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[ Pueraria mirifica EHEEEMDONE
SHIESE ] & UC, Puerariamirifica (PM) O
BHEDFRRINTODLEEERMS, KO
A L= gciii@md 2800, ROSERE L L
THHhvar, hyvar, FETT U EAT
LT L7z, &R BmRICA % 7 — &%,
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BEIcRH S —7, 8 So®EimEIC
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L LT3l % RO T, FR SR & OFHEI %
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M7E] TiE, A EETRELTAA LAY
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siamensis) DEEZ L, A X/ —/)LTHIH L,
GRS O E, R AT 72, TR
ENEUATE CRELZY 20 F 200
X% (Diospyros maritima) DEZHEL, A X J
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5 OIS W I3 a0 21T > THEIE
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SCHRE & el 45 Z LIz X v [RE L=,

(> 7 O FEFREIZ BT 5098 & L C,
EWNEOCT AV Oy T d 550> 7N
BAHBMIZOWTHIT 21T o 72, ARSI
IZBWTIE, BREOI TELOLDIEZEDE
FHEMAL, EELAALTKREDOLDIL, IF¥H—
CRVBEL ToBE L. 2 bR &
W, genomic DNA Zfifith, KL, Zobo%x
BERIL L, WO rDNA FEEUARIFEED B




BlANIRRGr SN2 7 74 ~—Z T PCR &
792 &I2k0, HRE T 2% rDNA ITS
Zde DNA W 248 L7z, 5 56h7 PCR pE
MERBR L%, YA L7 by —7 2 R|TLK
D HEIELY 2R GE LT, 156 R ES 0%
FHESIMATIZ, GENETYX @ Multiple Alignment
WZE0iTo 7.

[Sida JBAEY) OFGEIERE ISR T,
2013 AT () 1= FEHRAE 1 B AP SR 0 Caks
INTW=X o IUH Sida rhombifolia L. &
5HMS 10 AETo6en»AM, 1-HIZ LI
BEL7= b O ZMEHC W, BN A2 &
AN A~B5HIBD, +oIClE LIcEL R
B L, e FTKIC6~ 8RR RIER, *
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T HENL & RO ERNFEREE I V) TE
Tk L L, NERBIEIMNOREZG. 5
VRV ACTHSEM L, S MEE
Y2 /8Z BH-2) FIZTHIZE L.
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Cassia angustifolia) 2O, [ELHFZERE
FEVEN EHHAE - G5 - SREATZERT SEHIHEY)
HRt o2 — IR LG Sk
B OREMIRO—E (B, Wik B0 X L
BE, FEDIRFEROEZX & MAE R K ORI,
MR T OEZ) 2R L. 2, ~xk
FEEREETOIERTOHLT 4 — Ny
JWRNZH 7 Ly FhOfiRESA 1 -GS E AF
UEA L7z, B, Bt o457
INEEZ VY, 2O R RER O b M OV DR
oty NTHIBEL TREIE L, BEHL-.
—J7, MIREMIIREOAZHBET 52 EnH
HCThHotoln, L HikE O THREE
Bl L CHimR L7,

[Ma] o 5 K OB A SR o Je R R4 | & L C,
ENAFEA—I—Z2B U TCATLEMES, H
HRMORESRY (BESRHE), £, #
EHGLEOFETSE CAFLEAEESEICS

(Cassia

WC, ZDORJFHEZ Sy LB O W) Bl
L. £, KOOI, C wilfordii
Hemsley MO8 C auriculatum Royle ex Wight
DREIEARD—H 2, = ST R A R e OF
(] N2 R A L EEBRAE Y B 2 B SR T
72UWN7=. € wilfordii Hemsley ZJUIN®D 2 &
FrCEEE L. $£7-, P multiflorumThunberg
VR 3R TR U A T S A A R e OF
A ASHT SRR AL I RHE A & B 7> & DNA gt
HRELE UCTRMEZ 5 072, mtkredE s n~
777 4— (HPTLC) 12X Do TiT,
HPTLC Silica gel 60 F254 Glass plate (20X
10 cm) Z VY, BRI, S50 (UV) HSS (254,
366 nm), AMEERERIK (R 7 ICHEML L CREY)
IZ X VAT oo, HEERSIENT T, BRI L
AHEEER LV DNA Z i L, £% rDNA @ Internal
transcribed spacer region (PAF ITS fEIK),
HELSFHIK DNA ¢rnl—trnF intergenic spacer (LLF
trol—troF fE3K), [ U < ZERRIAK DNA trat-psbA
intergenic spacer region (LA tral-psbA 8
)\ BRI 7T A ~—F& VY, PCR USRS ZAT
72, PCR BUSZ X VBT HEEMIL, &
A V7 b= AT K0 R & R E L
. TIUBEFNZOWT, BLAST FRRIMER R K&
OFE D[R] E S IZAE IR ARCHE Y AR ok D &
BB E DOEIZ XY, FKEMEAZHEE L.
Fio, HEEEETGCREL W THE ],
FOHER & RA 7~ (Cynanchum) B D
BRI EE 2 bivie [THIEARE (B4R
H) ] OBURMEEE Sy, KO [MUE K] #EHT
DWT, F& LU THUIA Z1EK L T REL
JEEFTEMEE T I CBlES LT,
[CAYFRABIRIE N — R = — Bl B BE D415 i
(CBIT DT & LT, 2017 4R 1 HICRR

WNDOIEF TR O o To—R =—fHHE D
f#ighh 5 Wk « G TRIA (& TEAD (220 T
I EAT ol BRI Lok, A% —
NEMATEERLEL, 74 —AiLT
b Oz REHRIK & U, SRR 308 B IR LAk
Blsi e L, e LT, U7 FELY



LI IER S (Oh—AR =" A58E, Vv
T A 8E) MOEDFIET TH D Y RAT BV
(Sofosbuvir), L XA E /L (Ledipasvir)
DEEEZ MM L7z, TICid GCMS, misrfighe
LC-MS B TN NMR & 7z

BT ELED TR BERAR D T ik 2 B4 2 b
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B-3  ERYBLEICED < HIERUEIC BT D MEt
(BB E 2 BT H b EE GO FHIC
DL TIE, F=KT K, F=vr, 7FF
VERR OV RICOWT, B, BEFO
B B OFE, RIMERE®, AFFREE
ZAA L7c. SRR HEHAL, RTECS (Registry
of Toxic Effects of Chemical Substances) M
N Botanical Safety Handbook 72 Flz L o 7~.
BITERITE AL, R IE R AR B RS O 12 it
TROEMEGBER T — 2 X—2&2FH L. %
DOOIEHIL, LLTFOREE, EEL2SHT 5
i, HEIZ U T, Google Scholar T
£ 2 BhESCERIE M OB R 21T - 7.
5517 SIE A AR 5
A ARG T A E S AL B 2002 (JRMERD)
HARSE R J7 A ESR IS 2015 (RS AR
AN TE E S 8 it
= A RA dn JFUEHEL A% 2006
AARERLERE ¥ —fF, —BHAERS,
£ 2017
HAREIRMERE % —fw, ERHEEL
4 2017
55 24 RIS BT 2 kS TIIHET] Gl
HEE
Jay 77 EH KGR EE D T4 |

[LC-MS &\ Cassia g2k T8
L T OIS D058 T, B
DN ) Cassia alata VXIESTAFZERR T 15

NEFHAE - e - SR TEITE ALY & AT
B et T S =2 it R SR g Wl (K7
Ro— (6, Wik Efo T2 L3, Mk
O E3E LIRS X OMAEE D TE, FEMIIR 58
DEZX) R L. ko B R& 7 (6 ),
B O NN 2F), 2oV T, 3%
P2 THREL, 15672 MmARREE 70% MeOH
WZRRE L, LC-MS p#ricfit L7z, LC-MS Zr#fric
% Q Exactive Quadrupole-Orbitrap /~A 7V
v NMVEESHEIEZHEHL, MET—4 & A4
A —LfZ4T 7 b =7 Progenesis QI ver.
1.O CALHE L, E—7 ot (Y¥—27 Mk, £
R RT), E&E# (n/z)), 774 A &
1TV, EzInfo TF—%~ MU 7 ZAD{ERRZ1T >
7. ZO7F—4%~ U7 A% SIMCA Ver. 14 %
RANTHRI AT 24T > Tz

B-4 FHEU A NRKROIEEY Xk OREyHER
DOREL

(HEY 2 ROIEEY X b Oty R %
ORELICET LM% & LT, Pk 30 4 4
A 18 BAFEIE - ATERT A R R s (GEAFE 0418
F45) OpRE LTI RSATNDS THHE
i) A h)o& DBEEREY 2 R 1220,
JFA O RO AL, 4R, B4 EOIEA
EHLICT =y 7 B ToTo. F70, Ak 1343
A 21 Afto THHEEKGLY X ) FEHEFOFE
FIA U R—=TH DM oE Rt GoENLEH S
Ronf AT AR R) NEEE L 54T
O BEX Y A ) ROEIUSATRE L TR #H
kI a Ay MEESZB L L THRF L.
AT HONTIE, A 2 —xy b LOREA K
N Botanical Safety Handbook (BSH) 2" Ed. (Z
FLEk T4, MAESR L. BREE O
A Rk 5 D fli B M % 1L, KNApSAc
(http://kanaya. naist. jp/knapsack_jsp/top.
html) ZHWTITo7=. 24 IOV T,
1) The Plant List
(http://www. theplantlist. org/),

2) International Plant Name Index



(http://www. ipni. org/ipni/plantnamesearch
page. do),

3) YList (http://ylist. info/index. html)
FRWCHEEH L TV D24 2 7. 4
WZDOWTIE, FIFEFEOREA S LEEHEETHS
INTTR o T4 B RIS, Ylist Z#HWTHAEL
7. UEY A POERIC S 725 T, BUEDY
ARTIE, A5, ERADOLO LEWAHD D
DPMRIELTND Z &G, s x4 E
THZETH %R -7, 72720, BEOIRER
TR oA %2, HIEE & LT oI, #]
EYEDORTHR H L2, D X5 B,
L ZLHE L, A, ETOREEEY %
FFi L7z,

(B ~DEE)
v MK TR OERE A H LT
BoT, AT HEHITR.

C. FEs - B
C-1. BIEXGHEEOHFEEZZ TR AE
\ZBET 2 kEt

(O ERG | OFREICEIT 5098 T,
BFOHICTABEEREN S > TALZWE O T, ATP
X, EEAERLE LTS TS Z b %
PO RS EIITHE T R E o ARE &
INDHREEEL L. F7-, homotadalafil
KO dimethyl- dithiodenafil %, F%4y 4%
E N ED (R K Td 5 tadalafil K O
sildenafil L[R—ThH D I EEND, HHEEK
ICHRET REROAE LS ~NE &
EEL. N-TEFAL AT U8IT, BEIC,
B PICH DRREFE L, AWEELFED
R D —#TIEH DL ODOHK L LT
EE L OIERH ST in T E%Enn, 3
FELERL. B-TT7=2o0TE, AR
REMR WS EHRICEEICE T, AR
WHFZH Y, FRCHEE e sEmE D AoivT,
EFSA THLEEME~DEREITH 726 S0 &R
WO LN TEY, FEEMLE L TOMEHSE

RN EMD, HEETHLHDEELELT.
ED IR CTH DI NTF 7 4 VERWE CTH
DT ANNVKR T IVTF T 4 VX, PDES OiE M
FHIIRE L, FRERICHEEEZRFFSZ
L, IHITNFEETHDVNVT T 7 4 D
ERZEM L TERINTEbDLEEZLND
ZEnD, HOEERMIEET NEMOARE &
firsn s & BL L.

FE R E D 5, 7 A 3F (Commelina
hortensis Makino) M S
I-FFF )PV~ AT
vn YA ay

( 2, 5—dihydroxymethyl-3, 4-
dihydroxypyrrolidine) #&#, Ebbba%E
FbEMTHL L, I-TAHF /) Vv AT
Y, EHELE LTHEESNTH SRS T
DL, ReXRiFa-INVavF—EHE
ICHRT 2 &8 2 b2 HUBEIRIFTENE, HUIER
TEVED S 4, FFFn e 6 TnD 2 &0
FEIND. L TRICRME LTREMIEH Y,
ANk L7ALE® s, mnHEHEbaEmE s 2o
WD T, I ST LG R &5 2
B TEHEARD ZRICE L LiTE, FEE
LB EBERE LKL, I—a v T
(Quercus robur) 1%, Botanical Safety Handbook
(ZHB#k <4, Class X 2d, 72721, ABAISE,
S Z RBALC Class MHE S, EHEGE LT
OERRERIIH D, —J7, BITAIZIZ 10%LL
DHE = THDHN, VA HE L TOMER%
EEETLHERRBRIIHLIODLEEZIOND.
S HIT, LR B b, fERREEWITA-
TWRNWHLDEHEESIND ZEMBIEELEL R
DosLEZON. AFA~A (ImrT) @
FAZHONWTIE, BRI, ey =,
W, ~7Fr, TI/BETHY, HFaa
TN X —OREGE L TOERAPRF S
TWDZ RN EZeoT=. £z, ft, hm
7NZ1E, D-pinitol BWEEIZASTWDH I EMN
¥V, D-pinitol 1%, FVa—A KT AKR—
2 —DTUEERR &Y, FERE TR H %

communis L. var.
X, Ak & LG,

(1-deoxynojirimycin) &,



L&, F£72,Dpinitol DR A F ALK D
Chiro— inositol 1%, REDERD—>2>D, %
FERDME PP BIE I O UGB IR B F D L sh
TWAZENHHAL TS, —FT, < ARME
WMirDT, VIF ORI OWTIIBES
RETHLIN, BHORAREDT —% %ZE
T 5 &, REEHRITIEEOEKEL I HTL
TWbEEBRISN. 7 K= BIEfHR 00z
HHTORETH -T2, ZTHITERNEEL L,
Wk EB VY LA TORIBZ T 575, 58
DB R 2 TG Te 72, HIRICHLE L&
b, 6L, BCTERTDHDOTIE2L,
FEE T, EBRIZHEOMEMEZMN ERTH L
MEETHLODEER L. aAt b~ (FH
A ER) ORIX, TA XOEEREY A 7~ (5
H) ORBH®WTHD. A 7r~DHREFERIC,
KW TH, a7 iiad K (AT7aA X
NT NI RRL, PT7I /)78 N7z
%) BA-TEY, ZhbT7viaef RZEDY
DOOFMEEBROT — X3 b o0, FHiE (F
E A IVIE) O Cynanchum otophyllumSchneid,
® extract (HES, KEBAMK <Tix, &0,

WFFLE T L D50 A 278mg/kg & BIHIEHED T —
Z 5% RIECS THE I N TWD. F i,

C. defoliascens CT%, <~ A ip C, 147mg/kg
LRSI D IEWVEE RES TN D
7o, ZORMIE, HHEEKLD 2 OFE—H|IZ
il 2 FTREMENFIET Db D EE X BT,

ABEEE, BRERE, Gy, BERBRO
TENLIEEEBEIN. o T, BTO
WAL EDOFRIRAE &) EHE T RENPPEELE
Z bMiz. Sideritis scardicalX, MEEhi=
ZHNEESTRBY, Z410%,
scardica TH D TH YV, 1IE LWVFL TR L7-.
ZFOfER, RTECS, BSH, ComE & 12, 1HHA 7/
<, RTECS OFIFEHEMICIHNTH, REE 25
EMEIRER SN TV RN ERHHALE. &5
(2 CA DRRZROFER, BAMTIE, £/ T
YL, NUTARUE, 72 ) U7 RAETHY,
BEBREV VYR LENH ZELBELT, HEL

Sideritis

BRI, FH T~ A FE, RTECS 12
SHENIR L, FBLD Camelina sativa T CA %
BT 5L 650 fELLEE v b, alkaloid TR
AL, 4 v v I, Phytochemistry 67(18),
2050-2057  (2006) @ [Brassicaceae contain
nortropane alkaloids] TiX, FTARZIT T
<, T77F8<ThH, /b riiads
R Ens Z EnwiEah, ¢ sativa O
BRIEHI DEE D, calystegine AR S5
ZEMNHBH L. 51T, calystegine D H
D% RTECS THFET % &, calystegine B3 /37
v I, #&H T TDLO 2% 16. 8mg/kg (U30 : sk L
WA, Al S En, KmED
FHET, MSLOFENH D TREERE 2 D
7=. —J7, seed TIX, T/ huaA RBRHmHEN
HEWVIFRITINZ ENHLNE ST, Xt
LEAL, B L-ErmET 5L,
FFIZ, alkaloid DFEIIMEE 26T, BF &
RS, FEICOVWTEELTWD DI,
ZoRyEETVay ) L— R NETT, Zhb
OfERMEE, EFITNESNERELTND L,
S HIZERER E At EERBRE R T &b T,
FELELZSNT. L7V F LD IEF,
Vernonia cinerea C RTECS #5245 & 5{ft
v ML, &8, AZ /) —)VZXATEH, T7v
T, RIEMEM (YVY55) (2% LT TDLO A%
250mg/kg & 7R VERVWER N & 5 2 & 234
L7o. BOICIE, MUTAXy, 78R4
R, Bl TIEE/ T4 K, BEAFT)L
XA RE, IR oM RS — 2 Th D
M, CA TAFEOT VA RizonWTh, b1k
by L, EaUFIoo T haA ROFEEDN
e #% (Research Journal of Phytochemistry
(2012), 6(3), 75-83) &fifz. 2> 7Y —T
%, Erl)Foro T Au A ROMFET, &
BB ET, BMANKIEL2S>TNWEZ RS
25L, BREW TOFERPEETHL DL
EE LTz, HY AL, RTECS T3 fEEe v b, i
R 2 mEOREIT R <, WIUREND b,
NOAEL 73 2g/KgBW/ H ToH U, BRENFENT &



