
Review

Correlation of oxidative transformations of hydrolyzable tannins
and plant evolution

Takuo Okuda *, Takashi Yoshida, Tsutomu Hatano

Faculty of Pharmaceutical Sciences, Okayama University, Tsushima, Okayama, 700-8530, Japan

Received 7 January 2000; received in revised form 12 April 2000

In honour of Professor Otto R. Gottlieb's 80th birthday

Abstract

The progressive oxidative transformations in the biogenesis of hydrolyzable tannins, gallotannin (I)! ellagitannin (II)! dehydro
ellagitannin (III) ! transformed dehydroellagitannin (IV), conform in several aspects to the evolutionary routes in the subclasses

of Dicotyledonae, particularly in the Rosidae. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Correlation of ellagitannins with angiosperm tax-
onomy was proposed in the past based on the ellagic
acid produced by hydrolysis of ellagitannins (Bate-
Smith, 1973). After isolation and structural determina-
tion of various hydrolyzable tannins widely occurring in
plants (Okuda et al., 1995), the proposal was reviewed
along with the tannins of related structures, based on

the structure and structure type of each hydrolyzable
tannin (Haslam, 1989; Hegnauer, 1990; Okuda et al.,
1993, 1995). A hypothesis for the biogenesis of hexahy-
droxydiphenoyl (HHDP) and chebuloyl groups from a
galloyl structure has been proposed (Schmidt and
Mayer, 1956). Biogenetic transformation of hydrolyz-
able tannins is considered to occur along the following
route, starting from gallotannins: galloyl group in
gallotannin (I) ! HHDP group in ellagitannin (II) !
dehydrohexahydroxydiphenoyl (DHHDP) group in
dehydroellagitannin (III) ! transformed DHHDP
groups in transformed dehydroellagitannins (IV) (Fig. 1)
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(Okuda et al., 1995). If, as suggested by Gottlieb ``in
plant groups of high hierarchic rank, morphological
evolution is accompanied by progressive oxidation
of secondary metabolites belonging to a particular bio-
synthetic class'' (Gottlieb, 1989), this series of oxidative
transformations of hydrolyzable tannins may be useful
for correlating progressive oxidation with morphologi-
cal evolution. As hydrolyzable tannins are generally
potent antioxidants whose potency depends on their
oxidation stage (Hatano et al., 1989b), their correlation
with plant evolution may be more clear than with other
types of plant metabolites. The evidence summarized in
this review also strengthens the basis for the suggestion
made by Gardner (1977), concerning the evolutionary
rationale for the biosynthetic sequence of tannins.
Examples of the tannins of each type are as follows:

. Type I: Gallotannins (1,2,3,4,6-penta-O-galloyl-b-
d-glucose) (Haddock et al., 1982a).

. Type II: Ellagitannins (pedunculagin) (Seikel and
Hillis, 1970).

. Type III: Dehydroellagitannins (geraniin) (Okuda
et al., 1982b).

. Type IV: Transformed dehydroellagitannins (che-
bulagic acid ) (Yoshida et al., 1982a).

2. Oxidative transformations in hydrolyzable tannins

The steps I ! II ! III ! IV used here to describe
the structural transformations of polyphenols, in
contrast to the A, B and C classi®cation used previously
(Haddock et al., 1982b), can be used without applying a
quantitative correlation (Gottlieb, 1989), because of
their successive occurrence at a particular part of a
hydrolyzable tannin molecule (Okuda et al., 1995).
Using Cronquist's system of plant evolution (Cronquist,
1988), referred to in a previous review which classi®ed
the binding units between the monomers in the oligo-
mers (Okuda et al., 1993), we have correlated the
orders, families and genera in this system with the oxi-
dative structural transformations of plant polyphenols.
Among the four steps shown above, type I tannins

include gallates of monosaccharides other than glucose,
as well as glycitols; type IV tannins cover various struc-
tures formed from type III tannins.
Besides the structural transformations outlined above

as I ! II ! III ! IV, various additional transfor-
mations in hydrolyzable tannin monomers in plants,
leading to other derivatives, have been found. These
derivatives are classi®ed as follows, with an example of
each compound type:

. Type I+: C-Glycosidic gallotannins (Gcg) (3,4,11-
tri-O-galloylbergenin (Saijo et al., 1990).

. Type II+: C-glucosidic ellagitannins (Ecg) [casu-
arinin (Okuda et al., 1983)], complex tannins (Ec)
[camelliatannin A (Hatano et al., 1991)] and ella-
gitannin bound with a polyphenol through an ether
linkage (Ee) [coriariin B (Hatano et al., 1986)], and
the gluconic acid version of ellagitannin (ECOOH)
[shephagenin A (Yoshida et al., 1996a)].

. Type III+: Dehydroellagitannin derivatives
bound to a polyphenol through an ether bond
(De) [mallotusinic acid (Okuda and Seno, 1978)].

. Type IV+: Transformed dehydroellagitannin bound
to a polyphenol through a C±C bond (Tc) [camellia-
tannin F (Han et al., 1994)].

The oligomerization of monomers is analogous to the
production of the monomer derivatives illustrated
above, as regards the formation of the C±C or ether
bond. Any oligomer composed of more than one type of
monomer is represented here as the monomer of a
higher transformation level. Most of the oligomers,
from dimers to tetramers, are composed of monomers
bound to each other through an ether linkage.

. Ed: Ellagitannin dimer [agrimoniin (Okuda et al.,
1982a)].

Fig. 1. Biogenetic transformations of polyphenolic functional groups,

Galloyl ! HHDP ! DHHDP ! transformed DHHDP.

Fig. 2. Cronquist's evolution system of Dicotyledonae.
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. Et: Ellagitannin trimers [rugosin G (Hatano et al.,
1990c)].

. Ete: Ellagitannin tetramers [trapanin B (Hatano et
al., 1990b)].

. Ecgd: C-glucosidic ellagitannin dimer [alienanin B
(Nonaka et al., 1991)].

. Dd: Dehydroellagitannin dimers [euphorbin A
(Yoshida et al., 1988)].

. Emd: Macrocyclic ellagitannin dimers [oenothein
B (Hatano et al., 1990d)].

. Emt: Macrocyclic ellagitannin trimers [oenothein
A (Yoshida et al., 1991b)].

. Dmd: Macrocyclic dehydroellagitannin dimers
[eugeno¯orin D2 (Lee et al., 1997)].

Since correlation of these oligomers and the mono-
meric derivatives with plant evolution is less clear than
the transformations among the monomers (Figs. 5±9),

they are represented in the ®gs. and most of the text as
types I+, II+, III+ or IV+. The gallates of ¯avonoid
glucosides and other glucosides such as glochiin C3

(Chen et al., 1995) were excluded from the present
comparison because of di�erences in the structural unit.

