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Detection and Distribution of Chrysanthemin and Idaein
in Autumn Leaves of Plants by High Performance
Liquid Chromatography
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Chrysanthemin (cyanidin 3-O-glucoside) is common anthocyanin in higher plants (Timberlake
and Bridle 1975; Yoshitama and Ishikura 1988) and have been reported to be a major pigment in
autumn leaves (Hattori und Hayashi 1937; Hayashi und Abe 1955). On the other hand, idaein
(cyanidin 3-O-glucoside), which have been isolated from the fruits of Vaccinium vitis-idaea L.
(Willstatter und Mallison 1915) and the pericarps of Fatsia japonica Decaisne et Planchon (Hayashi
1939), have been sometimes reported in plants (Timberlake and Bridle 1975; Yoshitama and Ishikura
1988). In autumn leaves, idaein have been reported from Cotinus coggygria Scop. (Anacardiaceae)
(Tanchev and Timberlake 1969), Agrimonia pilosa Ledeb. (Rosaceae), Acalypha australis L.,
Euphorbia sendaica Makino (Euphorbiaceae), Shortia soldanelloides Makino var. magna Makino, S.
uniflora (Maxim.) Maxim. (Diapensiaceae), and seven Polygonaceous plants, Fagopyrum esculentum
Moench, Polygonum longisetum De. Bruyn, P. nipponense (Nakai) Makino, P. thunbergii Sieb. et
Zucc., P. hydropiper L., P. nodosum Pers. and P. blumei Meisn. (Kato 1982). However, the chemical
characters, especially their paper and thin-layer chromatographic properties, are very similar and
hardly distinguished between chrysanthemin and idaein.

Recently, high performance liquid chromatographic (HPLC) techniques developped for isolation
of flavonoids including anthocyanins (Williams et al. 1978; Hostettmann and Hostettmann 1982;
Hayashi et al. 1989). Thus, flavonoid monoglycosides attaching similar hexoses, glucose, galactose,
glucuronic acid and rarely allose have been easily distinguished by HPLC (Iwashina and Ootani 1990;
Iwashina and Hatta 1992).

In this experiment, I investigated the distribution of chrysanthemin, idaein and other

anthocyanins in autumn leaves of 63 species (21 families) by HPLC.
Materials and Methods
Plant materials

The autumn leaves of 63 species (21 families) (see Table 1) which were used as plant materials

were collected in Tsukuba Botanical Garden, National Science Museum, Tsukuba-shi, Ibaraki Pref.
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HPLC separation of anthocyanins

HPLC separation was performed with JASCO HPLC systems including a 880-51 2-line degasser
and Syringe loading sample injector 25 model 7125 (Rheodyne Inc.). Multi channel UV-visible
detector Multi-330 coupled with a computer was used recording chromatograms and UV-visible
spectra. Tosoh TSKgel ODS 80TM column (I. D. 150mm X 4.6mm) was used.

Coloured autumn leaves were extracted with 0.2% MeOH-HC], filtrated and evaporated in
vacuo. Residue was dissolved in MeOH, filtrated through Toyopak ODS M (Tosoh) and Maisyoridisc
H-13-5 0.45 zm (Tosoh) pre-cartridge, and eluted with H;PO,~AcOH-CH;CN-H.O (3: 8: 6: 83).
Detection was at 350-700 nm and flow-rate was 1.0 ml/min.

Chrysanthemin and idaein were identified by HPLC comparisons with authentic samples
(chrysanthemin: from autumn leaves of three Acer species, Hattori und Hayashi 1937; and idaein:
from the pericarps of Fatsia japonica, Hayashi 1939).

Acid hydrolysis of crude extracts and identification of anthocyanidins

Crude extracts were hydrolyzed with 129 aq. HCI in directly on fire, for 3 min. After cooling,
anthocyanidins were extracted with isoAmOH and identified by direct paper-chromatographic com-
parisons (solvent system; AcOH/conc. HCI/H,O = 30: 3: 10) with authentic pelargonidin, cyanidin,
peonidin, delphinidin, petunidin and malvidin (see Table 1).

Results and Discussion

The presence of chrysanthemin, idaein and other anthocyanins in autumn leaves of 63 plants were
shown in Table 1. It was shown by PC characterization of acid hydrolysates that cyanidin glycosides
were major pigments in all species. In many cases, chrysanthemin and idaein were co-presence in
autumn leaves (Table 1, 2 and Fig. 1-12).

Gramineae, Fagaceae and Berberidaceae

Four species, i.e., Miscanthus sinensis Anderss. (Gramineae), Quercus crispula Blume, Q. aliena
Blume (Fagaceae), Nandina domestica Thunb. and Berberis thunbergii DC., were surveyed for
anthocyanins by HPLC (Fig. 1). In all cases, chrysanthemin was detected as a major pigment
(85.3-100% of total anthocyanins). Though idaein was found in M. sinensis and B. thunbergii, it was
very small amount (0.1-0.295). Other anthocyanins which may be cyanidin glycosides were also
present in small amount (1.0-14.7%). In Q. crispula, chrysanthemin alone was found.

The anthocyanins in autumn leaves of N. domestica and Q. crispula have been characterized as
cyanidin 3-O-monohexoside (Hayashi und Abe 1955) and that of B. thunbergii as chrysanthemin
(Murrell and Wolf 1969). In this experiment, all of them were determined to be cyanidin 3-O-
glucoside.

