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ITS sequence analysis. The ITS region is often used for
molecular identification of various plant species owing to
its high copy numbers and the presence of both conserved
and variable segments as well as its variation rate suitable
for the phylogeny.

The ITS sequences of the authentic samples
(A. graveolens, Ce-1; Cyclospermum leptophyllum, Ce-62;
Seseli diffusum, Ce-63) and the Indian celery (Ce-2) used
for the phytochemical study were determined. The ITS
sequence of the authentic A. graveolens (Ce-1) was iden-
tical to the corresponding sequences of A. graveolens (Acc.
nos. U30552 and U30553) in the International Nucleotide
Sequence Database (DDBJ/EMBL/GenBank: INSD)
except for only one nucleotide in the ITS2 region. The ITS
sequences of C. leptophyllum (Ce-62) and S. diffusum
(Ce-63) showed high sequence similarities (86-97%) with
Bunium sp. (Ex. Acc. nos. DQ435226, DQ435220,
DQ435265 and DQ435259) and Psammogeton sp. (Acc.
nos. AF008630, AF164839, AF009109, AF164864) in the
INSD, respectively. However, no identical sequences to
them were found in the databases. The ITS sequences of
Ce-62 and Ce-63 were registered in the INSD as accession
numbers AB243689 and AB243688, respectively. The
sequence similarities among Ce-1, Ce-62 and Ce-63 were
82.9% for Ce-1 versus Ce-62, 83.0% for Ce-1 versus Ce-63
and 83.9% for Ce-62 versus Ce-63.

The ITS sequence of the Indian celery (Ce-2) was
completely identical to that of the authentic S. diffusum
(Ce-63) in ITS1 and ITS2 regions. S. diffusum (Roxb. ex
Sm.) Santapau & Wagh (Syn: Ligusticum diffusum) is
native to India. Spith et al. [13] also reported the isolation
of the same coumarin derivatives (1-3) from the fruits of
S. indicum (syn S. diffusum [14]). In addition to these data
originating from the genetic and phytochemical approa-
ches, the fruits of S. diffusum are known to be carminative
and to be used in India to expel roundworms [15], and the
plant has also been reported to be in the Rawalpindi dist.,
Pakistan [16]. These facts indicate that the Indian celery
seeds used in our (and also the Indian authors’) study are
not derived from A. graveolens but from S. diffusum. In
the future, the botanical identity of the Indian celery as
S. diffusum might need to be carefully confirmed because
only the one sample was used for the authentic S. diffusum
in this study.

Market survey in the Pakistani and related
countries’ crude drugs/spice markets

Because it was found that the Indian celery differs from
A. graveolens, we investigated different forms of celery
seeds available in Pakistani and related countries’ markets
to clarify and establish the relationship between their local
names, market places and the botanical sources. Fifty-two

celery seed samples collected during the market survey
were applied to the ITS sequence analysis and were clas-
sified into four genotypes designated for types A-D on the
basis of their ITS sequences (Table 2, Fig. 2). The ITS
sequence alignment of these four genotypes is shown in
Fig. S1, Supplementary material. Type A sequence com-
pletely matched that of Ce-1, and hence the source plant
corresponding to this sample type was identified as
A. graveolens. This genotype was found in 16 samples,
most of which were obtained as ‘Ajmod (h)’ or ‘Karafas’ in
the northern region of Pakistan. The celery, A. graveolens,
is expressed as ‘Ajmoda’ in Sanskrit, Hindi and Unani,
whereas the names ‘Bazr-ul-karafs’ and ‘Tukhm-e-karafs’
are used in Arabian and Persian, respectively [17]. These
vernacular names probably shifted into the above local
names in Pakistan. Type B sequence was completely
identical to the authentic S. diffusum (Ce-63), and found in
23 samples. Type C showed the identical sequence to that
of Conium maculatum (Acc. nos. U79609 and U79612) in
the INSD except for one nucleotide in the ITS2 region.
Only one sample, Ce-14, was classified into this genotype.
This sample was easily distinguished from the other types
by its appearance. This sample is considered to be a rare
adulterant of celery in Pakistani crude drug markets.
Type D sequence found in 12 samples showed a geno-
type that correlated with that of Trachyspermum ammi
(Acc. nos. U78380 and U78440) in the INSD except for

Afghanistan

India

Fig. 2 Distribution map of the local markets surveyed in this study: /
Karachi, 2 Sialkot, 3 Sargodha, 4 Peshawer, 5 Mongora, 6 Hasan
Abdal and Taxila, 7 Dera Ismail Khan, 8 Lahore, 9 Jalalabad, /0
Hyderabad, /1 Bahawalpur, /2 Murree, /3 Rawalpindi, /4 Manshera,
15 Abbottabad, 16 Sukher, /7 Quetta
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two nucleotides in the ITS1 region. The fruits of T. ammi
are used as ‘Carvi oriental’ or ‘ajawain’ for treating
stomach troubles and whooping cough by household ladies
in northern India [18]. This fact and our sequence data
indicate that the type D sample is derived from T. ammi.
Various celery-related products derived from A. graveo-
lens, T. ammi, Carum roxburghianum, A. leptophyllum and
P. crispum are used for folk medicines and/or spices in
India. The last three species were not observed in our
market survey targeted at ‘celery seeds’ in Pakistan.
Therefore, our results suggest that these three species are
not common in the country or are not recognized as ‘celery
seeds’ by Pakistani people.

Unlike type A samples found only in the northern area,
samples of types B and D were distributed in the markets of
most regions surveyed. Most of the type B samples have
been sold as ‘wal ajowain’ or ‘wel ajowain’ whose
meaning was found to be a wild form of ‘ajowain’
(T. ammi) through interviews during market survey. On the
other hand, type B samples have been obtained as ‘ajmud’
in the Karachi area, aithough the name is applied to
A. graveolens in the northern area. Furthermore, the local
name of type D samples (7. ammi) was also variable:
(thick/thin/Indian) ajowain, wal ajowain and so on. These
data mean that the relationship between the local name and
the botanical source of celery seeds varied depending on
the market place. It is thought that each type of celery seeds
is selectively used on the basis of their pharmacological
effects, traditional cultures, rituals, usages and commercial
values in indigenous communities of Pakistan. Therefore,
the confusion regarding their botanical source should be
resolved for their appropriate use.

Microscopic observation and TLC analysis
of celery-related seeds from Pakistani markets

For rapid identification of the source plants of Indian celery
and its analogues, we investigated their morphological
features and chemical composition. Microscopic images of
the major genotypes (types A, B and D) found in the
Pakistani markets and three authentic samples (Ce-1, Ce-62
and Ce-63) are shown in Fig. S2, Supplementary material.
They were cremocarp characteristic of the Umbeliiferae
plant and their morphological features are as follows:

Type A (A. graveolensy—The fruit was a laterally
compressed globose. The size of a mericarp was 1.60 +
0.14 mm long, 0.75 £ 0.07 mm wide and 0.71 + 0.08 mm
thick. The twenty-kernel weight of the mericarps was
9.37 + 0.85 mg. Each mericarp had five small prominent
ribs.

Type B (S. diffusum)—The fruit was almost globose.
Each mericarp was flat and ellipsoid in a commissural face
and had a semicircular cross section. The size of a mericarp

@ Springer

was 2.01 £ 0.18 mm long, 1.35 & 0.16 mm wide and
0.85 &+ 0.11 mm thick. The twenty-kernel weight of the
mericarps was 13.4 £ 0.53 mg. Each mericarp had five
large prominent ribs.

Type D (7. ammi)—The fruit was a laterally compressed
ovoid. The commissural face of each mericarp was lance-
olate and curved directed on the long side. The cross
section of each mericarp was semicircular. The size of a
mericarp was 2.35 4+ 0.26 mm long, 0.95 £ 0.09 mm
wide and 0.83 £ 0.08 mm thick. The twenty-kernel weight
of mericarps was 19.6 £ 0.67 mg. Each mericarp had five
prominent ribs.

Type A and type B were morphologically quite consis-
tent with their corresponding auiheniic planis {(Ce-1 and
Ce-63, respectively). The sizes of the ribs significantly
varied among the three genotypes in the order type B >
type D > type A. A comparison of the rib size in section
view can easily -discriminate each genotype from the
others.