WHBA L. F£72, HEHbAamb, R 7=/
—/VETH Y, FRCMERH D DITFIE L2
Mol E-T, ZNHDIFRIZ, PRMEHEIC
ANLTENRD W) BB E T, HFELSE
WL I3V, Favbkr a3 voRET,
HARSEFHFIZNE SN TEY, EEH 5 475,
—fH 17T RFIEH SN D EEAKTHY,

AARTIHEHIICEIES LB 2 b, HEHEHK
ICHEE STV D, F72 BSHIZER W TEIM
L OMAEAEN (FRICIFIRAED) 28 S
TEY, FEFRIBPE Biphenyldimetyl-
dicarboxylate (BDD) D% R Ok & 72 o 724
KTbdd. —HT, HETIIERRNEE

SNTWD. BRI, V7T o
gomisin A & schzandrin 2334 T, £
2% 0.2-0. 3% % TN 0.4-0.6% L, KAWL LTI
BMEETEENTWD E#RENHDH. RTECS T
gomisin A ZMET 5 &, KO, vUVRAT, %
FLE3L LD50 fi 77Tmg/kg, 1448mg/kg & 72>
BY, FrCHTEITBSEERE (300mg/kg) @ 2.5
BOEEZRL, 2RV ERIEEMEZZ B
L. Fl2, TRHOTIZHONT, < O—%
SEPREABR N FEfE S AT RESR, 2R & LT, REAR,
EHIEHOKT, KIRETHAALNLTND., £
72, HTHGREBR T, ~F Y N H— L U D
DENRIERAFE A 25 LD50 B 1/40 THRELL, £
GerEOEEHMHEIER S, FARIHER, 5
VIE R 7 R TA P —RIERDRH D LA S
TS, ZNHDORREEZEZ DL, AARTH
HESES E U COEAFEREIST T, EKEE
PERZ &, AL ZEIEFR Y DAy 2 5 e &I
KBLAEERHD D EEZOND. £, I
FEPEL L OREN TV DT, B ER CIX
BOHH, HREFEM, dtsimE/EH, | bR
TER, DIBREER 7 &, WIS D%
REHELELOTHD. iE-T, Afhico0
TlE, BIRLORDIAEY —F 7 T NV—T7T

Difgim /N HE L B DT,
MYHEkRWE TIE, Y79 Avun—r v

( Plasmalogen ) X, & &® T 5 &,

1-0-alk—-1" —enyl
phospholipids and glycolipids, & 725723, H&
SRBRIL, BERICEENRTNDL T I Avr—
FUERMELT (=& ) —, @it 55
NebDTHDLZ E0D, AL, Dt b
BEWHEK T I A~vm—Fordx&xtBEx0
iz, fhz, BEXyELTE, BEWHEEKT
HoHZE (ARRE) &, BREEREZIHEZE b
TOREMERBROFE RN D, MERIEELE
WL, 7aviTg s h—RA%, NEOHIHIZ
GENTVBES T, EFSA 205 & # L& 5L aksy
ELTROLNTEHY, HAOTO LD fEH
5000mg/kg LA ETH Y, FloEHSS & LT
ODFERGBIED & ZAFFIZRVWEEBZ LD
DT, FEELL T EBZ LN Ik, 4FF
%, BRI 22-0-7a v VT 7 h—RA LT
THOEER L. B Faxy 7 8% 4 Mifa
FHEICEENDH T, SENEAZ T HikhHk
DHLDEZEZ LI, KWEIL, BAOTORE
PERENZ EPRENTEY, FEERELMS &
B2 R L, EEOZETXEEPTOT
— X DIIZ BRI, EBVLEOFREIZL -
T, LN ELT D2 b, EROE
BENEETHLLDEZLE LT,

NS OERIE, ER284E3 A 16 H, R
2042 6 B, “FR 3042 H 19 RICRfES
TEEGLORDIAREICAT L2V —F 77V
— 7 (BRIWG) 2B HHEBEER L oo T

2-acyl glycerol

C-2. BHXHSODT L —V —NIfLET DHHE
MR OMb &I B3 2 ket

(A A X RUICBT 5% Clid, emodin
(EM) EEmOFHEDT-D, KM THAA X RN
ZEAE L, MR RK & ARREE (T &
ko) Z VY, LC-MS Ik v iEE L=, Rk L
T b TIIHHAENMZERE LB ON
7o E 1, ALEEDE A A A Z Y D EM I,
1 g&»720 5.0 - 6.3 mg, AMEDEAAA X
RUHFOEMIE, 1 gdH7=b 0.0015 - 0. 0064 mg
ThHY, ALEEETARMEIZ L, 100 524 E




DEMEEAR LTS Z LAV L7 EMIE, W
KONDOEFMEYDOIHEIZBWNTFEL, £
DEBEITIFHMESCHOMEICHEIND Z &
WHIHILTEY, TAHA% KUHO EM & &R
FHIMOBRETIZH HKAF LTV D 2 & AR
Shiz.

[ Pueraria mirifica & A RSN O WE
PHmAEIE ] TiE, BMHEEID AL ) —LrxzX
B, 3WorEEART MLERIE L.
fEFERLAEED S D, P 25675 MRIKIC
DNTIL, BT 5 3 2OE— 7 FREA/BIES

Nz, 2R LCHE L, ya v
(Pueraria montana var. thomsonii), 1 > 2

v (Pueraria montana var. lobata), T v 7
SNIONTh, ENENFREI L E— 7 RN
Bganiz., vari Bk T4 R
R, PMEAHS L&E, PMIEEAM 1 MED 10
BEOT =2 %N LT —2~ ) 7 A%
BIERR LT, ER Ot &2iT 7. £ Dkk
R, B—ERGLE _FHFICRVET—ZD
KO8R E KRBT HZ LN TE. PM & A K
RER il B OB IR D 3 IRt I A~ hb
T2 & ER T LT AR R, RO
DA TELZ &Ly, dEEMLFE [H6
EHS ] THHI v a3 BRPRICXB] S 7.
TR OFER, PN OEHPHER I 6
BIED S, 1 2i%, okl s #2223 %on

HIEANRT FVERL, ERDOITICBNTY,

DR L ITBEN T ALEIC T ey FER, T
1%, PM LS O S RIFEA B 0 a5y DR A D BT
rarborHgRInz. £72, BLO T BiED
26, 1213 6 Bk L TR D 3o
AT MVERL, ERZOITICEBNTS, i
D SRR L ITBEN T ALEIC 7 ey F ST,
CHIREATHMRICE VLN E > TV D K
JFfEL LTD 7 XA FEDRSDRTEIEH, il
WZHARTZDORENRKRE WD TH D L H#HEL
SNT=. T T4 BRIZIEE A EFOE AR S
T, ERD T T HFRPITIE RV T2 D FURAT

T34 LT, ORR & I3BBRIC Kb s h .

10

ZDOERD N TIE, By 3Ok EL
FHHLTWDRDNEERIZE 2 D HENRKE
W, ZTNHLDORKOT—42 %R Z & T,
PM IZHFA 72 Ry N LW R A LB L 5D T
T nEEZ, FiltlcTr—42~ ) 7 2%k
L7z, ZORER, BE—ERH DR TET —H
DIFEALEZRBTELZERHALNE RS
7.

[V LA VBR O X 7 R O Rk 5y
Wt TiX, N v A V(A squamosa) D HED
A B ) — AR O 1-BuOH AIVRHE4y LV 11 Ff
MOy EBEEFRE L, 095 1 DT
bV, FOMITBEFLEWH -7z, FHLEY
DAL arabinothalictoside & [Al—dD 7 7'V
aEFTLHN, FEORBEN 7 La—RALF
va—ANDLRSNTEY, £/, = hakk
A LTz, —J5, Parkinson ¥ D FIE CTH
NI m3 32 &5 b T35
tetrahydrobenzyl- isoquinoline (TBQ)i%, &
[N LA S DEED R AT TR E SRR AR
LEDTHEESNW R hoT2. —F, I—F 7=
— 27 (Annona siamensis) D¥EX Y 15 FEFEDK
DEHPEFEL, 2055 1 DIIHHTH Y,
ZOMITBEI LA B - 7. FRILAWIE, &
DIRRE~ A ALY RMLIZ LY, ZOHh+K%E
Cistles0y & RTE L, BERSRILIS AT R UAiRAT D
R, hn 7 AT AR THDL I EN
RS LTz RO TARIEE ) OREE DR D T-
D TRITENMR AL ML AT L, & Otk
W2 e L, TSR E O 72 % NOESY A~ 7
NV OIRNT 24T > T2, & BITHERHEE DY E D
T2OICEy vy —AErEA L. B-BXIO
() -MTPA =27 Vv Z AR LT, 'H-NMR A~<7 K
NERE L TCHFBEROBKBETENLAL D
b7 FOEX Y ZOXhiEEZ R E LTz
T2, VauXxau AX0LE MeOH fHiR LY
HEE L 72t EWiE, HhERE-31.6 Zond MEfh
ShiASE & LT L, SRR AT RL,
B IEREE B4 HT, 'H-NMR, PC-NMR, ¥k 7C NMR
AR MVAIZ X DRIT DRGSR, AR =V A,




RO — KRS L OBBETREEEAET D
SHRIRBEND R DT T T TR TH
AH LRIz,

[>T SO FEFREIC B3 5098 & L C,
13 FOENKOT AV B O Chti@d %70
VT REARMICOWT, FEWOR; rDNA FEIK
WCARAFYED S W ELSINCER G S e il > 7 4
~—%ZHWZ PR g 21T o7& 2 A, 3 Mk
I, EBEEERS T — & = R TR S LT
% Trichilia JE)3 & b WECHIGESR & L T2
Fonie. ZOMOBIKIZONWTIE, BV T A
DOIEFFE L SND 0 & TR 5RO BREA
FINER e LCTETF o, Loy —2o
Y ABINZ DWW, TSR D
10 ik 4 IR T, BEEFEOEIEIC L 585
BN R ST, BT T A ~—%& O - BEE
2BV, BEDRIK THEEES 23 L S 7R
KE LT, "o EHEOMHEMTED DNA % 1
g L CWDRIREMENE X bz, ZORSRN D,
il DOFAE TS EERITITER O TN AFIE L
TED, 2O EHIE LT W OB H
MELERERPDRINTWAS T RO TR
mEBZ, FRNT T4 ~—%FFL, b
W YEWE 21T > 7~. Eryvthroxylum J&%FrE
7T A ~—% MR TIE, 6 BIKT, 7
D HEHRE O DNA DO FARGE A2 R 23 7L S 7.
BB PCR EEMIC S\ T HE SR A EAT 24T
STHER, F—HX—Z O Erythroxylum &
Y & FRMEO mOESIRER S . — T,
ENTSO 7 REIZE L CIE, TR A
BOWIEIXR 6N oT-. Trichilia JE¥FH
774 ~—% AR TIE, 6 BT, T
SN DR % F55 DNA OB 72 8E N> R
DR, B5hiz PCR EMIT OV T
AT 22 AT o T R, 7 — 4 _X—RX LoD
Trichilia JE&TEY) & FEIEME O &V BLHI 25 fEGR
Shie. —J, EATSHO 7 BEICBE LT,
THRINDHEEROWEE NV RIZR LR
ST, BRI T 7 A4 ~—% O HEE O R,
T AU S 6 MIENS Erythroxylum &,
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Trichilia J@&TH J7 O J@& DX Gk B 51 23 oe /i (2 55
FonizZenn, BERIZIIINOEAFDOR
DREIN A TND Z EDURIB S Liz. Z Ofk
Fn, MESD 2 WIEI TOBEEIZIBWT,
o 2 SOMIIXBIR b Ty, —§E
WCHELER N Z BTV D ATEEMER B 2 b
7=. F£7=, Erythroxylum J& DY DIELEN R
Iz s, BMERIIT Ve A NG
FNTWDLAEEMERH Y, ZHIZBELTIX LC
2 EHNTZ W T 24T O ENRH D LA
L.

[ Sida @AY OFARIZREFHINETE] TIE,
¥ dAVH S rhombifolia ZOWT, BIRE
ZAERT 2 W O 8 AE AR K ONR SV A il i
I CRE T, WEICHRF LS
—m /N, TUTEDORIEEDELIZTEALR
oMol REOHMEED S B, ERIK
IREIT WM ZE TRl IR, Lo<b
RIREXAEIE TIX5, 6 ATV ERD LN
bOO, 7HLREERE LT, Hihmm Tl
BB TT X TOREHH P ICI T 2 0m 0
RO B, TOEEEIL 12~33 KX/mn* T -7z,
F7-, SEBEHE LYo E o #BET L IT
S. rhombifolia TlX, ZIE TEIEKL, 744
BHED A e B H O REZH R BIER S
iz, ThbbERENBIZEIN, ZTO0ME
B, HERT AMIBEDOARITIFIE—ETH Y,
1 & D #AET HIEOAREIZI T 2 FH
FIEEIL, 1 ZEAERD Lo T. Lol
DARIRENZ IV T 0 46 BE D = HIRITH & 2
BB, AL, mfim CAREIIBE S
Nipmolz. £, Hihm i elM4m e T
i, WERET, —EENEAL TV, 20
Z LI, AR RIEEE O 72 HR TAF L
TWEGATYH, & o< DIRIRENERN DOFEIE
ELTHIHAEETH D Z L ARB LTS, EK
WIRE b 2HIR 28 U CEEMICHFEL, Ih
FTLIAEE, FENERIIED LT AR
DEIEIIZR VR VRER L o7z,

[Cassia BRE N2 T RN T O

-
—




PNCEAE D M98 TiE, B ~rE T C
alata DIEDOEREIZHOWT, B+ KN C
corymbosa 72 EMD Cassia JEHELY & DRI
DR L SN TV D AFAREE 28R L7z &
A, NFEVTOED TEHEKLIZOHRZBD L
NDFHET, D FmORZIZITRERD bz
S72. FO—FT C alata ®© _EHEZEE O
iz ix, &' v (€ acutifolia KOV C
angustifolia) L, K& Iz L <7z
DHBT D Z R BNE o7, ilkF v
N7y v a2 O/ 28R L L 25,
NFE T ORHETH 2 FLEIRZEE K O e o
RoZZBRROLNEZ., ZbiEIATEB T O
ROF—L RO THD. FlzoMIZ,
FLEARE PR TEWRE R, Stohno7-
E, BEOWABBIEINT. LrL, Zhbd
MR OWTE I E THRER W, K
JRZHETDHZENRRETH T,

Mg 5 L OB E A 3K B R RERA ) & LT,
W E T O S K ORIV AESERE 19 MRic
DUWTHPTLC ST & AT - 7oAk, iR & 7
WENTWVWDLRIEDGEE N7 — T AERR
BT E SNDHBIEDO B NZ— &
NIl E Tz, —F, BERBEITRIES
BIH & SNDMIKTIE, 2 BEOSBE 2 —
MR, AF LA oFIZ, 2K Z
NV ERE BRI D OBIFET D REMED
MBI, 22T, Zhb 19 BRIKIZOWT
BARBLY D & R OHEE #3847, 1TS 18
%, psbA—tnH K& OY trnl fEIEL O HE FLEL 5 iR
Hrofbs, AFEEARICMESE 7 LENT
WLRIRITT T, (TEROREFHH TH S P,
multiflorum & fx b m W ECHIFERM: 2~ LTz,
—J, BEBKROEREFRIHE STV DK
DB EAHENT TIX 2 DD T N —T 1255 i,
ZDTN—TIIENEHPTLC T 2 FAH D5y
N2 —rmEeIc—HL, —HiF C
auriculatum To 5 EHEE S, M IE C
wilfordii T % C auriculatum T % 78\
Cynanchum JENEYIH K TH D AIEEMENE Z B
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7o, Sbig, mETS CAFLEMER LA
BREETULINZE T ey MZHOWT, &k
REWiE 7 v~ 77 7 ¢ — (HPTLC) (2K %K
S35, R OSEAR FERSIfEATICHE L, hETS
i DIHTRE S & Pl AREs U, AR AIRe 1T
BEET LI TWEEHED S 6, HETE
X T R TAEELNSL PRI R L E
BFNOHEE SN D RN —E Lz, — i
EHi¥TlX ¢ auriculatum ARD & O DMl
SELTHBlanTWe., BARERE y=
¥ | ORERREREH THE STV DR
IZAF AR PEREARTH Y, EPHE 366 nm O
SRR 2 LB RAE 0. 3 A BRD
HFHEEDAR Y M, AWFSED HPTLC 4347 T
'L C wilfordii X° C. auriculatum HK & HE
EENDHAEHKIITAZRR Y MIRD SN0
ol TOZEMNL, ARIZBWT, D
HBApLrMARGEREMLE L CRET 5ME &
ERHRMA SN D REMEIEVWEZ 2 b, BEE
HFRHEORKFFETH D C auriculatum HFD
LORHABERE L THOATWD Z 23, A
ZETHERINT. AR CTHNAERE T
N INTEKDITEAVEN C auriculatum
HRDO S D Tholz. AESOREFHEY 2RI
EHRLTOW2OFEEOALTHY, FEOIKF
FThorPEFERIITIAES, EEFRHEED
IZIE S LTV, RETHRbI 5 A3 A
HH LT D R RER L T A FR B 5 R
WA B A, HE S [bai-shou-wu] DI JFHEY)
X C auriculatum Royle ex Wight & S THE
v, METHEEOEFMME IND C
wilfordii ORILREILTHE [ge-shan—xiao] & il &
nTWe., SbIZ, BERORA L LTRRILTHE
23, FRILEOR4 & LTHEENRFET LN TE
D, MAERDXBINERTH S Z BRI
9%, EbohE Wz ¢ auriculatum O
BPAAERE LTRSS TS LoD
e, FENOHESNTCAERLEME L
BFm LT, € auriculatum & C. wilfordii
DWTFH bai-shou—wu (HEK) OHJEE LT



