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Abstract-The composltlon of the sterol fraction of Gledztsza trzacanthos, G macracantha, Thea smensrs, Medzcago 
sutzua and Spznacza oleracea has been determmed using GC and GC/MS The sum of A7-sterols ranges from 67 to 95 % 
Among them 24~-ethyl-5a-cholest-7,trans-22-dlen-3~-ol (28-50 %) and 24<-ethyl-5a-cholest-7-en-3j?-ol (23-49 %) are 
the maJor components The co-occurrence of A’- and A7-sterols has been observed m all species The possible 
blosynthetlc pathway of the phytosterol nucleus leadmg to these sterols IS dlscussed 

INTRODUCTION 

The type and degree of unsaturation in the rmg system of 
sterols, m addition to vanattons m the side cham, have 
taxonomlc and phylogenetlc importance Tracheophytes 
rich m AS-sterols, especially 24a-ethyl-A’-sterols such as 
sltosterol have been most frequently encountered While 
Tracheophytes contammg A5*7-sterols together with A’- 
sterols have been found such as Lycopodzum complanatum 
[l] and the roots of Rauwoljiu serpentzna [2], the sterols 
of the few plants nch m A7-sterols are reported to contain 
almost exclusively the A7-sterol Studies on the sterol 
composltlon of seed 011s of several genera of the Cu- 
curbltaceae family have shown them to possess only 
A7-sterols [37] The sterol fraction of the unsapomfiables 
from three Theaceae 011s and alfalfa, garden balsam 
and Spznacza oleracea seed 011s and shea fat were alike m 
their composltlons, consisting exclusively of A7-sterols, 
such as spmasterol and A7-stlgmastenol as predominant 
components [8,9] The occurrence of spmasterol m S 
oleracea leaves [ 10,111, alfalfa leaves and seeds [ 121 and 
garden balsam [ 131 have also been reported The presence 
of A5-sterols such as stlgmasterol m alfalfa and S oleracea 
seed 011s have been observed m small quantities and the 
occurrence of sitosterol in minute proportlons was pre- 
sumed [S] No detectable A’-sterol was found m S 
oleracea by Nes et al [l] In the case of pumpkm 
(Cucurbzta pepo) seed 011, no A5-sterols could be detected 
either m the ester or the free sterol pools by Nes ef al [ 11, 
but Jeong et al [14] and Bastdc et al [15] have detected 
them m trace amounts 

This paper describes a study on the sterol composltlon 
of two Gledztsza (Legummosae, Caesalpmloldeae 
sub famdy) seed 011s G trzacanthos (honey locust) and G 
macracantha These two species belong to the category of 

*To whom correspondence should be addressed 

plants nch m A7-sterols However, the As-sterol content 
ranges from 13 to 32 y0 showing therefore that the co- 
occurrence. of A’- and A’-sterols m some Tracheophytes 
exists Faced with these observations and the contradlc- 
tory results given above, we have remvestlgated the sterol 
composltlon of Thea sznenszs, S oleracea (spinach) and 
Medzcago satzua (alfalfa) seed 011s with particular refer- 
ence to A5- and A7-sterols 

RESULTS AND DISCUSSION 

The sterol fractions, separated from the unsapomfiable 
hplds of the seed 011 samples of the two Gleditsza species 
and other seed oils were transformed into their TMS- 
derivatives as described previously [ 16,171 The capillary 
gas chromatogram showed the presence of at least 17 
different sterols The ldentlty of the sterols was de- 
termmed by comparison of RR,s with previously pub- 
lished retention data of the sdyl-, free and acetyl-standards 
[ 17-201 and by gas-hqmd chromatography-mass spec- 
trometry (GC/MS) Seven sterols present m minute 
amounts were left umdenttied The RR, and the sterol 
composition of the SIX seed 011 samples are given m 
Table 1 The determmatlon of the configuration at C-24 
of 24-methyl and 24-ethylsterols 1s posstble using 
‘H NMR [21-231 and 13C NMR spectroscopy [7,24], or 
using GLC [25] In this study, the absolute configuration 
of the C-24 alkylsterols was not examined 245- 
Methylcholest-5-en-3b-01, 24l-ethylcholest-5,trans-22- 
dlen-3fi-ol and 24<-ethylcholest-5-en-3j-ol are commonly 
supposed to be campesterol, stlgmasterol and sltosterol 
since the 24a-alkylsterols are usual m terrestnal plants 
C261 