Saxifragaceae

Deutzia scabra Thunb. and Hydrangea macrophylla (Thunb. ex Murray) Ser. f. normalis
(Wilson) Hara were surveyed for anthocyanins in autumn leaves (Table 1 and Fig. 2). Their major
pigment was chrysanthemin with a small amount of idaein (4.3-8.1%). However, HPLC patterns of
their anthocyanins in autumn leaves were different (Fig. 2). Foliar anthocyanins of H. macrophylla f.
normalis mainly consist of chrysanthemin (93.3%), while those of D. scabra were composed of
chrysanthemin and other two anthocyanins, which may be cyanidin glycosides, since cyanidin alone

was produced by total acid hydrolysis.
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Fig. 1. HPLC patterns of anthocyanins in autumn leaves (Gramineae, Fagaceae and Berberidaceae) .
Column: Tosoh TSKgel ODS 80Tm (I.D. 150mm X 4.6 mm), Eluent: H,PO,/AcOH/CH,CN/H,O
(3: 8: 6: 83), Detection: 520 nm, and Flow-rate: 1.0 ml/min.
1= chrysanthemin, 2= idaein, and other peaks = other anthocyanins.
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Fig. 3. HPLC patterns of anthocyanins in autumn
leaves (Hamamelidaceae).
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Table 1. Distribution of chrysanthemin, idaein and other anthocyanins in autumn leaves of plants

other hydrolysates
Species chrysanthemin  idaein  anthocyanins of crude extr. references
% % %
Gramineae
Miscanthus sinensis 98.9 0.1 1.0(2) Cy
(R2%)
Fagaceae
Quercus aliena 99.0 0 1.0(2) Cy
(F3Hv7)
Q.crispula (3 X+ 5) 100 0 0 Cy Cy3Hex"
Berberidaceae
Berberis thunbergii 98.2 0.2 1.6(2) Cy Cy3GI?
(* %)
Nandina domestica 85.3 0 14.7(2) Cy, Pn(t) Cy3Hex"
(Fv7v)
Saxifragaceae
Deutzia scabra 44.8 8.1 47.1(2) Cy
(=5 ¥)
Hydrangea macrophylla 93.3 43 2.4(2) Cy, Dp(t) Cy3Hex"
f. normalis (}'7 7% 4)
Hamamelidaceae
Corylopsis spicata 63.6 0 36.4(3) Cy
(h32H)
Disanthus cercidifolius 95.4 0 4.6(3) Cy, Pn(t),
GPIZAVAED) Dp (1)
Liquidambar formosana 79.8 9.9 10.3(2) Cy
(79)
L. styraciflua 60.0 0 40.0(1) Cy, Pn(t)
(£3v77Y)
Rosaceae
Cotoneaster horizontalis 0 99.0 1.0(3) Cy
(x=v3v)
Prunus buergeriana 97.1 0 2.9(3) Cy, Pn (1)
4247 3)
P. tomentosa 99.1 0 0.9(2) Cy
(2259 2)
Rhaphiolepis indica 0.7 99.3 0 Cy
var. umbellata (¥ v V) /34 )
Rubus crataegifolius 98.5 0 1.5(3) Cy, Dp(t)
(7 =4 F3)
Sorbus commixta 1.2 98.2 0.6(1) Cy, Pn(t)
(FF+A=EF)
Spiraea japonica 0.4 91.8 7.8(3) Cy Cy3GI”
(vEYHy) CyGy®
Stephanandra incisa 0 91.0 9.0(4) Cy, Pn(t)
(aax9vF)

-(continued)-
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Table 1. -(continued)-
other hydrolysates
chrysanthemin idaein  anthocyanins of crude extr. references
Species 9% % %
Euphorbiaceae
Sapium japonicum 98.7 0 1.3(2) Cy
(v3+)
Coriariaceae
Coriaria japonica 64.7 29.5 5.8(5) Cy
(OPAPED
Anacardiaceae
Cotinus coggygria 8.6 78.6 12.8(5) Cy Cy3Gal”, Dp3Gal?,
(NI F) Pt3GI, Dp7G1,
Cy3GITR?
Rhus succedanea 0.8 84.3 13.9(2) Cy, Pn(t) Cy3Gl?, Pn3G1®
(NE 7 *)
Celastraceae
Euonymus alatus 86.9 0 13.1(2) Cy, Pn(t), Cy3GI®
f. striatus (7<= 3) Dp(t)
Staphyleaceae
Euscaphis japonica 97.2 0 2.8(2) Cy
(v x4)
Staphylea bumalda 96.3 0 3.7(3) Cy
CRRAVEES
Aceraceae
Acer cissifolium 96.7 0 3.3(2) Cy, Pn(t) Cy3GI?, Cy35GI?,
(IvFHnzs) Cy3galGl?,
Cy3galRGIY
A. ginnala 94.6 3.3 2.1(2) Cy Cy3Gl?, Cy35GI?,
(hsaF¥Fhzs) Cy3galGl®
A. japonicum 97.1 0 2.9(2) Cy, Pn(t) Cy3Gl1", Cy35G1?
(N FTHF)
A. palmatum 97.3 0 2.7(4) Cy, Pn(t) Cy3GI1*?, Cy35GI°,
(faneIY) Cy3galGl1?
A. pycnanthum 93.6 0 6.4(4) Cy Cy3Gl®, Cy3galGl?,
(NF 7 3) Cy3galRGI®
Sapindaceae
Koelreuteria paniculata 97.5 0 2.5(2) Cy, Pn(t)
(247 VD)
Sabiaceae
Meliosma myriantha 87.9 12.1 0 Cy
(777%)
Theaceae
Stuartia pseudo-camellia 0 99.2 0.8(2) Cy

(Fvws8%)

-(continued)-











































