tris,
190 mM Glycine, 3.5mM SDS) & AL, 7 /v & B0 FF 7o kBN EEE 2R LT,
VKENEEE O I b kEVHFREIR 2 A Tc, 1 U =)V S 720 ORNEIE, 2%
~—h—%3ul, FEY T NE 10l (Spg) & Liz, Uo7 AEIRNE,. 71
B4 72 0 20 mA (2 Cok#E) L7z, vkEIf%, /L% cathode buffer (25 mM Tris, 40

mM 6-aminohexanoic acid, 20% methanol) (2 15 3[R L7z, SREBIIA ¥ ) —
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JUIZ 30 MRIE L, BKIZIR L7z, £ D%, anode buffer 2 (25 mM Tris, 20%

methanol) (Z{& L7z, 5181755, anode buffer 1 (0.3 M Tris, 20% methanol) (Z

= L7 A#K, anode buffer 2 1218 L7 AHL, EEEME, 7L, 2 B cathode buffer

([ZIR LT AMONEIC TR, B HC472 D 100 mA T 45 535 L7z, #54%,

0.05% Tween 20 & 0.01 M TBS (0.05% Tween TBS) Tt L. Blocking -One P

IR LT, ZNENFIR T30 72y F 7 Lic, £DOHHFU0.05% Tween

TBS T#E#% L. Can get signal solution 1 THAR L 7= —WRFUKRIZIR L, 4°C Tt

g ST, £O%., IEEEIX 0.05% Tween TBS THei¥ L, Can get signal

solution 2 TAR L7z ZIRFUAIZIZ L, =R T 1 REHIFFE S 72, 0.05% Tween

TBS THei Lizth. 1 L/ AX—"LDIZ253[liZ L7z, £D%%. L Amersham

Imager 680 (Cytiva, Tokyo, Japan) % FV N THaH L 7=,

—IRPURIZIZL, rabbit anti-NR2A antibody [1: 1000 dilution; upstate (Dallas, Texas,
USA)]. rabbit anti-GluR 1 antibody [1: 1000 Sigma Aldrich], mouse anti-PKCa
antibody [1: 1000 dilution; abcam (Dallas, Texas, USA)], rabbit anti- Phospho-p44/42
MAPK (Erk1/2) (Thr202/Tyr204) antibody [1: 1000 Cell signaling technology].
rabbit anti- p44/42 MAPK (Erk1/2) antibody [1: 1000 Cell signaling technology].
mouse anti-B-actin antibody (1: 5,000 dilution; Sigma-Aldrich) % v 7=, kUK
(21X, HRP-conjugated goat anti-mouse IgG antibody (1: 1,000 dilution; Thermo
Scientific), HRP-conjugated goat anti-rabbit IgG (1: 1000 dilution; Thermo

Scientific) % F\V 7,

2-2-3 Y TR AR
A~ F 2 (5mgkg/day), b7k (WHS) (300, 1000 mg/kg/day)

% 7213 huperzine A (0.2, 0.7 mg/kg/day) Z 28 KIZEME L, 1 H 18, 10 mL/kg
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TRAOKGZ21To7-, #HY&5 7 H BIZEITEOME LT, Y FRKER
BrRAa1To7-, FNEITE 1 FE2-2-6 ITHE-T-, FT-. PREEERER I 1L MK-801

(0.2 mg/kg, i.p.) PEGITEVIToT,

2-2-4 FEEHFHIEAT
FERRGE T I + FEERRE CR Lis, #iat M 7e ik, SPSS (IBM,
Armonk, NY, USA) % F\ T Student’s t-test & 5 M J Dunett’s test (2 5 V1T

7o fGBREFD 5% RmrAEAHY & L1,

3t TR
3-1 MK-801 &% a8 FERERR FH 695 A ~ o F  DIEH]

AD JER L LTI STV D A~ F i, MK-801 & [AFEIC NMDA 5%
BRMERTH D, IEF RNV I VB ECIIERE TR R s v ¥
UM L DR REIR T A ET D Z AR SN TV D, £ 2T, #IDIC
MK-801 %3RS RERS E 1T x5 A~ F o OER 2 L7=, MK-801 (0.2
mg/kg, i.p.) 1. FEHIFLE LK OVEERELZ T 25 Y THRXRKERBRICBW T, =
U ADKZEATE R A BT S, 7 —LRAREZAEICHNES Yz, A
~F L (5mgkg, p.o) OEEIZED, v~ U ADOZFITEIRL TR T — LR A

BIFEICdE SN,
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Fig. 20 The effect of memantine on the short-term memory in MK-801 induced
cognitive dysfunction mice using Y maze test.