In addition, the TLC analysis of the methanol extracts of
the seeds is useful for the detection of the celery containing
furocoumarins (Fig. S3, Supplementary material). The
authentic S. diffusum (Ce-63) and type B samples (Ce-2
and Ce-27) have pale yellow and blue fluorescent spots
characteristic of the furocoumarin derivatives, whereas the
other samples (Ce-1 and Ce-30 for A. graveolens and
Ce-33 for T. amimi) have no fluorescent spots.

The presence/absence of furocoumarin derivatives in
feeding materials is an important factor from the viewpoint
of the risk assessment for foods and drugs because the
linear furocoumarin derivatives are well known to have
phototoxicity and carcinogenic properties [19-21]. Our
study indicated that the reported isolation of these com-
pounds from A. graveolens seeds by the Indian researchers
[2-10] was attributable to the misidentification of the
material. Simultaneously, it was found that the unexpected
intake of furocoumarin derivatives which pose a health risk
to humans could occur by contamination of the common
Indian celery with S. diffusum. The exact identification of
the botanical source is thus important for the safety of the
resulting foods and drugs.

Conclusions

In this study, we proved that the Indian celery seeds con-
taining coumarin derivatives (1-9) are not derived from
A. graveolens by using genetic and phytochemical
approaches, even though Indian workers reported that
A. graveolens seeds contain these compounds [2-10].
Furthermore, our results strongly suggested that the seeds
were derived from S. diffusum based on their ITS sequen-
ces, characteristic components and distribution area. The
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market survey in Pakistan and related countries established
that the celery seeds available in Pakistani markets are
mainly composed of three species (A. graveolens, T. ammi
and probably S. diffusum) and that the relationship between
the local name and their botanical source varied depending
on the market place. The ambiguous botanical origin of the
celery seeds in the Indian and Pakistani local markets could
therefore have caused the disputable phytochemical results
reported by the Indian researchers.
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1. Subject and source

The group of ferns from the genus Preris (Pteridaceae) contains 250 cosmopolitan species (Mabberley, 1997). One species, P.
cretica (Japanese name: ohbano-inomeotoso) called Cretan brake fern is widely distributed in the temperate and warm area of
Japan. Although some fern members of the family Pteridaceae are well known to contain carcinogenic C-14 illudane-type
sesquiterpenoids (e.g. ptaquiloside, 1), the rhizome and the aerial part as well as the young fronds of P. cretica are used in
Chinese traditional medicine as an antipyretic, an antidote, and to treat burns (Gan, 1958; Jiang, 1977). For safety reasons,
investigation of the presence and distribution of the cytotoxic compounds in Pieris species is always necessary before use in
traditional medicines, since Cy4- and Cys-illudane-type sesquiterpenoids are the chemical markers of Pteridaceae,

Plant material used in the present study was collected in May 2007 in Hiroshima City, Japan. A voucher specimen (07-PC-
0513) has been deposited in the Department of Pharmacognosy, Graduate School Biomedical Sciences, Hiroshima University,
1-2-3 Kasumi, Minami-ku, Hiroshima, Japan.

2. Previous work

From the air-dried fronds of P. cretica, the presence of 19-hydroxycreticoside A (2), 28,6,15a-trihydroxy-ent-kaur-16-ene 2-
O-B-p-allopyranoside (3), 2B,6,15a-trihydroxy-ent-kaur-16-ene (4), 2B,68,15¢-trihydroxy-ent-kaur-16-ene 2-0-B-p-gluco-
pyranoside (5), 2B,16a-dihydroxy-ent-kaurane (), was reported (Hakamatsuka et al, 1997). In addition, luteolin 8-C-rham-
noside 7-0-rhamnoside (7), luteolin 7-0-glucopyranoside (8) and luteolin 7-O-gentiobioside (9) have been isolated from the
aerial part of this fern (Imperato, 1994). In 1985, Murakami and co-workers isolated 2B,68,16a-trihydroxy-ent-kaurane 2-0-8-

* Corresponding author. Tel.\fax: +81 82 257 5335.
E-mail address: hotsuka@hiroshima-w.ac.jp (H. Otsuka).
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Scheme. 1. Structure of compounds isolated from Pleris cretica
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p-allopyranoside (10), 2B,68,16a-triydroxy-ent-kaurane 2-0-B-p-glucopyranoside (11), 2B,15a-16a-17-tetrahydroxy-ent-
kaurane (12) 2B,15¢,16¢,17-tetrahydroxy-ent-kaurane 2-0-B-p-glucopyranoside (13), 2B,14¢,15¢,16¢,17-pentahydroxy-ent-
kaurane (14), pterosins A, C, and S (15-17), and compound 6, together with 2,15«-dihydroxy-ent-kaur-16-ene (18), creticoside
- A (19) 2B,16a-dihydroxy-ent-kaurane (20) and creticoside B (21) from the rhizome of the plant, while the investigation by the
same authors on the aerial part of the same plant demonstrated the presence of 2B,6p,16a-trihydroxy-eni-kaurane (22),
pterosins B (23), and F (24) together with compounds 16 and 17 (Murakami et al., 1985; Chen and Murakami, 1971). Herein we
report the isolation of the chemical constituents and the characterization of a new kauranoid (25) of P. cretica (Scheme 1).

3. Present study

The dried leaves of P. cretica (459 g) were extracted with MeOH (15 1) for a week. The concentrated MeOH extract (34 g)
was suspended in H>0 and partitioned with EtOAc to give 7.6 g of EtOAc- and 25 g of H,O-soluble fractions. The EtOAc-soluble
fraction was chromatographed on a silica gel column (particle size 0.063-0.200 mm, Merck) eluting with a solvent system
containing CHaCls, MeOH and H20 (17:6:1). Fractions having similar TLC behavior were combined and eight fractions were
obtained. Luteclin 7-0-B-b-glucopyranoside (8, 2.05 g) was precipitated from fraction 2. ODS MPLC (solvent system 10%
aqueous MeOH to 100% MeOH) of the remaining of the fraction 2 afforded compounds: 10 (5.1 mg), 16 (2.4 mg), 17 (1.7 mg), 19
(3.6 mg), and 2B,16a-dihydroxy-ent-kaurane 2-0-B-p-allopyranoside (28, 16 mg); (Katakawa et al, 2002). Fraction 3 was
subjected to column ODS MPLC (solvent system 10% aqueous MeOH to 100% MeOH) to give 21 fractions. Pure compounds

. identified as 2B,6B,168-trihydroxy-ent-kaurane 2-0-B-p-allopyranoside, 8, and 26 were isolated from fractions 3-5, 3-8 and 3-
16, respectively. ODS HPLC of fraction 3-10 (solvent system; CH3CN 35%) afforded apigenin 7-O-glucopyranoside (27, 21.7 mg).
Compounds 3 (1.2 mg), 19 (3.5 mg) and a new one identified as 2B,15p-dihydroxy-ent-kaur-16-ene 2-0-B-p-glucopyranoside
(25, 12 mg) were obtained from ODS column chromategraphy (CC) (solvent system 10% aqueous MeOH to 100% MeOH) of
fraction 5.

Tebie 1
1H, 13C NMR speciral data (400 and 150 MHz, respectively) for compounds 19, 25 and 25a (in CsDsN).

Assignments based on HSQC and HMBC.
? 3r5-Bz5a.
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Fig. 1. Important HMBC correlations observed.

3.1, Enzymatic hydrolysis of 25

Seven milligrams of crude hesperidinase were added to an aquecus solution of 25 (11 mg). The mixture was incubated at
37°C for 72 h. The solution was extracted with EtQAc to afford the aglycone 25a, 4.2 mg, [a] —32.4 (0.19, MeOH). The
remaining aqueous solution was evaporated and purified with silica gel CC (solvent system: CHpClz:MeOH:Hz0) to give
p-glucose as identified by comparison with the chromatogram of the authentic sample in HPLC equipped with an optical
rotation detector.

3.2. Oxidation of 25a

Three milligrams of compound 252 were dissolved in CHxCl (2 ml) and 10 mg of pyridinium chlorochromate (PCC) was
added (Lightner and Toan, 1987). The reaction mixture was stirred at room temperature for 6 h and evaporated to give
a brown residue. Compound 25b (HRESIMS: m/z 323.1979 [M + Na]*, CaoH240;Na requires 323.1981) was obtained from silica
gel CC (solvent system hexane:EtOAc, 4:1) of the residue ([a] —56.1 (0.15, MeOH).

