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wEHAREE
JEARENERRORE - OWRCE S BT 2515

MAREKE KFEE LEERFRFREHEFRATANSEER

AGRESFAIEE M LT, EERE LTORBLOHFITZZIT T2 HEmrb 5T,

EEKHELTOBMEEZELEER]ETHY, Z0YENE, EXLOMAICET 3 EE (H
EDKIE : AL 24 1 A 23 BEEAR 0123 £ 3 SEAYBHEYERRERS [EXLOD
HEHICET 2 EEO—HBIEICOWTY) IKESEITbhb. AKX, ZICHRSERE (R
MED, ShEENR, IR, AEABD 4 BRI T ONB M, AR TR, BIROARE (K
MED 2L BAREFTERR LHB SN2 RERSAREICONT, AELON, FF
HIEZITO b DO THS. FRR 2V FEORBM T, EOERRBE LTHEASNEROAE
(EATEL 1, 320 sy (E#pEisk 233, BipHsk 21, 2O 66) 5. ZhbOEHA
BDHbH, TF, o (WFEHHE) OKET, RARENRELERLL LCHBEND
HORBHL TS, ZTHIFEL, BRENTZED REEELRS THD. ZEFEL, &
FR Sz ED IRRIB LIRS Th D, AR TIX, BREREOCE., FHICHRALELZOLY
RRGTITONWT, BERELZIT o7, S BT, MacroModel AV Ry XV T AT 4 & E
1T L. Phosphodiesterase (PDE) b BARMEEMZ TFHIL, ELEEHTHAINEI 1D
HIBRIZ T T D L & BT, %, REICER  HENTR S L5 CHTEORRLE
MlTe, $le, INOORDGEEOFEEREZTET 5720, T DX 5 729E O PDE6 BERM
EEETEA L, DI, BEOLV—FEBEL, FHRICPRHFOD STl AE (FEAEH
ZOWTh, BEEGE L TOERAER, REAER, XEBHSEZREL, E0ERMK
SETDIRETHENE IR Uiz, E7z, Sida cordifolia %, R EBEMZ
WH2rbbd, EEELOHBBRDONBWEE, BEEYTS C, SRREFT
EELELTHEESNTOVAIRSABIZOWTERERELITO L bz, BEHHOEREA
MICEEND BT HERORTONE, BRH, i CLELERS) X GEEXR)
DFREFHRRFEZ OV THRI L, BEMELIMC L MESHEICHBICED L
ZRLTZ, ¥, BF R IRARGEFTO=aF U BHEICOWTHHEY L. Sbic,
SBBELERLHOHBBRDSNDTMHEEOH MOV T ROMBE L EMH LT,
AL, BEAEFBHEEREE RENSRRLOBBLEEOTITORAMETHY, K
MEORET, BRAHEBCEZETILOIREICHRERESND & b, BEFR
Zi@EmIh T3,
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A. FEEEH
MAREBHTERR & 1X, EELL LTOK
ROFAEZ I TRV bbb T, EX
e LTOBENR2R-E - THY, Z0
L ORBEOWBICLY, Hx RBEREEENT
HEN 229, BEERICLY, T0RE, K5E,
Y, LEIEEShD. AR, BEE5E
B OBEREE - IRENRR L OBEERELOT,
IhOHEGOWEELE, BERORE - £2%
T 5 B TIThbh . T, BERAT T
DO HIBEABE LT 5 MK FE IR 7 B 3K
3T ED IRREFEBMERHD. ZD X 51k
Amix, OEFERL LTOERBLARIZONT
MbBRINTHEAIND Z L, OFBEELUE
ELT, #—5y MERTRVWEBEER~DH
EEELZFOWRESTETERNVI L, @F
DHLDILFTEND AP RMMORME DHE
ERERE<ERSNTHER SN2 FSE, K
REEMERTEREING. AHETIE, ZndH0
LAY OBRBRBHFE Y ICHET 570, BELHE
L LTHEET OOESF (BERE, &
TS TEETS. 6T, BEUEOR
BUAEEF R BURE D IS/ IS T&E 2 X 5 orifik g
YD, £, HEMEFMET 5720, PDE6
EHEZHESTS. —F T, EFARERMTHE
HAESh 2B TIEREEEYBRORSAE
WZOWT, HARETFFEIRSE LTIRYAFE
Bl OEEEOMLZITY. I b, FHRIC
HEDOH S ToRAAE (FEHMED) 12250 Th,
EHROMEE - ZEMRE2 SIS, RAEMELIT
. IDICHEWAEREELZ DI LD LT,

BELHERHOHEARD DNAWEE, EIEEK
Wi, EAREFTVEEL L L TREIN
TVWBEERAARBICOWTERERAELITY. 20
X5 2emrgEix, AR S ESLOBFZoHEE & K
FLOEXRPHETEBIN TS, FEDE
BRI LM AEBLETHD. BEE LI,
EEIRFEE - BRI T B B A DSy
AEZETD W6 DAL A—THY, ZOHEH
TOHARORRE RS BEL TS, by
HEAFFEE X, ZE T 10 HFED ED iBEET T
0y EBERELTRY, 20X RERKH
ZESNEOHYEE L ERTo TWB I TR
, EEREROUR TH 5T EEMFRT &
HbRECRRWLTEY, BonRETEDLI,
EROBEFREZICELTTEINHIIHS. UL,
AFRIT, EARETTEERMCEELT, E
EFBITBICEZERERT 22 BME L
bDTHD.

