B, ST REFAICERS, £, BHIIRDLNZKILLIE
BITKRED -7, BIHARIXEELLT 5~6 . EBLOED
B LT ITIEEA L R ol REMIADFHE
7RV RY TR FTH 36pm, FURNUE T TR
40um ZRL7Z. REMBORITEL DENKED 2723,
BB AW=REMEOK 60%iE, KILLVE KB THo
7= (Tablel. Table2.).

2.2.4 /NEE (Fig. 7-2)

R LIRS T E RO FI/NEOHERPBALTNS
BELEEL, BWROBERETRoIEDA, BT ED
BBLENTESATORKMIE 90130, MKEER
ABRA R EF U RIS RESN. MEOR KM
# Fig. 7-2 \ZR ¥,

FTLEHFLRITEF IR, EERE (epd) TERKE
(epb) 1T, FEEH EIAEROMRRMBRDONI. A
FBOR LML, ERZIZLHETEEERIETRDL
n, Bk B, BEIFAICREWVWRFIFEOMEREIV2-TH
7. BIREZREZSROKILPBDO LN, [KILDOEFIC
Frateidiad, <03, FUSMBRICEATR 2 @, FiRh
Biph 3 EOBIMIICEVEREN T, BOREIBICEEET
BRI ASRICESILTRY, BEOMBIIIERE R
LT,

FUFRRYET T, FELTEAROREMRNEIE
SN, BEEH THOTOLICHIEEIZOADEARDD D
BRI ORI, RNz, Bk EORKMIBILR#ITR
CEWEROMIANLR-> TV, EIREERE, 28D
SAERDE. BIICHFEEITRS, 2~3 EoRIMEIC
BEEN T,

2.2.5 2% (Fig. 7-3)

BREIFHREHELRTERRE VD, EBOE
BIOBIZIE, REUNAOERNEELRDAEENE .
FHMAEZEI RO HEEII LRV EEBbRE, BELL
TREREDEES Fig. 7-3 IRz
2.2.6 ERORK FRIR LT B AELL T DMk (Fig. 8, Fig. 9)

AEE TICR B ORI L R BROFELET,
DR RO MERALMIENHDIEERLT
P03, —H CEHOREMIaLELL - EE R T Mk
HLELEROHBNTE. BRERST-RAR T B RSl E
RAKETHE TS, TOHEKEFELHET DI,
ZEALOFOBEE L -o»IRBL TRLILBEETH
D, FITC, B Eeo7o bR, HBEREBAEROR KL
BT L BN BRI OV TEELEIT, EJOBO
EEAEET. Fig. 8-1 IIEMORKELS, MARRER

RHIaZRLIZBEE THA.

FERHDIEEOR B LFEIL TV ARE X, B, /3
BEIRCHETHRE, REHAIZRVMIELD R DAL
EFROER, WTRLRALOGHR DT, BRI
DFEDONBBIZIE, TORBBIC, FE~EEEESARO
REABBIRDOND R TRFIDBARETHS (Fig. 8-2+(1)).
BEIIR LI TRLEOS b Diah ol MlanKRES
IZIELENRRLNE (Fig. 8-242) . NEZTRILIRDSL
BRI, BIMIRIEEEL T 2~3 Th-7= (Fig. 8-2-(3)) .

GEETE S TR O LI TO R X0 RO &
ROFMR, E AL, B, BOEERES, REHH
RS, BROTRERLEZYE, DTHRBEIL, BRIUT
OPLELZBRNIFRD bRV A CTHBIARFEETHD. Hfa
P 2TEEA T ADFEGERR TASARL (sta) 78 WA
YERH DTN BT (Fig. 9-1,2) .
2.2.7 /NE

PLl, E#oREIEL T HANEDLNHHEEITE
1Tz o TR, WFhBRILOZIBFEF ISR
ZENRWALMER ST 0T, BARKRRRL 2 o7 AL I T
BBMBALTWAILZEET IR, KL #Fo7aRK
FEEELTAIECEY, IVEREICHETAZ LN/ iEL
RELOEEZ LN, BB, BEICHETIRE TH>TH,
HEAICBEETIRKIITAN DR, BEBEKORK
ThHoThRILEEDRVNEEVHLILE MR T 5.

2.3 MRPICHBE T pREMa0ERE

F b, FEMLOMBE TEAHROMH < TERRLIZH
FKERAV, HRTIBEROBHEETELIZ T, EBLV
EEMOMREIERL, FEROHBIRBEHERLE. oI,
ERBIVCEMOBAIRREMERL T, REOBAZF LI
BELZENR, AROHEOFTRIZOWTHRFE TR o7,
2.3.1 BRI &80 HIFARI (Fig. 10)

TLEGFRIT R FOE, BEMOMKPICHELLHR
B % Fig 101087, ¥, BEEIELEEBICHBELED
HEMROBR (p) T, (M) ICHETILDIEIKE THs
7o SRHE (D) IZ LU CTEBARRERY, KEIOME# A LLT
OO, FREEE (ve, vd, vg, vs, viDOBERHRESRLS
TV THD. B THERT 21300 EE LT
BRESTVBRIENE o, X, BEHITHER T IEEORE
B, B ICRERET B NI, FROM I
EEPBEOEE R, BHMICEALNE. PNESREAT
o7, H OF A2 T5EAME (co) b BRI E I
DB TH oIz, BITEIE (hb) OB A BHEL, BEIE
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B Thoteds, AOMRE (hg) (IRERIREETH-7-. 3
B CERA L OB BEHBL.

F B2 (ep) DT IXHBBEERDROBOD, HEAIFER
LRTWERThof. BAIE, FELTRERCTHRA, £
TR~ TZEREOZ AT OMRNER T &L
TR, KL (sto) BHEDRVEEA LLTHETHZL
WL, ElRERMRATIERT BT ORI KB ML £
L7 fikE =T OT, BROFES, &K1, £, BOBRE
Bip C % pERBL, REOBAEZHELL. BEHMTRES
B~BEARATBOMKIGEY, B FIZ 1~2 BOKILEHE
IoDRED 0T, BREEHEOREDR A ELTHETS
TERED TN, KEOMIRLDRDPZENRHY, B Ho
RS 10 TR ZE b EDa oz,

RPEBEIIIRERN-TH, BEOBFIZ OV THER
HETRol kR, HEALRROEEILE, Bl iEE
R Tholz. REF OFBRITEHOLOITREIL T2
B, KRILPLE, BOPERRELHEVHBRTIHOL, Z
LTI ThHo.