2B,158-Dihydroxy-ent-kaur-16-ene 2-0-B-p-glucopyranocside [25, amorphous powder [a] —9.4 (0.7, MeOH)] exhibited
a molecular formula of CsHe207Na as determined by the positive-ion HRESIMS (m/z 489.2820 [M + NaJ*, CaeHsa07Na
requires 489.2822). Its IR spectral data displayed strong bands due to polyhydroxyl (3395, 1078 and 1021 cm™') and an
exomethylene (3081, 1654 and 806 cm™!). Inspection of the "H NMR spectrum revealed the presence of a B-oriented anomeric
proton (3 5.05, d, ] = 8 Hz, 1H), three quaternary methyl groups (5 0.76, 0.85, 0.91, each singlet), an exomethylene (3 5.45 and
5.14, each singlet), and a broad singlet and a multiplet oxygen bearing methine proton signals (3 5.56 brs, H-15 and 3 4.48 m,
H-2). The 3C NMR spectrum displayed 26 signals, six of which were ascribable to a B-glucopyrannosyl unit and the remaining
20 to the aglycone of a kaurene-type diterpene (Murakami et al, 1997). The 3C NMR data of 25 were very similar to those of
19 (Table 1), except for the downfield shift of the signals for C-13 (+0.9), C-15 (+1.3), C-17 (+2.9), and the upfield shift of that

" of C-16 (—5.1). These data suggested that the difference between 19 and 25 was the orientation of the hydroxy! group at C-15.
In order to confirm the planar structure of 25, H-H COSY, HMQC, NOESY and HMBC experiments were carried out. Significant
COSY correlations were observed between: H-1 and H-2, H-2 and H-3; H-5 and H-6, H-6 and H-7; H-9 and H-11, H-11 and H-
12, H-12 and H-13, and H-13 and H-14. Moreover, the allocations of the functional groups were substantiated by careful
interpretation of the HMBC spectral data. A strong long-range correlation between the proton at 8 5.56 (H-15) and the carbons
at C-13 (8 42.8), C-14 (3 37.4), and C-17 (8 110.7) (Figs. 1 and 2), and between the anomeric proton at 3 5.05 and the carbon (8
72.2) concluded the attachment of the glucopyranosyl moiety to be at C-2 and the remaining hydroxymethine to be at C-15.
The p-orientation of the C-2 and C-15 hydroxy! groups was concluded by the observation of the NOESY cross-peaks between

GlcO H

Fig. 2. Important NOESY correlation observed.



L. Harinantenaina et al. / Biochemical Systematics and Ecology 37 (2009) 133-137 137

Table 2
Phytochemical investigation of six spedes of Pteris.

2 Previously reported investigation (Murakami et al., 1985).

B Qur previous investigation (Harinantenaina et al, 2008).

© Present investigation.

H-2 (3 448, m) and the equatorial-ariented H-1 (3 2.11, brd, { = 12 Hz), and H-15 and H-14b. Enzymatic hydrolysis of 25 gave
2Sa and D—glucose Since the B-p-glucosylation-induced shxft—t.rend rule (Kasai et al., 1977) could not be applied for 25, when
comparing its 3C NMR data with those of 25a (Table 1), the ent-kaurene nature of 25 was concluded by the ebservation of
positive and negative Cotton effects at Amay 241 nm (Ae +0.42) and Amayx 291 nm (Ac —2.81), respectively, of compound 25b
obtained from the oxidation of 25a with PCC. From the abave data the structure of 25 was concluded to be as depicted.

4. Chemotaxonomic significance

The dried leaves, fronds, aerial parts and rhizome of Pieris cretica contain pterosins and ent-kauranoids, which are the
chemical markers of the family Pteridaceae. Pterosin B (23) derived from the carcinogenic compound 1 and since 23 has been
detected in all species of Pieris investigated, it would suggest that 1 must be present in all species of Pteris. If this is the case
then all samples of Pteris used medicinally should be processed so that the end product is free of any carcinogenic compounds,
The two flavonoids (8 and 27) were isolated from the leaves of P. cretica in high amount during the present study. Inter-
estingly, our previous phytochemical investigation on one species of Pteris (P. multifida) demonstrated the presence of
pterosins, caffeate and/or coumarate derivatives of quinic acid, flavoneids and sucrese in the plant (Harinantenaina et al,
2008). So far, P. multifida is the only Pteris species which has been proved to contain a large amount of quinic acid derivatives.
The phytochemical investigation of six species of Pteris has been carried out and the results are summarized in Table 2. The
ent-kauranoids found in Preris are C-2 andfor C-6, andfor C-15, and/or C-16 and/or C-17 and/or C-18 hydroxylated. Mainly
glucopyranosyl and/or allopyranosyl are the sugar moieties attached at the C-2 and/or C-6 hydroxyl group of ent-kauranoids
of P, cretica. Recently Ge et al. (2008) have isolated a tetrahydroxylated (at C-2, C-14, C-15, and C-18) ent-kaurene from P,
multifida. Although C-15 hydroxylated kaurene has been isolated from P, cretica, this is the first report on the isolation of an
ent-kaurene with a B-oriented C-15-hydroxyl group from Pteris species.
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Identification of Sildenafil Analogues Found in a Dietary Supplement

Kazunaga TAK AHASHI, Takashi HASEGAWA, Masaaki SAIJO, Tomoko NAGATA, Daigo WAKANAY and Yukihiro GODA"
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ZCHIC
HE, Wb BFEERK] LBWT, EFE0d
PEELEACEY T IR EZ AN LEEREES
FREEREZT, BUBHREERL2E-]AT
X, BETL ED) BEEOEDRSTHDL LT
FT AN BETTANRERAVTFT o
bBWE, Zho ED BEEOBBEO—HEEREL
HEEBELGESEECREBEATHS DY,
FEERTI BEFI vy /AR EERVEARE
FUEESBRHEEE) OF T, ThoBEREEESR
MO EZHEMULERCLIBEREORARZBCE
O, REREZIT-o T3, 4@, FR22IEELCHR
BLABRZ2RETAPT, | BEMLLTFEITAN
FF7AaNEEBRREATE Wb sBERS)
PHEBRHBENREEFAN RN IAT T 7 o MEEER
ETHEIRAF I INATFFT T A4NABBRHEENRTLZOTH
ET 3,
HEEAE

1. Hsb

R 21 EE BERFT vy IR EERVEREE
FAEESBBELZICIBVWT, A ¥ —F v F TR
BLERADII B FRARE— 7 ZRELEEE T,
AREA 7 B, BRCERINANTHWERTIRE
EiX 250 mg TH o=, :

2. HERUHRE

1) BEL
REVATFTI7ANVREEREF AT F7 4 ViZE
YEELAEREEMEFR»bOaEGERAVWE, F
FATANT T 74 VT EETERERSBRHES R
mPLRBEL, ThE2EELL L THAVWE,

2) TOHmORE

7€ hr=hrYNVIZTHPLC ARV LC-MS .Y V&
X HPLC A, 1-~F Y U Z LR VETFT MY 7 AT A
A7 ruwr IR (WThb, FIXHET
EqE) zHAWL, ERETUCE= U AIIERELEE
HEBOBKEREZ AV /-, DMSO-dg it ISOTEC #tH %
R L7, KiIZBAI VR7 8 MILLI-Q Labo #2
MABKEEBICLIVERH LABHAKEZAVE, T0
MORERZT A TRAHETELAROBREZ AW
P .

3. ERBFHORY

EEEREPAY /) —NVIERBRITHARL-EER
WEAY /= TI00ug/mLICBEEFRUARLE,
4. RBRBHEOHAR

AT EANEDH SOmg 2HEBREVRY, 24
J—=N2mLENMx s oHBEEBHEE, 277
VI 4NE— (BEIVETHEHYTHABLEAESE
AE /=N TIOFECHRL RRBEE L Lk HPLC-
T+ PFAAT—FT7 LA KIHE (PDA) RV LC-MS
ARBRBRAZLOEIX 045 pum, Ultra-Performance
Liquid Chromatography (UPLC) -PDA BRBRE KA K
D020 um DAY T I U7 4V Z—FFER LK,
5. HPLC-PDA %5 #F

BT iE, BAS RS PU-2089 BRY T, R
AS-2055 A — +H 7T — B CO-2065F b T A
4—7 v B MD-2015 % PDA # H 585 bk & 1
DEBERAVE, MELZBFRKOBYI TH S,
717 A : TSK-GEL ODS 80-Ts (4.6 mm i.d. X 150 mm.
5 um, HEY—#8) T LHEE:40C, BHHE A
W7 h=hU/K/Y BB (100:900:1, 5
mmol/L ~F ¥ VALK VEF ) TAEE), B
HMBW: 7t b= b YAk Y EEIBH (900:100: 1.