B. MFE

B ETRES CHRESCES 28T 58
AL REMESRE SN GE, RavwEE
HEEL, BESTICLIBEREEZITH. RV
T, KPBEICOWTXEAELE BT L LD
I, PRENDZF—Ty NEURIBRH D5
BITIX, MacroModel ZFAVW Ky XU T AET
A ZEHT 5. b L, PDES REFRMENSFEESH
B EICIE, BENROITEORRELITY. &
bz, RERGAICIIEEEEHE 5720,
PDE6 &M BIET 5.

HERAERERM CHEAENIBETIEALE
Y (B RO Cassia B) 12>\ TlE,
EEEBRMAFTEREDERFLEY ¥ — &
DIEENREMEAFL, TNThOE, L
WOWTER EFBHE 22 ERIZOVTKR



95, BTEVFICoOWTIE, /NE, MR,
EEy (ULEESERR) ¢F GEEER) o
W, COERNTEOENOER L7250 HK
5.
FRICHFOD TS AE URME 120
Wi, ¥TEFREYDOR4A, A, SR A%
ICOWTHAET S & L biZ, EFEMHELTOME
FAEELZHEST D, X HIZ, RTECS, Chemical
Abstract, PubMed, EEFEMICFEHINL TV
BECBREZAA LR, EETF—%—, =
WA RO TSN, BRI, MEME, B8
WHIRIER R S 202 L I RETS. Zhbo
T —EREHICHBTL T, EOERMICS
HTaR&ETHENEIDPRITTS.

iz, HRESENTHWBEDIZ L 5T,
XEERENDBRNFTY U UVEORKBIZOWN
T, }AEMEAFL, MOBREREITO. £z,
MASHIER S 2O 2 &R T 5 TN
m<l, —¥ofE (FU . Sidacordifolia,
S. mysorensis, A U N7 : S. rhombifolia)
WONWTOAHELEEMLE L TOHBRITD
T3 Sida BEHIZOWVWTE, TRGHZE
W R, REFITEITO & &b, TRMHDE
BEREORIE®ITY. £, BT AVIaA FE
DEEPBESNTNDE VY Z N Fy oY
Ju—ZOWNWC, EET VA ROBEEIT
HEebic, MRGOEFEOREEITY. &
LIABBEOERLOHENRD bh 2 A48
MOHDA VT ATV INIRAT AT
J FIZOWTHRRETZ1T 9,

<fwEmE~DELE >
AWFFETIE, b FERRBZ AV RRIAT
2hd, MEETRE RXEE 25 B
LEZLND.

C.RERLEBE
C.1 HARENTERRETIHMROEE
P FE A

WG EAMEFTLVBAVEDLEEZ 25
HEEETD TWhYIERRER ICEENT
WIERBARSIZONT, SEEBOTEZTY,
FRDE, EATE Wb 2@ERR] »5H
BHENEZEFORY, TANLNTFT 41
aildenafil dimethyl-
sildenafil) THAHZ EEHALNT L.

EniZ, Wb EZ i elkoix, o
F3 CyHasNg0sS, 77 L, 0. 1% 2 (0. 02 mol/L,
pH3 ) DABEMEHTT, TANVTFT 74
NEERT B EBALNIRoTe, ZORIL
AWiX, Venhuis 5D V—TRNHE LK
nitrosoprodenafil & @ — & &z bz,
Venhuis HIZ L BHEEBEE I TORTE L D
HELZNR T—% EREENRRONTE.

1) TANT T 7 4 AT Fa 7Ea LS ofig
X 3 DORFFF (5. 150.1, 139.2, 115.2)
ERON, ZThboFEY 7 MEPHBFRER
BEThDZ L.

2) 2D-INADEQUATE RA-XZ hd3b, §.115.2
ppm DRFEEL 8§ 150. 1 ppm DR ZEM THEMN
BRIESNTRBY, ZOWMEORRMOEERES
M I LBETHL L.

