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Abatraet-Nineteen species and varieties of Amaranthaceae were amdysed for sterol composition. The desmethyl sterol 
content of these plants varied from 0.0084 % to 0.034 y0 of the total dry weight. Spinasterol and ‘I-stigmastenol were the 
dominant sterols in all specks, although low levels of 5-unsaturated stcrols were detected. Minor sterols identified in one 
or more species included cholesterol, campeaterol, stigmasterol and sitosterol as well as 7,22-ergostadienol, 7,24(28)- 
ergostadieno~ 7crgostenol, 7&Qigmastadknol and 7J4(2g~stigmastadklloL Stigmastanol and 24-methyknecy~ 
loartanol were also present. Identitications wets based on a combination of gas chromatography, high performance 
liquid chromatography and gas chromatography/mass spectrometry. 

1NlEODUCllON 

Both lower tracheophytes [l-3] and most higher plants 
investigated contain primarily 24ar_allryl-sterols with S(6b 
unsaturation. In 1932, Hart [4] identified spinasterol, a 
24-alkyl-stcrol with 7(8~unsaturation, as the dominant 
sterol species in Spinocco olerocea Subsequently 7(8) 
sterols were reported to be dominant in tea [S]. cucurbits 
[6J and alfalfa 173. plants considered relatively distant 
phylogenetkally. Labelling experiments with yeast and 
animals sqested that desaturation of the sterol nucleus 
follows a A + A’ + A’*’ + A’ sequence [S, 93. It was 
therefore proposed that high levels of 7(8)-sterols result 
from a genetic block [lo] or from imperfect control of the 
enzymes catalysing 5(6)-sterol synthesis [I 11. 

Recently, spinasterol and ‘I-stigmastcnol have been 
idcntifkd as major sterols in horse chestnut [12], 
Phytokacca esctiu 

5 

131, &ta m@ris [14] and 
Chenopudium albwn [lS . Salt and Adler have recently 
examined 13 species in the Chcnopodiaceae, order 
Guyophyllales, many of which were ‘7(8tplants’ [16]. 
This concentration of ‘7(8hplants’ in Caryophyllales led 
us to survey sterol composition in the closely related 
family, Amaranthaceae. The distribution of 7(8)-sterols 
could serve as a chemotaxonomic marker and perhaps 
provide insight into the nature of 7(8)-stcrol synthesis and 
accumulation. 

In this paper, results of sterol analyses of 19 species and 
varieties of A maranthaceac, order Caryophyllales are 
reported. 

RESULTS AND DlSCUSlON 

GC and HPLC retention data used for sterol ident& 
cation are summar&d in Table 1. Identifications based 
on chromatographic behavior were suppkmented by MS 
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of the sterol acetates from Amaranthus tricolor, a species 
containing all major sterol peaks observed on GC in 19 
Amaranthaceae species Relative retention times (RR,) of 
known sterols and those tentatively identified on SE-30 
were in agreement with published data [ 171. 

The GC tracing of the acetate derivatives of A. tricolor 
sterols gave 13 peaks which were analysed by GC/MS. 
The identification of peak 1 as cholesterol acetate was 
based on RR, data (Table 1) and on its mass spectroscopy 
pattern, which was characterized by the absence of a 
molecular ion, and by m/z 368 (100). 353 (14), 255 (12) and 
247(21). Three other 5(6)-compounds identified in A. 
tricolor were campesterol acetate (peak 3X stigmasterol 
acetate (peak 4) and sitosterol acetate (peak 8) Peak 2 
was identified as 7.22-ergostadienol acetate by direct 
comparison with an authentic standard on SE-30 and on 
GC/MS. although the configuration of compound 2 at C- 
24 could be a 24R-24s mixture. The mass fragmentation 
pattern obtained from peak 2 was characterized by m/z 
440(72), 425(17), 397(8), 380(10x 365(13), 355(6), 
342(50),313(50~288(11),255(29),229(15)and213(15). 

Peak 5 was tentatively identified as 7,24(28)+rg* 
stadknol acetate based on its RR, data (Table 1) and MS 
fragmentation pattern: m/z 440(25X 425(26), 380(5), 
342(4), 313(100), 255(33) and 213(33). On OV-17 and 
SP-2330, peak 5 migrated with peak 6 (7+rgoatenol 
acetate). The amounts of these compounds present were 
determined from GC on D&l. 

Peak 6 was one of the major sterols isolated from 
A. tricolor and was identified as ‘Icrgostenol acetate The 
MS from peak 6 showed the presence of the following 
signals: m/z 442(72), 427(27), 382(7), 367(8), 315(11X 
255(100)229(3)and213(19).TheRR,data(Tabk 1)also 
support this identification for peak 6. Peak 7, spinasterol 
acetate, was the most abundant compound present. The 
identilkation was based on its RR, data (Tabk 1) and its 
mass spectrum: m/z 452(71), 439(14), 411(14), 394(11), 
379(13), 342(50), 313(69), 25508) and 213(12). 