The co-occurrence of the two eplmers of 24-ethyl-5a- 
cholest-7,trans-22-dlen-3/%ol spmasterol (24a-eplmer) 
and chondrdlasterol(24B-eplmer) has been demonstrated 
in the seeds of Cucurbltaceae [23] The co-occurrence of 
the two eplmers of 24-ethyl-5a-cholest-7-en-3fl-ol 22- 
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Table 1 Composltlon of the sterol fractions of the seed OIIS mvestlgated* 

Sterol 
Gledttsaa trtacanthos Thea Medmgo Sptnacla 

RR? France USSR G macracantha srnensts satma oleracea 

Cholest-5-en-3/Y-ol 
Unknown 
24<-Methylcholest-5-en-3/?-ol 
Unknown* 
245-Ethylcholest-S,trans-22dlen-3/?-ol 
Unknown 
24&Methyl-Sa-cholest-7-en-3fi-ol 
Unknown 
24(-Ethylcholest-5-enen-3fi-ol 
24~-Ethyl-Sa~holest-7,trans-22-dlen-3jl-o1 
24E-Ethyhdenecholest-5-en-38-01 

(fucosterol) 
24Z-Ethyhdenecholest-5-en-38-01 

(A5-avenasterol) 
24r-Ethyl-Sa-cholest-7en-3j-ol 
Unknown 
24Z-Ethyhdene-5a-cholest-7-cn-3~-ol 

(A’-avenasterol) 
Unknown 
Unknown 

loo 17 
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166 277 
170 22 

04 06 10 

14 
08 
82 
30 
55 

- 

05 
01 
43 
17 
19 
- 

43 
305 
30 

05 

11 
14 
18 

66 
33 2 

19 

- 

124 
50 1 

14 

178 08 01 02 01 

188 304 362 490 234 
197 01 02 03 03 
207 22 23 29 31 

221 01 
2 32 

02 07 
- 

33 
01 

tr 02 
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09 
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- 03 
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- 10 

- - 

45 1 380 
03 04 
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tr, Denotes that component was detected m a too small amount to quantltate 
*Area ‘4 by GLC 
TRelatlve retention tunes of the TMS-ether denvatlves of sterols on an OV-17 WCOT glass captllary column (cholesterol- 

TMS 100) 
$.Has same RR, as 24-methylenecholest-5-en-3/I-01, however analysis on OV-1 shows that it IS not this sterol 

dlhydrospmasterol (24a-eplmer) and 22&hydro- 
chondrdlasterol (24B-eplmer) has been demonstrated in 
the roots of Trrcosanthes ~apomca [7] 

Among the ten sterols ldentdied, two A’-sterols were 
found m highest amounts as shown m Table 1 24{-ethyl- 
5a-cholest-7,trans-22-dlen-3fi-o1 (28-50 %) and 245- 
ethyl-5acholest-7-en-3/3-ol (2349 %) 24r-Ethylcholest- 
5-en-38-01 was found m all species investigated and m 
higher content m G trtacanthos (7-16 %) and in T smensls 
(12%) 

The amounts of A’-sterols for the SIX 011 samples are 
given m Table 2 and they range from 4 8 % for M satwa to 
19-32 % for G tr~~canthos The ratios of the amounts of 
A7-sterols versus A5-sterols are about 2 l-8 5 for the 
Gledma specles,T s~nenstsand S oleracea but higher in the 
case of M satrua (19 8) as shown m Table 2 We have also 
determined the A’-sterol As-sterol ratios for each type of 
C-24-alkyl substltuent of the srde chain These ratios are m 
the same order for each species when the sterol concen- 
tration IS ma slgmficant quantity An abnormal result was 

Table 2 Vanatlons m the ratios of the A5- and A’-sterols urlth different side cham structures in the 
seed 011s mvestlgated 

Sterol 
Gledztsza trmanthos Thea Medzcago Spmacta 

France USSR G macracantha stnensls satwa oleracea 

A5-sterols 32 O* 186 129 16 5 48 101 
A’-sterols 67 1 802 860 798 949 863 
A’-sterols/A’-sterols 21t 43 67 48 198 85 

