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SHORT COMMUNICATION 

STEROLS IN ASCOPHYLLUM NODOSUM 

B. A. KNIGHTS 

Department of Botany, The University, Glasgow, W.2 

(l?ec&&f26 Augw 1969) 

Ah&me-Iu stored, miiled, dried AscophyZlum nodoswn, sariugosterol, 24-ketoeholesterol, fueosterol, 24- 
methyluxoholesterol, 2A-methyl-ds~11~holestadien-3~l, cholesterol and a trace of 24-ethylcholcsterol were 
dete&d iu the sterol fraction. Whereas, from freshly harvested and dried A. no&sum ouiy fucostorol with 
traccsofC&and~l)steroleouldbedeteotcd. Wheufreshlyharvestedauddriedseaweedwasexposedtoair 
for 4 weeks, 24-ketocholesterol and possibly saringosterol could be deteoted as additional components of the 
star01 fraction and it is suggested that these two compounds may arise as artefaots by aerial oxidation of fueo- 
staol. 

INTRODUCTION 

BECAUSE of a difference in their physiological effects upon the sporulation of the oomycete 
fungus Phytophthora cacturum (Leb. and Cohn) Schroet 1 it was desired to find satisfactory 
sources of both isomers at Cz4 of 24-ethylidenecholesterol. ds-Avenasterol has been isolated 
from Avena sativa L.** 3 whilst fucosterol is commonly found in brown algae.4 Because 
Ascophyllum nodosum (L.) L.e Jol. was readily available in dried milled form by courtesy of 
Alginate Industries Ltd., this species was chosen first as a possible source of fucosterol and 
it is the purpose of this paper to describe the sterols of A. nodosum. 

RESULTS 

Dried, milled Ascophyllum nodosum from Alginate Industries Ltd. was extracted with 
petroleum ether and sterols were isolated by chromatography on alumina of the non- 
saponifiable fraction. The crude sterol fraction contained three main zones by TLC and was 
purified by preparative TLC to give the three fractions. 

The most mobile of these fractions had an R, identical to that of cholesterol and was found 
by gas-liquid chromatography (GLC) to consist of five components, a minor one of which was 
only partially resolved from the main component. Details of the GLC data are listed in the 
Experimental and these suggest that the jirst compound to be eluted was cholesterol, the 
second 24-methyl-d 5* **-cholestadien3&ol (brassicasterol or its C24 isomer), the third 24- 
methylcholesterol, the fourth 24-ethylcholesterol @-sitosterol or its C24 isomer clionasterol) 
and the main component to be fucosterol. Acetylated sterols were subjected to analysis by 
combined gas chromatography-mass spectrometry (GC-MS) and this co&rmed the identities 
of these compounds, mass spectra being obtained similar to those described5n 6 previously 
for the various compounds indicated by GLC. 
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a D. R. IDLW, G. W. NICKW, D. R. JOHNSON, V. W. Mrroorm, H. A. Sm and C. A. BAUMANN, J. Am. 
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The second band obtained by TLC was shown to be largely a single compound by GLC 
and analysis by GC-MS suggested it to be 2rlketocholesterol (M-60 at m/e 382). This was 
contirmed by comparison by TLC, GLC and i.r. with an authentic sample kindly provided 
by Dr. N. Ikekawa. 

The most polar substance upon TLC was shown by i.r. to have a hindered hydroxyl group, 
not acetylated by acetic anhydride-pyridine and a vinyl group. Analysis by GLC and GC- 
MS of the acetate showed it to be a pure compound and suggested the presence of a hydroxyl 
group and possibly a vinyl group in a C& sterol. Analysis by NMR confirmed the presence 
of a vinyl group and a double bond at Cs. These data suggested that the compound could 
be saringosterol.’ The melting point of the diol was in agreement with this but the acetate 
had a higher melting point than that quoted by lkekawa. However, comparison with 
authentic material confirmed that the sterol from A. nodosum was in fact saringosterol, i.r., 
GLC and mass spectral data closely corresponding in each case and Ikekawa * kindly con- 
tied the identity of the melting points of the two acetate samples after further recrystallixa- 
tion of his sample. 

A. nodosum was harvested fresh from below the tide line in the Gareloch and, after oven- 
drying overnight, was extracted for sterols. Only one spot was noted upon TLC and by GLC 
this material was shown to be nearly pure (>95 per cent) fucosterol with only small amounts of 
cholesterol and 24methylenecholesterol as contaminants. 

A sample of this dried algal material was retained and left exposed to air in a greenhouse 
for 4 weeks. Extraction afforded a sterol fraction much less pure than that obtained from the 
freshly dried and extracted material. Three zones could be detected upon TLC each corre- 
sponding to one of the three zones obtained from the commercial sample of A. nodosrail. 
By GLC it was confirmed that the mobile zone consisted of fucosterol with small amounts of 
cholesterol, 24methyl-d 5~22-cholestadien-3~-01 and the 24methylenecholesterol. The middle 
zone had an i.r. spectrum similar to that for 24-ketocholesterol and this identification was 
confirmed by GLC. The third TLC zone had mobility identical to that of saringosterol but 
was not further analysed successfully. 