232 %, BEREZEALEBRICBITREMBROHAR
BRI SEAL O (Fig. 11)

RENEEEBHETHL), ZLEWHFRALTERL
TERRIZOWT, HBLAERK OB O—8% Fig. 11 IR
7.
BEBMIVIERER TEZ 30 HORBEOBEFIZOWV
T, &% 10 EOREMBOBRLRELILEZA, 2TOH
OEPRILOEHIRERLEE 2D 30um LT THo
Behras12 @, RAHZ & TOMRaA 30um PA_ L ChHoBH
231018, 8~9 MKEA 30um LA L Cho7 R 43 3 fERERBE
i,

B 12 OB, Wb HE~SREOREM
MbieY, EWA CHELCHROBOERNX, BBk
15~20pm Z7RL, KRILLOL/NEThH 7o 2idb, EIZH
RYHRE A LHELE (Fig. 11-1). %% 13 BOBA IR
FH~RANBHOR LR LRIEN T, PHRIIBE

BT R BFREMEN D BT, MBI ad otz

A EMEIECAVWR ST 30 S 5, #oTH

Te140~60pm ZRL, KAIVHKEOMEI V2> Tz,

BROKALEZHIBAS RONFZ L, EHichkT5
TR EHELE (Fig. 11-2). ZhbORBIT, BREVER
THMCFOBEL TRV REOHREL—B LT (Fig.
11-3).

SEBELEEA BT, REMBEEKILOKEX
DM E U= B SRERALIT, REMROTARD DK E
Uiz AL e L —B L TWe, RALEV KB DMLY A2
BEEA T, KRILEHEDROVBDIZOWTHE, E#iLis oM
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BRUIR B 0K 8 FIOBER TR NT, BHEOHEHFHE
THHEE LN, SOICHEH %2 BT, ZLEMD
REBMKRICOVTORINEITRTLIS, [AEHEIEH
DERBERERRTDIIENARETH 7.

PULEDER, BERHELL>THWIEE, REHERO
BRIOKREIEFERTHIET, HRTHMEBMOERH T
RETHIZLNALNE RS, BT EORREER L
B, [ALEHOIRKOWA T, REF~ERNABDORLM
kaho72, oo REG MOEHKIL (FLOMA)
DERIVLRENLDORELBOOLNDSHEITIX, TBaEiERk
DEADHEESND.

B

HHOEDOIHITHES IR LB TIL, TOKH
FHICEWVREALREIERZ . B FEDHED, £<
OB RS IR VRIELY 2> TV, R M
BT, BRHFRMORNEL, ERMEOLDDBEGED
b, BT EORBEE 2 b, BETHEMICLY, &
IR OIS ER DL RO, £ ORRKER
DORBENICHE, [ILBIZLALERHFLTELT, fiEL
ORBIBFE ThH oz, —F, EHORFEHRILIELLT
FEHMFRICES, KRLOGHNREVRT, BORRLEOK
BURTFEETH 1. B, KILOSFHIREEIT Stomatal Index
EWRINBZERS VA, FBUZBWTE, BBy
ROMBFZEETHENENTHLIL, MBPMIZRIL
O3 FREBBRRLIFALBIRETHIEREDOEEDND,
Stomatal Index IZAAVVT, BEEICED, KILOWMBRRELE
BTERIIEBRLE. Db, ERIVEHOKFEIL, UT
DIDNTFELDDBZENTES.

ETH 1. RBBICKIDB DM T DEMLDHY, ZOEAL
X, BEFB~SERESATBORBEMRBIVERINTHY
5. 2. KRILADOREABOES T MO, 1ZLALS
T, EEELZRA (FLBMM) OB XY/hSV. E#TIE, 1.
FELTRMBRICRVWREFF~RAAFEORZMEELY
FERIN TS, 2. KRILBZORFEMBROREMGHOR
HGRBELERILLYBREW.

INBORHEIITLX Y RYT RS, FURRUE T
KRRICABN, BIhrbobTROLNFETHD. ¥
T EPE T BLIV BRI LRI E LR EE,
HERLNIRE, ERUIERIVELNIFBHIb FERRO



ERR RSN, EMIZOWTIISERE#HEE VN, #
B, BEOREBRILTROIZEOTEIZHM TS
BEWZE. 0T, KILEH-T-REAFEROHEELL,
ERBIUREMALRILOKREIOBGRIERT5IL
1280, BRREBERSTBEE LA S ICHREER T2
ERTRETHHEE 2 b, REMROKEEBELTE
TR, BT EOBHKRIZBALIL/NES, NNEOKHEIZ
BALZEREHIZOVWTS, BREWHELTIHbOLER
5. F-ERBD,Calata X C.corymbosa D/NEDF KA
DIFREN, TLRY U RIT R FROF R LB
BIERHE SN TOBIEND, ERBITEHICOVTH
FEERRHIZEAHL O REIND. RBERNTED, K
MOLLREOERNEFRELTHIEE BB, a2k
FAFLRFLTCOKIER, SR OBELEZOND.

BT OERIOEGE B BEIHB T ORI EFT
WEVITRbh CEIZbOLBLNSH, TNETEFIDORD
DEIELRBERICRENTVRND, KFEDOELDE
LT, S RBROREL &, BRIOODER%E Table 3.
IZRLT.

BEe

AWFREITIICHTD, ERMELL T T OERET
HELTEIVWELE, BIIRFEEERERS AR/
POFRAECESOEUET. AR, BEASEREN
REHPEICIVITRbNILDOTHY, BIREMIEST
5.

List of Abbreviations

ca: clustered crystal, cf: crystal fiber, co: collenchyma,
collenchymatous cell, cs: solitary crystal, cx: cortex, ep:
epidermis, epb: abaxial epidermis, epd: adaxial epidermis,
fb:fiber bundle, hb: bristle hair, hg: glandular hair, m: medulla,
md: midrib, mes: mesophyll, p: parenchyma, parenchymatous
cell, pa: palisade tissue, pfs: simple perforation, ph: phloem, r:
ray, sp: spongy tissue, sta: starch grain, sto: stoma, v: vessel,
vb: vascular bundle, vc: scalariform vessel, vd: bordered pit
vessel, vs: spiral vessel, vg: ring vessel, vr: reticulate vessel, x:

xylem
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Table 3. Morphological characteristics of stems, leaf rachises and fruit axises of senna

Observation Characteristics Stems Leaf rachises Fruit axises™
Appendage and trace alternate leaves (petioles), buds  opposite leaflets (petiolules) alternate fruits (pediceis)
Macroscopic
Niustrated shape™ &>
Shape of the epidermal cells square -
near the stoma isodiametric polygonal oblong - long polygonal oblong - long polygonal
Appearance frequency of
stoma + +++ = -
. . Comparison of the
Epidermis . diameters™® E<S E>S E>S
Numbers of subsidiary cells
(cells adjoining the stoma) 4-6 4-6 4-6
Appearance frequency and
types of hairs ++ (hb, hg) +++ (hb, hg) £ (hb, hg)
Microscopic Collenchyma Appearance frequency + <+ +
Appearance configuration " circularly circularly circularly
Fiber bundle Number of fibers +4++ (cr) + -
Wall thickness ++ ++ +
Vascular Appearance configuration ' circularly discretely circularly
bundie Types of vessels™ v, vd, vg, vs, vr ve, vd, vg, vs, vr vd, vg, vs
Crystal ca (m), cr (cf, p) ca (p), cr(cf) ca (p), cr (fb)

*1: Transverse section.

