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AEMETH & BEARICET 5158

DHEEE BEEE  ELEELEMEEVE RS

MEAGRIERFATEIM &3, EIRL & L TORRBSLHFAEZZ T TRV E20b 57,

EHELE L COBMELZFAE-HETHY, FOHWIT, SRGEEAIEEMLOREER
BN TC (BEFn46 46 A 1 B FERE 476 &) ORI NEELOHFHICET 5 E%E)
(ESEOWIE : ¥Rk 254E 7 A 10 BOEER L FHRED [ERLOHFICET 5 EED—
HEIEIZDWT ) (FERF 0710 5 2 5)) WESX{Thhbd. RIFETIE, BoARE (K
MR 12 &0 EEGREFF T EES LR SN D REEAAREIZONT, REL ST, FF
PETRIZATS & & biT, @EREMEHL TRE SN D BAREF TEER IOV TETIC
BERTE2L9, ZNETHREINTELESEREZED, EoEER L LTEEH LA
JVTHRETE 20877 5.

FRICHBEO D > T2y AR (FRAED 122V TiX, RTECS, Chemical Abstracts, i@%1
WKRH SN TV AEEBEMELFA L b, BT —%, ZWRHRS-OEIEM, FR
B, [AFEHE, BEWARRIERR L0 E 2D REEITo 2. A4 A% FUH R, 39—
w7 R Teinturie mf, ¥¥ 7K DIE, NTEFALIVATA L, LEVOEIZD
W, EOEERICBETREROSAETHLIGDEEBRE L. ZNOLDORFE S &I,

EERLOERSAECETE U —F 77— OBRHERIZ OV TR L.

MFEICEB L TWD RS V) —= 0 T, WREPES 25T 28NS, RNWE
IR SN2 o7, BHE L DBFREHEIToIFER, BATRBYWORFILET
5 dapoxetine, [ U < KRR DOLMERIEIR CTH 5 flibanserin 23, FRILZERE T 5 FEE
BRFPOBRHINTZEOERNRE Y, i, BHATEHTIHEAR L L THHRO ED 1HEE
HEaEOBRERHRE SN TWE D, b ORESHTEE ST L.

KRR TIE, BEOERBIEEESNTVWAE L0, FRAER & BEFEE O BRI
ThWe 77 A RY, RBTELERMIZIEESNL TS NEY a U oW TEGF#
BraiTv, EEOBEREEZIT-7-. 510, v 77 hOBERSE L TERAFTF AR T
7 NDOHEBERITO & LBl BEROTTEDRIEZITo72. £, ¥ #ANVIZHO0NTI,
BEFOITICLY, TOEED Stemona BEEA THHZ 2R LTz, BT, AFAHXF
VIZoWTIE, 7T hT% ) HER resveratrol ORIERTFESITELEL, BREER
BIOEMTRELEAAAF NIVBLIOA FZ RIVICOWTERBEToT-. £, A%




HOEWE L VBRI L VEAN LT Sida BEWIZ OV CEETFIEROEREZITV,
iz, MBTEEEHRTTZITo7. S5, BERSGMTLTNRNA, —Hi#liEk Tk
ZZEMRD Y IZHIA &2, Parkinson HEREEEZ R T Z ENBEEINTNDEFT—Y v 7 (N
YA VB, NNV A Y Annona muricata) \ZOVWVTRIRET R EM LSRR, TR
N7 4 RTIAInA RPRHEBESN, $72, RARMEM THEIA T A T ) XDERBAN
Y VA ¥ (Annona squamosa) DIEDRLIRFE FEM LR, £hE€h, FROY 7F v
{LEMEOHRO= huEafFFo7 = /) — AbEY OBEHER BEEFRE S iz,
AL, BAFBHEEREE - BEMRR L OFZEREZED TITONLOETHY,
AFFEORET, HECHEERICERE T2 bORREICHEREIND L L big, #EFN

REIZBIMESND.
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TR 5 B CITONS. Bk L@ (CFAL
25 7TH 10 HoEERLFBRBEM [EELHO
HPHIZBIT 2 BEO—IHEIC >V T (ER
FKOTI0E25)) TiF, EoEEKEL L TER
SNDEAARE R (FEHE) 13X, 3325
4y (FESpHSK 236, EhiHdk 21, T 75) &
L. AWETIE, ZOBRBEDRA =&

