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MeOH in CHCI; [CHCI, (3L), CHCL,-MeOH (100:1, 3L),
(50:1, 3L), (30:1, 3L), (20:1, 3L) (10:1, 3L), (5:1, 3L),
and (2:1, 3L)], and (MeOH, 51). The residue (7.36g) of the
CHCIL;:MeOH=10:1 eluate obtained on silica gel CC was
subsequently subjected to RPCC with a stepwise gradient elu-
tion with increasing amounts of MeOH in H,O (30, 50, 70,
90, 100% MeOH, 300mL containing with 0.1% TFA). The
residues (190mg) obtained from 50% MeOH eluate was puri-
fied by HPLC (ODS) with 30% acetone/0.1% TFA to afford 5
(10.3mg) from the peak at 10.4min (flow rate: 2.8 mL/min).
The residue (5.95g) of the CHCl,:MeOH=5:1 eluate obtained
on silica gel CC was subsequently subjected to RPCC with a
stepwise gradient elution with increasing amounts of MeOH
in H,0 (30, 50, 70, 90, 100% MeOH, 300mL containing with
0.1% TFA). The residues (170mg) obtained from 30% MeOH
eluate was purified by HPLC (ODS) with 20% CH,CN/0.1%
TFA to afford 2 (4.9mg) from the peak at 17.9min (flow rate:
2.5mL/min). The residues (220 mg) obtained from 50% MeOH
eluate was purified by HPLC (ODS) with 30% acetone/0.1%
TFA to afford 4 (7.0mg) and 3 (5.3 mg) from the peaks at 5.2
and 14.6min, respectively (flow rate: 2.8 mL/min).

The known compounds (2—5) were identified by compari-
son of spectroscopic data with those reported in the literature
as follows. (S)-Norcorydine (2)'V {ref. [¢]® +190 (c=0.2,
CHCL)}, [a]3? +151 (c=0.13, CHCLy), CD Ae (nm): —7.81
(268), +43.0 (234) (c=3.98%X107mM, MeOH), (R)-anonaine
(3" {ref. [a]2® —48 (c=0.1, CHCL)}, [o]Z® —34.9 (c=0.10,
CHCL,), CD Ae (nm): +11.4 (271), —52.5 (231) (c=3.08X107 M,
MeOH), (R)-4'-O-methylcoclaurine (4),” [a]3* +14.5 (¢=0.19,
CHCL,), CD Ag (nm): —1.09 (288), —1.75 (230) (c=3.18X107n,
MeOH), (R)-0,0-dimethylcoclaurine (5)'9 {ref. [a]F +15.7
(c=0.4, CHCL)}, [a]3 +10.9 (c=0.16, CHCl,;), CD As (nm):
—1.15 (288), —2.00 (232) (c=2.59X107m, MeOH). Other
chemical constituents including megastigmane glucosides
have been isolated previously and published elsewhere.!”

Annonamine (1): Amorphous powder; [a]Z —12.5 (¢=1.70,
MeOH); IR v, (film) em™: 3360, 2964, 2937, 1680, 1431,
1354, 1259, 1200, 1183, 1136, 1007, 798; UV 4_,. (MeOH)
am (loge): 310sh (3.16), 283sh (3.76), 273 (3.90), 229 (3.99),
211 (4.15); 'H- and *C-NMR (CD,OD): Table 1; CD A¢ (nm):
+0.86 (274), —6.15 (233) (c=5.43%10">m, MeOH); HR-ESI-
TOF-MS (positive-ion mode) m/z: 296.1644 [M]" (Calcd for
C,,H,,NO,: 296.1645).

Cytotoxicity Assay The cytotoxicity assay was performed
using human neuroblastoma cell line, SH-SYSY by 3-[4,5-di-
methylthiazol-2-y1]-2,5-diphenyltetrazolium bromide (MTT)
method. In brief, cells (5X10°cells/1004L complete medium)
were cultured in 96-well plates with different concentrations
of the test compounds (200-6.25 um; 1% of dimethyl sulfoxide
(DMSO) was present as a vehicle in all the experiments) for
72h at 37°C. Then the culture supernatants were replaced with
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100uL of a MTT solution comprising 0.5mg/mL of MTT in
complete medium. After 3h incubation at 37°C, the precipitate
was dissolved in 100uL of DMSO. The optical density values
for each well were measured at 520nm with a microplate
reader.

The cytotoxicity was calculated using the following equa-
tion:

Inhibition (%) = [1 _(Asample—Abackgmund)/A DMSO—Abackground)] X100

where Apyso is the absorbance of the control reaction mixture
(containing DMSO and all reagents except for the test com-
pound).
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Abstract Three new megastigmanes (1-3), named
annoionols A and B (1, 2) and annoionoside (3), were
isolated from the leaves of Annona muricata L. (Annonaceae)
together with 14 known compounds (4-17). Among the
known compounds, annoionol C (4) was isolated from a
natural source for the first time. The structures of all
compounds were elucidated by spectroscopic and chemical
analyses.

Keywords Annona muricata - Annonaceae -
Megastigmane - Annoionoside - Annoionol

Introduction

Megastigmanes and their glycosides are a currently
expanding class of compounds. In our continuing studies
on sub-tropical plants collected on Okinawa, we have
phytochemically investigated the leaves of Annona muri-
cata L. (Annonaceae) in this paper. The plant is an ever-
green tree of medium height, and is found in the Americas,
Africa and Southeast Asia. The edible fruit of this plant is
well-known as “soursop” and is cultivated widely in
tropical and subtropical areas nowadays. However, in the
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Caribbean, consumption of this fruit is suggested to have a
connection to an atypical form of Parkinson’s disease [!].
The present study describes the isolation and structural
elucidation of three new megastigmanes (1-3) together
with 14 known compounds (4-17).

Results and discussion

Air-dried leaves of A. muricata were extracted with MeOH
three times by maceration. The combined MeOH extract was
evaporated and partitioned with n-hexane, CHCl;, EtOAc
and 1-BuOH successively, to give n-hexane, CHCl3, EtOAc
and 1-BuOH soluble fractions, respectively. The CHCl; and
EtOAc-soluble fractions were combined because of the
similarity of their TLC patterns. The residue of the 1-BuOH-
soluble fraction and the combined CHCl3- and EtOAc-sol-
uble fractions were subjected to various kinds of column
chromatography to yield 17 compounds (1-17) (Fig. ).
Annoionol A (1) was obtained as a colorless amorphous
powder and its molecular formula was determined to be
C13H603 from its high-resolution electrospray-ionization
time-of-flight mass spectrum (HR-ESI-TOF-MS) (m/z =
253.1775 [M + Na]™). The IR absorption at 3382 cem™!
indicated the presence of a hydroxyl group. The 'H-NMR
spectrum exhibited the signals ascribable to two singlet (g
0.88 and 0.94) and two doublet [y 1.07 (d) and 1.15 (d)]
methyls, and two oxygenated methines (dy 3.49, 3.65 and
2.78) (Table 1). The *C-NMR and DEPT spectra indicated
the presence of 13 carbon signals comprising those of four
methyls, three methylenes, five methines, of which three
were oxygenated, and one quaternary carbon (Table ).
The proton (5y 2.78) was assigned to that on the highly
deshielded oxygenated methine carbon (6 82.4) by the
HMQC spectrum. These atypically counter-shifted proton
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and carbon were also observed in the case of elaeocarp-
ionoside [2] and fruticosides A and B [*]. Considering the
above together with one degree of unsaturation, a
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Fig. 1 Structures of the isolated compounds

Table 1 'H-NMR spectral data for 1-4 (§ in ppm, J in Hz, in CD;0D)

megastigmane skeleton was formulated for 1. The 'H-'H
correlation spectroscopy (COSY) spectrum revealed a
proton coupling framework from H-2 to Hj;-10 together
with the connection of Hj3-13 to H-5, which revealed the
planar structure of 1 shown in Fig. |. The heteronuclear
multiple bond correlation (HMBC) spectrum confirmed
this structure (Fig. 2a). The relative configuration of 1 was
determined by considering the coupling constants (Table 1)
and phase-sensitive (PS) nuclear Overhauser enhancement
spectroscopy (NOESY) spectral data. The axial coupling of
H-2ax [0y 1.21 (1H, dd, J = 13, 12 Hz)], H-3 [éy 3.49
(1H, ddd, J = 12,9, 5 Hz)], H-4 [0 2.78 (1H, dd, J = 10,
9 Hz)] and H-6 [0y 0.71 (1H, ddd, J = 11, 4, 2 Hz)], and
the NOE correlations around the six-membered ring por-
tion are in good agreement with the relative configuration
shown in Fig. Zb. Finally, the absolute configuration of 1
was determined by the modified Mosher’s method (Fig. c)
[4]. The structure of annoionol A (1) was therefore eluci-
dated to be (3R,4R,55,65,9R)-megastigma-3,4,9-triol.
Compound 2 was obtained as a colorless amorphous
powder and its molecular formula was determined to
be Ci3H404 by HR-ESI-TOF-MS (m/z = 267.1562
[M + Na]™). The 'H and **C-NMR spectra were similar to

