Phytochenustry, Vol 22, No 1, pp 137-141, 1983
Printed in Great Britain

0031-9422/83/010137-05$03 00/0
© 1983 Pergamon Press Ltd

YT MM TR DTATAAT AT T A WRT/AOTION AT "I"T""" TATTT AANTAOT O TONT
THE OCCURRENCE OF LANOSTEROL AND 24-METHYLENELANOST-8-EN-
3B-OL IN LEAVES OF SYMPHORICARPUS ALBUS

GUNTER WILLUHN, IRMGARD MERFORT and UWE MATTHIESEN*

Institut fur Pharmazeutische Biologie der Untversitat Dusseldorf, *Institut fur Physiologische Chemie II der Universitat Dusseldorf,
Dusseldorf, West Germany

(Reuvised receed 11 June 1982)

Key Word Index—Symphoricarpus albus, Capnifohaceae, biosynthesis, chemotaxonomy, triterpene alcohols,
lanosterol, 4z-methylsterols, free and bound sterols, clerosterol, triterpene acids, aliphatic compounds

Abstract—From the leaves of Symphoricarpus albus the triterpene alcohols lanosterol and 24-methylenelanost-8-en-
3B-ol 1n addition to cycloartenol, 24-methylenecycloartanol, butyrospermol, lupeol, a-and S-amyrin, and bauerenol,
the 4a-methylsterols gramusterol, obtusifoliol, cycloeucalenol, citrostadienol, 31-norlanosterol, 31-norcycloartenol, 31-
norlanost-8-en-3f-ol and lophenol were identified Free sterols, and sterols bound in the form of esters, glucosides and
acylated glucosides, were 1solated and 1dentified as a mixture of cholesterol, campesterol, 24-methylenecholesterol,
stigmasterol, sitosterol, 1sofucosterol and clerosterol The total sterol contents and the amounts of the different forms of
sterols were determined The triterpene acids ursolic acid, oleanolic acid, and 2a-hydroxyursolic acid were 1solated The
possible use of lanosterol, clerosterol, the pentacychc triterpene alcohols and the acids as taxonomic markers within the
Caprifoliaceae 1s discussed Additionally the aliphatic compounds such as fatty acids, alkanes, primary and secondary

alcohols were analysed

INTRODUCTION

Symphoricarpus albus belongs to the chemically little
mnvestigated family of the Caprifohaceae of which phylo-
genetic unmity and, therefore, classification 1n the plant
system 1s controversial [1-5] Knowledge of the lipid
composition may help to clanfy these disagreements
Therefore we have analysed the triterpene alcohol and
acid, 4a-methylsterol, sterol, fatty acid, alkane and prim-
ary and secondary alcohol constituents of S albus

RESULTS AND DISCUSSION

Triterpene alcohols

From the triterpene alcohol fraction the following
tetracychc triterpenes were 1dentified by TLC, GC and
GC/MS cycloartenol (1), lanosterol (2), 24-methylene-
cycloartanol (3), 24-methylenelanost-8-en-38-ol (4), but-
yrospermol (5) and probably lanosta-7,24-dien-38-ol (6)
In addition to these substances, a further triterpene
alcohol, with an unsaturated side chain and two double
bonds 1n the ring system, was 1solated All these tetracyclic
triterpenes were found 1n free and esterified form

From the group of pentacyclic triterpene alcohols
lupeol (7), a- and f-amyrin (8, 9), and a compound derived
from a-or p-amyrin (28-nor-urs-12-en-38-ol or 28-nor-
olean-12-en-3f-ol, 10) were 1dentified They mostly occur-
red 1n the free form Moreover, bauerenol (11) and four
unidentified compounds were found 1n the esterified
fraction Based on the mass spectral fragmentation pat-
tern, one of them must be a taraxerene derivative with a
methyl group at C-19 and C-20 Another one has a hopane
or an arborane skeleton Further investigations were not
possible because of the very small amounts The com-
positions of the triterpene alcohols are listed 1n Table 1