& LT, EARETERLOBER - B 12
&35 HT, PR AESTIZIINS iz ED
TEREAELIRR 7y, BARINHIFE LR D% DL
W DREERTEZITV, TN D DS IZDONT
TERFLE, FoXrr2¥574%L0, HEH
FRIZITD. IbIT, HEHEEERODEEH
BB D ICRIETE D KO oiER gL T
5. EbIC, FHRICHFODL>TCROAE (R
MED 220 Th, BROEE - ZERAkE&
SEICRRERFZE 24T 5. £, HHOBE SR
TRVES « AEIZHOWT, ERE2AFLER
FE LAY, TOHBEEHRESED. &
7o, MAREIEELERLSHEIC, IhE
TR SNTRSIERELZED, BWEIZER -
BERXMT25L9, EOEEL L L THLAEY L
NV THRETE D0BRT 5. 20X 5 i
i, HREIC S ENAFUEES & R & OILEF
FETEMINTWAED, FEOEERICEILE
HRPUBLETHD. AFRORFEE LIL, B
MR EET DERKORSAREICET D W O
FEHRA L R—=THY, ZOZEHETOHERD
Wz BE<HEMAEL VD, I DICHoEFERER,
THVET 10 5K FED ED VRRE T F 1 7 2SR
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WHTIZIT T, ERMBEROWSTHDHMTT
AR L bBEBICRMLTEY, Gbhk
RRZEDICEROEEREICETTE S
BIZHD. DLl RIFZEL, BEAGRERATEIE
a OB L, BEAGBITEICERRER TS &
ZEHHE LIZbDTHS.

B. W35k

FHRICHFO D > el AE (FAED) 2o
Wi, ETEREFHEYORL, 4, £84%
WZOWTHRETD L &Iz, BERE LTOME
AEREEZHFEL/Z. 51T, RIECS, Chemical
Abstract, PubMed, EFREENZFEH SN TWVD
BELMELFA LN D, BEF—%, K
RBALOAETRIEME, FRIE, MEMIE, R
FRIERR S 20 EIDFELE. ZhbDT
—ZEREEICHN LT, EoEERRICHET
HRETHDHNE D PR LTZ.

Flo, BIMNZB W TRERRERR T2 LRHEOH
HEX3 b o ToHE ED IREEEBREIZONT,
LC-PDA-MS 43HT %47\, BYLZET — & R OV
EEE L.

BT, XEEREN D720
HEMENFL, anthziToZ&el, 7
naaA REOFEPBREIN TN FEY
A TEILONWT, ATV, ROKEEZIT
rrEbic, TREOEFREOREEZIT- .
F7z, TAAEZ R RORENICHET HEER
b, RONEBESHOAFZ N AF L.

F 7z, Sida BREY) DA EMERE & OHLHI O
FZmET 570, HRSMOMEYE LY f&ET
R XD Sida BHEW 12 BUEEZEAL, &
EFEROER, EROEE G L LR
REBEMEEITo 7.

SHOICERICE VB A—F Y ViR

22U,

RIETHZENRRESNTVWDE MFARV LA
VERBEMTHDLA T AT F, NN
VLA VRN LA DERRRESIT O
TR ZIT- 7.

<P E~DEE >
ABFFETIE, b bHERREEZ AW ERIIAT
oY, MEE TRERIEE 25 MEIT RN
LEZHND.

C.HREREEBE

C.1 HFMICHEEBEL DTS -
I 5 CERFR A

BEREO EoEEME UTHER SN ES
AE FEHED UM BRSNS TH
HME DD, KD B - T HR Y R E
K OLEWE OARZIZOWT, TAESE 217
o, TDIBLAIFAZ RIMEEREAZ Y
1, BIZEAEZ O LD HZFFD emodin 2&Te T
Db, BOEEMLLETAERSKETHL L
DEERL. I—nr v X7 R Teinturie &
L, BAETELEREME L TOEAEREN
bHZ LMD, BOEERETANEHESAET
HBOELDEEBELE L. ¥ 787 (Taxus
cuspidata var. nana) DEIZHOWTIX, 4K
ZEFELOERS TH D paclitaxel ZEFTZ
LRMBNTEY, FWED LD fEIX, &A,
RNTImg/kg EEFEME THLD, BEHEK
ICHEETNERAARETHLH LD L ELEL
7=. VEY (Citrus limon) DIEIT-DOVWTIL,
TS aA RERN 0.12-1.2% &\ 5 @A
FELE. VEVORSRI AU BOMYTIE,
TN NVBEHROT AT A R,
synephirne BADOT VA KB A TWATHE
REMERNH Y, MELFRIEMAS, mMEIEIER%E