1 2 3 4
2 1.21 ax dd (13, 12) 143 eq dd (12, 5) 1.48 eq dd (13, 5) 1.10 ax dd (12, 12)
1.62 eq dd (13, 5) 1.81 ax dd (12, 12) 1.82 ax dd (13, 12) 1.65 eq ddd (12, 3, 2)
3 3.49 ddd (12, 9, 5) 3.60 ddd (12, 9, 5) 3.71 ddd (12,9, 5) 3.72 m
2.78 dd (10, 9) 3.26 dd (11, 9) 3.36 dd (11, 9) 1.03 ax ddd (12, 12, 12)
- - - 2.12 eq m
5 1.37 m 1.77 dg (11, 7) 1.98 dg (11, 7) 1.45 m
0.71 ddd (11, 4, 2) - - 0.78 ddd (11, 5, 2)
1.08 m 5.55 dd (16, 1) 5.55 dd (16, 1) 1.09 m
1.56 m - - 1.58 m
8 1.44 m 5.70 dd (16, 6) 5.70 dd (16, 6) 1.40 m
1.51 m - - 1.50 m
9 3.65 m 4.30 qdd (6, 6, 1) 4.30 gdd (6, 6, 1) 3.66 qt (6, 6)
10 1.15 d (6) 1.25 d (6) 1.25 d (6) 1.15 d (6)
11 0.88 s 1.02 s 1.01 s 0.84 ]
12 0.94 s 0.88 s 0.88 s 0.97 ]
13 1.07 d (6) 0.95 d (7 1.04 d (7) 3.42 dd (10, 7)
- - - 3.70 dd (10, 3)
1 4.311 d (8)
2! 3.25 dd (9, 8)
3 3.37 dd (9, 9
4 3.34 m
5 3.34 m
6 3.87 dd (12, 1)
3.67 dd (12, 5)
m Multiplet or overlapping signals
@ Springer
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Fig. 2 Absolute structure of 1. a COSY (bold line) and HMBC
(arrows) correlations. b Important NOESY correlations. ¢ Analysis
by the modified Mosher’s method. The values are expressed as Ads.g

those of 1 except for the appearance of an oxygen-bearing
quaternary carbon and a rrans-double bond. The 'H-'H
COSY spectra revealed two proton coupling networks from
H-2 to H-13 through H-5, and from H-7 to H-10, which
revealed the planar structure of 2 shown in Fig. i. The
HMBC spectrum also confirmed that the structure of 2 was
megastigman-7-ene-3,4,6,9-tetraol (Fig. ). The coupling
constant of 16 Hz for H-7 and H-8 indicated the geometry
of the double bond to be the E-form. The relative config-
uration of 2 was determined by considering the coupling
constants around the six-membered ring portion and PS
NOESY spectral data. The axial coupling of H-2ax [dyg
1.81 (1H, dd, J = 12, 12 Hz)], H-3 [6y 3.60 (1H, ddd,
J =12, 9, 5 Hz)], H-4 [dy 3.26 (1H, dd, J = 11, 9 Hz)]
and H-5 [0y 1.77 (1H, dq, J = 11, 7 Hz)] revealed the
equatorial nature of 3-OH, 4-OH and 5-Me. The relative
configuration of C-6 was also determined to be as shown in
Fig. b from the NOE correlations between H-7 and H-5ax,
and between H-7 and Hs-11. Finally, the absolute config-
uration of 2 was determined by the modified Mosher’s
method (Fig. 3). Annoionol B (2) was therefore elucidated
to be (3R4R,5R,6R,7TE,9R)-megastigman-7-ene-3,4,6,9-
tetraol.

Compound 3 was obtained as a colorless amor-
phous powder and its molecular formula was determined
to be CioH3409 by HR-ESI-TOF-MS (m/z = 429.2090

@ Springer

Table 2 "*C-NMR spectral data for 1-4 (8 in ppm, in CD;0OD)

1 2 (=3a) 3 (03-32) 4

1 36.2 40.1 397 36.8
2 49.0 439 43.0 51.9
3 72.4 72.9 71.1 (-1.8) 67.5
4 82.4 78.7 90.3 (+11.6) 40.8
5 41.6 42.1 41.6 (-0.5) 42.7
6 52.7 80.1 80.1 48.5
7 26.7 133.7 1333 26.1
8 42.4 135.6 1358 421
9 69.2 69.2 69.1 69.1
10 23.4 242 24.2 234
1t 21.5 25.5 254 21.4
12 30.9 25.2 25.1 313
13 16.8 12.1 12.1 66.1
iy 105.4

2! 75.5

3 78.1

4! 71.6

5 78.1

& 62.5

m Multiplet or overlapping signals

[M + Na]™). The 'H and *C NMR spectra were closely
similar to those of 2. An anomeric proton and six oxygen-
ated carbon signals at oc 105.4,78.1 (C x 2),75.5,71.6 and
62.5 indicated the presence of glucopyranose. The HMBC
correlations between H-4 and C-1', and H-1’ and C-4 con-
firmed the connectivity of glucose at C-4, and other two-
dimensional NMR analyses confirmed the planar structure
of 3 (Fig. 1). The coupling constant of the anomeric proton
(8 Hz) and chiro-optical HPLC analysis of the sugar frac-
tion following enzymatic hydrolysis of 3 revealed that the
configuration of glucose was of the D-series. The relative
configuration around the six-membered ring of 3 was
determined to be equatorial for 3-OH, 4-OH and 5-Me by
considering the axial-axial coupling constants of the cor-
responding protons (Table ). The relative configuration of
C-6 was also determined to be as shown in Fig. 3 from the
NOE correlations between H-7 and H-5ax, and between H-7
and Hs-11. The absolute stereochemistry at C-3 was tenta-
tively determined to be 3R by application of the glucosy-
lation-induced shift-trend rule [5]. Finally, the aglycone
liberated on enzymatic hydrolysis was then esterified to
afford (R)- and (S)-o-methoxy-a-(trifluoromethyl)phenyla-
cetic acid (MTPA) diesters. The 'H-NMR spectral data
of both the (R) and (S)-MTPA diesters were essentially
identical to those of the MTPA derivatives of 2. The
absolute structure of 3 was therefore elucidated to be
(3R,4R,5R,6R,7E ,9R)-megastigman-7-ene-3,4,6,9-tetraol
4-0-f-p-glucopyranoside (Fig. 3).
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Compound 4 was obtained as a colorless amorphous
powder and its molecular formula was revealed to be the
same as that of 1, C;3Hps03, by HR-ESI-TOF-MS
(m/z = 253.1770 [M + Na]*) analysis. In the *C-NMR
spectrum, two methylenes (5¢ 40.8 and 66.1), of which one
was oxygenated, were seen in 4 instead of the methyl (C-13
of 1) and oxygenated methine (C-4 of 1) groups observed
in 1. Therefore, the planar structure of 4 was assumed to be
a positional isomer of 1 having a hydroxy group at C-13
(Fig. 1). The relative stereostructure of 4 was elucidated
from the coupling constants and by two-dimensional NMR
analyses (Fig. ). Finally, the absolute configuration of 4
was determined by the modified Mosher’s method (Fig. ).
Thus, the structure of annoionol C (4) was elucidated to be
(3S,5R,65,9R)-megastigman-3,9,13-triol. Annoionol C (4)

NOESY

2 (=3a)

\ ~0.05  —0.001 OMTPA
N 012 F
2N 001

+0.06 >
Enzymatic +0.08 WO -00T +0.04
hydrolysis o :70.08
MTPAO (£0.07"-0.07
OH 465 (ppm)
HMBC & COSY

Fig. 3 Absolute structures of 2 and 3. COSY (bold lines), HMBC
(arrows), and NOESY (arrows in 3D drawing) correlations were
indicated. The Ads_x values are expressed in ppm

COSY & HMBC

?H NOESY K\j \

S

HO™

-0.09 —-0.04
043 007 Ads.r (PPM)

Fig. 4 Absolute structure of 4. a Pivaloyl chloride/pyridine. b (R) or
(5)-MTPA, EDC, DMAP/CH,Cl,. COSY (bold line), HMBC

(arrows), and NOESY (arrows in 3D drawing) correlations are
indicated. The Ads g values are expressed in ppm

has already been reported as the aglycone of two related
glucosides, bridelionoside D [¢:] and rhusonoside A [7];
however, this was the first time that 4 had been isolated
from a natural source.

It is noteworthy that the several stereoisomers for
compounds 1-3 have already been isolated from various
plant sources [$—!!]; however the megastigmanes having
(3R.,4R)-diol moiety have rarely been found in nature. The
remaining known compounds (5-17) were identified by
comparison of the spectroscopic data with those reported in
the literature, as follows. Vomifoliol (5), [a]¥ +176.6°
(¢ 0.31, MeOH) [!2], roseoside (6), [0]5 +100.8° (¢ 0.54,
MeOH) [!3], turpinionoside A (7), {a]2D7 —37.4° (¢ 0.53,
MeOH), g = 18.5 min under the same HPLC conditions
as described in the literature [ 14, 5], citroside A (8), [oc]lz)7
—83.9° (¢ 0.73, MeOH) [ 1 6], blumenol C (9), [a]& +49.6°
(¢ 0.22, CHCly) [17], (+)-epiloliolide (10), [o]2° +22.3°
(¢ 0.12, CHCl3) [1€], loliolide (11), [«]5 —67.9° (¢ 0.88,
MeOH) [19], (18,25,4R)-trans-2-hydroxy-1,8-cineole f-p-
glucopyranoside (12), [a]& +0.67° (¢ 0.48, MeOH) [20],
(Z)-3-hexenyl f-p-glucopyranoside (13), [oc]zD7 —20.5°
(c 0.25, MeOH) [21], rutin (14), [a]y —10.4° (¢ 9.4,
MeOH) [22], kaempferol 3-O-rutinoside (15), [e]F —11.1°
(c 0.42, MeOH) [23], kaempferol 3-O-robinobioside (16),
[a]® —63.1° (¢ 0.36, pyridine) [24], kaempferol 3-O-f-p-
(2"-0-f-p-glucopyranosyl,6”-O-o-L-rhamnopyranosyl)gluco-
pyranoside (17), [«]3 —82.2° (¢ 0.63, MeOH) [25].

