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Abstract-Leaves of a further 25 species of Acer, mostly from Asia and N. America, show similar levels of astringency 
and distribution of condensed and hydroly~ble tannins to those previously examined. The results are tabulated and 
discussed in accordance with de Jong’s recent rearrangement of the genus. 

iNTRODUC3’ION 

In a brief discussion of the systematic significance of the 
data in the first paper [l], it was conduded that ‘with 
only 25 of the presently recognized species of Acer in- 
cluded in this survey, it is unprofitable to attempt a statisti- 
cal analysis of the chemical results in relation to the 
classification of the species and their distribution. There 
must however remain some doubt as to the validity of 
Pax’s treatment in view of the heterogeneity of his sec- 
tions in both these respects’. With 48 species now avail- 
able, and de Jong’s recent revision of the genus [Z], it 
seems worthwhile to embark on such an analysis. The 
previous results have therefore been rearranged and 
combined with the present ones according to de Jong’s 
revision. 

RESULTS 

Table 1 includes not only the data presented in the 
fmt paper, but also the results of chromatography of the 
leaf hydrolysate in Forestal and the Yannic acid equival- 
ent’ of the leafextract in terms of the method of determina- 
tion of galloyl esters introduced by Haslam 133, based on 
a colour reaction with sodium iodate. This value is abbre- 
viated to TI [1] to distinguish it from the ‘tannic acid 
equivalent’ (TAE) as determined by precipitation of 
blood protein [4], and the ratio of TAE Co TI, which is 
diagnostic of the type of galloyl ester present, is also 
given. To simplify the presentation, the TAE of the leaf 
powder has been omitted. De Jong’s a~an~ment shows 
up to advantage in the closer grouping of species having 
particular features in common. 

Two such groupings&and out especially clearly. The 
first of these is a group of live species in Section Ma~a~t~ 
Series Tegmentosa. All of these-and only these-have 
myricetin (M) and prodelphinidin (PD). On present 
interpretation of the significance of the occurrence 
of flavonoid constituents, these five species are immedi- 
ately identified as the most primitive of all extant Acer 
species. It is surprising, therefore, that they are not, as 

* Part 3 in the seriwr “Astringency of leaves”. For Part 2 see 
Bate-Smith, E.C. (1978) Phytochemistq 17,267. 

judged by their TAE values the most astringent. It is true 
they have high E values, but this is because the yield of 
delphinidin from PD, in terms of E, is so much higher 
than thaf of PCy [S]. Only one of them, A. da&iii, also 
has hydrolysable tannin. 

The second grouping is of five species exemplified by 
A. ~j~~~u, which Haslam [3] ~stinguished by the 
unusual chromatographic pattern of their galloyl con- 
stituents. No further example has been encountered in 
the present work. The five species, separated widely in 
Pax’s arrangement, are redistributed by de Jong in three 
consecutive sections: Rubra, Ginnnio and Lithocarpa. 

These two groupings are representative (with excep- 
tional features) of two categories of Acer species: those 
with predominantly condensed tannins, and those with 
predominantly hydrolysable ones. As a way of expressing 
these differences, in Table 1 the two main categories have 
been allotted the symbols CL and #?, while a few species with 
little or no tannin are allotted a category y. The qualifica- 
tion for category E( is a high E value, that for b a high TI. 
When, as in some species, these are both of intermediate 
value, the species appears as LY/?. The six species contain- 
ing PD are distinguished by the symbol crD and those in 
the A. ginnala group by the symbol PG. The numbers of 
species allocated to these categories are: 12 in CL, 19 in p 
and I 1 in a/?. 

Systematically it is evident that Section Macrantha 
has a preponderance of a, and Sections Rubrum to 
ZntegrijXa a preponderance of 8. Most of the ab types, 
also those in category y, are in Sections Acer and 
Platu~oidea, and, since most of these have their ranges in 
Europe and W. Asia, this immediately suggests a scrutiny 
of the categories in terms of their geographical distribu- 
tion (Table 2). From this it emerges that Japan, C. Asia 
and E. N. America have most of the a, the Himalayas 
most of the fi. Accepting the assumption that E. Asia and 
E. N. America possess refugia of the earliest N. hemi- 
sphere flora, less affected by the devastation of the Ice 
Ages, this would suggest that the a and j? categories 
represent separate streams out of which, subsequently, 
the ap forms arose, occupying for the most part areas 
created by the upthrust of mountains or opened for 
recolonization as the ice-cap receded. 