3) 643.78 ppm DA FNLED D d; 115. 2 ppm
B O 139.2 ppm DR FEFRF~D HMBC FHEE 37
HARREREETH D L.
AHRETIE, 9. Thb0&EBFE2L2THE
FTZEOMKD, = b EERETHAIFY —
NBIZEVESfisSNEZFAITANVT T 7 41
TIa 7 (FAETANTF T 4 i N=A F)b-
=hEAIFY—NVERALVT 4 FREE LT

(methisosildenafil,



BE)P#EEL LTELWbDEHELE. %+
T, TANTF T 4)vE 5-ruanu-1-AF)
“4-=haAfIF VL) BLEDE AR
L, SRR DT —Z ZEERGM XV BHEf
LiAbBEW E B LR, ME IR
L, Z0ObEYOWHEE% 1-methyl-4-nitro-1H-
imidazol ZM 57 C, thioaildenafil ® thio
HEICHAE LcwEE (Fig. 1) THHZLEHH
MMZL, nitoroso EZ LRV LG, 4%
% mutaprodenafil & L CHEZITo/-. &k
Ao, ERGREFAEERLLT, ThET
HE L CWholel v Fo v 72470k
EMThH o,
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Fig. 1 Structure of mutaprodenafil

Fhe, HHFCREHENE L, M2 EE
T2 Wb RER&M] KEEN TV 4R
HIZEAB T HARFRDICOVT, LC-PDA-MS 43

WEFWY, BROEINANTTFI7 40V ERE L.

EblT, FEOWZITV, ThbdboREIE,
s NEEN TV FAREIMENZ L &R
L7z,

EBRAFIVNTFTIANKROT EF N
Tyy R, e RexvREV AT T 7 L MIZD
VT Human phosphodiesterase 5 (PDE5) & @
ayta—FyIal—varitlbEaeTE
FAEEEL, BEHICOVWTRELEZEZ A,
F{E&®I%, PDES LG L, FREEEZ T D
DEEZ LN

ED J&¥3EIX, PDE 5 FAEAZTEHFER DD
OHWFLELTWS. - T, bW aREER
il WCEBIEICBA Sz BD BREOBIEEM
ft&Bicxt L, EHIhIEWERL LT, RL
BER77IV—THAHPDE6FHENE X ONS.
PDE6 X FIZMMBICHB L CTH Y, PDE6 FHED
BEIZX o T D InREOHEELLEMmIC
IAERBEELREING. BE, AT T
4 VT, PDE6 PHEIZxI9 5 PDES PHEH DIEIR
PEREERE L, BREREIEERE L
THESN TS, 22T, TWbhd 3R
fhl B EEE - B U7 ED RIS EL
A% 6 (LB OV T, PDE6 FLETEMERBR 21T
VW, T bDOWED PDES FRETE & OB ETT
o, TORR, TO®ER, A FALTF
7 A MTEWT, PDES £V PDE6 (ZBRIAIIZRE
EEEERTIEBALNLRY, KEDE
EURHEEET SREARLERT 5L, &
REERBEN D BRERE N EBHHA L.
oI, YATTT7ANVELEEHTY, v
FF 7 4L B LT, PDES BRI, /h&<
o TEY, BASNTWAEEHELLEDE
EEZBE, VVTFT7 4N ERBRORBIERD
ACLDHMREENPIVEVLOEE X DN,

Fio, BNCHIGEAMER L Ve bex

RJTEEEREETS Wb EERM] T

EENTVWERAE—ZZ oW CHEEL, £
BB EIT, AEEIToEZS, IHYV
BHEBICELEENTVEARRI I TH
HTEBNHBA L. IbiC, BIRHFREAENR
LV EEEZZTEWEICOVTIIELER
54y Cdb 5 magnoflorine & [RE L7z,

Fi, A EBETIBERRON SELE
AT T MeOH HlitH#%, LC/MS oA 21T o7 &
A, AT EAH 107 B 13 &G XY ED IRE



EChBEFT T4 ABRIEN, 1| AT EL
b2 DEEEIT 0.4~0.8mg Thotz. EHE
OEFEL, 5-10mg TH Y, SEOEEITHEE
BATNE, HEIBREOEMENTFERINSET
bd. i, WEHIIEL U CHIBEBELFD
in Real Time (DART)
-TOFMS IZ L BfHER R 7 UV —= FEIZ DO
THRE%E2ITo72L 25, LC/MS TEETT7 4V
PR EREZ 13 BRL2TIVRDERREE

S P AL X AT
7 s TR

AT AViS

72U™ Direct Analysis
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HiCAdvy AMiBicoy Voo~

57k TR NERIHBO ED {BEERRSICRHIIC
HLTH, AARAZV—=VTETHHE
BHLMNERSTE.