AEIZH



DIEMZ O REEMESE . RTECS RERIZE D
&, mrsynephrine (ZEIEREEL B2 55— X
bR TCWA. b L, msynephrine A A -
TW5A EThiE, BEomnwWrrhos Res
teZ Lz, BEOEERLHEYIDE2ER
V). —J5, synephrine Z&¢pZ &3> TWT
b, TNETOERBRNLA LV —LOf
WCEMELTRHROLN TS LD LFEET .
F7, U oBoOEpHERT, BMNI L
DETHLITF L ER, ¥TNTOE - BERIZD
W, FEEEL LTRDTRY, MhoBELEE
ZzBHE, BERSICONVTL, 5%, TR
MmO UBER D EEZ bV ALFEWE O W
TEFNATA UL, SGERRERAIC T
fEFIEL LT, BEREMAEEME LTHERSRT
BY, EHERLE LTOFEAERERDY, F
7o, MFEERLTLHD. £z, RAHORE
HWCEGREER S EBLXLND TV T F
VHNELERGLTHLIEEEBETDE, ARk
b, EOEELICEET NEWRAOANE & A
ENBHRNELEEELI.

Fiz, B, TEESORSAECET LY
—F 7T N—T ) OEBHERIZ OV T S G
L7z,

INET, FR24FETH 208, FAK 2541
H248, FH9AH30HEO¥RR2642H 21H
W TEEBOBRSAEICETAIWG ] NS
iz, FWe ToOFEmETIZ, FRL25F T A 10
Rz, ERARRELY TEELOFEMAICET
DEED—HLIEITHOWT] (A 0710 & 2
&) BNHEHIN, EYERYEFEICBNT, B
EFERED DA (BE) NoMEDH T D
ZHIFRL, FcELEREGR S E LT
kawakawa (£¥) BNEEINTZ. £, TOM
EFERE) IZBWT, AZTas )7 4V

PR DRI AR ITHRE STz

C.2 A EET OHEELLVBREHSDH
REMED B B FL5y D53 T B OFESL

WESNTHSE T, SR A T SRR LD,
ED JREHE R O OBELWE L35I, Bk
EEROHERBEREERNZA T 2
X flibanserin #&H 7 2 /& dh
MDEHEINTEY, A& —Fy hOERIZX
v, FH, mEO S 2 — UL,
ATOFEEWIL, £<0%E, BREANTY
RETHZENRTHIIND 20, R TIL,
ZNBDRATIZOWT, LC-PDA-MS 12 K B0
FEIZOoWTHR L., 20/R, vF 741
DoyHrE & L CTEAGME @ S Lok
BT, W{Ea® & bHEERICTESICRES
L, YIVTFT 4N EETT 4 DR OR
BRETERL, AHICRUSFA A E—2
BIRORTHI LM LTz, F7o, ED IREIEKE
BB L, 7u~ T A ERBIFIZHBET S Z
EHERR STz,

BRfD 46 FOEG R @, [HERAGRETFA
EREOFERVFHEEDIZONT) IZBT D
MESR G OFFICE T 5 A ) 1ZNERKET &N,
EREENRILSINRER, BEFARS~DE
LRy DRI L, s AR Iz T
b, EHERTFEOLONLREIND 77— AT,
PipllpoTETCNWD. TO—FT, 4/ F—
Xy bEALTHRESNSMEHBESDIT,
fRER L LT ED 1RIEE R NZEh & OFEZREN
BHENTWD., 2o 34, ERNHEEPLD
B ED IBREFEHBEEOREIIENLOD,
AHHTIE, ®RE LT, FHO ED 1AEIEE
BAEROBHEAHE SN TS, BE, ST TIT
STWAHEERREEERP O ED REERV

dapoxetine



DR O S ELEIL, BEFEEERRE
g - I RBREER, (V777 40D
SR OWT) (CERC 1948 A 22 B, %
RELRIES 0822010 &) (ZREMMOFIEIZE S
TITPNTWD. ZOb0LE, HIFFEFTOR
BREHE 2SI, WHO LC-US AWk
EERRLTWDED, BETIE, KV 5BRED
EV, UPLC BERLDSOH D Enh, KA
ZETIX, UPLC-MS % MW7z ED JRIEZE K T D
HERZREOSIEICHONT, BT 72,
Vardenafil & homosildenafil,
K O tadalafil &
xanthoanthrafil 1%, 2 FADE— (ZF1,
MW 488, 389) D7, BT LGHET S Z &
WAL T2 DY, UPLC-PDA-MS % AUz HiE% R
FLIERER, WInokaW b BREFIToBE,
HEh, LawHOPT, & bERRFEFRORN
imidazosagatriazinone T, 5 SLINIZIAH
S, BEFEOFEICRS, SRR E 1/5 12
FEHE L 7o 0 T R OIS Hisk 7o

