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Abstracts. Seven Asplenium normale individuals in Malaysia were surveyed for flavonoid com-
pounds. They were divided into two chemotypes, H- and I-types. The flavonoids were isolated by
various chromatography and identified by TLC, HPLC, UV spectroscopic, LC-MS and NMR sur-
veys. Two flavone O-glycosides, apigenin 7-O-rhamnosyl-(1—4)-rhamnoside (1) and apigenin 7-
O-rhamnosyl-(1—4)-rhamnoside-4’-O-rhamnoside (2), and two flavone C-glycosides, vicenin-2
(6) and lucenin-2 (7), were contained in one chemotype (H-type). On the other hand, two flavonol
O-glycosides, kaempferol 3-O-glucosylrhamnoside (3) and kaempferol 3,4’-di-O-glycoside (4) and
a flavone O-glycoside, genkwanin 4'-O-glucosyl-(1—3)-rhamnoside (5), were found from another
chemotype (I-type) together with 6 and 7. In cases of Japanese Asplenium normale and related
species, seven chemotypes have been reported. However, their chemotypes did not include flavonol
O-glycosides and apigenin trirhamnoside. Apigenin 7-O-rhamnosyl-(1—4)-rhamnoside (1) and
apigenin 7-O-rhamnosyl-(1—4)-rhamnoside-4'-O-rhamnoside (2) were reported in nature for the
first time.

Key words: Apigenin O-glycosides, kaempferol O-glycosides, flavonoids, Asplenium normale,
Malaysia, Aspleniaceae, chemotypes, chemotaxonomy.

Introduction

Asplenium normale D. Don (Aspleniaceae)
(Fig. 1) is broadly distributed throughout East
and Southeast Asia, Africa and Hawaii (Nakaike,
1992), and two related species, 4. boreale (Ohwi
ex Sa. Kurata) Nakaike and A. shimurae (H. Ito)
Nakaike occur in the Sino-Japanese area (Ching
&  Iwatsuki, 1982). Another related 4.
oligophlebium Bak. including var. iezimaense
(Tagawa) Tagawa, which is restricted to Iejima is-
land, is endemic to Japan (Nakaike, 1992).

In the previous paper (Iwashina et al., 1990),
we have presented that A. normale, A. boreale, A.
shimurae and A. oligophlebium have distinct

flavonoid patterns, i.e., apigenin 7-O-dirhamno-
side (8), luteolin 7-O-dirhamnoside (9) and
genkwanin 4'-O-glucosylrhamnoside (5) in A.
normale, apigenin 7,4'-di-O-rhamnoside (10),
which has been misidentified as flavonoid 5 on
account of their very similar chromatographic
and UV spectral properties, in A. boreale, api-
genin 7-O-glucosylrhamnoside (11) and luteolin
7-O-glucosylrhamnoside (12) in A. shimurae,
and flavonoid 5 alone in A. oligophlebium. Of
their glycosides, flavonoids 5, 8, 9 and 10 were
new compounds in nature. In 1993, another new
flavonoid, apigenin 7-O-rhamnoside-4’-O-gluco-
sylrhamnoside (13) has been isolated and identi-
fied from A. normale by us (Iwashina et al.,
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Fig. 1.
Iwashina.

1993). Their flavonoid glycosides have complete-
ly been identified as apigenin 7-O-0-L-
rhamnopyranosyl-(1—3)-O-o-L-rhamnopyra-
noside (8), luteolin 7-O-o-L-rhamnopyranosyl-
(1-3)-0-0o-L-rhamnopyranoside (9), genkwanin
4'-0-B-p-glucopyranosyl-(1—3)-0-o-L-
rhamnopyranoside (5) and apigenin 7-O-o-L-
rhamnopyranoside-4'-O- 3-p-glucopyranosyl-
(1-3)-0-a-L-rthamnopyranoside  (13) by '*C
NMR survey (Matsumoto et al., 2003).