*2: Surface view of the epidermis collected by exfoliation.

*3: Comparison of the longitudinal axis diameters of the epidermal cells (E) and stomatal cell (S). (See the Table1.)

*4: The main types were indicated by boldfaces .

*5: The axis of inflorescence in a fruting stage.



Fig.1 Macroscopic characteristics of plant parts

The two photographs in the left part indicate the plant parts of Alexandrian senna (Al, Cassia acutifolia) and Tinnevelly senna (Ti, C.
angustifolia)

1: Stem 2 Leaf rachis 3: Fruit axis 4: Leaflet 5: Pod (Fruit) *: Hairs of dried sample

Fig.2 Morphological characteristics of central part of the stem of Alexandrian senna
1. General view and enlarged view of transverse sections 2: Longitudinal sections ¥ Observation with polarizing filtter
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Fig.3 Morphological characteristics of the central part of the leaf rachis of Alexandrian senna
1: General view and enlarged view of transverse sections. Two ridges are existed in the adaxial side. 2: Longitudinal sections

Fig.4 Morphological characteristics of the fruit axis and leaflet of Alexandrian senna
1: Transverse sections and longitudinal sections of the fruit axis 2: Transverse sections of the leaflet
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Fig.5 Morphological characteristics of epidermis in the stomata distributional region from the stem of Alexandrian senna
(Al) and Tinnevelly senna (Ti) '

The stems are collected from the plant parts designated by leiters of the alphabet in the schematic illustration. Microscopic
photographs indicate surface view of the epidermis collected by exfoliation. Almost all storata orient the long axis direction.

*1: stomata distributional region in epidermis  *2: stomata non-distributional region in epidermis

Fig.6 Morphological characteristics of epidermis from the leaf rachis of Alexandrian senna (Al) and Tinnevelly senna (Ti)
The transverse section image of leaf rachis is illustrated in the left. (See the photograph of Fig.3-1.)
The three parts of epidermis as shown a-c in the illustration were collected by exfoliation and analysed by microscopy.



: 2 Al Ti
3- .l

Fig.7 Morphological characteristics of surface view of epidermis from fruit axis (1), leaflet (2) and pod (3) of Alexandrian
senna (Al) and Tinnevelly senna (Ti)

=2

2
(1)

(2)-
(3)-

Fig.B Surface views of typical epidermal cells from leaf rachis (1) and their resembler from stem (241)), fruit axis (242)) and

leaflet (2(3)) of Alexandrian senna (Al) and Tinnevelly senna (Ti)

1 - | .
Fig.9 Mistakable cells appeared in the longitudinal sections to epidermal cells from stem (1), and fruit axis (2) of
Alexandrian senna




Fig.10 Characteristic elements from the powdered stem and leaf rachis of Alexandrian senna
1. Powdered stem of senna 2: Powdered leaf rachis of senna

Fig.11 Observed elements in the powdered test sample from the mixture of stem and leaf rachis of Alexandrian senna
1: Elements identified as epidermis of the stem 2: Elements identified as the epidermis of leaf rachis
3: Reference epidermis from stem (1) and leaf rachis (2)
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We isolated a new illegal sildenafil analogue named mutapro-
denafil from a dietary supplement for erectile dysfunction (ED)
and proposed that it is an aildenafil derivative containing an
imidazole moiety. We subsequently synthesized mutapredenafil
from a thioaildenafil and authenticated its structure.

Key words aildenafil prodrug; sildenafil analogue; mutaprodenafil;
phosphodiesterase-5 inhibitor; erectile dysfunction

In recent years, we have seen a dramatic increase in the
consumption of dietary supplements along with the rise in
the public’s awareness of health matters. However, some of
these products are illegally advertised as being effective for
male sexual enhancement. Among these products, most are
adulterated with synthetic compounds, such as sildenafil,
vardenafil, and tadalafil, which are active ingredients used for
the treatment of penile erectile dysfunction (ED), and their
analogs or other unapproved phosphodiesterase-5 (PDE-5)
inhibitors.! ' In the last year, a new illegal sildenafil ana-
logue was isolated from a dietary supplement for ED. It was
reported that the compound is converted to aildenafil, a
structural analogue of sildenafil,'® under physiological acidic
conditions.'® Recently, Venhuis’s group reported its struc-
tural determination, mainly based on a detailed discussion of
the results of MS analyses, and concluded that it was a ni-
trosated prodrug (A) of aildenafil (Fig. 1A).!® We have also
independently isolated the same compound from a dietary
supplement and analyzed its structure. Most of our analytical
data (1D-, 'H-, ®C-NMR, and LC-MS spectra) matched Ven-

(A)

nitrosated prodrug A

Fig. 1. Proposed Chemical Structures of the New Aildenafil Derivative

(A) Compound A proposed by Venhuis’s group. (B) Compound 1 proposed by our group.

* To whom correspondence should be addressed.
# These authors contributed equally to this work.

e-mail: goda@nihs.go.jp

Chem. Pharm. Bull. 59(10) 1314—1316 (2011) Vol. 59, No. 10

huis’s data, and we predicted the structure to be an aildenafil
defivative (Table 1). However, our proposed structure (Fig.

-1B) was different from that of A.

The critical discussion points regarding the compound’s
structure are as follows: 1) The three carbons outside of the
aildenafil moiety must be located in positions appropriate to
their 1*C chemical shifts (§¢ 150.1, 139.2, 115.2) because the
chemical shifts assigned to the positions in the structure of A
are abnormal. 2) The observed heteronuclear multiple bond
connectivity (HMBC) correlations between the imino proton
at 8y 3.78 and the two carbons at §. 115.2 and &, 139.2
must be explained by the proposed structure. 3) The ob-
served two paired N-HMBC correlations, namely, those be-
tween the methine proton at &y 7.86 or the imino proton at
Oy 3.78 and the nitrogens at 6y 177.0 and Sy 252.0, must be
explained. 4) The structure must also satisfy the 2D INADE-
QUATE (the Incredible Natural-Abundance Double-Quan-
tum Transfer Experiment) findings for the compound, which
showed correlations between the carbons at . 150.1 and J
115.2. As shown in Fig. 2, our proposed structure completely
satisfies all of these critical points.

Considering these results, we firmly believe that the struc-
ture of the isolated aildenafil derivative is as illustrated in
Fig. 1B, and hence, contains an imidazole moiety. Therefore,
we synthesized compound 1 to confirm its structure.