RSN TWe, ZoXH RN, AEkE
TNV ENTEFEGSEOIFEALLEDR C
auriculatum HRD LD THDH—REBZ B
7o, —F, BERBOLHHME N EfE I TnD
HEOMS LTS, € auriculatum DAE S
ELTHOILTWDHFIN A L., £, O
tomu vy NI C wilfordii & C auriculatum
HKD b OBRIEL TWD LW D FHH S iR
Sz, WMEROHBUIELL L TWD 72, A
FBEBNENL TORWEITITRE - 72 RO
BAZ RO S Z LIIRETH S & B,
F7o, AEFIOT, BERE L TEBETHHD
D7, C wilfordii T C auriculatum T
bR WD Cynanchum JEHRD S DG
FNTWDLZ YL

S I, IR IT DA RE O Huighi
24TV, Cynanchum JEHEY) DR O —fKAITERE,
MO, C auriculatum, C. wilfordii, KON C.
bungei DIRIZHNRT 2 AEFDOREZH T
L, &BI\2I%, Polygonum multiflorum DARD
—RATERBIZOW T BB LT, ZORER, [H
wE] & MTE sl BAEEROMBERE I MR
LR, TAER] oEFITnwFns A&
~BHEHOIERR, [MES] OEFOIFE A
ElIV v R Z IRz, EnEnHnTn
7o RBAEKO—HIZITEKZHNTE S DR,
ATGARZE YO ErolobDBERO L.
o, TAER] EAKOE 288 LT
LA, HHAERNIRARILENERLSND
ZATE, FLEALEROONRNI AT LT
vz, TAER] BEARL, TETIEEMSE
AREOFBHEFETII RS, — R EFKE LT
MG HE > T 5. AL TEE O 43K 5
TR — RO H D EFK TH-T2b DD,
— ¥ ORIE Tl Cynanchum @RS D [ g
51 BNIRGEENTEY, ¥ T F(Polygonaceae)
2 7 (Polygonum) JRAEWSEARHI R D [ E K]
L DRFINEE ST

[CAUFIRABIRIE N — AR = — Bl & BE D14 15 i
WZBAT % kG o) Tk, N—h=—E A D
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7538 50 5 BLEL - 51 7 R (B TEEHD 12DV T,
FRIBONE I IR E NS, N—R=—F A
BEd DMLY ST g BE 400 mg EHEHIE D
s Bk OEAOSER]), KO N—R=—
BLEEED DT Y LT ¢ 6E 400 mg & 1T E 7R
LR GRS GOEEA]D) N7, BiE
(22O TIE, LC-PDA-MS 34T & O 'H- , “C-NMR
FREL, YT g5 VR AT EVERER,
EDART NV DO—E%E L > THEEWE [FE
L7z, & D H HLEADOEFNZ OV TIE, GC-MS
SOV LC-PDA-MS Z3#TiZ L 0, FFEE & X Uiy
DR ENTZ., &6, ERNA—D—X tor
ZI LYY AL MZOWT, FORIR, A
X, i EREMEL L, F72, GC-MS KTUNLC-MS
IHTITIBNT, A7 P bIZIE—& LT
ZEND, BAEEAIZIZEZOE X I T T
AV EDOLDOThHDLEHELL., —F, &
DEFEFNZDONTIE, RIS D DV FN—
THHEDICBWER L2 Ens, Rz
EDREE SN TWDAREEREZE X b, £ 2
T, GC-MS Zo#7 & OY LC-PDA-MS Z3#T %47 - 7=
B, =272 RVy, YA K272 R v (=
FURSY) FEOAEIERS R ST, R EHY
(1%, BN A HORIERET 5/ T A
BEENBL, YA X, R OMEIR K OV s kLR A
B2 2 Enh, W, Rim~ra 7 74
Jb, BUAIPRR R, SO RS ITRGE L TR
WHOD, A HRO/NEELG X AR TH D
AIREMEDMVRD TRV D EHEE L7z,

[BTHLED 1EMEFAERRAR D 3 HTiEIZ B4 2 4
Fel TIE, VSN OGRS T S iE T D R
N, BHFEE 2 HE S V72 MCyclopentyl
3 [0}
dipropylaminopretadalafil (ZDVT, F D=
eV L 22 LC-PDA-MS 20t L7=#ER, v 77 «
NDHTTEE U CRATGEE @M S iy
Br&icisn T, HIRICES RS, o8
MARETH D Z L BB ST, RoWiEofR
FVEZ SR T D 7212, ED BB L O 0E
BARNE EN TV D Z & BER O fE Fe A L 5

nortadalafil



s DI U 72 RUBHAIR IS, A bA W OFEHER
Wa—ERE, WL, FERICOITEITo72E 2
A, WETFNOMD S BRI HEZRL, £hE
NS ORIEN R Ch 7. F7z, [A
BRI oFERE LTS ICRET 28805
(S I T/ /R - S S A
MPhenylpropenyltadalafil OAEAEL, 2 A L,
HARMEER 3T T — 2 L OV LC-PDA-MS 12 & 2 4347
BaE LDl RotmiEoRHMEZ R T 572
DI, ED BRI O OFERIKN G T
% 2 & MBERN O R R B 2 5 IR L 7R
BHAWRIZ, BALA Y OREEERIR 2 — & &, W0
L, W &I 5 % 17 o 2.
MPhenylpropenyltadalafil & [ UE &% 504
P EObE & LT, hydroxyhomosildenafil,
homothiodenafil NFET HZ & D, Zivb
%, BEEOWFHZ LD 0BER AR FRETH Y,
MN-Phenylpropenyltadalafil OGFEEZE 2 5
LT, WA E B T AGBET S 2 L N EER
INDLN, ENEFhOEMEEHET LI &N
BEEmoFEEM L EHNTHRZITo L
25, WO b B4R e R LT,

C-3  EAUBEEICEE D < HIEEHEIZRET o T

EMEE T Z0HE S ERELOHSNCET 5
e LT, JRAME 2 BRERODIERIR L TOH
A 2% R e 7 R B LT e L CELE T D R A
MAZTOHNDZ EnD, WEROEIAREED
H OOz, ERREEED & D EIREM
5 DI DLE D TFIZHOWTHRFTT 5 MEMRN
ETLTNDHZEIZHONWT, BEEDF TORMEE
HH L2 BT, HEEEDRFIRGIZ OV THE
LT,

(BRI S 2 B e e & [ 3K 5 o HLHIT I BY 4
DR TiE, HIERMEORGIRIR E 7250 E
ELTC, 1) [EE] ofT, —ERELEIC
ARG SIVZTENAE T 0B, KO, 2) [H
E] OFT, —EDOREETRLIED R
BENEES N, o, BRERTY R M
ENTVARNRBEIZONTY, S%E7-IC &K
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X3 D & Bk S DA, AR W A3
VELRDLDEEZ LN, S5, KOAR
BHBICEMBSREZEAT L2 L IXREN T
HENDHZ b, FFEOAEY (B ZHE
FHEDRFTR R &9 2 LEMEN R S, B
B7efle LTI, 7o ho% 20, B 2 U R,
TRV R, 7=V rERETFLREZ. 0,
HIE DRI E T HFRICONTIE, k@b,
NIOSH 2342t~ % RTECS D FMEE# & DIt
EERT A ENAERE SN, 2, &
BT TR, ERGENE, BiaE,
MAENE, AFHRAEFEIC OV THERT
X EOBANHEENT. EBIT, EEMLELT
mET oty /v RREELE LTRET D
IO THDLT VN TX X, FOEM
TR O HWIEREL R ET 2 2 & NHBE
BEEZ DI, BAIOREIERDOXG & LT
fzE T s,

ZIT, SRV NCETIMELAITo 2 &
Z A, Botanical Safety Handbook Ti%, Class
I GEY)Z2 M A THIVZLZ R ATRE) 12X
4 &EX, £7-, Natural Sources of Flavourings
DOHIEIZ b FEEFN BRI R ST
Sz, Fiz, XEkEHRE LT, WO F =R
¥ ROBFMRBRER A R L2y, Wbl
WEEEZTRTHOTIE ot &b, F=
Ry RE2EL /7 FF Il aEHRELT, &
f RN AN EEE 8 I 7 FF VAR I
#HEn, MERERE LT, geniposide O&E &
250.5% LA (@i 100 #45) IZRESH TV
D ginole. el L, THIXEZEmTO
METIEZRL, HERNELFPo % X7 L
geniposide Wi L THRDODOEL AT S
7o, HEAFRE L TCOMERZSE L-iKE s
Bz, —J7, BEIFEIEEER 2006 (2
X, 7F VxR, IFFUHFR, 7 FFV
EANE SN TWDED, F=FRY REg&IZET
DT 72, 7 T U EAFEOFRIZO
WCIE, BRI GERER, 12 8 [ o g 53R,
95 WM DTN AMEREBRIZIB TS, RO Z



RTT —Z TR bR o T

RWNT, =K K, F=vr, /K
WZHOWT, i, BEfFoBdEsh B o HiH|HE,
TEHGH, AHEFEGRELTRE L. =R
Rix, 7FFTvOREZZEEND AV R4 Fid
WAOD—2>Th D, RFNEAEEY T
OV FFTOREICHKRT LA THY, £
OFIBRERIE, Z7=®RT KA, IBE Tk i
ENTER L=, Eh<c, FTv
AR —Z —Mrp2 OFBFHL, BHEK L ~DBH)
FRETHZLICLY, BU e Ok A (R
FTIEIZEDLDEHH SN TND
HRETIE, oy LT =R T K 3.0%
Dbz tRHELTWD., —FHT, 7FF
%, ﬁéé:ﬁﬁ 13‘//5’&@\_ &733%, ﬁuu{ﬁ%\
mpeE LThRIHSNTEY, BMRINDAE
L, v FFvEAHRE, JTFTFUHERARE, 7
FFVREEDNFH I N TND. ZON, 7F
FUEHAEITE, MERBREL TS =FRTF
0. 5%LA T (Fufifii 100 #LRD) 23BLE STV D 73,
ZORKIE, FeRY Ro#EMEIZEDLOTIE
72, MBS FOX R =R
FOG L THOARLERTDHZ LICLY, KA
BRELTOREOKRTAHS Z & AHIET
LI20DLDOTHS. Ik, 7 FFUHEAaRIX
ZOWEEFHLGREEATWS. fillic, B
T HNATEE OB & LT, BRI
BHAK 2006 12, 7 FF XA, sFFF
W, 7FFTTEPNEH SN TNDED, F=R
R, =t rOERICOWTOHKIL, RES
ATV, EHES T RIS |, EES
L LC#bh, A RloEKEH OGO T
b0, ERMEOTF =R K, F=
v EREOREIII TR T

PR R, = O A RTECS (2
K OBRBLIRER, V=K Rlzon T,
vivo TOFMEFBERIL, BO N7, —F,
F=vroEEiconTiE, TEROERDS
(e D ENLAT AR AT AT R) (2L 2MER
HY, v AZBIT S LDA0 I, AT, 237

‘:'I

in

. DD,
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mg/kg, MEMET, 190 mg/kg, #HET, 153 mg/kg
Thol. BEXGOHWORIZBE LT LH R
&, ROTEICBIT 2EIEET, BEMEYSTH
L. TRV IR, AEPTT = IR
NHZEEZZGDLEDE, F=RU =
Erofé LT, BEHHIZZEZ D UNERDD.
EH G & L TCORIERERIZOWTIE, v
VVEHRTHWAS Z BT nwWZ EnD, v
VU EREET HRERESLTTITH L TR
RuEATolz. ZOREE, IkEERL, FHEfifE
Bi, FHRIEMY:, BBEGICEWT, IR
JIRHSE A LI SO B 55 D A3 L B, RrlS, i3
%T@%iﬁémot HK@%%%@%%A
(2 X DAEFEBREIRAE (2014 4F) I2B 5, Zh
D DALT; DA FEINAN IS ﬁﬁﬁ 5, 34, 49,
m&f%@,ﬁ%ﬁ@%%i,ﬁmg%&%b
febolBbhd. Eid 400570 CEICI
FILVE F A e & L C 5 R I e IRt 1L e & JHF 86
fEEZOWCORHEN LB L TRONS. 20D
N, RIS IREE(LIEIZ >V I, JREATR &
LT, BEOBHICHFAAZDOLENRD LI
LMD, BHENZRZET VA FRNHO0,
P VDO =Ry RERZORBEY TH
D =N, ARERICES LTV 5 EHEH S
TS, ZNHDEFUE DTS =Ry N
e LTS, IREE R & MRS IOV T,
AROBENRH Y, 25-135 mg THD.
Dbk L, F=KRy ROENHEG & L
T, ADAOEHETH D 25 mg LV +I2K
VMEE LT, 2.6mg ZRKEL, Y=t LD
ELTHBITRELEEZ . £, VY==KV K
oA E LL, 7FFv2E50C, 7
A EHE R L, iz, YR, ZwYY T
B 72 Emb b WERH L. 20, F=
KR, E”HV%QQAT@WW?H’ z
OHHMEZEH L-%a, THERfimRisn
Hlllxtge & 720, i, iﬁﬁﬂi%‘glgt 7
Bhnds. o Lnb, Aoz
T, 7FFTVICRETL2ORHEE LW EED
iz, ULEORERZ S ET72IFEY A MIE



RELT, 4% vy, s . 7FF
T, EML RFE X B, HE SRV RE
FovrO—BEREORN 2. 5mg 251
DX TEE)), BEEINT.

—7, B/ U RIE, BrFRAA A TICE
FNOERT A0 VEERTHY, (KNTH
—ZNnavF—BlZLoE I TE=V
LRy, L@ sh, vAMrT7 AR
720, KAGEEZ % L CIEBEhEE 255 LT
HIMEHEZ bbb 3 Tns. B FIieo
WL, BRTIE, By ROk FRICHL
T, ey v RV VR A KORY v
K B] LO%EL EEELEREL TS, Fiz,
AR TIE, B RcRLT, BV

RFAE LT 15.0~25.0%% &t L HELTWD.