Compounds 1-4 were examined for 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging activity, and
also for tumor cell growth inhibitory activity toward A549
and SBC-3 by means of a MTT assay. However, these
compounds did not show any significant activity at
100 pM.

Experimental
General experimental procedures

Silica gel column chromatography (CC) was performed on
silica gel 60 (Merck, Darmstadt, Germany), and reversed-
phase [octadecyl silica gel (ODS)] open CC (RPCC) on
Cosmosil 75C;3-OPN (Nacalai Tesque, Kyoto, Japan)
(@ =5cm, L =20cm). HPLC was performed on ODS
(Cosmosil; Nacalai Tesque, Japan; & = 10 mm, L=
250 mm), and the eluate was monitored with a refractive
index monitor.

Optical rotations were measured on a JASCO P-1030
polarimeter. IR spectra were measured on a Horiba FT-710
Fourier transform infrared spectrophotometer. NMR spec-
tra were taken on a JEOL ECA 600 spectrometer at
600 MHz for 'H, and 150 MHz for '*C, respectively, with
tetramethylsilane as an internal standard. Positive-ion

@ Springer
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HR-ESI-TOF-MS was recorded on a Applied Biosystem
QSTAR XL spectrometer. A VersaMax (Molecular Devi-
ces) was used as a microplate reader.

Plant material

Leaves of A. muricata were collected in Yaeyama-gun,
Okinawa, Japan, in November 2004, and a voucher speci-
men was deposited in the Herbarium of the Department of
Pharmacognosy, Graduate School of Biomedical Sciences,
Hiroshima University (No. 04-AM-Okinawa-1105).

Extraction and isolation

Air-dried leaves of A. muricata (520 g) were extracted with
MeOH (2 L) three times by maceration. The MeOH
extracts were combined and evaporated to dryness to afford
a viscous gummy material (78.2 g). This residue was sus-
pended in 1.5 L of H,O, and then extracted with equal
volumes of n-hexane, CHCl;, EtOAc and 1-BuOH suc-
cessively to afford 13.4, 34.9, 1.1 and 5.0 g of fractions,
respectively. The remaining H,O layer was concentrated to
furnish an H,O-soluble fraction (23.9 g). The 1-BuOH
soluble fraction (5.0 g) was subjected to silica gel column
chromatography (@ = 2.5 cm, L = 50 cm) with stepwise
gradient elution with increasing amounts of MeOH in
CHCl; [CHCl; (1 L), CHCl;-MeOH (20:1, 750 mL),
(10:1, 750 mL), (5:1, 750 mL), (3:1, 750 mlL.)], CHCls:
MeOH:H,0 = 15:6:1, 750 mL, and MeOH, 750 mL. The
combined residue (0.83 g) of the CHCl3-MeOH (10:1) and
(5:1) eluates obtained on silica gel CC was subsequently
subjected to RPCC with stepwise gradient elution with
increasing amounts of MeOH in H,O (30, 50, 70, 90 and
100% MeOH, 300 mL each containing 0.1% TFA). The
residue (470 mg) obtained from the 30% MeOH eluate was
purified by HPLC (ODS) with 13% CH;CN to afford 2
(12.7 mg), 6 (14.3 mg), 12 (4.8 mg) and 13 (7.1 mg) from
the peaks at 10.8, 18.2, 23.5 and 33.0 min (flow rate:
2.5 mL/min), respectively. The residue (320 mg) obtained
from the 50% MeOH eluate was purified by HPLC (ODS)
with 30% acetone to afford 4 (11.1 mg) from the peak at
8.1 min (flow rate: 2.8 mL/min).

The residue (1.43 g) of the CHCl;~-MeOH (3:1) eluate
obtained on silica gel CC was subsequently subjected to
RPCC with stepwise gradient elution with increasing
amounts -of MeOH in H,O (30, 50, 70, 90 and 100%
MeOH, 300 mL containing 0.1% TFA). The residue
(850 mg) obtained from the 30% MeOH eluate was puri-
fied by HPLC (ODS) with 13% CH3;CN to afford 3
(64.3 mg), 7 (9.7 mg) and 8 (12.8 mg) from the peaks at
10.5, 14.2 and 18.1 min (flow rate: 2.5 mL/min), respec-
tively. The residue (620 mg) obtained from the 50%
MeOH eluate was purified by HPLC (ODS) with 30%

@ Springer

acetone to afford 15 (59.6 mg) from the peak at 14.9 min
(flow rate: 2.8 mlL/min).

The residue (1.13 g) of the CHCl3:MeOH:H,0 = 15:6:1
eluate obtained on silica gel CC was subsequently sub-
jected to RPCC with stepwise gradient elution with
increasing amounts of MeOH in H,O (30, 50, 70, 90 and
100% MeOH, 300 mL each containing 0.1% TFA). The
residue (400 mg) obtained from the 50% MeOH eluate was
purified by HPLC (ODS) with 20% CH3;CN-0.1% TFA to
afford 14 (199 mg) from the peak at 11.2 min (flow rate:
3.0 mL/min).

The residue (1.05 g) of the MeOH eluate obtained on
silica gel CC was subsequently subjected to RPCC with
stepwise gradient elution with increasing amounts of
MeOH in H,0O (30, 50, 70, 90 and 100% MeOH, 300 mL
each containing 0.1% TFA). The residue (660 mg)
obtained from the 50% MeOH eluate was purified by
HPLC (ODS) with 22% acetone to afford 17 (12.7 mg) and
14 (14.3 mg) from the peaks at 8.9 and 15.5 min (flow rate:
2.8 mL/min), respectively.

The CHCI; and EtOAc-soluble fractions were combined
and subjected to silica gel column chromatography
(@ = 5.8 cm, L =38 cm) with stepwise gradient elution
with increasing amounts of MeOH in CHCl; [CHCl; (3 L),
CHCI3-MeOH (100:1, 3 L), (50:1, 3 L), (30:1, 3 L), (20:1,
3 L), (10:1,3 L), (5:1,3 L), (2:1, 3 L) and (MeOH, 3 L)].
The residue (2.4 g) of the CHCI;-MeOH (30:1) eluate
obtained on silica gel CC was subsequently subjected to
RPCC with stepwise gradient elution with increasing
amounts of MeOH in H,O (30, 50, 70, 90 and 100%
MeOH, 300 mL each with 0.1% TFA). The residue
(70 mg) obtained from the 30% MeOH eluate was purified
by HPLC (ODS) with 20% CH3CN-0.1% TFA to afford 10
(4.0 mg) from the peak at 17.2 min (flow rate: 2.5 mL/
min). The residue (120 mg) obtained from the 50% MeOH
eluate was purified by HPLC (ODS) with 38% acetone to
afford 11 (8.8 mg) and 9 (5.0 mg) from the peaks at 8.4
and 12.1 min (flow rate: 2.5 mL/min), respectively.

The residue (4.90 g) of the CHCl;-MeOH (20:1) eluate
obtained on silica gel CC of the CHCl; and EtOAc soluble
fractions was subsequently subjected to RPCC with step-
wise gradient elution with increasing amounts of MeOH in
H,0 (30, 50, 70, 90 and 100% MeOH, 300 mL each with
0.1% TFA). The residue (60 mg) obtained from the 30%
MeOH eluate was purified by HPLC (ODS) with 20%
CH;CN to afford 5 (6.0 mg) from the peak at 10.8 min
(flow rate: 2.5 mL/min).

The residue (7.36 g) of the CHCl;-MeOH (10:1) eluate
obtained on silica gel CC of the CHCl;3 and EtOAc-soluble
fractions was subsequently subjected to RPCC with step-
wise gradient elution with increasing amounts of MeOH in
H,0 (30, 50, 70, 90 and 100% MeOH, 300 mL each with
0.1% TFA). The residue (190 mg) obtained from the 50%
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MeOH eluate was purified by HPLC (ODS) with 30%
acetone-0.1% TFA to afford 1 (1.1 mg) from the peak at
9.6 min (flow rate: 2.8 mL/min).

The residue (1.87 g) of the CHCl;-MeOH (2:1) eluate
obtained on silica gel CC of the CHCl; and EtOAc-soluble
fractions was subsequently subjected to RPCC with step-
wise gradient elution with increasing amounts of MeOH in
H,0 (30, 50, 70, 90 and 100% MeOH, 300 mL each with
0.1% TFA). The residue (290 mg) obtained from the 50%
MeOH eluate was purified by HPLC (ODS) with 29%
acetone to afford 16 (7.1 mg) and 15 (9.9 mg) from the
peaks at 10.5 and 12.2 min (flow rate: 2.8 mL/min),
respectively.

Annoionol A (1)

Amorphous powder; [a]f 4+1.45° (¢ 0.11, MeOH); IR V00
(film) cm™": 3382, 2964, 2927, 1594, 1372, 1294, 1255,
1124, 1063; 'H- and "*C-NMR (CD,OD): Tablés | and 2,
respectively; HR-ESI-TOF-MS  (positive-ion  mode)
m/z: 2531775 [M + Na]* (Caled for C,3H,s0:Na:
253.1774).

Annoionol B (2)

Amorphous powder; [a]f —4.17° (¢ 1.27, MeOH); IR Vyax
(film) cm™": 3398, 2971, 2934, 1676, 1516, 1460, 1371,
1136, 1054; 'H and *C NMR (CD;OD): Tables i and 2,
respectively; HR-ESI-TOF-MS (positive-ion mode) m/z:
267.1562 [M + Na]* (Caled for C,3H,404Na: 267.1566).