F-0c, BFRIEIRARIFO=aF
DESHTIEEREL, 1— b PHREYLY
—aFURBHEENT 20 T TIZBWT,
WARKF D, EOEERMISTHDH=aF
UBPRHINDZ LALLM LT
C.2 BRIZXDEVTEHERLEMBROE
Gl

U TERELHFTIRMTIC, EOERM
B4y Thder T O/NERER, RERERN
BALTWAHRHALNMIZENRTNS. ZH0
#METHNT, AIRTHINODERAZHBIT
5 EIXFRETH AN, BESHERROBE,
BICELEMOBNNIELY. 22T, SERIC
Ly, BrFEHEKREEMHRNENTE D
EapRE L. TR, BT oXEIE,
RAMICRHBR AT HEHARH Y, Z O
HZEF B~ EEEZ ATV ORKLRMAE LV’
ENTWH—T, K[ILEDOREZMEO R
FRORIE, FLAEL2T, [RADBD LY/
ENZ EAHEB L. Zhick LERTIE, =
ELTEHMAFMIIRVWEFE~RANATBORRK
MBLVERINTEY, [ILEZDOREME

IHEE LR LD bREFTHOBEIRENTD
EOHA L. EDICE, EEMERS LITHR
IZBWTH, HERTIREAITHRT 28k
Ron-fFEE2 I<ELTRBY, MEEZXAT
HTENFRETHDLZ ENHAL.

EbiT, BEDDO LTOBKER, RHL
BEREICLLT, FEHRLOTHDIZLE
AT, RRROREREORR -T2 KEA
FL, LEBRFZTRo7Z. TORKEE, TLF

W RU Tt (Cassia acutifolia), Fu
F_Y ¥ F (C angustifolia) OWFEIZE
W, BYBEEMRY, BURFEABERME
PR, L b, ARONERELRL, &
HEROREREORZAHRICBWTY, B X
VEEZENT 52D OWENFBICEVD
RN EEHER L. Xbig, %, E#omEK
EERL, fEx OBEGTRA LEABRMKREE
KL, BEDOAERBLURBEIC DWW TR L
R, BEHMORBRBEIGEMEETHoTH, K
LEYVKBOERBABOREME» O 5E
BRAFEBTHY, BHRROREITHoTH
EERBEALTWAZ EZHREICHBITE S
ZEBHLMERoTE.

INOORRLY, [RILEHEIRBEAICRE
L, REMELRJALORE SOBERIZERLT
EBEERITROZ LWL, BRREL 2o E
VFEBRRPICBALE TEoEERMBES] T
HIEWMHKRERS IR TE DI ENH LN
Lhpote. &b, ThbORKMBOKEE
FERLTBZET, BT EXoBRERIT/NER
BALRZGEAS, NEOHERFICKEST HES
EE R CIZOVWTH, BT bDLE
b,
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BREO THELEER L LTHERINIES
AE (FMED VR B ZHRINDIBSTH
BNE DD, KEDH - - FR Y Bk E
I6REDY L, RILELEEMLEZOND D
DRV, BEMIZOVWTELIZERTN&ELE
ZHNBbDOELITIZERT.

kawakawa {Z DWW TIE, BRE, MBEHEROE
BHEEERRD D boF R b OFEBHE
MW ShsZ b, BEHERKGE T
BMAARETCHLIMEBE L. ¥z, 77V H
~ra) X, BRRITAICh b0, B
HERARD D LM BEINTBY ¥,
REET R 2 IR ERIZBE L CRET PCT X7
Y MHERBIRDNTWAZ LD, BEHE
ERELTROBEO NEY LR DFREENRE
Zbhi.

KD B o T BRI FEYE 8 & H TiX, ED
BEEELRSE THI L FaxFARE
VNTT T 4N, TETFATVY R, bFZ T
TTT7 4 (AL, BRMRBESFET AT
IYNT T T 4 MITEGT D55 F 8629 LHERE
SNBED) L, TOHBEIL, AL, &
WNTTTANREF T T 4 VD ED IRRE L
LCOERAZE/L TARENZILEHLEE
2 b, HRECELIEETFHIG, YATT7
(A NVEERIBROIERB DD bD EHESH, 18
EEEBPOEMOLTEDOLERERLT
DI TUBINT T T 4 VITHYET DS
EExLNDIEY, EHEERE LTERAIN
DRAFEE LTHHTRETHDLEEBEL
2. ¥7=, TAlvaA FToshD magnoflorine
X, BIZEHEYO LD50 EEFF-Z &2 b, HH
EERETRERFAETHLILDEELEL
7z

238, AWHFEIEOHFEYA) Spice LFHT D

N—T7H-E I VREREShE, hrFEeyv s
BFY ) —)L CP-47497, JWH-018 DAY
e A NE3RBEIE, BEOERLOHEE
ITHoZ e, EEEEEME U TEFEOR
HTICEIMDZ LTl Tz.