X5, RMVERTIE, B RICHLT, &
vV VR A KBRS VR B]
LO%LLEZBLEHEL TS, £, ¥4
FUORORTAFTRIZKHLTUE, BT R A
0.25% U FaETe L HEL TV, é%_,%
T OEF T ory ) v FE
i,ﬁﬁﬁa%i#xm,t//vbAﬁj
mg b (XA AT 4g WLT7), MRS ~F
2%, B 7V RA:3mglll (FA4FT 3¢
WI7), CFHEXR AL, B/ Y RA:0.5mg
b (FA4F70.5 gniLS), B/ RA:
Img Bl b (XA A7 1gDTF) LHESNT
W5, 7RE, BRI TEES 8 MUk UNE3K
HANSECBHEAS 2006 12, BT RN A F T
IZOWTOIREIZ R, B ¥ ROEME®
% RTECS K OF Scifinder 12 & ¥ MiEk L 7=k 5,
Marvola L DOHEFIC L A L, T RITBITH
LD50 i, >/ ¥ RFAKRUBO#REL LT,
& 117Cl3 5000 mg/kg LA b, ##ETIX 4100 mg/kg
Thot-. £77,20% »F=F 2D LD50 i
& H T 5000 mg/kg LAk, #ETIX 171 mg/ke
Tohol-. £72, Mengs OFETIE, T7v MK
V=7 AICBIT5H LD50 X, B /v F&L
T, &0 TIEK 5000 mg/kg THHo7-. 96> T,
BHX O OEICSE LT 51, FRAK

DO
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HickBira@mtEes LCiE, B/ Y FA, B
DREIZOVWTOFMEIFENEEZ Tz, —
7, BrFrmE Rl LTOEMITETE CIRBIER
FHE (<100 mg/kg) L VEWEDODERT X
BETHDHEEZLNE. EENLE L TORIEM
HHICHOWTIE, (B /v A L LT,

e, MESGE, B, EWMEATREE,
RS, Mt R U T AR,

HHGK,

FREIENE, £

FEVEREALIE AR5, AFIRERIEIN & 2R ER 21 O
TSR E, (Bt - B FENHE) &

LT, & MEE, EomEnboTe. £,
Botanical Safety Handbook TiL, & FDHE
FORFE(ER) 7 TR 2dITHEINTND

Flz, BT ROF A FTORSE LT, [
%’ﬁ?@%%ﬁ?év4yﬁgm7yhﬁ
¥/ UHOERICOVTHLRATT 2 LERH
5&%z%h,t//vb®ﬁ%@uOWT@
SR b L T2 & Lotz

[LC-MS # N7~ Cassia g/~ TB L
O FORHTIZEET 24898 TiX, mWilko A

Rt a D TEEROSEE B E I,
FERKEE—FXWT & b=tV R, TERKE
H—7"% F =~ UL ROIEBEIZ T LC-MS D434
SRR LS, WThoKticBnTh
Sennoside B & Sennoside FEfFIA L FHIS LD
E— 7 BT E N o7, BB, K
Wi—F A % 7 — /LRI T Sennoside BIZH
RoTWEBEZXONLDE—T BT 5 2
EMTE. 22T, REMHIZTHRDE T
SRR IO FEENRET 2 EESHTL,
INLOH TN ELR LS 7 —XZ I
ONTE T« AR T DT =T THGI S
#r (Scalling: palato) Z1T-o7=. FDhEE,
LC-ESI-(+)-MS, LC-ESI-(-)-MS =N ZFH D A =
T7ay h ETw bt AxtrFo
2 ODTN—TITHDNDLFERERTE. &
512, LC-ESI-(H)-MS @ S-Plot LV, & F
DO¥EFER 4y & LT Tinnevellin glucoside KX
Vicenin- IT Z R L7=. F7=, LC-ESI-(-)-MS
D S-Plot 2Bk, BT DHIBIOHE G L



L, Sennoside A X Sennoside B Z[A]/E L
7=

C-4 FHEUZXNKORFEEY X NOHEYIERE
DREL

(8ipE U 2 b R OFEE U R b DY) I &
O RELICBIT 5898 12\ T, BT [F
HERML Y A M ITOWTEKARRIESIZIEE
IMERBENR -T2 —T7, [FEERL U A
M AZOWTIE, 1) ARREMALFEORES,

2) fEMInG & AR A oE A THEM L TR,

3) HEHEMLOY, 4) BB EAET DT
W, ZTHUHITOWTEHRLITH & LT, HIFF
2 THLEHREMY 2 b ~BITT~&hH, B

T et~ & dn B, ZRE H 2/ L7z

(HEHEHREMY AN ~BITT5mB & LT,
ay7—, B3 UTHXO2MH, BITE
Batd_R&MBEELT, 7¥VFavy, favusF
7 hole s, 11808, BEREOEELSLHAEE A
R OB AR O L LT, TV
NTRY XL, AN I, 5
HEHEMLY A M ~OBITERETTREMmEIC
DT, KNApSAc (2L, pIE# % i 5 R
L7zfER, favFs by, 7UVFavld, fa
BEPEAFRIC B & b7z, BSH Rk, 7
FavililonwT, FREY (Corydalis
yanhusuo) 73, class 2b, A RV VT TV ¥
FTXRE, e AVIV=F=F Iy, UAL)VAF)
KL HAZDONT, ZDOHO0H 5 WILIEEMEY)
M, class 1 & STz, BEIEORELAfETE
SNLmBEDIL, U IATIE, /MabIiZX
DICBINIREZNTND I END, TIUTHEWIA
HEEHEIRXLEZz OO0, £/, TFEEHK
i U A R JAZDOWT, A B BRI FH AL,
2R, BIAFEOHA ZHLIITF = v 7 21TV,

BEDBEY A MERELF L O, RELORR,

AMET A, 148 §hH, HEEEAEZHK L
7ZanEN, 314H A R T7 8T, UAR=
TAA, AR, AL, FAF A RT
XL, JX, JA)Xx, /7axrsy, A
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b, aGA7Y, aXfN B 7 Javh, R
L, B IIunT L, BT
AT T AR X, BUU gy, XURR,
Favy, VUHTY, A VY, RUL)L
a, FxIZVTINVT 4, Ty IUy, v
A 7Y, LIV XT NEE, 2UHS, A
AA, v—Xbv7), —OOHEAHEEWE
ZHBELT- b DN, 6 dhEH (WA T, A4F
YO VU, UATYY, v, BA AT, T
Tw I Iv) Tholz. ZOW, NEELEIC
DNWTIE, ENEh, thAICEEOT T D s
WNT, alTA VY, FFTATYE YT, B A
A<, NV A BT, =FTERMEB L L.
Fo, TMHOT O INT ET T v 7 0T,
EhEn, 7oV TIV T h, Tak xRy
USDOLRER LR L.

—J7, THEY A NKOIEEY 2 N OfEY L
JREEDRE LICBES 2428 TliE, 7 h7 %
J v D—2TH 5 emodin 1%, BHKXSy W6 IZH
WT, BIEEFY & L THRbDATV DA, i
R P 512 & 2 Ak FE R ER 0 LDso fEIZ -5 <
HLOTHY, [ LHLICHWT, RO&ES5 T,
AMBEENRDO LN TE LT, BRIEX 0¥k
IZBWT, emodin ZBFEAHY L35 2 L oFlE
HIAFNEIL 2229, emodin DB A & PR IZH
HEEMEHE L TWDHDIZHONTIE, RE
LETHORE b =72L, #1447,
N2y, emodin HHMEM DL X, EIK
mE LTCOMHEERZAETLHONRZ N &
DD, FEERIZIEEY 2 MIB IS LD, £
<hpnwe .

D. #&im

R TS ERG ) TH D0 E 9 DRI
koSN BIZHOWT, EFEANLRERE
e HRESH R RS HET D TERLOKSA
BTV —F 7 N—T ] OO
EETTHE L BT, BEFOHLEIRLY X R
WO, FEEIES U R b OFkx BB IO T,
[FIRROKFHIC D EMET 21T o 7. 7238, Kbt



FTRORRIT, BEETHE I TEEX
RE L %Tﬁﬁﬂﬁ‘%’) 7z &')@J;i%jv@jﬁﬁj:ﬁ
W EHER L 22D TH Y, Fpk 1343
H 27 AT EIFEEF 243 HEAFHE EETE
WwEIC, [V A MzonwTiX, B2M72eiarE
WCESEFEMMICRELEZITY 2 &L, #
R—EREOWIMEIZEMN, FTE, HIRE%
1752 &35) L7z, BUATO THHEHK
fn& LTI SN ARE (FAED U A B
DRELIERICEMT 2O THD.
FTFAZ RVICEREINDT N TF &
BRIV AXRT ho— L oRad E &Sk
AV, S TRE LA A A FZ RV ICXL,
EM ORFROK K OT &~ oHiHIC K D 2R % KR
AEL7z. ZORER, K ET & Tl
RICKRE AR EN R o T2, o, EN &
|34 Sample Ml TR ERZEDH D A, i
EPEIIARMBEIZKR L, 100 fFLL EZ 2 L3
L7
SWITTHI AT SV F I T R B £ o R
an O d B REATE OSSR & LT, Z A pEAESE
T D Pueraria mirifica (PM) DEH DR
SNTWDHREFEREMICKT LT, RFEZEHL
T, ZORER, AT MVT—H & TR
THIEICKY, ELL PM 2EAT M E
ZNLSN ORI RN TG EE G (2SN
LI EREY, By arEEZXBIREThH - 7.
NV VREMTHD TN LA v
(Annona muricata) DFFEIZEBWT, L LT
Parkinson JRHYER A 295 2 &3 E S TV
HT7=, RED/N VA Y (Annona squamosa)
DEN N —F 7 =—7 (Adnnona siamensis) D
EDORRIMIEAIT - T208, FROERE T XE
FHBES T, SIEEMBINLEL Shz.
F7o, MEBRNELFTEICRELZY 27
Fa2UHXOEOFEMERSEASNDT 7 b
X VIBEROHBECITIE ST, 5l XX MET
DELE S,
TAYAHEO R Y T NEL R TIR
Erythroxylum J& K (N Trichilia J& ® )5 d

18

FYRER SN TWDHEDOR%L, —5T, [H
NOZNL T, EHLL0MYLERSTWY
RN DLW RIEEMED RIR ST, A RlOE
NORERIZE L TiE, BIRIZ K> TTEs T8
B T X VR L LTV 2B o BEME A3 HY
Krpho o R BV, S%IL, RO %
1T C Erythroxylum JEBINGHT HEINDT
NhaA RIZOWTHERT HIVLERD D.

Sida BREY) OFEOFEFRIZREIZOWT, I —
0y RRT VT I A, BPERY aE UREE
W94 5 S rhombifolia DEEH ZBIEZ LT~
&*% ZE T LR, E%%%ﬁ%%%ﬁ

ERNZm L, & o < DARBREDS Ml (2
WCFEHIRHEER & 2, %ﬁfﬁﬁ%_ﬂﬁ
THREDRERNEONTZ. T7bb Sida &
WY OFEE, #EANIZFEEBEICBIT 5EED
BENFEHTOHLED, SHICEMTIbNTE
=25.

BEHWIZE D AR EBEF RO FIZHONT
B OFBEET L2 Z L2k, WEOHE
DT DIAEDIER Z AT & 2 A, B,
AR BT PERAIN TS Z E1E, Tk
BOFBREE LRI 2 2 & TESITHER]
TE50, FEHCECTFRRAL TS L H 2
Bty, BLELRECTH S I STV D R O R
U TIx, ~"rrrF T 2ENT D W
TR HEIEDN 7N E R B L Ao T,

AT S M OB AE SR D JLJFRE B U C, (T
S & LTHtmT 243>V TiE, AAF%E Tl
HLERY TIEIELWEFEES NS T
Wz fTEBOEFMY & L TED HATWD
LOIFHFETHLTWDHZELHY, [y
SLELLTHELNLTVDEHLOOHIZHARTEIR
e LTIEHRBOOLNTOVARVAE SR IES
FEEPRAT D AlRetE il uv & bz, —7,
FETHEL TSI HES & BIEARZHO R
JFHEMIE, BMETED LN TWDLHD LR
ZENBLMNE R oTE. FETa, AR DR
SNTVWHIEETHOHAEREINDHDDR
MIZRRS TSRO L ORRASNL TN L



WO EENHL ML IpoT2. Z D=, AL
DAHE D ERE NS L o TRIFHEY N e 5 A
et m<, AU IAER) ZAFLIE2BHD
THEDMENRKE B2 DERIEN TR S
nic. BRTIEHAEEROMBERKITIZEA LR
WA, A%, [EEERMRE L LTHARTHIET
HARetEidm <, B X HICEFOBR T
Bl RS THEMRT 250G, B4 DF
FEL 7\ /e 8 & AR, etz o3 S hel
TOHMLENRDS.

il & OFMMIE AN T, 574
WFEHFIEIC L o TH D I RERS R & Ak
IRRERENRD bz, Z 0 X ) 2 R R E
X, BB AT LIC S WEFFREOMFTEIC
—EDFREMEEF EFZ B, AT
FIE L WAT U 7oA BB I JE 12 — & O Al
EERHLEEEEZD.

N—IR=—DBIIZE LT, ARIOBIERIT,

T RRART 6 BRIRDS N—R = —FE A BED IERLE &
B 5 D ISTEAR D B 7 2 85 TR IE S T iz
2, BETULRLSITHBITE L5 —AThH-o
7z. LU, AREGIIHRD TEREREERLTH

D72, BEfF o s o S 218 dh &[RRI,

MBL S LA T2 (8 18 il 28 BT 72 A2 8 9 5 Wl Re

b sh, SR LIISHEEENLETH .

¥, AFERICOWTE, FR 2942 H 1 H
DI THBE BB FEFE L« CTRUFTFRIGHEK
(=R = —efil AE | DEBIERIZONT (B4
W) L THRESNTND.
AR~ ORI e S s ED
wom T T 7 o N
MN-cyclopentylnortadalafil ,

=

dipropylaminopretadalafil & 8

N-Phenylpropenyltadalafil -~ ® % i (2 i
., FMEE Y OBFEER T T — & K OV HTiE
HEEDDHENTE.

B DR ECToOERm INEE R R
JFAM B e L CRE SN D5/ T, &
HEIZK S SNDME ORI+ Bk %
T 2000 55EIZONT, BNREE
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oD T E G Aoy D KLHI 23 FTRE T D il im
Ihic. GAMOFEEFR, EXnLELTO
R FER, BPAMERELERL T, BAEW
WZED X DR FRNVAETH D0MET 52
LEENT. TF=RUR, =y, B v
NIZoWT, =i, BEFORE S B OFLHIE,
RIVERIE#, AEFEGWRELHEL, 7=~
R, =1 o0 ClE, EHEZHEHEL L
WEREFELODHI ENTE.

TV RA BROEY U RBICEEL
=7 0BT S LC o E R &
MTET, ZO&MHETFTCHRE o xRS
FHEAZFEE LT LOMS 5 — & & W 75114y
Freimwvw, vt oFE b5y e LT
Tinnevellin glucoside , 1T ,
Sennoside A XU Sennoside B @ 4 fED{LEW
ZRE L. BThH, Vicenin-11 & Z DL
LEENED & A NIRFGIERL Sy & ALY 15 D FTREME
RSN,

BT THEOEISL U R M & [FEEIEL Y
A M ATOWT, BB O IEFCE AL, 4
R, MAEOHEHZHLCT =y 7 &BfTo72 &
A, THELEREMLY AN IZOWTITEKRR
MEEAITIZE A E RSN Ren o7, TIEE
YA M IZOWTE, DAMEMAEDOR
G, 2) M, 3) AU M HENL, 4) RRED,
D — AN o7z EHIE, FEEY A B
RIE L 2D T, YO, M4zt
L, FE—fEMFMICHRTDICHE0LT, &
WA LA 72 8T, BIEE &L TR
L BB TH Y NG, [F-HBICE &
D HILTWAH A H OB ZITV, i Sz A
B LIS BIZOWT, S%OEEDHHST
EiTo7z.
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Cynanchi Wilfordii Radix (CWR) is used in Korea as a substitute for Polygoni Multiflori Radix (PMR),
which is a crude drug traditionally used in East Asian countries. Recently, the use of Cynanchi Auriculati
Radix (CAR) in place of PMR and CWR has emerged a major concern in the Korean market. In Japan,
PMR is permitted to be distributed as a pharmaceutical regulated by the Japanese Pharmacopoeia 17th
edition (JP17). Although CWR and CAR have not traditionally been used as medicines, CWR was recently
introduced as a health food. The distribution of unfamiliar CWR-containing products could lead to the
misuse of original species for PMR and CWR like in Korea. To prevent this situation, the original species of
plant products distributed as PMR, CWR, and CAR in the Korean and Chinese markets were surveyed and
identified by their genes and components. The results revealed that all two PMR in the Korean market were
misapplied as CAR, and that CAR was incorrectly used in eight of thirteen products distributed as CWR in
both markets. As PMR is strictly controlled by JP17, the risk of mistaking PMR for CWR and CAR would
be low in Japan. In contrast, the less stringent regulation of health food products and the present situation
of misidentification of CWR in the Korean and Chinese markets could lead to unexpected health hazards.
To ensure the quality and safety of crude drugs, it is important to use the information about the genes and
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components of these crude drugs.

Key words Cynanchum wilfordii; Cynanchum auriculatum; Polygonum multiflorum; high-performance thin-

layer chromatography analysis; genetic polymorphism

Cynanchi Wilfordii Radix (CWR, FIE ) is defined as the
root of Cynanchum wilfordii HEMSLEY (Asclepiadaceae) in the
Korean Herbal Pharmacopoeia (KHP)"; in Korea, CWR has
been used as a substitute for Polygoni Multiflori Radix (PMR,
fAIE ) . PMR, a root derived from Polygonum multiflorum
THUNBERG (Polygonaceae), has been traditionally used in East
Asian countries for restorative effects, detoxification, and as a
laxative. It is listed in the Japanese Pharmacopoeia 17th edi-
tion (JP17), the Korean Pharmacopoeia (KP), and the Chinese
Pharmacopoeia (CP).

CWR is one of the most commonly used ingredients in
health foods in Korea and various CWR-containing products
exist for the treatment of menopausal symptoms.” In April
2015, an investigation into CWR-containing products by the
Korea Food and Drug Administration revealed that Cynan-
chum auriculatum RovLE ex WIGHT (Asclepiadaceae) was
illegally used for 65% of these products.>* The roots of C. au-
riculatum have been traditionally used as Cynanchi Auriculati
Radix (CAR, HIEFY) in China, but CAR is now listed as
a toxic plant by the U.S. Food and Drug Administration (FDA)
because of its ability to initiate miscarriage in female pigs.”
Because CAR is similar to CWR, the misuse of CWR and
CAR is a well-established problem. To assist in the prevention

of this misuse, a PCR method for distinguishing CWR from
CAR has been reported®” and is prescribed in the KHP.Y In
addition to this problem, CWR is also sometimes misused as
PMR because of the similarity in their Korean names of “Baek
Ha Su O” and “Ha Su O,” respectively.” Thus, the misuse of
PMR, CWR, and CAR is a major concern in Korea.