Annoionoside (3)

Amorphous powder; [a]f;s —15.0° (¢ 6.43, MeOH); IR vpax
(film) em™": 3396, 2971, 2932, 1672, 1516, 1444, 1373,
1132, 1075, 1033; 'H and 'C NMR (CDsOD): Tables |
and 2, respectively; HR-ESI-TOF-MS (positive-ion mode)
m/z. 429.2090 [M + Na]™ (Caled for C;oH;,O¢Na:
429.2095).

Annoionol C (4)

Amorphous powder; [06]1236 —9.1° (¢ 1.11, MeOH); IR v«
(film) em™: 3374, 2931, 1672, 1370, 1201, 1125, 1044; 'H
and C NMR (CD;0D): Tables | and 2, respectively;
HR-ESI-TOF-MS (positive-ion mode) m/z: 253.1770
[M + Na]* (Caled for C,3H,605Na: 253.1774).

Preparation of (R)- and (S)-MTPA diesters
(la and 1b) of 1

A solution of 1 (0.5 mg) in 1 mL of dehydrated CH,Cl, was
reacted with (R)-a-methoxy-o-(trifluoromethyl)phenylacetic

acid (MTPA) (25.2 mg) in the presence of l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDC)
(23.5 mg) and 4-N,N'-dimethylaminopyridine (DMAP)
(12.6 mg), followed by standing at 35°C for 12 h. After the
addition of 1.0 mL each of H,O and CHCls, the solution
was washed with 1 M HCI (1.0 mL), NaHCOj;-saturated
H,0O (1.0 mL) and saturated brine (1.0 mL) successively.
The organic layer was dried over Na,SO4 and then evapo-
rated under reduced pressure. The residue was purified by
preparative TLC [silica gel (0.25 mm thickness, applied for
18 cm and developed with CHCl;—(CHs),CO (20:1) for
9 cm and eluted with CHCI;-MeOH (9:1)] to furnish a
diester, 1a (0.6 mg). Through a similar procedure, 1b
(0.5 mg) was prepared from 1 (0.5 mg) using (S)-MTPA
(28.2 mg), EDC (25.6 mg) and DMAP (11.3 mg).

(R)-MTPA diester, (1a): Amorphous powder; '"H-NMR
(CDCly) 6: 7.57-7.52 (4H, m, aromatic protons), 7.43-7.39
(6H, m, aromatic protons), 5.08 (1H, m, H-9), 5.02 (1H, m,
H-3), 3.56 (3H, br s, OMe), 3.53 (3H, br s, OMe), 3.17 (1H,
dd, J = 10, 10 Hz, H-4), 1.79 (1H, dd, J = 12, 4 Hz,
H-2eq), 1.64 (2H, m, H-8), 1.50 (1H, m, H-5), 1.49 (1H, m,
H-7a), 1.29 (3H, d, J = 6 Hz, H5-10), 1.27 (1H, dd,
J =12, 12 Hz, H-2ax), 1.12 (1H, m, H-7b), 1.08 (3H, d,
J = 6 Hz, H3-13), 0.91 (3H, s, Hs5-12), 0.89 (3H, s, H3-11),
0.72 (1H, br d, J = 11 Hz, H-6); HR-ESI-TOF-MS (posi-
tive-ion mode) m/z: 685.2581 [M + Na]® (Caled for
C33H4QO7F6Na: 6852570)

(8)-MTPA diester, (1b): Amorphous powder; TH-NMR
(CDCl3) 6: 7.56~7.52 (4H, m, aromatic protons), 7.43-7.37
(6H, m, aromatic protons), 5.08 (1H, m, H-9), 4.99 (1H, m,
H-3), 3.57 (6H, br s, OMe), 3.09 (1H, dd, J = 10, 10 Hz,
H-4), 1.83 (1H, dd, J = 12, 4 Hz, H-2eq), 1.59 (2H, m,
H-8), 1.44 (1H, m, H-5), 1.36 (1H, m, H-7a), 1.34 (3H, d,
J = 6 Hz, H5-10), 1.32 (1H, dd, J = 12, 12 Hz, H-2ax),
1.04 (1H, m, H-7b), 0.99 (3H, d, J = 6 Hz, Hs-13), 0.84
(3H, s, Hs-12), 0.82 (3H, s, Hs3-11), 0.65 (1H, br d,
J = 11 Hz, H-6); HR-ESI-TOF-MS (positive-ion mode)
miz: 685.2581 [M + Na]* (Caled for Ca3HaoO,FgNa:
685.2570).

Preparation of (R)- and (S)-MTPA diesters
(2a and 2b) of 2

Through a similar procedure, (R)- and (S)-MTPA diesters,
2a (1.0 mg) and 2b (0.9 mg), were prepared from 2
(1.0 mg each) with the respective reagents, (R)- and
(S)-MTPA (13.6 and 12.6 mg), EDC (11.2 and 10.7 mg)
and DMAP (5.9 and 6.7 mg).

(R)-MTPA diester, (2a): Amorphous powder; '"H-.NMR
(CDCls) 8: 7.57-7.51 (4H, m, aromatic protons), 7.42-7.36
(6H, m, aromatic protons), 5.74 (1H, d, J = 16 Hz, H-7),
5.69 (1H, dd, J = 16, 6 Hz, H-8), 5.61 (1H, qd, J = 6,
6 Hz, H-9), 5.12 (1H, ddd, J = 12, 10, 5 Hz, H-3), 3.61
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(1H, dd, J = 10, 10 Hz, H-4), 3.55 (3H, br s, OMe), 3.52
(3H, br s, OMe), 1.90 (1H, dq, J = 10, 7 Hz, H-5), 1.84
(1H, dd, J = 12, 12 Hz, H-2ax), 1.65 (1H, dd, J = 12,
5 Hz, H-2eq), 1.39 (3H, d, J = 6 Hz, H;-10), 1.08 (3H, s,
Hs-11), 0.95 (3H, d, J = 7 Hz, H3-13), 0.812 (3H, s, Hs-
12); HR-ESI-TOF-MS (positive-ion mode) m/z: 699.2362
[M + Na]™* (Caled for Cs3H3g0gFsNa: 699.2363).

(5)-MTPA diester, (2b): Amorphous powder; "H-NMR
(CDCls) 6: 7.56-7.51 (4H, m, aromatic protons), 7.42-7.36
(6H, m, aromatic protons), 5.64-5.59 (2H, m, H-7 and 8),
5.62 (1H, qd,J = 6,6 Hz, H-9),5.10 (1H, ddd, J = 12, 10,
5 Hz, H-3), 3.54 (1H, dd, J = 10, 10 Hz, H-4), 3.58 (3H,
br s, OMe), 3.56 (3H, br s, OMe), 1.92 (1H, dd, J = 12,
12 Hz, H-2ax), 1.84 (1H, dq, J = 10,7 Hz, H-5), 1.71 (1H,
dd, J = 12, 5 Hz, H-2eq), 1.43 (3H, d, J = 6 Hz, H5-10),
1.03 (3H, s, Hs-11), 0.88 (3H, d, J = 7 Hz, H5-13), 0.811
(3H, s, Hs;-12); HR-ESI-TOF-MS (positive-ion mode)
miz: 699.2368 [M + Na]™ (Caled for Cs3Hsg0sFsNa:
699.2363).

Enzymatic hydrolysis of 3

Compound 3 (10.0 mg) was hydrolyzed with f-glucosi-
dase (5.5 mg) at 37°C in 1 mL of 20 mM acetate buffer
(pH 5.0) with reciprocal shaking for 12 h. The liberation
of glucose was monitored by TLC analysis (CHCls:
MeOH:H,0, 15:6:1, Ry values, 3: 0.50, aglycone 1a: 0.76,
and glucose: 0.19). The reaction mixture was concentrated
and then subjected to preparative TLC (silica gel,
0.25 mm thickness, applied for 18 cm and developed with
CHCl3:MeOH:H,0, 15:6:1 for 9 cm and eluted with the
same solvent) to furnish an aglycone, 3a (5.5 mg). The
absolute configuration of the liberated glucose was
determined to be of the D-series from the positive optical
rotation sign and the retention time (8.7 min) on HPLC
analysis [JASCO OR-2090 Plus; Optical rotation detector,
Shodex Asahipak NH2P-30; & = 4.5 mm, L = 25 cm,
75% CHLCN aq., 1 mL/min] of the sugar-containing
fraction. Peak materials were identified by co-chroma-
tography with authentic p-glucose. The physicochemical
data for 3a including the optical rotation value were
essentially identical to those of 2. Finally, this identity
was confirmed by preparing MTPA diesters through a
similar procedure to that mentioned above, (R)- and (S)-
MTPA diesters, 3b (0.6 mg) and 3¢ (0.4 mg), being
prepared from 3a (0.7 mg each) with the respective
reagents, (R)- and (S)-MTPA (10.5 and 11.7 mg), EDC
(11.8 and 10.6 mg) and DMAP (11.1 and 10.3 mg).
"H-NMR of 3b and 3¢ was essentially identical to that of
2a and 2b, respectively; HR-ESI-TOF-MS (positive-ion
mode) of 3b and 3¢, m/zz 699.2361 and 699.2358
[M + Nal]*, respectively (Caled for Cs3H;304F¢Na:
699.2363).
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Pivaloylation of 4

