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The ornamentally important Cereoideae, the biggest one of three subfamilies in
Cactaceae, is systematically rather problematic, because it includes large number of
“genera” and “species”, which are likely to be regarded as subgenera and subspecies or
even varieties in other plant families, have been created by many collectors and com-
mercial growers, so that Cereoideae has consisted of about 200 genera with more than
1700 species (Backeberg 1966). As yet, the plants of this family have been studied mostly
their alkaloids, phenethylamine and betalain pigments (Brown et al. 1968, Smith 1977,
Piattelli and Imperato 1969). However, information on flavonoids in Cactaceae, especially
Cereoideae, was quite scanty, except that isorhamnetin 3-O-galactoside and 3-O-rutinoside
have been found in the flower of Cereus grandiflorus Mill. (Hérhammer et al. 1966) and
quercetin 3, 7, 3/, 4'-tetramethyl ether (retusine) from the whole plant of Ariocarpus
retusus Schw. (Dominguez et al. 1968).

Recently, we reported that common flavonol glycosides, namely quercetin 3-O-galac-
toside, 3-O-rhamnosylglucoside, kaempferol 3-O-rhamnosylgalactoside and isorhamnetin 3-
O-rhamnosylgalactoside were present in the tepals of many Cereoideae species (Iwashina
et al. 1982), and quercetin 7-O-galactoside, kaempferol 3-O-rhamnosylglucoside and 3, 7-
O-diglycoside, isorhamnetin 3-O-rhamnosylglucoside, 5-hydroxy-3, 4’-oxygenated flavonol
glycoside and free quercetin, kaempferol and isorhamnetin were also found in the tepals
of several species (Iwashina ef al. 1986). Moreover, rare flavonols, quercetin 3-methyl
ether and its 7-O-glucoside and 4’-O-glucoside (neochilenin) were isolated from three
Neochilenia and seven Neoporteria species, and Parodia sanguiniflora Fric. ex Backbg.
(Iwashina et al. 1984).

Until now, much less work has been made on the systematic relationship between
the genera in the subfamily Cereoideae. In the course of our chemotaxonomic studies
of this subfamily, we have also examined on the distribution of the flavonols mentioned
above. The present paper describes the flavonol characterization of cactus species, SO
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as to clarify the chemotaxonomic position in cactus genera.

Materials and Methods

Plant materials (48 genera, 269 species, see Table 2) have been cultivated in It6
Branch Station of the Research Institute of Evolutionary Biology for a long time.

Isolation of flavonoids: An appropriate amount of fresh tepals of each cactaceous
species was extracted with MeOH overnight, filtered and evaporated in vacuo to an
aqueous concentrate, which was applied to two-dimensional paper chromatography on
T6yd No. 50 filter paper using two kinds of solvent systems, BAW (n-BuOH/AcOH/H,0O
=4:1:5, upper phase) on the one direction and 1525 AcOH (AcOH/H,0=15: 85) on the
other. The individual crops separated were subjected to mass-paper chromatography
using the same solvents or to polyamide column chromatography (430 cm) according to

Table 1. Chromatographic data for flavonoids found in the subfamily Cereoideae

Colors Rf-values

Flavonoids 159
uv UV/NH; BAW BEW Forestal AcOOH
quercetin yellow bright 0.74 0.75 0.42 0. 06
yellow
quercetin 3-O-galactoside dark dark 0. 65 0.61 0.79 0. 44
purple yellow
quercetin 3-O-rhamnosylglucoside dark dark 0.59 0.53 0.82 0.64
purple yellow
quercetin 7-O-galactoside yellow bright 0.35 0.28 0.58 0. 05
yellow
kaempferol yellow yellow 0.89 0.89 0.54 0.03
kaempferol 3-O-rhamnosylgalactoside dark dark 0. 67 — — 0.59
purple yellow
kaempferol 3-O-rhamnosylglucoside dark dark 0.66 0.68 0. 86 0.73
purple yellow
kaempferol 3,7-O-diglycoside dark yellow 0.46 0. 47 0. 85 0.69
purple
isorhamnetin yellow bright 0.78 0.81 0.53 0.01
yellow
isorhamnetin 3-O-rhamnosylgalactoside dark yellow 0.58 0. 60 0.85 0.68
purple
isorhamnetin 3-O-rhamnosylglucoside dark yellow 0.41 0. 47 — 0.57
purple
quercetin 3-methyl ether dark dark 0.92 0.94 0.73 0.13
purple yellow
quercetin 3-methyl ether 7-O-glucoside dark bright 0.67 — 0.81 0.28
purple yellow
quercetin 3-methyl ether 4/-O-glucoside dark dark 0.75 0.78 e 0.29
purple purple
5-hydroxy-3, 4-oxygenated flavonol dark dark 0.38 — — 0.50
glycoside purple purple

BAW=n-BuOH/AcOH/H,0 (4: 1: 5, upper phase), BEW=n-BuOH/EtOH/H,0 (4: 1: 2.2),
Forestal=AcOH/conc. HCI/H;0 (30: 3: 10), 15% AcOH=AcOH/H:;O (15: 85).
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the procedure of Iwashina et al. (1984), and were thoroughly purified in solution or ob-
tained as crystals.

Identification of flavonoids: This was made by the standard methods (Mabry et al.
1970, Markham 1982, Iwashina et al. 1984) such as acid hydrolysis, and direct compari-
sons with authentic specimens in the UV spectral and chromatographic properties, as

usual.