Memantine (5 mg/kg/day) was administered orally once a day for 7 days. The effect
of memantine to the short-term memory against MK-801-induced cognitive impairment
mice. On day 7, the Y-maze test was performed. (A) Correct arm alteration, (B)
Total arm entries in 8 minutes. *; p <0.01 vs Control. 3; p < 0.05 vs Vehicle
(Student’s #-test). Each column and bar represent the mean + S.E.M. (n =7-11).

3-2 MK-801 7B HBEREFEFE 2 %92 b T 7 2Kl ) OF huperzine A DAE
i

A= F AL D MK-801 7RI RERE H O UCERRD bz, by

7K (WHS) & O huperzine A @ NMDA 5 FRBLEMER I X 5380
BERERE BB E 2 it L7z, Fig 20 &[RRI, MK-801 13, AHIRRIR R OME
EFEA T 5 Y TRERERBRICBE VT, ~ 7 20RM\ITEIR 2 A B
S, BT —ARAEEAEREICENSE T, U Y kY (WHS) (1000
mg/kg, p.0.) K O huperzine A (0.7 mg/kg, p.o.) (£~ 7 ADIRBATEIR L O T —
MMRAB A A EICYE L2 (Fig. 21),
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Fig. 21 The effect of water extract of Huperzia Serrata on the short-term memory
in MK-801 induced cognitive dysfunction mice using Y maze test.

Water extract of Huperzia serrata (300, 1000 mg/kg/day) or huperzine A (0.2, 0.7
mg/kg/day) was administered orally once a day for 7 days. The effect of water extract
of Huperzia Serrata and huperzine A to the short-term memory against MK-801-
induced cognitive impairment mice. On day 7, the Y-maze test was performed. (A)
Correct arm alteration, (B) Total arm entries in 8 minutes. *; p <0.01 vs. Control. *, p
<0.05; **, p <0.01 vs Vehicle (Dunnett's test). Each column and bar represent the
mean = S.E.M. (n = 8-12).
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3-3 JOVH I VEESARRICKRT D b U AT kY (WHS) K O huperzine A
DEH

ko7 Lok (WHS) K OF huperzine A O NMDA %2 BAKFLEVEH 2 7
U7- A RE R S OO ER IR, v E I VY 7V RER I OFEIIZ L 0 3R
HoHNTEBZ, INEI VBT FMIET X Ry BlEE R LT,
NMDA ZFEROH 7 2= v FTH5H NR2A OFBLEIL, MK-801 (2L 70
RS R S Te, N K (WHS) (1000 mg/kg, p.o.) K O¥
huperzine A (0.7 mg/kg, p.o.) (%, MK-801 $¢5-~ 7 2D NR2A ¥ &4 H EIZ
A XH7 (Fig. 22A,B), —F. AMPA B KROY 7 2= K Th D GluRl DFE

BB I3 B % MIE & e~ 7= (Fig. 22C, D),
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A MK-801 B
Huperzia g0 .
perzine A 14 - e
serrata - *
R IEEN
£ = = .
5’ § g & 2 5 T o1t T T L
Sos |
(o]
NR2A g o ——— 2 06 |
: 04
B-actin h 02 t
0
Control Vehicle 300 1000 0.2 0.7 (mg/kg)
Huperzia serrata  Huperzine A
MK-801 (0.2 mg/kg)
D
C MK-801
Huperzia Huperzine A N.S.
serrata 14 -
- g 12
= & =3 g 2 r
= 25228 % | L = T
O = - g 1
Z 08
GluR1 -‘---- v
0.4
0
Control Vehicle 300 1000 0.2 0.7 (mg/kg)

Huperzia serrata  Huperzine A
MK-801 (0.2 mg/kg)

Fig. 22. The effects of water extract of Huperzina serrata and huperzine A on
expression levels of glutaminergic receptors.

(A), (C) The expression levels of NR2A, GluR1 and B-actin were evaluated in the
western blot analysis of mice cortex after behavioral test. The expression levels of (B)
NR2A and (D) GluR 1 were expressed by normalizing against B-actin.  *, p <0.05;
** p <0.01 vs Vehicle (Dunnett’s test). Each column and bar represent the mean +
SEEM. (n=4-6).
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33 NG I UMY T T MBEICKT D U sk (WHS) RO
huperzine A D1EH