Peak 9 was identifkd as stigmastanol acetate based on 
its RR, data and the following aspects of its mass 



Tabk 1. GLC and HPLC relative retention data of individual sterols from Amaranthus rrfcokw leaves 

Swxol 
% of total 

ov-17. SP-2330t S&30$ DE14 HP~II sterol 

1 Cbolesccrol 1.00 
2 732~Etgostadiend - 

3 Campesterol 1.30 
4 St&mwtcrol 1.41 
5 7,24(28~Ergcwtadknol - 

6 ‘I-Ergostenol 1.53 
7 SpiiterOl 1.64 
8 Sitoaterol 1.60 
9 stigmastanol - 

10 755-sligmas~ol 1.87 
11 ‘I-stigrmuteno 1.87 
12 7J4(2s)-SGgmaI3tadknol 2.OB 
13 2/l-Methykmq&awlol 2.15 

1.00 1.00 1.00 1.00 2.6 
- 1.24 I.22 - 3.0 
1.20 1.29 1.25 1.11 1.1 
I.22 1.39 1.35 1.04 3.8 
- 1.43 1.39 - 4.3 
1.44 1.47 1.42 1.06 11.2 
1.50 1.58 1.53 1.07 524 
1.41 1.60 1.54 1.24 2.6 
- 1.64 I.56 - 21 
1.85 1.74 1.65 0.93 21 
1.69 1.81 1.72 1.20 8.6 
1.99 1.87 1.77 1.00 4.8 
1.88 2.12 - 1.3 

Sterolswereanalywdasfrusterolson OV-17and HPLC.asTMSictherson SP-233Oand SMO,andassteryl 
pcctates on DB-1. Retention times are given relative lo the appropriate cholesterol derivative or free 
chokateroL % of total rterol data was obtained from DBI. 

l 3 % OV-17 column, 1.8 m x 3.4 mm i.d.. column temp. 260”. helium curia gu tYow rate 20 ml/min. Retention 
timea are reported relative lo ChOksterOL 

t Capillary SP-2330 column. 60m x a25 mm id_ column temp. Uoo. helium llow rate 7.4 ml/min 
*Capillary SE30 column, 60m x 0.25 mm id., column temp. ZAO”, helium flow rate 7.0 ml/min. 
#Capii DE1 column, 30 m x Q32 mm id., column temp. MY, helium as car&r gas. 
~~Oct&ql(C,,)reverwphasecolumn,250 mm x 4.5 mmid, I&OH-HIO(98:2)(v/v),Bow rate 1.0 ml/min, 

60 atm. t.JV detector at 200 nm (9 relative lo cholesterol). 

spectmm~ m/z 458(33X 398(75), 383(33), 370(38), 
215(75),288(6),257(4)and356(7).Peak lOwasidenti6ed 
as 725stigmastadknol acetatc. Both RR, data (Table 1) 
and MS supported this identi6cation. The mass fragmen- 
tation pattern of peak 10 was as follows: m/z 454(72), 
439(43), 394(M), 379(20), 356(12), 341(21), 313(85), 
288 (4), 255 (25) and 213 (25). Peak 11 was identified as 7- 
stigma&no1 acetate based on its RR, data (Table 1). This 
was conlirmed by fragments at m/z 456(72), 441(12), 
396(8A 381(9), 315(18), 288(8X 255(100) and 213(50). 
Peak 12 was identifkd as 7,24(28~stigmastadknol acetate 
based on its GC, HPLC and GC/MS data The GC/MS 
of peak 12 gave the mokcular ion at m/z 45400) and 
other ions at m/z 439(12), 411(4), 356(32X 313(100), 
255 (8) and 213 (18). Peak 13 was tentatively identified a0 
24-methyknecycloartanol acetate based on OV-17 (RR, 
215), SP-2330 (RR, 1.88), and SE-30 (RR, 2.12) gas 
chromatographic data 

Table 2 shows the relative proportions of seven sterols 
in specks and varieties of Amaranthaceae. The predomi- 
nance of 7(8tsterols in this family is immediately 
apparent. A single 7(8)-sterol, spinasterol (7), makes up 
46-76x of the total sterok, while Fstigmastenol (11) 
contributes 1 l-24 %. However, the 7(8)-sterols of these 
spa&s are accompanied by low levels of S(6Werols. 
Fernando and Bean have also reported 7(8)-slerols in 
AmorMthw [I& 193. 

