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in Several Species of Caryophyllaceae®
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The chemotaxonomic survey in the family Caryophyllaceae has been confined
chiefly to the occurrence of anthocyanins instead of betalains within the order Caryo-
phyllales (or Centrospermae) (Mabry 1966). Recently, it was clarified that C-glyco-
sylflavones are widespread rather than other class of flavonoids in anthocyanin-containing
families, Caryophyllaceae and Molluginaceae (Richardson 1978), and many kinds of unique
C-glycosylflavones and their O-glycoside, e.g., isovitexin 2”-O-arabinoside, 2”-O-rhamno-
side, 7-O-galactoside-2”-O-rhamnoside, cerarvensin (6-C-xylosylapigenin), 6-C-galactosyl-8-
C-arabinosylapigenin, 6-C-glucosyl-8-C-galactosylapigenin and so on, have been isolated
from this family (Bouillant et al. 1979, Besson et al. 1979, Wagner et al. 1979, Dubois
ot al. 1982, 1984 etc). Since the Caryophyllaceae, however, is a large family consisting
of about 80 genera with ca. 2000 species, information on flavonoids in the family has
been comparatively scanty.

The present paper describes the flavonoid and anthocyanin profiles of the aerial
parts, leaves, stems or flowers, of 12 caryophyllaceous species mostly native to Japan.

Materials and Methods
Plant materials

The twelve plant species were collected as materials from various localities in
1983, which are arranged in Table 4.

Isolation of flavonoids
An appropriate amount of fresh leaves or flowers of each caryophyllaceous species
was extracted with methanol, filtered and evaporated in vacuo to an agueous concentrate,
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which was applied to two-dimensional paper chromatography (2D-PC) on Toyo No. 50
filter paper using two kinds of solvent systems, BAW (n-BuOH/AcOH/H,0=4:1 : 5,
upper phase) on the one direction and 159, AcOH (AcOH/H,0=15 : 85) on the other.
The individual crops separated were subjected to mass-paper chromatography (mass-PC)
using the solvent systems described above or column chromatography, and were thoroughly
purified in solution or obtained as crystals.

The anthocyanins were isolated with mass-PC using solvent systems, BuH (n-BuOH
/conc. HCI/H,0=7 : 2 : 5, upper phase) and 19, HCI (conc. HCI/H,0=3: 97) according to
Takeda and Hayashi (1980).

Identification of flavonoids

This was made by the standard methods (Mabry et al. 1970, Markham 1982,
Takeda and Hayashi 1980) such as complete or partial acid hydrolysis, direct comparisons
with authentic specimens on UV spectral and chromatographic properties, or H-NMR
spectra.

Identification of glycosidic sugars
Glycosidic sugars which were liberated by acid hydrolysis of flavonoids were
characterized by co-PC with the authentic samples according to Iwashina et al. (1984).

UV spectral analysis

UV spectra were measured on methanolic solutions throughout with a Hitachi
EPS-3T type recording spectrophotometer, according to the methods of Mabry et al.
(1970) and Hayashi et al. (1984).

‘H-NMR spectral analysis
'H-NMR spectra were measured in DMSO-d,; (dimethyl sulfoxide-d,) with JNM-
GX400 FT NMR spectrometer using TMS (tetramethylsilane) as an internal standard.

Results and Discussion

Isolation of individual flavonoids

Flavonoid A and AG3: Dried aerial parts (ca. 1kg) of Stellaria media (Hakobe)
were repeatedly extracted with methanol (6 1) overnight, filtered and concentrated in
vacuo (ca. 500 m/). On standing for 3 days at room temperature, colorless inorganic
impurities were filtered off and the mother liquor was repeatedly shaken with ethyl
acetate (EtOAc), evaporated to dryness, and dissolved in a small volume of 5% acetic
acid. This pigment fraction was applied to cellulose (Avicel SF, Funakoshi) column
chromatography (4x25cm) and eluted with 5% AcOH. Effluent fractions corresponding
to flavonoid A, which were detected preliminarily by the method of 2D-PC, were com-
bined, concentrated and subjected to the polyamide C-200 (Wako Pure Chemicals, Ltd.)
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column chromatography (4x20cm). After elution with methanol, the solution containing
flavonoid A was evaporated and dissolved in a small volume of 70% methanol. This
was applied to Sephadex LH-20 (Pharmacia) column chromatography (1.5x35cm), eluted
with 709 methanol and pure flavonoid solution was obtained. The eluent was evaporated
in vacuo to dryness, dissolved in hot methanol and stood overnight in a refrigerator.
The pale yellow minute needles (flavonoid A) were separated and air-dried. Yield, ca.
30 mg.

In parallel with column chromatographic separation described above, a mass-PC
was also applied to a crude extract of S. media for the separation of flavonoid AGS3.
An aqueous concentrate which was washed with petroleum ether was treated with
mass-PC using BAW, and then 15% AcOH, and the band corresponding to flavonoid
AG3 (Rf 0.36 in BAW and 0.86 in 15% AcOH) was detected under UV light on the
chromatograms and obtained as a pure pigment solution by elution with methanol.