FEiz, i TEEHOBRSAEICETHY—
X T ITN—T) OIdDOEEEER L.
INFE TORTHRRZTIC, T 2346 A
14 ARV 11 A 8 BiZ TEESOBRSAEICHE
THWG) BfE S, WG TOEMm%E ITIZ,
TR 2481 A 23 A, EXARGR/ELY TE
FAHOFFIZEE T 5 EEO —HBIEIZ DWW T
(FEAFE 0123 B3 F) BREHIN, Fig,
BELEERBMRSE LT, VAFRT (£E),
VOVRITRIUT TR (&RE), 77
7Y URBEINTE. (REHME, RNRAEHR
WMEFICBEBEL LTHRAENLTWS.) &k,
A2 BBIZOWTHE, FR 25 1A 2HFT
D, ZORDAE (FAED) OKEOHE G
ST, EBLIZERMICHEY TS LEOHB21TD
RNZ LI TNS.

C.4 MR - REORELOWMRUVOEE
PEFET
BUERHAOT VI v A RRABEET D
W, PR REBEBNE LR e ST b
7 ¥ [Codonopsis pilosula (Fran(;h.) Nannf.
BLXWO C tangshen 0liv. ]IZ2>W\W T, EHRR
FERALNICTHEMT, MEETo. 20
R, BEmrn)or7arhag FeLT
codonopyrrolidium B, radicamine A %, B
keme LT4mOY R ) LT Ahus K
B BERELE. Eal) o7l R
121, bgugaine D X 512, WWFEMHEEZ ML
EYRMENTEY, AEYHLEEOEY R Y



voTnsaA RRBEREINZ LRV Y
PUBRRAARIZBWTERM L L TOFEAER
BB LEEEZGDED L, U IEF
&, FoEESOKSTHD Z L @EYIT
borboLEXLNI.

Sida B OB FEMEFTA & OB OEFE O
BRFICETHIMAEZHEZ L2 BRIC, W&
Y Sida BHEMOBRERVIEAZITS &I,
R BLE K O rDNA @ internal transcribed
spacer (ITS) fEELEEEZIMLIIZ X A2 HE

Nt 1wy [ a8l fo [TV S TR

BOWELTo7-. TORKER, Sida BHEWII,
TEONBIZ L DERNIEFICE LV LA
bhkiolz., &biz, BATHICHKET S
Sida BRE®HEGHIZIE, BREECLIbDOLE
bhahlEyoREs, BEE (16 Ak,
Sida BHWEMILIAN TH-T72b D 8 Rkl Sida B
LN OED L RE SN b O 2 3k, DNA
DIFEBR SRR -T2 b0 1 R, Sida BHED
Tholebd b RE) CTHRINTE. £z, Sida
| BEMAHER ST TR, BRSNS
L EETFEMIZIE-F LR, BNOR
EENSAF L2 Y 1 AR L, Brazil b
FHEBEUTCAELE 5 ABtFo 1 Rk (S
cordifolialeaf) DA THY, WEDERE T,
IFEAEHEMFRRRAIENR R I THVRNE
RSN E IR 5T, Sida BREMIX, Ephedrine
LEOMBEMERERFOTAVIRA FEEDL T
ERbNTRY, BEEYTHH CLRBEDW
EELAHIEMBETHD. -7, Sida BiH
MOEEETFEET O, £, HWETD
EYORENSEETHY, BHlEIT O I,
BETFHERICLIEBENEOBINEETHD
bOEEZ BN,

RIZ, Sida BHEHEARRL4HBITONT,
RASBEREITN, TAIOA NS b EEeat

12RO EHBE-RELE. Z05b, BETFH
iz kv S, cordifolia EHEE I NN
1%, quinazoline 7V 1A KT % vasicine,
vasicinone, 3-hydoxypegamine #14® 9{t&%
NHBEEREE SN, /2, 28I ephedrine
HOEEN TR INDBRNIELN.

X ZAVE, EktEo@EEEENE LT
FRINDTaANTz—FAEKTHY, TOEK
[\ Asparagus racemosus DR EHE I TN
B, Y ANUI, BEESFEMLLTHEAS
hn, AFRHEORTE THD [HoEEMRE LT
DR OFEHRIZEAI 58] Tid, polycyclic
pyrrolizidine (pyrrolo[l,2-alazepine) 7
NiauaAf RTuA ROEFENL, BHERK
e LTIRODF O RELEBZ LN TV, AHF
BTV FNRNIVFOERETLHEVDNLAIF
THAHBA RIZONT, CEREFERNICRE L7z,
FORER, A racemosus DR E LT, BT
whuaA RTHD asparagamine A OHEEN TR
EENTWB M, asparagamine A D X H 72
pyrrolo[l, 2-alazepine 7 /U v A Kk,
Stemona JBFEMNZIRL BB LN D{LEH T
HHZENHALNER T, £, AEKELT
fFH &N 3 A. racemosus & Stemona BIEMIL,
FREISEP L TWD Z E A L. > TR
BEEINTWAEET VI a4 K asparagamine A
DHBEIL, Stemona BRI ZRBFE LI LI
L2bDTHLARENR NI LB LM
Ipof-. —JFC, A racemosus & Stemona J&
Y ERBREE LT & B d30HRiL, ficd R
Hahiz.