E, WA TR SNHHO BD 1REREA
BwEONW, BEROAFENRAR TH -
propoxyphenyl sildenafil M [6)
hydroxythiovardenafil {Z->V»T, LC-PDA-MS
I K DAHTEIZ DWW TIRE 21T o 72, £ DRER,
VT 7 4 VDS HTEE UTEA A &M
SN EREIZBNT, Bbaw & b
TR SN, BHIZELS A A e—7
ZRTT DI LB LT, E7, ED IR
HYEE, ra~v I AERFICHBET D Z
LHERR ST,

hydroxyhongdenafil

C.3 BOrEELY 77 HEORREYyaTD
T LB b
HLERGIZIBEESNLTHWDEH00, MaE

HEEFEORBRRPHAB TR T 7 K
O, FABCTELERMIBEENLTND REY
2 JInula helenium (T K%, elcampane) |2
DWT, BARTAFFARERZFEEBHIOWT, #
rDNA @ ITS FEISIC >\ TR T MIT 21T -
Il Zh, BT WFEREZ DTV
Inula britannica &%, 10K E-TEY (18
Rtk 93%), & &LV ESIE 3 EDENTH
% Inula japonica (1. britannica subsp.
Japonica) Ch-oi-. —7F, KEvzu®d ITS
A, BEREEREST — &% X —2
(DDBJ/EMBL/GenBank; INSD) (ZEgR X1 T 5
1. helenium @ 1TS BE%| 4 D55, 3 DD
BAESERIC—F L, D 1 2O ED
ITS1, ITS2 fEiE &, & 2 MEDENT—
L7z, BELORERG, KRG CHE RIS
W L7277 I OREFMEMIL, 1. japonica,
NEw ayOEFMEYIL, L helenium Th 5
EREE NI,

KiZ, &7 OIEERMS Bl BE9IC H
RS (Jnula japonica) JL ¥, B AXT )L
NUZ T N OBEBEETY, b EORAE X%
F T 7 kv ( 8-epi-ivangustin,
6-0-(2-methylbutyloyl)britannilactone,
6-0-isobutyloylbritannilactone,
britannilactone, 1-0-acetylbritannilacoton
e, KO 1 BORMEEY CREE) ZHEBEL
o, WCInboibdEmEzEme LT, a7y
VBT LEFALTLCM SaEiTo7z. %
DFEER, BEROSIE T, ofEEM%E 3
0 1 BEETEMT OEGERET L L
DA TH 7. RNT, RIEZHWT, BR
EOKENSE TREBT 2277 V8- EDS
WrEfTofER, BAMHO 2 #Hix, AL
TaZ A NER LR, RETSERL S, R



RBRp TR =R LT, ZOERELT
X, KEFSmOEFREDLRL>TND
(Inula britannica TH D EREMHENE 2 b
2), BBV, THRRAHMRTHD I Lb,
MTEETORSEREREBEZ bR, —F,
1. helenium % F:JR & 9% elecampane (R
F, FeEvay) i, @<ERoffn/ % —
YERLE. £, BT ABROEART
N7 T, BOMBEEROT A b —
PAFEBEEIERE I NN T WD
neobritannilactone B K UNE D7 & F /LK
IE, BObhhoT.

wIZ, ANl L7 RO A FE Y 2
7 (1. helenium DIR) T2\ T, BEXSD
YRR DI DI R R 2 T2 & 2 A,
1 BOFHEAFT AT Ahas RE 45
DEAXTNAXZ 7 N onBBEELT.. A%
TR T T aA RIZonTL, ExigsEs
WET D7, BEALE¥ TH 2 isohelenin
-7y ERIE - el v EERENLK
JEEH, AR E ORTERESRT —F R BREM &
HELL, B, -7V v ORISERY)
Thod
(R -1-(((35, 3ak, 4ak, 8ak, 9ak) -5-methylene—
2-oxododecahydronaphtho[2, 3-4] furan—-3-vy1)
methyl) pyrrolidine—2-carboxylic acid & HR7E
Llc AESZ, 7rind FedAL, £k
HEEShEY AT A0 57 P B bREX
RAEBEEREETHZ 0, BlEHRERERX
Sk “BOEERSE” ELTHISTHZ E0HE
UTthrborEZLNE.

