
DOMINANCE OF AS-STEROLS IN EIGHT SPECIES OF THE CACTACEAE 

THOMAS A. SALT*. JoEL E. TOCKER and JOHN H. ADLERt 

Deparrmcnt of Biologbl Sciences. Dreacl Univauty. Philadelphia. Pennsylvann 19104. U.S.A.; t LkparVncnl of Biological scienas, 

Michigan Tcchnologxal Univcrwty. Hough!on. Michigan 49931. U.S.A. 

(RlCelwd I4 May l9g6) 

Key Word I&x -Cacw; s~aolr; chcmotaxonomy; 24zclhykhoksr-Sxn-3fi+k choksbScn-3b-ol: 24(- 

methykhoks~-kn-3~-ol. 

-- ..__ - .- ----- -..- - 
Abetract -The sterols from eight specie in seven genera of the Cactaceac are 24-alkyl-A’-sterols. In all eight spades, 
Echinopsis tubijora, Pereskia aculeara, Hylocereus undatus, Notocactw scopu, Epiphyllwn sp., Schlunabergera bridgesii, 
Opunria cornonduensis and 0. hwni/usq the dominant stcrol is sitostcrol(24a<thykhokst-kn-3/?+at 66-87 % of the 
total stcrol composition with the 24~-methykhokst-5-cn-3~l present at l&33%. Stigmasterol (24a*thykbokata- 
5,22Edicn-3fi-ol) is present at 2-8 % of the total stcrol in P. ocukata, H. undatw, N. scopa and Epiphyllron sp. whereas 
cholesterol (chokst-S-en-3fl-ol) is present in six species at levels of <O.l-5.0%. Avcnastaol (24uthykhoksta- 
7,24(28)Zdien-3841) and sitostanol (24acthyl-Sachokstan-3B_ol) are each present in two specks. 

-- --~--. - --.-_ --- -.---.-..-. -. --_- 

ISTRODUCTIOS 

Evidena that phytostcrol composition may be potentially 
useful in plant chcmosystcmatics is emerging within the 
order Caryophyllalcs [I 51. The order consists of 12 
families with about 10000 species 163 and is generally 
agreed [b8] to include the following families: 
Phytolaccuzac. Achatocarpaceac. Nyctaginaccae. 
Aizoaceae, Didiercaceae, Cactmccae, Chcnopodiaceac, 
Amaranthaccac. Portulacaccae. BasClhUXC. 
Molluginaceacand Caryophyllaccac. Many spccia within 
thra of the larger families, Caryophyllaceae (pink), 
Chcnopodiaceae (goosefoot) and Amaranthaceae (amar- 
ayth), synthesize exclusively or predominately 24-alkyl- 
A -sterols. Species within the Caryophyllarrac and 
Amaranthanae synthesize exclusively A--sterols or mix- 
tures of A’- and A’-staols 13.43 whereas spa+s in the 
Chcnopodiaaac synthesize A’-s1croIs. or A’-sterols. or 
mixtures of A’- and A”-stcrob in rehtivcly fixed pro- 
portions [I. 21. Within the order. the 24-alkyl-A’-stcrols 
are also the dominant stcrols reported from other spa+s 
and families which include Phyrolacca americana and 
P. esculentu (Phytolaazaceac). [ 5.93, Terrugonia expansa 
(Airoaccac), &se//a olba (Fksdlaceac), Porruloca grad- 
flora and c’laytonia cirginica (PorUacaceac) [S]. 