A. racemosus FDOT N IivnA ROBE LY ¥
ZNRNYBEEORERXS EOTRY HF RN T
HERFEHTHDZ D, AR TS &kt
&, BEEPERIN LY 2NV BT TV



TaA FOFEZE L THEEZITo .

¥, BERATRCHEBEL TS Y v &4
U 85T OV T, DNA SREEELSIARAT IC & 2 B
R 21T o 72, TORR. AR THW R
flE 9 T Asparagus BHEMZFELE LT3
ZEDRERINT, EDHIT, Stemona BAEY D
BAOFELZHERT S8, Stemona BHEW
B2 7T A < —% M\ 7= ARMS-PCR % 5
Ly BV ZANVRBICERLILE IS, T
TOBFIT I T 1584 LD Stemona A D IR
ANTIRBD N2 h 0Tz,

WIZ, BIZTFRENTIC LY Asparagus BHEW %
FERETHZERERINTU Yy Z NG
[z oW T, A racemosus (BB AT oA R
VR VEBRGEGH LIERER, TH0RED
HEN A racemosus CThDHZ L BRER L,
Eoic, EEPHERINZBEE L A racemosus
BEEDABOT VI A RGOS E1T
V., WTFEROBRMEIZ Y asparagamine A 133 H
ERNTWRNWZ 2R LI, #-oT, 4
racemosus |Z asparagamine A IZ & TRV 2
BHALNERoTe. AR REZIT T, R
236 14 HRU'11 A8 RICRES - TE
EEORSAEIWCETHWG] TEWRMBITON,
X ENVIONT, BHERMBRSLITLA
WZ ERRENT.

Xy vV rua— (cat’ s claw) 1%, FEEZEK
e LT R MIHFET DL OO0, BHEREM
ThdFavbvay (WXHXT, FUHX
B X)) L EFEIZ oxindole alkaloid 3HZ 45K
MRZIRRBE D E L TEOCRIEAETHS.
¥/, EEWMWIX, Uncaria tomentosa & XX
TWABMN, U tomentosa DEPFEMTH B~V
—TiX, FB#®H THD U guianensis b5y
L, MAEZ, LIELERFAIENG. 22 TK

MRTIE, BEXSICBEL LY ERREREA
FT50, BRNOTHRICHKET Xy 70
—BEREHBAL, BETHRITIC X ZEEHEYD D
REZITH & & HiT, LC-PDA-MS HHTIc L 55
BTrinA ROFEEIToT-. ZTORR, T
R &EIZIZ, AXORETH 5 Uncaria
tomentosa DI, BIOHEBDIBALRRD b
. BT, EAETNIaAL RORE—Zh
BVWSRLNM, —HEREZRICHBE L
ThinA FERED, FEHEICEY, K&
R3FRHONE oI

At (PAFRY F) X, UANEELE
iU A MNE SN TV, Fa19F4A
17TBOBHMO—EKEIZLY, YAV FTAN
TROVATE (Vo374 0RE - BX%
<) & LT, EEMY X Ma@EE o
T=. —F, A FTiX, AR Y T (hE
BT RUDE D REWDIER) L1k, XA
EB DHemidesmus indicusm BEHR L TED,
AEPILX, BEATEA T 4T (£ F)
AP RY T ERIINGERE . KEY
DORIX, TIAR—FEERTHY, B,
AATIY, AEDEREMT, REXSOH
WRfTbhenWEE, Xy MREXITTbI T
Wb, ABETE, 41 FORRELYAF
LIieA VT A T PP R ST oWTRS
WREIT, Firol, BT v 7 ) R,
B ENR2BEEETH T o= AT Ry
A FECHES %2 BEEEEIRE LT,
ATvA4T)F% (NvvA U8 OFEED
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Abstract In the course of our study on the traditional
medicines and foodstuffs used in Pakistan, we investigated
the origin of Indian celery by using the analysis of the internal
transcribed spacer (ITS) sequence of nuclear rDNA and a
phytochemical approach. We found that the source plant of
the Indian celery containing coumarin derivatives such as
seselin (1), bergapten (2) and isopimpinellin (3) was not
common celery, Apium graveolens. Our results suggest the
source plant is Seseli diffusum even though Indian workers
reported that A. graveolens seeds contain the aforementioned
compounds. In addition, a market survey of the Indian celery
in Pakistan and related countries revealed that the Indian
celery seeds in"Pakistani markets are mainly composed of
three species which have been confused in rural markets.
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Introduction

Indian celery is used in Pakistan to treat amenorrhea, uri-
nary discharges, fever with cough, rheumatism, chest pains
and inflammation. Indian celery is prescribed as an anti-
spasmodic for use in treating bronchitis, asthma and, to
some extent, liver obstructions, intestinal debility and
spleen disorders [1].