Among A. normale and related species, it was
shown that A. normale is divided into seven
chemotypes, i.e., A-type: flavonoids 5, 8 and 9;
B-type: 5 alone; C-type: 13 alone; D-type: 8 and
9; E-type: 8, 9 and 13; F-type: 5, 8, 9 and 13;
and G-type: 5 and 13 (Iwashina & Matsumoto,
1994). Two C-glycosylflavones, vicenin-2 (api-
genin 6,8-di-C-glucoside, 6) and luteolin 6,8-di-
C-glycoside (7) were found in all chemotypes
and related species, A. shimurae, A. boreale and
A. oligophlebium. Another chemotype of A. nor-

Asplenium normale D. Don. Choyo Village, Kumamoto Pref., Japan, 3 Feb. 2001, photographed by T.

male was reported from Nepali individual, and
consisted of flavonoid 10 and another apigenin
7,4'-O-glycoside  (Iwashina & Matsumoto,
1990).

Malaysian Asplenium normale has been sur-
veyed for flavonoids by Umikalsom et al. (1994).
They reported two flavone O-glycosides, i.e.
genkwanin 4'-0O-glucosylrhamnoside and
acacetin 7-O-glucosylrhamnoside, together with
various uncharacterized kaempferol 3-O-glyco-
sides and quercetin glycosides, and kaempferol
3,4’-O-glycosides from the species. Though
flavone glycosides were reported from Japanese
chemotypes of A. normale, flavonol glycosides
have never been found until now. Thus, the indi-
vidual of Malaysian 4. normale was presumed as
a new chemotype.

In this paper, we describe the detailed
flavonoid characterization from two chemotypes
of Asplenium normale in Malaysia.
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Materials and Methods

Plant materials

Asplenium normale D. Don was collected in
Malaysia through the project, “Biodiversity In-
ventory in the Western Region”, by the National
Museum of Nature and Science” in 2006 and
2007. Voucher specimens were deposited in the
herbarium of the National Museum of Nature
and Science, Tokyo (TNS). Collection sites and
dates of seven plant materials are as follows.
Climbing route (Summit Trail) from Headquar-
ters, Mt. Kinabalu, ca. 1,800-2,000 m alt., Sabah,
Malaysia, 31 Jan. 2007 (SB2007-1131); Ne-
penthes trail, Mesilau Nature Resort, Mt. Kina-
balu, ca. 1,900-2,000 m alt., Sabah, Malaysia, 1
Feb. 2007 (SB2007-1153); Silau-Silau trail,
around Headquarters, Mt. Kinabalu, 1,635 m alt.,
Sabah, Malaysia, 2 Feb. 2007 (SB2007-1176,
1177, 1178 and 1179); and Summit trail, Mt.
Kinabalu, ca. 1,600-2,400m alt., Sabah,
Malaysia, 2 Feb. 2006 (M12).

Isolation of flavonoids

Total dry fronds (8.2g) of six individuals,
SB2007-1131, SB2007-1176, SB2007-1177,
SB2007-1178, SB2007-1179 and M 12, which are
the same flavonoid composition, and an individ-
ual, SB2007-1153 (3.8 g), of A. normale were ex-
tracted with methanol, respectively. The concen-
trated extracts were applied to preparative paper
chromatography using solvent systems: BAW (n-
butanol/acetic acid/water=4:1:5, upper phase),
15% HOAC (acetic acid/water=15:85) and then
BEW (n-butanol/ethanol/water=4:1:2.2). Iso-
lated flavonoids were purified by Sephadex LH-
20 (Pharmacia) column chromatography using
solvent system: 70% methonol. Flavonoids 1, 2
and 6 were obtained as pale yellow powders
(yield, ca. 70 mg, 30 mg and 5 mg, respectively).