) BXEELE SEENER
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Smmol/L ~F¥H LV ANLKUVEF M) OAEH). I
VT M4 04 (A:B=90: 10) — 254 (A : B=
55:45) — 44-49 4 (A:B=10:90). f& : 1.0 mL/min.
A 20 pL. I £ : 200-400 nm (Max Absorbance)
6. LC-MS & #7

B L LT Waters #81 2695 Bz L —v 3 U E

Ta—/VEUE ZQ4000 EBSITHEA WV, B

EEBEIROBYTHD,

% 5 A Atlantis T3 (2.1 mm i.d. x 150 mm. 5 pm, Waters
HE) . b T ARE :40°C. BB A 0.01 mol/L
¥EET o F=v A (pH3.0) . BEIMEBK : T b=
PUN, TS5V FEMB 04 (A:B=90: 10) —
5047 (A: B =280:20) - 60-70 4 (A : B=30: 70).
& : 0.3 mL/min, HEAE : 1 puL, A4 fkE: =
L7 ha v R7b—AF b (BSD) & RIT 47
T— R, BEEHS A FE N, 800 L/hr, BLAEIRE -
350C. a— v EE 30V, BIEE EFEH : m/z 100-800
7. UPLC-PDA % #7

ZEE L LT Waters #8 AQUITY UPLC ¥ Y —X
FRAVWE, BIEEFRKROBY TH D,

75 A 1 ACQUITY UPLC BEH C18 (2.1 mm i.d. x 50
mm, 1.7 pum, Waters #t8), H 7 ABEE : 40C. B
EhiE A ¥ : 10 mmol/L EREBET V=0 LHBK
(pH10.0), BBH BHE : 7 b=bUN, TA V2
FT 4 v 7 %M A:B=70: 30, & : 0.6 mL/min,
HFAE:1uL. I EHEFK :200-400 nm (Max Absorbance).
BHEE 296 nm (A F Y Y AFF 7 4 ). 347 nm (F
FTANTF 7 40)

8. BiRE - REm

HTENVHNEDF 50 mgic A ¥/ —/v2 mL &M
X SHMBEEBEBE, 045 um AT 53T 40
F—THBL, MELAEERESRTLCIZH LA, o
B TLC iR OEMETITV., REE 049 B E2EEM
STt BiB=F N 4mL THHE L., 0.20 um ® 2 >~
TS T 4N E—TAHABEIT>T,

#EHR : Silicagel 60 Fys4 1 mm (Merck L 8), EMH
B : 7R b4y 7as )= (4:1), BREIERE:
#8cm. B : BABEBE (365nm)

TERBEZEREITV., £DSREBEERL
TABRRS 4.6 mg)k Bz,

9. Direct Analysis in Real Time (DART) -Time of Fly
(TOF)-MS % #7

-DART-TOF-MS I EE#®& & L TA & IR DART (B
AEFHE) o, HESHE IMS-T100 (B AEF 4
) 2ERLEZLVOERER L. HELHEIRDOE
DTHB, '

1) DART &4

ROTF 47— F, HRAHEE : He2.5L/min, ¥R
B 250C, =— RAEE 2500V, EFE 1: 100V,
EBHR2:250V

ik

2) TOF-MS &1
RETATE—NFN A FHA NEE: 500V, )
v b rBEOSOV.EY 7 4 R 1EE 15V,
FY T4 R2BE 5V, VISV XEBE 5V,
AV 74 A 1BE:100°C, BIEFE : m/z200-700.
HERE : PEG600., NEIZ®¥ME : PEG600
1 0. NMR & #f
BEE LT, BAREFHE ECA-800 Z AV, Hl
ERBEIKROBEY ThH D,
BIEHE : '"H RV PC., NMR B EHK : DMSO-d;.
NEEEWME: T FSAFA 5w BIEE: 'HNMR
(800 MHz). *C-NMR (200 MHz). 'H-'H correlation
spectroscopy (‘H-'H COSY) .

quantum coherence (HMQC), heteronuclear multiple-bond

heteronuclear multiple

correlation (HMBC). nuclear overhauser effect spectroscopy
(NOESY)
BRRUSE

THRSPBREINAEELOBRRAK. 2
FTFHFI7A4NEFEFATF T 74 NEBEABEBRBERV
FAETANT T 7 4 VEEREBHO HPLC Z u<= +
FAhERIET D UV A7 b % Figl IR L%,
VBB O~ b A ENRLIEVL DO —
IBBRHER, FOPT 210 FOE—2 (L 1)
BAREIATFTT7 40 EFERED UV X222 hL
ZRL, BREBHALREIAT T 7 4 VOBRERER
20l FEEERETH-E, T, 30150 —7
(5 2) RAEFAFTFIAAROFATANTF
TANEREEO UV A7 P ERL, RERBERD
REFAFF 740 (297 89) ROFATANTF
4N (302%5) ERERERKETH o,

LC-MS @#H T, o 1 v ARAX_ bV ET
miz 489 WZ[M+H]' A v ¢ BbhdtE—2 &R L,
REIATFTFZ7A4NVEBERBOTAARANT b A%
A~L7T (Fig2A. Q) Flo. & 2 I AX2 b
N ETmiz 505 CM+H'" A At Bbhavy—2 %
AL, TDOVYRART MNVIEEEFATF 74 VR
VFFTANTFT 74V ERBKETH -7 (Fig.2B. D,
E).

B 1 BREATFTFIANTHLEIDPREVES 2
BEREFATFT T I ANERLRFAETANT T T 4
TH D YB3 570, UPLC-PDA B W T A Y
27T 4y BT UPLC-PDASITORER.
UV a< by T 5T Ko 2 HERR 232
BHEEAN, FATANTF 7 4N L EHRORERR-
ERL, REFAT T 74 NVOREEER 33 Lt
BERrBEHEBEBEFRLE Fig3), 20Z &b,
HPLC-PDA &#H R U8 LC-MS S34F DR & HF 8 TH
BRRAFATANT 74N THBEHBENT,
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(A) Compound 1 Compound 2 Compound 1 Compound 2
= l 2 -
A . i
T T ™ T PR l-\4 2 a1 NP
0 10 20 . 30 40 200 300 400 200 300 400
min Wavelength (nm) Wavelength (nm)
(B) Homosildenafil : Homosildenafil  Homothicdenafil
20.1
Homothiodenafil
29.7
: ]
N PO " " " L
n in an 20 an 2060 300 400 200 300 400
v i “Y min i i Wavelength (nm) Wavelength (nm)
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E: 2L
A /
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y ' ' y 300 400
¢ 10 0 i 30 40 Wavelength (rm)

Fig.1. HPLC chromatograms and spectra of sample extract and standard solution
A =290 nm, (A) Sample extract, (B) Standard solution of homosildenafil (100 pg/mL) and homothiodenafil
(100 pg/mL), (C) Standard solution of thioaildenafil (100 pg/mL)
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Fig.2. LC-ESI-MS spectra of the peaks in the MS chromatograms of sample extract and standard solution
(A) compound 1, (B) compound 2, (C) homosildenafil, (D) homothiodenafil, (E) thioaildenafil
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¥7z. UPLC-PDA ST B W T, B 1 iXRFRF
1.9 SRl EN, FEVAT 7 4 VORER
Ml (3.0 ) CIXRLIBEFEMEZRLE (Fig3).
FDZH, BB 1TREREIALTFT 7 4 AT R WE
Hrs iz,