1. Gcg ! I+
2. Ecg, Ee, Ec, Ecooh, Ed, Et, Ete, Ecgd, Emd,

Emt ! II+
3. De, Dd, Dmd ! III+
4. Tc, Te ! IV+

3. Correlation of oxidative transformation and plant
evolution

The Magnoliopsida (Dicotyledonae) in the Magno-
liophyta (Angiospermae) was classi®ed by Cronquist

Fig. 3. Types and structural examples of monomer derivatives (continued on next page).

T. Okuda et al. / Phytochemistry 55 (2000) 513±529 515



Fig. 3 (continued).

516 T. Okuda et al. / Phytochemistry 55 (2000) 513±529



(1988) into six subclasses: Asteridae, Rosidae, Dilleniidae,
Caryophyllidae, Hamamelidae and Magnoliidae. The
orders, families and genera in these subclasses produ-
cing hydrolyzable tannins, along with the tannin types,
I, II, III, IV, I+, II+, III+ and IV+, are illustrated in
Figs. 5±9. The following observations on each subclass

shows the usefulness of outlining hydrolyzable tannins
in this way.
The highly oxidized tannins of types III and/or IV are

found in many species of the Rosidae. Type III tannins
not accompanied by type IV tannins are observed in
some species of Dilleniidae and Hamamelidae. Tannins

Fig. 3 (continued).
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of both type III and IV are not found in the Car-
yophyllales, and in the Magnoliidae, which is the
earliest subgroup in the Magnoliopsida, and also in
the Asteridae. The tannin types in each subclass are
reviewed as follows.

3.1. Rosidae

As shown in Fig. 5, the structural transformation (I,
II) ! II ! III ! IV, often accompanied by the pro-
duction of derivatives and oligomers from each basic

Fig. 4. Types and structural examples of the oligomers and their derivatives (continued on next page).
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monomer, occurs along the plant evolution routes in the
Rosidae as follows:

[Rosales]
Saxifragaceae: Bergenia, I (Chen et al., 1987);
Tellima, II (Wilkins and Bohm, 1976).

Rosaceae: Agrimonia, II, II+ (Ed) (Okuda et al.,
1992); Duchesnea, II, II+ (Ed) (Okuda et al.,
1992); Filipendula, II, II+ (Ed) (Okuda et al.,
1992); Fragaria, II, II+ (Ed) (Okuda et al., 1992);
Geum, II, II+ (Ed), III (Gupta et al., 1982;
Okuda et al., 1992); Rosa, I, II, II+ (Ecg, Ee, Ed,

Fig. 4 (continued).
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Et) (Hatano et al., 1990c; Okuda et al., 1992);
Rubus, I, II, II+ (Ecg, Ed, Ete) (Gupta, et al.,
1982; Okuda et al., 1992); Potentilla, II, II+ (Ed)
(Okuda et al., 1992); Sanguisorba, II, II+ (Ee,
Ed, Ete) (Okuda et al., 1992); Sieversia, II, II+
(Ecg) (Okuda et al., 1992).

Leguminosae: Caesalpinia, I, III, III+ (Jochims et
al., 1968); Haematoxylon, I (Kandil et al., 1996).

[Sapindales]
Aceraceae: Acer, I, II, III (Hatano et al., 1990a).
Anacardiaceae: Cotinus, I (Haddock et al.,

Fig. 4 (continued).
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1982a); Mangifera, I (Tanaka et al., 1984); Rhus:
I, II (Haddock et al., 1982b).

[Geraniales]
Geraniaceae: Geranium, I, III, IV (Okuda et al.,
1982b; 1986a).

[Ra�esiales]
Ra�esiaceae:Cytinus, III (Schildknecht et al., 1985).

[Cornales]
Cornaceae: Cornus, I, II, II+ (Ee, Ed, Et), III
(Hatano et al., 1989a).

Fig. 4 (continued).
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Nyssaceae: Camptotheca, II, II+ (Ed) (Hatano et
al., 1988)

[Rhamnales]
Vitaceae: Vitis, II, III (Karl et al., 1983).

[Euphorbiales]
Euphorbiaceae: Alchornea: III, III+ (De) (Okuda
et al., 1980); Aleurites: I+ (Gcg), III, III+ (De),
IV (Nonaka et al., 1990); Antidesma: III, III+
(Dt) (Yoshida et al., 1992b); Euhorbia: I, II, II+
(Ee, Ed), III, III+ (Dd), IV (Yoshida et al., 1988;
1990a); Excoecaria: I, II, II+ (Ed), III, III+
(Dd) (Lin et al., 1990); Macaranga: I,II, III, IV
(Lee et al., 1990); Mallotus: I, I+ (Gcg), II+
(Ed), III, III+ (De), IV (Okuda and Seno, 1978;
Saijo et al., 1989); Phyllanthus: III, IV (Yoshida et
al., 1992a; Foo, 1995)

[Myrtales]
Combretaceae: Anogeissus, I, II+ (Ecg, Ecgd )
(Lin et al., 1991) ; Terminalia, I, II, II+ (Ec, Ed,
Et), III, IV (Tanaka et al., 1991); Quiscalis, II,
II+ (Ed) (Haddock et al., 1982b).
Lythraceae: Cuphea, I, II, II+ (Emd) (Chen et
al., 1999); Lagerstroemia, II, II+ (Ee, Ed, Et,
ECOOH) (Tanaka et al., 1992b), III, IV (Xu et al.,
1991); Woodfordia, I, II, II+ (Ee, Ed, Emd, Emt)
(Yoshida et al., 1990b).
Melastomataceae: Bredia, II, II+ (Ecg, Ed, Et)
(Yoshida et al., 1994); Heterocentron, II, II+
(Ecg, Ed, Et, Ete, Ecgd) (Yoshida et al., 1995);
Medinilla, II, II+ (Ee, Ed) (Yoshida et al., 1986);
Melastoma, I, II, II+ (Ed, Et, Ecgd) (Yoshida et
al., 1992c); Tibouchina, I, II, II+ (Ecg, Ee, Ed,
Et) (Yoshida et al., 1991c)
Myrtaceae: Eucalyptus, II, II+ (Ecg, Ed, Emd)
(Yoshida et al., 1992d); Eugenia, II+(Emd),
III+(Dmd) (Lee et al., 1997); Feijoa, II, II+ (Ecg)
(Okuda et al., 1982c); Melaleuca, I, II, II+ (Ecg,
Emd) (Yoshida et al., 1996b),Psidium, II, II+(Ecg)
(Okuda et al., 1982c; Tanaka et al., 1992a); Syzy-
gium, II, II+ (Ecg) (Okuda et al., 1982c).
Punicaceae: Punica, I, II, II+(Ecg), III (Okuda et
al., 1981).
Onagraceae: Epilobium, I, II+(Emd, Emt)
(Ducrey et al., 1997); Oenothera, I, II, II+(Emd,
Emt) (Hatano et al., 1990d; Yoshida et al., 1991b).
Trapaceae: Trapa, II, II+(Ee, Ecg, Ed, Et, Ete)
(Hatano et al., 1990b)