C.4 EET7UTHBIZHEETA v &Y 0
JFAE YR
X ANV, iMoo EAZBERE LT

FERINLGT 2NV =—FEFETHY, TOHK
JBX Asparagus racemosus DR EIHE I TV
5. A racemosus D>, BYET NV ImA RT
&% asparagamine A OHBENHE I N TS
B, BalZED, TRNETOBENDL, A
racemosus 7> asparagamine A [3HRH S Fu7au
TEBHALDIIRSoTND. 5T, ZTNET
O HEBEDOE S X, asparagamine A O X 5 7
pyrrolo[l, 2-a] azepine 7V ha A R&E&H9
% Stemona JBNE¥) % A. racemosus &FEFIE L
Tl LI L DATREMERER SN TV D, AR5
T, AV RRONCTFTF Va0 Toy
N & UTHRGE STV BB &2 RFE B 1R
BB U TATL, Pal 23 FREICH ~ FEL
L /2B FMTE (ARMS-PCR) RUMAT 1A K
PR VRS LY, BEFEMEYEORER
To7=. ZORERER, 1 NOREHNL Asparagus
BThHolznn, N7 75 v a0 EHE
Stemona J&ToHH T LHBA L, Stemona J&H
Asparagus J& LIRFI SN TWDEENHA L E
oln. Fin, A4 v RORBHNL, Asparagus |
LHER SN b DD, A racemosus &I13E2 D
ATFaA RYR=VEZNNE— R LTET
W, A. racemosus CTIX72WHREME H RIZ I LT,
UEDFERN G, BETVTHHE T Y &N
LTI L TWA R, RICEROMERN
HETHDHZ EBRFREINEZ.

C.o AFAAFRIFOTY N Ix 7 VEBX
G ANRT bu—/LOFEESHT

A B NV Polygonum cuspidatum 1%, FFfnit
BEASCHBREERZE T2 s L
ARG hr—LEERL, A X RV EHRMEL
YTV A VEPKEZETHRESNA TN D.
L2, A& FUITBERYSOEERLZFT LT



EDUREHETAHI NG, BAEIICEBWLTIE,

BRBR BT OIEFOLEIEL L, TOMD
HEEBS SO TEIIE O EERICHEL, ¥
HEOTCHEIL T A, S, BEREME L
THET DA A4 A% KU P sachalinense DE
Xy EOBENTOWT, ESARIEE - BRI
RBIZBEERH -T2 D, A X RKUD
Ty hIx) UVEHERBIIOWTHNDLER
H5D. LL, BESRD Polygonum BREH DT v
N7 VEOSHTEL, HPLC ICX 57294
FrEEIRNE L, E£2, £ —7 ORFEREIZLR
LMD D120, AHZETIE, LC/MS ZHW
A A A2 RIOT7 U oX% ) VEBLOL
AT ha— /L OREE &SHTEDORRE E MK
L. ZORR, VAT br— VKR8
DT v hTx ) VEOEELELK 10 LRI
BHEEDZ LR TE, BEROSITIE S L
T, otrEEEZE 3 o 1 BEICENET 25408
RENTFREE 20Tz, Fi2, TNENOEHESR,
BT 2EERUREEIIMRRIF CH T,
AOHHEEZRW, A4 X RVFOT T
¥/ UVEBLIONLVART ho—LDEEEIT
o7, AAAZ R DODERBIUVENLIL,
resveratrol (RV), emodin-8-0- #-D-glucoside
(EMG), emodin (EM), rhein (RH), physcion (PH)
B ENTZ. —FHT, 4142 U DIENL
%, EMG, EM, RH i 7-2%, RV IIEE
BALLTFTHY, PH IR SN otz.
FAE FUTIE, AL HIC M BERbHEND
EEERLI. AFAZ R DE, BBLUXE
DB T, EICRDBEL D M BEaFENT
Wi, BFAEBLIUOEFOLOLE TIE, &
EOHDFR M FENRE BHIh., B
FEOCEEGD LI RFBRTHD 2D, TORER
EBRYELEEZ LN, EBIUVEXEZZNENSHT

LIcfERE—E LTz,

FAAH KD OFEHIIC LV ET 5 &,
ANCTHRELEZLOLVILEBECHRELLD
DOOFFR AQ FHOEEPREVWEMICH . F
7o, ZMEOTAAFZ R bHIL RV ITKRE X
nigipolc, RETHRELZbDDS L, A
FRER MY BIETIC CHRE L2 b OIX2EMIC AQ
HBIXO R OgE&RDRhoT-.

—75, BEARROSH TIE, B Shizmsy
DHH M OF, TRTOBERLNLRH S
FUTZAY, RV, BMG, RH I3—EBOMEEA ML Tldmk
Hanzhotz. 77X MY i EOREH D
ERLRNONLRNT L, BERRCEY
TOMBEENER D20, HEHORER L EE
T2 Z LIXTE RV, EE LTI
YWHhoEBELVIEETHo .