The most signtficant feature of the triterpenes of S
albus 1s the occurrence of lanosterol and 24-methylene-
lanost-8-en-38-ol which, up to now, have been found only
in four famihies (Euphorbiaceae, Solanaceae, Brassicaceae
and Sapotaceae) [6-15] In these farmhes the two A8
lanostane triterpenes were found in the latex or in the
seeds Thus 1s the first reported identification of lanosterol
and 24-methylenelanost-8-en-38-0l 1n leaves The co-
occurence of the AS-triterpenes with the corresponding
98.19-cyclo-isomers, cycloartenol and  24-meth-
ylenecycloartanol, suggests that the enzymatic opening of
the 98,19-cyclopropane ring may not only occur at the 4a«-
methylsterol level [16] but also at the 4,4-dimethylsterol
levelin this plant [8] Another possibility 1s the occurrence
of two different enzymes for squalene cychization, one to
yield lanosterol and another for cycloartenol [17] The
occurence of these A%-triterpenes may be important for
comparative  chemotaxonomic  studies of  the
Caprifoliaceae Itoh er al [15] have shown that not all
plants are able to form lanosterol Therefore, 1t may be
possible to conclude relationships between species, genera
and tribes from the occurence or absence of lanosterol
The same 1s valid for butyrospermol and the pentacychc
triterpenes with different ring systems

da-Methylsterols

From the 4a-methylsterol fraction gramisterol (12),
obtusifoliol (13), cycloeucalenol (14), citrostadienol (15),
31-norlanosterol (16), 31-norcycloartenol (17), 31-
norlanost-8-en-38-ol (18) and lophenol (19) were 1dent1-
fied 1n free and esterified form by TLC, GC and GC/MS
These 4a-methylsterols are intermediates in sterol bio-
synthesis Compounds 16-18 are especially interesting
because they are considered to be intermediates in the
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Table 1 Approximate composition (%) of the free and esterified triterpene alcohols of the leaves from S
albus

Composition (%)¥

Esterified Free
TLC-zone Tnterpene 0029 from 0019 from
R, (acetylated) RR * dry wt dry wt
24-Methylenecycloartanol 169 4 2
060 Lupeol 157 tr 1
24-Methylenelanost-8-en-38-ol 142 1 2
068 Butyrospermol 138 14 tr
071 Lanosta-7,24-dien-38-ol 156 5 tr
Unidentified tetracyclic triterpene 126 1 tr
078 Cycloartenol 152 55 3
Lanosterol 128 15 3
Unidentified pentacyclic triterpene 129 tr —
Umdentified pentacychc triterpene 135 tr
B-Amyrin 137 ? z
086 Taraxerene denvative 147 1 —
a-Amyrin 152 — 15
28-Nor-urs-12-en-3§-0l or
28-nor-olean-12-en-3§-ol 152 — 51
Hopane or arborane derivative 156 1 —
Bauerenol 181 tr —

*RR, determined on an OV-17 column, relative to sitosterol

tDetermined by GC peak area

biosynthests of cholesterol [18] Hemtz and Benveniste
[16] supposed that they are ubiquitous mn the plant
kingdom Up to now they have not been found as often as
the other mentioned 4a-methylsterols

Sterols

Free and estenfied sterols of the petrol extract were
identified by TLC, GC, and GC/MS as a mixture of
sitosterol (20), stigmasterol (21), campesterol (22), chole-
sterol (23), 1sofucosterol [24 (= 24-ethyl-cholesta-5,
Z-24 (28)-dien-38-0l)] clerosterol  [25 (= 24B-ethyl-
cholesta-5,25 (27)-dien-38-0l) ] and 24-methylenechole-
sterol (26) Compound 20 was the main component

An authentic sample of sterol 25 was not available and
1ts identification was based on the TLC, GC and GC/MS
data reported 1n the it [19-24] The C-24 configuration 1s
left i doubt in this study Clerosterol, found In
Momordica charantia [19] and Kalanchoe daigremontiana
[22], has been demonstrated to have the 248-ethyl
configuration The identified sterols are common 1n
higher plants except for clerosterol (25) which, therefore,
may be useful i future for taxonomic studies of the
Caprifohiaceae