TNE I UBEE Cat DR A LI L CHIRIN S 7 F LV ATEM L S S Z LT &
0., VT AREMEEREIT 5, CaC L IR bEnN A RED 1 oE LT,
7’17 A % F—F C (Protein kinase C; PKC) — MAPK RIS SFAE L. R ARERE
fEEUED A I =X AL LT PKC-MAPK #RIKIZRET 2% & o /30 S8 EL 8 % ft
L7, PKC 77 IV —®D 1FiTH% PKCa DFHBLEN N MAPK IZJET 5
Extracellular Signal-regulated Kinase1/2 (ERK1/2) ® VU »fig{kix, MK-801 (Z& Y
AREIZHEA Uiz, bo 7y okihithid (WHS) (1000 mg/kg, p.o.) A OF huperzine
A (0.7 mg/kg, p.o.) X, PKCa DFELE KL N ERK1/2 U At & X7 BH D3

b 2 Jnii L 72 (Fig. 23),
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A MK-801 B
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Fig. 23. The effects of water extract of Huperzia serrata and huperzine A on
expression levels of glutaminergic signaling.

(A), (C) The expression levels of PKCa, pErk1/2, tErk1/2, and B-actin were evaluated in
the western blot analysis of mice cortex after behavioral test. The expression levels of
(B) PKCa were expressed by normalizing against -actin . The phosphorylation levels
of (D) ERK1/2, are also shown. ¥ p <0.05;* p<0.01 vs Control (Student’s ¢-test). *,
p <0.05; ** p <0.01 vs vehicle (Dunnett’s test). Each column and bar represent the
mean =+ S EM. (n=4 - 6).
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B B

ARETIE, b kaEY (WHS) KO huperzine A @ NMDA 5 &K%

I LT ReE R E I ER 2 M5t Lz, A~ F U ROV MK-801 1 & 9
BAT NMDA Z AR EELTH Y . EH 6 03AI B MmCHE A b LRIt
T OMRRMRHEEH A STV D (130,131), — . EFRT v MIZhZTh
DIFNZ G LI2GE. A~ 0T VIR AR EZ XS RV OITR L,
MK-801 I ZFBHMEREFEE 2T T D (132), S HIZ, MK-801 N7 V4 2 Ukl
HHERIEH A A L TWDH 7o), ADIZEBITH 7V F I gk iE A Kk L 7c
ETLE LT, MK-801 7R FIHERERE £ 7 /L &2 K& Tl H L7z, MK-801

REMEREFEE L, ADVBRIETHIA YT OREICEIVBESN

7o AU F UL MK-801 (2 X 5 NMDA Z BIRERZBIESIES (133) Z &
M, A~ T ORFIEREREEIMHIEEIC CaZ DMAKR NI VE I g 7
FTIGREDEFN TG THEBZ206N0, £/, JAVEZIVBERO RV
OEFFHITIEB EZ M S ED 2 ML TEY (134,135), MK-801 (XY

FRIRRARRICB T 5~ U ADKRT —LMRAR NS, A~vrFre
MK-801 (X NMDA Z BEEDFEGHNNFE—ThHd I b, A~ F Uik
MK-801 W72 I VR AL, BT — AMRARE D ST
EEZLND, TNHOREEND, MK-801 (X A~ F 7 £ D NMDA Z &K
PHEFRIC L 2 RS E 2 G T 2 L CTAMREMET L THDH L ER
Do

