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Abstract-Anthocyanins, variously identified in inflorescence, fruit, leaf or petiole of 59 representative species of the 
Araceae, are of a simple type. The most common pigment is cyanidin 3-rutinoside, while.pelargonidin 3-rutinoside and 
cyanidin 3-glucoside are regularly present. Two rare pigments are: cyanidin 3-gentiobioside in 4nchom~7nr.s and 
Rhektophyllum, both in the subfamily Lasioideae; and delphinidin 3-rutinoside in Schismatog/ottis concinnu. In a leaf 
survey of 144 species from 58 genera, flavone C-glycosides (in 82 %) and proanthocyanidins (in 35-45 ‘x) were found as 
the major flavonoids. In the subfamily Calloideae. subtribe Symplocarpeae, flavonols replace glycoflavones as the 
major leaf components but otherwise flavonols are uncommon in the family (in 27 y0 of the sample) and more usually 
co-occur with flavone C-glycosides. Two new flavonol glycosides were characterized from L~~ichiton camtschatcense: 
kaempferol3-(6-arabinosylgalactoside) and kaempferol3-xylosylgalactoside. Simple flavones, luteolin and chrysoeriol 
(in 6 “/“) were found only in the subtribes Arinae and Cryptocoryninae, subfamily Aroideae. Flavonoid sulphaies were 
identified in only four taxa: glycoflavone sulphates in two Culcasia species and Philodendron ornatum and a mixture of 
flavone and flavonol sulphates in Scindapsus picrus. Caffeic ester sulphates were more common and their presence in 
Anthurium hookeri was confirmed. These results show that the Araceae are unusual amongst the monocots in their 
simple and relatively uniform flavonoid profile; no one subfamily is clearly distinguished, although at tribal level some 
significant taxonomic patterns are observed. The best defined groups are the subfamilies Lasioideae and 
Monsteroideae, and the tribes Symplocarpeae and Arophyteae, and the subtribe Arinae. The greatest chemical diversity 
occurs in Anth~~rictnl and Pl~iloder~rlron, but this may only reflect the fact that these are the two largest genera in the 
family. The origin and relationship of the Araceae to other monocot groups are discussed in the light of the flavonoid 
evidence. 

INTRODUCTION 

The Araceae, a family of some 110 genera and over 2000 
species are distributed largely in the tropics and 
subtropics, but a few taxa (e.g. Arum) are found in 
temperate zones. Members of the Araceae exhibit a 
wide variety of vegetative habit; many species, parti- 
cularly those of higher latitudes, are acaulescent herbs 
with underground tubers or rhizomes, but in the tropics 
the family is often represented predominantly by climbers 
and epiphytes, while woody and aquatic species also 
occur. Such diversity of habit makes the family difficult to 
classify and most systems employ both anatomical and 
morphological characteristics. Genera have been vari- 
ously grouped into a number of subfamilies or tribes; in 
the present study the results are arranged according to 
Bogner’s [l ] recent modification of Engler’s classic 
system [Z], in which eight subfamilies and 31 tribes are 
recognized. 

Despite the economic importance of those aroids with 
edible rhizomes (e.g. Co/ocasiu) and a diversity of uses by 
indigenous cultures in the tropics, the family has not been 
studied extensively for its chemical constituents. Thus, 
Hegnauer [3] records saponins, cyanogenic compounds 

and polyphenols from only a small number of species. 
Bate-Smith [4] in his leaf flavonoid survey of the 
monocotyledons, examined 24 members of the Araceae. 
He identified quercetin in eight, kaempferol in six and 
procyanidin in eleven species, respectively, but he regarded 
the family as being very diverse in phenolic pattern, 
because of the presence of many further uncharacterized 
constituents. We have reported previously [5] the 
presence of kaempferol 3-sophoroside-7-rhamnoside 
from G~?~rzo.stcrc/~~‘s trnccps and more recently Zennie 
and McClure [6] have isolated vitexin, orientin, two 
flavone di-C-glycosides, a luteolin 7-glycoside and 
cyanidin 3-glucoside from the free floating aquatic, Pistiu 
stratiotes. In a detailed study of Arum muculatum Koch 
and Steinegger [7] have characterized apigenin, luteolin, 
luteolin 7-glucoside, quercitrin, rutin, orientin, isoorien- 
tin, vitexin, isovitexin, saponarin, p-coumaric, caffeic and 
chlorogenic acids from leaves and berries. Anthocyanins 
have only been reported from the spathe of Anthurium 
scherzerianum (pelargonidin 3-rutinoside) [8], the spathe 
of A. undraeunum (cyanidin and pelargonidin 3- 
rutinoside) [9] and the spathe and spadix of Symplocarpus 
fbetidus (cyanidin 3-rutinoside, peonidin 3-rutinoside and 
cyanidin 3-glucoside) [lo]. 
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The present investigation follows recent studies of the 
Orchidaceae [ 11 1. Restionaceae [ 121 and Com- 
melinaccae (M. A. Del Pero de Martinez, unpublished 
rcsulti). and forms part of a larger flavonold survey 01 
monocotyledonous families. wnich IS now almost 
complete. 

RFXI .1.1‘S 

Anthocyanins occur in the bright scarlet to mauve fruits 
ofmembers ofthe Araceae, and are presumably important 
for providing attractive coloration for purposes of seed 
dispersal. These pigments are also evident in the flowering 
parts. e.g. in the purplish red on spathe and spadix in 
,~~~uuI. although the major pollinators arc bcctlcs and flies. 
which are csscnrially atrractrd to the flower b), the often 
evil-smelling odours produced in the inflorescence. Red to 
purple-black coloration is also present in leaf rctioles in 
many species: occasionally, this colour occurs in the 
epidermis of the leaf (e.g. in Xur~thr~.sornu c?iolucc~r?~, 
,4locrr.sia c,rrj~~~lr). In the present survey, it was possible to 
detect anthocyanin in just under half the species available 
for favonoid studies. In all, 60 species representing half 
the tribes and five of the seven subfamilies were examined. 
The results are shown in Table I. 