From the defatted acetone extract sterylglycosides and
acyl sterylglycosides were 1solated Alkalmme hydrolysis of
the acyl sterylglycosides yielded palmitic acidd which was
identified by GC after methylation The resulting steryl-
glycosides and the original sterylglycosides were acid
hydrolysed In both cases glucose was 1dentified as the
only sugar by TLC and GC of the alditol acetate [25] By
GC analysis the aglycones of the sterylglucosides and the
acyl sterylglycosides were found to be mamly sitosterol
(20) besides small amounts of 21-24 Thus the sterylglyco-

sides were 1dentified as glucosides and the acyl sterylglyco-
sides as palmitic esters of these glucosides

The total sterol contents and the amounts of the
different forms of sterols were determined by photometry
The total amount of sterol (013 %/ dry wt) did not differ
from that found 1n other plants [26-29], 399 of the
sterols occurred in the free form, 30 %, were esterified and
319 were glucosidic bound Compared with other plants
[26, 27] there seem to exist remarkable differences 1n the
amounts of these different forms of sterols

Fatty acuds

After methylation the fatty acids were 1dentified by GC
as a muxture of saturated acids with carbon numbers 12
and 14-24 as well as the unsaturated acids palmitoleic,
oleic and linoleic acid Palmitic (52 %), stearic (7%;) and
oleic acids (209) were dominant

Alkanes

GC analysis of the alkanes showed the homologous
series of carbon numbers 16-33 1n which the odd-carbon
number alkanes were dominant, in this case n-C,4 (65 %)
and n-C5, (29%) [30]

Primary aliphatic alcohols

GC analysis of the free primary aliphatic alcohols
revealed the homologous series n-C,y—n-C;, 1n which the
compounds with even-carbon number domunated, in this
case n"Czo (100/0), n-C22 (17 %) and n-C24 (33 %)
Esterified primary alcohols were analysed together with
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triterpenes after saponification Thewr composition did
not differ from that of the free alcohols

Secondary ahphatic alcohols

Secondary alcohols occurred 1n the leaves only 1n the
free form as the main components of the petrol-soluble
lipuds (11 %) The secondary nature of the hydroxyl group
was established by IR and oxidation to ketones [31]
Reduction gave the corresponding paraffins which by GC
analysis were mainly 1dentified as n-nonacosane (99 5 %)
The position of the hydroxyl group was determined by
mass spectrometry [32] The secondary alcohols were
identified as a mixture of nonacosan-10-ol (90%),
nonacosan-9-ol (58 %) and nonacosan-11-ol (3 6%) for
the first time in a Caprifoliaceae species The simultaneous
main occurrence of n-nonacosane as well as the n-
nonacosanols supported the suggestion that secondary
alcohols are formed by hydroxylation of alkanes [33]

Triterpene acids

From the defatted acetone extract ursolic acid,
oleanolic acid and 2a-hydroxyursolic acid were 1solated
The 1someric ursolic acid and oleanolic acid were 1denti-
fied by mp, IR and GC/MS of their methyl esters Their
mass spectra differed only n the proportion of the
intensity of the fragments at m/z 262 and 203 (methyl
oleanolate, 1 2, methyl ursolate, 1 1 [34]) The concen-
trations of these two triterpene acids were determined by
GC [27] to be 049, on a dry wt basis Ursolic acid
predomtnated (0229, cf oleanolic acid 0 18 %))

2a-Hydroxyursolic acid was identified by TLC, mp, IR
and mass spectral data Whereas oleanolic acid has
already been found 1n the leaves of S albus [35], ursolic
acid and 2«-hydroxyursolic acid were 1dentified for the
first tme Ursolic acid and oleanolic acid are also
constituents 1n other Caprifohaceae species [36-42] Up
to now 2a-hydroxyursolic acid has only been identified 1n
Viburnum species m this family [39, 41] 20p-
Hydroxyursolic acid occurs 1n flowers of Sambucus nigra
[43] but we could not detect 1t 1n leaves of S albus Thus,
there seem to exist different routes of hydroxylation to
yield the acids derived from amynn, within the
Caprifoliaceae species which may be useful for taxonomic
studies