We were able to synthesize 1 as follows (Chart 1): A mix-
ture of thioaildenafil (25mg, 0.05mmol),'” 5-chloro-1-
methyl-4-nitroimidazole (8.0 mg, 0.05 mmol), and anhydrous
sodium acetate (4.1 mg, 0.05mmol) in 0.5ml dimethylsul-
foxide was stirred at 100 °C for 21.!® The reaction mixture
was then poured into water, extracted with CHCl,, and dried

VaSlad
NN
Q0 oN O
o8 AcONa
l/\ N mutaprodenafil (1)
HN S DMSO, 100°C, 2 h
48%
thioaildenafil
Chart 1. Synthesis of Compound 1
®)
291, 25
HN

mutaprodenafil 1

© 2011 Pharmaceutical Society of Japan
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Table 1. 'H- and PC-NMR Data of Isolated Aildenafil Derivative in Chlo-
roform-d
Mutaprodenafil (1)
Atom
5e 84 (Jin Hz)
1’ 146.7 —
4’ 149.0 —
6’ 154.6 —
8’ 143.5 e
9’ 128.2 e
10’ 39.1 4.37s
0 277 2.941(7.6)
12’ 21.9 1.84 m
13’ 13.8 0.951(7.3)
14’ 127.3 —_—
15’ 131.5 7.79d (2.7)
16’ 126.6 —_
17 130.0 7.60dd (2.7,9.2)
18’ 113.1 6.99d(9.2)
19’ 160.7 —
20" 64.7 4.06 q(6.9)
21 143 132t(6.9)
24'/28' 517 1.71t(11.0), 3.47 dd (2.8, 11.0)
2527 50.1 2.88 m
29'/30’ 19.2 0.96 d (6.3)
32/ 115.2 —
34' 139.2 7.86s
36’ 150.1 —
38’ 33.0 3.78s
7.86
H N 40
139.2 f{
AN
N\ 115.2\ ggg(m
150.1 >/ S
4 3.78 (H)
l 33.0
[VaV,V Vg

——z=  HMBC correlation
- = -> H-15N HMBC cormrelation
e=mmm INADEQUATE correlation

Fig. 2. HMBC, 'H-'*N HMBC, and INADEQUATE Correlations for
Compound 1

over anhydrous sodium sulfate. Evaporation of the solvent
gave an oily residue, which was purified by gel permeation
chromatography (GPC) to give 1 (15mg, 48%) as a white
solid."”

Then, we measured the 'H- and *C-NMR spectra of the
synthesized 1 and found that the data were almost identical
to those of the isolated molecule. Furthermore, the retention
time of the LC-MS spectrum of the synthesized 1 was the
same as that of the isolated molecule (Fig. 3).2” These results
indicate that the structure of the isolated aildenafil derivative
can not be a nitrosated prodrug A, but rather that compound
1 contains an imidazole moiety. Since compound 1 can be
converted to aildenafil by acidic treatment and we revised the
structure proposed by Venhuis’s group (nitroso—prodenafil),
we named it mutaprodenafil (mutatis+prodenafil). In this
communication, we have synthesized mutaprodenafil 1 and
authenticated its veridical structure.

In conclusion, we isolated a new illegal sildenafil analogue

—

fi p—

1315

Isolated
10.5 min
A ]
0 25 50 75 100 125 150
min
Synthesized
10.5 min
| el A~
0 75 50 75 100 125 150
min

Fig. 3. LC-MS Spectra of the Isolated and Synthesized Compounds

named mutaprodenafil from a dietary supplement for ED and
proposed that it is an aildenafil derivative with an imidazole
moiety. Furthermore, we synthesized mutaprodenafil (1)
from thioaildenafil to confirm its structure. We found that
mutaprodenafil could be synthesized from thioaildenafil and
commercially available 5-chloro-1-methyl-4-nitroimidazole.
Mutaprodenafil is the first prodrug type analogue of the legal
drugs used for the treatment of penile ED. In order to avoid
illegal compounds being detected by routine inspections,
counterfeit drug manufacturers synthesize new types of ille-
gal compounds whenever possible. Normally, their detailed
pharmacological activities are not examined. Thus, patients
who unknowingly take dietary supplements adulterated with
such compounds are at risk of suffering harmful side effects.
Therefore, we must continuously monitor and prevent illegal
drug manufacturing.
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ESI-MS  m/z: 6302272 (IM+H]*, Caled for C,7H3N;O,S,:
630.2275). IR (ATR) cm™*: 1700, 1600, 1580, 1520, 1500, 1460. UV
Amex (MeOH) nm (log€): 218 (4.44), 240 (4.60), 283 (4.10), 297
(4.11), 335 (3.98, sh). )

HPLC analysis was carried out on a Hypersil GOLD column (2.1
mmX 100 mm, Thermo Fischer Scientific Inc., U.S.A.) with isocratic
elution with 40% acetonitrile and 60% water solution added 0.1%
formic acid. The flow rate was 0.2ml/min. LC-MS-2010EV liquid
chromatography-mass spectrometer (Shimadzu, Japan), equipped with
an LC-20AB pumps, DGU-20A; degasser, SIL-20AC auto sampler,
were employed.
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Abstract

Shatavari is a famous Ayurveda materia medica used as a tonic for woman, and its health food products have been distributed in
Japan. The botanical origin of shatavari is specified as the tuberous root of Asparagus racemosus in the Ayurvedic Pharmacopoeia
of India. However, several reports have pointed out that Stemona plants were sold as shatavari sometimes in markets in Southeast
Asia and China because the shape of the tuberous root of 4. racemosus was very similar to that of Stemona plants. Since most
Stemona plants are rich in alkaloids, the contamination of the plant source species in shatavari products may cause various
physical disorders to consumers. In the course of our study for the safety evaluations of health foods made from medicinal plants,
we investigated the botanical origin of shatavari products obtained in Japanese markets on the basis of DNA sequence analysis.
As a result, botanical origin of all products were revealed to be Asparagus. In order to confirm whether these products contained
Stemona or not, ARMS-PCR method using Sfemona-specific primers was performed. The application data indicated that none of
the examined products contained Stemona plants at a concentration of >1%. ARMS-PCR method shown here is expected to be
useful for quality control of shatavari products to check contamination of source plants.