The species in category aD form the best starting point 
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Table I. Chromatography and tannin analysis of Acer species. 
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Table L-Continued 

Extmctron Astrmgency 
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Key (to Table 1): M, myricetin; D, delphinidm (from prodelphimdin): El, ellagc acid. Q, quercetin; Cy, cyanidin (from procyanidin): 
K, kaempferol: E,,.E,,, extinction of anthocyanidin from powder and extract, respectively; TAE, tannic acid equivalent (precipita- 
tion of blood protein): TI, tannic acid equivalent (iodate reaction): HH, hexahydroxydiphenic acid glucose ester; Cateogry, seeText. 

* Leaves senescent, results unreliable. A. caudatum Wall., also examined, is not included by de Jong. According to Bean most of 
this in cultivation is A. acuminatwn, with which the present analysis agrees. 

t Regarded by de Jong as synonym of A. urukunduense. 
** Three samples of this species examined: one from Himalaya (that recorded here); a second from Messrs. Hillier and a third 

from Kew, both probably original Wilson collection from China, differing from the first in amounts of a and fl constituents. A. 
lanceolotum is regarded by de Jong as probably a form of A. oblongum. 

$ These spp. contain a dark-absorbing constituent at R, 0.50 in Forestal interfering with the detection of Cy. 

for a more detailed analysis. Except for A. negundo, 
these all have M as well as PD, confirming their primitive 
flavonoid status. Except for A. davidii, none of them has 
hydrolysable tannin, so that the remaining four are 
prototypes of the postulated ancestral a stream. One has 
its range in E. Asia, one in Japan, one in C. China and the 
fourth in E. N. America. If they do in fact have a common 
origin, this must presumably be holarctic. The presence 
of ellagitannin in A. davidii suggests C. China as one of 
the meeting-points of the a and /I streams. A. hooker& 
which Rehder quotes as a related species, has its range in 
E. Himalaya and is placed in category B, so that A. dauidii 
is intermediate both chemically and geographically 
between this species and, for instance, A. tegmentosum, 
with its range in Korea and Manchuria. 

There is a precedent within the Sapindaceae for the 
track suggested here. Xanthoceras sorbifilia Bunge is the 
only species on record [6] in the Sapindales having the 
PD-M pattern. This is placed (EP) in the tribe Har- 
pullieae of the Sapindaceae, with which Leenhouts [7] 
suggests Acer has the closest affinities. Its range is N. 
China. 

Table 2. Geographical distribution of Acer species belonging to 
different tannin categories 

No. spp. in tannin category 
a UB B Y Total 

Japan 3 3 2 1 9 
E. Asia 1 2 1 0 4 
C. China 2 I 0 0 3 
W. China 1 2 1 1 5 
Himalaya 1 2 5 1 9 
Europe 1 4 1 3 9 
E. N. America 2 3 0 6 
W. N. Amerxx 1 2 0 3 

Total 12 15 15 6 48 

Besides the presence of M, the relative amounts of Q 
and K are useful indices ofevolutionary status. A. negundo, 
for instance, has more K than Q, confirming the relatively 
advanced condition of this species indicated by the 
absence of M, whereas A. tegmentosum, A. pensylvanicum, 
and A. capillaris all have more Q than K. A. daoidii, as 
well as differing from them all in the presence of El, has 
two unidentified constituents absorbing in the UV at 
R, 0.56 and 0.7, similar to constituents also observed in 
A. wilsonii which occurs in the same region. 

Nature and origin of the p constituents 

While the a constituents, the condensed tannins, are 
commonly present in all classes of vascular plants, the /I 
constituents, the hydrolysable tannins, are present only 
in dicots and only in certain orders of these. Ellagi- 
tannins are more common than gallotannins, so that the 
affinities of Acer, which contains both, must be looked for 
in one of those orders which also contain both. Several of 
the families in the Sapindales are, in fact, outstanding in 
this respect: Rhus species (Anacardiaceae) are the source 
in commerce of tannic acid, the best known of all tannins; 
Coriaria species (Coriariaceae) are rich sources of tannin 
containing both ellagic and gallic acid; and Meliantkus 
species (Melianthaceae) are rich in ellagitannin. None 
of these species contains proanthocyanidins, so that there 
are analogies, within the Sapindales, of the fl type of 
Acer. 