EXPERIMENTAL

Mps are uncorr IR spectra were recorded in KBr MS (70¢V,
triterpene alcohols and 4a-methylsterols m/z > 150, otherwise
m/z > 50) were taken with a GC/MS (OV-101 WCOT glass
capillary column, 230°, sphtless injection, sample vol 01-05 ul) or
with a probe injection GC triterpene alcohols 2m x 2 Smm
glass column packed with 3¢, OV-17 (260°, N, 50ml/min, RR,
1s given relative to sitosterol), 2m x 2 mm steel column packed
with 39 SE-30 (250°, N, 30ml/min), 2m x 3 mm glass column
packed with 39, QF-1 (250°, N, 40 ml/min), 4a-methylsterols
39 OV-17 (270°, N, 50ml/mn), sterols 39 OV-17 (270°,
N, 30ml/min), 3% SE-30 (250°, N, 26 ml/min), 2m x 3mm
glass column packed with 3% XE-60 (235°,
N, 25ml/mn), RR, 1s given 1n each case relative to cholesteryl
acetate, primary alcohols 39 OV-17 (260°, N, 30ml/min),
alkanes 39, SE-30(230°, N, 26 ml/mn), secondary alcohols 3¢/
SE-30(250°, N, 30 ml/mun), fatty acids as Me esters 2m x 2mm

steel column packed with 109, DEGS on Supelcoport (temp
programmed 80-180° at 6°/mun, N, 30 ml/min), glucitol acetate
2m x 3mm glass column packed with 3¢, OV-225 (190°, N,
40 ml/min), Me esters of triterpene acids 39, OV-17 (280°, N,
60 ml/min, RR, relative to cholesterol) Approx compositions of
the compounds were based on the GC data

Fractionation of petrol extract Air-dried and ground leaves of
Symphoricarpus albus (L) Blake (14kg) were exhaustively
extracted with petrol tn a Soxhlet apparatus (46 g ipids) The
extract (10 g) was fractionated over Al,O; (Woelm, neutral, Act
) with solvents of increasing in polanty (petrol, C¢Hg, EtOAc,
MeOH) The extract (9 g) was also separated by dry-CC (Silica
Woelm, TSC, Act II) with toluene—petrol (65 35) [44] By
repeated CC and prep TLC the following fractions, in addition
to fractions with unidentified compounds, were obtained n-
alkanes (14 g), ester compounds (3 76 g), secondary aliphatic
alcohols (2 1 g), free triterpene alcohols accompanied by primary
ahphatic alcohols (021 g), 4a-methylsterols (0 01 g) and sterols
(033 g) The ester fraction was sapontfied in refluxing methanohc
KOH [45] By repeated S1 gel CC of the unsaponifiable hipid
(2 34 g) with petrol-EtOAc-toluene (80 15 5), 019 g triterpene
alcohols together with pnimary alcohols, 0 05 g 4a-methylsterols,
and 0 13 g sterols were obtained The aq soln was extracted (pH
1) with petrol to yield the fatty acids (0 34 g)