While tannins of types I and/or II are the main tan-
nins in the Rosales, which is the earliest order in the
Rosidae, type III and IV tannins and their derivatives
are often found in the orders evolved from the Rosidae.
Among the plants in these orders, Geranium species in
Geraniaceae in Geraniales are rich in geraniin, a type III

tannin (Okuda et al., 1980), accompanied by type IV
tannins (Ito et al., 1999); these species lack oligomers. In
the Sapindales, which is between Rosales and Ger-
aniales, monomers of types I and II (Anacardiaceae), or
I and III (Aceraceae), which are not accompanied by
oligomers, are the main tannins.
Type III tannins, accompanied by various oligomers

often having geraniin as a monomer (or are even fully
composed of geraniin), are also the main components in
many euphorbiaceous plants separately evolved from
Rosales. The vitaceous plants in Rhamnales, which
evolved via a route branching o� that leading fromRosales
to Euphorbiales, are rich in type II and III tannins.
The plants of Combretaceae, Lythraceae, Mela-

stomataceae, Myrtaceae, Punicaceae, Onagraceae and
Trapaceae in the Myrtales produce type II tannins,
sometimes accompanied by tannins of type I, III and/or
IV. Elaeagnaceous plants in Proteales, which evolved
from the Myrtales, give tannins of types I and II, and
also Ecg and/or ECOOH tannins.
Oligomerization from monomer ! dimer ! trimer
! tetramer, particularly up to the dimer or trimer, fre-
quently occurs in many species in the Myrtales. Dimers
and trimers are abundant in Cornales, and dimers are
common in the Euphorbiales and Rosales.

3.2. Dilleniidae

Type I tannins are in the Paeoniaceous plants in Dil-
leniales, the earliest order in Dilleniidae, and type II and
II+ tannins (along with type I tannins) are in the
Theales, which evolved from Dilleniales (which yields
type I tannins). Exceptionally, a Camellia species in the
Theales also produces type IV tannins (Han et al.,
1994). Type II and II+ tannins are in the Violales and
Lecythidales, and a type III tannin was found in Mal-
vales, all of which evolved via the Theales. The tannins
found in Ericales are of types I and II. The types of
tannins in this subclass are as follows:

[Dilleniales]
Paeoniaceae: Paeonia, I (Yoshikawa et al., 1992).

[Theales]
Theaceae: Camellia, I, II, II+ (Ecg, Ed, Emd )
(Hatano et al., 1991); IV (Han et al., 1994); Gor-
donia, I, II+ (Ed, Emd) (Chang et al., 1994);
Schima, I, II, II+ (Ee, Ed, Emd) (Yoshida et al.,
1991d); Thea, I (Nonaka et al., 1984b).
Stachyuraceae: Stachyurus, I, II, II+ (Ee, Ecg)
(Okuda et al., 1982c; Han et al., 1995).

[Ericales]
Ericaceae: Arctostaphylos, I, II (Britton and
Haslam, 1965)
Pyrolaceae: Pyrola, I (Yazaki et al., 1989).
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Fig. 5. Types of hydrolyzable tannins in the Rosidae.
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[Violales]
Tamaricaceae: Reaumuria, II, II+ (Ee) (Ahmed
et al., 1994); Tamarix, II, II+ (Ee) (Yoshida et
al., 1993a).

[Lecythidales]
Lecythidiaceae: Barringtonia, II, II+ (Ee)
(Kobayashi et al., 1992).

[Malvales]
Elaeocarpaceae: Elaeocarpus, III (Tanaka et al.,
1986).

3.3. Hamamelidae

Hamamelidaceous plants in the Hamamelidales,
which is the earliest order in the Hamamelidae, produce
type I and II tannins, and a Cercidiphyllum species in
Cercidiphyllaceae yields tannins of types I, II and III.
The plants of Juglandales give type II or II+ tannins,
and plants of Casuarinales and Fagales hitherto
analyzed produce tannins of types I, II and II+. A
Carpinus species and a Corylus species (Betulaceae) in
this order additionally yield type III and IV tannins,
respectively (Nonaka et al., 1992). The correlation of
the level of oxidation with plant evolution, based on
available data concerning the structural transformation

I ! II ! III ! IV, is not clear in this subclass.
However, the production of Ecg-type tannins by the
plants of Fagales, Casualinales and Hamamelidales in
this subclass, along with the production of the Ecg type
tannins in Theales (Dilleniidae), is of note. The similar-
ity of hydrolyzable tannin structures in the Casuar-
inaceae with those in the Stachyuraceae (Dilleniidae)
and theMyrtaceae (Rosidae) (Okuda et al., 1982c) shows
structural transformations occurring parallel to the
evolution routes in each subclass.

[Hamamelidales]
Cercidiphyllaceae: Cercidiphyllum, I, II, III
(Haddock et al., 1982b; Nonaka et al., 1989).
Hamamelidaceae: Hamamelis, I (Mayer et al.,
1965) ; Liquidambar, I, II, II+ (Ee, Ecg, Ed)
(Yoshida et al., 1991e); Loropetalum, II, II+ (Ee,
Ed, Et, Emd, Emt) (Yoshida et al., 1993b).

[Fagales]
Fagaceae: Castanea, I, II, II+ (Ee, Ecg) (Nonaka
et al., 1984a); Castanopsis, I, II, II+ (Ecg) (Ageta
et al., 1988); Quercus, I, II, II+ (Ecg, Ecgd)
(Nonaka et al., 1991).
Betulaceae:Alnus, I, II, II+ (Ee, Ecg, Ed) (Yoshida
et al., 1982b); Carpinus, I, II, II+ (Ee, Ec, Ecg), III
(Akazawa et al., 1989);Corylus, I, II, II+ (Ecg, Ed)
(Yoshida et al., 1991a), IV+ (Nonaka et al., 1992).

Fig. 6. Types of hydrolyzable tannins in the Dilleniidae.
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[Casuarinales]
Casuarinaceae: Casuarina, I, II, II+ (Ecg)
(Okuda et al., 1982c, 1983).