Keywords : Asparagus racemosus- Stemona BIEY). R Rm. WAEKFIFENT. ARMS-PCR
Asparagus racemosus, Stemona plant, heath food product, DNA analysis, ARMS-PCR

I #8

TRINJIE, AVFOTINT2—FERFIZBNT
Asparagus racemosus DR ERETHEELHEINTS
OO, BTk DL, BiE. EE. MRREEEN
ELTRWLNRTEL, EF. HEBER~OBLOEE
Db ECLEREERE LTy I 2 ERHI AW
VWHRALBEAMFHAZIICOMRELECHRAELTN A,
T I\ DEBEFEY TH B A. racemosus it FEIIAZFD
HHRHFTIDATHLIE (ZHAFAIFE) OWPTH
505 COMPOTIAOEBERIS FFRINTED.
RERORAESHEEERE, TH. HIEARDOEER

& ESICRERTREME DO LATRBENT NS 29,

A. racemosus DFSE LTIE. TN F TIT shatavarin Fz
EDAFOA RFRZ AV TSR REDM, BTV
HY1A{ KT B asparagamine A BSEHRESINTWE ™D, Li
L+ asparagamine A ® X % pyrrolof1,2-alazepine 7 )V /1 1
A Fid. €x 7 7F Stemona B IEL A ELNA{L
EYWTHD D, Stemona BIEWE. # 25 OISR TNWAS
A FOELCHHBRROBERLTBY, FEREET VT
OHFHTIE BBROROERP LB B Lnb, £
LAEHETH-TH, TARIIIRLIFHROLOTY
BEAOR CEHTIHIN TS 2D, ZoZehs, 4
racemosus 5 asparagamine A DEEEDOH LI, Stemona
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B % A. racemosus EFRIFITE L7 AR X B EEMEHEL
BEDIREENATEY P, BHZ BT dsparagus B &
Stemona BHEORISRF SN TVL T EHFFHEEN S,

FrizonITTIo, BERGERRYOSERIEICETS
MREO—RELT, BALRFELFALT BREMOEE
OEMETIELIToTEZ, FOHKR. ZLOEFIC
BWT FROFMEEERR LML EH LTRSS
ENHBHIENHR, EESN B, foT Yy
PEBETAEMIIBYTS, R LA-EBIC L2 EMEOR
5. dsparagus B731TThi L, Stemona BIEW %R LT
VATTEEMAH BHDEE 2 DI,

Stemona BHEWIA T VA OA FEDZEEICELIEh
5y X ZNJEROEEN Stemona BREWIH R THES
NiGa, BEELBEREEEORENBREINS, 22 TK
e Tid, Yy INYEEE ) Icol-BERSRIC Stemona 1§
TP RALICEGP PR T S0, PCRICLSH
BREOMAETHREL. SEROEBRELITo-0OTH
EHT5,

I MRAE
1. KB

AFRIER L Y N E R OFE#% Table 1 127RL
Fro THBIRETL VI —32y P EOBFELVEBA SN,

Table 1. Details of the commercial shatavari products used in

this study

Sample no. Product form Composition*

Sha-1 Powder 100% shatavari powder

Sha-2 Powder 100% shatavari powdér

Sha-3 Granule Shatavari 0.56 g with sugar 4.44 g /5g
Sha-4 Granule Shatavari with sugar and water

Sha-5 Powder Shatavari powder

Sha-6 Tablet Shatavari churna 500 mg /tablet
Sha-7 Capsule Shatavari 400 mg /capsule

Sha-8 Capsule Root extract 500 mg /capsule

Sha-9 Capsule Shatavari 250 mg /capsule

Sha-10 Capsule Root extract 500 mg /capsule

Root extract 250 mg, stem and root

Sha-11 Tablet powder 400 mg /tablet

* Each composition is sourced to the product information.

$72. A. racemosus. S. collinsae DIEMEFEYSAFHE, Fib
REEFEL, ¥4 E Kasetsart K 8. Jiwajinda LD %
NENREL F

2. EBAE

2-1. IBEERTIRR

A racemosus BER F X, REWOBEHBRLAE
DNeasy Plant Mini Kit (Qiagen) % FIV>T genomic DNA %3

H L7z Sha3, 4,6, 11 SO Y v ¥/ Y BEFEHL, HFE
% EECFBRIC DNA 29l L7z, Sha-3, 4 (BPHE&A) . Sha-
6, 11 (E#) W BBRWEAKITEN,L, BOLIBOLE
xRS/ b 0% DNA AV,

EROXSIHB L7 4 racemosus & v 3 BL G,
DDNAZGFEE L., EHYDERME DNA tral $HIB TR
FROBVEFIIRE L o=V T I, — ¢ (5-
CGA AAT CGG TAG ACG CTA CG-3) & d (5-GGG GAT
AGA GGG ACT TGA AC-3Y2, Asparagus XM R Y
7 truL $8 3% (DDBJ/GenBank/EBI accession No. AJ441164-
AJ441168, AB508807) (2% &t L 727 7 1 < — Astrnf (5
GAC TAT ATT GCG TTG GTA ACG G-3)) & Astrnr (5-
CAA CTT CTA TTG GCA TAG ATC C -3") ZRlWwTEhZ
NPCREITV. BWETHRF MBS/, RIGHER
iZ. KOD plus ver.2 buffer (Toyobo). 0.2 mM dNTP mix.
0.5 U KOD plus polymerase (Toyobo). 0.5 uM 774 <—,
1.8 mM MgSOs % & LS. 1 F 21X 2 )LDNAB %
Mz, £8%20uL & L7 PCR X It X, DNA Engine
thermal cycler (Bio-Rad) ZFVTITV, IRET OS54,
94T 2 min; 98T 10 sec, 55T 30 sec, 68C 1 min, 40 cycles;
68T 2 min (Z=NX—HNT54<—% W/ PCR). %
7213 94T 2 min; 98T 10 sec, 50T 30 sec, 68T 30 sec, 45
cycles; 68C 1 min (Asparagus BIFEN LT 74 <—%Hn
72 PCR) &lL7c. WBEML. ~fruFy SERKEE
& MCE202 MultiNA (Shimadzu) # W TERKEIL 2. B
57z PCR EWiX. MinElute PCR purification kit (Qiagen)
FRHOWCHHL, ¥1L 27— A 721d pCR-Blunt
vector (Invitrogen) \2H 7' 7 0 —= 7, IEERFILRE
L7 PCR EWY F7:13 plasmid DHE T~ {bid, BigDye
Terminater v3.1 Cycle Sequencing Kit (Applied Biosystems/
life technologies) % F \» T 4T \». & #7 i, ABI Prism
3130-genetic analyzer (Applied Biosystems/life technologies)
&Y 1072,

