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AbstractXycasm and macrozamm, the mam methylazoxymethanol glycosldes, found m cycads, have been analysed 
m seeds of representative species of all 10 genera of this group Macrozamm concentration IS taxonormcally slgruficant 
at the generic level The taxonomlc and evolutionary significance of the results 1s discussed 

INTRODUCTION RESULTS AND DISCUSSION 

Cycasm, macrozamm and neocycasms are naturally oc- 
curmg, toxic MAM (methylazoxymethanol) glycosides 
[ 1, 21 found m cycads, a relict group of ancient gymnos- 
perms All have the same toxic aglycone [3] while they 
differ m their sugar moieties The sugar component of 
macrozamm IS pnmeverose [4], that of cycasm IS /?-D 
glucose [S], while neocycasms show different glucose 
based units [6] 

The results m Table 1 show that macrozamm, as for 
cycasm [7], IS ubiquitous m cycads, being present m all the 
examined species Macrozamm IS generally more abun- 
dant than cycasm and it occurs in quantities varying 
between 0 2 % m Cycas cairnslana to ca 5 % m Bowema 
spectabrbs, while cycasm vanes between very low quan- 
tities, m most of the examined species, to 0 7 % m C lane- 
pooler 

Recently [7] we have stated that cycasm IS character- 
lstlc of and exclusive to the cycads, being present m all 10 
genera of thrs group, it IS absent from other gymnosperm 
taxa and from the fern Marattza salrcma Moreover, we 
have identified macrozamm m Australasian cycads, 
where it occurs generally in quantities much higher than 
cycasm [8] Neocycasms have been Isolated only m Cycas 
spp where they occur m small quantities [6] 

Today only 10 genera of cycads (Cycadales) are extant 
and these are confined to the tropical and subtropical 
regons of both Hemispheres The classlficatlon followed 
m the present work IS that of Johnson [9], who dlvlded 
the order Cycadales mto three farmhes Cycadaceae, 
with Cycas (20 sp) distributed from Madagascar and 
throughout south-east Asia and tropical Austraha to the 
western Pa&c, Stangenaceae, with Stangerra (1 sp ) 
dlstnbuted m Africa, Zamlaceae, with Bowenza (2 sp ), 
Lepzdozamla (2 sp ) and Macrozamla (14 sp ) en- 
demic to Australia, Encephalartos (40 sp) endemic to 
Africa and Ceratozamza (5 sp ), Dloon (10 sp ), 
Mzcrocycas (1 sp ) and Zamla (30 sp ) endemic to America. 
the Zamlaceae family was further subdivided mto 
three tribes 

While cycasm concentration 1s not taxonomlcally slg- 
mficant, macrozamm concentration shows differences at 
the generic level Macrozamm levels m Cycas are 0 20- 
0 45 “/,. Bowenra 4 33-S 04x, Lepldozamla 1 1 1 %, 
Macrozamla 2 41-3 88 “/,, Mlcrocycas 0 13 %, Encephal- 
artos 2 09-2 86 %, Stangerla 4 70 %, Ceratozamia 1 0 l- 
1 06”/,, Dtoon 0 62-O 68 % and Zamra 1 01-l 25 % 
LIkewise, monosaccharide dlstnbutlon m cycad mucl- 
lages IS characteristic at the generic level [l l] 

Because of the phylogenetlc Interest m these plants and 
the observation that MAM glycosldes are restricted to 
cycads, m the last five years we have analysed such 
compounds m seeds of cycads from field and living 
collections This report IS a part of a chemotaxonomic 
study of this order for which we have also provided 
reports concerning monosaccharide dlstnbutlons of mu- 
cilages [lo, 1 l] 

The present work further supports the view that 
Zamlaceae 1s a heterogenous family [9] and, moreover, 
indicates that the subdlvlslon m tnbes 1s not well- 
established In particular, the tnbe Zamleae, which 
includes Bowenra (Australian) and Ceratozamla, 
Mxrocycas and Zamla (American) IS heterogeneous m 
that Bowema, on the basis of macrozamm content and 
monosaccharide dlstnbutlon pattern [l 11, 1s well sep- 
arated These results strengthen the view that the present 
members of Zamlaceae have doubtless to be considered 
relict forms with many lost relatives [9] Moreover, our 
results support the dlstmctlveness of the Cycadaceae on 
account of its very low macrozamin quantities, sometimes 
lower than those of cycasm, on the other hand both the 
Cycadaceae and the Stangerlaceae are well separated 
from Zamlaceae on the basis of blflavone content [12] 
Furthermore, the observation that Boyema and Stangerza, 
which are dlstmgmshable from the other genera m their 
types of foliage, contam the highest quantities of MAM 
glycosldes might be of phylogenetlc importance 

The occurrence of an azoxy group m the aglycone of 
MAM glycosldes strengthens the exclusiveness of such 
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Table 1 Macrozamm and cycasm percentages m ripe seeds of cycads 