UHFAHEEDIE, TO UV AXZ pABBEYV AT
FUANVBEBLUETHE I EBHERMEIATZLED
SETLC IC K 2 BB - B % 1TV . DART-TOF-MS

SHRUNMR Sl L 2 HWEBFT£21To. B
TLCI XV BB - R ATo T A, RHKSI
HBEOHERTH - =,

B K% % DART-TOF-MS THWWLERR. m/:z
489.2279 (Calcd 489.2284)IZ [M+H]"B @\ b, o FX
I3 Cp3H3NgO,S LR &SN, £/, 'H-NMR X<
7 M b 5416 (3H,s) L0 AFE §1.33(3H,
t, J=6.9 Hz).8 4.20 2H, q, J=6.9 Hz) L9V = bF &,
§0.93 (3H, t, J=7.5 Hz). & 1.73 (2H, qt, J=7.5, 7.5 Hz).
§2.77(2H,1,J=7.5Hz) XV n-7 m E/NE. 5737 (1H,
d, J=8.7 Hz), § 7.81 (1H, dd, J=2.4, 8.7 Hz). § 7.83 (1H,
d, J=2.4 Hz) 1 Y ABX ¥ A 7 OEEHEAKEOFEN
R X 7= (Table),

gk

. 1ODTNaAXVRE (565.0) 85 ODA
FLURR.3ODFERKEE (50130.0, 131.6 RV
113.4) 8L S ODAFURE. 7 >OFEFHEMK
RFE (5145.1, 148.4, 138.0, 124.6, 126.6, 123.8 B V!
159.9) RO AV AHE = VIRFE (8 153.9) OEENRE
&Ei 7z (Table)e Zi 5 'H-NMR B Ut PC-NMR & 2
I MABBEBEND YT F A 4 F R CyyHaNgO,S
ERLIVATF 7 A NEERLETHBIFEINAT
FTANDYTF N PVERE LTV, REVL
FrPI7ANCBRERINDN-ZFAERS S VB
DON-ZFNEDOTTFNVITBREEN L ol, —F,
FAEIC S FR CiHuNOS B RL., PAFAERT
CUBBERETAVAT T I A VEEREE O £
FIUNTFTANDY T FA Ve RERSDOT Y
FARFEFECISELBLTEY, 'TH.NMR X7 +
A6, 51.68(2QH, t, J~10.7Hz) L v 7 ¥ 7 Ad
AF L kFE, §3.45(2H, dd, J=2.0,10.7Hz) X h
APV TADAFLAHE, §2.73 QH, m) £V 7
XUTNADAFUKRBERBRDLORB VI TABBES
Nz, 'H-'HCOSY 7 5 H-25 (H-27) DA F L kFEL
H,-24 (Hp-28) O A F L KFE, H;-29 (H;-30) D A

—F. BC-NMR 2227 A b, 500X FILE FNRKBEOHBESZ LN (Fig.4),
(A) Comggund 2 Compound 1 Compound 2
Compound 1 i §
1.9 o ,
2 \ <
o 1.00 AR I 3.00 200 300 400 200
min Wavelength (nm) Wavelengﬂ: (n m)
Homothiodenafil
(B) Homosildenafil 3-3 Homosildenafil
3.0 |
2 ey
e —— e ——— 200 300 400200 300 400
[1] 1.60 min 280 3.00 Wavelength (nm) Wavelength (nm)
(c) Thioaildenafil Thioaildenafil
2.3 i
2 2]
A 4
6 ' ' l.(l}ﬂ' T 'mmﬁziw ' ' '3.'00 Wavelength (nm)

Fig.3. UPLC chromatograms and spectra of sample extract and standard solution
A =290 nm, (A) Sample extract, (B) Standard solution of homosildenafil (100 pg/mL) and homothiodenafil

(100 pg/mL), (C) Standard solution of thioaildenafil (100 pug/mL)
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INLOFERLEHMBCH b RBARSIE A F L EA
FOVRUANRI VAT T T AN EREOEBET, ¥
AFAECRSOUyBEEALTVDI EHESLE
(Fig.4), ¥ 7= .NOESY 7> 5 H-15 D * F V7K FE & H,-24
(H,-28) DA F L AkFRICHEBN A LN (Fig.5).
IODIEDS, PAFALERTDUBOATF LR
RLFEEG LELERRTFLHMERTEFEALTINVD D
DEEENTE, ULOERE»L, THERIZ
1-[[3-(6,7-dihydro-1- methyl-7-ox0-3-propyl-1H-pyrazolo
[4,3-d]pyrimidin- 5-yl)-4-ethoxyphenyl]-sulfonyl]-3-(R),
5-(S)- dimethylpiperazine (A F Y ¥ VT F 7 4 ) TH
5 LB S (Fig.6).

LEZEENORBERETFATANVTF7a0L
AFVUNTFT 4 I DWT, UPLC-PDA & AW
TEBZRIToLRER, EFBIIEN LN 482 mg/h
TEN (166 pg/mg) BTR1.5mg/h 7N (5.2 ug/mg)
Thoil,

FATANTF 7 4 MO0 T, BE, BRS
TlIhbw2EEHR PoRBEINLEAIBE
ENTRBY VY, vAFF T4V ERPOLEREE
EEITDOHD, UEMELELEEFETD VWb SRE
ERHJIBAREFTERS L LTHEE S TS
AFIONTFT 4 A, BHTIR H\:}o@é%}%
BERIPORHENEZEFABRESATHER O,
EATORUBEIRIAGERTD T ThHoT, TDA
FIIUNATFFT4rzonThH (ESEEHLELT
FERAINIMHAE] WS T L0 LOHER S
n, HEWEEZER T WowsRgERER) B
ARBEFITEERE LTHBIhDIZ L Lo T,

Table NMR data of the unknown compound

. measures
Position no. 3 e 35 in )
1 145.1 -
4 1539 —
6 1484 -
8 138.0 -
9 1246 -
10 (3H) 380 4.16s
11 (2H) 274 2.77t(75)
12 (2H) 219 1.73qt (7.5, 7.5)
13 (3H) 140 0.93t(7.5)
14 126.6 -
15 (1H) 130.0 7.83d(24)
16 1238 -
17 (1H) 1316 7.81dd (2.4, 8.7)
18 (1H) 1134. 7.37d (8.7)
19 159.9 -
20 (2H) 650 4.20q (6.9)
21 (3H) 144 1.33t(6.9)
24/28 4H) 520 1.68t(10.7)
3.45dd (2.0, 10.7)
25/27 2H) 499 2.73m
29/30 (6H) 19.1 0.91d (64)
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SE. VWb IBRERR] HbFATANLT 7
ANEZMAT, BRTHRBRESR TV AL AT
VUNTFFT 4 ABH R AR, OB
K%L LT ED BREERWESY VWb BER
G WENMTAEFARHBE ML, SR bE R
ED MEEEGWENRE AN At SHICS
WTHBRER T TV I EBUETHL EER
bh5,

n

LA

esmmmemem  Important 'H-'H COSY correlations
—_
Fig.4. Important 'H-'"H COSY and HMBC correlations

of the unknown compound

Important HMBC correlations

G
Fig.5. Important NOESY correlations of the unknown

Important NOESY correlations

compound

Fig.6. Chemical structure of methisosildenafil
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Abstract

In our continuing research on guarantee for the safety of dietary supplements derived from medicinal plants, commercial passion
flower products were investigated for their botanical origin on the basis of ntDNA ITS1 and cpDNA trul-F IGS sequences, as well
as with analyses of flavone glycoside and B-carboline alkaloid composition using LC-PDA-MS. Both nuclear and chloroplast DNA
sequences well distinguished P. incarnata, from other species of the same genus, such as P. edulis, P. caerulea, P. quadranglaris
and others. Three ITS1 genotypes were found in passion flower products which were assigned to P. incarnata, P. edulis and P.
edulis f. flavicarpa with reference to the sequences of referential Passiflora plants. Flavone glycoside composition showed the
species- and forma-specific variation and the profile of each product supported the results of DNA sequence analyses. Fourteen
passion flower products were analyzed for their source plant species, and were shown to be made from P. incarnata (nine samples)
and P. edulis sensu lato (five samples) on the basis of the DNA and LC-PDA-MS analyses. Furthermore, B-carboline alkaloids such
as harmine and harmaline which were reported as the constituents of P. incarnata were not detected in the products.

Plant materials legally restricted to medicinal use in Japan are specified by their scientific names and listed on the Pharmaceutical
Affairs Bureau Notification. However, those for general herbal products are not specified. According to the results, plant material
used for general herbal products are suggested to be specified by scientific names in order to ensure their safty.