In the course of bioassay screenings of traditional medi-
cines and foodstuffs used in Pakistan, we observed that the
80% methanol/water extract of the Indian celery seeds
(botanically fruit), available as “ajmod” in a local market in
Karachi, showed several interesting biological activities:
one was the cytotoxicity to yeast strains ascribed to hexane
and chloroform extracts; the others were antioxidant and
spasmolytic activities of water-soluble fractions'. The
phytochemical study of the constituents of the Indian celery
guided by. the activities revealed that nine coumarin deriv-
atives (1-9; Fig. 1) and a phenylpropanoid (10; Fig. 1) were
responsible for its biological activities (see footnote 1).

In the late 1970s to early 1980s, Indian authors reported
the presence of angular and linear (féro)coumarin deriva-
tives (1-6, 8, 9, isoimperatorin, osthenol, apiumetin etc.)
from the seeds which they perceived to be of Apium
graveolens [2-10]. Judging from the similarity to the
chemical composition reported by the Indian researchers, it
was noticeable that they treated the same species as our
material. On the other hand, the seeds of common celery,

' Details will be reported in our successive papers.
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A. graveolens, are known to contain 3-n-butylphthalide
derivatives with their characteristic fragrance [11], and
these distinctive compounds were not observed in our
isolation study of the Indian celery.

In India, various celery-related products are used as folk
medicines and/or spices: ajmud (A. graveolens), ajwain
(Trachyspermum ammi), Radhuni (Carum roxburghianum)
and wild celery (A. leptophyllum). The contradicting con-
stituents of celery seeds reported by the Indian [2-10] and
the Japanese researchers [11] are possibly due to the
indiscriminative handling of celery and celery-related seeds
in Indian (and also Pakistani) crude drugs/spices markets.

In order to solve this anomaly, we investigated the -

botanical origin of the Indian celery by using the analysis
of the internal transcribed spacer (ITS) sequence of nuclear
rDNA. Furthermore, we collected the seed samples sold as
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Fig. 1 Structures of the constituents isolated from Indian celery seed:
seselin (1), bergapten (2), isopimpinellin (3), 8-hydroxy-5-methox-
ypsoralene (4), 5-methoxy-8-O-f-D-glucosyloxypsoralene  (5),
celereoin (6), isorutarin (7), vellein (8), apiumetin glucoside (9),
anthriscinol methy! ether (10)

Table 1 Details of the authentic plants used in this study

‘celery seeds’ from local markets in Pakistan and related
countries and classified the source plants of the procured
samples based on their ITS genotypes, morphological
features and chemical compositions to rationalize their
regional characteristics regarding the local names and the
botanical source in Pakistan.

Materials and methods
Materials

The seeds of the authentic celery-related plants were gen-
erously supplied by each university or herbarium (Table 1).
The seeds of A. graveolens used in this study were the same
as those studied by the researchers at Showa Pharmaceu-
tical University in their phytochemical studies [11], and
they were originally imported from India by Asaoka Spice
Co., Ltd. The Indian celery samples were purchased from
local markets in Pakistan and related countries. The sample
details are summarized in Table 2 together with their ITS
genotypes. For the morphological observation and TLC
analysis, Ce-27, Ce-30 and Ce-33 were used as the repre-
sentatives of the major genotypes in the Pakistani markets.

ITS sequence analysis

Each seed sample (20 mg) was crushed in a mixer mill,
MM-300 (Qiagen, Germany), under liquid N,. Genomic
DNA was extracted from the powdered samples by using a
DNeasy Plant Mini Kit (Qiagen, Germany). The ITS region
(small subunit IDNA-ITS1-5.8S rDNA-ITS2-large subunit
rDNA) of nuclear IDNA was amplified by a polymerase
chain reaction (PCR) by using the obtained genomic DNA
as a template. PCR was catalyzed using KOD DNA poly-
merase (Toyobo, Japan) with the following program in a
Takara Thermal Cycler MP (Takara Bio, Japan) or a DNA
engine PTC-200 (MJ Research, USA; currently Bio-Rad,
USA): 94°C, 4 min; 40 cycles of 98°C, 15 s, 55°C, 5 s and
74°C, 30 s; 74°C, 4 min. The primers were designed for
the conserved sequence among plant rDNA genes. The
sequence information is as follows: ITS-S1, 5'-CTT TAT
CAT TTA GAG GAA GGA G-3'; ITS-AS1, 5-TTT TCC
TCC GCT TAT TGA TAT GC-3'. After the removal of