In all systems of classi&Xtion, Amaranthaceae is closely 
allkd to Chenopod&eae [2Q 211. Amaranthaceae is 
more advanced than Chenopodiaceae in most respects in 
which the two families di&. However, several authorities 
indicate that Amaranthaceae cannot be regarded as 
directly derived from Chenopodiaaae [20]. Although the 
information pr*rcnted here cannot resolve the relation- 

ship between these familks, the predominance of 7(8)- 
sterols in these families is consistent with their common 
ancestry. This work, along with several other recent 
reports [ll-141, demonstrate that higher plant specks 
with predominant 7(8bsterol composition are more 
common than previously thought. 

The presence of 5(6)-sterols with the 7(8)-sterols makes 
it unlikely that 7(8)-sterols accumulate as the result of a 
complete genetic block of S(6)-sterol production. Co- 
existence of 5(6) and 7(8bsterols has been recently 
reported in beet [14], cucurbits [22] and spinach [23], 
and methods of sterol analysis now available may show it 
to be the usual pattern for plants containing predomi- 
nantly 7(8ksterols. If so, an important but as yet un- 
defined role for 5(6)-sterols may be implied. 

EXPERIMENTAL 

Amaranthus tricolor and A. caudarus seeds were obtained from 
Park Sad Co.. U.S.A. Amaranthus tricolor ‘splendor’, Ccl& 
plunwsa Yancy plumes’ C. phutwsa tie dragon’, C. crktatu ‘red 
velvet’ and C. crisrara ‘scmidwarf’ scads were obtained from 
W. Atke Buqnx Co., U.S.A. Amaranrhus caudarus ‘kiss me’ se& 
were obtained from Fcny-Morse seed CoL. U.S.A. and 
A. rricolor ‘Hong Kong’, A. tricolor ‘chin’, A. rricoior ‘co?, 
A. hypodwndrincus ‘79-RlOl’. A. hypuchonkiauc and A. cruet- 
rus’79-Rl23’sceds were kindly donatal by Dr. Austin Campbell, 
New Crop Lab.. Agricultural Rcscarch titer, Beltsvilk, MD. 
Amaranthus rerroj?exy A. gMgrtkw and A. lewcar~~+~ suds 
wcrt provided by Ms. Linda Sonncn, National Seed Storage Lab., 
Fort Collins. CO. All saxJs were grown in the gr&nhouse of the 
University of Maryland during the spring and summer of 1983. 
The plants were 8rown under natural light and harvcstai at 
maturity. 



sterols of Amaranthaaac 

Table 2 Sterol axnpooition of 19 species and wiaies of Amwmukus and Cc&&a 
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Individual etcrol* (as % of total aterol) 

spdes- 1 3 4 6 7 11 13 

A. tricolor 
A. t?&olor Hong Kong 
A. tricuior 9Ind. 
A. r&o&? ‘chin 
A. tricolor P.R.C. 
A. tricolor ‘coz’ 
A. tricolur (Splendor) 
A. gang&us 
A. hypochondriocus (7PRlOl) 
A. cruaulu (7%R123) 
A. unufutus (Kiss me) 
A. caudatcrs 
A. retropcnU 
A. kwocarpus 
Celosia pinmosa (Fancy plumes) 
c. prMwrr0 (Fii drqon) 
C. cristata (Red velvet) 
C. cristuta (!kmidwarf) 

A. hyphonMonu (s&d) 
A. hypochodrioclcs (callus) 

22 1.7 4.4 6.1 63.8 17.5 4.5 
a9 0.8 4.3 5.4 66.7 13.1 8.7 

tr 3.7 5.3 73.8 121 5.0 
tr 1.8 4.7 76.1 15.0 2.5 

tr 4.0 5.1 6.1 68.2 15.0 20 

z”O 0.5 tr 0.2 4.0 4.4 7.1 66.1 67.2 15.7 16.2 8.0 0.4 
1.5 1.9 22 6.3 68.7 17.1 1.7 

1.5 1.6 6.6 69.3 15.7 5.9 
7.6 6.4 6.1 55.4 15.6 9.0 

0.6 1.1 3.4 7.1 55.1 22.1 4.7 
8.7 3.2 5.6 4.9 55.7 16.0 3.6 

0.6 6.1 4.1 69.5 19.6 0.2 
tr 1.8 4.7 76.1 15.0 

28 5.0 10.6 65.9 11.2 4.5 
3.3 tr tr 6.6 49.1 33.4 6.3 

1.9 61.3 27.0 3.0 
1.09 2.7 4.6 68.6 18.1 4.1 
0.5 0.2 1.5 225 46.7 24.3 3.6 

11 8.8 2.3 70.5 11.3 4.2 

l 1, chokslerol; & camptcrol; 4. Sti~tcrOl; 6, kf~OStCllOl; 7, spinastaol; 11, ‘I-stigmostcnol; 
I3,2Cmetbylenecyclonrtanol From GLC OV-17 data. 
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