In the Cactaaae, Djerassi er a/. [IO] reported that 
Lophocereus schotfii contained lophenol (4a-methyl-5 
chokst-7-cn-3/?-ol) and schottenol (24acthyl-kchoksc- 
7cn-3&ol) which were also isolated and characterized by 
Had and Kircher [I I]. More recently Szchoksta-8,14- 
dicn-3&ol. lathostcrol (hchoksr-7cn-3&ol), 24- 
methyl-Szchokst-7en-3~~~ spinastcrol (24a<lhyl-h- 
cholcsta-7,22Edicn-3/?-ol) and schottcnol (24u&hyl-Sa- 
cholcst-7+n-3@-ol) were all isolated from the sterol 
fraction of Lophmereus xhorfii [ 123. The A’-staols 
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choksterol, campcsterol and sitostcrol in the proportions 
of 1: 2: 7 were also reported from the cacti Srertocereus 
rhurberi and S. gumtnosus [ 131. In order to characterize 
further the stcrols of the Cactaaac we cxaminod eight 
species in seven genera, several indigenous to South 
America. to determine if the stcrol composidon of this 
family is similar 10 that in the other families in the order. 

RFSULTS AND Dl!XLSSIOS 

Individual stcrols were characterized by their chro- 
mato$raphk properties on GLC and RPLC as well as 
their H NMR and mass spectral characteristics. These 
properties were in agramtnt with authentic srandards 
and with previously published values [I. 2,4.14]. The 
configuration of the C-24 alkyl substitucnts was de- 
termined by ‘H NMR as previously de&bad [IS. 163. 

In all eight spbcics examined. the dominant sterol was 
sitosterol (24acthykhokst-S-en-38_ol) (66.!%87.0% of 
the 4dcsmethyLstcrol). followed by 24<-mcthykhokst-S- 
en-3/l-ol (R.0 33.1 ‘I,) (Table I). The ‘H NMR of the 24<- 
mcrhykhokst-S-en-3B-ol isolated from these cacti cx- 
hibitcd broad signals for C-18 and a multiple of doublets 
in the 0.754.85 pprn region of the spectrum which is 
indicative of an eplmcrk mixture [IS. 161 of 24z- 
methykhoksrcrol (campcstcrol) and 24@cthyl- 
choksterol (22dihydrobrasskasterol). Two spa&s also 
contained the saturated analogucs, sitostanol (24acthyl- 
Szcholestan-3/I-ol) (4.2 and 8.2 %) and 24<-rnclhyl-Sz- 
chokstan-3/3-ol ( < 0.1%). Only half of the species ex- 
amined contained stlgmasterol (24acthykhoksta-5,22- 
dkn-3/3_ol) (2.5. 8.3s;). Six of the eight species contained 
choksterol (chokst-S-en-3fl-ol) ranging from trace 
amounts ( c 0. I %) lo 5.0 Y0 of the total 4dcsmcthylstcrol. 
Two species contained avcnasterol (24ethyl-Szcholcsta- 
7,24(28)Zdicn-3B-01) (8.4 and 8.5 ‘4). 

Numerous morphological and chemical studies over 
the past several decades have firmly established the 
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Tahk 1. Penxn~gc compowtion of the srerols In tbc Cacloaae 
---.__ -.-. -- .- ---_ 

fkhinopsis d@xa 33.1 66.9 

Eplphyllw sp. 8.4 9.4 2.5 75.5 T 4.2 

Hy1orrreu.s undmus T 18.5 8.3 13.2 

Norococrus 2.6 scopa 12.5 2.8 13.9 T 8.2 

Opunria comomfu4m.G 4.4 8.8 86.1 

Opunria humilusa 5.0 8.0 87.0 

Pereskro oculea.fo 2.5 18.7 6.3 12.5 

Schlumbergera bridgesic T 8.5 10.2 81.3 
-. --- - ~- -.--- 

T = Traa amount detected a1 Icu than 0.17. ol total rterols. 

taxonomk posiuon of the Caciaccae in the 
Caryophyllaks [6]. We selcc~cd a diverse range of species 
within this family IO investigate sterol cornpositron. While 
the genus Pereskia, with its wooden stems and succulent 
leaves. is consldcred IO be the most archaic genus [6. 173. 
subdivisions and taxonomic relationships bctwan the 
other genera arc difhcult IO establish 1171. Opunrio 