In Japan, PMR is only permitted for use in pharmaceuti-
cals, while classifications of CWR and CAR into pharmaceu-
ticals or non-pharmaceuticals have not been carried out, yet.
Therefore, CWR and CAR can be introduced as food materi-
als in the Japanese market although they do not have sufficient
history of use in traditional medicines or foods. Indeed, some
CWR-containing health foods have already been released in
the U.S. market and are likely to be released in the Japanese
market in the near future. For example, there is a strong possi-
bility that a clinical study of Japanese people using CWR-con-
taining health foods was for the purpose of obtaining permis-
sion to sell these products as “Foods with Function Claims.”'”
At present, there have been no reported cases of the misuse of
PMR, CWR, or CAR in Japan, an increased transaction vol-
ume of CWR in the Japanese health food market could lead to
the risks of the misuse of PMR and CAR that have been seen
in Korea. As the abuse of PMR in health foods is illegal and

*To whom correspondence should be addressed. e-mail: nuchiyama@nihs.go.jp

© 2017 The Pharmaceutical Society of Japan
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misidentified CWR could cause unexpected health hazards,
it is necessary to develop analytical methods to discriminate
between PMR, CWR, and CAR.

To ensure the quality of pharmaceuticals containing natu-
ral products, the correct original plant species must be used.
The importance of quality control at the raw material stage
has been indicated not only for pharmaceuticals, but also
for health foods containing natural products. In many coun-
tries, it has been reported that some health foods appear to
contain natural products that are different from the indicated
materials.""'” Considering the possibility of the distribution
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Kyushu University of Health and Welfare, and Mr. Masato
Watanabe, Kumamoto University (Table 2).

DNA Sequence Analysis

Extraction of Total DNA

The weight of the ground roots was measured, and a
20-30-mg portion of tissue was used for DNA extraction.
The total DNA of the market products was extracted using a
DNeasy®™ Plant Mini Kit (Qiagen, Valencia, CA, U.S.A.) and
QIAcube™ (Qiagen).

.. .. Ly Table 1. The K d Chi Market S les Used in This Stud
of health foods containing CWR, an unfamiliar material in awe ¢ orean and LAmese WATRet Sampies Lsed i TS Y
Japan, it is. necessary to inYestigate the origipal plant species Product No. Labeled name Locality Market
of CWR distributed in foreign markets. In this study, we col- <ol CWR (HEE) Unk <
lected crude drugs from the Korean and Chinese markets that K02 CWR (5 ﬁé) K fowtt orea
have been presented as PMR, CWR, and CAR, analyzed their © orea
hemical iti d DNA d identified Ko3 CWR (HER) Korea
chemical composition an sequences, and identifie Kod CWR (HEE) Yeongcheon
their original plant species. KoS CWR (HEE) Yeongcheon
Ko6 PMR (i[E ) Korea
MATERIALS AND METHODS Ko7 T Korea
Materials The market samples presented as PMR, CWR, Chl PMR - (fif 1 £5) S%Chuan China
and CAR are shown in Table 1. Products Kol-7 were pur- Ch2 PMR (i E15) Sichuan
chased at crude drug stores in the Gyeongdong market (Seoul, Ch3 CWR ((Séf;ﬁ) Jlangsuv
Korea), and products Chl-19 were collected from a Chinese Chd CAR (Feh! i G_uangXl
. Ch5 PMR (fal ¥ 5) Sichuan
market and provided by Japanese crude drug wholesalers. The i
. . . .. . Ché PMR (fa[ &5 £5) Sichuan
herbarium specimens of C. wilfordii and C. auriculatum were .
. . . ) Ch7 PMR (fal ¥ 5) Sichuan
provided by the herbarium of The Kochi Prefectural Makino Chs CWR (B4 Guangxi
Botanical Garden (MBK) and the vascular plants herbarium, Cho CWR (Elﬁl‘%) Jiangsu
Department of Botar}y, National Museum of NaFure and Sci- Ch10 CWR (F1H ) Jiangsu
ence (TNS), respectlvely (Tablg) 2). The herbarium acronym Chil CWR (FI15 1) Jiangsu
follows the Index Herbariorum. . Ch12 CWR (H1512) Jiangsu
Fresh leaves of P. multiflorum were supplied by the Takeda Chi3 CWR (H1512) Jiangsu
Garden for Medicinal Plant Conservation, Kyoto (Takeda Chl4 CWR (1152 Jiangsu
Pharmaceutical Co., Osaka, Japan) and the Yamashina Botani- Ch15 PMR (] {51 Guangxi
cal Garden (Nippon Shinyaku Co., Kyoto, Japan) (Table 2). In Chl6 PMR (faf 15 1) Sichuan
addition, fresh whole plants were harvested from two sites in Chl17 PMR (fa[ 5 15) Sichuan
Kyushu, Japan for DNA analysis. These plants were morpho- Chi8 CAR (EIEAEZIY) Jiangsu
logically dentified as C. wilfordii by Dr. Toshiyuki Atsumi, Ch19 CAR (EIEAEZIY) Jiangsu
Table 2. Authentic Plant Samples Used in This Study*
. . GenBank accession no.
Voucher No. Identified .orlglnal Source Sample form
Species ITS trnL-trnF trnH-psbA
NIHS-DPP-40001  P. multiflorum Takeda Garden for Medicinal Plant Conserva- Fresh leaves KY610502 KY610503 —
tion, Kyoto (Takeda Pharmaceutical)
NIHS-DPP-40002  P. multiflorum Yamashina Botanical Garden (Nippon Shinyaku) Fresh leaves LC217191 LC217192 —
NIHS-DPP-10001 C. wilfordii Wild (Miyazaki Prefecture, Japan) Whole plant LC217193 LC217197 LC217195
NIHS-DPP-10002  C. wilfordii Wild (Kumamoto Prefecture, Japan) Whole plant LC217194 LC217198 LC217196
MBKO0147750 C. wilfordii Herbarium of The Kochi Prefectural Makino Herbarium LC217897 LC217909 LC217903
MBKO0147752 C. wilfordii Botanical Garden (MBK) Specimen  1.C217898  LC217910  LC217904
MBKO0124851 C. wilfordii LC217899 LC217911 LC217905
MBKO0098266 C. wilfordii LC217900 LC217912 LC217906
MBKO0104147 C. wilfordii LC217901 LC217913 LC217907
MBKO0106808 C. wilfordii LC217902 LC217914 LC217908
TNS601490 C. auriculatum Herbarium, Department of Botany, National Herbarium LC217915 LC217917 —
TNS727275 C. auriculatum ~ Museum of Nature and Science (TNS) Specimen LC217916  LC217918 —

*The plant species were initially identified based on their morphological characteristics.
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Amplification of the Internal Transcribed Spacer (ITS),
trnL-trnF, and trnH-psbA Regions

We amplified the internal transcribed spacer (ITS) region
from the nuclear DNA using ITS5a (5'-CCTTAT CAT TTA GAG
GAA GGA G-3') as the forward primer and ITS4 (5-TCCTCC
GCTTATTGATATGC-3') as the reverse primer.”*” Two
other primers, trnLF-c (5'-CGAAATCGGTAGACGCTA-3')
and trnLF-f (5'-ATTTGA ACTGGTGACACGAG-3'), were
used for the amplification of the trnL (UAA)-trnF (GAA) inter-
genic spacer (trnL-trnF) region from chloroplast DNA.?" The
primer pair of TrnHf 05 (5'-CGCGCATGGTGGATTCAC
AATCC-3") and PsbA3 f (5-GTTATGCATGAACGTAAT
GCTC-3') was also used to amplify the trnH-psbA intergenic
spacer (trnH-psbA) region from chloroplast DNA.?223

The PCR for the amplification of the ITS, trnL-trnF and
trnH-psbA regions was performed in a reaction mixture of
25uL composed of KOD FX Neo (0.5U; Toyobo, Osaka,
Japan), 0.2mm deoxyribonucleotide triphosphates (dNTPs),
0.2um forward and reverse primers, and DNA template
(0.5uL). The temperature cycling program for PCR was as
follows: initial denaturation at 94°C for 120s; followed by
31-40 cycles of 98°C for 10s, 60°C for 30s, and 68°C for 70s;
and a final elongation at 68°C for 70s. The amplicon size was
confirmed by microchip electrophoresis using a MCE202 Mul-
tiNA system (Shimadzu, Kyoto, Japan).

Sequence Analysis of PCR Amplicons

Amplified PCR products were purified with the use of a
MiniElute® PCR Purification Kit (Qiagen). Purified DNA
sequences were determined by Eurofins Genomics (Tokyo,
Japan). The obtained DNA sequences from the herbarium
specimens and fresh plants were submitted to GenBank (Table
2). The sequences obtained from the crude drugs were used as
queries, and identical sequences were confirmed by analysis
with the BLAST algorithm from the GenBank database. We
also compared the sequences with those of known plant spe-
cies, in order to determine their original plant species.

High-Performance Thin-Layer Chromatography (HPTLC)
Analysis

Chemicals and Apparatus

The HPTLC plates used in this study were HPTLC Silica
gel 60 F254 glass plates (20X10cm; Merck, Darmstadt, Ger-
many). HPTLC was performed with Camag HPTLC equip-
ment (Camag, Muttenx, Switzerland) including a TLC sample
applicator, Linomat V (Camag), for spraying samples on the
plates, and a TLC Visualizer documentation system (Camag)
for capturing the HPTLC images. Compounds were detected
by UV irradiation (either 254 or 366nm) and stained by di-
lute sulfuric acid (10%, prepared with as described in JP17).
2,3,5,4"-Tetrahydroxystilbene 2-O-f-p-glucoside was pur-
chased from Sigma-Aldrich.

Extraction of the Crude Drugs for HPTLC

Each purchased product was ground, dissolved in methanol
(0.5g ground powder in 5.0mL solvent), and sonicated for
Smin. The extract was filtered, evaporated to dryness, and
then redissolved in 1 mL methanol for HPTLC analysis.

Chromatographic Conditions and Detection

Aliquots (3 or 5uL) of each extract were applied on the
HPTLC plates as 8-mm wide bands, which were sepa-
rated from their neighboring bands by a distance of 2mm.
Plates were developed in a TLC chamber saturated with a
mobile phase of ethyl acetate—water—methanol-acetic acid
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(200:10:10:3). The development length was 7cm. For the
detection of the compounds, HPTLC plates were illuminated
with UV 254 and 366nm, sprayed with dilute sulfuric acid
reagent, and heated at 105°C.

RESULTS

Identification of the Original Plant Species of Korean
and Chinese Market Products Based on the ITS, frnH-
psbA, and trnL-trnF Regions Before we analyzed the ITS,
trnH-psbA, and trnL-trnF regions of the market products,
we investigated these regions in authentic plant samples
of species that were first identified based on their morpho-
logical characteristics (Table 2). The ITS regions of the two
authentic plants of P. multiflorum THUNBERG consisted of
548 nucleotides and showed the highest similarity with that
of P. multiflorum (GenBank accession no. KR537762) at
99.5-99.8% identity. The trnL-trnF regions of these authentic
plants consisted of 362 nucleotides and were identical to that
of P. multiflorum (GenBank accession nos. KJ887075 and
EU402461). In the case of the eight authentic plant samples
morphologically identified as C. wilfordii HEmsLEY, their ITS
regions each consisted of 632 nucleotides and showed the
highest similarity with that of C. wilfordii (GenBank acces-
sion no. AY548207), with 99.5-99.8% identity. The trnH-psbA
and trnL-trnF regions of these eight samples consisted of 380
and 322 nucleotides, respectively, and they were identical to
those of C. wilfordii (GenBank accession nos. KT220733 and
JX028243, respectively). Moreover, the ITS and ¢trnL-trnF re-
gions of the two authentic plants identified as C. auriculatum
RovLE ex WigHT consisted of 632 and 322 nucleotides, and
they were identical to that of C. auriculatum (GenBank acces-
sion nos. EU580717 and JX028242, respectively). However, it
was difficult to analyze the DNA sequences of the trnH-pshA
regions derived from authentic plants of P. multiflorum and C.
auriculatum.

Our comparison of the same regions among P. multiflorum,
C. wilfordii, and C. auriculatum revealed that the regions of
P. multiflorum were significantly different from those of the
other two species. Although the nucleotide identity between
C. wilfordii and C. auriculatum was 99.1% for the ITS and
trnL-trnF regions, the trnH-psbA region of C. wilfordii was
clearly distinguishable from that of C. auriculatum by the size
and arrangement of the nucleotides (Supplementary Fig. S1).

The results indicated that these three species could be
distinguished by the analysis of their ITS, #rnH-psbA, and
trnL-trnF regions. In this study, the original plant species of
the Korean and Chinese market products were predicted from
the comparisons of their DNA sequences with those from
authentic plants (Table 2). However, as trnH-psbA regions
derived from P. multiflorum and C. auriculatum could not be
obtained, those regions of the market products were compared
with the sequences submitted to GenBank.

We first performed DNA sequence analysis on seven prod-
ucts presented as PMR and CWR in the Korean market. Their
ITS and trnL-trnF and trnH-psbA sequences were compared
with those of the authentic plant samples to distinguish their
original species (Table 3). The results indicated that all re-
gions derived from products Ko6 and Ko7, labelled as PMR,
were identical to those from C. auriculatum (GenBank acces-
sion nos. LC217915, KT220734, and LC217917). The original
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plant species of PMR is defined as P. multiflorum in the KP
and the JP17, which indicated that other species have been
mistaken for PMR, such as products Ko6 and Ko7.

Among the Korean market products presented as CWR,
products Ko2-5 were thought to be correctly derived from C.
wilfordii, because their ITS regions shared 99.7-100% iden-
tity with the ITS region of C. wilfordii (GenBank accession
no. LC217897), and their trnH-psbA and trnL-trnF regions
were identical to those of C. wilfordii (GenBank accession
nos. LC217903 and LC217909, respectively). However, when
we randomly selected four blocks from a package of product
Kol (the other CWR product purchased in the Korean market)
for the DNA analysis, the sequences from three of the blocks
were similar to those from C. wilfordii, and those from the
other block were similar to those from C. auriculatum, with
each sharing 99.7-100% identity. The results suggest that
product Kol, which was labelled as CWR, was contaminated
with CAR.

Subsequently, we performed a DNA sequence analysis
of 19 products presented as PMR, CWR, and CAR in the
Chinese market (Table 3). Several types of ITS and #rnL-
trnF regions were obtained from eight products distributed
as PMR (products Chl, Ch2, Ch5-7, and Chl15-17) and we
used the sequences of these products as queries against the
GenBank database using the BLAST algorithm in addition to
the comparison of the sequences with those of authentic plants
(NIHS-DPP-40001 and -40002).

Our findings revealed that all of the ITS and #rnL-trnF
regions derived from the eight market products showed the
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highest similarity (99.1-100% identity) with those from P.
multiflorum. In the case of P. multiflorum, several types of
DNA sequences have been submitted to GenBank and the
nucleotide identity between the two sequences obtained from
authentic the P. multiflorum used in this study was approxi-
mately 99.3%. These results implied that intraspecific muta-
tions were more likely to occur in P. multiflorum. We thus
concluded that these market products, presented as PMR in
China (i.e., products Chl, Ch2, Ch5-7, and Ch15-17), are de-
rived from the root of P. multiflorum, which is defined as the
original plant species of PMR.

Among the Chinese market products presented as CWR,
the sequences of products Ch3 and Ch8-14 were identical to
those of C. auriculatum, the original plant species of CAR
in the ITS, trnH-psbA, and trunL-trnF regions. In contrast,
the sequences of the ITS, trnH-psbA, and trnL-trnF regions
of product Chl3 (presented as CWR) showed the highest
similarity with those of C. wallichii (GenBank accession nos.
LN896989, LN896868, and LN896761, respectively), with 99.4,
99.7, and 100% identity. Products Ch4 and Chl19, which were
distributed as CAR, harbored the same sequences as product
Ch13. These results suggest that products Ch4, Chl3, and
Ch19 were derived from Cynanchum spp. other than C. wil-
fordii and C. auriculatum.