Flavonoid AG4: Aerial parts (15.5g) of Pseudostellaria palibiniana (Higene-wachi-
gais) were extracted with methanol (900 m/). The extract was evaporated to a small
volume, and applied to mass-PC using 15% AcOH. Thus, flavonoid AG4 (Rf 0.74) was
obtained as a single band and eluted with methanol.

Flavonoid AG1: Fresh aerial parts (ca. 150 g) of Myosoton aquaticum (Ushi-hakobe)
were extracted with methanol (ca. 2.517), filtered and concentrated in vacuo to a small
volume of aqueous solution. After removal of greenish precipitate which was formed
by the addition of methanol (200 m/), the solution was evaporated again to a small
volume. Then, the crude flavonoid solution was subjected to a polyamide column
chromatography (4x25cm). Elution was carried out with methanol. The fractions
still containing several kinds of flavonoids were combined and carefully applied to the
mass-PC using BAW. Finally, flavonoid AGL (Rf 0.66) was obtained as a single band,
and eluted with methanol.

Flavonoid B and AGZ2: Fresh aerial parts (840g) of Cerastium glomeratum
(Oranda-miminagusa) were repeatedly extracted with methanol (610), filtered and concent-
rated in vacuo (ca. 10). After filtration to remove the precipitate of chrolophylls and
other impurities, the filtrate was further evaporated to an aqueous solution (20 ml),
which was shaken with petroleum ether and then with EtOAc to remove lipophilic
substances. (By preliminary PC test, no flavonoid was present in these organic layers.)
The mother liquor was evaporated to dryness, and the residue was taken in a small
amount of water and subjected to polyamide C-200 column chromatography (4.5x30cm)
for the separation of flavonoids. The elution was effected by dist. H,O (300 m/), and
then with a series of aqueous methanol of increasing concentration: namely, 109, MeOH
(200 ml), 20% (200ml), 40% (100ml), 60% (200 ml), 80% (200 m/), and finally 100%
methanol until flavonoids were completely liberated. Each fraction of effluent (ca. 15 m/,
Nos. 1-105) was applied to 2D-PC (BAW and 15% AcOH).
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By this means, the flavonoid AG2 was separated into frs. 10-40, and A and B into
frs. 55-105. Frs. 10-40 containing AG2 were combined, concentrated to dryness and
dissolved in hot 50% ethanol. The flavonoid AG2 was obtained as a yvellow powder on
standing at 5°C for two days. Frs. 55-105 having the flavonoid B together with a
minor flavonoid A were combined and evaporated, and the residual yellow pigment was
dissolved in hot methanol. After standing for a long time (ca. 2 months), the flavonoid
B were separated as a yellow powder. Yield, ca. 20 mg.

Flavonoid IV, IOR and Anthocyanin Cy1, Cy2: Fresh petals (3.3g) and leaves
(ca. 20 g) of Silene armeria (Mushitori-nadeshiko) were extracted with methanol (100 m/
and 500 m/, respectively). The petal extract was tested on mass-PC using BAW and 5%
AcOH, and leaves with 15% AcOH and then BAW. The flavonoids IV and IOR from
the former extract and only IOR from the latter were obtained.

Red-purple petals (4 g) were extracted with 19 methanolic HCl (100 mi). After
concentration of crude extract in vacuo, the crop was applied to mass-PC using 195 HCI.
Two kinds of anthocyanins (Cyl and Cy2, Rf 0.05 and 0.14, respectively) were separated
on the chromatograms. They were eluted with 5% methanolic AcOH and further
purified by mass-PC using BuH.

Identification of C-glycosylflavones

6, 8-Di-C-glucosylapigenin (vicenin-2, A): Flavonoid A which was isolated from
Stellaria media as yellow minute needles, had imax 273, 333nm in methanol showing
the flavone nucleus but not flavonols. Bathochromic shift (65 nm) of long wavelength
peak (Band I) with a remarkable increase in intensity relative to methanol spectrum

Table 1. Chromatographic properties of C-glycosylflavones isolated from Caryophyllaceae

Rf-values Colors

Flavones
BAW 15% AcOH TBA BEW UV/NH;

6, 8-di-C-glucosylapigenin 0.38 0. 60 0. 36 0.45 dark yellow
(vicenin-2, A)

6, 8-di-C-glucosylapigenin 0. 66 0.81 0.65 0.57 dark yellow
X”-O-glucoside (AGI)

6, 8-di-C-glucosylapigenin 0.20 0.79 0.13 0.23 dark purple
4/-0-glucoside (AG2)

6, 8-di-C-glucosylapigenin 0. 36 0.86 — - dark purple
47-O-glycoside (AG3)

6, 8-di-C-glucosylapigenin 0.53 0.74 0.48 0.31 dark yellow
X”7-0O-glycoside (AG4)

6, 8-di-C-glycosylluteolin (B) 0.24 0.50 0.16 0.20 dark yellow

6-mono-C-glucosylapigenin 0.71 0.60 0.71 0.67 dark yellow
(isovitexin, IV)

6-mono-C-glucosylluteolin 0.53 0.28 — — dull yellow

(isoorientin, IOR)

BAW =n-BuOH/AcOH/H,0 (4:1:5, upper phase), 15% AcOH =AcOH/H,0 (15 : 85),
TBA=t-BuOH/AcOH/H,0 (3:1:1), BEW =n-BuOH/EtOH/H;0 (4 :1:2.2).



