Results

The results of flavonoid survey on the methanol extracts of fresh tepals of 269
species from 48 genera in the subfamily Cereoideae are shown in Tables 2 and 3. The
15 kinds of flavonoids found in this experiment were mostly flavonols, i. e. kaempferol,
quercetin, isorhamnetin, quercetin 3-methyl ether and their glycosides (see Table 1 and
Fig. 1). However, the flavones, C-glycosylflavones, and dihydroflavonols which were
present in Echinocereus triglochidiatus var.
gurneyi (Miller and Bohm 1982) seemed to . @2
be absent. D

In stead, some of the other sorts of )9
flavonols appeared to be distinguished in O* .
Cereoideae.

Quercetin and its glycosides: Quercetin
glycosides such as 3-O-galactoside, 3-O-glu- .
coside, 3-O-rhamnosylglucoside, 7-O-galacto- O
side and 7-O-glucoside have already been l

0.5 1

reported in the tepals of Cereoideae species
(Iwashina et al. 1982, 1986, Miller and Bohm

1982). In our survey, quercetin glycosides, G T
15% LcOH 0.5

BAW

3-O-galactoside (hyperin) and 3-O-rhamnosyl-
Fig. 1. Two-dimensional chromatogram of
. tepal extract of Cereoideae showing the
(182 and 222 spp., respectively, Table 2 and fAavonoid constituents,
3). Quercetin 7-O-galactoside (coptiside II) 1. quercetin, 2. quercetin 3-O-galactoside,
3. quercetin 3-O-rhamnosylglucoside, 4.
quercetin 7-O-galactoside, 5. kaempferol,
6. kaempferol 3-O-rhamnosylgalactoside,
Quercetin in sugar-free state abundantly 7. kaempferol 3-O-rhamnosylglucoside, 8.
occurred in four Astrophytumspecies,namely, kaempferol 3,7-O-diglycoside, 9. isorham-
netin, 10. isorhamnetin 3-O-rhamnosyl-
galactoside, 11. isorhamnetin 3-O-rham-
(Dietr.) Br. & R., A. myriostigma Lem. and nosylglucoside, 12. quercetin 3-methyl
A. ornatum (DC.) Web. together with a ether, 13.quercetin 3-methyl ether 7-O-glu-
coside, 14. quercetin 3-methyl ether 4’-
O-glucoside,  15. 5-hydroxy-3,4’-oxyge-
In A. ornatum, for example, about 1g of nated flavonol glycoside. Colors under

crude crystals was obtained from ca. 200 g UV light: [J=vyellow, @i=dark purple,

2 changing to dark yellow—bright yellow
of fresh tepals (Iwashina et al. 1986). with ammonia, J=datk ‘purple with and

As a rule, quercetin and its glycosides without ammonia.

glucoside (rutin) were found in many species

appeared in 50 spp. mostly centring in
Echinocereus, Notocactus and Parodia species.

A. asterias (Zucc.) Lem., A. capricorne

trace of free kaempferol and isorhamnetin.
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Table 2. Characterization of flavonols in the 269 species of Cereoideae

5
2
Species T S = b:>»;J . g Nq;
cee2|ZEEE|59% 2883
Epiphyliopsis gaerineri (Reg.) Berg.
Epiphyllum oxypetalum (DC.) Haw. +
Chiapasia nelsonii (Br. & R.) Br. & R. +
Monvillea phatnosperma (K. Sch.) Br. & R. + + + + +
Thrixanthocereus senilis Ritt. + + +
Echinocereus baileyi Rose + + + +
E. chloranthus (Eng.) Rumpl. (=E. viridiflorus t t + +
var. chloranthus)
E. dasyacanthus Eng. + + +
E. dubius (Eng.) Riimpl. + t
E. fitchii Br. & R. + + + +
E. knippelianus Liebn. + +
E. melanocentrus Lowry t +
E. octacanthus (Miihlpfrdt.) Br. & R. ey i
E. pacificus (Eng.) Br. & R. + + +
E. papillosus Lke. + +
E. pectinatus (Scheidw.)Eng. + +
E. pentalophus (DC.) Riimpl. t + +
E. salm-dyckianus Scheer +
E. subinermis SD. + +
E. subterraneus Backbg. + + +
E. viridiflorus Eng. + + +
Rebutia calliantha Berg. + + +
R. chrysacantha Backbg. var. elegans (Backbg.) + + =+
Backbg.
R. fiebrigiana W. Heinr. + + +
R. grandifiora Backbg. t + +
R. hyalacantha (Backbg.) Backbg. t + +
R. krainziana Kesselr. + + +
R. minuscula K. Sch. + + +
R. senilis Backbg. + + +
R. violaciflora Backbg. + + +
R. wessneriana Berg. + + + +

quer.=quercetin (free), qu3ga.=quercetin 3-O-galactoside, qu3rgl.=quercetin 3-O-rhamnosyl-
glucoside, qu7ga.=quercetin 7-O-galactoside, kaem.=kaempferol (free), km3rga.=kaempferol
3-O-rhamnosylgalactoside, km3rgl.=kaempferol 3-O-rhamnosylglucoside, km37gy =kaempferol
3,7-O-diglycoside, isor.=isorhamnetin (free), is3rga.=isorhamnetin 3-O-rhamnosylgalactoside,
is3rgl.=isorhamnetin 3-O-rhamnosylglucoside, qu3met.=quercetin 3-methyl ether, qm7gl.=
quercetin 3-methyl ether 7-O-glucoside, qmé4’gl.=quercetin 3-methyl ether 4/-O-glucoside,
5h34’0x-figly. =5-hydroxy-3, 4-oxygenated flavonol glycoside. -+ =presence, t=trace.













