[Juglandales]
Juglandaceae: Juglans, II (Jurd, 1958)
Rhoipteleaceae: Rhoiptelea, II+ (Ec) (Tanaka et
al., 1997).

3.4. Caryophyllidae and Magnoliidae

Type I, II and II+ tannins have been found in plants
of Nymphaeales (Ishimatsu et al., 1989) and Ranuncu-
lales (Okuda et al., 1981) in the Magnoliidae, and small
amounts of type I tannins have been found in plants of
Polygonaceae (Nonaka et al., 1981; Friedrich and
Hohle, 1966) (Polygonales) in the Caryophyllidae.
However, because of the lack of data on the Mag-
noliales and Caryophyllales, which are the earliest
orders in each of these subclasses, their correlation is
impossible.

3.5. Asteridae

Ca�eate oligomers (abbreviated as follows, with an
example of each type) have been found in plants of
Lamiales in Asteridae, which lack both hydrolyzable
tannins and condensed tannins. The wide distribution of
chlorogenic acid in Rosaceae, detected in practically all

Fig. 7. Types of hydrolyzable tannins in the Hamamelidae.

Fig. 8. Types of hydrolyzable tannins in the Magnoliidae.

Fig. 9. Types of hydrolyzable tannins in the Caryophyllidae. Fig. 10. Ca�eate condensates in the Asteridae.
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80 species of rosaceous plants examined (Okuda et al.,
1992), may be associated with the evolutionary route
from Rosidae to Asteridae, although the distribution of
various ca�eic acid derivatives in other plant groups
(Mùlgaard and Ravn, 1988) must be considered (Fig.
10).

. Cd: ca�eate dimers [rosmarinic acid in Labiatae
(Okuda et al., 1986b)].

. Ct: ca�eate trimers [melitric acid A in Labiatae
(Agata et al., 1993) and Boraginaceae (Kelley et
al., 1976)].

. Cte: ca�eate tetramers [rabdosiin in Labiatae
(Agata et al., 1989), and in Boraginaceae (Nishi-
zawa et al., 1990)].

The families in Asteridae which give ca�eate con-
densates are as follows:

[Lamiales]
Labiatae: Agastache: Cd; Glechoma: Cd; Isodon:
Cd, Cte; Melissa: Cd,Ct; Mentha: Cd; Ocinum:
Cd; Origanum: Cd; Perilla: Cd; Prunella: Cd;
Rosmarinus: Cd Salvia: Cd, Cte; Thymus: Cd.
Boraginaceae: Cd, Ct.
Lithosperumum: Cd, Ct; Macrotomia: Cte

4. Conclusions

The successive oxidative and subsequent transforma-
tions of the polyphenol type in hydrolyzable tannin
molecules, I ! II ! III ! IV, can be correlated in
several aspects with the evolution of ``plant groups of
high hierarchic rank'' in Cronquist's evolution system,
and are in accord with ``progressive oxidation of sec-
ondary metabolites belonging to a particular biosyn-
thetic class (Gottlieb, 1989)'' as follows.

1. Oxidized tannins, types III and IV, are frequently
found in the Rosidae, but are found only in a
small number of plants in the Dilleniidae and
Hamamelidae. These oxidized tannins are not
found in the Caryophyllales and Magnolidae (the
earliest subclass in the Dicotyledonae).

2. Rosales, which is the earliest order in Rosidae,
mostly produce type I and II tannins. Oxidative
transformations to types III and IV progress accord-
ing to Rosales ! Sapindales ! Geraniales without
being accompanied by production of oligomers;
these types, often accompanied by the II and III+
type tannins, occur in plants of Rhamnales,
Euphorbiales, Cornales, Myrtales and Proteales.

3. The oxidative transformations in the Dilleniidae
seem to progress from Dilleniales (I) to Theales (I,
II and IV+), although tannins in the plants of

Lecythidales, Violales, Malvales and Ericales do
not allow further oxidative progress.

4. In Hamamelidae, the oxidative progression
I ! II ! III ! IV is not clear, although Ecg
type tannins in many genera in Fagales is char-
acteristic of this subclass, also being present in
plants of Theales (Dilleniidae).

5. The correlation in Magnolidae and Caryophyllales
is unknown because of lack of tannin data in the
earliest orders of these subclasses.

6. The correlation of oligomerization with plant evo-
lution is also unclear. In Rosidae, type II+ oligo-
mers produced by Rosales are not produced along
the route ! Sapindales ! Geraniales, but they
are abundantly produced by plants of Euphorbiales,
Cornales andMyrtales. In Dilleniidae, oligomers are
not found in Dilleniales, the earliest order, but are
produced by plants of Theales, Lecythidales and
Violales, evolved from the Dilleniales. On the other
hand, the oligomers are produced by the earliest
order, Hamamelidales (Hammamelidae).

7. Ca�eate oligomers are produced by plants of
Lamiales and Rubiales in the Asteridae, which
does not yield hydrolyzable tannins.

The evidence thus summarized here may provide a
perspective for the correlation of progressive oxidation
of hydrolyzable tannins with plant taxonomy and evo-
lutionary hierarchy.

References

Agata, T., Hatano, T., Nishibe, S., Okuda, T., 1989. A tetrameric

derivative of ca�eic acid from Rabdosia japonica. Phytochemistry

28, 2447±2450.

Agata, T., Kusakabe, H., Hatano, T., Nishibe, S., Okuda, T., 1993.

Melitric acids A and B, new trimeric ca�eic acid derivatives from

Melissa o�cinalis. Chemical and Pharmaceutical Bulletin 41, 1608±

1611.

Ageta, M., Ishimaru, K., Nonaka, G., Nishioka, I., 1988. Tannins and

related compounds. LXIV. Six new phenol glucoside gallates from

Castanopsis cuspidata var. sieboldii Nakai (2). Chemical and Phar-

maceutical Bulletin 36, 870±876.

Ahmed, A.F., Yoshida, T., Okuda, T., 1994. Tannins of tamaricac-

eous plants. V. New dimeric, trimeric and tetrameric ellagitannins

from Reaunuria hirtella. Chemical and Pharmaceutical Bulletin 42,

246±253.

Akazawa, M., Kashiwada, Y., Nonaka, G., Nishioka, I., 1989. Tan-

nins and related compounds of Carpinus laxi¯ora. Abstract Papers

(III) of the 109th Annual Meeting of the Pharmaceutical Society of

Japan, p. 158.

Bate-Smith, E.C., 1973. Systematic distribution of ellagitannins in

relation to the phylogeny and classi®cation of the angiosperms.

Nobels 25, 93±102.