A solution of 4 (2.4 mg) in 1.0 mL of dehydrated pyridine
was reacted with pivaloyl chloride (5 pl) on ice for 3.0 h
with stirring. After the addition of 0.5 mL of H,O, the
reaction mixture was concentrated under reduced pressure.
The residue was purified by preparative TLC (silica gel,
0.25 mm thickness, applied for 18 cm and developed with
CHCI;-MeOH (10:1) for 9 cm and eluted with CHCls-
MeOH (2:1) to furnish a pivaloyl ester, 4a (1.8 mg). 4a:
Amorphous powder; 'H-NMR (CDCl3) §: 4.20 (1H, dd,
J = 11,3 Hz, H-13a), 3.92 (1H, dd, J = 11, 6 Hz, H-13b),
3.79 (1H, dddd, J = 11, 11, 4, 4 Hz, H-3), 3.73 (1H, m,
H-9), 2.06 (1H, m, H-4 eq), 1.72 (1H, ddd, J = 12, 4,
2 Hz, H-2eq), 1.67 (1H, m, H-5), 1.60 (1H, m, H-7a), 1.46-
1.38 (2H, m, H,-8), 1.23 (9H, s, CHj3), 1.18 (3H, d,
J = 6 Hz, H3-10), 1.13 (1H, dd, J = 12, 11 Hz, H-2ax),
1.12 (1H, ddd, J = 12, 12, 12 Hz, H-4ax), 1.09 (1H, m,
H-7b), 0.98 (3H, s, H3-12), 0.85 (1H, ddd, / = 11, 5, 3 Hz,
H-6), 0.84 (3H, s, Hs-11); *C-NMR (CDCl3) 6: 178.6
(Me;CC = 0-), 68.5 (C-9), 67.0 (C-13), 66.7 (C-3), 50.9
(C-2), 474 (C-6), 41.1 (C-8), 40.0 (C-4), 39.0
(Me;CC = O-), 38.6 (C-5), 35.9 (C-1), 30.6 (C-12), 27.3
(MesCC = 0-), 24.6 (C-7), 23.6 (C-10), 20.8 (C-11); HR-
ESI-TOF-MS  (positive-ion mode) m/z: 337.2353
[M + Na]™ (Calcd for C,gHz,04Na: 337.2349).

Preparation of (R)- and (S)-MTPA diesters
(4b and 4c¢) of 4a

Through a similar procedure to that described above, (R)-
and (5)-MTPA diesters, 4b (0.73 mg) and 4c (0.82 mg),
were prepared from 4a (0.9 mg each) with the respective
reagents, (R)- and (S)-MTPA (29.2 and 23.1 mg), EDC
(22.3 and 21.7 mg) and DMAP (8.1 and 10.5 mg).
(R)-MTPA diester, (4b): Amorphous powder; TH-NMR
(CDCly) 6: 7.54-7.51 (4H, m, aromatic protons), 7.43-7.38
(6H, m, aromatic protons), 5.15 (1H, m, H-3), 5.05 (1H, m,
H-9), 4.16 (1H, dd, J = 11, 3 Hz, H-13a), 3.93 (1H, dd,
J = 11,6 Hz, H-13b), 3.54 (3H, br s, OMe), 3.52 (3H, brs,
OMe), 2.15 (1H, m, H-4 eq), 1.76 (2H, m, H-2eq and H-5),
1.61 (2H, m, H-8), 1.56 (1H, m, H-7a), 1.32 (1H, ddd,
J = 12,12,12 Hz, H-4ax), 1.25 (1H, m, H-2ax), 1.20 (9H, s,
Me;CC = 0-),1.08 (1H, m, H-7b),0.86 (3H, s, H5-11),0.92
(3H, s, H;-12); HR-ESI-TOF-MS (positive-ion mode) m/z:
769.3152 [M + Na]+ (Calcd for C38H4308F6Na: 7693145)
(S)-MTPA diester, (4¢): Amorphous powder; '"H-.NMR
(CDCl3) 6: 7.57-7.50 (4H, m, aromatic protons), 7.43-7.38
(6H, m, aromatic protons), 5.13 (1H, m, H-3), 5.06 (1H, m,
H-9), 4.12 (1H, dd, J = 11, 3 Hz, H-13a), 3.86 (1H, dd,
J = 11, 6 Hz, H-13b), 3.57 (3H, br s, OMe), 3.55 (3H, brs,
OMe), 2.06 (1H, m, H-4 eq), 1.79 (1H, m, H-2 eq), 1.72
(1H, m, H-5), 1.56 (2H, m, H-8), 1.42 (1H, m, H-7a), 1.33
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(3H, d, J = 6 Hz, H3-10), 1.32 (1H, m, H-2ax), 1.19 (1H,
m, H-4ax), 1.18 (9H, s, Me;CC = O-), 1.00 (1H, m, H-7b),
0.84 (3H, s, H5-12), 0.79 (3H, s, H3-11), 0.79 (1H, m, H-6);
HR-ESI-TOF-MS (positive-ion mode) m/z: 769.3149
[M + Na]™* (Calcd for CagHyg0gF¢Na: 769.3145).

DPPH radical-scavenging assay

The reagents, (S)-(—)-6-hydroxy-2,5,7,8-tetramethylchro-
man-2-carboxylic acid (Trolox) and 2,2-diphenyl-1-picryl-
hydrazyl (DPPH), were purchased from Aldrich Chemical
Co., and the DPPH radical-scavenging activities of the
isolated compounds were examined according to the
method previously described [26].

Human cancer cell growth inhibition assay

Growth inhibitory activities were determined using human
promyelocytic leukemia cells (HL-60) and human small cell
lung cancer cells (SBC-3) by the 3-[4,5-dimethylthiazol-
2-y1]-2,5-diphenyltetrazolium bromide (MTT) method [27].
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Biological Activities of Indian Celery, Seseli
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In continuation of cur work on Indian celery (Seseli diffusum (Roxb. ex Sm.) Santapau & Wagh; Umbelliferae),
the fractionation of the 80% MeOH-H,O 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 spasmeo-
genic effect on the smooth muscle preparations. Compound 5 was also found to have antioxidant activity. Among
them, compound 4 was isolated for the first time from this plant. Copyright © 2011 John Wiley & Sons, Ltd.

Keywords: Indian celery; Seseli diffusum; 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 rDNA,
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.

* Correspondence to: M. L. Choudhary, H.E.J. Research Institute of
Chemistry, International Center for Chemical and Biological Sciences,
University of Karachi, Karachi-75270, Pakistan.

E-mail: hej@cyber.net.pk
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Tsuda (1932 2006).

Copyright © 2011 John Wiley & Sons, Ltd.

General. Melting points (m.p.) were determined on a
Yanaco MP-83 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 125 MHz respec-
tively. The 'H- and "> C-NMR spectra were measured
using solvents CD;0D 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 5mg, 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,0O
(80:10:0.5:0.5) elution to obtain isorutarin (5; 50 mg).
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 et al.,
1978), bergapten (Masuda et al., 1998), isopimpinellin
(Elgamal et al., 1979), anthriscinol methyl ether (Ikeda
et al., 1998) and isorutarin (Okuyama et 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 (1it.149-150°C, Murray et al.,
1982).

Anthriscinol methyl ether (4). Pale yellow oil. EI-MS
(M*, mlz 222). '"H-NMR (CDCl;, 400MHz) : 6.59 (1H,
d, ¢ =14Hz), 6.51 (1H, d, Jo»=1.4Hz), 6.46 (1H, dd,
J32=158Hz, J31(apy=14Hz), 6.09 (1H, dt, J,53=15.8 Hz,
Jor@m=60Hz), 592 (2H, s), 403 (2H, dd, J i
w2=00Hz, Jiumns=14Hz), 3.86 (3H, s), 3.35 (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 (RAID™) yeast strain. The bioassay was
performed according to the method reported by Gunati-
laka et 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
IC, (ng/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
30 min. 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 0.124+0.0056

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° 79.34¢
Streptonigrin (reference) 0.4 1.0

Propyl gallate (reference) 92.14¢

-, Inactive; NT, not tested.

%Cq5 in pg/mL.

PSpasmolytic activity, ECso (mg/mL) mean + SEM.
°Spasmogenic activity, ECso (mg/mL) mean £+ SEM.
9% inhibition at 1 mg/mL.

€200 pg/mL/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 er 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 515nm 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-t-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 er 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 er 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.

1t 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

Phytother. Res. (2011)
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fractionation (Table 1), using antispasmodic and spas-
mogenic assays, have led to the identification of several
active constituents. Spasmolytic activity was observed in
1, while isopimpinellin (3) and isorutarin (5) exhibited a
spasmogenic effect on the smooth muscle preparations.
This study therefore rationalizes the folk usage of Seseli
diffusum as an antispasmodic and diuretic medicine
(Datta and Banerjee, 1978; Usmanghani et al., 1997).
Furthermore, compound 5 was found to have an antioxi-
dant activity.
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Abstract

During the course of our study on the borderline of pharmaceuticals to non-pharmaceuticals, the morphological features and
the internal transcribed spacer (ITS) sequences in the nuclear tDNA of Sida plauts and the crude drugs/health foods so called
Sida products were investigated. As the results, we revealed that 7 of 11 products tested contained Sida plants and 3 products
among them included the other plant material(s) together with Sicla. The ITS sequences of Sida plants observed in this study were
classified into 6 genotypes. One of them is identical with that of Sida fallax whereas the others had no identical sequence on the
international nucleotide sequence databases. On the other hand, other species including Urena, Malva and Triumfetia plants of the
family, Malvaceae were detected from 7 products.

In field survey on Oahu Island, the state of Hawaii, USA, Malvaceus plants possessing a Sida like flower were observed at the
same place together with Sida plant. This growing environment in field is likely to be one of the reasons for the contamination
in the products. Simultaneously, our field survey suggests that the appearances of the flowers were not critical points for the
identification of Sida plants. Based on microscopic observations, we found that the stellate hair on leaves and the features of
mericarps were suitable for the purpose.