Of the actual constitution of these gallo-ellagitanninq 
very little is known. Haslam’s reaction does not dis- 
tinguish between galloyl and hexahydroxydiphenoyl 
residues, both being included in his ‘galloyl esters’, but 
in the 15 species he examined he observed three different 
patterns of these esters by 2D chromatography, one 
associated with the ginnala group (/?G), one with A. 
platanoides, A. campestre and A. rubrum resembling the 
pattern observed in Rhus gallotannins, and the third, 
the most frequent, in the remaining eight species, probably 
more complex ellagitannins. It was remarked previously 
[l] that the fairly constant relation of TAE/TI indicated 
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an overall similarity in the hydrolysable tannins of the 
different species, perhaps even a constancy of composi- 
tion of these tannins. The ‘acertannin’ of Perkin and 
Ushida [S], a digalloyl-polygalitol, was not identified in 
Haslam’s chromatographic studies. 

Gallic and ellagic acids are both visible on chromato- 
grams in Forestal solvent, but while the latter is readily 
identifiedbyitsRfandviolet UVfluorescence,theformer’s 
R, is in a position where other common constituents 
occur, absorbs in UV, and although it darkens when 
fumed with NH, it can only be identified with confidence 
when present in sufficient quantity. Most species appear 
to contain gallic acid in however small amount [3], but 
because of the uncertainty of its identification on Forestal 
papers it has not been included in Table 1. In A. macrun- 
thum it is not combined in ester form [3], and it may 
therefore be present to some extent as the free acid in 
other species. 

Category y and the level of astringency 

It was remarked earlier [l] that except for three species, 
A. lobe&, A. platanoides and A. p~~doplutanus in which 
the TAE was exceptionally low, there seemed to be 
remarkably little difference in this respect between Acer 
species in spite of the different kinds of tannin they con- 
tained. These three are European species, of which in the 
sample then examined the representation was preponder- 
ant. This has now been corrected by examining a larger 
number of Asian and W. N. American species. As a 
result one more, A. cissl~oliu~, a Japanese species, has 
been found to have low TAE, and is placed with the first 
three in category y. In all these cases the reason seems to 
be impoverishment of the c( constituent. Several species 
in this second sample have high astringencies, but in a 
majority the TAE lies in a narrow range between 10 and 
15; only 5 of the 50 species have TAE higher than this. 
Four of these are in category /?, one @. They are widely 
spread geographically. The W. N. American A. glabrum, 
with TAE = 23, is placed by de Jong in a monotypic 
series. Its tannin appears to consist almost entirely of 
gallotannin (TAE/TI = 1.0) and in this respect it is 
unique. Of the other two species in W. N. America, A. 
~crophylium contains gallic acid which is unesterified 
[3] and considerable PA (E = 26) but its TAE is low. A. 

circinatum a vine, also appears to contain considerable 
gallic acid, but unusually in the genus it contains a cou- 
marin (scopoletin?). All three species in this area there- 
fore have exceptional properties. With the European 
species in category y, they can be regarded as ‘outliers’ 
from the main concentration of the genus in China and 
Japan. 

The species with the second highest TAE, A. spicatum, 
is also in category @. This was made the type species of a 
large section by Pax, who considered it to be one of the 
earliest. It was, however, one of the least homogeneous 
sections from the chemical point of view [l] and was 
split by Pojarkova [lo]. De Jong now places A. spicatum 
in an isolated series in Section Parviflora. Its range is in 
E. N. America, one of the areas likely to harbour ancient 
relict species. It has much ellagitannin and some PA. 

The third highest, A. lanc@ofatum, is S. Chinese, placed 
by de Jong in Section Zntegrifolia along with A. oblongurn, 
with which he thinks it may be synonymous. In its 
chemistry it resembles the Himalayan form of this species, 
but with higher tannin content. The tannin appears to be 
wholly ellagitannin, TAE/TI = 0.5, HH = 5.5. 

The next, A. nipponicum, is almost equally r and 8. 
A. dioboli~um~ also Japanese, is one of the ginnala group, 
with modified ellagitannin and some PA. It seems, there- 
fore, that a high level of astringency is associated in the 
main, but not exclusively, with hydrolysable tannins. Like 
that of low tannin, the incidence of high tannin is not 
associated with any particular geographical range nor 
with any of the morphologist features currently used in 
taxonomic arrangements of the genus. 
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