ko7 kY (WHS) K OF huperzine A 1, Y FAKEEBRIZIB VT,
12 MK-801 5 FABAMEREFEE £ 7 /L~ U A DR REZ dEF Lo, AETH
W2 T KA (WHS) 13, B2 ETHEM LI LR TH Y |
HhH ) H @ huperzine A & F135) 0.07% THh D, TD72D b w72 K lHY)
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(WHS) 1000 mg/kg H' @ huperzine A 1359 0.7 mg/kg IZFHS 35, K047 LK
H4% (WHS) (1000 mg/kg) K OF huperzine A (0.7 mg/kg) 3 [FEIERIC B AL REREE &
BELZZ LD, USRI (WHS) ORFIERESGEE T EI
huperzine A DIEFIC L Db D THBH EEBEZBND, o, AU F L ORERE
[FRRIZ, REABERECCEER RO vl U 7 2K (WHS) KR
huperzine A D 5-EIZB T, 7 —LMBABDORFDDZBO NI Lk,
ko7 Lok (WHS) K OF huperzine A @ MK-801 #7578 RIS REFE &£ 5
AT T D /E L NMDA Z A REER LG L T\ D EHEZETE 5,
Huperzine A 1%, AChE (2%} L Ci&(-)-huperzine A 0 J5 7358 ) 72 1&ME L EVE ) %
AT DY, NMDA S8 RIZHE T 2 BAETEMEI LM R MR CTIRIER%E ThH 5 Z &0
WME SN TWD (125), L7Z23-> T, MK-801 &% R MR RE R E 12609 D (-)-
huperzine A & (+)-huperzine A DEGEIEAIZEITR VW EEZ BND, S HIT, T
e b A CTd 5 N-acetylcysteine (NAC) X, E#n 7 v b D NMDA 5= &R DOEREL
FEUGEEH TN MK-801 #0 IR L HAZ L Db A b U X L OSHERasE 8 /EH
DA INTWD (136,137), AFETIEMK-801 Z HL[AEH LT\ 572, 384
PERERE X I NMDA B RORBIK I L2 b0 THL EEFEZXHND, b
U7 K (WHS) @ caffeic acid & OF ferulic acid $ . NAC & [A#RIC
NMDA 2 R DOEHEIR T2 KX D MK-801 753 R FnbE RE R = Il /B F I B 5
LTWO AR B D, —F7. b7 v kit (WHS) (300 mg/kg, p.o.) K&
Y huperzine A (0.2 mg/kg, p.o.) X, BAMKEEZ L= LR o723, 7 — AR
AN DD R STz, Z T huperzine A © GABA Z KI5 B /EH A
BG L CWDATREMENE X HAL5, quercetin |3 GABA TEBIPEMFRR AR 12 & i) &
L, RO MG NT o RAEFETH LT MK-801 I X W FE SN D

IEENAZR T S5 2 E NG STV 5D (138), Huperzine A TlE, GABA %
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KRR EHTH L F LT I —LFEROIT A Z T 285085 5
(128) Z & 7>5. huperzine A 7% GABA {EEIWEMIMEZEDOFTEIZ L D . MK-801
EOMTEE) 2/ ST RN B 2 b b,

NMDA ZF K %I LT 7 v 2 I VMR, MR ER TR E2 LT
FRER RTEEPE 2 FRET L. L SRIERAUCEA S-S (125), NMDA Z A RIZIE
NRI 7 =2=v b, NR2H T 2= bBRFEEL, NR2 VT 2=y MIFEHIZ
NR2A. NR2B, NR2C, NR2D %7z = MIHFHEN 5, NR2A R~ T A
I3 NMDA HIPHIZ & 2 M Ca* i AN EA L. NMDA S AR OBEREAME T3
HZENTRBEEINTND (139), ~U 7T kY (WHS) (1000 mg/kg, p.o.)
& O huperzine A (0.7 mg/kg, p.o.) £ MK-801 %5~ 7 2D NR2A HH &% F5F-
SH7o7o®, NMDA ZHRBOMREL EA S8, Mgl Ca? AL YE L7z ]
REPEN B 2 HiLD, F7o, MK-801 %513 NR2A OFBLE B L RIT I o)
ST, XV EEEE (1.0 mg/kg) @ MK-801 Ti& NR2A ORI EAL FIT@s Sh
TUWBD A (140), MK-801 (0.2 mg/kg) I£ NMDA Z &KV 7= s DFHEIC
R NMDA X BROMREZE L TV D RN EZ bILD, —H.
AMPA RIS RRY 7 2= h®D 1 D ThH % GluRl ORBEITE L2 5T,
AMPA Z K Ca¥ B+ 525, MU oK (WHS) K OF huperzine

A X NMDA &R A LTz Ca i AN, ¥ 7 T IVRZICEHEGE L TWH &2 D
ns,

TN X VRO NMDA ZZFERASOHRGEIZ LD . NMDA SRR R L, Al
FINA~D Ca? JRADFHFEI N D, HIFRNIZHA LT Ca?ldt v RA vV
—L L ClE, P, FUEPAICERER LTP #7581 25 (141), LTP #FHE DR
IZ Brk12 28U (b Sdv, Erkl1/2 OV R LA PIHIT5 & LTP OFFENHE S
5 (142), F£7o, Erk FHEFEANZ XV FEBERBOEEPIHE SN Z 006
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(143), Erk DU UFRALIZ I NV H X VRS VT NVARTEEIZ L D v A 7R
HBEREICRE S LT b EB 2D, PKCITX U 78 Y VbR D 1 FET
B, CNTIVIEME LI D, #HEICHB VT, PKC X Ras/Raf/MEK/Erk #% ¥
LT Btk OV UL EFREIT 5 Z ERM B TWD (144), S HIZ, Erk &
[AERIZ PKC FLEANZ LTP OFE AR ET L Z &0 (145). PKC-Erk #RE 23 7
W I URY T T IAREIZ L DRFEREAME L TW\WbH L E X BN D, MK-
801 $¢ 512 £ W PKCa DB E KL N Erk12 O U UERLSEAD LT Z &b,
MK-801 &% & s AR HE PR 5 13 PKC-Erk #REE OTEMEALAME T L7 2 & THiE S
Tee&E2bND, MUT oK (WHS) (1000 mg/kg, p.o.) & T huperzine
A (0.7 mg/kg, p.0.) 1%, MK-801 #¢ 5.~ 7 2D PKCa J Bl &K% N Erk1/2 DV i
bz LRSS E0G, MUYk (WHS) K& O huperzine A 15
NMDA X AEOMEEL 5 S, Ml Ca i A&t L= /5%, PKC-Erk £%
EOEMAYGE L, RAEEEEZMEI L2 E 2615,