Thin layer chromatography (TLC) for flavo-
noids and paper chromatography (PC) for
sugars

TLC of the flavonoid glycosides was per-
formed on cellulose plastic plates (Merck) using

solvent systems: BAW, 15%HOAc and BEW. PC
of glycosidic sugars was performed using solvent
systems: BBPW (n-butanol/benzene/pyridine/
water=5:1:3:3) and BTPW (n-butanol/toluene/
pyridine/water=5:1:3:3).

Acid hydrolysis

Flavonoid glycosides were hydrolyzed with
12% hydrochloric acid for 30 min on a boiling
water bath. After cooling in water, the solution
was shaken with diethyl ether, and whereby the
aglycones in the ether phase and the sugars in the
mother liquor were separated from each other.

High performance liquid chromatography
(HPLC)

The HPLC survey of the isolated flavonoids
and their aglycones was performed with a Shi-
madzu HPLC system using Senshu-Pack Pegasil
ODS column [6.0 mm [.D.X150 mm L.] (Senshu
Scientific Co., Ltd.), at a flow-rate of 10ml
min~!, detection wavelength 190-350nm, and
eluents,  acetonitrile/water/phosphoric ~ acid
(26:74:0.2,sol. ) or (15:85:0.2, sol. II).

Ultraviolet-visible spectra (UV)

UV spectra were recorded on a Shimadzu
MPS-2000 multi purpose recording spectropho-
tometer according to Mabry et al. (1970).

Nuclear magnetic resonance (NMR) spectra
and liquid chromatograph-mass spectra (LC-
MS)

NMR spectra were measured in pyridine-ds at
500 MHz ('"H NMR) and 125MHz (*C NMR).
LC-MS were measured on a Shimadzu LCMS-
2010EV system using Senshu-Pack Pegasil ODS
column [2.0mm [.D.X150mmL.] (Senshu Sci-
entific Co., Ltd.), at a flow-rate of 0.2 mlmin™",
eluting with  acetonitrile/water/formic  acid
(26:69:5), ESI* 4.5kV and ESI™ 3.5kV, 250°C,
m/z 150-800.

Identification of flavonoids
The flavonoids were identified by UV spec-
troscopy, LC-MS, 'H and '*C NMR, characteri-
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zation of acid hydrolysates (aglycones and sug-
ars), and direct TLC and HPLC comparisons
with authentic samples. TLC, UV, HPLC and
LC-MS data of the isolated flavonoids were as
follows.

Apigenin  7-O-rhamnosyl-(1—4)-rhamnoside
(1). TLC: Rf 0.78 (BAW), 0.81 (BEW), 0.28
(15%HOAc); UV-dark purple, UV/NH,—dark
yellow. UV: A max nm MeOH 267, 335;
+NaOMe 274, 379 (inc.); +AICL, 275, 299, 349,
375sh; +AICL/HCl 276, 298, 342, 372;
+NaOAc 255, 266, 389; +NaOAc/H,BO, 268,
341. HPLC: R min 8.93 (sol. I). LC-MS: m/z
563 [M+H]*, 561 [M—H] " (apigenin dirhamno-
side), 271 [M—glycosyl-H]", 269 [M-—
glycosyl—H]~ (apigenin). 'H and *C NMR data
will be described elsewhere (Iwashina ef al., in
preparation).

Apigenin 7-O-rhamnosyl-(1—4)-rhamnoside-
4'-O-rhamnoside (2). TLC: Rf 0.48 (BAW), 0.55
(BEW), 0.59 (15%HOAc); UV and UV/NH,;-
dark purple. UV: A max nm MeOH 269, 317,
+NaOMe 286, 370 (dec.); +AICl, 278, 299,
336, 374sh; +AICL/HCI 279, 298, 332, 369;
+NaOAc 270, 311; +NaOAc/H,BO, 270, 320.
HPLC: R min 7.21 (sol. I). LC-MS: m/z 709
[M+H]*, 707 [M—H] (apigenin trirhamno-
side), 563 [M—monorhamnosyl+H] ", 561 [M—
monorhamnosyl+H]™ (apigenin dirhamnoside),
271 [M—glycosyl+H]", 269 [M—glycosyl—H]~
(apigenin). '"H and *C NMR data will be de-
scribed elsewhere (Iwashina et al., in prepara-
tion).