Macrozamm Cycasm 
Species exammed ‘x (fr wt)* ‘;b (fr wt)* 

Cycadaceae 
Cycas basaltrca C A Gardner? 
C calrnsuma F Muell t 
C circinnahs L 
C lane-poolel C A Gardnert 
C prumosa Maconochlet 
C revoluta Thunb t 
C thouarsu R Brown 

Stangerlaceae 

0 29 0 12 
0 20 0 10 
0 42 0 10 
045 0 72 
0 33 0 10 
0 26 0 28 
031 0 06 

Stangerla erlopus (Kunze) Nash 
Zamlaceae 
Tribe Dloeae 

4 70 0 02 

Dtoon edule var angustlfohum Mlq 
Dloon sp (Guerrero, Mex ) 
DIoon sp (Nayant, Mex ) 
Dloon sp (Sonora, Mex ) 

Trtbe Encephalarteae 
Encephalartos altenstemrr Lehm 
E @ox Bert01 f 
E lebomboensrs Verdoorn 
E umbeluzrensrs R A Dyer 
E vdlosus Lem 

0 64 0 12 
0 62 0 13 
0 65 001 
0 68 001 

Leprdozamra peroffskyana Regelt 
Macrozamla drplomera (F Muell) L Johnson? 
M Juwcetfn C Moore 
M heteromera C Moore 
M mrquehl (F Muell) A DC t 
M moorel F Muell t 

Tribe Zamleae 

2 11 0 07 
2 10 0 05 
2 16 0 05 
2 86 0 08 
2 09 0 08 
111 021 
241 0 16 
2 49 0 06 
2 59 0 10 
3 88 0 09 
3 72 0 08 

Bowenra serrulata (W Bull) Chamberlam? 4 33 0 26 
B specrabdrs Hook f t 5 04 0 42 
Cerarozamla matudar Lundell 1 05 0 08 
C mexlcana Brongn 1 01 0 02 
Cerarozamm sp (Hldalgo, Mex ) 1 06 0 01 
Ceratozamta sp (Oaxaca, Mex ) 1 02 0 03 
Zamla laf~fol~olata Prenl 1 02 0 02 
Zamla sp (Nayant, Mex ) 1 25 001 
Zamta sp (Oaxaca, Mex ) I 16 0 16 
Zamra sp (Oaxaca, Mex ) 1 23 0 15 
Zamra sp (Veracruz, Mex ) 1 01 0 28 
Mlcrocycas c&coma (Mlq) A D C 013 007 

l Each result IS the average of three measurements 
7 Data already pubhshed m ref (81 

glycosldes to cycads The azoxy group, m fact, IS very rare 
m organisms and It ts known only m three other naturally 
occurrmg compounds which have been isolated from two 
species of bacteria [ 13, 141 and one species of fun@ [ 151 
All these compounds also have antlbacterlal and/or 
antifungal action [14] and, therefore, MAM glycosldes 
may have played an important ecologcal role durmg the 
long evolutionary hlstory of the cycads, whose fossll 
records extend to the Permian period [la] This could 
account for the fact that modern genera of cycads, which 
descend from different early Tertiary ancestors, all retam 
this chemotaxonomlc character 

EXPERIMENTAL 

Plant materral Seeds of Bowema serrulata and B spectabrhs 
were collected m the field by Mr Brlgden (Casuarma, Australia), 
seeds of Cycas basaltzca, C calmslana, C lane-poolel, C 
prumosa, Leprdozamla peroffskyana, Macrozamla dzplomera, M 
fawcettu, M heteromeru, M mlqueht and M mooret were collected 
m the field and supplied by Terrara (Gdgandra, Austraha), seeds 
of Encephalartos altensremu, E ferox, E lebomboensn, E 
umbeluzrensu, E vrllosus and Stangena erropus were collected m 
the field and supphed by Mrs C Giddy (Natal, South Africa),, 
seeds of Cycas reuoh&acame from specimens grown m the Naples 
Botanical Garden, Italy, seeds of Cycas thouarsu were collected m 
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Madagascar by Dr G Pmto (Faculty of Science, Umversny of 
Naples, Italy), seeds of Cycas c~rcrnnahs and Mlcrocycas cal- 
ocoma were generously donated by Dr J Popenoe of the 
FanchIld Troplcal Garden, Mtaml, US A, seeds of Zamia 
latlfobolata were collected m the field and generously donated by 
Dr J L VIvaId ofthe Department of Natural Resources, Puerto 
RICO, seeds of D~oon edule var angustrfolrutn, Dtoon spp , 
Ceratozamra matudar, C mexrcana, Ceratozamra spp and Zamra 
spp were collected m the field by the authors 

Cycasm determmatron Cycasm was determmed accordmg to 
ref [7] 

Macrozamm derermmatlon Macrozamm was determined ac- 
cording to ref [S] 
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