C.6 BETFIHEHRICESL Sida BREWDOER
TEARAT

Sida JEFEN) O ENEFAMN K O O & D
BRENCETHMAEED Z L2 BRI, AL
HOREME L D EFRZIRICLVEA LR Sida
BHEY 12 BKICHOWT, BEFHFROREE
To7cL 25, HRDHEMEIZIBWT, Sida &
HEHORIEX, BELLTNAZ ERHLNIR
o, FIT, FEHOBERXSOBFHIE L
TiE, BETHEREFEBERICL 2EREOE
HERALETHAZ L &3, M RERERRE
51707, Sida BHEMOFIAEALE L TR D
ZRSNDEITONT, W5 EREIOEE &
THEEFRER B E N 2B B R A
RHETHIT, BEIRITHEFEICOVWTHEL
7=. S. cordifolia }x (¥ S. rhombifolia TIXT
FARHEDICRE R EREBDEES N, 200
g LEE, BT IMEORE, 1&8FH»D



EAETOIMEORBIZB W THEBZITIZ DR

D HENTER, RN TIIFENEE 21T & A
CRE o7z, —J5, S, hermaphrodita T

IR CERICHRT 2 TH 2REDO S M
RO BAILVRVRPS, EORBIIZRINH D
E, BENRENWZ ERHALNIR -T2, Lo
< OIRDOIREIL, S cordifolia B L S
rhombifolia TF3H HIL, TOHHMEITBWNT
FHIHEHE RO LN, TR0 bLEELRE,
I CHE D OWEORESBESNT, W
HCHRDEBICH -7, 7277 L Ty
RIS, TTRE, HET D2 L1374

C—EDEIETEFL TN, ULV, Sida
JBREW D B & MRRTE B RN T 2 5613

YooY o TEMALE L CEO T i O 3R @R
IZED, Lo VIROBEOBE, 1 HEH
THDH I EITRE N, FEICT A4 A RHE
FOERRELZHETRETZLICEY, Y
it b U< IZZERROERATE LIS, 4
FRBIRT A A B Sida BREMEKEFEEL S
% AT REPE S RIE S LT

£z, EOMBEBENRT 2T oL 25,

S. cordifolia < V3% AV H OFEERIZB N
T, RABITEARNGRDD, EIICRENE
7L, BREERTDaL7E12 6~8 &, H
ERDEAMEIZ I pericyelic fibers 2333® b
7o Fio, ZIRAEBIE—RBE MM TRE K
UONKERZAFREER L TBY, —Kikd
M ORI, Ve vy AL R
bNAERBRO LN, S5, — Rk
TR U7 ZIRARE AR IS 1~3 Mifla o
FAEFNIN G 72 % RIS RD b, T
DAL UIE LITEER T AICERE L 11~25

272, ZIRERERORREREAME T 3 MRS D
bDNREL<, RRIMIAFIZL L Tz, =

EHBEB 20,
EESip N R

RAEBIIARELARAE 22 D TN
B RGEE I 30~50 um. B
RRIZEREL LTz,

—7F7, S cordifolia ODETEIZB VT, &
HBIZRE DB HD, —E ORGSR E I
HOBEERIZRET S EEbh D 2 ko
TERDNTRO HL, REITITEIR ORI % #5->
JRELETRDO BN D O L RO ZRER
LEFRO HILT-. BB DOEAE 1T pericyelic
fibers FEH BN D H OO, IRENERIEIII
B T, BREAEHEDS 0~2 BlZ L B E D, 1~
3 FIOMHEMIARED B 70 1, —RAGTHER &
R B C LIRS0 b O b, KEO
EE S EEIC AR TOREN/NE < 21~50 um
Thol.

S, rhombifolia %2 I OFEEFIZIBWT,
BAONBIZBER NGB0, ENICKRENEREL
BERAEFRT 2207 EiX 7~10 E T, EEo
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Atypical Parkinsonism in the Caribbean Island Guadeloupe is thought to be associated with the con-
sumption of plants of the Annonaceae family, especially Annona muricata (soursop). In this study, a new
aporphine alkaloid named annonamine (1) was isolated from the leaves of 4. muricata L. together with four
known benzylisoquinoline alkaloids (2—5). The structures of the isolated compounds were elucidated by the

spectroscopic method.

Key words

Parkinson’s disease (PD) is a common neurodegenerative
disorder. Over ten genes have been identified as causes of
familial PD so far.” However, in the case of idiopathic PD
(accounting for over 90% of PD cases), endogenous and/or
exogenous environmental factors are believed to be crucial for
the onset of symptoms.?® In 1999, Caparros-Lefebvre ef al.
suggested the high prevalence of atypical Parkinsonism in the
Caribbean Island Guadeloupe was linked with consumption of
Annonaceous fruits and herbal tea prepared from Annona mu-
ricata and 4. squamosa.® In 2005, Hoglinger et al. described
the neurotoxic effects of annonacin, the most abundant ace-
togenin in A. muricata, which inhibited the complex 1 of the
mitochondrial respiratory chain.” On the other hand, we have
previously identified 1-benzyl-1,2,3,4-tetrahydroisoquinoline
(1BnTIQ) alkaloids as one of the endogenous neurotoxins that
could induce PD in an animal model.®’ In this study, we have
phytochemically investigated the leaves of the title plant in
detail to characterize the chemical constituents especially on
alkaloids, because the leaves of A. muricata are used as tea
for cardiotonics and it has been known that A. muricata pro-
duced benzylisoquinoline type alkaloids.”® The present study
describes the isolation and structural elucidation of a new
aporphine alkaloid, annonamine (1) together with four known
alkaloids (2—5). The neurotoxicities of these compounds
(1—5) were also investigated against human neuroblastoma
cell line, SH-SYSY.