Kaempferol  3-O-glucosylrhamnoside  (3).
TLC: Rf 0.80 (BAW), 0.78 (BEW), 0.59
(15%HOACc); UV-dark purple, UV/NH,—dark
greenish yellow. UV: A max nm MeOH 265, 342;
+NaOMe 274, 322, 389 (inc.); +AICl, 274, 303,
349, 387sh; +AICL/HCI 274, 300, 343, 387sh;
+NaOAc 274, 309, 381; +NaOAc/H,BO, 266,
344. HPLC: R min 5.00 (sol. I). LC-MS: m/z
595 [M+H]", 593 [M—H]~ (kaempferol gluco-
sylrhamnoside), 287 [M—glycosyl+H]*, 285
[M—glycosyl—H] ™ (kaempferol).

Kaempferol 3,4'-O-glycoside (4). TLC: Rf
0.93 (BAW), 0.90 (BEW), 0.34 (15%HOAc); UV

and UV/NH;—dark purple. UV: A max nm MeOH
267, 323; +NaOMe 276, 387 (dec.); +AICI,
276, 301, 343, 377sh; +AICL/HCI 276, 300,
335, 375sh; +NaOAc 273, 314, 386sh;
+NaOAc/H,BO; 267, 324. HPLC: R min 7.11
(sol. T). LC-MS: m/z 563 [M+H]*, 561 [M—H]~
(kaempferol glycoside), 287 [M—glycosyl+H]"
(kaempferol).

Genkwanin 4'-O-glucosyl-(1—3)-rhamnoside
(5). TLC: Rf 0.73 (BAW), 0.81 (BEW), 0.42
(15%HOACc); UV and UV/NH,—dark purple. UV:
A max nm MeOH 269, 318; +NaOMe 286, 373
(dec.); +AICl; 279, 300, 338, 375sh;
+AICL/HCI 280, 299, 332, 370; +NaOAc 270,
317; +NaOAc/H;BO, 270, 321. HPLC: R min
21.09 (sol. I). LC-MS: m/z 593 [M+H]", 591
[M—H]" (apigenin monomethyl ether glucosyl-
rhamnoside).

Vicenin-2 (6). TLC: Rf 0.20 (BAW), 0.27
(BEW), 0.42 (15%HOAc); UV-dark purple,
UV/NH,—dark yellow. UV: A max nm MeOH
273, 332; +NaOMe 283, 334, 400 (inc.);
+AICI,; 279, 305, 353, 385sh; +AIClL/HCI 279,
304, 347, 384sh; +NaOAc 282, 336, 396;
+NaOAc/H,BO; 276sh, 285, 321, 349, 408.
HPLC: R min 5.57 (sol. II). LC-MS: m/z 595
[M-+H]", 593 [M—H]~ (apigenin diglucoside).

Lucenin-2 (7). TLC: Rf 0.11 (BAW), 0.16
(BEW), 0.31 (15%HOAc); UV-dark purple,
UV/NH,~yellow. UV: A max nm MeOH 257sh,
271, 350; +NaOMe 272, 337sh, 415 (inc.);
+AICl, 278, 426; +AIClL/HCI 263sh, 277, 299,
359, 386sh; +NaOAc 270sh, 282, 404;
+NaOAc/H,BO, 270, 287sh, 430. HPLC: R min
3.45 (sol. I). LC-MS: m/z 611 [M+H]", 609
[M—H]  (luteolin diglucoside).