The sequences of product Chl8 (presented as CAR) were
identical to those of C. auriculatum. Our results revealed
that no Chinese market product distributed as CWR used in
this study was derived from the root of C. wilfordii, which is
defined as the original plant species of CWR in Korea. DNA

Table 3. The Korean and Chinese Market Products and Their Identified Original Species Based on Their Genetic Sequences

Product No. Labeled name Scientific name predicted by labeled name Identified species based on the genetic sequences
Kol CWR (HER) C. wilfordii C. wilfordii, C. auriculatum
Ko2 CWR (HER) C. wilfordii C. wilfordii
Ko3 CWR (HER) C. wilfordii C. wilfordii
Ko4 CWR (HER) C. wilfordii C. wilfordii
Ko5 CWR (HER) C. wilfordii C. wilfordii
Kob6 PMR (AT 5) P. multiflorum C. auriculatum
Ko7 PMR (AT 5) P. multiflorum C. auriculatum
Chl PMR (f[E ) P. multiflorum P. multiflorum
Ch2 PMR (fi[E5) P. multiflorum P. multiflorum
Ch3 CWR (HER) C. wilfordii C. auriculatum
Ch4 CAR (ERFEIH) C. auriculatum Cynanchum spp.
Ch5 PMR (i[E ) P. multiflorum P. multiflorum
Ché PMR (i[E ) P. multiflorum P. multiflorum
Ch7 PMR (i[E ) P. multiflorum P. multiflorum
Ch8 CWR (HEER) C. wilfordii —

Ch9 CWR (HER) C. wilfordii C. auriculatum
Chl0 CWR (HER) C. wilfordii C. auriculatum
Chll CWR (HER) C. wilfordii C. auriculatum
Ch12 CWR (HER) C. wilfordii C. auriculatum
Ch13 CWR (HER) C. wilfordii Cynanchum spp.
Chl14 CWR (HER) C. wilfordii C. auriculatum
Chl5 PMR (i[EH ) P. multiflorum P. multiflorum
Chlé PMR (f[E ) P. multiflorum P. multiflorum
Chl7 PMR (i[EH ) P. multiflorum P. multiflorum
Ch18 CAR (BEEHFRZiH) C. auriculatum C. auriculatum
Ch19 CAR (HIEHEIH) C. auriculatum Cynanchum spp.

Products in which the original species identified by genetic sequences were inconsistent with the species predicted by their labeled names are indicated by a gray background.
a) DNA was not extracted.
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Fig. 1.

HPTLC Chromatogram of the Crude Drug Products Available in the Korean and Chinese Markets

HPTLC plates illuminated with UV 254nm (A) and UV 366nm (B), sprayed with a dilute sulfuric acid reagent, and heated at 105°C (C). Pm: P. multiflorum, Cw: C.
wilfordii, Ca: C. auriculatum, C: unknown species of genus Cynanchum. The extract of C. wilfordii was classed as product Kol, which is a mixture of C. wilfordi and C.

auriculatum.

could not be extracted from product Ch8.

Results of the HPTLC Analysis of the Market Products
The results of the HPTLC analysis of the market products, in
which the original plant species were identified by their DNA
sequences, are shown in Fig. 1. Products Chl, Ch2, Ch5-7,
and Chl5-17, the original species of which were presumed
to be P. multiflorum, showed very similar HPTLC separation
patterns. Their HPTLC patterns were clearly distinguished
from those of other market products derived from Cynanchum.

In the identification test for PMR listed in the JP17, a fluo-
rescent bluish white spot detected under ultraviolet light (the
main wavelength is 365nm) at an Rf value of approximately
0.3 is defined as a characteristic marker; this spot is known to
be 2,3,5,4-tetrahydroxystilbene 2-O-p-p-glucoside.**> This
spot was detected in all products predicted to be derived from
P. multiflorum (Figs. 1, 2), but was not detected in products
Ko6 or Ko7, which were identified as derivatives from the root
of C. auriculatum by their DNA sequences, despite their label
of PMR (Fig. 1).

Similar to P. multiflorum, the separation patterns of the
products derived from C. wilfordii (products Kol-5) were
similar to each other in the HPTLC analysis, and they did not
correspond to those of C. auriculatum (products Ko6, Ko7,
Ch3, Ch9-12, Chl4, and Chl8). Further investigations are in
progress to identify compounds detected as spots that are spe-
cific to each original plant species.

The HPTLC separation patterns of products Ch4, Chl3,

) (€)

Std. Ch1

Std. Ch1

Fig. 2. HPTLC Chromatogram of the Crude Drug Derived from P.
multiflorum (Product No. Chl) and an Identification Marker Compound
of JP17 Polygoni Multiflori Radix

An HPTLC plate was illuminated with UV 254nm (A) or UV 366nm (B),
sprayed with a dilute sulfuric acid reagent, and heated at 105°C (C). Std.:
2,3,5,4"-Tetrahydroxystilbene 2-O-f-p-glucoside, a marker compound for identifica-
tion of JP17 Polygoni Multiflori Radix.

Std. Ch1

and Chl9, whose species were presumed to be Cynanchum
spp. other than C. wilfordii and C. auriculatum, were differ-
ent from those of the products derived from C. wilfordii and
C. auriculatum. This result supported our DNA analysis that
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Table 4. Comparison of Crude Drug Names in Japan, Korea, and China

Biol. Pharm. Bull.

Vol. 40, No. 10 (2017)

Scientific names of

Names of crude drugs

original plant species Japan

Korea China

P. multiflorum Polygoni Multiflori Radix (fa] 5 5&)?

Polygoni Multiflori Radix ({5 5)?

Polygoni Multiflori Radix ({5 55)°)

C. wilfordii

Cynanchi Wilfordii Radix (4% J)?

Gé shan xiao (B2
G¢ shan niu pi xiao (FFLLA-RZ3H)9
Bai shou wu (FI 75 55)9

C. auriculatum

I yeob u pi so (HIEFRZIH)®
(Cynanchi Auriculati Radix)

Bai shou wu (HER)?
G¢ shan xiao (FREILITE)©

a) Regulated by the Japanese Pharmacopoeia (JP) 17th edition. b) Regulated by the Korean Pharmacopoeia (KP). ¢) Regulated by the Chinese Pharmacopoeia (CP). d)
Regulated by the Korean Herbal Pharmacopoeia (KHP). e) Described in the Dictionary of the Chinese Traditional Medicines.”*?” Crude drugs listed in JP, KP, KHP, and CP

are indicated by a gray background.

confirmed that the original species of products Ch4, Chl3,
and Ch19 were neither C. wilfordii nor C. auriculatum. In this
study, the HPTLC separation patterns were different depend-
ing on the original species of the products and similar patterns
were observed among products derived from the same spe-
cies. These results indicated that the original species of PMR,
CWR, and CAR could be distinguished by their chemical
compositions.

DISCUSSION

Our study revealed that some Korean and Chinese market
products distributed as CWR were contaminated by roots of
C. auriculatum and other Cynanchum spp., which indicated
that the analytical method for discriminating Cynanchum
species is necessary to prevent the misuse of CWR in Japan.
As these species are apparently similar to C. wilfordii, a high
degree of experience in handling CWR would be required to
identify market products by only their morphological features.
Most of the previous studies on the quality control of CWR
have reported methods for the discrimination of C. wilfordii
and C. auriculatum, the respective original plant species of
CWR and CAR. However, in this study, roots of Cynanchum
spp. that were neither C. wilfordii nor C. auriculatum, were
newly identified in CWR products distributed in the Chinese
market (products Ch4, Chl3, and Chl9). More studies are
needed to discriminate C. wilfordii from other Cynanchum
spp. grown naturally in China.

One of the reasons why this contamination of the original
species for crude drugs occurs is likely to be the ambiguous
definitions of CWR and CAR. Unlike P. multiflorum, which
is defined as the original species for PMR in the JP17, KP,
and CP, the corresponding crude drugs of C. wilfordii and C.
auriculatum differ between countries and even between scien-
tific reports. In Korea, CWR is officially defined as the root of
C. wilfordii by the KHP, whereas the term “FHE 5 [bai-shou-
wu (CWR)]” can be found in the Dictionary of the Chinese
Traditional Medicines, a book that lists crude drugs used in
China. This dictionary indicates that the original plant species
for HE S is C. auriculatum and that “BRILI{H [ge-shan-xiao]”
is a synonym for 15 )5.2® The roots of C. wilfordii are de-
scribed as “BEILITH [ge-shan-xiao]” and F Ly is listed as a
synonym for fEILI7H in the same dictionary?” (Table 4). Thus,
the distinction between CWR and CAR is unclear in China.
Indeed, one scientific study from China reported that both C.
wilfordii and C. auriculatum were the original plant species of

HE 5 [bai-shou-wu].”® Another report stated that all Chinese
HE S products were derived from the roots of C. auricula-
tum.” Therefore, it is possible that the quality and the original
species of 5 vary by the country of production in Korea
or China. In addition, as approximately 30% of the CWR used
in Korea are Chinese products,” our present findings revealed
that information about the market from which HE & was
purchased cannot be used to predict its original plant species.

Unlike CWR and CAR, PMR is permitted only to be as a
pharmaceutical in Japan, and its quality is strictly controlled
under the JP17. In the present study, a characteristic marker
for the identification of PMR listed in the JP17 was detected
only in the market products correctly derived from P. multi-
Sflorum (Fig. 1B). As the crude drugs derived from Cynanchum
spp. (e.g., products Ko6 and Ko7) are incompatible with the
identification of the test criteria for PMR, the distribution of
spurious PMR-containing products would be unlikely to occur
while the production of PMR is controlled under the JP17.

The establishment of Good Manufacturing Practices for
crude materials is desirable for not only pharmaceuticals, but
also for health foods containing natural products, in order to
ensure the quality and safety of these products under the less
stringent regulation.”” When crude drugs with limited circula-
tion in the Japanese market (such as CWR) are used as materi-
als for health foods, it is important to confirm the existence of
homonymous drugs and to use information on the genes and
components of original plant material in addition to their mor-
phological information.

The discrimination of the original plant species by HPTLC
and DNA sequence analysis shown in this study was an ef-
fective tool to ensure the quality and safety of products con-
taining crude drugs. Further investigations are in progress to
identify the compounds detected as spots that were specific
to each original plant species in the HPTLC analyses, and to
explore characteristic marker components for a liquid chroma-
tography-mass spectrometry analysis for the determination of
the plant species. Additionally, microscopic observation is also
underway to identify plant species in our research.
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From the leaves of Cananga odorata var. odorata, three relatively large molecules, namely two aryl
naphthalene lignan diesters of canangafruticoside A and one cyclobutane lignan diester of canangafruticoside
A, were isolated along with four known compounds. The structures of the new compounds were elucidated

based on spectroscopic evidence.

Key words

Parkinson’s disease (PD) is a common neurodegenerative
disorder. More than 10 genes have been identified as caus-
ing familial PD.” However, in idiopathic PD, which accounts
for over 90% of PD cases, endogenous and exogenous envi-
ronmental factors are believed to be crucial for the onset of
symptoms.>® In 1999, Caparros and Elbaz suggested the high
prevalence of atypical Parkinsonism in the Caribbean island of
Guadeloupe was linked to consumption of Annonaceous fruits
and herbal tea prepared from Annona muricata and A. squa-
mosa.? A related Annonaceous plant, Canagna odorata, is
used as an herbal medicine for treating fevers and symptoms
of malaria,” and ylang-ylang is an essential oil obtained from
the flowers of C. odorata. This oil has euphoric and sedative
effects on the nervous system and its fragrant components
have been well analyzed. However, there has been little phy-
tochemical study of the non-oil constituents in Cananga spe-
cies; thus, Cananga species attracted our attention. C. odorata
(Lam.) Hooker f. & THOMSON var. odorata is called fragrant
cananga or wild cananga, and megastigmane glucoside has
been isolated from this plant.®’ Further investigation of this
plant resulted in the isolation of three relatively large mole-
cules, namely, lignan canangafruticoside A diesters (1-3) (Fig.
1), along with one known lignan glucoside, (+)-isolariciresinol
3a-0-B-p-glucopyranoside (4),” and three known flavonol
glycosides, kaempferol 3-O-neohesperidoside (5),® quercetin
3-0-neohesperidoside (6),” and 3-O-robinoside (7).!” 10-0-p-
Coumaroyl and 10-O-caffeoyl esters of canangafruticoside A
(8), namely canangafruticosides C (9) and E (10), respectively,
which have been isolated from C. odorata var. fruticosa, were
also obtained.'” In this paper, we describe the structural eluci-
dation of these new lignan derivatives by intensive inspection
of one- and two-dimensional NMR spectroscopic data.

Results and Discussion

Air-dried leaves of C. odorata var. odorata were extracted
with MeOH three times and the concentrated MeOH extract
was partitioned with solvents of increasing polarity. The
1-BuOH-soluble fraction was separated by various chromato-
graphic procedures, including column chromatography (CC)

*To whom correspondence should be addressed.

Cananga odorata var. odorata; Annonaceae; lignan; canangafruticoside A

on a highly porous synthetic resin (Diaion HP-20), normal
silica gel and reversed-phase octadecyl silica gel (ODS) CC,
droplet counter-current chromatography (DCCC), and HPLC
to afford three new compounds (1-3) (Fig. 1).

Compound 1 ([¢]2’+17.5) was isolated as an amorphous
powder and its elemental composition was determined as
C5HgO,; by high-resolution (HR) electrospray-ionization
(ESI) MS. The IR spectrum exhibited absorptions correspond-
ing to hydroxy groups (3367cm '), ester functional groups
(1720cm™), and aromatic rings (1604, 1513cm™"). UV ab-
sorptions at 286, 311, and 330 also indicated the presence of
aromatic rings. The 'H-NMR spectrum included three singlet
aromatic signals (6, 6.87, 7.31, 8.29) and two characteristic
signals [0,; 6.89 (2H, d), 7.10 (2H, d)], coupled in an AA'BB’
system, along with anomeric protons [y 4.47 (2H)], two sets
of cis-olefinic protons, and two close aldehyde signals (Table
1). In the ®*C-NMR, 16 overlapping or binary signals were ob-

SO 7
—=aCHO OGIc(1™)
2\ e

OH

Glc: p-D-glucopyranosyl

10 i
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Fig. 1.
A8

Structures of New Compounds Isolated and Canangafruticoside
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Table 1. 'H-NMR Spectroscopic Data for Compounds 1, 2, and 3 (CD;0D, 400 MHz)

Vol. 65, No. 1 (2017)

H 1 2 3
1 829 s 8.47 s —
2 — — 6.74d 1.1
5 6.87 s 6.94d22 6.72d 8.2
6 — — 6.62 dd 8.1, 1.1
7 — 7.18d 8.8,2.2 422 m
8 7.31s 7.93 d 8.8 3.74-3.77 m
2! 7.10d 8.5 6.74d 1.5 6.74d 1.1
3’ 6.89d 8.5 — —
5 6.89d 8.5 6.87 d 8.0 6.72d 8.2
[ 7.10d 8.5 6.61 dd 8.0, 1.5 6.62 dd 8.2, 1.1
7 — 422 m
8’ — 3.74-3.77 m
2", 2™ 3.74 dd 11.5, 4.1 3.66 m 3.70-3.79 2H m
3.79 m 3.74 m
37, 3™ 1.25-1342H m 1.42-1.44 2H m 1.09 m, 1.12 m
1.79-1.96 2H m 1.96-2.05 2H m 1.66-1.69 2H m
4", 4™ 1.952H m 1.96-2.05 2H m 1.29-1322H m
5", 5™ 1.29-1322H m 1.36-1.44 2H m 0.98-1.01 2H m
1.65 2H m 1.67-1.75 2H m 1.22-1.26 2H m
6", 6" 1.29-1322H m 1.29-1.44 2H m 1.22-1.26 2H m
2.382H m 2.31-2.452H m 226 m, 2.28 m
7, T 9.77 s 9.83 s 9.76 s
9.84 s 9.77 s 9.76 s
8", 8" 4.59d 6.6 4.59d 6.6 4.58 d 6.6
4.64d 6.6 4.63d 6.6 4.58 d 6.6
9", 9™ 6.44 d 6.6 6.44 d 6.5 6.43 d 6.6
6.47d 6.6 6.47d 6.5 6.43 d 6.6
107, 10" 3.72-3.80 2H m 3.84-3.87 2H m 3.70-3.79 4H m
4.17-4.20 2H m 4.004.21 1Hm
1, 1 4472Hd 78 4492Hd 7.6 4.48 d 8.2
2m, 2" 3.252H dd 9.1, 7.8 326 2H m 3.26 dd 8.9, 8.2
3", 3" 3.30-3.31 2Hm 330-3322H m 330-3322H m
4", 4" 3.30-3.31 2Hm 330-3322H m 330-3322H m
5", 5" 3352Hm 3352Hm 3352Hm
6", 6" 3.66 2H dd 12.0, 4.5 3.66 2H dd 11.4, 4.4 3.66 2H dd 11.9, 4.4

3.86 2H dd 12.0, 2.1

3.862H dd 11.4, 1.1 3.86 2H dd 11.9, 1.4

served, which resembled those of canangafruticoside A (8) or
the canangafruticoside A region of an aryldihydronaphthalene
lignan dicarboxylic acid diester of canangafruticoside A (11)
isolated from a related plant, C. odorata var. fruticosa' (Table
2). The remaining 16 *C-NMR signals, two of which were of
double strength, comprised 14 sp® carbons and two carbonyl
carbons. Based on these results, the structure of compound
1 was expected to be the arylnaphthalene lignan dicarboxylic
acid diester of canangafruticoside A with a para-substituted
benzene ring bearing one hydroxy functional group (. 158.3)
and the naphthalene skeleton bearing two hydroxy functional
groups (0. 149.4, 150.9). Because the three aromatic protons
appeared as singlets in the 'TH-NMR spectrum, the positions
of the two hydroxy groups on the naphthalene skeleton could
only be at C-6 and C-7. This was substantiated by the het-
eronuclear multiple bond correlations (HMBC) between H-1
and C-2a, C-4a and C-8, H-5 and C-4 and C-7, and H-8 and
C-1 and C-6 (Fig. 2), and those from H,-10" and H,-10"" and
C-2a and C-3a established the ester linkages between two
canangafruticoside A units and the lignan dicarboxylic acid.
Therefore, the structure of 1 was assigned as shown in Fig. 1.