Triterpene alcohols The tniterpene alcohols from the ester
fraction were acetylated and separated into five zones by prep S
gel TLC TLC plates were impregnated with 209/ ag AgNO,
soln and developed with n-hexane—C¢Hg (1 1) The zones were
extracted and the single components were identified by compar-
ng their GC retention times with those of authentic samples on
three different stationary phases and by GC/MS Data were
identical with those reported 1n the it [12, 46-50] The free
triterpene alcohols were separated from primary alcohols via the
urea canal inclusion complex [51] After acetylation, further
separation and 1dentification was performed as described above
Zones 1-4 of the triterpene acetates from the ester fraction
corresponded with those of the free triterpenes Zone 1 (R, 0 60)
3-,4-and 7- acetate Zone 2 (R, 068) S-acetate Zone 3 (R, 071)
remained unidentified RR, 126, MS m/z (rel mt) 466 [M]"*
(100), 451 (19), 406 (16), 391 (31), 353 (43), 313 (30) The MS
revealed a triterpene with an unsatd side chain and two double
bonds in the ring system, RR, 1 56, MS m/z (rel int) 468 [M]*
(35), 453 (100), 408 (4), 393 (92), 355 (9), 301 (24), 297 (9), based on
GC and MS data 1t may be 6-acetate but further investigations
are necessary Zone 4 (R, 078) 1-and 2-acetate Zone 5 (R, 0 86)
from the esterified triterpenes components of RR, 129 and 1 35
remain unidentified, component of RR, 147 was a taraxerene
denivative, MS m/z (rel int) 468 [M]"* (15), 453 (5), 393 (4), 344
(100), 329 (44), 316 (16), 284 (24), 269 (44), 204 (47), MS data
differed from those of taraxeryl acetate only in the intensities of
m/z 344 and 204, component of RR, 156 had a hopane or
arborane skeleton, MS m/z (rel int) 468 [M]* (20), 453 (62), 408
(6), 393 (27), 301 (100), 289 (14), 241 (88), 229 (36), 205 (67),
component of RR, 181 11-acetate, MS m/z (rel int) 468 [M]*
(20), 453 (16), 393 (17), 301 (17), 289 (100), 229 (92), 205 (29) Zone
5 from the free acetylated triterpenes 8-,9-and 10-acetate, MS of
10-acetate (RR, 1 52) showed fragments of m/z 454, 439, 379, 204
(base peak), 189, the fragment at m/z 204 can be derived by a
retro-Diels—Alder reaction 1n ring C which 1s charactenistic for
the presence of a A!? double bond in triterpenes of the a- and -
amyrin class [50]

4a-Methylsterols Separation and identification of the ac-
etylated 4a-methylsterols was performed in the same manner
described above Zone 1 (R, 022) 12-acetate, zone 2 (R, 032)
13- and 14-acetate, zone 3 (R 040) 15-acetate, zone 4 (R0 51)
16- and 17-acetate, zone 5 (R, 065) 18- and 19-acetate



140 G WILLUHN et al

Sterols Separation and identification of the sterols was as
described above {52-54] Zone 1 (R, 049) 20-, 21-, 22- and 23-
acetate, zone 2 (R, 029) 24- and 25-acetate, RR, of 25-acetate
161 (OV-17), 1 56 (SE-30), 1 55 (XE-60), MS m/z (rel nt) 394
[M —AcOH]* (100), 379 (12), 296 (13), 286 (15), 281 (30), 273
(15), 255 (17), 253 (26), 229 (11), 228 (20), 213 (26), 211 (11), zone 3
(R; 014) 26-acetate

Alkanes Mp 61-63°, IR was 1dentical to those reported [55]

Primary alcohols Mp 57-60°, IR data corresponded to those in
the it [55)

Secondary alcohols Mp 78-80° (Found C, 81 5, H, 141 Calc
for C;oHssOH C, 82, H, 1429 ) IR data were 1dentical with
those reported [56] Nonacosan-10-ol MS m/z 424 [M]*, 406,
297, 279, 157, nonacosan-9-ol MS m/z, 424 [M]~, 406, 311, 293,
143, nonacosan-11-ol MS m/z 424 [M]", 406, 283, 265, 171

Steryiglycosides and acyl sterylgiycosides The defatted
Me,CO extract (6 g) was fractionated by prep TLC using
CHCl;-MeOH (6 1) as solvent [29] on Si gel (075 mm)
(sterylglycosides R; 041, acyl sterylglycosides R, 073) The
fractions were purified on Si gel 60 columns using CHC[3 with
increasing amounts of MeOH (up to 8%))

Sterylglycosides 17 6 mg, mp 260-262° (MeOH), IR vKBr cm !
3400, 2940, 1470, 1380, 1150-1000 [57] The sterylglycosldes
were hydrolysed 1n refluxing 2 N HCI for 4 hr The aglycones
(sterols) were extracted with petrol, the aq soln yielded the sugar
(glucose) TLC of the glucose Kieselguhr G impregnated with P1
buffer, pH 5, n-BuOH-Me, CO-Pi buffer, pH 5 (40 50 1)[58]