2-2. Stemona BHEMRH D /- 8 O ARMS (amplification
refractory mutation system) PCR

Stemona |& #E ¥ @ trnL 98 3% (Genbank accession No.
AB490125-AB490133 %) | R ELFIC 7T 4 < — Strn-f
(5-GGA TTG CCC TAT ATA CCT GTA C-3’). Strn-r (5-
GTG CGG GCT ATC CAA AAG ACT TG -3)) &%at L7204
racemosus DIRIZ S. collinsae D% 0, 1, 5, 10, 20, 40, 100%
RELABPL, SIBRABICHEBLZ: DNAZHRIEL
T. FEOTFA~—%BWTPCRETHIZEICEY, BRI
RARCHREL T, KINEEIE. 10 pL Ampdirect
plus (Shimadzu). 0.5 U Ex Taq polymerase (Takara). 0.5
uM 71—k &S, 1 pL DNABHZMA. &8%
20 pL £ U720 PCR 7H Y T4, 94T 2 min; 98T 10 sec,
50T 30 sec, 72T 30 sec, 40 cycles; 72C 1 min T{To720 &
Ty NVEEASHBL 7 DNA 2 #EIC, F4HTPCR
EITHTEIEY, B x5 N BEO Stemona BHEYIEA
DFEATEAL 72,

—_ 78__
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M HMREER

1. 1REECHIRRR
Fukuda & 13, 4. racemosus % & ¥+ Asparagus B ¥ ¥y 24
H1Z2W T perB intron. petD-rpoA $8I J.UF traL intron,
traL-trnF SR DEIBERZ{ToT 05 (F—FR—A LIZ 4.
racemostis 0D triL intron, tral-trnF SR O BT IEHIIE SRS
NTH) . FOREE. ThHOEBICBWTHRE O
IRERFI OB NIIED TR, FEE{Abido
7ol &drb, Asparagus BHEPEILIBRICSHREFH B2
BbHoT. HEMOBENEZRI/DSVOTII R LBl L
TWA M, 20, BEOEORLEN, BEREED
BEHRHEY % DNA BESIBIT 21 C A. racemosus LRIETH
DOERETH L L FHESN L, —H., I pal intron, tral-
rnF IR OBERTEIN LAV SR TH Dt
OHPORIHERL EE LSS, #oT, INHDEHROR
BB TAZEICLY., DB L Asparagus BHH R
DEDTHIPEIPOHWRITERLEZONS, T T,
#¥ 7 EGOBRBEMORELIT 0. FYran
NG RUT— ¥~ LOERH 7 A, racemosus DIEHE
TEHIAE D traL intron FMOE LR FIRMTZIT 72,
AW CiE RS A racemosus FEHEFAH B D 4l
intron EH. OB TN, 7 —FX—2 LD dsparagus B
(4. cochinchinensis, AB508807; A. acutifolius, AJ441168; A.
Jalcatus, AJA41166; A. officinalis, AJA41164) DEHIL 99% @
HRERRLE. FAADY v &3 BED I 5 sha-1, 2,
5 @ traL intron SIROBINLE—TH V. 4. racemosus D%
HECHIE 487 bp 1 1 bp TBRE—FEL . Ll £OHD
RHCHERORNOREYHFEOI., IEHRIEARTIR
IR 57 ZOERELTIE, Sha-l, 2, 5 UStOR
© RN T AFRERI R Y. MTRANTH B0, FROBR
BEC Asparagus BHWIZRIOREH A5 A L2-TTREREO .
B oEwE L@@tﬁ%’l@ﬁf]ﬂ%ﬁﬂl&%kbV"C?ﬁ]\
LA REHAE 2 65,
ZZC. Asparagus BARYIO traL intron SEIAFREOR
WISL—% L. TRERWT PCR ¥ {To72&l 5,
LTORBNS 183 bp DHIBEH B LN (Fig Do £

[bp]
N I 2 3 4 5 6 7 8 9 10 11
1353 - N
603
27 "
194

s
724 %

amq =

Fig. 1. PCR amplification of Adsparagus specific trnL intron
region of shatavari products

Lane numbers correspond to those in Table 1.
Lane N means no tcmplate control.

DOHERETNIBIT T o7& 1 ik CE—ORMNETRL A
racemosus DECH]E 100% OHFEMEE R L2

SEY v BERLVESAY: iral intron BEFEL, A
racemosus BEHETEYI AR B 1R & T 5 BHD Asparagus 1§
HHOLOLHREMD G o722 LirS. Asparagus B
DEHITH 5 EFET ST

2. ARMS-PCR {Z & % Stemona BHEYE A DFESS
FEORBEY v 2 NUERADGH

SEFEHENI D v 7RI, T_T Asparagus B
WEERHIE L EERE SN, filoMEY 2o -
VTG4 —% B/ tral intron 8O PCR Tk, sha-l,
2, S PSR SEEOMBEVES LD, o
HHHPRALTWATREEEIRB SN, TIT Yoon
YRLE RO Stemona BIEYIDORADHEZFETLTH0,
ARMS (amplification refractory mutation system)-PCR & X
2 Stemona BREWOBBERHRE L .

9\ T I R—2AHD Stemona B R dsparagus Bl
YO trnl IR D WTEESI B R 1TV Stemona B Y%
BRI T I 1w —%&ETLIze KIS, 4. racemosus 2
HFBH S. collinsae OFEEFFLZ 0, 1, 5, 10, 20, 40, 100%
wiw) BASEARELERL, chooRE»ofHLA
DNA %8I, EROTIA4v—% T PCR #7070
FDFERE. S. collinsae 0% (A. racemosus 100%) OFFH G
RN D SN W—F T, §. collinsae 1 - 100% DOk
T, S, collinsae TR 1% RASELRE, LS, B
TSR TSN 245 450 bp OMIBEWAE LN (Fig.
2)o B, Fig. 2 T, S collinsae 5% DRAFEL D 1% O
FhSBONIIIBEROHNEBESN, APCRIZ
SRE UCEESNE OB, LM LA DNAZHWTEY,
DNA OREEEN R R ot fod, SOEI BB HEO
PCR FUSOBEC, SRIRLISEEDEIHBEL 2d o720
DEEZLNA, Ll S. collinsae 1% DRFCHHIIEE
PIRBLNE I LEEEEOSITICLVFEE LTV, fEo
T AHFE Stemona B TEWVERETRL, 2% d{E
b 1% DEALHMTELRE TH L LD MR TEL,

[bp]
N 0% 1% 5% 10% 20% 40% 100%
1353 | == = —
603 -
194 1 :
72 1

(LM)4{ —

E el st sy i S

Fig. 2. Sensitivity of PCR with the primers based on Stemona
specific #rnL intron region
An arrow indicates the amplicons of Stemona specific
sequence. Percentages mean the ratio of S. collinsae in A.
racemosus. Lane N means no template control.
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In continuation of our work on Indian celery (Seseli diffusum (Roxb. ex Sm.) Santapau & Wagh; Umbelliferac),
the fractionation of the 80% MeOH-H,0 extract of the seeds was performed to identify the principles respon-
sible for its folk use as an antispasmodic and diuretic. Several compounds were isolated as active components:
seselin (1) and anthriscinol methyl ether (4) showed a selective cytotoxicity to some yeast strains. Compound
1 also showed spasmolytic activity. On the other hand, isopimpinellin (3) and isorutarin (5) exhibited a spasmo-
genic effect on the smooth muscle preparatiens. Cempound 5 was also found to have antioxidant activity. Among
them, compound 4 was isolated for the first time from this plant. Copyright © 2011 Jehn Wiley & Sons, Ltd.