Britton, G., Haslam, E., 1965. Gallotannins. Part XII. Phenolic con-

stituents of Arctostaphylos uva-ursi L. Spreng. Journal of the Che-

mical Society, 7312±7319.

Chang, C.-W., Yang, L.-L., Yen, K.-Y., Hatano, T., Yoshida, T.,

Okuda, T., 1994. New g-pyrone glucoside, and dimeric ellagitannins

526 T. Okuda et al. / Phytochemistry 55 (2000) 513±529



from Gordonia axillaris. Chemical and Pharmaceutical Bulletin 42,

1922±1923.

Chen, L.-G., Yang, L.-L., Yen, K.-Y., Hatano, T., Yoshida, T.,

Okuda, T., 1995. Tannins of euphorbiaceous plants. XIII. New

hydrolyzable tannins having phloroglucinol residue from Glochidion

rubrum Blume. Chemical and Pharmaceutical Bulletin 43, 2088±

2090.

Chen, L.-G., Yen, K.-Y., Yang, L.-L., Hatano, T., Yoshida, T.,

Okuda, T., 1999. Macrocyclic ellagitannin dimers, cuphiins D1 and

D2, and accompanying tannins from Cuphea hyssopifolia. Phy-

tochemistry 50, 307±312.

Chen, X.-M., Yoshida, T., Hatano, T., Fukushima, M., Okuda, T.,

1987. Galloylarbutin and other polyphenols from Bergenia purpur-

ascens. Phytochemistry 26, 515±517.

Cronquist, A., 1988. The evolution and classi®cation of ¯owering

plants. The New York Botanical Garden, New York, pp. 260±448.

Ducrey, B., Marston, A., Gohring, S., Hartman, R.W., Hostettmann,

K., 1997. Inhibition of 5a-reductase and aromatase by the ellagi-

tannins oenothein A and oenothein B from Epilobium species.

Planta Medica 63, 111±114.

Foo, L.Y., 1995. Amariinic acid and related ellagitannins from Phyl-

lanthus amarus. Phytochemistry 39, 217±224.

Friedrich, H., Hohle, J., 1966. Untersuchung der Polyphenole in der

Wurzel von Rheum palmatum L. Archiv der Pharmazie 299, 853±

866.

Gardner, R.O., 1977. Systematic distribution and ecological function

of the secondary metabolites of the Rosidae-Asteridae. Biochemical

Systematics and Ecology 5, 29±35.

Gottlieb, O.R., 1989. The role of oxygen in phytochemical evolution

towards diversity. Phytochemistry 28, 2545±2558.

Gupta, R.K., Al-Sha®, S.M.K., Layden, K., Haslam, E., 1982. The

metabolism of gallic acid and hexahydroxydiphenic acid in plants.

Part 2. Esters of (S)-hexahydroxydiphenic acid with d-glucopyr-
anose. Journal of the Chemical Society, Perkin Transactions 1

2525±2534.

Haddock, E.A., Gupta, R.K., Al-Sha®, S.M.K., Haslam, E., Magno-

lato, D., 1982. The metabolism of gallic acid and hexahydroxy-

diphenic acid in plants. Part 1. Introduction, naturally occurring

galloyl esters. Journal of the Chemical Society, Perkin Transactions

1 2515-2524.

Haddock, E.A., Gupta, R.K., Al-Sha®, S.M.K., Layden, K., Haslam,

E., Magnolato, D., 1982. The metabolism of gallic acid and hex-

ahydroxydiphenic acid in plants: biogenetic and molecular taxo-

nomic considerations. Phytochemistry 21, 1049±1062.

Han, L., Hatano, T., Yoshida, T., Okuda, T., 1994. Tannins of

theaceous plants. V. Camelliatannins F, G and H, three new tannins

from Camellia japonica L. Chemical and Pharmaceutical Bulletin

42, 1399±1409.

Han, L., Hatano, T., Okuda, T., Yoshida, T., 1995. Tannins of Sta-

chyurus species. III. Stachyuranins A, B and C, three new complex

tannins from Stachyurus praecox leaves. Chemical and Pharmaceu-

tical Bulletin 43, 2109±2114.

Haslam, E., 1989. Plant Polyphenols, Vegetable Tannins Revisited.

Cambridge University Press.

Hatano, T., Hattori, S., Okuda, T., 1986. Tannins of Coriaria japonica

A. Gray. I. Coriariins A and B, new dimeric and monomeric

hydrolyzable tannins. Chemical and Pharmaceutical Bulletin 34,

4092±4097.

Hatano, T., Ikegami, Y., Shingu, T., Okuda, T., 1988. Camptothins A

and B, new dimeric hydrolyzable tannins from Camptotheca acumi-

nata Decne. Chemical and Pharmaceutical Bulletin 36, 2017±2022.

Hatano, T., Ogawa, N., Kira, R., Yasuhara, T., Okuda, T., 1989a.

Tannins of cornaceous plants. I. Cornusiins A, B and C, dimeric,

monomeric and trimeric hydrolyzable tannins from Cornus o�cina-

lis, and orientation of valoneoyl group in related tannins. Chemical

and Pharmaceutical Bulletin 37, 2083±2090.

Hatano, T., Edamatsu, R., Hiramatsu, M., Mori, A., Fujita, Y.,

Yasuhara, T., Yoshida, T., Okuda, T., 1989b. E�ects of the inter-

action of tannins with co-existing substance. VI. E�ects of tannins

and related polyphyenols on superoxide anion radical, and on 1,1-

diphenyl-2-picrylhydrazyl radical. Chemical and Pharmaceutical

Bulletin 37, 2016±2021.

Hatano, T., Hattori, S., Ikeda, Y., Shingu, T., Okuda, T., 1990a.

Gallotannins having 1,5-anhydro-d-glucitol core and some ellagi-

tannins from Acer species. Chemical and Pharmaceutical Bulletin

38, 1902±1905.

Hatano, T., Okonogi, A., Yazaki, K., Okuda, T., 1990b. Trapanins A

and B, oligomeric hydrolyzable tannins from Trapa japonica Flerov.

Chemical and Pharmaceutical Bulletin 38, 2707±2711.

Hatano, T., Ogawa, N., Shingu, T., Okuda, T., 1990c. Rugosins D, E,

F and G, dimeric and trimeric hydrolyzable tannins with valoneoyl

group from ¯ower petals of Rosa rugosa Thunb. Chemical and

Pharmaceutical Bulletin 38, 3341±3346.

Hatano, T., Yasuhara, T., Matsuda, M., Yazaki, K., Yoshida, T.,

Okuda, T., 1990. Oenothein B, a dimeric hydrolyzable tannin with

macrocyclic structure and accompanying tannins from Oenothera

erythrosepala. Journal of the Chemical Society, Perkin Transactions

1 2735±2743.