[n conclusion, the exact identification of their botanical origin is important for regulation of Sida products on the borderline of

pharmaceuticals to non-pharmaceuticals.

Keywords : B3 [X 45, Sida BHEY. DNA BCFl AT, TEREERSE
Borderline of pharmaceuticals to non-pharmaceuticals, Sida species, DNA sequence analysis,
morphological observation
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Table 1. Details of the Sida products purchased in the Japanese and foreign markets
Sample ne. Source Habitat Procurance Part Sold as
date
SCA-1to 6 Through internct from Company A in USA Unknown 2009.05 Stem and leaf S. cordifolia whole plant
gggi Through internet from Company B in USA Unknown 2009.05 Stem and root S. acuta acrial part
Sfa Through internct from Company C in USA  Unknown 2009.04 Alive plant S. fallax
BSS-i 2009.08 Powder S. cordifolia lcaf
BSS-2 2009.08 Cutting leaf S. cordifolia lcaf
BSS-3 Through Compaln-y D in Osaka from Brazil 2009.08 Cutting leaf/stem S. carpinifolia acrial part
Brazilian firm
BSS-4a. b 2009.08 Cutting lcaf/stem  S. carpinifolia acrial part
BSS-5 2009.08 Cutting lcaf S. rhombifolia acrial part
ISC-1 Whole plant S. cordifolia whole plant
1SC-2 Through Compafny D in Osaka from India 2009.10 Whole plant S. cordifolia whole plant
Indian firm powder powder
ISC-3 Root powder S. cordifolia root powder
$s30 Through Company E in Hyogo from China 2010.09 Wholc plant S. acuta ( EIET )

Chincse firm

These samples are deposited in Division of Pharmacognosy, Phytochemistry and Narcotics, National Institute of Health Sciences.
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3. % rDNA O ITS 18EE 54

HH 10 mg TR S FITTH M S 72K MM300
(Qiagen) T HWTH L. DNeasy Plant Mini Kit (Qiagen)
ZHWT total DNA T, R/, ZodoxHHL
L. MO DNA IZREED &S CEFNIREI L7 T4

— W EHNT, PCR 2179 2 L1280, HAYD ITS #I%

% @& DNA B 24572, PCR 13, BEFIZ KOD FX DNA
polymerase (Toyobo) %W\A’C\ VTORE 75770280
1744172 1 94°C 2 min; 98°C 10 sec, 50°C 30 sec, 68°C 30 sec,
40 cycles: 68°C 2 min. Montage-PCR (Millipore) {2 & 9,

Table 2. Details of plant samples collected in Oahu island

Sample no. Habitat Collection Part Morphological

date type*

CMH-1 Type B

CMH-2 Ten A
castle ype

CMH-3 N ; Tyoe A
memorial 5000 0696 Acrial VP

CMH-4 hospital, Type A

Honolul
CMH-5 onoluiu Typc B
CMH-6 Type B

*: type A has the triquetrous mericarp with two awns and many
stellate hairs in petiole and lower side of leaf and vein. Type B has the
flat reniform mericarp with an awn and many hairs, and the hairs in
leaf arc longer than thosc of type B.

These samples are deposited in Division of Pharmacognosy,
Phytochemistry and Narcotics, National Institute of Health Sciences (n
=1).

Table 3.

PCR WAL 2tk YA L7 by — o0 AL LD iR
BH gL 72, o~ 722 ARSI, BigDye Terminator
v3.1 Cycle Sequencing Kit (Applied Biosystems) {25 D473,

ABI Prism 3100-Avant Genetic Analyzer (Applied
Biosystems) & FEVCTHEMT L /2. Boiu/cB ol OB RS
IZ. BLASTn search 707 FLEHWTITo7, 70, 4
HEHATIL, Clustal W 702754 10 % }Eﬁbx“(ﬁ\,\ Rt

FB OB, Kimura's two pqrametex IOBEHSNE
RREBE D&, NTIR D Wmf_(
M FATERER
WO EET BATHERT Table 3 (1ZF L0700, /o

EHT IR ERBCHN T — ¥ -~ (DDBJ/EMBL/GenBank; INSD)
L0 Sida BREOBINL, ITS1 & ITS2 L5 T TR ESL
TWBLDONE D Eop b Sida BHI EHEE S0 50E
WZDWTUE, ITSL, 2 429 THIBIERE LT v, 2085
% Table 4 (222 & LU, Sida B & 352 SAL2 508

—FR—A LD S. acuta, S. cordifolia, S. fallax Walp., S.
rhombifolia, . spinosa L. DELY| (INSD Acc. No.: AJ274952/
AJ251608; AJ274945/AJ251601; GQ478107; GQ478108;
DQO()6018' PITEU)Y RONEEL LT Sida BEIH L7+ A
F7 I T D Abutilon andrewsianum W.Fitzg. DHELY]
(AYS91807) B INA /2T RMBE Fig 1 12, SEEPIHT

DFERE Fig 2 LIRL /2.

BLASTn search results of the plants found in the Sida products

most similar specics (Family)

most similar specics (Family)

Sample no. INSD Acc. No.; similarity (%) Sample no. INSD Ace. No.; similarity (%)
Achyranthes bidentata (Amaranthaceac) . .
SCA-1 ABSS8157: 95.1 BSS-4a Side spp.-4
SCA2 Desmodium g{angei‘icmn (Leguminosae) BSS-db Malvastrum coromandelicnum (Malvaccae)
GQA413941; 100 FJ204694;97.8
SCA-3 not determined BSS-5 Sida spp.-3
- Urena lobata (Malvaceac) , Triumferta rhomboidea (Malvaceac)
SCA-4 IN407484; 99.0 S EF107655; 90.2
SCAS Urena lobata (Malvaccac) 15022 Chenopodium ficifolium (Amaranthaccac)
- IN407484; 99.0 i HES77466; 9.2
) ISC-3 Sida spp.-5
SCA-6 Sida spp.-1 -
Ss30 Sida spp.-6
Triumfeitta rhomboidea (Malvaceac) Malvastrum coromandelionum (Malvacecac)
s : ! "MH-1
SCRs EF107655; 89.8 M FJ204694; 98.2
SCRr Sida spp.-2 CMH-2 Sida spp.-4
Sfa Sicla spp.-2 CMH-3 Sida spp.-4
Malva sylvestris (Malvaccac) .
- ;. MH-4 Sida spp.-4
BSS-| EF419482; 99.3 ¢ Haspp
. Malvastrum coromandelianum (Malvaccace)
2 SDD - "MH-5
BSS-2 Sida spp.-3 CMH-5 FJ204694: 98.2
BSS-3 Abutilon andrewsianum (Malvaccae) CMH-6 Malvastrum coromandeliarum (Malvaccac)

AY591807:90.2

FJ204694; 98.2
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BN RERUBREETSS (Sfa) HEEEWHEMEE TR Sida BIEYO—DTH D EHEES

SEW’P SCA 3. Sida cordifolia DHL EEE LT, @ ED 1

Sty M@ UTHEAL 2,
B, BRAGEMETAELLLOND
LEbIL, BEERIL
BBzl h, Side BREWOKES

WORE
RO, FEMEE

L, ZoO8GIC

6 T3

EEE I
VO
(SCA-1 ~ -6) &
o

. BHS

»~Of“&)fagglrk:f>%f%‘:0%)@zi‘ SCA-6 DAHTH =72, ITS

BCHY AT O R e

. SCA-I

& Achyranthes bidentata

Blume & & W IXE D ﬂ iR, SCA-2 . Desmodium & ¥
. SCA-4 RUF -5 ;1\ Urena B HEE S, BB,

SCA-3 1. PCR |2
ﬁ;:,fi’)f:o {%

LIRS E ozl TR
N ﬁ'—:'}kfﬁ; h3 ({f?

JAL72 SCA-6 (X, S, fallax

DOELH] (GQ478107) X° S. poeppigiana (K.Schum.) Fryxell
BTN (AT274954, AT251610), S. rhombifolia DELF(GQ478108)

1172 (Table 4, Figs. 1, 2)c

A SCR &, Sida acuta DM FEELTC, B LOEAL
£ Ll ZosUENIE, EAT TR REEDILAL
DN EEIEFTICN 2, F2C, ZEBDHNELO (SCRs)
s EEDLNLLO (SCRY) EIZXBILT, ITS BEX O
WMaitol. TOiFR ZEEbiLL01E, TH1EO
Triumfetta & (BF107655) X° Corchorus 1% (DQ331673) i
DESIEHEE T R LT —FH REEbIL L0, 7
TR R LD S, fallax DELF] (GQ478107) T U TR L1 i
AL72 S fullax (Sfa) DEEFNE SELIZ—F L 720