Acyl sterylglycosides 119mg, mp 130-133° (MeOH), IR
showed absorption at 1740 cm ™ ! additionally to those displayed
by sterylglycoside [57] Alkalme hydrolysis was as previously
described [59], for acid hydrolysis see above for the steryl-
glycosides

Quantitative determination of the different sterol types was
performed by the method reported employing the Lieber-
mann-Burchard reaction [27]

Triterpene acids The defatted Me,CO extract (12g) was
fractionated twice on Si1 gel 60 columns by CHCl;,
CHCl;-MeOH (99 1), and CHCl,-MeOH (98 2) TLC with
toluene-Me,CO (7 3) [43] ursolic acid and oleanolic acid (R,
060), 2a-hydroxyursolic acid (R 026), 208-hydroxyursolic acid
(R, 021)

Ursolic acid and oleanohic acid 100 mg, mp 260-263° (EtOH),
IR data corresponded to a mixture of authentic ursolic acid and
oleanolic acid [60] GC analysis Me ursolate RR, 374, Me
oleanolate RR, 324 MS Me ursolate m/z (rel int) 470 [M]*
(6), 452 (3), 410 (5), 262 (99), 249 (10}, 207 (29), 203 (100), 190 (15),
189 (29), 133 (80), Me oleanolate m/z (rel nt) 470 M]* (6), 452
(2), 410 (4), 262 (59), 249 (6), 207 (13), 203 (100), 190 (13), 189 (26),
133 (32) [37, 50] 2a-Hydroxyursohc acid 84 mg, mp 245-247°
(MeOH) (it [397] 242-245%) IR vKBrem™! 3400, 1690, 1455,
1380, 1270, 1045 (60) MS m/z (rel nt) 472[M]* (2),454 (2),248
(100), 235 (3), 223 (9), 203 (46), 190 (4), 189 (8), 133 (21), 60 (12)

Acknowledgements—We are grateful to Professor T Matsumoto,
Nihon Untversity, Japan and Professor P Sengupta, University
of Kalyani, West Bengal for authentic triterpene alcohols and 4a-
methyisterols, to Dr R P Rastogi, Central Drug Research
Institute, Lucknow, India for authentic 2o-hydroxyursolic acid,
and to Professor Dr R Hansel, Institut fur Pharmakognosie und
Phytochemie der Freien Universitat Berlin, West Germany for
208-hydroxyursolic acid

REFERENCES

! Hegnauer, R (1964) Chemotaxonomie der Pflanzen Vol 111
Birkhauser, Basel-Stuttgart