(prickly pear cactus) and Schlu&rgero (Christmas 
cactus) have stems consisting ofa series of broad, flattened 
Joinrs, whik Echinopsis. H)lot-ereus. Notocactus and 
Epiphyllum are barrel, columnar or tlattenal stem cacti. 
No correlation between the cacti morphology and the 
sterol composition IS evident (Tabk 1). In the 
Chenopodiaccae [I] and the Caryophylkaac [4] where 
respectively eight and 11 genera were analyscd for sterol 
composition. the diversity of sterol production was, in 
most cases. consrstent at the tribal and subfamilial level 
suggesting srmilarltks in stcrol biosynthesis. end product 
requirements and taxonomic relatedness. No such dchne- 
atron is evident in the Cactaceae. With the exception of 
Lophocereus xhortii [IO. I I], all S~ICS in the Cactaceac 
produce A”-sterols and are thus like rhe ‘main line’ 
angiosperms [ 18 201. However, the Cactactac are umqut 
in the Caryophyllaks which, IO date, are a predominantly 
A’-stcrol producing order [I-S]. The examination of 
additional cacti, especially in the genus bphocereus or 
closely related genera. may yield additional A’-stcrol 
producmg species or spccics which producz mixtures of 
A’- and A’-stcrols. 

The orrgrn of’ the Cactaazae IS postulated to be in or 
near the Phytolaaacxae. the basal family of the 
Caryophylhks [6]. The sterol composition from only IWO 

spcsics in the Phytolaccaceae, Phgtolucca americana and 
P. esculenro, are reported [S, 9,21,22],and both produce 
exclusively A--sterols. Since sitosterol is the dominant 
sterol in rhc Caciaceae and because these cac11 have a 
stcrol composition thal is suficitnrly difTerent from that 

reported for other species and famrlics in the order, 
examination of the Phytolaccaocac, a small family of 18 
genera, may reveal a group of A’-sterol producing species 
whose axestors may have given rise IO the present day 
Caclaccac. 

Opunrto humijuw (Rat) Rat was licki-colkctcd m mid-summer 

m southern New Jersey. The remauung spccm, fihinopsts 

rubrjlora (PfeilT.) Zucc.. Pereskia aculeara Mill., Hykx-errus 

udarw MI. and Rose. Nolocuc~us scopa (Spreng) Berg.. 

Ep@yllw sp.. Schlumbcrgero bridgesu (Lrm 1 Lofgrcn and 

0punri.a comonduenscs (Coulter) Britt. and Rose. were acquired 

Ihroufi the gcncrosriy of Dr. Donald G. HuIIksIon. Longwood 

Gardens KenneII Square. PA 

The plants were washed and chal of all nccro1~: IIU~ and 

the malure phoiosymhctr [issue was finely chopped and ex- 

[racial with Mc~CO In a Soxhlcl apparatus for 48 hr. Thccxtrari 

was raiuad IO dryness and saponified by refluxing In 5 y0 KOH 

In 10 % EIOH. The neutral lipids were cxirticd with El,0 (4 x ) 
and then chromatographcd on a neutral AllO, column as 

prcnously dcscribcd [I. 2.41. ‘The slaols were uolatcd and 

punficd by prcparauvc RPLC on a Perkin Elmer high cfficmcy 
C,, column with McCN-McOH (9: I) 7.5 ml;min a1 35” as 

prcvlowly dcscribai [I. 2.41. GLC analysis was pcrforrnad on a 

2 m x 2 mm I a0 XE-60 or on a 0.75 s; SE-M column a1 235’ with 

Heat 35 mlimm. A~lytical RPLC was performed vnIha Zorbax 

ODScolumn(Mun x 3 mm)aI45” wIIh McCN-iso-PrOH (8:2) 

a1 I.5 ml:min. EIMS @robe) was performed a1 7OcV. ‘H NMR 

spectroscopy was performed a1 360 MHz at ambKn1 Iemp. In 

CDCl, with TMS as an inlemal standard. AuIhcnIK: standards 

were obIained and purilicd as previously rcporlcd [I. 2. 141. 
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