BEZEEL OBEA LS. fallax (Sfa) &, Sida JEHM O 5 #
THIILERTE lk%f&a‘#%\ EEORFLEL LT

ZOLOOITS BEHL, 77 X=X LD 8. fallax O P

Table 4. BLASTn search results of Sida plants found in the Sida products

1TS1 1TS2
Genotype Order - e - .
specics; INSD Ace. No.; similarity (99) specics; INSD Acc. No.; similarity (%)
1 Sida fallax, GQ478107; 97.6 Sida fallax; GQ478107; 99.5
Sida spp.-1 2 Sida poeppigiana; AJ274954; 96.9 Sida poeppigian; AJ251610; 98.5
3 Sida rhombifolia, GQ478108; 93.5 Sida rhombifolia; GQ478108; 94.0
| Sida fallax; GQ478107; 100 Sida fallax; GQ478107; 100
Sida spp.-2 2 Sida poeppigiana; AJ274954; 96.6 Sida poeppigian; AJ251610; 98.5
3 Sida rhombifolia; GQ478108; 93.2 Sida rhombifolia, GQ478108; 93.5
1 Sida cordifolia; AJ274945; 97.2 Sida cordifolia, AJ251601; 98,7
Sida spp.-3 2 Sida cerradoensis; AJ274951; 96.2 Sida cerradoensis; AJ251607; 98.7
3 Sida xanti; AJ274946; 94.8 Sida xanti; AI1274946; 95.6
I Sida fullax; GQ478107; 96.6 Sida fallax; GQ478107; 99.1
Sida spp.-4 2 Sida poeppigiana; A1274954; 96.2 Sida poeppigian; AJ251610;,97.3
3 Sida rhombifolia; GQ478108; 96.0 Sida rhombifolia; GQ478108; 92.5
1 Sida spinosa; DQO06018; 99.3 Sida spinosa, DQO06018:; 98.7
Sida spp.-5 2 Sida spinosa; AJ274962; 96.6 Sida spinosa, AJ251618; 98.7
3 Sida odorata; AJ274960; 89.8 Sida spinosa; AJ251614; 98.7
| Sida fallax; GQ478107; 97.9 Sida fallax; GQ478107; 99.5
Sida spp.-6 2 Sida poeppigiana; AJ274954; 96.5 Sida pveppigian; AJ251610; 97.8
3 Sida rhombifolia; GQ478108; 93.1 Sida rhombifolia; GQ478108; 92.1
Sida fallax (©a478107)
Sida spp-2
Sida spp-6
Sida spp-1
Sida rhombifolia* (Ga478108)
Sida spp-4
B Sida acuta® (AJ274952/AJ251608)
—— Sida cordifolia* (aJ274045/a0251607)
L Sida spp-3
- — Sida spinosa* (paooeois)
L. Sida spp-5
13.9 Abutilon andrewsianum (Avs91807)

Fig. 1.

T T T T
10 8 6 4

I 1
2 0

NI tree constructed from ITS sequences of the putative Sida species among the products used in this study

Abutilon andrewsianum is out group. Asterisks indicate the species in which the occurrence of ephedrine alkaloids is

reported. INSD accession nos. arc indicated in parenthescs.

— 36
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Sido cordifolio® TLOGALACETHECLCTAGL AGATACRALCCGTORATCOTETTATCO ATAC AAAAMLSH
Sida acuta® . e WA . .G [
Sida fallax . . L A6 Lo
Sido rhombifalio™ . . . N R Ha . 6@ LD
Sida zpinosa® & G . A )
Stda spp-1 L L. Lo e A Looa 1
Sida spp-2 S L0499
Sida spp-3 SR LA Lo4e
Side spp-4 AL G C Coa3
Sidae zpp-3 A6 . B )
Sida spp-f A . 6 L@
Sido cordifolin® ATCOADA - - GO0 TACGGATOUAATL - THECOCCCAALCCTYCTORATEOCTT 97
$ida acuto® AL BT U8 G SO DL -TET . [ ST e AL L e
Sida fallox P G . o L&A LT B B a7
Sida rhombifolio®* . A . . G . - L] [ 5. -7 . L. i 36
Sida spinoza* P S A a o G0 . .. T 0T T S L Lo
Sida spp-1 s [ G £, Ba ., T N a7
Sido spp-2 E 6. -« [ . GA LT, Y a
Sido spp-3 . c= - RN C. . P EE
Side spp-4 AL .G .- . & oo 6T I G a7
Sida spp-5 SA LT R B - LT 0T T C C n
Sida spp-b A G - - G A BA LT . - c.o L a7
Sidocordifolin GHETOGTOGCTTGEGETCTTRCCTOATLTOLCT - - TTACAGOGEGTGETOATGECAA LSS
Sudo acuta® L L L - LoeC -7 LA G 145
sida follax . . . . . . C T Lo T ,T,,. .AA.G14?
Sida rhombifel i . . . - T S B 9 & -6 143
$ida spinoza® Lo AL AL --C05 .6 A AL A 145
Sida spp-1 L L L L N . - - N B A, .8 145
tida spp-2 CT ceT [ T A G 147
S1da spp-3 - - . . R . .43
Sida spp-4 e B0 LT oC 4 5 145
Sido spp-5 LA AL - -CGF G . A 4 . LA 145
Sida spp-6 L L L N B N R I SN T LS4 L. 6 145
Sidacordifelio* G TTCUC - A A0 ACKCCAAGATAAAMALCAACCALCCCE - -CHCGAATTGUCSEC 192
Sida wcuke® L L [ [ R T B L N
Side fellax . . . . . B C . 1 CA LT .56 . L)
Sida rhombifelia® . . . e & F- S G~ - 129
Sida spinosa® . [ T - B A T &6 . . T 195
sido spp-1 A A LG NP SR P U NN RN L. 19g
Sida spp-2 FO O B R T LEG Lo . 145
Sida spp-3 - . AT GG . .oisd
Side spp-4 L L L L R N 5oL Sa Lt LCEE 134
sida spp-5 .. . . . [ S S L DAL T BB T 195
Sido spp-b D P - S -SSR S CRG . 194
Sidocordifolio CAABGEAATTATAATTAAABGARAGEHGC AL - - 6T TACAGTCOL -CCATCCOCGET O 239
Sido acute* A . R . LB G . € . . C GA.T O L. ... 232
Sida fallex . . . .. - . BN LT LT LEAa LT 0. . 242
Sido rhombifelie® . . . 0 0 . . L0 L L B A LT LEA LT 0L T 5237
Sida spinosa® Lo ) LA . TC G.TT. . G- .4 . 4. 244
Stda spp-1 N . . o P T LT TT. LA LT D 241
Sida spp-2 5 o T T ER LT C - M3
Sida spp-2 Y L T - % §
Sida spp-4 P FS e - T. GaA T . C. - .6 241
3ida spp-5 L . PR o R S TC § .77 G- .4 A . 44
Sida spp-6 . . . .. LG T . Ga T C .- 241
Sids cordifolia™ CECGSTGTAT-GTGAGAC&GTG#tGTTGE»TJICLTTTGTIf'TGAAT,\k.\‘lAC?%?
Sdo acuta* o B R .4 . L6 L C T . 287
Sids fallax P . - [ G .. C .. T . ¢ T . 292
Sids rhombifolio™ . . & . RN ST [ [ T. B N -
Sida spinosa®* L . L. oL L L= oL G £ - ST CATT L 29k
Sida spp-1 Ce [N - R 1 G .. T. R N B 1
$ido spp-2 ... .. - ... %6 6L C T SCLT L e
Sida zpp-3 . BN Co e B . - . o). 289
Stdo spp-4 L L L R T -] L0 L LT DO 299
Sida spp-5 T L T - I o LT ACT . 202
3ido spp-b - 5 6 [ [N S B
ITST <€—f—p
1rs2
Fig. 2. ITS sequence alignment of Sida genotypes observed in this study
Asterisks indicate the specics in which the occurrence of ephedrine alkaloids is reported.
o * I - 4 - oy .
(GQ478107) LoE&sli—~E L7z GUBEATIZHEL 722 2% BSS-4a DALY (Sida spp.-4) &

BSS-1 205 -5 RUVISC-1 725 -3 &, GOz Ee, £
NENTTINRETA L REVEBAL. ZOR, EhdNE
BRPEFILTO R BN OWTOREBIBE 2T 70 L 2 A,
BSS-2 RUF -5 {4, Sida BHEMOERITHATAEL /N ET
BEIRENELOVERE SN2 TROOREO ITS EEET
3. S. cordifolia OECHY (AJ274945, AJ251601) & &\ HHFE:
ZRLU7z, BSS-4 123V FEESIZR A2 2 O R
WEETNT W LRSS, ZIH0S %m BSS-4a, -4b &
KB LTHRo7z. BSS-4a D RIZ, TBET. 2 K0T (0
) 2FEL. Sida BIEHDS j'%l@% fmf( N ARFELTW, —
75, BSS-4b O RIE, BERBEELZZEL. Tld 1A,
BOFBIZEDILTW ., ZOLDIE, 'A‘ci:‘ﬁ'ﬂ “’*Eéml/%
T A A Malvastrum coromandelionum (L.) Garcke (Malvaceae)
O ROMERAFEEE LTV, ISR EER

SCA-6 (Sida spp.-1) £ L. S fallax DECH] (GQ4TR107) X
S. poeppigiana O EL Y] (AJ1274954, AJ251610), S. rhombifolia
DELF)(GQ478108) % &k B VAR Z IR L /245 SCA-

6 0)@65'] ifb Tl EAE L/ (Figs. 1, 2 — A
BSS-4b &, D ROEHEPSHEE S0, Malvastrum

coromandelianum OBLF] (F1204694) L& W HREE TR
L7z ’Z@fﬂl@ﬁﬂ &, BSS-1 %5 Maiva svivestris L. OB
Y (EF419482) &1212—E L. BSS-3 &, dburifon BHEH O
ALY (AY591807, EF219369) &AM IR 72,