2 Hillebrand, G R and Fairbrothers, D E (1970} Brittonia 22,
125
3 Wagenitz, G (1964) Engler’s Syllabus der Pflanzenfanulien
Vol II, p 12 Gebruder Borntrager, Berhn
4 Hutchinson, J (1973) The Family of Fiowering Plants p 3
Clarendon Press, Oxford
5 Dahlgren, R (1975) Bot Not 128, 119
6 Gonzalez, A G and Mora, M L G (1954) Chem Abstr 48,
7039
7 Ponsinet, G and Ounisson, G (1967) Phytochemistry 6, 1235
8 Ponsmet, G and Ourisson, G (1968) Phytochemstry 7, 757
9 Nielsen, P E, Noishamura, H, Liang, Y and Calvin, M (1979)
Phytochemstry 18, 103
10 Sekula, B C and Nes, W R (1980) Phytochemustry 19, 1509
11 Ahmed, S, Hammoda, F M and Rizk, A M (1977)
Pharmazie 32, 47
12 Itoh, T, Tamura, T and Matsumoto, T (1977) Phyto-
chemistry 16, 1723
3 Itoh, T, Jeong, T M, Hirano, Y, Tamura,
Matsumoto T (1977) Sterozds 29, 569
14 Ttoh, T, Tamura, T and Matsumoto, T (1978) Fette, Seifen,
Anstrichm 10, 382
15 Itoh, T, Uetsuks, T, Tamura, T and Matsumoto, T (1980)
Lipids 15, 407
16 Heintz, R and Benveniste, P (1974) J Biol Chem 249, 4267
17 Cattel, L, Anding, C and Benvenmiste, P (1976) Phyto-
chenustry 18, 931
18 Rees, H H, Goad, L J and Goodwm, T W (1968)
Phytochemustry 7, 1875
19 Sucrow, W (1966) Chem Ber 99, 2765
20 Itoh, T, Komagata, H, Tamura, T and Matsumoto, T
(1981) Fette, Seifen, Anstrichm 83, 123
21 Adler, G and Kasprzyk, Z (1975) Phytochemistry 14, 627
22 Nes, W R, Krevitz, K, Joseph, J, Nes, W D, Harrms, B,
Gibbons, G F and Patterson, G W (1977) Lipuds 12, 511
23 Rubinstem, I and Goad, L J (1974) Phytochemistry 13, 481
24 Massey, I J and Djerassi, C (1979) J Org Chem 44, 2448
25 Jansson, P E, Kenne, L, Lindgren, H, Lindberg, B and
Lonngren, U J (1976) Chem Commun 8, 1
26 Willuhn, G and Kostens, J (1975) Phytochenustry 14, 2055
27 Ruchter, W and Willuhn, G (1977) Pharm Ztg 122, 1567
28 Grunwald, C (1975) Phytochenustry 14, 79
29 Eichenberger, W and Grob, E C (1970) FEBS Letters 11,
177
30 Willuhn, G (1974) Pharm Zig 52, 2107
31 Brown, H C and Garg, C P (1961) J Am Chem Soc 83,
2952
32 Bery, R M and Lemon, H W (1970) Can J Chem 48, 67
33 Kolattukudy, P E, Buckner,J S and L, T J (1973) Arch
Biochem Biophys 156, 613
34 Thomas, A F and Willhalm, B (1964) Tetrahedron Letters
43, 3177
35 Sendra,J and Janeczko, Z (1973) Pol J Pharmacol Pharm
25, 607
36 Plouvier, M V (1975) C R Acad Sci Ser D 280, 653
37 Huneck, S and Snatzke, G (1965) Chem Ber 98, 120
38 Yagl, A, Mihash, K and Tsukamoto, T (1970) Syoyakugaku
Zassh 24, 44
39 Agarwal, S K and Rastogi, R P (1974) Phytochemistry 13,
666
40 Inoue, T and Sato, K (1975) Phytochemistry 14, 1871
41 Sethi, V K, Jain, M P and Thakur, R S (1977) Indian J
Pharm 39, 168
42 Willuhn, G and Richter, W (1977) Planta Med 31, 328
43 Hansel, R and Kussmaul, M (1975) Arch Pharm 308, 790
44 Loev, B and Goodman, M M (1967) Chem Ind 2026

—



45

47

48

49
50

51
52

Sterols of Symphoricarpus albus

Schreiber, K and Osske, G (1962) Kulturpflanze 10, 372
Itoh, T, Tamura, T, Iida, T and Matsumoto, T (1974)
Sterowds 23, 687

Itoh, T, Tamura, T and Matsumoto, T (1976) Phyto-
chenustry 15, 1781

Audier, H E, Beugelmans, R and Das, B C (1966)
Tetrahedron Letters 36, 4341

Itoh, T, Tamura, T and Matsumoto, T (1974) Lipids 9, 173
Budzikiewicz, H, Wilson,J M and Djerassi, C (1963)J Am
Chem Soc 85, 3688

Schlenk, W (1949) Angew Chem 61, 447

Itoh, T, Tamura, T, Iida, T and Matsumoto, T (1974)
Steroiuds 23, 687

53
54

55
56
57
58
59
60

141

Knights, B A (1967) J Gas Chromatogr 5, 273

Wyllie, S G, Amos, B A and Tokés, L (1977)J Org Chem
42, 725

Neidlein, R and Daldrup, V (1980) Arch Pharm 313, 97
Kolattukudy, P E (1970) Lipuds 5, 398

Lepage, M (1964) J Lipid Res 5, 587

Waldi, D (1965) J Chromatogr 18, 417

Kostens, J and Willuhn, G (1973) Planta Med 24, 278
Snatzke, G, Lampert, F and Tschesche, R (1962)
Tetrahedron 18, 1417