Keywords: Indian celery; Seseli diffusim; cytotoxicity; spasmolytic activity; spasmogenic activity; antioxidant activity.

INTRODUCTION

MATERIAL AND METHODS

Previously it was reported that the celery (Indian celery)
sold in southern areas of Pakistan is not the common
celery, Apium graveolens. This was identified as Seseli
diffusum (Umbelliferae) based on the nuclear tDNA,
and ITS sequence analysis, morphological features and
phytochemical compositions (Maruyama et al., 2009).
Seeds of S. diffusum are prescribed as an antispasmodic
for the treatment of bronchitis, asthma, as well as in
liver obstructions, intestinal debility and spleen disor-
ders (Usmanghani et al., 1997). In continuation of our
work on Indian celery, 80% methanol-water extract of
seeds (botanically fruits) showed some interesting bio-
logical activities, such as cytotoxicity against the yeast
strains, smooth muscle relaxant and antioxidant activ-
ities. Bioassay-guided fractionation using yeast cytotox-
icity assay has led to the isolation and identification of
DNA damaging agents 1-2 in lipophilic extracts of
S. diffusum. Then fractionation was performed of the
extract of Indian celery to identify the compounds re-
sponsible for the biological activities, and four coumarin
derivatives and one phenylpropanoid isolated as some
of the active principles.
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General. Melting points (m.p.) were determined on a
Yanaco MP-S3 apparatus and are uncorrected. The
NMR spectra were recorded on Bruker AM-400 and
AMX-500 spectrometers using a UNIX data system at
400 and 500 MHz. The > C-NMR spectra were recorded
on the same instruments at 100 and 125MHz respec-
tlvely The 'H- and '>C-NMR spectra were measured
using solvents CD;OD or CDCl; and referenced with
respect to the residual solvent signals. The chemical shift
(8) values were reported in ppm, and coupling constants
(/) were measured in Hz. Electron impact mass spectra
(EI-MS) were taken at 70eV on Finnigan MAT-112 or
MAT-312 instruments, and major ions are given by m/z
(%). Optical rotations were measured on a digital polar-
imeter Jasco DIP-360 in methanol. Infrared spectra
were obtained on a Vector 22 Bruker spectrophotom-
eter, either m KBr pellets or in chloroform, and pre-
sented in cm™. The TLC was performed on pre-coated
silica gel cards (E. Merck, Germany) and the spots were
observed first under UV (254 nm), and then stained with
cerium (IV) sulfate spray reagent, and heated until col-
oration developed.

Plant material. The seeds of Indian celery were pur-
chased from a local market, Jodia Bazar, Karachi, Paki-
stan, in July 2000. This was then identified as S. diffusum
(Maruyama et al., 2009). The sample was deposited in
the Division of Pharmacognosy, Phytochemistry and
Narcotics, National Institute of Health Sciences, Japan.
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Extraction and isolation. One hundred grams of Indian
celery seeds (S. diffusum) was extracted successively
with 400 mL of hexane, chloroform, acetone and metha-
nol for 4h under reflux. The extraction was performed
four times for each solvent. The yields of extracts were
1.1, 2.2, 5.0 and 18 g, respectively. The silica gel column
chromatography of the hexane extract was carried out
with hexane-EtOAc and EtOAc-MeOH gradient elu-
tion to afford five fractions. Further chromatographic
separation yielded compounds 1-3 (43, 14 and 5 mg, re-
spectively) from the third fraction (Fr. 3, 64 mg), while
compounds 1 and 4 (27 and 35mg, respectively) were
isolated from the second fraction (Fr. 2, 740 mg). Com-
pounds 1-3 were also isolated from chloroform-acetone
extracts through similar chromatographic processes.
The methanol extract (water soluble part) was parti-
tioned into EtOAc and water. The aqueous layer was
evaporated and the residue was chromatographed on a
silica gel column with an EtOAc-MeOH-BuOH-H,0
(80:10:0.5:0.5) elution to obtain isorutarin (5; 50mg).
The DNA damaging activities of fractions and pure
compounds are presented in Table 1. Physical and
spectral data of 1-5 (Fig. 1) were in agreement with
those reported in the literature for seselin (Sattar ef al.,
1978), bergapten (Masuda et al., 1998), isopimpinellin
(Elgamal ez al., 1979), anthriscinol methyl ether (Ikeda
et al., 1998) and isorutarin (Okuyama er al., 1989),
respectively.

Seselin (1). Colorless prisms from hexane, mp. 120-
121 °C (119-120°C, Murray et al., 1982).

Bergapten (2). Colorless needles from EtOAc-
hexane, mp.188-189 °C, (188 °C, Murray et al., 1982).

Isopimpinellin (3). Colorless needles from EtOAc-
hexane, mp. 151-153°C (lit.149-150°C, Murray et al.,
1982).

Anthriscinol methyl ether (4). Pale yellow oil. EI-MS
(M*, m/z 222). "H-NMR (CDCls, 400 MHz) : 6.59 (1H,
d, J»¢=1.4Hz), 6.51 (1H, d, Jo»=1.4Hz), 6.46 (1H, dd,
J32=15.8Hz, J3 1(apy = 1.4 Hz), 6.09 (1H, dt, /3=15.8 Hz,
Jz,l(a,b)=6-0 HZ)., 5.92 (ZH, S), 4.03 (ZH., dd, J 1(a,
b).2 =6.0 HZ, -,](a,b),?) =14 HZ), 3.86 (3H, S), 335 (3H, S)‘

Isorutarin (5). Colorless prisms from EtOH, mp.
265-267°C (lit. 261-263 °C, Okuyama et al., 1989).

Cytotoxicity to DNA repair-deficient (rad 52Y) and re-
pair-proficient (RAD™) yeast strain. The bioassay was
performed according to the method reported by Gunati-
laka ef al. (1992, 1994). This mechanism-based bioassay,
employing DNA repair-deficient (rad 52Y) and repair-
proficient (RAD™) yeast strains, is a convenient method
for the in vitro screening of potential antitumor com-
pounds (Gunatilaka and Kingston, 1998). The two types
of genetically engineered yeast strains (Saccharomyces
cerevisiae), which were provided by Mr L. Faucette in
SmithKline Beecham Pharmaceuticals (King of Prussia,
Pennsylvania USA), were plated on YPD agar plates
(9 x 9cm; 7mm layer). Each 96-well plate (6 mm diam-
eter each) was filled for various concentrations of sam-
ples (100 pL in (1:1) DMSO-MeOH). The plates were
read after 48h at 30°C. The activity was expressed as
1Cy, (pg/mL) (concentration required to produce an in-
hibition zone of 12mm diameter). The data are pre-
sented in Table 1. Streptonigrin was used as the
positive control.