1 EhooRBHE, WTILL S cordifolia & LTH
AL 7223 18C-1 &, SCRs & X7 ITS BLHIZE L.
Triumfetta & 18 ) O B2 5 (EF107655) *° Corchorus & il
WoBLH (DQ311673) L M EZ R L7z ISC2 14, &
B @ Chenopodium ficifolium Sm. @ B ¥} (HES77466) &
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Side cordifelio® - - - - - GTCGCEECEuTCﬂﬂ.)&CCTCh&GLETTTGFuIAAAI'GTIJGAA\ TG T 332
Stda gcuter - - e - - T T 21
Stdg follex - - - - - T . [ . B T 37
Stde rhombifelie® - - - - - LT . [ G . T R
Sida zpinoza® . LA . . . . 337
$ida sppel 0 - - - - T S L. G LT o o3Es
Side spp-2 0 - v - - - T [ T .37
Sida spp-Z bAoA A LD . . . 329
Sida spp-4¢ - - - - - LT e e [ T . 335
Sida gpp-3 - - - - L0 AL . . #37
Sids spp-6 0 - - - s o T . C .6 T . 335
Sido cordifolio™ THEGCGEAAATTSGCTTLOCLGETEAGCTCACCORETLGUGTTGEGO O ARARTA 382
Sido acuta” . P . . . . PN o - L6 T .6 ¢ P - 5 1
Sido fllax 5. PR L6 T .6 L C .37
Sida rhombifelis™ 6 C 3.7 .6 [« 238
Side spinosa® G . L T @ .7 & . € 387
Sida spp-1 L L L0 6. T 6. T 285
fidy spp-2 [ L0 O T D N 357
Sid spp-3 , § T.6 ... 239
Sidg spp-4 G .. R . N N L6 T 6 s 85
Sida spp-5 5. . . C P T T N I 387
Side spp-6 [ ) 6T .6, ¢ 285
‘ido cordifolio* TAAGGTCOUTCGGLTHRAGBARTTGOCGCGACAATCGRETGHG -GALTECTTTT A 431
Sida acuta® LA TTEAT . S0 LT - . - [ 424
Sida follox . AA L TTHELT. 6C . T . B . . . J\T4>5
Sida rhombifolia® | La O TTGEAT. .60 LT .4 . A - - & T 428
Sida spinosa™ R T CALT LB . . LA o s 436
Side zpp-1 N ¥ TTGaT ST LT [ AT 33
Side spp-2 . - . bAoA TTG 4T G6C . T. [ 4 T 435
Sida zpp-2 R . . . 427
5ido spp-4 - WAL TTEAT 50T . 5 . LA T 433
Sids 2pp-5 - . GAT 6. [ -t
Sido spp-b N A A . TT6 AT LeC LT G . AT 433
Sidg cordifolin® GBLCTOCCTLTTT -CeAAMGTLEGTGTRCA-CTOETIBATTLGRATLTTATGAC 479
Sida ocute® P T . L. TE 455
Sidg fallax . - . . Th - P T S )
3ida rhombitelia® . e N Ao - TH - a . i . 4B
sida spinoso™® B B LB ~T SR TG - PR L SO 484
Sida zpp-1 - . TG - oL 4oL T
Sido gpp-2 LTe - A . P o B N N
Sido spp-3 N P L .o435
Sida spp-4 P PN . . L TN T6 & L. PR 481
Side spp-3 . Lk - T . R o TG A . - . . R 5
Sidn spp-9 T6 F - P 481
Stda cordifolio” CCTTTTARGL ATCGCAALHKALGESTECTO--6CBTUG 51z
$ida acuto® 455
Sido fallex . A v . . T .46 583
Sids rhembifelie®™ . . . . . . - - T o- n.oaT 581
Sido spinosa™ T . R A - - 517
fida zpp-1 B LD . F O R 514
Side spp-2 B .. C . R PR N N AR
Side spp-3 N . Lo L . 518
Side spp-4 PN . BN . LT 8 L B - 514
Sida spp-5 ST Lo SR 513
Sidg =pp-& . I B .. T 5 514
Fig. 2. ITS sequence alignment of Sida genotypes observed in this study (Continued)
Asterisks indicate the species in which the occurrence of ephedrine atkaloids is reported.
= =1 ) e . . 1 T 3 23 N . o
S VAR A R L 720 Chenopodium B AR O F11214., C. TIERESR SR o727, B, HEOHFELLOREE
.. SRS ~ s LA EITE g\ fn P . RETIE

ambrosioides L. O X2, A > FOIGEIFIZAAA L, BER V2ED X, Sida BBV L HBTL /20

THT e . > P A s e ke T S /Ao, P =i /\_1; - Yo BSET i

BELTT—2h Y e—FbEo, RAROEHEL LUTHE T 7 BIREAB O EREMEICLVBIEL

EHBOHDLLEDEHLIENEL, T30/ DR,
TIRALZAREMLEZ LN A, —H. ISC-3 14, S. spinosa
DOELH] (DQO06018) LIEH I HHFEMEERL, BRFERAD
Sida cordifolia £13 %5800, Sida B THHLE 2
SY WA

ik

* 7 7 BHRERN

T ZIHB T 5 Sida BAEYEIZIE, oMk
DG ERALTWAEPHLPI R - /2FD 5, Sida BHE
MO L FERUICOWTEREB 2720, T4, F7
TETHREL 7 Sida BHE %@%"ﬁéﬂﬁi%ﬂf:

Sida BHEWM D% 1k, HELHL., BIIRRELEO.
/20 fBE EEA-BOOLONE L 5 HOERATER
ORI AL, RREEEVCICRRIEE LCwD, T8I

ZHBET, ZADLOMN, 2 BROEERED, INLOFEE
%cw Sida BREMOIRRZITV. NTA4, FTT7BOD1 20
e BAER 6 BEEREL. 272, ZH5ORE
HEORRERCTROBRIL, 71—V IFHOBS L —

oA GRECEREOREENG. CMH-2, 3,4 (51
T A) £ CMH-1, 5,6 (747 B) O 2 BEI RS, &
YA TOFELT, CMH-4 RUY -5 ORMEE%% Fig 3128
Lice #4147 Ald, EOWMERPERIEFIINSLER
LRFEL, FUEOREMOEREERIIFBEL W, B
REDOESIE, EOLEODLON, 43.24 pm (n=10), FTED
DN 7033 um (n=10) Th-o7z. F/o, FHRIT. ZHBE
FEL, BWIZ 2 ROTRFESTHEY, B2~/ BSS-4a
DG REFEFOFIKTH 720 TOFLTIIEINS 3R
FLoO (DNA @ ITS HERTIE. & TH--OEFZRL .,
BSS-4a OFEFIESEE—E L7, #1417 B bEA, g
DEMOERBEVERIELHL TN, 9147 ADLD
EIWANRBEEETE, -/ ((LHE. 320,69 pm (n=5); T @E.
380.36 pm (n=10). ZDLONFTRIZ, BELEET 1 F
DELZHOEEFLTE), HU BSS-4b D73 F & Ak
DGR TS o7z TOFL TSI 3 AF O 1Ts B
Hd, &TE—OEHE7 L. BSS-4b &8 U< Malvastrum
coromandelianum & E RS2 R L 720 BSS-4b OECHI.
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CMH-4 (type A)

leaf (upper surface),..

mericarp (top side) ..

050 . o

CMH-5 (type B)

leaf (lower surface) ...

B S

mericarp (IMe@I si;&l,

petiole

leaf (uppe;;urface) e

o

030 wrm G
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Fig. 3.

CMH-1, 5, 6 DERFIE LI, F—ERTICHEROEE>FOA
FTOROEY|EHF LT\ WD, MEORINL, ~Foiiiviy
ot ell—%L 7.

vV E==

Sida BREV) B G & LClEAL I DAL 72 11 B & (SCA,
SCR, BSS-1 ~ -5, ISC-1 ~ -3, Ss30) DA, Sida B IS &
FNTVWDIE 7 BETHY, ZOHD 3 i (SCA, SCR,
BSS-4) (&, MOMEWDRANBD SNz, E-T, Sida &
TBYOARPSRAbDIE, 11 BEP, 4 BFilLEEo7,
F/o A 4 BallownTd, ELT7 A RO B E
LEL7EBYEERE LTV, 7 BEPSREEIN Sida
BRI OELFEIL, 6 DIZ5ESIL. ZOHD 1D (Sida
spp.-2) (& EZEIELVEEALZ: S, fallax (Sfa) RUT— 4 X—
A LOREH ORI E—FL 722 L5, S. fallax THbEE
A5z, FEWIE. o TNTADEE GREIZ. F7 7
Bit) THH., L4777 LTHBASNAD, EHLIZK
W, ZT7e R E2RLDELLTAVIOL ROEELIE
INTHRV, —F, ZOMO 5 DOBETFEIIOWTIZ,

seed

leaf (lower surface) s

Microscopic images of plant samples collected in Oahu island

T =N PN TREFIDEED LI o7z TILD
22\ TlE, 4. Sida BIEYOZERYRAF A, E
BIRIETAILENH D,

EEEFIRITORERZ IR L5 FR&ES TIE. 3
DORIETFE (Sida spp.-1, 2, 6) H'. Sida fallax E—2>D 2 5
Ay —%FHL. FOMD 3 DOJREZEFEIZ, Wb
T RYYTNAEL RO EBFENRE ST S Sida acuta,
Sida cordifolia, Sida spinosa L FILENE—D 7 T2 —|Z
BESNZ, 5% OO BFo7IVAITS FOFEL
WL, TVHuA 2 &EHF TS Sida BHEYEOFHHIZS
WT, HIRZEREL. HELAEERFTOUETEITINEDLD
EEZHILA,

—F. AT 7ETHREL I OTEBRE,LIL, L0t
B, Sida BHEY)OEIN S 25T, EOTERVERICE
ELEBREOWHRD 5\ IIG5REOIBEOBIED Sida BHE
WOREZRIZENTH AL EDHLPI 572, LA L. Sida
BRI DORIRFIZIEFITNEL, V=R TORERRIZN T HE
THbHILPb, Sida BHEMOIFREIL, EHHOEMRKIE
MEOHITITEFE L\,

Sida BAEWHE G E LB LVBA LA OREIZB W
T, Sida BHEM L (IR DL DD S EERO S, Foh