Keywords : 7% 3 a > 75 77—, DNA RHIEH . LC-PDA-MS 547, 7 7KV EHEME, nrDNA ITSI 83
Passion flower, DNA analysis, LC-PDA-MS analysis, flavone glycosides, nrtDNA ITSI region

I #E

Passion flower |&. European Pharmacopoeia (EP)" |23\
T, Passiflora incarnata (1% : Fx K br4U7) O#BER
REBESE MBL2BDTHY, 15% U LDTFH/ AF

(vitexin ) 2 EOLHEINTVE, HERERIZB
T, passion flower [T EIEX L, [EERMZRES R LIE
BLZVRVEERG L L 2VWERSAE (BEAMED AN

(GEEZERVAF) (ESNTBY 2. BROREART
BTiE. FUEHRVERFEDRLHFL. BEdbo0

IX Valeriana officinalis (‘A A A/avy) ZpEEDREH)
ELTHBLT A, LA L. Passifiora BHEPIEIE LF 500
Ehonh ¥, BIFICBOTY Passiffora BRNZ, 5408
RELLTWBZEDPL, IELL P incarnata BMER ST
BNEEMTH D, T2 BOIEERERBY APTIE. passion
flower 1%, MrAVZELTINESN, BELTSy v ay
TIT=HRENT VD, HEDO M AV TId. P. caerulea
T, MBIORENE/Sy Y ar79 7 -3, Edo#
O, EP T, P. incarnata %3835, 77 VNVERFFHTIE,

P. alata BRESN. LIELIEZFOREL LT P. edulis 75H

S 0 T 158-8501 EEHHHAX EAE 1-18-1 EVEREREMFENEH L8R SHEL

Corresponding author: Yukihiro Goda, Division of Pharmacognosy, Phytochemistry and Narcotics, National Institute of Health Sciences,

1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan
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WHERTWS 9, $EoT. BAEDIERIERY A MILHE S
B LAYk, Passiflora BOEDEE TEIET O AHHHE
Tdhbo F72.P. incarnata /i, monoamine oxidase (MAO)
FHEERZ RO, B-carboline DTNV HUAL K2 EEHTHE
WIEELDHD O Zlnh, FOREWIIOVTLEETE
T5, TITHMAETIE, BEEHKELTHBETS passion
flower HEDOFERHTLEIIZ. DNA EEEFIFITICLD
EEBENRUESRSINC L2 8BRS REE T

I MRAE

1. KEME

Passiflora BAEMIRAENE, (M) EEEBDIFEHTESERED
BEWFEY 5 —EFEMFH R RFTERASTILR
HEWERHE L0 3% 1) 2 28 Btk Z AV 7z (Table 1) o T
BM@mIIonTiE, 12932y M EOBEGEELVEBALL
passion flower BIEELS 14 etk % A7z (Table 2) o 2D
Rid,. #7EAE 3, ZFRHF 1 FUEH 2, XEES T

Hb, TOW, Fr¥HIIL. DNA EEBFIBTEITHIE
DL WEB DN/, GG ORETo7,

LC-PDA-MS SATIZHV:2%7 5K/ 1 F{LA4 isoorientin
(1), orientin (2), vitexin (3), isovitexin (4) & U vitexin-2"-O-
rhamnoside (5) DiZdhid. EXTRASYTHESE #£ X 1. luteolin
(6), hyperoside (7) KU rutin (8) DEESLIZ, FGHE T4
IO EFNZENEALL. 72, B-carboline S5k, harmine
KU harmaline DI, FINMETER LIV ZRFREA
L7z

2. EBRAE

2-1. BEESIRER

£ A B 2 WA E ET. MM-300 (Qiagen) % BV T4k
4% B L 72 #. DNeasy Plant Mini Kit (Qiagen) % B\ T,
genomic DNA ZHi, BE L/, COLOFHEREL, Y
D% (DNA RUZERRE DNA, trnL (UAA) 3-exon R rnF
(GAA) FIIZREROB VERFNCERE LT I1 %%
BT, PCR 7)) Z&I24D, % 1DNA O ITS #ig (ITSI-
5.8S IDNA-ITS2) K UF % & fk DNA @ #rnL-F inter genic

Table 1. Details of referential Passiflora plants used in this study
Sample no. Voucher no. Scientific name Conservation Donor
" Pa-l S115 P. caerulea TNGSM™  Departamento de Botanica, PORTUGAL
Pa-2 S176 P. caerulea TNGSM™ Lushan Botanic Garden, CHINA
] - Pharmazeutisches Institut der Universitat Kiel,
Pa3 S26-1 P edulis TNGSM™ 1, ) 4118 Kiel, Gutenberstr. 76, GERMANY
Pa-4 S288-1 P. edulis
Pa-5 S288-2 P. edulis Oerod Botani Univ. W i
Pa-6 $288-3 P edulis TNGSM™ SO otamczgz) : X;\‘;D arszawskiego,
Pa-7 S288-4 P. edulis
Pa-8 S288-5 - P. edulis
Pa-9 $238-1 P. quadranglaris
Pa-10 $238-2 P. quadranglaris N )
Pa-ll $238-3 P. quadranglaris TNGSM™! Universitit T&lgré%:& i(;;a;nscher Garten,
Pa-12 S238-4 P. quadranglaris )
Pa-13 $238-5 P. quadranglaris
Pa-14 S58-1 P. incarnata
Pa-15 $58-2 P. incarnata
Pa-l6 3583 P incarnata TNGSM"' The Medic. Herb Gall';isez at the Univ. of WA,
Pa-17 S58-4 P. incarnata
Pa-18 S58-5 P. incarnata
Pa-19 None P. edulis cv. rubin star TNGSM™ Cultivar
Pa-20 None P. edulis cv. summer queen TNGSM"' Cultivar
Pa-21 None P. edulis cv. F1 TNGSM™ Cultivar
Pa-22 None P. edulis Tanegashima native strain-1 NIHS™ Cultivar
Pa-23 None P. edulis Tanegashima native strain-2 NIHS™ Cultivar
Pa-31 None P. rubra NSY™ Unknown
Pa-32 None’ P. incarnata NSY™ Unknown
Pa-33 None P. vitifolia NSY™ Unknown
Pa-34 None P. suberosa NSY™ Unknown
Pa-35 None P. edulis NSY" Unknown

*1: Tanegashima division, Research center for medicinal plant resources, National Institute of Biomedical innovation
*2: Division of Pharmacognosy, Phytochemistry and Narcotics, National Institute of Health Sciences

*3: Nippon Shinyaku Institute for Botanical Rescarch
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Table 2. Details of passion flower products used in this study

Product name

Sample no. - Product form
On internet On package
Pak-1 Passion flower extract Passion flower (Passiflora incarnata) Capsule
Pak-2 Passion flower Passion flower (Passiflora incarnata) Capsule
Pak-3 Passion flower - herb tea undiluted solution Simple extract Passion flower (Passiflora incarnata) Tincture
Pak-4 Tokei-so* (passion flower) extract Passion flower extract Capsule
Pak-5 Tokei-so* capsule Passion flower (Passiflora incarnata) Capsule
Pak-6 Tokei-so* tincture Passion flower (Passiflora incarnata) Tincture
Pak-7 Organic passion flower Organic passion flower Leaf
Pak-8 Organic herb passion flower Organic passion flower Leaf
Pak-9 Passion flower no text Stem and leaf
Pak-10 Passion flower, Passiflora incarnata, organic Passion flower Leaf
Pak-11 [Organic] passion flower Organic passion flower Leaf
Pak-12 Passion flower Organic passion flower (Passiflora incarnata) Leaf
Pak-13 Passion flower herb tea (straight) Passion flower (Passiflora incarnata) Stem and leaf
Pak-14 Passion flower (organic) Passion flower * organic Stem and leaf

*: “Tokei” and “so” mean clock and herb in Japanese, respectively. “Tokei-so” indicates Passiflora spp.