24-methyl A’-sterol 

24-methyl A5-sterol 
20 40 38 36 19 5 138 

24-ethyl A’-sterol 

A5-sterol 26ethyl 
19 55 114 19 180 69 

24-ethyl A’ %terol 

A5 “-sterol 24-ethyl 
32 40 71 455 204 116 

*Percentage composition 
t Ratio 
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found with T slnenm for the 24-ethyl A’.“-sterol versus 
A5~22-sterol (Table 2) 

Since m these results the A’-sterol A5-sterol ratios are 
m the same order for the sum of the sterols mvesttgated 
and for each C-24 alkylsterol category, It 1s reasonable to 
suppose that the reductton of the A’ bond and the A5 
mtroductlon occur m the btosynthettc pathway after 
elaboration of the side chain These results are in agree- 
ment with the metabohsm of a A24-bond whtch seems to 
occur primarily as the first step since 24_methylenecyclo- 
artanol 1s formed m cell-free systems [27,28] and It has 
been found m a number of plants The final steps m the 
btosynthettc pathway leading to sterols seems to be the 
nuclear transformation by A5-dehydrogenatton and A’- 
reduction In the animal kingdom the sequence A’ + ASP7 
+ A5 has been very well studied at the enzymologtc level 
[29] and probably the sequence occurs m plants The 
presence of A’*‘- sterols in Lycopodtum complanatum [l] 1s 
m agreement with this sequence The occurrence of As- 
sterols m plants rich m A’-sterols suggests that, the A’- 
dehydrogenase and the A’-reductase exist, as 1s well 
known m plants rich m A5-sterols The dtfference between 
these two Tracheophyte categortes may be explamed by 
imperfect kmettc control of the enzymes In the case of a 
plant rich m A’-sterols the activity of the A’-reductase 
step may be very low and the A5-sterol concentratton 1s 
thus low as shown m Table 2 for M sattua (5%), S 
olearacea (10 ‘A), G mzcracantha (13 %) and T smensls 

(16 %) G trtacanthos represents an intermediate type 
between the few plants rich m A’-sterols and the most 
frequently encountered plants rich in A5-sterols, since Its 
A’-sterol content ranges from 19 to 32% 

In concluston, the co-occurrence. of As- and A’-sterols 
m Gledltsra spectes and other seed 011s may help to further 
clarify the blosynthesls of the phytosterol nucleus and the 
evolution m higher plants 

EXPERIMENTAL 

Matenal Gledltsza trtacanthos seeds were obtamed from a 
USSR crop (1973) and a Marseilles (France) crop (1979) G 
macracantha seeds were collected m the Marsedles area m 1971 
Thea smensls were collected m Antanananvo (Repubhc of 
Madagascar) area m 1980 Medtcago satzva and Sprnacla oleracea 
seeds were commercially avadable 

General procedure Gledrtsra seeds were decorucated by treat- 
ment with hot cone H2S04 (30mm, aOq Germ was separated 
from endosperm, dned and ground Germ (120 g) was extracted 
with hexane m a Soxhlet for 8 hr The 011s were sapomfied 
usmg 2M KOH m EtOH (25 ml/g) over a penod of 2 hr 
Unsapomfiable matenal dissolved m CCL (5 %) was fractionated 
using TLC by deposltmg 200~1 on a silica gel plate (60F 254 
Merck, 20 x lOcm, 250 pm thick) The developmg solvent was a 
CHCl,-Et,0 (9 1) mixture Cholesterol was used as standard for 
the tdentticatlon of the sterol band (R, 0 35) and a Rhodamme B 
spray for the detectlon at 366 nm The zones were scraped off and 
extracted with CHICI (2 ml) Sdylatlon of sterols was camed 
out wth 50~1 of sdylatmg reagent (0 45 ml HMDS, 0 3 ml TMCS, 
0 5 ml pyndme) The solvent was evaporated under Nt and 1 ml 
of hexane was added to the dry residue pnor to GC analyses 
Relative retention times (RR,) were expressed agamst cholesteryl- 
TMS The WCOT column was a 40m glass capdlary column, 
0 29mm 1 d , coated with OV-17 (0 15 pm) Temperatures were 
250” for column and 300” for inlet and detector ovens Inlet 
pressure of H2 used as tamer gas was 0 6 bar, split 55 ml/mm 
Peak areas were integrated by a LT’f ICAP 5 integrator 