Results and Discussion

Of seven individuals which were used as plant
materials, six ones (SB2007-1131, 1176, 1177,
1178, 1179 and M12) were the same flavonoid
composition (H-type, Fig. 2). On the other hand,
one individual (SB2007-1153) showed the differ-
ent flavonoid composition (I-type, Fig. 3). Seven
flavonoids were isolated from the fronds of
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Fig. 2. HPLC chromatogram of crude extracts from chemotype (H-type) of Asplenium normale. 1=apigenin 7-
O-rhamnosyl-(1—4)-rhamnoside, 2=apigenin 7-O-rhamnosyl-(1—4)-rhamnoside-4'-O-rhamnoside, 6=
vicenin-2 and 7=lucenin-2.
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Fig. 3. HPLC chromatogram of crude extracts from chemotype (I-type) of Asplenium normale. 3=kaempferol
3-0O-glucosylrhamnoside, 4=kaempferol 3,4'-O-glycoside, 5=genkwanin 4'-O-glucosyl-(1—3)-rhamnoside,
6=vicenin-2 and 7=lucenin-2.

Malaysian Asplenium normale. and rhamnose, which were characterized by di-
Flavonoid (1) was major component of H-type  rect HPLC and PC comparisons with authentic
and obtained as pale yellow powder. Apigenin  samples, were liberated by acid hydrolysis. It was
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Fig. 6. Kaempferol 3-O-glucosylrhamnoside (3).

shown by UV spectral survey with various shift
reagents according to Mabry et al. (1970) that
rhamnose is attached to 7-position of apigenin.
Since molecular ion peak, m/z 563 [M+H]" and
561 [M—H] ", was indicated, it was shown that 2
mol rhamnose are present as glycosidic sugar.
Thus, flavonoid (1) was characterized as apigenin
7-O-dithamnoside. Such glycoside has been
found in Japanese A. normale (Iwashina et al.,
1990) and identified as apigenin 7-O-0-L-
rhamnopyranosyl-(1—3)-O-o-L-rhamnopyra-

Apigenin 7-O-rhamnosyl-(1—4)-rhamnoside-4'-O-rhamnoside (2).

noside (8) by >*C NMR (Matsumoto et al., 2003).
However, flavonoid (1) was elucidated by 'H and
C NMR survey as apigenin 7-O-o-L-rhamnopy-
ranosyl-(1—4)-O-o-L-thamnopyranoside (Fig. 4),
which was first reported as natural compound.

Flavonoid (2) was isolated from H-type and
obtained as pale yellow powder. It also produced
apigenin and rhamnose by acid hydrolysis. It was
shown by LC-MS that 3 mol rhamnose were at-
tached to apigenin. UV spectral survey indicated
the presence of free 5-hydroxyl group, showing
the attachment of glycosyl groups to 7- and 4'-
positions of apigenin. Finally, flavonoid (2) was
identified as apigenin 7-O-a-L-rhamnopyranosyl-
(1-4)-0-a-L-rhamnopyranoside-4'-O-o-L-
rhamnopyranoside (Fig. 5) by 'H and *C NMR
data. Apigenin trirhamnoside was reported in na-
ture for the first time.

Flavonoid (3) was isolated from I-type of A.
normale. UV spectral properties of the glycoside
were those of flavonol, kaempferol, but not
flavone, apigenin. Practically, kaempferol was
liberated by acid hydrolysis as aglycone, together
with glucose and rhamnose as glycosidic sugars.
Since the presence of free 5-, 7- and 4’-hydroxyl
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Fig. 7.

Fig. 8.

Vicenin-2 (6).

groups was shown by UV spectral survey, the at-
tachment of both the sugars to 3-position was in-
dicated. Thus, flavonoid (3) was characterized as
kaempferol 3-O-rhamnosylglucoside or 3-O-glu-
cosylrhamnoside (Fig. 6). As such kaempferol 3-
O-glycosides, kaempferol 3-O-rhamnosyl-(1—
6)-glucoside (rutinoside) (Iwashina & Hatta,
1998), 3-O-rhamnosyl-(1—2)-glucoside (neohes-
peridoside) (Iwashina et al., in press) and 3-O-
glucosyl-(1—2)-rhamnoside (Takemura et al., in
preparation) have been reported. However, HPLC
properties of flavonoid (3) did not agreed with
those of their glycosides. Since fragment ion
peak did not appeared by LC-MS, the glycoside
was presumed as glucosylrhamnoside but not
rhamnosylglucoside.