In keepin? with the observation that there is little 
natural selectmn for flower colour in this family due to the 
activities of pollinators wsith colour vision. it was found 
that the m:~jo[- anthocyanidin is cyanidin. It was present in 
every species. except S~~zi.~~~~ut~~glotti,s mxkrur, where it 
was replaced by delphinidin. Pelargonidin was found to 
accompany cyanidin in eight taxa: five Ar7thwium species, 
in two Drac~ontium species and in Xm~tlwsomrr ldleho~i- 
foli~~~n. In AIIIIIUI.ILIIM a//rnr and A. grc~ilr. pelargonidin is 
in the fruit skin and is presumably responsible in part for 
the bright scarlet coloration in these two species. 

The anthocqanidins of the Araceae are nearly always 
present as the ?-rutinoside. Thus, cyanidin 3-rutinoside is 
by far the most common pigment (Table l), being 
accompanied in some cases by the related 3-glucoside. 
Exceptionally. cyanidin 3-gentiobioside was found to 
replace the 3-rutinoside in two tnxa: in the fruit of 
,~,~c,/~i,,r~i,rlt~.\ c~l)l~rcc.rc~to,~ and in the petiole of 
Rhrkrcqh~llrrn~ n~irtrhilc. This finding is of great interest as 
then: are cytological and morphological grounds for 
placing AIK/UU)UUK,.> in the tribe Nephthytideae rather 
than the Pythonieae. and this chemical evidence supports 
such a view. Since gentiobiosides are uncommon in the 
anthocyanm scrics, the pigment was full) characterized 
and the g,cntiobiose released by HLOL oxidation 
compared directly with authenticmaterial; this represents 
the first charactcriLation of cyanidin 3-gentiobioside in 
the Mol7ocot~lecl(,neae. Howelcr. the I-elated pclargo- 
nidin giycosldc IS known from 7iitorzitr cv Prince of 
Orange (Iridaceae) [13] and the delphinidin derivative 
from E;chho~~ict cmssipes ( Pontederiaceae) [ 141. 

Whercter diff‘erent tissues (spathe and spadix or petiole 
and leaf) wcrc examined in the same species, the same 
pigments were generally found to be present. However. 
there is some variation in the nature of fruit coloration in 
the family. since anthocyanin is very occasionally replaced 
by carotcnoid. Indeed in the fruits of it~nt muculatum 
where the spathe and spadix contain cyanidin 3- 
rutinoside and cyanidin 3-glucoside, anthocyanins are 
absent. the red coloration being due to several 

carotenoids [15]. The only other source of carotenoid 
fruit coloration observed in the present survey was 
Arisamza jlacunz. There may be a taxonomic element in 
whether red fruit coloration is due to carotenoids, since 
both Amm and .4risam~r arc in the same tribe of the 
Aroideae. 

The results of the leaf flavonoid survey are shown in 
Table 2, both fresh and herbarium leaf tissue being used. 
The data in Table 2 refer to ftavonoid aglycones, which 
were detected in leaf tissue after acid hydrolysis. The 
aglycones were characterized by comparison of R,. values 
and colour reactions in UV light with standard markers. 
These results were confirmed by, ‘D-PC of direct leaf 
extracts and by the identiticatlon of the tlavonoid 
glycosides in ten species (Table 3). The presence ofllavone 
C-glycosides was confirmed by their resistance to acid 
hydrolysis and the direct leaf extracts were screened for 
tlavonoid sulphates by paper electrophoresis at pH 2.2. 

During the course of the survey two new Havonol 
glycosides were characterized from leaf tissue of 
L!Gc,lzirorl c.rimtsc~l~atc.c~ns~~ (subfamily Calloideae, tribe 
Symplocarpeae): kaempferol 3-(6arabinosylgalactoside) 
and kaempferol 3-xylosylgalactoside. Quercetin 3-(6- 
arabinosylgalactoside) recentlq reported for the first time 
from H~&ocor~le ruIgu~.Is (Hydrocotylaceae) [I h] was 
also identified in L. c,l/nf.~(.h(tl(.(‘/t.\~ together with traces of 
what is probably the corresponding isorhamnetin 
derivative. Flavonols were also the predominant cnn- 
stituents in leaves of the two other members of the tribe 
Symplocarpeae: Orontium tryutrtkw~ and S~mp1ocwpus 
fbetidus. In 0. Lcyuafic’ml a complex mixture of quercetin 
and isorhamnetin 3-gatactosides. quercctin and kaemp- 
fcrol 3-galactosylglucosides (or glucosylgalactosides) and 
isorhamnetin 3-rhamnosylgalactosidc (or galacto- 
sylrhamnoside) was found. In S. /~.~~tirl~s two quercetin 
and two kaempferol _rlycosides also gave galactose and 
glucose on acid hydrolysis; t\\\o of these compounds have 
similar R, values to the quorcetin and kaempferol 
galactosylglucosides present in 0. rqliclric,llrjl, the other 
glycosides may be acylated derivatives. Ctr//~ p~/lusfKs, the 
only member of the Calieae. the other tribe in the 
Calloideae. has a very diRerent flavonoid pattern. in which 
llavone C-glycosides predominate and tlavonols are 
absent. Indeed in the family as a whole flavonols n,ere 
found in only 27 “,, of the species surveyed. were frequent 
constituents in onlk tw’o other subfamilies: the 
Colocasioideae (in >S I’,, of the sample) and the 
Philodendroideae (in -IO”,, of the sample). and \rere not 
detected in any members of the Lasioideae or in Pistitr 
strtrtiotrs. 