DISCUSSION 

The presence of only a relatively small amount of fucosterol together with sign&ant 
amounts of 24ketocholesterol and saringosterol in the sterol fraction from the commercial 
sample of Ascophyllum nodosum suggested that the two latter compounds had been derived 
from the former by successive aerial oxidation steps. This was thought likely since the algal 
sample was extracted in batches over a period of several months and was not protected from 
aerial degradation prior to extraction. As a contlrmation, fresh material was harvested from 
below the low tide line and extracted immediately following overnight air drying. No trace 
of either saringosterol or 24-ketocholesterol could be found and, by contrast with the old 
sample of seaweed, fucosterol was present as a nearly pure compound in the sterol fraction. 
Further confirmation that saringosterol and 24ketocholesterol might be derived by oxidation 
of fucosterol was obtained when additional, more polar, sterols were obtained from a sample 
of the fresh material, which had been exposed to air for 4 weeks prior to extraction. One of 
these compounds was shown to be 24-ketocholesterol and from TLC data it seems likely that 
the other was saringosterol. It must be stressed that, whilst it seems most likely that these 

7 N. QCEKAWA, K. TSUDA and N. MORISAKI, Chem. Znd. 1179 (1966). 
* N. IKEKAWA, personal communication. 
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compounds were formed by air oxidation of fucosterol, it is possible that degradation of the 
structure of the dry powder by air to release 24-ketocholesterol and saringosterol from a non- 
extractable complex form may be taking place. The author is not aware of any reported 
finding of 24-ketocholesterol in plant sources although saringosterol has been reported to 
occur in a number of marine brown algae.g 

EXPERIMENTAL 

Ascophyllum nodosum. Commercial material was obtained as a dried milled powder from Alginate 
Industries Ltd., Girvan, Ayrshire. Fresh material was harvested from below the low tide mark in the upper 
reaches of the Gareloch, Dunbartonshim and was air dried at 100” overnight. 

Srcrolr Dried alga was extracted with petroleum ether and, after removal of the solvent, the extract was 
saponified with NaOH. The non-saponifiable fraction was chromatographed on neutral alumina, sterols 
being eluted by increasing concentrations of ethyl acetate in petroleum ether. 

TLC. Sterols were acetylatcd (A~O/pyridinelo) and then applied as strips to prewashed silica gel G layers 
(20 x 20 x @l cm). Plates were developed using 10% ethyl acetate in petroleum ether and zones were located 
using dichl~fluorescein. Recovery of sterols was achieved by mechanical transfer of indicated rones into 
small chromatography columns followed by elution with ether. 

GLC. carried out using 3% OV-17 and 5% SE-30 stationary phases as previously described.” Retention 
indices were de&mined using nGoI&p, nCsl&s, nCs,H,o and nC&H,, as standards.*’ 

GC-MS. An LKB 9ooo gas chromatograph-mass spectrometer was used as previously described.6 The 
column (1% OV-17) was operated at 240” for the mobile sterol zone (fucosterol) and at 265” for the other two 
zones. Acetylated sterols were used and the ion of highest mass obtained for each sample always corresponded 
to m/c M-6O?*6 

Suringosterol acetate. The acetate (GLC: E3” 3530, e&?’ 3880) was recrystallimd from methanol to 
constant m.p. at 176178” (Ikekawa* reports the same melting point rather than the literature tlgme (162 
164”). The mass spectrum exhibited characteristic ions as follows: M-60,410 (15%); M-(60 + 18), 392 (6%); 
M-(40 + 28). 382 (3%); M-(60 + 18 + 15), 377 (2%); M-(60 + 28 + 15), 367 (3%); M-(60 + 18 + 43), 349 
(7%); M-157,313 (4%); M-(60 + 114), 296 (9%); M-(60 + 127), 283 (9%); M-(60 + 157), 253 (24%); base 
peak m/e 43 (lOO”/O). 

Znfruredspectrum. (S.P. 200; nujol mull) 3530,1715,1270,1250,1035,995,980,960,917,800 cm-‘. 
NMR. (Varian H.A. 100; CDC& solution, TMS standard.) Methyl singlets: 9-34,90,8-O T; multiplet 

5.38 T(C~ proton); doublet 466 7 (J 2 cps) (C, proton); and a vinyl group septet centred at 4.2 7 (quartet J 11 
and 17 cps) (Gs proton) and at 4.81 7 (triplet) (2 x cl, protons). 

Sur&osterol. The acetate was hydrolysed to atford the free diol, m.p. (uq. methanol) 160-la”, lit.’ 160- 
161”. Themassspectrum(GEGAEIMS-12)correspondedtasdidthei.r.s~trum. 

24XetochoZesterof acetate failed to crystallize, the mass spectrum of the TLC purifled material exhibited 
ions for M-60,382 (66%); M-(60 + 86), 2% (14%); M-(60 + 127), 255 (16%); M-(60 + 129). 253 (12”%); base 
peak: m/e 43 (lOO”/O). 

Z&v-red spectrum. (liquid film). 1730, 1710, 1475, 1450, 1380, 1250, 1040, 960, 905, 850, 805 cm-*, 
comparable with peaks from au authentic sample. 

Fucosterolfructbn. GLC indicated five components, peak 1(15x) Isam30 3185, IO”-I7 3450; peak 2 (7%) 
I=-‘O 3225, IO”-I’ 3500; peak 3 (17%) I=-l” 3275, I O”-l’ 3560; peak 4 (trace) I““-” 3645; peak 5 (61%) 
1aE-3o 3370, IO”-” 3650. 

GC-M$ showed ions of highest mass (M-60) at m/e 368 (peak 1). 380 (peek 2), 380 (peak 3), 396 (peak 4), 
394 (peak 5) and fragment ions as described previ0usly.5*~ 
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