Activity on isolated smooth muscle contractility, The
experiments on rabbits were performed in accordance
with the guidelines of the Institute of Laboratory Ani-
mal Resources, Commission on Life Sciences (National
Research Council, Washington DC, USA) and were
approved by the Aga Khan University’s Ethics Commit-
tee for Research on Animals. The assay was carried out
as described earlier by Ghayur and Gilani (2005).
Briefly, segments of rabbit jejunum tissue were sus-
pended in 10mL tissue bath containing Tyrode’s solu-
tion, aerated with a mixture of 95% O, and 5% CO,
at 37°C. A preload of 1g was applied to each tissue,
and then kept undisturbed for an equilibrium period of
30min. Afterwards, responses to sub-maximal concen-
trations of acetylcholine (0.3 uM) were obtained. The tis-
sues were presumed stable only after the reproducibility
of these responses. Contractions for control and test

Table 1. Results of cytotoxicity bioassays on extracts and compounds of Seseli diffusum

Fraction/Compound rad 52Y (mutant)? RAD™ (Wild)? Muscle contractility DPPH
80% MeOH-water 1000 > 1500 0.3+0.05° 22.51°
Hexane extract 100 500 0.03+0.002° -
Chloroform extract 800 > 1000 0.12+0.005 -
Acetone extract 650 > 1000 0.14+0.06° -
MeOH extract (water soluble) > 1000 > 1000 0.24+0.09° 37.55°
Seselin {1) 25 > 200 0.04 +£0.005° -
Bergapten (2) 50 > 200 - -
Isopimpinellin (3) 100 > 200 0.1+£0.01° -
Anthriscinol methyl ether (4) 20 50 - -
Isorutarin (5) 40 > 100 0.3+0.05° 79.349
Streptonigrin (reference) 0.4 1.0

Propyl gallate {reference)} 92.14°

-, Inactive; NT, not tested.

a!C12 in pg/mL

*Spasmolytic activity, ECso {mg/mL) mean £+ SEM.
°Spasmogenic activity, EC5o {(mg/mb) mean + SEM.
9% inhibition at 1 mg/mL.

°200 pg/mi/1 mm.

Copyright © 2011 John Wiley & Sons, Ltd.
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Figure 1. Structures of compounds 1-5.

were recorded isotonically, using Harvard student oscil-
lographs and transducers. Under these conditions,
rabbit jejunum exhibited spontaneous rhythmic contrac-
tions, allowing the testing of relaxant (spasmolytic) or
stimulant (spasmogenic) activities. Stock solutions of
all the test extracts, fractions and compounds were
made in saline or if not soluble, in 10% DMSO. All dilu-
tions were made in saline. The final bath concentration
was kept at < 0.001 mg/mL of DMSO, which had no ef-
fect on the contractions (data not shown).

DPPH Radical scavenging assay. The assay was per-
formed according to the method developed by Lee et al.
(1998). Briefly, reaction mixtures comprising incremental
concentrations of test compounds and 300 mM of DPPH
were prepared. After the incubation in a 96-well plate
at 37°C for 30 min, the absorbance at 515 nm was mea-
sured by an ELISA reader (SpectraMax plus, Molecular
Devices, CA, USA). The percent radical scavenging ac-
tivity was determined in comparison with the DMSO-
treated control (3-r-butyl-4-hydroxyanisole).

RESULTS AND DISCUSSION

The 80% methanol-water extract of the Indian celery,
Seseli diffusum (Roxb. ex. sm.) Santapau & Wagh,
showed significant cytotoxicity in the mechanism-based
bioassay, employing DNA repair-deficient (rad 52Y)
and repair-proficient (RAD") yeast strains. This fraction
also showed spasmolytic and antioxidant activities. The
cytotoxicity to yeast strains was found in hydrophobic
(hexane and chloroform) extracts of the seeds. In con-
trast, the water-soluble fraction showed a potent antioxi-
dant activity, but a weak cytotoxic activity. Spasmolytic
activity was found in both hydrophobic and hydrophilic
fractions (Table 1). The hexane fraction was found to
be most active in the cytotoxicity assay. Two compounds,
seselin (1) and anthriscinol methyl ether (4), were mainly
isolated from this fraction. The chloroform fraction
yielded mostly bergapten (2) and isopimpinellin (3).
The compound 4, a known constituent from Anthriscus
sylvestris (Ikeda et al., 1998, Kozawa e al., 1982), is
reported for the first time from Seseli diffusum. The

Copyright © 2011 John Wiley & Sons, Ltd.
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activities of the isolated compounds were also determined
(Table 1). Gunatilaka et al. (1994) reported that in the
mutant yeast assay, angular pyrano-coumarins, such as
seselin (1), isolated from Rutaceous plants, were active,
while linear furanocoumarins were inactive. Interestingly,
our results demonstrated that linear furanocoumarin,
bergapten (2) and non-cyclized compound 4, were as ac-
tive as angular pyrano-coumarins, such as seselin (1).

The 80% methanol-water extract of the seeds prepared
for the preliminary random screening process demon-
strated a dose dependent spasmolytic activity in spontan-
eously contracting isolated rabbit jejunum. Among the
extracts prepared as a result of refluxing with various sol-
vents, the hexane extract showed the most potent activity,
followed by methanol, chloroform and acetone extracts.
Among the lipophilic compounds isolated from Indian cel-
ery, compound 1 was the most potent in its spasmolytic ac-
tivity, equipotent to that of its parent hexane fraction.
Compounds 2 and 4 were inactive in a dose up to
0.5mg/mL. By contrast, compound 3 showed a stimulant
(spasmogenic) effect in the assay. Compound 5, isolated
from the water-soluble fraction, also showed a spasmo-
genic effect. However, compound 1 was much more po-
tent in its spasmolytic effect than the spasmogenic effects
of 3 and 5. Judging from the content and potency of these
compounds in Indian celery, the crude extract of the seed
showed domination of spasmolytic activity. Isorutarin (5)
also showed prominent radical scavenging activity in a
DPPH assay, while the others were inactive.

It is worth mentioning here that the isolated compounds
1-5 were the major constituents in various fractions of the
crude extract. This study, therefore, does not represent an
account of the minor constituents contributing towards the
observed bioactivities of the crude extract. A study of the
spasmolytic and antioxidant constituent(s) from the water-
soluble (hydrophilic) fraction will be made later.

CONCLUSION

In conclusion, the isolation study of Indian celery,
guided by its biological activities, revealed that the cyto-
toxicity to yeast strains was mainly attributed to seselin
(1) and anthriscinol methyl ether (4). Bioassay-guided
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