Air-dried leaves of A. muricata were extracted with MeOH
three times by maceration. The combined MeOH extract was
evaporated and partitioned with »-hexane, CHCI,, EtOAc and
1-BuOH successively to give n-hexane, CHCl;, EtOAc and
1-BuOH-soluble fractions, respectively. CHCl; and EtOAc-
soluble fractions were combined because of the similarity of
TLC pattern. The residue of 1-BuOH-soluble fraction and the
combined mixture of CHCl; and EtOAc-soluble fractions were
subjected to various kinds of column chromatography (CC) to
yield five alkaloids (1—35) (Fig. 1).

Annonamine (1) was obtained as a colorless amorphous
powder and the high-resolution electrospray-ionization time-
of-flight mass spectroscopy (HR-ESI-TOF-MS) provided the
positive-ion peak at m/z=296.1644, which was corresponding

*To whom correspondence should be addressed.

e-mail: hotsuka@hiroshima-u.ac jp

Annona muricata; Annonaceae; aporphine; alkaloid; annonamine

to C;oH,,NO,. The IR absorption at 3360cm™ indicated the
presence of hydroxy group. In the *C-NMR spectrum, 12 sp*
carbon signals were ascribable to two aromatic rings. The sub-
stitution manners of each ring were determined by a coupling
pattern analysis of five aromatic protons, of which a singlet
aromatic proton (dy 6.78), and four ortho- and meta-coupled
protons (o 8.32, 7.40, 7.37, 7.31) suggested the presence of
penta-, and ortho-disubstituted aromatic rings, respectively
(Table 1). Three downfield-shifted singlet methyl groups (64
3.62 on J. 60.8, d; 3.42 on J. 54.2, and & 3.08 on J 43.8)
were attributable to the O-methyl, O- or N-methyl, and N-
methyl groups, respectively. In the heteronuclear multiple
bond connectivity (HMBC) spectrum, dy 3.42 and dy 3.08
were correlated with each other, which indicated the both
methyl groups (dy 3.42 on d. 54.2 and Jdy 3.08 on . 43.8)
were connected to the same hetero atom, ie. nitrogen (Fig.
2). In addition, these two methyl groups were also correlated
with both é. 70.8 and . 62.8, which unveiled the presence
of a quaternary amine in its structure (Fig. 2). The other me-
thoxy group (6. 60.8) must be located on C-1, because of the
relatively downfield-shifted chemical shift value caused by a
steric effect of ortho-disubstitution. The contiguities of the
remaining two methylenes (d. 62.8, 24.7), and a methylene
and a methine (O, 70.8, 30.9) groups were also elucidated

Structures of the Isolated Alkaloids

Fig. 1.
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Table 1. 'H- and C-NMR Data for 1
C H
1 146.9 —
la 128.6 —
1b 120.2 —_
2 152.9 —
3 116.5 6.78s
3a 126.2 —
4 247 a* 3.02m
£*3.34m
5 628 a* 3.79 ddd (13,

71
B* 373 td (13, 5)

6a 70.8 4.56 dd (14, 4)
7 30.9 a* 3.05m
B*3.37m
Ta 133.5 —
8 129.4 7404 (7)
9 129.5 731td (7, 1)
10 129.2 737 brt (8)
11 129.1 832dd 8, 1)
1la 132.5
O-Me 60.8 3.62 (34, 5)
N*-Me o* 438 3.08 (3H, s)
N*-Me * 542 3.42 (3H, 5)

Measured in CD,OD. ¢ in ppm. *The orientations were determined by phase-
sensitive nuclear Overhauser exchange spectroscopic analysis.

Fig. ‘2.
(Arrows)

Important Correlations on COSY (Bold Lines) and HMBC

by double-quantum-filtered 'H~'H correlation spectroscopy
(COSY) and hetero-nuclear multiple quantum coherence spec-
tra (Fig. 2). The planer structure was elucidated as shown in
Fig. 2 by the detailed analysis of 2D-NMR spectra. Finally,
the absolute stereochemistry of C-6a was determined to be R
by the circular dichroism (CD) spectrum.” Thus, the structure
of 1 was elucidated as (R)-2-hydroxy-1-methoxy-6,6-dimethyl-
5,6,6a,7-tetrahydro-4 H-dibenzo[de,glquinolin-6-ium.