Sample no. Scientific name Source Vouchor no.
Ce-1 Apium graveolens Prof. Junichi Kitajima, Showa Pharmaceutical None
University, Japan
Ce-62 Cyclospermum leptophyllum (Pers.) USDA, ARS Plant Genetic Resource Unit, Pl 325867 94CI1
Sprague ex Britt. & Wilson Cornell University, USA
Ce-63 Seseli diffusum (Roxb. ex Sm) Herbarium FARILLE, Jardin Botanique Alpin, n 84-272
Santapau & Wagh La Jaysinia, Samoens, France
@ Springer
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Table 2 Details of the celery seed samples purchased in local
markets

No. Sample Local name Market place Genotype*
no.
I Ce2  Ajmod Karachi B
2 Ce3  Ajmod Karachi B
3 Ce4  Ajmod Karachi B
4 Ce-5 Ajmod Karachi B
5 Ce6  Wal-ajowain Sialkot A
6 Ce-8  Ajmodh Sargodha A
7 Ce9  Unknown Peshawer A
8 Ce-10 Ajmodh Peshawer A
g  Ce-ii  Ajmodh Peshawer A
10 Ce-12 Ajmodh Karafas Peshawer A
11 Ce-13 Unknown Mongora A
12 Ce-14 Unknown Hasan Abdal C
13 Ce-15 Unknown Dera Ismail Khan A
14 Ce-16 Indian Ajowain Lahore B
[5 Ce-17 Unknown Taxila A
16 Ce-18 Unknown Peshawer A
17 Ce-19 Unknown Jalalabad, A
Afganistan
18 Ce-20 Celery Karachi D
19 Ce-23 Juwano Kathmandu, Nepal D
20 Ce-24 Jwano Kathmandu, Nepal D
21 Ce-25 Ajwain Dibrugarh, India D
22 Ce-26 Ajmodh Karafas Peshawer A
23 Ce-27 Ajmod - Hyderabad B
24 Ce-28 Wal-ajowain Bahawalpur B
25 Ce-30 Ajmod, Karfas Bahawalpur A
26 Ce-31 Wal-ajowain Bahawalpur B
27 Ce-32 Wal-ajowain Sialkot D
28 Ce-33 Wal-ajowain Sialkot D
29 Ce-34  Ajmod Sialkot A
30 Ce-35 Wal-ajowain Sialkot B
31 Ce-36  Ajmud, Ajwain Murree A
karfas
32 Ce-37 Wal-ajowain Murree B
33 Ce-38 Wal-ajowain Rawalpindi B
34 Ce-39 Wal-ajowain Rawalpindi B
35 Ce-40 Thick ajowain Peshawer D
36 Ce-41 Thin ajowain Peshawer D
Desi ajowain
37 Ce-43 Indian ajowain Peshawer D
Thick ajowain
38 Ce-44 Thin ajowain Peshawer D
39 Ce-45 AjowainKharasani  Peshawer D
40 Ce-46 Wal-ajowain Manshera B
41 Ce-47 Wal-ajowain Abbottabad B
42 Ce-48 Indian ajowain Abbottabad D
Thick ajowain
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Table 2 continued

No. Sample Local name Market place Genotype*
no.
43  Ce-50 Wal-ajowain Lahore B
44  Ce-S1  Ajowain wel Lahore B
45 Ce-52 Ajowain wel Lahore B
46 Ce-53 Wel-ajowain Lahore B
47 Ce-54 Wel-ajowain Sukher B
48 Ce-55 Wel-ajowain Sukher B
49 Ce-56 Wel-ajowain Sukher B
50 Ce-57 Wel-ajowain Sukher B
51 Ce-58 Wel-ajowain Quetta A
52 Ce-39 Ajowain Quetta B

*Sequence types A to D have high similarity or are identical to Apium
graveolens (U30552, U30553), the authentic Seseli diffusum
(AB243688; this study), Conium maculatum (U79609, U79612) and
Trachyspermum ammi (U78380, U78440), respectively

excess primers and dNTPs from the reaction mixture by
Montage-PCR (Millipore, USA), the amplicons with a
length of about 700 base pairs (bp) were directly sequenced
on an ABI Prism 3100-Avant Genetic Analyzer (Applied
Biosystems, USA). A cycle sequencing reaction was per-
formed using a BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, USA). The DNA sequences were
aligned on the basis of the Clustal W program [12].

Morphological observation

Twenty-kernel weight of each mericarp was measured in
triplicate. The length, width and thickness of the mericarps
were measured with a digital vernier caliper (n = 20).
Microscopic observations of fruit and mericarp were per-
formed using a digital microscope zoom lens, VH-Z25
(Keyence).

TLC analysis
Ten milligrams of each sample was extracted with 200 pL
methanol at 60°C for 1 h. After centrifugation, the super-

natant was charged on a TLC plate Silica gel 60 F,s4
(Merck) and developed with hexane/ethyl acetate (4:1).

Results and discussion

Botanical origin of Indian celery containing
furocoumarins

We investigated the origin of the Indian celery, whose
main principles were furocoumarin derivatives, using the