Compound 2 ([«]3’+12.8), was isolated as an amorphous

powder and its elemental composition was determined as
C5,HgoO,; by HR-ESI-MS. The IR and UV spectra were simi-
lar to those of 1. The NMR spectra also indicated the presence
of two units of canangafruticoside A and 16 sp? and two car-
bonyl carbons. In the 'H-NMR spectrum, two sets of aromatic
protons coupled in an ABX system and one singlet aromatic
proton was observed. Thus, the para-substituted aromatic
ring present in 1 was replaced by a 1,3,4-trisubstituted ring
and only one hydroxy group was present on the naphthalene
ring. In the HMBC spectrum, H-5 [0,; 6.94 (d, J=2.2Hz)]
showed a correlation cross peak with C-4 and H-8 [d,; 7.93 (d,
J=8.8Hz)] and C-1, and their coupling constants showed that
C-7 bears a hydrogen atom. Therefore, the hydroxy group was
on C-6 and the structure was elucidated as shown in Fig. 1.
Compound 3 ([«]3*+13.5) was isolated as an amorphous
powder and its elemental composition was determined as
C5Hg4O,, by HR-ESI-MS. The IR spectrum of 3 was similar
to the spectra of 1 and 2, and overlapping and binary signals
corresponding to two units of canangafruticoside A were also
observed in the NMR spectrum. Three aromatic protons sig-
nals, each corresponding to two protons, were coupled in an
ABX system, and of the remaining 18 *C-NMR signals, 12
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Table 2. "*C-NMR Spectroscopic Data for Compounds 1, 2, and 3 (CD,0D, 100 MHz)
C 1 2 C 3 89
1 130.0 132.1 1 131.96
2 129.7 138.1 2 115.97
2a 167.8 167.6 3 146.2
3 123.1 132.6 4 145.5
3a 171.8 171.5 5 116.4
4 137.8 138.0 6 120.19
4a 130.1 138.1 7 425
5 110.1 109.0 8 48.6
150.9 159.9 9 173.80
149.4 121.2 1 131.98
8 112.0 132.4 2! 116.00
8a 132.1 128.5 3’ 146.3
1 129.9 129.8 4 145.6
2! 132.6 118.9 5 116.4
3’ 116.0 146.48 6 120.16
4’ 158.3 146.46 7 425
5 116.0 116.3 8’ 48.7
6 132.6 1233 9 173.81
1, 1" 56.23 56.2 1,1 56.19 56.32
56.24 56.3 56.24 56.32
2", 2" 75.7 75.7 2", 2" 75.59 75.5
75.8 75.8 75.65 75.8
3", 3" 35.9 35.92 3", 3" 35.7 35.7
36.0 35.93 359 35.9
4", 4™ 36.9 36.9 4", 4™ 37.0 3735
373 374 37.0 37.39
5", 5" 26.1 26.2 5", 5" 25.9 26.0
26.2 26.3 26.2 26.1
6", 6" 31.0 31.1 6", 6" 31.06 313
31.1 312 31.15 314
7", 7" 206.9 206.99 7", 7" 206.88 206.89
206.9 207.03 206.9 206.94
8", 8" 110.2 110.1 8", 8" 110.1 110.17
110.2 110.2 110.2 110.21
9", 9™ 146.1 146.1 9", 9™ 146.0 146.1
146.3 146.3 146.1 146.2
107, 10" 70.4 70.5 107, 10" 69.7 69.8
70.7 70.9 69.9 70.2
1, 1m 104.2 104.3 1, 1" 104.2 104.3
", 2" 74.6 74.6 ", 2" 74.6 74.6
3", 3" 78.5 78.5 3", 3" 78.5 78.6
4", 4" 71.3 713 4. 4" 71.3 71.3
5", 5" 78.0 78.0 5", 5" 78.0 78.0
6", 6" 62.6 62.7 6", 6" 62.6 62.7

@) Canangafruticoside A region of canangafruticoside A diester of aryldihydronaphthalene lignan dicarboxylic acid.”

sp® carbon signals were assigned to the two 1,3,4-trisubsti-
tuted benzene rings, two to carbonyl carbons, and four to me-
thine carbons, indicating a dimeric phenyl propanoid skeleton.
The lack of protons demanded one more ring system, and
four characteristic methine carbons (J.. 42.5X2, 48.6, 48.7) can
form a cyclobutane ring. The cyclobutane ring can form through
the dimerization of phenylpropanoids with a double bond at
the 7-position, and the possible stereoisomers of the phen-
ylpropanoids are shown in Fig. 3. Because the '*C-NMR
signals for the lignan skeleton appeared as sets, stereoisomers
that possess a C2 symmetric axis (E, F, G, H) were eliminat-
ed as candidates. Improbable dimerization products between
trans- and cis-phenylpropanoids are so far unknown and these

isomers (C, D, I, J) were eliminated. The correlation peaks of
H-2 (or 2") and H-6 (or 6') with H-8 and H-8' in the phase-
sensitive nuclear Overhauser enhancement spectroscopy elimi-
nated A. The remaining two candidates, B and K, could be
formed through the dimerization of trans-phenylpropanoids.
The “C-NMR chemical shifts reported for truxinic acid, B
(Oc 44.6, 45.1, 45.9, 46.2)'¥ do not match those of 3 (Table 2),
whereas those of the cyclobutane ring carbons (0. 42.1, 42.8,
48.0, 48.7) of shimobashiric acid (K), a truxillic acid isolated
from Keiskea japonica, closely resembled those of 3.9 There-
fore, the structure of 3 was assigned as shown in Fig. 1.
Three large molecules were isolated from the leaves of C.
odorata var. odorata. The compounds were the arylnaphtha-
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Fig. 2.  HMBC Correlations of Compound 1
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Fig. 3. Possible Isomers of Cyclobutane Derivatives

lene lignan dicarboxylic acid diesters of an unusual monoter-
pene glucoside, canangafruticoside A (8) and a truxillic acid
diester of canangafruticoside A. Canangafruticoside A was
first isolated from a related species, C. odorata var. fruticosa
and its stereochemistry was extensively examined.'"” Because
10-O-acyl esters of canangafruticoside A, namely canangafru-
ticosides C and E, were also isolated from the title plant, the
stereochemistry of the canangafruticoside A moiety in 1, 2,
and 3 must be the same as that isolated from C. odorata var.
fruticosa.

Experimental

General Experimental Procedures Optical rotations
were measured on a polarimeter (P-1030, JASCO, Tokyo,
Japan). IR and UV spectra were measured on IR and UV/Vis
spectrophotometers (FT-710, Horiba, Kyoto, Japan and V-520,
JASCO, respectively). 'H- and "“C-NMR spectra were re-
corded on a spectrometer (JNM «a-400, JEOL, Tokyo, Japan)
at 400 and 100MHz, respectively, with tetramethylsilane as
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an internal standard. Positive-ion HR-ESI-MS was performed
by nanospray ESI-TOF-MS (QSTAR XL, Applied Biosystems,
Foster City, CA, U.S.A.). Silica gel CC was performed on
silica gel 60 (Merck, Darmstadt, Germany; 70-230 mesh),
and reversed-phase (ODS) open CC on Cosmosil 75C;;-OPN
(Nacalai Tesque, Kyoto, Japan; ®=50mm, L=25cm). DCCC
(Tokyo Rikakikai, Tokyo, Japan) used 500 glass columns
(P=2mm, L=40cm), and the lower and upper layers of the
solvent mixture CHCl;-MeOH-H,0-1-PrOH (9:12:8:2)
were used as the mobile and stationary phases, respectively.
Fractions (5 g each) were collected and numbered according to
their order of elution with the mobile phase. HPLC was per-
formed on an ODS column (Inertsil; GL Sciences Inc., Tokyo,
Japan; ®=6mm, L=25cm).

Plant Material Leaves of C. odorata var. odorata (An-
nonaceae) were collected in March 2005 from a cultivated
plant in the Botanical Garden, Faculty of Pharmacy, Chiang
Mai University, Chiang Mai, Thailand.

Extraction and Isolation Dried leaves of C.
var. odorata (541g) were extracted three times with MeOH
(4.5LX3) at 25°C for one week each and the total extracts
were concentrated to 3L in vacuo. The extracts were washed
with n-hexane (3L; hexane-soluble fraction: 20.1g) and the
MeOH layer was concentrated to a gummy mass. The gummy
mass was suspended in water (3L) and then extracted with
EtOAc (3L) to give an EtOAc-soluble fraction (14.0g), and
with 1-BuOH (3L) to give a 1-BuOH-soluble fraction (27.4 ).
The remaining water-layer was concentrated to furnish a
water-soluble fraction (70.3 g).

The 1-BuOH-soluble fraction (27.0g) was subjected to CC
(Diaion HP-20, Mitsubishi Kagaku, Tokyo, Japan; ®=40mm,
L=50cm), using H,0-MeOH (4:1, 3L; 2:3, 3L; 3:2, 3L;
1:4, 3L), and MeOH (3L), and 500mL fractions were col-
lected. The residue (8.61¢g) in fractions 14-18 (H,0-MeOH,
2:3, 3:2) was subjected to silica gel CC (250¢g) with elution
by CHCL,-MeOH (19:1, 1.5L; 17:3, 1.5L; 3:1, 1.5L) and
300mL fractions were collected. The residue (2.13g) in frac-
tions 14—18 was separated by ODS open CC (linear gradient:
MeOH-H,0 1:9, 500mL—9:1, 500mL, 10g fractions), and
the residue (282mg) was subjected to DCCC. The residue
(73.4mg) in fractions 30-34 was purified by HPLC (H,0—
MeOH, 3:2; ImL/min) to give 5 (13.4mg) from the peak at
35min. The residue (44.7mg) in fractions 42—48 was purified
by HPLC (H,0-MeOH, 13:7; 1mL/min) to give 4 (6.5mg)
from the peak at 15min. The residue (160mg) in fractions
72—-86 obtained on ODS open CC was purified by HPLC
(H,0-MeOH, 11:9; 1mL/min) to give 10 (33.0mg) from the
peak at 30 min. The residue (636 mg) obtained on silica gel CC
was separated by DCCC and the residue (288 mg) in fractions
54-59 was separated by HPLC (H,0-MeOH, 1:1; 1 mL/min)
to afford 6 (16.7mg), 7 (6.3mg), 3 (8.1mg), and 1 (7.0mg)
from the peaks at 12, 22, 39, and 80min, respectively.

The residue (3.94g) in fractions 19-22 obtained by Diaion
HP-20 CC was subjected to silica gel CC (120g) with elution
by CHCl,;-MeOH (19:1, 800mL; 9:1, 800mL; 4:1, 800mL;
7:3, 800mL; 3:2, 800mL) and CHCl;-MeOH-H,0 (6:4:1,
800mL), and 100mL fractions were collected. The residue
(0.50g) in fractions 12—19 was separated by ODS open CC
(linear gradient: MeOH-H,O, 1:9, 600mL—9:1, 600mL, 2g
fractions) to give 9 (23.7mg) in fractions 148—151. The residue
in fractions 25—-45 (1.49g) was separated by ODS open CC

odorata
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(linear gradient: MeOH-H,0, 1:9, 600mL—9:1, 600mL, 2¢g
fractions), and the residue in fractions 339-352 (140mg) was
purified by HPLC (H,0-MeOH, 1:1; 1 mL/min) to give 2
(10.2mg) from the peak at 88 min.

Compound 1

Amorphous powder, [a]3+17.5 (¢=0.70, MeOH); IR v,
(film) em™ " 3367, 2929, 1720, 1708, 1604, 1513, 1257, 1171,
1074, 1042; UV 21,,, (MeOH) nm (loge): 227 (4.15), 255
(4.26), 286 (3.93), 311 (3.84), 330 (3.79); 'H-NMR (CD,OD,
400MHz): Table 1; “C-NMR (CD,OD, 100MHz): Table 2;
HR-ESI-MS (positive-ion mode) m/z: 1051.3404 [M+Na]*
(Caled for C5)Hy,0,;Na: 1051.3418).

Compound 2

Amorphous powder, [a]2’+12.8 (c=1.02, MeOH); IR v,
(film) cm™": 3384, 2931, 1710, 1654, 1617, 1516, 1437, 1261,
1208, 1075, 1044; UV A,,,, (MeOH) nm (loge): 251 (4.16), 286
(3.95), 309 (3.90), 327 (3.83), 350 (3.41); 'H-NMR (CD,0OD,
400MHz): Table 1; “C-NMR (CD,OD, 100MHz): Table 2;
HR-ESI-MS (positive-ion mode) m/z: 1051.3397 [M+Na]*
(Caled for C5yHg,0,3Na: 1051.3418).

Compound 3

Amorphous powder, [¢]3+13.5 (¢=0.81, MeOH); IR v
(film) cm™: 3367, 2935, 1720, 1708, 1604, 1513, 1444, 1285,
1200, 1075, 1040; UV 4,.. (MeOH) nm (loge): 227 (4.02),
253 (3.78), 286 (3.76); 'H-NMR (CD,0OD, 400 MHz): Table 1;
BC-NMR (CD,0OD, 100MHz): Table 2; HR-ESI-MS (positive-
ion mode) m/z: 1071.3650 [M+Na]" (Calcd for C,,H,,0,,Na:
1071.3680).

Sugar Analysis Compounds 1-3 were hydrolyzed with
1M HCI at 90°C for 2h. The hydrolysates were analyzed with
a chiral detector (OR-2090plus, JASCO) on an amino column
[Asahipak NH,P-50 4E; CH,CN-H,O0, 4:1, 1mL/min] to give
peaks for p-glucose at 13.7min. All peaks showed positive
optical rotation signs. Peaks were identified by co-chromatog-
raphy with authentic p-glucose.
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Ht v ¥ —22008 SE AT -7 ¥ N f F U5l
EEMBERRLERERICET 256 ME T
b, 16 ke, ELWEEOEMEIMEHR I LT
503 10 Ktk (63%) T, 3R @ 6 Wik, 3k
HREES BB, SBMAENERENTVL b DL
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K1 R F (BEEGHEBRBENTVEHO%ERL) OEEOHHRR

SRR SEEE AEE AFER ER Rem sekm TRWE
A 8]n} = JLE oo (%)
T35V 7 (REERM) BIEF, S 2005 17 6 2 9 35
av FufF UuiBE (REER) %5 2005 12 10 0 2 83
Ve 3y (C. aromatica) EFEE ) BT, BE 2006 2 1 0 1 50
IVAAYVY (B - RERRER) &EF HS 2006 2 1 hybrid 1 0 50
Ty raky va (EREMH) "IEF, B4 2008 16 11 1 4 69
Sida BAEYY (R & & IFE EiEF, R 2009 11 5*1 1 5 50
YRy — (A ) &5 2009 7 3*2 3 1 43
A Fawn (REER) % 2009 16 13%2 3 0 81
Yx N (RS EEF, ®H 2011 11 11 0 0 100
FrA MY — (BERR) BEF, RS 2012 8 7 1 0 88
A 102 68 12 22 67

A RBTHIEERE L7, 2 H{bi% &t

NOBEMEIMEH Sh Tz sh, L DG
BE BERAUERMEOATVS.

32 BE-LEEEOEMMPERINIER
INFCTOHMERLD, DL REFREOME
Wi, FEERMICR S EThE, KELHIFTS3
YATHETHD DEEZ LN, AL, HWHD
FROME, RWOBOWYOREE, FEHED%
FEL) OBOKREREOLHTH 5.

3.21 EEOFRRICFEIHEE
EMEORE L, SEFICEOVFER (LR
AL CTHESNhS. AETEAAERHRRIN
HEERPRICBWT, FATREPRESNSE LD
2, AWM RFEEICERINS 2D, FE
M T BBESBI VI, 2, BRI
AACHER LTE MWL, HEMa2HY, H
2 CEDNME HHRERETEDHENL V. M
¥, BEEROEA, BEMEHIOWTEATHREY
BEVH V=BT TEL, RED, 4
E O DSEM BN 2 5 TOWABADBE V. fito
T, FRIHV SN LW AL, FEEOFAED,
ZOHERFEH W TEY 2R DT 2580
Sha, F7-MWMis e EELZDRELLT L, &
BEROFRTIE, L RAPEL TS, FIRIE,
KM a s a v (Curucuma longa) \$AFEHD Y
IVTHY, TNHRIRIFTHESNTVED, &
BRI, W TH B vy a v (C. aromatica)
LT ADTIEYAVRs A YA LIERT
DALV, TOX) nHHORED, REH
EHR—HLEVWEROOEDTHEDIDLEZLN
5.