Hatano, T., Shida, S., Han, L., Okuda, T., 1991. Camelliatannins A

and B, two new complex tannins from Camellia japonica L. Chemi-

cal and Pharmaceutical Bulletin 39, 876±880.

Hegnauer, R., 1990. Chemotaxonomie der P¯anzen IX, 122±124.

Ishimatsu, M., Tanaka, T., Nonaka, G., Nishioka, I., Nishizawa, M.,

Yamagishi, T., 1989. Tannins and related compounds. LXXV. Iso-

lation and characterization of novel diastereomeric ellagitannins,

nupharins A and B, and their homologues from Nuphar japonicum

DC. Chemical and Pharmaceutical Bulletin 37, 129±134.

Ito, H., Namba, O., Shirono, T., Hatano, T., Okuda, T., Yoshida, T,

1999. Chemical and Pharmaceutical Bulletin 47, 1148±1151.

Jochims, J.C., Taigel, G., Schmidt, O.T., 1968. UÈ ber natuÈ rliche Gerb-

sto�e. XLI. Protonenresonanz-Spektren und Konformations-

bestimmung einiger naturlicher Gerbsto�e. Justus Liebigs Annalen

der Chemie 717, 169±185.

Jurd, L., 1958. Plant polyphenols. III. The isolation of a new ellagi-

tannin from the pellicle of the walnut. Journal of the American

Chemical Society 80, 2249±2252.

Kandil, F.E., El-Sayed, N.H., Micheal, H.N., Ishak, M.S., Mabry,

T.J., 1996. Gallotannins and ¯avonoids from Haematoxylon cam-

pechianum. Phytochemistry 42, 1243±1245.

Karl, C., Muller, G., Pedersen, P.A., 1983. Ellagitannine aus der

Blattern vonVitis vinifera. Zeitschrift fur Naturforschung 38c, 13±16.

Kelley, C.J., Harru�, R.C., Carmack, M., 1976. The polyphenolic

acids of Lithospermum ruderale. II. Carbon-13 nuclear magnetic

resonance of lithospermic and rosmarinic acids. J. Org. Chem. 41,

449±455.

Kobayashi, S., Hatano, T., Yoshida, T., Okuda, T., Lu, C.-F., Yang,

L.-L., Yen, K.-Y., 1992. Tannins from Barringtonia asiatica.

Abstract Papers (2) of the 112th Annual Meeting of the Pharma-

ceutical Society of Japan, p. 208.

Lee, S.-H., Nonaka, G., Nishioka, I., 1990. Tannins and related com-

pounds, XCIV. Isolation and characterization of seven new hydro-

lyzable tannins from the leaves of Macaranga tanarius. Chemical

and Pharmaceutical Bulletin 38, 1218±1223.

Lee, M.-H., Nishimoto, S., Yang, L.-L., Yen, K.-Y., Hatano, T.,

Yoshida, T., Okuda, T., 1997. Two macrocyclic hydrolysable tannin

dimers from Eugenia uni¯ora. Phytochemistry 44, 1343±1349.

Lin, J.-H., Tanaka, T., Nonaka, G., Nishioka, I., Chen, L.-S., 1990.

Tannins and related compounds, XCVIII. Structures of three new

dimeric ellagitannins, excoecarianin and excoecarinins A and B,

isolated from the leaves of Excoecaria kawakamii Hatata. Chemical

and Pharmaceutical Bulletin 38, 2162±2171.

Lin, T.-C., Tanaka, T., Nonaka, G., Nishioka, I., Young, Y.-J., 1991.

Tannins and related compounds, CVIII. Isolation and char-

acterization of novel complex tannins (falavano-ellagitannins),

T. Okuda et al. / Phytochemistry 55 (2000) 513±529 527



anogeissinin and anogeissusins A and B, from Anogeissus acuminata

(Roxb ex DC.) Guill. Et Perr. var. lanceolata Wall. Et Clarke.

Chemical and Pharmaceutical Bulletin 39, 1144±1147.

Mayer, W., Kunz, N., Loebich, L., 1965. Die Struktur Hamameli-

tannin. Justus Liebigs Annalen der Chemie 688, 232±238.

Mùlgaard, P., Ravn, H., 1988. Evolutional aspects of ca�eoyl ester

distribution in Dicotyledons. Phytochemistry 27, 2411±2421.

Nishizawa, M., Tsuda, M., Hayashi, K., 1990. Two ca�eic acid tetra-

mers having enantiomeric phenyldihydronaphthalene moieties from

Macrotonia euchroma. Phytochemistry 29, 2645±2649.

Nonaka, G., Nishioka, I., Nagasawa, T., Oura, H., 1981. Tannins and

related compounds. I. Rhubarb (1). Chemical and Pharmaceutical

Bulletin 29, 2862±2870.

Nonaka, G., Ishimaru, K., Tanaka, T., Nishioka, I., 1984a. Tannins

and related compounds, XVII. Galloylhamameloses from Castanea

crenata and Sanguisorba o�cinalis L. Chemical and Pharmaceutical

Bulletin 32, 483±489.

Nonaka, G., Sakai, R., Nishioka, I., 1984b. Hydrolysable tannins

and proanthocyanidins from green tea. Phytochemistry 23, 1753±

1755.

Nonaka, G., Ishimatsu, M., Ageta, M., Nishioka, I., 1989. Isolation

and characterization of ceridinins A and B, and cuspinin. Chemical

and Pharmaceutical Bulletin 37, 50±53.

Nonaka, G., Hayashi, M., Tanaka, T., Saijo, R., Nishioka, I., 1990.

Tannins and related compounds. XCII. Isolation and characteriza-

tion of cyanogenic ellagitannins, aleurinins A and B, and a related

O-glycosidic ellagitannins, aleurinin C, from Aleurites fordii Hemsley.

Chemical and Pharmaceutical Bulletin 38, 861±865.

Nonaka, G., Sakai, T., Mihashi, K., Nishioka, I., 1991. Tannins and

related compounds. CIX. Isolation of alienanins A and B, novel

C,C-linked ellagitannins from Quercus aliena. Chemical and Phar-

maceutical Bulletin 39, 884±888.

Nonaka, G., Akazawa, M., Nishioka, I., 1992. Two new ellagitannin

metabolites, carpinusin and carpinusnin from Carpinus laxi¯ora.

Heterocycles 33, 597±606.

Okuda, T., Seno, K., 1978. Mallotusinic acid and mallotinic acid, new

hydrolyzable tannins from Mallotus japonicus. Tetrahedron Letters

139±142.