The most characteristic Aavonoid constituents of the 
Ardccae are flavone C‘-glycosides (found in X2 0o of the 
species surveyed). which were the major leaf components 
in six of the eight subfamilies: in the Pothoideae (in 76 ‘I,,), 
Lasioideae (in 100 ‘lo), Philodendroideae (in X7”,,), 
Colocasioideae (in IOO”,,), Aroideae (in X6”,,) and in the 
Pistioideae (1 out of I species). IGvnne mono-C’- and di- 
(‘-glycosides and 0-glycos) I derivatives were all repre- 
senrcd. A number of flavone ( -glycosides were character- 
ized during the surley (see Table 3 ). Oricntin. isoorientin 
and lsovitexin were identified in leaves of AI.LIIII 



Anthocyanin pigments and leaf flavonoids in Araceae 

Table 1. Anthocyanins identified in the Araceae 
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Subfamily, tribe*, genus, species 

Anthocyaninss 
Plant Accession no. or collector’s Pg CY Other 
source? name and no. Organ: 3RG 3RG 3Glc 

Pothoideae 
Anthurieae 

Antkurium qfine Schott 
A. bakeri Hook. f. 
A. bellum Schott 
A. erskinei Mayo 
A. galcotfii C. Koch 
A. gladiifolium Schott 
A. gracile (Rudge) Lindl. 
Anthurium sp. nov (‘harleyi‘) 
A. inconspicuum N. E. Brown 
A. jilekii Schott 
A. !ongijolium (Hoffmannsegg) 

Kunth 
A. miquelianum C. Koch & Augustin 
Anthrim sp. nov. (‘talmonii’) 
A. radicans C. Koch & Haage 
A. regale Linden 
A. salvimae Hemsley 
A. schlechtendalii Kunth 

Lasioideae 
Lasieae 

Dracontium asperum C. Koch 
D. fbecundum Hook. f. 

Pythonieae 
Amorphophallus abyssinicus 

(A. Rich.) N. E. Brown 
A. stuhlmannii (Engl.) 

Engl. & Gehrm. 
Anchomanes abbreciatus Engl. 

Nephthytideae 
RhektophyNum mirahile N. E. Brown 

Philodendroideae 
Philodendreae 
Homalomeninae 

Homalomena rubescens (Roxb.) 
Kunth 

Schismatoglottidinae 
Schismatoglottis concinna Schott 

var. immaculata N. E. Brown 

Philodendrinae 
Philodendron near burle-marxii 

G. M. Barroso 
P. erubescens C. Koch & Augustin 
P. insigne Schott 
P. linnaei Kunth 
P. melinonii Brongn. 
P. ornatum Schott 
P. syuamiferum Poepp. 

K 
K 
K 
K 
K 
K 
K 
K 
K 
K 

K 
K 
K 
K 
K 
K 
K 

K 
K 

K 

K 
K 

K 

K 

K 

K 
K 
K 
K 
K 
K 
K 

166-77.06061 
000-73.13098 
131-74.01527 
106-77.00900 
171-77.01429 
07877.06055 
230-73.02176 
166-77.01345 
171-77.01436 
078-77.00734 

078-77.00700 
171-77.01428 
106-77.00976 
513-77.05366 
000-73.13127 
664-61.66404 
000-69.19884 

5 13-77.05372 
56863.56802 

741-64.74101 

006-75.0045 
51852.51801 

000-73.13156 

3x2-68.38220 

000-73.13208 

019-75.00098 
000-73.13163 
174-78.01616 
07877.00667 
174-78.01530 
078-77.00722 
000-73.13198 

F 
F, Sx 

sx 
sx. sp 

SP 
sx 
F 
sx 

Sx, SP 
sx 

Sx, SP 
P, sx 

sx 
P 

sx 
F 
F 

P 
Sx, SP 

SP 

SP 
F 

P 

L, P 

L, P 

L 
Sx. SP, P 

L 
L 
L 
L 
P 

+ 
- 
+ 
- 
+ 
- 
+ 
_ 
+ 
- 

_ 
- 
- 
- 
- 
- 
- 

+ 
+ 

- 

- 
- 

- 

+ 
+ 
+ 
+ 
+ 
+ 
i- 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
_ 

-_ 

_ - 
- _ 
- - 
- - 
+ - 
- - 

- 
- - 
- 
- - 

- - 
- - 

- 
- - 
- - 
- - 
- - 

- - 
- _ 

- - 

_ _ 
- Cy and 

Pg gentio- 
bioside & 
Pg-3Glc 

+ cy 3- 
gentio- 
bioside 

+ - 

Dp 3- 
- rutino- 

side 

- - 

+ _ 
_ - 
- - 

+ _ 

+ _ 
- - 



Suhfamilq. tribe*, genus. species 

Anthocyanins? 

Plant Accession no. or collector‘s Pe cy Other 

SourcC? name and no. Organ: ?RG 3RG 3Glc 

K 
K 
K 

000-73.13200 L. P 
062-73.00381 St 
393-74.03059 sx, sp 

- 
- 
- 

- 

_ 

+ 
- 
_. 
_ 
_ 

_ 

_ 

__ 
- 
__ 
- 

_ 

+ 
+ 
.- 

+ 

-t 

+ 
+ 
+ 
+ 

t 
i 

+ 

t- 
+ 
t 
+ 

+ 

+ _ 
+ - 
+ - 

-t - 

_ __ 

- __ 
._ _ 
_ _ 
_ ._ 
_ - 

_ ._ 
_ _ 

-. .- 

_ ._ 
_ 

_ _ 
,- _ 

000 73.19138 L K 

K No number 1. 

513-77.05353 St 
322-70.03043 I’ 
455-63.455 16 1. 
576-65.57607 1. 
5 I3-77.05380 St 

K 

/ 

K 
K 
K 
K 

514-58.51404 L 
4.57-63.45701 L 

K 209-55.20907 P 

K 
K 
K 
K 

3X2-6X.3821 7 
X7-79.03381 
484-52.48403 
000-73.13093 

253-57.25302 L. St 

K 
K 

301-6X.30106 
X69-59.86901 

St I - 

St ._ + .- _ 

106-77.00963 St b + 

RNGI/ 
RNC 

sx, sp - + + _ 

SP 1- + _ Jarvis 

Murphy 229 
Hierro Valverde 

Guarazoco Rd 
3 km from Valverde 

H~~/ic~ot/i~,o~ musc~i[ ore (L. f.) En@. RNGIJ sp - - _ 

7)~phmiirm gir.u/dii (Baroni) Engl. K Cult. s. blayo St _ c _ ._ 

Arlsaematmac 
,/l,isrrrn~o ,~~w/JI (Forssk.) Schott K 409-77.03 I59 F - _~ _ _ 

.1 !~izocW‘I sp. K 047-79.0034s P ._ -t + _ 

Pinclliinae 
f’irwilitr fvipurtifcl (Blume) Schott K Cult. s. Mayo St _ f _ 

* C‘lassification according to Engler [2] with modifications by Bogner [l 1. 
t Plant sources: K = plants grouing at the Royal Botanic Gardens, Kew, for which toucher specimens have been deposltcd in the 

herbarium (K): RNG = Reading University Herbarium: and RNG/( = plants growing at the Botany Department. Unl$ersity of 