322 BEROBOHEHDREE

F a4 OMEIZBVT, EEKOFEMEE LTHE
HEhsWEEODH 24 E LT, Sidae BRI Z
HAEBUTHWALZ RUIRLAEXIIC, 11K
WKOWTHRELRE S S, REMWAFTRE—BL
TW20IF 2 Bifk, FREBEI—HLTWERVHR
B—FHL-bD3HRE (CZFTEMELR), &
BOEFEOREW TZOHI Sida BRIV A S
N72b 0 2 Bef, BR2CHEPHESTWAD D4
Btk (1 MAkI3E 12 Sida B %2 &) Tho
7=. Sida B OREENIE EZ, EREE L v
b, TOME, R, FEo THRILZZD O,
Z0% % Side BEWE LT ZBLETIWASH
lbDLEEEND.

¥/, COX) BERAEOHIL, BFEETLEHR
s, Bz BEAFTVYIN)EFEINE T2
VR — 5 HEH (BRHY : Asparagus racemosus)
ZBWT, ELWEEDD DT asparagamine 3
Thaf FRRHBENLR W &, asparagamine
¥13, Stemona RHEMFFHDOWHTH B & &
ELTWS. i), RIETOERIEROPT, ¥x
% )N (A. racemosus) 5, 2HOFB, 4O
BE4N asparagamine B 7 Vh 04 FEHEELzL
WA REDR Do, FIT, FEHITEKL, 5T
ZOBEMBIZOWTHWET 5 L, Stemona BHEY)
BEBETHoI L EHRAL TS, Thud, A%
Yy ¥ DRSBTS D, A racemosus &
Stemona BOMD < 7 upBEIL, FFEITELLT
WA, AN CHESs TlESh, Thz A
FLEWRED, REEHRETIC, FRRERET
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Sl R LTV,

ZDEHE, RRWOEE, —BOBEMIIRRT
AFENB70, BOOFRPENBRFAELTLED
L, BROGZEZLEESZEEHODIDEEL I L
WCh b, SOL)BEEVER I, BEMEORZ
FANRE (R FEELLS. AEREZMFHLT
HEISNLERGOES, FEORNERITDH Y,
HEEOW NPV ZIM LT LEROEMR 2 A K
EHEFEE L CEP R TIERLT, ERICHT
BEEMRARICE, ZOBIFEEEAITEIL-T
W5, Z0OkHREMERIE, BRERENZAHICMA
T, FEHERS SRR, BHICERETICE 25
FEREEHAGLET, ELVWEEREZEE LERD
fE o 2B ERATSZ E 2B S, RERR
ST, 0L REIEIX R

EEOMENZEICE, ) —D2DHENRD S,
Zhix, GAP (Good Agricultural Practice) HH &
NBECTAESNEMBZEHTAZ LT, &
DBEZ, FEH D, EMEOAEREZEHT
X520, BEo7ZEMEZMERET 5 EEIEE
WKL 2 5.

3.2.3 E#MESTRY OBROKRERZ O E

B L7-a v Fuf FUrHRo%e, ERAEREE
¥ F — DO CREDPFER S NI A TRV LR
AR E DY, FoOLSE,S, ERIROK
BHBENEH o7 [ZIFIY OB, MEBEATEE %

ZLTWBEZTTERL, EMBORER, 17
STHEEZEILTWAS. €T, V7 —O5H
BRAEE -S> TWAD TR AW, | £ TER,
[d Ltk o828, KRBT AHEDOSEDTH S %
5, Fhix, BEESOBE,D, RAYWLFRIC
KERTHY, £4, #thid, Bt
BEEINTWBEDTIR WD, BEHEZITED O,
EEIHD X Z TR BEEEST, 52T
ST LAEE, JLHWLE Fu— Ll T, &
BEIEE TN AR D HBMNTIE, &
BB OBGESHIEY 2o ER e, BED
HHHMEENS, BHIC, XVRELREMHZD
PEEINRTLIT Y. EHEIR A T VvOEMENZ, BE
2, BRI FAEENTWEZD, TDLH %
A X SRV, KOS VARXVTIEL
WEREZHPTELFEELENICHELLTELZ L
BEELLS.
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3.3 HERGHEICERT /ME

ELVRY —=ZOWT TH# RBEZGHTDE, UTO
BLEREPBELNTWA, A d—a vy EFH
(EP) @A L, B REE RS, B! cyanidin
3-O-glucoside # LIZEHTAMOT ¥ by T =V 8
BIFAPMZONEE, C: 7V aryiLE<{m
H&h, EREsN ST AZMHEL 2D
BVWEIE D:7HAHLEVIE, HYRATFAH
ZAON7-8E E: AR —F: 2H5BIIEHIT,
MOT7 VP TZVERALIFANER T EEZON
LB, F:7r70aryiPZimlsh, RERE
ENLIFAZMEHLETREOEVEN, G: 7
YV TRl mdntvwEgs, PRSI
2. Thoo#E-HmD5 %, B, D, E, GOREGRIE,
BN RREORR, AAREINZL0OTH 515
HAB. B THHENICEZ N, BEYH»H
HEBCOVT, ML ERBE (BI21E, Al
DHE) BdHolzh, TORBIHEEGL L oizl:
o, Kby IMoESEMiZ, ERAKICHDE:
MR, COXIVRBRPEULLBRTES. AR
DA, BBz LTh, ERBHEEDOADY
A%, REEHRT A 7200 ERBES LV L,
CDEDRBEEBBELZ IChE. i, BAD
BEALEINTOULRVEGOREIZE, AT
EMBEOH BRI T vrivE E, FER
BICCDE D BAPEL-EDHETELD, &
NHEELTRELEZZONEVWHMERTH 5.
F 72, BEEARTRL, 77V avECTHRLIEES
&L HFET HEMTIE, HERBETHVWENE L
HHLZOD», ThEedBAFORETHETHHRLL
Dh, HEVBEENEP 720D, BEOEYH
PTEAT, Bbahitk, WELZER, 2%
L7=-0%, BALIREIEZLONS.

T, AFavn0Rs, 16 HRBIIOVTT IR
4 F2RBICERFT TN EAT 07225, EP THE
ILENERERERURG ST — Y 2R 8-MmI7
BEDOATHo. BRYOD5HEHIT, THROBRE
LhtZ2zoNbT77Y)ard%L, 38MI, B
Rggie7rzvay (7984 F) BZMMAohTh
D, ChHIEEHRKICTIR A FERVHESh
TWwWAZLICHETA D DEHESNS. E5I121
B, BEIECEERIREEY 7 IR VPR,
NTVaRVEVIRFRIELN, BEELOES,
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BMEIH DD L BW RS RN LD, TOXI%
PEEZ A L XV TVWEHDEEZ LN

3.4 HBERERSDSRE

AR —R 4 Fa v 0BATIE, BER,
BERWEMDHYT, RETEOENIC X BRGSO
SRESR O LA L, RESOSHKEIE, FEH
BZOLDICHHELETS. Fz A MY IV—BEKAD
BR AR, F—uy NTEEMELTHEASR
TV 8GR L, HATRERRE LTAFTES
8 BRI OWT, BIEFHN R, BmiZ2WwTLC/
MS/MS 543 5 &, BBREVWHERIELONL. B
L, EERELTHEHINTWAHERTIE, HR%
A5 B (Vitex agnus-castu) WFIEL L, F7z, B
Gy —vd, LORBTHIERIZR—-Tho7z. —
5T, REAROES, sBMmP TRmIE, FA
Y — DA OBEETERBET, IELWEEOR
MEMER ST TwAS D LTI N/zhs, ma/s
y—iE, ESIELT, FBEOE—I Ny -V A
Bz i3EEECHo7. Shix, FzA MY Y—
DERRADS, B, B, IERHFTS
B2 RTDICEL b ESN S, EXa
OWAITIE, —EDBBOT T, FE»OHENE
BENTVLOICHL, BEAMTIE, TOLI%R
RERZEINTOEWZDIAELLHEEERZ LN
72 ftoT, BERSVIZOVTOERLEMMHT
KENHY, FZE, FA bV —DRERD
casticin Tl¥, BT, 290 f5D 7, agnuside T
X, 425 RO ERENR LN,

3.5 EELSOBE

INFTRRNTELE DI, EEEMOMEILI,
EMEOXBEORENT TR L, BEMERFR
EAEOME, BESCLOME Koo kEORM
B ORSGEROMELRY, SHREBENELET 5.
AAERRPHLIER MILHTH LY, HOHNIC
EROREEZLZbD) T, HEEE hIET
OB I BRIC X 2HWTR, WEOF X v
T, BIFR(WZE, FilEd), HHEFECH o MEm
BBIRTHENTESL. LHL, SHRA TN
ROBEOBEE, HEERL, TORREBEGEEFOD
BT 2 EESEOERICEITLY, TORER
KT 5 EBTERV. §#oT, EMHORERD
BEVWZIZLDETS, T -MER, HE
FZOLRVTRERICEEITL I EPTE RV,

CDEHIBTLEERILE, SHICEELRME
oI LIZRIDOW., FhE, §H - ATV
OREY, BHEOMBETHS. BOEEM T,
B DEREE AR RIS 5720, BAOHME
LLT, AR EHBBEABRNRIATYWS. I,
B L oxR%E LA 70, BANCKAL LRI R
iz BT, LY RERAKSED N, BEER
AhrEhTws, ¥, ThblERTE, EEF
HEERELT, BEohsZiilhsd. #oT, R
L&BioBRBTHINE, FITHEL LI, #LIL
PRIAES NS

—%, BEEKOBEIE, ReWiX, EREE
EOREOBEANTRIEN TS, bLdLF
WA FRCTELVWIEDHY, BEEE VSR
Bk, BESHIIBNT, RO BHER
v, COXIBERNDLD, BEMEIEL
D, BELZVEESEDLOTIE 2R, H
RERHOREIHED, A Favn, FZAMYY
—, ZhaH I vEEL 32 BRI W THERR
ZEML.

3.6 HIEHBROBER

BRI, BAERGICERL T2 F=
2NV —BEOEE, g—ay NTEEmMELT
FRshTwsd 38ME, &TREBEICES LD,
AR (S, JANAI—F 4 YT, N—F
H7EeN)TIiE, 8EGT 2 BRI FEE L Lol
AFamnizBnTd, EEmELTRIESATY
% 5 BB A TRBRIGES L2, REER (R,
TANKI—F 4 VT8, VI ATV, N=F
HTEeN) TIE, 10 BGPsEESIEEL -
m B8BIT, FhvavgIy (EH 74 Nvha—7
4 v 7)) T, AN 14 BEP 9 REDE
Hrlrol. TNOLEART AL, HERMTIL 82
o 16 MRS TNEAE L, 50% HHER H NI
BMELEVWEWIREREZo T

ERAFEL Y —Th, IV Ful FUikeE
AR 188 (X717, $&Hl 1) T2
T, KT s RERBEEBB LS, AT
o9 BETI, BERBAICHEL RV LW
mxhtz, Fio, oY ABTORBKRTIE 17 $6iF 5
BECT BEASTORRTIZS®aP 3 RMT,
BERBAES L O#MESZINTBY, &40
40% DBLHTARER L ORERVREN, BA OFR
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PERTEZHOTHo/-.

RADT V—TdfTo 2B BNT, Ficrw
aY I VTR, 1HORBEEEMIIONVT, 61
BHRE BREA) diTo7z. ZoRE, REBLiT
5726 HDEHDH H 3MHIE 90% DL ELEHT 5D
I ABERE, B o3 TREI2), CALOH
g, BETEH LY, AN TEE HEI G
W BEE AR S e, T, BHEBRERGE, #®
HOBEBBIKGET A0, TORRE, Bio
7209 FBFE—OFR MVIZA-TWZ & RLT
W5, HEoT, BRIZowWTIELWvwa Yy MEHENE
ERTVuREVLDEEZ ST, '

KFOEMEHR, KFORBEELSMTORGT
b, RERABAEGORENR LN, KFO
ERSHOBRECHERBREZ T > TR0 OR,
BABICEWEDE-E 25, B CHETRICHE
REEZIT-> T0BH, REPOELZRTVZRW,
PoT, THELTHMZLZDDIEX, HwoTiE:
WHhEDOEENRH -T2 FIT, THLTHDTE
BRIARE A5 L, XS ERIBEAOEMTH -
7.

BOEZEROBE, FoHMBRAOENNE - “ek
AT 570, RUGAFRE (NERBRD &)
WCHEE (BH) REBSHASD I THEILLE N,
ERRAN T, LTHRE (BH) 3752 548K
ENTW5ER, BEERDOEE, TOXI3HNV—N
Blewnizd, TOXIT5ED OB, —ERME
PICHE LW E ORREPTLDOLEEENS.

F 72, BRAEORERED, BRTHREL TW2EKR
HRZ 1 FED ERTREEMIIOVT, PTP 2%
&, A7EVEHRLT, A7 VobREHE,
FARBE, W TEVHAOBHD, ok EEFE o
TWVWAZ EIZRDOW:, —F, FEICE UBRETHR
HFLTw, REORSBEVoTwsEEILN
LZEFERMTE, REMEFALTEEMAIENWI L
WLz, #oT, BEAERDOEBEITIX, BHHIR
FFendod, REZZEBRLTELALRATVEZVD
DEHESI NI

4, RmEEEELE

EELOGEEHRLZ AWM iethzERL
R fThN-EL B UIREBOERERZ, £
HHEWCBIA:-DIZHD. —F, BEEROLE,

BEE, MEEHIL FUHEROREECREZ 2R
HTBH-0ITbRTw5S. #oT, Hkizow
T, BRIETHEVHIBED, FLALRVEHICE
bha., hid, AN CLZEW) oFEIHEEC
BB RIZTIEZHNE LTS 0, FEH,
E#ELThoT, HHTIE, IhIchREBREER
(Frefemam+ REREAaR) 2hE, HMikst
FRTHIENTELVILICOHERTHEEZD
N5, BELZIME REVEIHRRINLHIH,
i, EMEAEE LOBER TRV, LHALENH,
FHIETIE, BMNEHEAGDETHIBEORKER
ARBTEBLZ LT, 0T, TOX) A
T, BRECRRZXH1C, #glt FoH) %
BRIFTB LI, YAFADBLELLRS.

5. FHIEICETBRERIE (YT MERKD
MIBRIZOVT) OBE

FHETIE, HL T, ESIHOZOREN
R %370 L7z B¢, AERETRELFZRT 5
EThbH. ZOFETIE, HEEoREHRRE L
T, BREMZACRRRERD 5V, ks
IR 5 R B AL L a— 2 B L
sh, IhoOREEORRIERICOWT, BIEH
DED SN HE T TICHBEZT SR, ZoOEH
1%, BREIICHRS NS E L BHIT, 23D Web A
MET BRAFHBIT 7 XA TE 5 RETHR(E
MR, RUC—BREBEMT) 235628 %5
TWb.

CHEFEEEIC, &% WERCTHEICHLT, K
DEIBRERIZOWTEITITSELEDHIZ, RSN
BT EIZhoTWwWh, 4 @ BEEESES LURE
HIZBD B RA ORI T 5B (0T, BUSE
PREEMESS). RIFOEFEOEBED S, BRI EE
THhHILHILE T/, REFSLIZRELT, £
TRABEBTOSNEEZHRLLTERTLIZ LR
>TWw5, B :GMP O Y MAIRE (Bt
HLEDBREPHHEENS). NlRPEERD
WASHEAH. = EYRASCHES E OREOR;
IERE]L R RO EN L T OEEAESH. N R
BABG O MATR LA, b B - RESORS
NERY VT VORERG. T ORI O
RERD 5 B OB O B 3R SRER DR R I 4 74

HERDOHEE. ) BT ORR.
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ZOXHZ, BUHBEEOY L, mEEHICHEY
5501, PRYABOBRESRBINZDDL
ol 122U, BRFEEZENZVEITHEET
HBHDT, BHERIESVIHETHSL., LELE
A0, HEIEOBY2ERE I 5720, HEET
AHLERY, ARFRBEICEISMEFZITY,
FDHDIZONT, REBRFERBEENTHT 2TV,
FRENTF— I PEBOM TR L E2HERT S
R, WRBOEBEHZMKT I ELINTVA.
B, ZORER, HLYUEZFHICEOHETDH
B8, WifTH 2 FE2 BRIC, HiEOHITIRIEZ
BEtL, ZOMEHRICEDE, SHICLELREE
RELNZ TN,

6. 8 H W (I

EH - A S VBRIORFERIE, RIEMDEFEE,
HEZIR-ETRESDOPOLLRVWERTHS. K
EPLEBISNLRERRICHETZHHETIE, £
EOEMET, BREAMTH-o2LLTH, AITHL
TLo2DE LTV ANDHIEHOE, KoKk
R DR R B L CRE BB FR SRR L 72 .

176
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PoT, TDXIRBMIOVTIE, BREADL,
3G L HAWICRAKOE 2T, T AR
BFRE 2T, HEEMEHET 5K TRmERIE
NTELERERNENEILELDHLIDEEZIOLN
5. :
BRI, ShE CEAESTF O BN
HBIZE o TEBROSBHETHo-LBE LTS, L
PLBDS, AREIREE,rOEHSINALILE
Z20E, BERSHAND, BHFOBBREIFHEERN
WBALTHITUE, 4%, L)RVEmAEL
TV HDEHFELTVS,

51 B X ™
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