PD is a common neurodegenerative disorder marked by pro-
gressive loss of melanized, catecholamine producing neurons
in the midbrain (substantia nigra) and brain stem (locus ceru-
leus). Therefore, we next evaluated the neurotoxicity against
the human neuroblastoma SH-SYS5Y which is a well-charac-
terized catecholaminergic cell line often used as a neuronal
model in PD research. Among the tested compounds (I—S5),
compound 3 was the most active (IC,, for 1: 195.8+17.0, 2:
186.6+29.4, 3: 34.6x3.5, 4: 97.1=11.2, 5: 202.9x9.9 um).
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In this study, we have successfully isolated a new apor-
phine alkaloid together with four known benzylisoquinoline
alkaloids from the leaves of 4. muricata. It is noteworthy
that anonaine (3) has been reported to inhibit dopamine bio-
synthesis at 0.05u4M by mainly reducing tyrosine hydroxylase
activity in rat stable pheochromocytoma cells, PC12.1% In this
study, we presented the moderate neurotoxicity of 3 against
SH-SYSY. Thus, anonaine (3) might affect the development
of the idiopathic atypical Parkinson’s disease in the Caribbean
Island Guadeloupe by inhibiting the dopamine biosynthesis
at lower dose and by the neurotoxicity at higher dose. We are
now planning to investigate the detailed biological function of
these alkaloids on the several protein molecules concerning
for the development of Parkinson’s disease.

Experimental

General Experimental Procedures Silica gel CC was
performed on silica gel 60 (Merck, Darmstadt, Germany),
and reversed-phase [octadecyl silica gel (ODS)] open CC
(RPCC) on Cosmosil 75C;5-OPN (Nacalai Tesque, Kyoto,
Japan) (®=4cm, L=20cm). HPLC was performed on ODS
(Cosmosil; Nacalai Tesque, Japan; ®=10mm, L=250mm), and
the eluate was monitored with a refractive index monitor.

Optical rotations were measured on a JASCO P-1030 po-
larimeter. IR spectrum was measured on a Horiba FT-710
Fourier transform infrared spectrophotometer. UV spectrum
was obtained on a JASCO V-520 UV/Vis spectrometer.
NMR spectra were taken on a JEOL ECA 600 spectrometer
at 600MHz for '"H and 150MHz for BC, respectively, with
tetramethylsilane as an internal standard. Positive-ion HR-ESI-
TOF-MS was recorded on an Applied Biosystem QSTAR XL
spectrometer. CD spectra were obtained on a JASCO J-720
spectropolarimeter. VersaMax (Molecular Devices, Sunnydale,
CA, U.S.A.) was used as a microplate reader.

Plant Material Leaves of 4. muricata were collected in
Okinawa, Japan, in November, 2004, and a voucher speci-
men was deposited in the Herbarium of the Department of
Pharmacognosy, Graduate Schoo!l of Biomedical Sciences,
Hiroshima University (No. 04-a.m.-Okinawa-1105).

Extraction and Isolation The air-dried leaves of 4. mu-
ricata (520g) were extracted with MeOH (2L) three times by
maceration. The MeOH extracts were combined and evapo-
rated to dryness to afford a viscous gummy material (78.2g).
This residue was suspended in 1.5L of H,O and extracted with
equal volume of n-hexane, CHCl,, EtOAc and 1-BuOH succes-
sively to afford 13.4, 34.9, 1.1 and 5.0 g of the residues, respec-
tively. The remaining H,O layer was concentrated to furnish
an H,O-soluble fraction (23.9g). The 1-BuOH soluble fraction
(5.0g) was applied to a silica gel CC (®=2.5cm, L=50cm)
using a stepwise gradient elution with increasing amounts
of MeOH in CHCl; [CHCl, (1L), CHCI,-MeOH (20:1,
750mL), (10:1, 750mL), (5:1, 750mL), and (3:1, 750mL)],
(CHCl;: MeOH :H,0=15:6:1, 750mL), and (MeOH, 750mL).
The residue (1.13 g) of the CHCl;:MeOH:H,0=15:6:1 eluate
obtained on silica gel CC was subsequently purified by HPLC
(ODS) with 20% CH,CN/0.1% trifluoroaceteric acid (TFA)
to afford 1 (25.8mg) from the peak at 20.2min (flow rate:
3.0mL/min).

The combined residue of CHCl; and EtOAc soluble fractions
(36.0g) was applied to a silica gel CC (®=5.8cm, L=38cm)
using a stepwise gradient elution with increasing amounts of