Flavonoid (4) was also isolated from I-type.
The presence of free 5- and 7-hydroxyl and sub-
stituted 3- and 4’-hydroxyl groups was shown by
UV spectral survey. Kaempferol was liberated by
acid hydrolysis, but glycosidic sugar was not
characterized for small amount of original glyco-
side. Thus, flavonoid (4) was characterized as
kaempferol 3,4'-di-O-glycoside. Molecular ion
peak, m/z 563 [M+H]" and 561 [M—H] ap-
peared, but it did not agree with other known

OH

OH
CH,0H

Genkwanin 4-O-glucosyl-(1—3)-rhamnoside (5).

Fig. 9.

Lucenin-2 (7).

kaempferol glycosides. A chemotype, which syn-
thesizes not only flavones but also flavonols, has
been reported from Malaysian Asplenium nor-
male (collection site is recorded as Semenan-
jung) (Umikalsom et al., 1994). Though acacetin
7-0-glucosylrhamnoside was not detected in this
experiment, this chemotype may be the same one
with that found by Umikalsom and co-wokers.

Flavonoid (5) was isolated from I-type, togeth-
er with two kaempferol glycosides described
above. Genkwanin (apigenin 7-methyl ether),
glucose and rhamnose were liberated by acid hy-
drolysis. The attachment of sugars to 4’-hydroxyl
group of genkwanin was shown by UV spectral
survey using various shift reagents (Mabry et al.,
1970). Finally, flavonoid (5) was identified as
genkwanin  4'-O-f-D-glucopyranosyl-(1-3)-O-
o-L-rhamnopyranoside (Fig. 7) by direct TLC
and HPLC comparison with authentic sample ob-
tained from Japanese A. normale (Iwashina et al.,
1990).

Flavonoid (6) was isolated from both chemo-
types and obtained as pale yellow powder. UV
and LC-MS properties of the compound were
agreed with those of apigenin 6,8-di-C-gluco-
side. The glycoside was finally identified as
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vicenin-2 (Fig. 8) by direct TLC and HPLC com-
parison with authentic sample, which isolated
from the leaves of Colocasia esculenta (L.)
Schott (Araceae) (Iwashina et al, 1999).
Vicenin-2 has been found in all Japanese chemo-
types of A. normale.

Flavonoid (7) was also isolated from both
chemotypes. It was shown by UV spectral survey
that the presence of free 5-, 7-, 3'- and 4'-hy-
droxyl groups. Moreover, the compound could
not be hydrolyzed by hot acid treatment, suggest-
ing the compounds is C-glycosylflavonoid. Mole-
cular ion peak, m/z 611 [M+H]" and 609
[M—H]  appeared by LC-MS, showing to be C-
glycosylflavone attached 2 mol glucose. Thus,
flavonoid (7) was identified as luteolin 6,8-di-C-
glucoside, i.e., lucenin-2 (Fig. 9). Luteolin 6,8-
di-C-glycoside has been reported from all Japan-
ese chemotypes of A. normale. In this survey, it
was first confirmed that their C-glycosylluteolin
is lucenin-2.

In 1994, we have described seven chemotypes
from Japanese Asplenium normale (Iwashina &
Matsumoto, 1994). The occurrence of another
chemotype was reported from Nepali population
(Iwashina & Matsumoto, 1990). New chemo-
types containing two new flavone O-glycosides
or flavonol glycosides found from
Malaysian A. normale in this survey. As de-
scribed in introduction, A. normale is broadly
distributed throughout East and Southeast Asia,
Africa and Hawaii (Nakaike, 1992). Other new
chemotypes may be found from other area, e.g.,
China, Taiwan and so on.
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