Okuda, T., Mori, K., Hatano, T., 1980. The distribution of geraniin

and mallotusinic acid in the order Geraniales. Phytochemistry 19,

547±551.

Okuda, T., Yoshida, T., Mori, K., Hatano, T., 1981. Tannins of

medicinal plants and drugs. Heterocycles 15, 1323±1348.

Okuda, T., Yoshida, T., Kuwahara, M., Memon, M.U., Shingu, T.,

1982a. Agrimoniin and potentillin, ellagitannin dimer and monomer

having a;-glucose core. Journal of the Chemical Society, Chemical

Communications 163±164.

Okuda, T., Yoshida, T., Hatano, T., 1982b. Constituents of Geranium

thunbergii Sieb. et Zucc. Part 12. Hydrated stereostructure and

equilibration of geraniin. Journal of the Chemical Society, Perkin

Transactions 1 9±14.

Okuda, T., Yoshida, T., Hatano, T., Yazaki, K., Ashida, M., 1982c.

Ellagitannins of Casuarinaceae, Stachyuraceae and Myrtaceae.

Phytochemistry 21, 2871±2874.

Okuda, T., Yoshida, T., Ashida, M., Yazaki, K., 1983. Structure of

pedunculagin, casuarictin, strictinin, casuarinin, casuariin and sta-

chyurin. Journal of the Chemical Society, Perkin Transactions 1

1765±1772.

Okuda, T., Yoshida, T., Hatano, T., Ikeda, Y., Shingu, T., Inoue, T.,

1986a. Constituents of Geranium thunbergii Sieb. et Zucc. XIII.

Isolation of water-soluble tannins by centrifugal partition chroma-

tography, and biomimetic synthesis of elaeocarpusin. Chemical and

Pharmaceutical Bulletin 34, 4075±4082.

Okuda, T., Hatano, T., Agata, T., Nishibe, S., 1986b. The components

of tannic activities in Labiatae plants. I. Rosmarinic acid from

Labiatae plants in Japan. Yakugaku Zasshi 106, 1108±1111.

Okuda, T., Yoshida, T., Hatano, T., Iwasaki, M., Kubo, M., Orime, T.,

Yoshizaki, M., Naruhashi, N., 1992. Hydrolysable tannins as chemo-

taxonomic markers in the Rosaceae. Phytochemistry 31, 3091±3096.

Okuda, T., Yoshida, T., Hatano, T., 1993. Classi®cation of oligomeric

hydrolysable tannins and speci®city of their occurrence in plants.

Phytochemistry 32, 507±521.

Okuda, T., Yoshida, T., Hatano, T., 1995. Hydrolyzable tannins and

related polyphenols. Progress in the Chemistry of Organic Natural

Products 66, 1±117.

Saijo, R., Nonaka, G., Nishioka, I., Chen, I.-S., Hwang, T.-H., 1989.

Tannins and related compounds, LXxxVIII. Isolation and char-

acterization of hydrolyzable tannins from Mallotus japonicus

(Thunb.) Mueller-Arg. and M. philippinensis (Lam.) Mueller-Arg.

Chemical and Pharmaceutical Bulletin 37, 2940±2947.

Saijo, R., Nonaka, G., Nishioka, I., 1990. Gallic acid esters of ber-

genin and norbergenin from Mallotus japonicus. Phytochemistry 29,

267±270.

Schildknecht, H., Herb, R., Kunzelmann, P., 1985. Isoterchebin:

Struktur des gelben Ellagitannin-Farbsto�es aus Cytinus hypocistis

(Ra�esiaceae). Justus Liebigs Annalen der Chemie 1448±1456.

Schmidt, O.T., Mayer, W., 1956. NatuÈ rliche Gerbsto�e. Angew.

Chem. 68, 103±115.

Seikel, M., Hillis, W.E., 1970. Hydrolysable tannins of Eucalyptus

delegatensis wood. Phytochemistry 9, 1115±1128.

Tanaka, T., Sueyasu, T., Nonaka, G., Nishioka, I., 1984. Tannins and

related compounds. XXI. Isolation and characterization of galloyl

and p-hydroxybenzoyl estsers of benzophenone and xanthone C-

glucosides from Mangifera indica. Chemical and Pharmaceutical

Bulletin 32, 2676±2686.

Tanaka, T., Nonaka, G., Nishioka, I., Miyahara, K., Kawasaki, T.,

1986. Isolation and structure elucidation of elaeocarpusin, a novel

ellagitannin from Elaeocarpus sylvestris var. ellipticus. Journal of

Chemical Society Perkin Transactions. 1 369±376.

Tanaka, T., Morita, A., Nonaka, G., Lin, T.-C., Nishioka, I., Ho, F.-

C., 1991. Tannins and related compounds, CIII. Isolation and

characterization of new monomeric, dimeric and trimeric ellagi-

tannins, calamansanin and calamanins A, B and C, from Terminalis

calamansani (Blanco) Rolfe. Chemical and Pharmaceutical Bulletin

39, 60±63.

Tanaka, T., Ishida, N., Ishimatsu, M., Nonaka, G., Nishioka, I.,

1992a. Tannins and related compounds, CXVI. Six new complex

tannins, guajavins, psidiins and psiguavin from bark of Psidium

guajava L. Chemical and Pharmaceutical Bulletin 40, 2092±2098.

Tanaka, T., Tong, H.-H., Xu, Y.-M., Ishimaru, K., Nonaka, G.,

Nishioka, I., 1992b. Tannins and related compounds, CXVII. Iso-

lation and characterization of three new ellagitannins. Lagertannins

A, B and C, having a gluconic acid core, from Lagerstroemia spe-

ciosa (L.) Pers.. Chemical and Pharmaceutical Bulletin 40, 2975±

2980.

Tanaka, T., Jiang, Z.-H., Kouno, I., 1997. Structure and biogenesis of

Rhoipteleanins, ellagitannins formed by stereospeci®c inter-

molecular C±C oxidative coupling, isolated from Rhoiptelea chi-

liantha. Chemical and Pharmaceutical Bulletin 45, 1915±1921.

Wilkins, C.K., Bohm, B.A., 1976. Ellagitannins from Tellima grand-

i¯ora. Phytochemistry 15, 211±214.

Xu, Y.-M., Tanaka, T., Nonaka, G., Nishioka, I., 1991. Tannins and

related compounds, CVII. Structure elucidation of three new

monomeric and dimeric hydrolyzable tannins, ¯osin B and reginins

C and D, isolated from Lagerstroemia ¯os-regina Retz. Chemical

and Pharmaceutical Bulletin 39, 647±650.