spacer (IGS) $EI& (trnl (UAA) 3’ exon-IGS-truF (GAA)) %
£ 1r DNA BiH %3808 L7z, PCR iX. GoTaq Green Master
Mix (Promega) B\, UTOBRE 70740125017
721 95°C, 2 min; (95°C, 30 sec; 50°C, 30 sec; 72°C, 45 sec) 40
cycles; 72°C, 5 mino % H 17z PCR E ¥ %. Montage-PCR
(Millipore) IZ X DHERLL7M8. YA LI P~V ANEH
L 72 Cycle sequencing X i+ iZ {3, BigDyeTerminator v3.1
Cycle Sequencing Kit (Applied Biosystems) ¥ F\>, f##TIL,
ABI Prism 3100-Avant Genetic Analyzer (Applied Biosystems)
FHWTTo72, BoNEEERNOSEEFHENT I,
Clustal W 7027547 #HWTITW, 4 FRGEH &,
neighbor-joining (NF) & ¥ I X DEEL 72, BIZEEBEDEH
i&. Kimura’s two parameter model® {2 X9 4To7z, 72751,
P. incarnata @ ITS EEFliZ. ITS1 HIKDEREIT adenine @
homopolymer D’FEL. UBEDBRFIORITH. 1L b
=TI YATIIRETH o e b, FTFREBDOVER
bED. UBROFHIZE ITSI FEOALHV, 28, 7
54—, White &9, Taberlet &' DHREICHELOR
UMEICREET L2 DR 7z 1 ITS-S1, 5-GGA AGT AAA
AGT CGT AAC AAG G-3%; ITS-ASI, 5-GTA GTC CCG CCT
GAC CTG-3’; trnLF-e, 5’-GGT TCA AGT CCC TCT ATC CC-
3’; trnLF-, 5;-ATT TGA ACT GGT GAC ACG AG-3%

2.2. LC-PDA-MS 447

1) SRR

Passiflora BHEW AL, TTREL D DIEHEK 0.1 g (—F
KETIE 01 g £ TALORKBREICLY, 25/ -5
mL iz, 10 5EHRE IMH LA ELTEER. LEES
PL7ze 562, FBRICHHBEIEL 2 BT/, O8L
7o EiEREbE, BETRELZ. REIC 1 mL DAY/ —

WEMZEH L. LC-PDA-MS ST %7 o7z, HHMEMmIC

BLTid. #7EVAD 4 BREIZHEY 01 g 2. ERHEY
PRI L2 Bbd 8§ BRI OWTIIHRE L. 70

0.1 g ZRUORBREIZLY, ERABOBELRBICEE
L. REEHEETHABL, FU3% 2 BEOVWTIE, BE
B, AV NWEMARERAEECTEL. 20EL0L
LiEE STz,

2) fifg

BE3R 9 120 ot tb 2 B E L, UTOEE, &8I0
UEFR=YAN

®E

LC #IZ Shimadzu Prominence UFLC % &L 7> Shimadzu
LCMS-2010EV BEE5#7EH (BESUWERD TRV,

BT LM

% % A IHypersil Gold CI8 (1.9 pm), 2.1 mm X 50 mm
(Thermo Fisher Scientific), 40°C

FEEDH D AR (0.1% FEEEH) B (0.1% FEET7L M=
MIVETR)

"5 VX Mt ¢ initial (%B = 10) — 20 min (%B = 40) —

30 min (%B = 80) — 50 min (%B = 80)

P& 0.3 mL/min

T4 MFAZ—F7 LA 2R (PDA) : 200 ~ 600 nm. 1.2
nm BB CAF v

FEAE 1l

L VF—Tx—REE 45KV

CDLE&E:-20V

CDL &/ 1 250°C

b—btray ZRE 1 200°C

AF AL CESI RV F4T

HHIEE 1 100 ~ 1,000 amu % 2,000 amu/s TA¥ ¥

1. BERSIRER
Passiflora BAEYRE IR XEFIBITE R L EICERL

f— 37_
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%Ak E Figs. 1,2 12, $/2. LERTIES% Figs.
3,4 IZR L7z, EHELOBEBIIBNTH, FNFROHEIC
MRS E AL, EERSIEITIC L 2K EEE AT
RETHHEB b, O, Pa2 id. P caerulea & L TE
AL 7275, trnL-F IGS DEEEFI B, P. edulis THDHZ
EHTRE I P edulis E L TEALZ: 12 AR Pa-2
1. trnL-F IGS $EIRIZB VT, Fl—0EERTIZR L1225
ITS1 $EIICBVTid, 3 DOBETFE! (type 1 ~ 3) (253
SNz, ZORREFIRVCEREOFEL Table 3 1I2F LD
720 Type | DECHIZ R/ DL, Pa-3 ~ Pa-8, Pa-22, 23 7%
720 Type 2 DEEFIZIFODBDIL, Pa35 72072, Type 3 3.
THE. type 1 & type 2 DEFIOEESYORTIZRL. 0
EF % Fobmid, Pa2, Pa-19 ~ Pa-2l #2072, %8B, [
— RO BB F BT L7 Pa-4 ~ Pa-8 (P. edulis), Pa-9
~ Pa-13 (P. quadranglaris), Pa-14 ~ Pa-18 (P. incarnata) i3,
trnL-F IGS, ITS1 BFIOEH53, EHEROEWIZERD LR
Lholze

TG IZHL BT 5 passion flower E GO E B F BT T
i3, BAERETHD Pak-3 & Pak-6 FER{L 12 WM AT
L7ze ZORE. X AHROREEIH o7 Pa-1,4 25
X, PCR EMIHBHBON Lol WIERFIEITITTEE o
7250 @ 10 MDA, Pak-2, 5,9 @ 3 BRI, BRIER
@ P. incarnata Ti3%{, P. edulis TEEELTWBEZ EHTR
Shize IhHOKRED 1TS1 EEFESNL, Pak-2, 9 45 P.
edulis type 1, Pak-5 A%, P. edulis type 2 72572 (Table 3)o %
Do 7 B, BRERERO®EY. P oincarnata IBEFEL

TR I EERTHERIIF O

2. LC-PDA-MS 4#f

2. 7O7 74T~ ZDIEK

K. Dhawan HD#3 3 12B\VT, Passiflora BIHYOEE
TIRIARELTHRESIN TV A{ILEWEHEON1 ~6 D
6 {LEMIRT EP OREZESREBRICBWICESRBILEE I Ty
57,8 120WC, TO77ANTF— Y RER LY. £1E
WOREER R RUBLSF 14> [MHH]Y OEEH
B mz 1ZFNFNL A, Rt 6.6 min, m/z 449; 2, Rt 6.9 min,
m/z 449; 3, Rt 8.3 min, m/z 433; 4, Rt 8.6 min, m/z 433; 5, Rt
8.5 min, m/z 579; 6, Rt 14.6 min, m/z 287; 7, Rt 8.6 min, m/z
465; 8, Rt 8.6 min, m/z 611 THorz, 1 ~ 8 BLUHE(LE
YotEERE% Fig. 5 \ORLIZ.

INSD miz EOMI. SERERIZHL 7= Passiflora JBAE
WIBnT, BRENLSHERLLE—270 mi 1B (563,
577,271 RUF287) % B, wA70<br 54 (MO %1k
L7z EBIZ. 7FR/4 FiZ UV 260 KU 340 nm fHEIC
TR EFEOZ L, BOBEKILKELED TR
BEEZHLND UV 205 nm [z, UV 260 KT 340 nm @
3J/EDIOT T ITLEER L.

2-2. Passiflora BH#EWMER
Passiflora BHYIZE P OB ONREN LR IO TS

L% Fig. 6 {Z7R U720 P. caerulea £ U TEA SNz Pa-1,2 T
13 Pa-l IZBWT 1,2 RU 4 ISR THE— 7 B ERE

P. edulis

Pa-1 P. caerulea

;:::1;2,' to Pa-18 } P. incarmata
Pa-33 P vitifolia
Pa-9 to Pa-13 P. quadranglaris

Pa-34 P. suberosa

5.0

T T
4 2

1
0

Nucleotide substitutions (x 100)

Fig. 1. NI tree constructed from the trnL-F IGS sequences of Passiflora plants

Pa-33

Pa-22 to Pa-23

Pa-3
Pa-4 to Pa-8 P. edulis
Pa-35

P. vitifolia
Pa-32
Pa-14 to Pa-18 }”- incarnata

Pa-1 P. caerulea
= e Pa-Q1to -13  P. quadranglaris
27 1 Pa-34  P.suberosa

T T T T
25 20 15 10

|
0

Nucleotide substitutions (x 100)

Fig. 2. NI tree constructed from the ITS sequences of Passiflora plants
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Pa-1

Pa-2 to Pa-8
Pa-9 to Pg-13
Pa-14 to Pe-18
Pa-19 to Pa-23

Pa-1

Pa-2 to Pa-8§
Pa-9 to Po-i3
Pa-14 to Pa-18
Pa-19 to Pa-23
Pa-32

Pa-33

Pa-34

Pa-35

Pa-1

Pg-2 to Pa-§
Pa-9 to Pa-13
Pa-14 to Pe-1%
Po~19 to Pg-23
Pa-32

Pa-33

Pa-34

Pa-35

Pa-1

Pa-2 to Po-8
Ps-0 to Pa-13
Pa-14 to Pg-18
Pe-19 to Pa-23

Pa-1

Pa-2 to Po-8
Pa-9 to Pa-13
Pg-14 to Pa-18
Po-19 to Pa-23
Pa-32

Pa-33

Pa-34

Pa-35

Pa-1

Pa-2 to Pu-8
Pa-9 to Po-13
Pa-14 to Pa-18
Po-19 to Po-23
Pa-32

Pa-33

Pa-34

Pa-35

Fig. 3.