Reading (voucher specimens arc deposited m RNG). 
j: Key to organs: F = fruit. Sx = spadin. Sp = spathe, St = stem, L = leaf and P = petiole. 
b Key to anthocyanins: P = pelargonidin. c‘ = cyanidin, Dp = delphinidin. RG = rutinoside and Glc = glucoslde. 
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~zu~,i4l~lfiffn, vitcxin x”-O-glucoside and isavitexin x”-O- 
xyloside from ~~u~,~)i~~~ut~ usyerus?? and a mixture of the 
two apigenin di-C-glycosides, schaftoside and isoschaf- 
toside, from A~tthurium heLlurn, Philodrutlron eiihleri and 
P. ,s~~~;r~~i;. Five new ~leth!~)a&ed tlavonr C‘-glycnsides were 
characterized from ilsrrr’ostigmu rietl&trrrum: 6,8-di-C- 
arabinosylapigenin 7,4’-dimethyl ether, 2”~O-glucosyl-6- 
C’-arabinosylapigenin 7,4’-dimethyi ether, 2”-O-(caffeoy!) 
g1ucosyl-h-C‘-arabinosylapigenin 7,4~-djtnethyi ether and 
the 7-monomethyl ethers of the mono-C‘-arabinosides. 
Data for these compounds are published elsewhere [ 171. 

Simple flavones (in 6Y,, of the sample) are rare leaf 
constituents of the Araceae. They were found in six 
members of the tribe Arinae of the subfamily Aroideae. 
Luteolin and chrysoeriol were identified in A~nz irrrlic~um, 
A. f7w*ffkrlfm. l3iwffi11 lcvirti~oli~ft~~, Drciiwrc~ctlic.~ i’im- 
oriivl.sis and 7i,/7ho/lilirlI .q~a/r/ii and chrysoeriol in nrfrrn 
j~~~~~~~z~~~? sub@. ,@r<~ttmt. In .4. f7~ff~~~ffr6f~t~ luteolin and 
chrysoeriol 7-giucosides were characterized: whiie the 
former was reported by Koch and Steinegger, the latter 
was not detected by them [7]. Chrysoeriol was also 
detected in ~~.~~f~~~(~~~~?~~ ~~~~~~~~~ which is also in the 
Aroideac (subtribe Crvptocorynineae) and in .%irttktp?;trs 
pic,ru.s (Monsteroideae). In the present survey flavoncs 
were not detected in Fistiu stratiotcs but previously a 
luteolin 7-glycosidc was reported from this taxon [k]. 

In addition, 4’-O-mrthylated Bavones seem to he 
present in the family, at least in two A~zthuriurn species 
(Pothoideae). Acacetin (4’-~-m~thylapjg~n;n} has been 
positively identified in ,&~fhurit~n pf~~~s~~t~~rt~~77. but other 
as yet unidentified derivatives are also present. 

Proanthocyanidins are frequent leaf constituents of the 
Araceae and were recorded in at least 35 “<, of the species 
examined. However. these compounds may occur in as 
many as 45 “,,, of the sample, their presence being masked 
in acid-treated leaf extracts by cyanidin-based red 
pigments, which are found in the leaftissuc of some taxa. 
Proanthocy~~ll~dins were not detected in the 
Monsteroideae and Pistioideae and occurred in only 0t3c 
tribe (the Calleae, I species) of the Calloideac. In the 
remaining subf~unilies they were common or frequent lea) 
co~llponents: Pllilodetldr~~ideac (66 X5 “,,). Lasioideac 
(SO-63 “,,). Ctrlocasioideae (36. 59”,,), Pothoideac (27 “,>) 
and Aroideae (14 18 I’,,). Propelargonidin was found in 
onl? one species, Rilel~roph!‘illl,~f ~~i~rhilr in the subfamily 
Lasroideae: in all other casts pr~~c!~inidil~ was prcscnt. 

Flavonoid sulphates were uncominon in the family. 
They could only be identified in leaves of four species: 
vitexin and isovitexin 7-sulphates in Philoder~/lorr 
WWUW~~ (Philodendroidcael, a posstblc bitcain disuiphate 
in C’utcusicr snsutiiis. a vitexin 7-~lucosidesulpltatt m an 
unnamed C1kmiu species (Pothoideae) and a mixture of 
chrysoeriol galactosidesulphate and quercetin 3-sulphate 
in S~irz&p.sus picftcs (Monstcroideae). Dark to dark or 
dark to yellow (in lJV and NH,3) negatively charged 
compounds were present in a small number of other taxu 
but the amounts \vere too small to allow their 
characterization (see ‘Fable 2). 

Other types of phenoiic sulphates are aiso probably 
present in the family. Compounds with the colour 
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reactions of sulphated caffeic acid esters were detected in 
207;, of the species surveyed. They were mainly present 
in the Monsteroideae (in 67”;) of species) but were also 
fairly common in the Pothoideae (in 20’$ and 
Phiiodendroideae (in 23%). Two compounds were 
obtained from A~rtlr~~G?r hookeri and their character- 
ization as caffeic acid ester sulphates confirmed by spectral 
and hydrolytic procedures. Their R,s and electrophoretic 
mobilities were closely similar to caffeoyl glucose- 
sulphates recorded in Puspalum (Gramineae) [ 18 ] and 
Adiantum (Filicales) [19], but the nature of the ester 
moiety was not further characterized. 

A second caffeic acid derivative, which appeared as a 
slow moving anionic pale blue to intense blue spot (in UV 
and with NH,) on electrophoresis, was also fairly 
common in leaf extracts of the Araceae. Its anionic 
mobility is due to the presence of acidic group(s) and not 
to sulphation. It is characteristically present in the 
Colocasioideae (in 80 % of taxa surveyed), frequent in the 
Lasioideae (in 38’;/,) and the Pothoideae (in 20%). 
Neither this compound nor the caffeic ester sulphates 
described above were found at all in the Calloideae. Both 
caffeic acid derivatives appear to be restricted to certain 
groups within the family and thus may be of some 
taxonomic interest in the family. 