PLE, 8= TlE, U7 kY (WHS) K& OF huperzine A 75 NMDA
SBREEN LI TN E I VY T VmERE 2T 5 2 L1tk 5T, MK-
801 7 FERBAMEAREFE HE 2 M2 Z L 2 G NIC LTz,
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HFE M OV R

N NEIR T ) AR TRICRT 2V F MM THY . MUV AROERK
53D 1 5T 5 huperzine A IXFBAERRIC XTI 29803 8 <ATbT& 7=, L
L. N TT U SOBREMEIZ OWTIEARHTh o 7o, £ 2 C, dRARERE (2 Xt
T5 N7 UNOEEEEHOLNZTHZEEZHMELT, TEF ALY U
BKT o2 T=A b (RaRT V) FREBAKEREEET VT 210 %
Rt L7z, & HIT, huperzine A LIS OREREMER 77 DEA G- A BN T HZ & %
AR E LT, B A b L RICHT DR OEICOW TRz, £2, h v
7 73 KON huperzine A @ NMDA 25K %21 L7z ApkRE -+ 2 /ER 2 &
PNZT B2, NMDA KT % T=A F (MK-801) #h%siRApEaERE = £

TV % FO TR LTz,

F1ETIE, MUY AT e A N5y (AEF) ZHWT, 2aR 7 I3
RARERERE T SR D EH 2 AT LT,

1) U ART I aA RSy (AEF) K O huperzine A 1. AChE &M [HE
TERZ R LTz,

2) b ART v A RE4y (AEF) K& O huperzine A (%, BuChE {&1% % [
EL 2otz

3) N UAT IV e A RSy (AEF) (X, AR T I R SRR E
TV OVEREFLIE & ORI b & 4] L7,

4) MU UNRT VI aA RESy (AEF) (X, 23R T I UEROIEE RN

(X LT R S pino iz,
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% 2 T CIX, huperzine A A OFERENER 7y DR G- 2 FTT D720, hU s
ToKAEY (WHS) 2 W TEE A b L AT D a2 1T - 72,
1) RO oK) (WHS) KO A5 huperzine A, caffeic acid, ferulic
acid 1%, AB FFEAMAAIE L #0ifil L 7=,

2) b UL oK (WHS) KUK caffeic acid 13, BRI A N L 23
BEZ I L7z,

3) bo ATk (WHS) KON huperzine A 1%, AChE J&M: (L E/EH %

T~ LTz,

4y h oK) (WHS) 12, AR T I UiERRAREREET T LD
TEZERCIE M O R RL IR A L 2 4 L 72,

5) MUY oK (WHS) (X, 23R T I S KD IRE LAl L

7o

%5 3 T TIE, huperzine A TH 572 & 72 5 T 7= NMDA Z AR EE I
H LT, MK-801 #FFBIMEREIEE T T M T 5 h Uo7 27K (WHS)
K O huperzine A DYEH % Wit L7=,
1) b UF kY (WHS) M O huperzine A 13, MK-801 #5538 2k HE
fEE T 7 L OVESE LR E L 2 Bl L7z,
2) bR (WHS) KON huperzine A 1%, NMDA Z &KV 7 2=
> b NR2A OFREBREZ TN S T,
3) b AT oKHEY) (WHS) O huperzine A (X, V¥ X Uy 7L
REFBIZE G- 5 & ™I 3BLE DA Z 80 L7z,

68



ABFFRIZIBNT, U F vl a ) AEEERRICER U CRR AR T A

SEET LR R S T, £, MU IO RESGEE ISR b A
FNUAOIBINEG T2 Z ERALNERoTe, EHIZ, FU S T30 NMDA
SRR OMEREZ ET LTV & I VR i OFRENBE B 5 & 4l 9~ 2 v
REMEDS RIR S LT,
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