Yazaki, K., Shida, S., Okuda, T., 1989. Galloylarbutin and related

polyphenols from Pyrola incarnata. Phytochemistry 28, 607±609.

Yoshida, T., Okuda, T., Koga, T., Toh, N., 1982a. Absolute con®g-

uration of chebulic, chebulinc and chebulagic acid. Chemical and

Pharmaceutical Bulletin 30, 2655±2658.

Yoshida, T., Hatano, T., Kuwajima, T., Okuda, T., 1982b. Oligomeric

hydrolyzable tannins Ð their 1H NMR spectra and partial

degradation. Heterocycles 33, 463±482.

528 T. Okuda et al. / Phytochemistry 55 (2000) 513±529



Yoshida, T., Ikeda, Y., Ohbayashi, H., Ishihara, K., Ohwashi, W.,

Shingu, T., Okuda, T., 1986. Dimeric ellagitannins in plants of

Melastomataceae. Chemical and Pharmaceutical Bulletin 34, 2676±

2679.

Yoshida, T., Chen, L., Shingu, T., Okuda, T., 1988. Euphorbins A

and B, novel dimeric dehydroellagitannins from Euphorbia hirta L.

Chemical and Pharmaceutical Bulletin 36, 2940±2949.

Yoshida, T., Namba, O., Chen, L., Okuda, T., 1990a. Tannins and

related polyphenols of euphorbitaceous plants. V. Euphorbin C, an

equilibrated dimeric dehydroellagitannin having a new tetrameric

galloyl group. Chemical and Pharmaceutical Bulletin 38, 86±93.

Yoshida, T., Chou, T., Nitta, A., Miyamoto, K., Koshiura, R.,

Okuda, T., 1990b. Woodfordin C, a macro-ring hydrolyzable tannin

dimer with antitumor activity, and accompanying dimers from

Woodfordia fruticosa ¯owers. Chemical and Pharmaceutical Bulletin

38, 1211±1217.

Yoshida, T., Jin, Z.-X., Okuda, T., 1991a. Heterophylliins A, B, C, D

and E, ellagitannin monomers and dimers from Corylus hetero-

phylla. Chemical and Pharmaceutical Bulletin 39, 49±54.

Yoshida, T., Chou, T., Matsuda, M., Yasuhara, T., Yazaki, K.,

Hatano, T., Nitta, A., Okuda, T., 1991b.Woodfordin D and oenothein

A, trimeric hydrolyzable tannins of macro-ring structure with anti-

tumor activity. Chemical and Pharmaceutical Bulletin 39, 1157±1162.

Yoshida, T., Ohbayashi, H., Ishihara, K., Ohwashi, W., Haba, K.,

Okano, Y., Shingu, T., Okuda, T., 1991c. Tannins and related

polyphenols of melastomataceous plants. I. Hydrolyzable tannins

from Tibouchina semidecandra Cogn. Chemical and Pharmaceutical

Bulletin 39, 2233±2240.

Yoshida, T., Chou, T., Nitta, A., Okuda, T., 1991d. Monomeric and

dimeric hydrolyzable tannins having a dilactonized valoneoyl group

from Schima walikii Koeth. Chemical and Pharmaceutical Bulletin

39, 2247±2251.

Yoshida, T., Hatano, T., Ahmed, A.F., Okonogi, A., Okuda, T.,

1991e. Structures of isorugosin E and hietellin B, dimeric hydrolyz-

able tannins having a trisgalloyl group. Tetrahedron 47, 3575±3584.

Yoshida, T., Itoh, H., Matsunaga, S., Tanaka, R., Okuda, T., 1992a.

Hydrolyzable tannins with 1C4 glucose core from Phyllanthus ¯ex-

uosus Muell. Arg. Chemical and Pharmaceutical Bulletin 40, 53±60.

Yoshida, T., Namba, O., Lu, C.-F., Yang, L.-L., Yen, K.-Y., Okuda,

T., 1992b. Antidesmin A, a new dimeric hydrolyzable tannin from

Antidesma pentandrum var. barbathum. Chemical and Pharmaceu-

tical Bulletin 40, 338±342.

Yoshida, T., Nakata, F., Hosotani, K., Nitta, A., Okuda, T., 1992c.

Tannins and related polyphenols of melastomataceous plants. V.

Three new complex tannins from Melastoma malabathricum L.

Chemical and Pharmaceutical Bulletin 40, 1727±1732.

Yoshida, T., Maruyama, T., Nitta, A., Okuda, T., 1992d. Eucalbanins

A, B and C, monomeric and dimeric hydrolyzable tannins from

Eucalyptus alba Reinw. Chemical and Pharmaceutical Bulletin 40,

1750±1754.

Yoshida, T., Ahmed, A.F., Okuda, T., 1993a. Tamarixinin B and C,

dimeric hydrolyzable tannins from Tamarix pakistanica. Phy-

tochemistry 33, 197±202.

Yoshida, T., Tanei, S., Liu, Y.-Z., Yuan, C.-R.Ji, Okuda, T., 1993b.

Hydrolyzable tannins from Loropetalum chinense. Phytochemistry

32, 1287±1292.

Yoshida, T., Arioka, H., Fujita, T., Chen, X.-M., Okuda, T., 1994.

Monomeric and dimeric hydrolysable tannins from two mela-

stomataceous species. Phytochemistry 37, 863±866.

Yoshida, T., Haba, K., Arata, R., Nakata, F., Shingu, T., Okuda, T.,

1995. Tannins and related polyphenols of melastomataceous plants.

VII. Nobotanins J and K, trimeric and tetrameric hydrolyzable

tannins from Heterocentron roseum. Chemical and Pharmaceutical

Bulletin 43, 1101±1106.

Yoshida, T., Ito, H., Hatano, T., Kurata, M., Nakanishi, T., Inada, A.

et al., 1996a. New hydrolyzable tannins, shephagenins A and B,

from Shepherdia argentea as HIV reverse transcriptase inhibitors.

Chemical and Pharmaceutical Bulletin 44, 1436±1439.

Yoshida, T., Maruyama, T., Nitta, A., Okuda, T., 1996b. A hydro-

lyzable tannin and accompanying polyphenols from Melaleuca leu-

cadendron. Phytochemistry 42, 1171±1173.

Yoshikawa, M., Uchida, E., Kawaguchi, A., Kitagawa, I., Yamahara,

J., 1992. Galloyl-oxypaeoni¯orin, su�ruticosides A, B, C and D, ®ve

antioxidative glycosides, and su�ruticoside E, a paeonol glycoside,

from chinese moutan cortex. Chemical and Pharmaceutical Bulletin

40, 2248±2250.

T. Okuda et al. / Phytochemistry 55 (2000) 513±529 529