DISCUSSION 

A summary of the present results (Table 4) clearly 
establishes that the Araceae have a simple flavonoid 
profile in terms of both their anthocyanin pigments and 
their main classes of leaf constituents. Four flavonoid 
types are represented in the leaves: flavone C-glycosides, 
favonols, flavones and proanthocyanidins. In contrast to 
the earlier finding that flavonols were the major 
constituents [4], it is now clear that flavone C-glycosides 
are in fact the most characteristic leaf components in this 
family. However, in the temperate tribe Symplocarpeae of 
subfamily Calloideae, they are replaced by complex 
mixtures of flavonol glycosides. Although flavonols are 
also present in some tropical species, they always co-occur 
with flavone C-glycosides, except in the case of Scindapsus 
pictus and Stylochiton species. A comparison of the 

present data with that for other monocot families 
previously surveyed (Table 6) reveals that the Araceae is 
also unusual in the paucity of species which produce 
simple flavones (luteolin, apigenin or chrysoeriol) and the 
apparent absence of species with more complex 
methylated flavones (e.g. tricin) and 6- or 8-hydroxyl- 
ation. Indeed the predominance of flavone C-glycosides, 
often considered to be primitively retained charac- 
ters [20], and the presence of proanthocyanidins in over 
one third (35-45 “/$ of the species surveyed suggests that 
the family is chemically more primitive than most other 
monocot groups. However, the diversity of C- 
glycosylation and the occurrence of methylated flavone 
C-glycosides in some species may indicate a different form 
of chemical advancement in this family. 

In the absence of a good fossil record the phylogeny of 
the Araceae is uncertain and is a subject of some dispute 
among taxonomists. Thus, Engler [2] treated the aroids 
as derivatives of the Palmae via the Cyclanthaceae, whilst 
Wettstein [21] suggested that they were more advanced 
than the orchids and were probably derived from 
Helobiae-Liliiflorae stocks. Bessey [22] considered the 
Araceae and Palmae as parallel or divergent lines from 
Liliaceous ancestors. Takhtajan [23] and Cronquist [24] 
also associate the Araceae with the Palmae and 
Cyclanthaceae, while Hutchinson [25] groups them with 
his Liliales, Alstroemeriales and Typhales, suggesting that 
they arose from stock of the tribe Aspidistreae of the 
Liliaceae. 

The present flavonoid evidence does not support the 
view that the Araceae is derived from Liliaceous stock, 
since flavone C-glycosides, the characteristic constituents 
ofthe aroids,are rarely found in present day Lilliaceae [26 1 
and not at all in the tribe Aspidistreae. The only other 
monocot families which do accumulate glycosylflavones 
as major leaf components are the Gramineae, Palmae. 
Cyperaceae, Commelinaceae and Orchidaceae (see Table 
6). However, in the grasses, palms and sedges the leaf 
flavonoids are more complex than in the aroids and it is 
only in the Orchidaceae and Commelinaceae that there are 
simple flavonoid patterns comparable with those of the 
Araceae. However. the anthocyanin patterns in both the 
Orchidaceae and Commelinaceae 11331 are more complex 

Table 4. The distribution of flavonoids at subfamily level in the Araceae 

Subfamily* 
Flavone C- 
glycosides Flavonols Flavones 

Proantho- 
cyanidins 

Pothoideae (30) 
Monsteroideae (12) 
Calloideae (4) 
Lasioideae (8) 
Philodendroideae (39) 
Colocasioideae (22) 

Aroideae (28) 
Pistioideae (1) 

+++ 
++ 
++ 

+++ 
+++ 
+++ 

+++ 
+++ 

(:I ++ 
(+I _ 

+++ - ++ 
_ - +++ 

++ - +++ 
+++ - ++ 

(or +++) 
+ ++ + 
- +++t _ 

* Classification according to Engler [2], modified by Bogner [l]. Number of species surveyed in parentheses. 
t Not found in present survey but recorded previously [6 j. 
(+ ) in < lop;, of species: + in LO-25”{, of species; + + in 25-507, of species; + + + in >50”; of species. 
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than (and different from) those in the Araceae, so that there 
islittlechemicalevidencelinking the Araceaewitheitherof 
these two groups. 

No one subfamily of the Araceae IS clearly distin- 
guished by its Havonoid profile. although a number of 
trends may be seen (Table 4). Thus in species of the 
Lasioideae only flavone C‘-giycosides and proantho- 
cyanidins were identified, while in the Monsteroideae 
tlavonoids were apparently absent from half the 
species surveyed. The Pothoideac. Philodendroidcae. 
Colocasioideae and Aroideae gave similar glycollavone, 
flavonol, proanthocyanidin patterns but the Aroideae are 
distinguished by the presence of flavones in a number of 
species. The Calloideae, on the other hand, are unusual in 
the predominance of Ilavonol glycosides in one tribe, the 
Symplocarpeae (3 genera) and the presence of glyco- 
Havones in the other. the Calleae (1 species). 

However, a comparison of the occurrence of the four 
main groups of flavonoids at different taxonomic ranks 
reveals that the most significant patterns emerge at tribal 
level (see Table 5). Treatment at subfamily rank tends to 
obscure the fact that in certain groups. e.g. subfamily 
Pothoideae. the relationships between the constituent 
tribes are considered on morphological grounds to be 
rather remote, and it is interesting that this view is 
supported by the present results. The chemical evidence 
also highlights certain areas of the family classification 
already considered possibly anomalous on other grounds. 

Though broader sampling of a number of tribes is 
necessary. some suggestive taxonomic indications are 
apparent: 

1. The taxonomic heterogeneity of subfamily 
Pothoideae is confirmed by the flavonoid results. with 
tribe Anthurieae standing out as particularly distinct. 
Somewhat surprisingly, however. tribe Acoreae shows no 
differentiation from the Culcasieae or Zamioculcasieae. to 
neither of which it appears to be closely related on other 
grounds. Indeed there are strong arguments for placing 
Acorus in its own subfamily. 