Pa-1

Pa-3 to Pa-8
Pa-$ to -13
Po-14 to Pa-18
Pg-22 to Pa-23
Pa-32

Pa-33

Pa-34

Pg-35

Pe-1

Pa-14 to Pe-18
Pa-22 to Pa-23
Pa-32
Pa-33
Pa-34
Pa-35

Pa-1

Pa-3 to Po-8
Pa-9 to -13
Pa-~14 to Pg-18

Pa-1

Pa-3 to Pa-8
Pa-8 to -13
Pa-14 to Pa-18
Pa-22 to Pa-23
Po-32

Pa-33

Pa-34

Pg-35

Pa-1

Pa-3 to Pa-8
Pa-$ to -13
Pa-14 to Pa-13
Pa-22 to Pa-23
Pa-32

Pa-33

Pa-34

Po-35

LAAAAAGATCCGTEGGACTC - - - -~ - TATATATCTTAGAAAAAAATTCTTY 44

TCEAAA(CTGCAAAG(AGA-&CGA(CCGCG.\A(-CGTTGiEGAAGlTCAt
. - o

G ....

C--(CATT((C[%YT{GGI.LAC!AtAA

Fig. 4. ITSI sequence alignment for Passiflora plants
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Table 3. ITS genotypes with 10 nucleotide substitutions observed in this study
Nucleotide position Samples
Genotype - "
95 142 161 213 360 424 554 555 564 571 Referential Commercial
Type 1 A G Y C A A C C T G Pa-3toPa-§, Pa-22,23 Pak-2, Pa-9
Type 2 C A C T G G T T C A Pa35 Pak-5
Type 3 M R Y Y R R Y Y Y R Pa-2,Pa-19to Pa-21

M: A/C,R: A/G,Y: C/T

Rs

HO
Rq
Ra
OH (0]

Name R, R, R; Ry Formula RV
Apigenin H H R H CysHiOs 270
Luteolin (6) H H H OH CisHiOs 286
Quercetin OH H H OH [N 302
Vitexin (3) H H C-glc H CaHaO1o 432
Isovitexin (4) H C-ge H H CoHxOo 432
Orientin (2) H H  C-gec OH CoHx00y 448
Isoorientin (1) H C-ge  H OH [N 448
Hyperoside (7) O-gal H H OH CyHxO1, 464
Vitexin-2"-Rha () H H * H CpHyOu 578
Rutin (8) O-nttinosyl _ H H OH CoHyOus 610

% 2-rhamnosy-glucosyl

Fig. 5. Chemical structures of the C-flavone glycoside
markers (1-6), EP reference compounds, hyperoside
(7) and rutin (8), and their aglycons

L, E5(2 12.8 min (m/z 563, [M+H]) IZ¥—2 %5072,
~%. Pa2 Tid 1 ~ 4 ISHIETBE= 2 25h TS
NBBETHY. FOMIC 10.5 min (nz 563, [M+H]), 13.1
min (m/z 579, [M+H]"; m/z 433, base peak), 13.4 min (m/z 563,
[MHHT) ICE— DR SN B 8, Pa-l LIZBR Lo/ BS
TaTrANERL. BIBTS P edulis DFEHTE (Pa-19
~ Pa-21) BBy =2 %R L7z,

P. edulis L1 TEASINIz Pa3 ~ 8 KU Pa-22,23 O 8
KETIH 1 ~ 4 ICHIETHE— 23 EnY, Bl 127
min (m/z 577, [M+H], 15.7 min (m/z 563, [M+H]") (ZE—2
HEDHLNIZ, ,

P. quadranglaris £ L CEASNT: Pa-9 ~ 13 @ 5 RFT
i 2 RU 3 IS5 E—2 8b TRl b7z, 84
min (m/z 565, [MHH]) OE—ZIZMZ. TAARZ MUIZE
T base peak 7% m/z 421 F724% 423 Z7RL. BHEZ2 UV
R & 3 7 2 R ERERRT 19 ~ 24 min KHEETIEHO
Y— 7 HSRERR S NIz (Fig. 6, Pa-10, KED) .

P. incarnata & L CEA ST Pa-14 ~ 18, Pa-32 @ 6 ®
HTIE T ~ 4 SHBT B2 P HER S, F7: 7.8 min
(m/z 595, [M+H]) (¥ — 7 SR LN7,

P. edulis OFREGFETH S Pa-19 ~ 21 D 3 KT, P.
edulis £ U CEA XN Pa-3 ~ 8 RU Pa-22,23 @ 8 &
IR TaT7ANVERLIZ. BB 1 ~ 4 1ZWI6§5E—

Zid, DI PICEDOONLEETHY). FhLFHT 10.5 min
(m/z 563, [M+H]), 13.1 min (m/z 579, [M+H]"; m/z 433, base
peak), 13.4 min (m/z 563, [M+H]") ICE— 7 DRI SN, &
512 Pa-35 @ P. edulis Tik. Pa-19 ~ 21 KU Pa-3 ~ 8, Pa-
22,23 D11 FREOWTNEDELRDETOT77ANVERL
BHESTP. edulis &L TEA SN 12 #FHI.L 3 type (Type |,
Pa-3 ~ Pa-8, Pa-22, Pa-23; Type 2, Pa-35; Type 3, Pa-2, Pa-19
~Pa2l) OBSF7 BT 7AMIGEINZ,

2-3. Passion flower 845,

Passion flower AP S/BOLNLRFEMN L IO TS5
% Fig. 7VZ/R L7 Pak-l, 5, 6 X, EWIZEML-7 07y
ANVEIRL, Pa-35 IZHEBHEUL /20D TH o7z, Pak-2, 9
i% Pa-3 ~ 8 (P. edulis) ® 6 FELFBPHEOBE T T 74V
TdHo7zo Pak3, 4,7, 8, 10~ 14 O 9 ik, pak-4 ZErZ
Pa-14 ~ 18, 32 (P. incarnata) D 6 AFE DE\VERLEDRE
BDHNTz, Pak-4 [BELTid. Fr¥FFEER 10 min F Tidfho
8 MR 6 HBLLEUL AT 774 VERLZD. Fh
PRI ORE R UBREICIZBD LN W E— 7 2R s h
770 COLDIE, BEHIZHEI-NREI I a—r T
FMELEITNTBY. 2040, FHEER 10 min DEOS
T7 7 A MSEVALNEEZ BT,

7t B, B-carboline RN T VAL FiZDWTid, harmine,
harmaline ¥R ELT, ZORBBMRCERRICE TR
Y— 2 RIEERMTH. WTNOD Passifora BHEYHER
UF passion flower AP HBHEHB Y713, RHEN o7

(BAHBBE SR : harmine, 48 pg; harmaline, 45 pg; S/N 3),

vV Ex

Passiflora BREHAB DB, P. caerulea L LU TEALT:
Pa-2 13, SEEEFUBITORER. P. edulis O type 3 IS
NAEFNERL:. Pa2 &, FUL P caerulea ELTEA
L7z Pa-l &, EOBKRPKE(EL-TEY, Pa-l 7% P.
caerulea DEFETH AW 5 FROEZFH O >OIZKT L. Pa-2
3. P. edulis %° P. racemosa DB TaH 519 3 R/
EHELTW 2, #EoT, MERFIBIFOERELEZEDYS
L. Pa2 id\ P edulis DERFFE TRV LERESID, &
D i, BA T T ANVGHOERP LIRS,

P edulis £ UCEASN 12 283, ITSI IEEERAICE
W, 3 DOBETENGESN: (Table 3)o F72. BT
a77AVe5S 3 DOFL TG EEN (Table 4; type 1 ~