Gas-lqutd chromatography-mass spectrometry The chromato- 
graph was fitted wth a WCOT SI capdlary column (25 m, 0 33 mm 
I d ) coated wth OV-1701 (0 1 pm) Operatmg condltlons were 
250” for column and 270” for inlet, He as tamer gas 0 5 bar, ion 
source 150” and lonlvng voltage 70eV 

Cholesterol-TMS MS m/z (rel mt ) 458 [Ml’ (21 5), 443 (53), 
370 (3 0) 368 (36 3), 353 (15 3), 329 (21 l), 275 (3 1), 255 (10 0), 247 
(10 7), 233 (2 0), 217 (3 3), 213 (4 3), 129 (100) 

24r-Methylcholest-Een-3/?-ol-TMS MS m/z (rel mt ) 472 
[Ml’ (47 8), 457 (8 6), 384 (8 6), 382 (43 0), 367 (25 0), 343 (45 8), 
269 (7 9), 255 (14 2), 217 (6 9), 213 (3 4), 129 (100) 

24Methylenecholest-5-en-3/3-ol-TMS MS m/z (rel mt ) 470 
[M]’ (130x 455 (7 S), 386 (316), 371 (70), 365 (8 l), 343 (178), 
341 (9 3), 296 (7 9), 281 (7 4), 259 (3 4), 257 (114), 243 (4 2), 227 
(3 6), 213 (68), 129 (100) 

24&-Ethylcholest-S,trans-22-dten-3/?-ol-TMS MS m/z (rel mt ) 
484 [M] + (48 7), 469 (5 8), 394 (23 7), 379 (7 5), 356 (5 6), 355 
(10 O), 330 (2 5), 282 (3 2), 271 (4 0), 255 (30 4), 239 (3 2), 227 (2 5), 
213 (7 0), 129 (58 3) 

24~-Methyl-Sa-cholest-7-en-3jI-ol-TMS MS m/z (rel mt ) 472 
[M] + (59 7), 457 (6 3), 367 (9 5). 343 (7 9), 269 (3 l), 255 (36 8), 237 
(3 1), 229 (16 8), 213 (20 7) 

2e-Ethylcholest-5-en-3&ol-TMS MS m/z (rel mt ) 486 [M] + 
(33 S), 471 (6 2), 3% (40 3), 381 (10 5), 357 (36 6), 355 (2 3), 275 
(1 8), 255 (84), 217 (4 l), 213 (42), 129 (100) 

24~-EthyESa-cholest-7,trans-22-dten-38_S MS m/z (rel 
mt ) 484 [M]’ (23 5), 469 (12 0), 441 (2 7), 394 (2 8), 372 (9 7), 357 
(2 5), 343 (51 S), 329 (3 8), 318 (6 8), 255 (34 7), 230 (3 9 229 (23 3), 
213 (13 7), 201 (76) 

24E-Ethyltdenecholest-5-en-3/l-ol-TMS MS m/z (rel mt ) 484 
[M] + (8 O), 469 (5 7), 386 (47 l), 371(9 5), 343 (4 9), 296 (20 8), 281 
(12 0), 258 (3 7), 257 (12 S), 255 (6 l), 243 (3 3), 227 (3 3), 211 (6 2), 
129 (87 5) 

24Z-Ethyltdenecholest-5-en-3/?-ol-TMS MS mJz (rel mt ) 484 
[Ml’ (5 9 469 (3 4), 386 (60), 371 (9 8), 343 (3 0), 296 (30 6), 281 
(20 7), 258 (4 2), 257 (17 l), 255 (7 4), 243 (3 3), 227 (4 7), 211(9 6), 
129 (76 9) 

24<-Ethyl-5a-cholest-7-en-3/!?-ol-TMS MS m/z (rel mt ) 486 
[M]+ (100),471 (15 1), 396 (3 7), 381 (9 8), 345 (9 5), 303 (3 O), 255 
(44 7), 230 (3 3), 229 (12 8), 213 (17 6), 201 (5 5) 
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