2. The two tribes within subfamily Calloideae show 
rather distinct flavonoid profiles. confirming their 
taxonomic separation. 

3. The results of both anthocyanin pigment and leaf 
flavonoid surveys confirm the previously suspected closer 
relationship of Anc#~~mcrn~.s to tribe Nephthytideae rather 
than to Pythonieaa, where it was placed by Engier. The 
transfer of this genus to the Nephthytideae is strongly 
indicated also by cytological. geographical and morpho- 
logical data. (Tribe Nephthytideae has been treated as 
including A~chomrrn~s in Table 5.) 

4. Though only one species of the tribe was studied, it is 
interesting that the Dieffenbachieae appear to have a 
rather different fIavonoid profile from other tribes in 
subfamily Philodendroideae, and this supports the views 
of some. based on cytological and morphological 
evidence, that the relationships of this tribe require closer 
examination. 

5. The very isolated taxonomic position of tribe 
Stylochitoneae within subfamily Aroideae is supported bq 
the Bavonoid results, which are curiously similar to those 
for tribe Symplocarpeac in subfamily Calloidcae. 

6. Tribe Areae in subfamily Aroideac also emerges as 
rather distinct chemically and appears to be unique in the 
family in having a high incidence of flavones. 

7. In a previous study of the flavonoid pattern of 
Gymosrtrcl~~x Williams rt N/. [S ] demonstrated the 

presence of a single unusual flavonol glycoside (kaemp- 
ferol3-sophoroside-7-rhamnoside). This profile contrasts 
markedly with that of Acorns presented here. According 
to the classic Englerian classification. ~cortr.s and 
Gprm~tac~h~s together make up the tribe Acoreae. but the 
floral anatomy survey of Eyde er trl. [34] and studies by P. 
B. Tomlinson (personal communication) strongly suggest 
that these two taxa arc unrelated. Thisvieupoint is furthe 
supported by the Aavonoid evidence. 

Fina11y. a word about the relationship between 
Havonoid chemistrk and geography is in order. In 
the Araceac. unl;kr the Orchidaceae [l 11 and 

Cyperaceae [2X]. there is no cleat- correlation between the 
Ravonoid data and plant geography in that similar 
aglyconc patterns were found in both Old and New World 
members. However, two of the most chemically 
heterogeneous groups. the large genera Arrthwium and 
/'/7i/oric,,7t//,orl (Tables I 31 are found in tropical America. 
Here the flavonoid evidence reflects morphological and 
cytological diversity but without supporting any existing 
subgeneric groupings. In contrast. in a number of other 
New World genera: tlt~teropsi.~. Alom~~rrr, Strrw- 
spernzc~fim and Di~~~~rrhtrc~hia. and two Old World genera : 
Path and Epipwrw~wn. no favonoid constituents were 
detected. Perhaps the most chemically homogeneous 
group in the family is the subtribc Arinae of the subfamily 
Aroideae. Here SLX of the eight members csamined: A~uu~ 
I?iLl~~ll/r/lllJ?l. .J. ittrlicr,r,r, ,I. ittriic 11111 sLlbsp. rK'g/rc~llm, 

Birrrlrril fcnuitoliurr~. /lrw~(m u/n.\ c~ctutrrierni.s and 
7).phofiim gir-ultlii. gate ahn(>st identical leaf tlaionoid 
glycosidc patterns. :I result lvhich supports the close 
morphological relationships of the scncra oft his subtrihc. 

Antiwwrrijl i[lr,rt//ic’irt,,liI\. ,\nthoc>anm\ were surveyed h> 
I-D PC tn the four \tandarcl solvent\ I.35 against cyanidin ?- 

rutinoside as marker. In the maJorlt4 of tag and uhere ,ufficient 
pigment ~‘8s a\nilahle. the nnthwyanms were separated and 
purified by F’PC and identilied hq c~)-chromatoeraph4 with 

markers, bq spccti-id mc‘a\urement\ end hy dclcction of the 
appropriate anthocyanidin and sugar-s on acid h>drolysls. In the 
case of cyanidm 3.gentlobioside. idwrit) \$a5 further confirmed 
by HZ02 oxidation and direct chromatographic cornpat-ison of 
the gentlobiosc formed with authentic, distccharlde. 

Ido~tt/rtutiort o\ /ro/ t/~rr~omm/.\. f;la\onoid aglycones Rcre 
identified In acid hydrolyrccl leaf extracts using standard 

procedures and 111 cornpal-ison LI ith authentic markers. Direct 
FcX)“~, methanolic extracts of leaf tiauc were chromatographed 

two dimensionally in RAW and IS “,, HOAc. Kno\cn glycosidrs. 
isolated and purified by standard procedures were characterized 
on the basis of R,. LI\’ spectral analqs~a. acid hydrolysis to 
sglyconc and su+cl-. and v hac po\siblc h! direct cc,mp;irlson 

with authentic markers. Flavono~d sulphatca were detected bq 
paper ctectrophoresis of direct Ic;II" \leOH extracts at pH 2.2 

(HOAc HC‘O,H hufltrl for 2 hr at 400 V. t’lavone C‘-gl!cosldes 
bvere confirmed by 4hr acid hydrvl+. atractIon into amyl 
alcohol and f’c‘ against authentic markers tn BAW. Hz0 and 
CAW. 
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Table 5. The distribution of flavonoids at tribal level in the Araceae 
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Subfamily, tribe? 
Flavone 

C-glycosides Flavonols Flavones 
Proantho- 
cyanidins 

Pothoideae 
Pothoeae (1) 
Heteropsidae (1) 
Anthurieae (21) 
Culcasieae (2) 
Zamioculcaseae (4) 
Acoreae (1) 

Monsteroideae 
Monstereae (10) 
Spathiphylleae (2) 

Calloideae 
Symplocarpeae (3) 
Calleae (1) 

