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Abstract-From ripe horse chestnut seed the 4a-methyl sterol fraction was isolated representing 4.5% of the 
unsaponitiable matter, i.e. 3 mg % of the seed. This fraction was investigated by capillary GC and combined GC-MS. It 
contains at least 12 components, of which 5 were identified as: obtusifoliol, 4a-methylergosta-8,24(28)-dien-3/3-ol, 
gramisterol, cycloeucalenol and citrostadienol. The distribution of these five 4a-methyl sterols in the seed was also 
determined and they represent about 90% of the investigated fraction. 4a-Methylergosta-8,24(28)dien-3/3-ol up to now 
been found in higher plants only in traces, while in this fraction it was found in the amount of about 5%. 

INTRODUCI’ION 

According to present knowledge, the biosynthesis of 
stigmasterol and sitosterol, the two most common sterols 
in higher plants, takes place via Cmethyl sterols in such a 
generally accepted way that obtusifoliol(2) is a precursor 
of gramisterol (4) [l]. Only recently Schmit and 
Benveniste [2] while investigating sterol biosynthesis 
detected in bramble cell culture traces of 4a- 
methylergosta-8,24(28)-dien-3/Lol (3) and suggested that 
in higher plants, obtusifoliol (2) is first demethylated in 
position C-14 to give 3 and that the As double bond of 3 is 
then isomer&d to yield 4 (Scheme 1). 4a-Methylergosta- 
8,24(28)-dien-3jLol(3) had been previously found in yeast 

[3,4] and in some types of fungi [S], but not in higher 
plants. However, up to now few experimental data have 
been published which could confirm this theory and 
accordingly we investigated the Cmethyl sterol fractions 
of certain plant oils [6]. We succeeded in detecting traces of 
3 only in rapeseed oil, which does not completely confirm 
the accepted hypothesis of the participation of 3 in sterol 
biosynthesis. Our investigations were continued with 
horse chestnut seed which, regarding the quantitative 
ratio of. the A5 and A’ sterols [7] shows considerable 
deviations from the ratio determined for most higher 
plants [S]. In this paper we present the results of 
qualitative and quantitative analysis of the Cmethylsterol 
fraction of horse chestnut seed. 
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RESULTS AND DISCUSSION 

The 4a-methyl sterol fraction was isolated from un- 
saponifiable matter of horse chestnut seed oil by conven- 
tional methods and then analysed by GC and combined 
GC-MS. By analysis on a glass capillary column (OV-101) 
we detected at least 12 components of which 5 com- 
ponents, on the basis of retention time and mass spectral 
data [S, P-111, were identified as: cycloeucalenol (l), 
obtusifoliol(2), 4a-methylergosta-8,24(28)-dien-3/?-ol(3), 
gramisterol (4) and citrostadienol (5). Because all these 
compounds, except 3, are common in the plant kingdom 
the mass spectra and details of their identification are not 
given. GC-MS data for 3 were identical to the published 
data for a sterol identified in one species of fungus [S]. 
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The qualitative and quantitative compositions of the 
k-methyl sterol fraction are given in Table 1. The results 
of quantitative analysis have shown that this fraction 
presents 4.5 % of the unsaponilkble matter, i.e. 3 mg per 
100 g of dry seed and that the 5 identified sterols represent 
90 % of the fraction. Compound 3 amounted to 5 % of the 
k-methyl sterol fraction which is 0.15 mg per 1OOg of the 
dry seed. This is the first time that sterol3 has been found 
in higher plants in amounts greater than traces. However, 
current results do not completely explain the role of 3 in 
the biosynthesis of sterols in higher plants because 3 was 
found in a relatively small number of higher plants. This 
can be explained in two ways: (a) by the existence of 
various sterol biosynthetic routes in higher plants of 
which all do not include 3, and (b) compound 3 is present 
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Scheme 1. 
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Abstract-Free 4-desmethylsterols from fibrous roots of 6 citrus rootstocks were identified by combined gas 
chromatography and mass spectrometry as campesterol, stigmasterol, sitosterol and cholesterol (minor component). 
No isofucosterol was present. 

Investigations involving the quantitation of sterols from 
citrus (and other woody plants) are few and have been 
limited to tentative identification of individual sterols by 
cochromatography with authentic standards on GC 
[ 1,2]. Individual sterols affect membrane permeability in 
plants to different extents [3, 4] and changes in sterol 
composition appear to play a significant role in the 
response of roots to salinity [l], mycorrhyzal infection 
[2] and other environmental factors such as light intensity 
[S], hormone treatment [6] and temperature [7]. 
Therefore, it seemed appropriate to formally identify the 
free Cdesmethylsterol components of citrus roots to 
verify observed differences in composition in response to 
such environmental factors. In citrus this necessity is 
accentuated by the fact that isofucosterol has been 
tentatively identified in one investigation [2], but appears 
to be absent in another investigation [1] on roots of the 
same citrus rootstocks. 

RESULTS AND DISCUSSION 

GC of free 4desmethylsterols from fibrous roots of all 
6 citrus rootstocks examined showed the presence of only 
4 main compounds. These corresponded in relative reten- 
tion time to the authentic sterols cholest-5-en-3/?-ol 
(cholesterol), 245-methylcholest-5-en-3B-ol (campes- 
terol), 24{-ethylcholest-S-en-3@-ol (sitosterol), and 24- 

ethylcholesta-5,22-dien-3/?-ol (stigmasterol) with the 
latter three compounds accounting for greater than 96 % 
of the total sterols (Table 1). An additional peak with a 
relative (to Sa-cholestane) retention time greater than that 
of sitosterol and of similar order to that calculated for 
isofucosterol (24-ethylidenecholest-5-en-38-01) was also 
present in very small amounts (usually less than 1%). GC- 
MS of trifluoroacetate derivatives of the citrus sterols, 
scanned over the range m/z 50-500, gave a total ion 
chromatogram with peaks at the same relative retention 
times as the sterol standards. Cholesterol (RR, = 1.27), 
campesterol (RR, = 1.51) and sitosterol (RR, = 1.75) trif- 
luoroacetates showed characteristic ions of [M - 1143 + 
(as base peak) due to the loss of CF,COOH and [M 
- 129]+ due to the further loss of the methyl at C-21. The 
abundance of the [M - 114]+ ion of stigmasterol (RR, 
= 1.60) was reduced due to the production of minor peaks 
for [M - 142]+ due to the elimination of the 2C unit at C- 
24 (C,H,) and [M - 157]+ (the additional loss of the C- 
21 methyl). Ions for [M- 112]+ and [M- 141]+ in- 
dicated fragmentation of the side chain promoted by the 
double bond at C-22. In addition, all sterols showed ions 
m/z 255 and 213 due to the loss of sidechain and cleavage 
of ring D, indicative of the perhydrocyclopentanophen- 
anthrene ring structure. 

The peak observed running after sitosterol did not 
show an [M - 1141 + ion at m/z 394 that might be 
expected for isofucosterol nor other ions characteristic of 
the 4-desmethylsterols and is thus not isofucosterol. Serial 