Lasiodeae 
Lasieae (3) 
* Pythonieae (1) 
* Nephthytideae (4) 
Montrichardieae 

Philodendroideae 
Philodendreae (32) 
Anubiadeae (1) 
Aglaonemateae (2) 
Dieffenbachieae (I ) 
Zantedeschieae (1) 
Typhonodoreae (1) 
Pehandreae (1) 

Colocasioideae 
Colocasieae (18) 
Syngonieae (2) 
Ariopsideae 

Aroideae 
Stylochitoneae (4) 
Arophyteae (7) 
Asterostigmateae (2) 
Protareae (1) 
Callopsideae (1) 
Zomicarpeae 
Areae (13) 

- 
_ 

*++ 
+++ 
+++ 
+++ 

++ 
++ 

_ 
+++ 

+++ 
+++ 
+++ 

+++ 
+++ 
+++ 

_ 
+++ 
+++ 
+++ 

+++ 
+++ 

- 
+++ 
+++ 
+++ 
+++ 

+++ 

(+) 
_ 

++t 
- 

Not sampled 

++ 
_ 
- 
_ 
- 

+++ 

+++ 
_ 

Not sampled 

+++ 
_ 
_ 
- 
_ 

Not sampled 

_ 
- 

_ 

_ 

_ 
+++ 

+ +(?) 
_ 

+++ 

+++ 
+++ 
+++ 
_ 
_ 

+++ 
+++ 

tf (or +++) 
++ 

+ 
++ 

- 
_ 
- 

Pistioideae 
Pistieae (1) +++ _ +++: _ 

* For the purposes of this table, the genus Anchomanes has been transferred from the Pythonieae to the Nephthytideae (see 
Discussion). 

t Classification according to Engler [2] modified by Bogner [l 1. Number of species surveyed in parentheses. 
$ Not found in present survey but recorded previously [6]. 
(+) in < IO?,, of species: + in 10-252, of species; + + in 255SO”, of species; + + + in >50?,, of species. 

for 30 min gave kaempferol, arabinose and galactose. &,,aifor the 3 hr with the disaccharide released by H,O, oxidation of 
glycoside: MeOH 270, 356; +NaOAc 276, 380; + H,BO, 273, authentic quercetin 3-0-(6-O-t_-arabinopyranosyl)-/I-D-galacto- 
356; falk 278, 408; +AlCI, 276, 356, 400; +AICl,/HCI 276, pyranoside isolated from leaves of Hq’drocot~le t%ulgaris [16]. 
356,400. The positive NaOAc shift and dark to yellow colour (in The identtjLication 01’ kuempferol 3-x~los~lgalactoside jiom 

UV + NH,) of the glycoside indicates that both sugars are Lysichiton camtschatcense. The glycoside was isolated and 
attached at the 3-position. H,O, oxidation of the glycoside gave purified as above and R,- data are given in Table 6. Acid 
a disaccharide which co-chromatographed in BAW, BEW. hydrolysis gave kaempferol, xylose and galactose. i.,,, for the 
phenol, BBPW and co-electrophoresed in borate buffer pH 8.8 for glycoside: MeOH 269, 355; +NaOAc 276, 368; +H,BO, 269, 
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355; +alk 278, 410; +AICI, 276, 305, 345, 41:2; +AICI,/HCI 
276, 305, 345, 412. The positive NaOAc shift and the dark to 
yellow colour (in UV + NH,) of the plycoside indicated that 
both sugars are attached at the 3-position. Both the glycoside and 
authentic kaempferol xylosylglucoside remained unchanged 
after 4 hr with fi-glucosidase at pH S 37 , and these two glycosides 
co-chromatographed on PC in BAW, BEW, PhOH, 15 7; HOAc 
and H,O. Although an authentic disaccharide was not available 
it seems highly probable that it is a xylosylgalactoside. 

Partial identification ofquercetin and kuempfrrol3-gulactosyl- 
glucosides (or glucos)lguluctosides) from Orontium aquaticum. 
The glycosides were isolated as above and R, data are given in 
Table 6. Acid hydrolysis gave galactose, glucoside and quercetin 
and kaempferol, respectively. E,,,, for quercetin 3-galacto- 
sylglucoside: MeOH 257, 267’. 358; +NaOAc 266, 272’, 379; 
+H,BO, 262, 376. i.,,, for kaempferol 3-galactosylglucoside: 
MeOH 266, 349; +NaOAc 272, 370, +H,BO, 266, 350. The 
positive NaOAc shifts and the dark to yellow colour (in 
UV + NH,) of the glycosides indicate the sugars are attached at 
the 3-position in both glycosides. R, data suggested that two 
sugars were present in each glycoside but there was not sufficient 
material in either case to determine the order of attachment ofthe 
glucose and galactose to the aglycone. 

Floconolgl!,co.sides,f~onl Symplocarpus foetidus. Two quercetin 
and two kaempferol glycosides which all gave galactose and 
glucose on acid hydrolysis were isolated as above. R, data are 
given in Table 6. One quercetin and one kaempferol glycoside 
have R,.s similar to the corresponding quercetin and kaempferol 
3-galactosylglucosides isolated from Orontium aquaticurn. i,,, 
quercetin glycoside: MeOH 255, 267’, 354; + NaOAc 266, 376; 
+ H,BO, 261, 372. i,,,kaempferol glycoside: MeOH 266, 335; 
+NaOAc 273, 360; +H3B03 266. 350. The positive NaOAc 
shifts suggest that the sugars are at the 3-position in both these 
glycosides. The small amount of plant material available made it 
impossible to purify the other quercetin and kaempferol 
glycosides sufficiently to allow their characterization but their R, 
values suggest acylation or extra glycosylation. 

Vitexin 0-glucoside and isoritexin 0-xyloside from 
Dracontium asperum. Glycosides were isolated and purified as 
above. Acid hydrolysis (40min) gave glucose and xylose, 
respectively and a mixture of vitexin and isovitexin from both 
glycosides. Partial acid hydrolysis gave vitexin and isovitexin, 
respectively as the first product. Spectral data i.,,, vitexin O- 
glucoside: MeOH 272, 336; +NaOAc 280,3Y3; +H,BO, 273, 
336. 1 ,,,isovitexin 0-xyloside: MeOH 272, 335, + NaOAc 280, 
378; + H,BO, 272,335. Positive NaOAc shifts in both cases and 

Table 7. R, ( x 100) data for new and unusual flavonoid glycosides and sulphates found in the Araceae* 

Flavonoids BAW BEW 
Solvents 
Phenol 15 “;, HOAc l%HCl 

Quercetin 
3-(6-arabinosylgalactoside)t 41 49 34 47 20 
3-gdlactosyiglucoside: 44 37 45 59 
3-rutinoside 42 44 45 51 - 
3-galactosylglucosideji 46 43 41 49 - 
3-galactosylglucoside possible acylated derivative11 27 21 34 66 - 

Kaempferol 
3-(6-arabinosylgalactoside)f 61 71 65 52 
3-xylosylgalactosidet 59 71 66 64 - 

3-xylosylglucoside 61 74 66 65 
3-galactosylglucoside”, SO 51 71 61 
3-galactosylglucosidel\ 51 56 59 57 - 

3-galactosylglucoside possible acylated derivative11 25 22 51 76 

Isorhamnetin 
3-galactosylglucoside: 58 62 75 49 

Vitexin 38 46 61 22 
x”-O-glucoside$ 30 48 63 74 
7-sulphatey 19 31 18 35 
7-sulphate” I5 36 65 71 - 

7-glucosidesulphate** 04 11 03 82 

lsovitexin 63 57 58 46 
x”-O-xylosides 43 58 63 70 
7-sulphate’l 34 48 34 60 - 

*Some markers are given for comparison. 
t lsolated from Lysichiton cumtschatcense. 
: Isolated from Oronrium trquaticum. 
#Isolated from Drucontium Luperum. 
11 Isolated from S~~n~plocu~pus foetidus. 

’ Isolated from P/~ilotler~tlr~~~~ w~~~twt~. 
** Isolated from Culcusio sp. 
’ Isolated from C‘ulra\icr .x~uutilis: this compound probably has a second sulphate attached to one of the sugar hydroxyls 
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thedarktoyellowcolour(in UV + NH,)oftheglycosidesstiggest 
that the O-sugar IS attached to the C-sugar. R, data for both 
glycosides arc gibe11 in Table h. 

~/trwrw;ri .~u/p/~rrr itlrrrrifrcutior~s. Flavonoid sulphates were 

isolated from X0”,, methanoliclcafextracts by electrophoresls on 
3MM paper- at pH 2.2 (as above). Flavone C‘-el~cosidesulphates 

wcrc character-i/cd bq R,. spectral data, JO min and controlled 
acid hydrolysis to give the parent C-glycoslde, O-sugar and 
HSO, ion (detected bq TLC. solvent 20”,, 0.1 M WC1 in EtOH, 

sprayed with sodium cobaltous hexamtrlte). Chrysoerlol 
galactosldesulphate from Sc,/,~dop.\~.> /I/~/U\ was tentatively 
identified as \uch from R, data and acid hydrolysis. which gabe 

chrysoeriol (co-chromatography in BAW. forestal. 50”,, HOAc 
and CAW). galactose and HSO;. Quercetin 3-sulphate from the 
same plant ga~c yuercetm and sulphate on acid hqdrolysls and 

showed the same electrophoretic mobility as an authentic 
marker. R, data for Havonoid sulphates are given in Table 6. 

Electrophoretic mobilities compared with quercetin ?-sulphate 
as I arc: x itc\ln 7-S<>, (~/i~/~~~/l,rltlic,,r iw~~itf~~). 0.75: Lilexin 7- 

SO, (Culr~rrsitr ,xr.vtrfi/i.t), I .4: isowtexin 7-SO,, 1. 1 X: bltexin 7- 

glucoside SO,, 3.6: chrysoeriol galactoside SO,. 0.53. It was not 
pos>lblc to fully characterize the vitexin sulphates from the 
CII/~~U\IU specica but the R, data and ciectrophoretlc mobllltes 
suggest there maj be the sulphate groups present in these 
compounds. 

C’uffpic, twit/ rhic-ur~rrc. Sulphated caffeic acid esters were 
detected regularly (see Table 2) in Araceae as highly mobile 

anionic components on electrophoresis at pH 2.2 of direct leaf 
extracts. which had the typical colour reactions on paper of 
caffeic derivatives. Tno components acre isolated by electro- 

phol-eis from leaf extracts of Arrtlr~rrw?~ hookrri and studled in 
more detail. They had R, Lalues of 0.29 and 0.36 in BAW. 0.16 

and 0.23 111 BE!+‘. and 0.7X and 0.X7 in I .5”,! HOAc. Mohllitlcs 
relative to qucrcetm 3-sulphate were 1.6 and I.‘). Spectral 

properties were identical to those of chlorogenlc acid. On acid 
hydrolysis, they yielded caffeic acid but the ester moiety was not 
detected. Their R, and electrophoretic properties are closely 

similar to those ofa cafti-oylglucose sulphatc pre\wu~ly reported 
in I’tr,\/w/iw Y I X ;. 

A novel phenolic component. which appeared pale purple in 

UV light changing to intense light blue in the presence of NH, 

was detected regularly in leaf extracts on clectrophoresis (see 
Table 2). It was isolated from Alwrrsitr odwur~. It had a IOU 
mobility and was unchanged on acid treatment. so that it was not 

sulphatcd. R, values uereO.91 in BAW.0.27in BEW.O.91 in H,O 
and 0.79 in IS”,, HOAc. It had i,,,325, 300 sh, 310nm in EtOH 
and showed a bathochromic shift with alkali (357nm). It 
appeared to give trace amounts of caffeic acid on acid hydrolysis, 
but was largely recovered unchanged on such treatment. It was 
not affected by /j-glucosidase or /I-glucuronidase. It appeared to 
be a caiTeic acid derivative. substituted at the 3-hydroxyl. since it 
had similar colour properties to cafletc acid 3-glucoside. 

Ac~k~~o~~/rr/gerncr~f.\ We are very grateful to the Director, The 

Royal Botanic Gardens, Kew and Herr Josef Bogner of the 
Botanwher Gartcn, Miinchen for provision of most of the plant 
material on which this study was based. 
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