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Free steroli and sterylglycosides (SG) from oat leaves and seeds were isolated by
conventional thin layer chromatography (TLC) and subjected to high performance
liquid chromatography (HPLC) for resolution of molecular species. Acylsterylglyco-
lides, isolated by TLC, were converted to SG by mild alkaline hydrolysis and determined
as SG. Sterols and SG were injected onto the column without any chemical treatment
and the separated species were detected at 200 nm. The separation of SG-species follows
exactly the separation of free sterols.

Though gas liquid chromatography still is the method of choice, advantages of
HPLC is to analyse directly the SG-specia without hydrolysis and derivatization as
compared to GLC. After TLC the sterol- and the SG-fraction are injected directly onto
the column. This is extremely important for labile sterylglycosides or sterols, as dem-
onstrated for the avenasterols.

Key words: Acylsterylglycosides — HPLC — Sterols — Sterylglycosides — Oat
(Aetna saliva).

Sterols are structural components of the lipid core of cell membranes and are biogenetic
precursors of numerous metabolites including plant steroid hormones (Mudd 1980). The im-
portance of SG and ASG as sterol storage forms, as structural components of cell membranes,
together with free sterols in intra- or intercellular transport of sterols has been suggested
(Eichenberger 1977, Wojciechowski 1980). To answer some of the raised questions, a rapid
analysis of small samples is necessary. Many workers have shown that HPLC is applicable to
the analysis of free sterols and sterol precursors (cf. Heftmann and Hunter 1979). Their results
have given evidence that the use of reversed phase columns is the method of choice for HPLC
of free sterols. In most cases the reversed phase column fillings consisted of C-18 coated particles.
The eluting solvents often contained higher concentrations of MeOH or other admixtures, which
prevent the detection at the maximum absorption wavelength or lead to a high ground noise
(Rees et al. 1976, Kikuchi and Miki 1978, Colin et al. 1979, Thowsen and Schroepfer 1979,
Lin et al. 1981). DiBussolo and Nes (1982) used acetonitrile containing 5% MeOH on a C-8
column and pure acetonitrile on a C-18 column, thus allowing a more optimal detection at

Abbreviations: SG, jterylglycosides; ASG, acylsterylglycosides; MeOH, methanol; TLC, thin layer chromato-
graphy; HPLC, high performance liquid chromatography; GLC, gas liquid chromatography.

" l Preliminary reports have been presented on the "4. Arbeitstagung, Pflanzliche Lipide", October 7-8, 1983 in
Munster (FRG) and on the "6th International Symposium on the Structure, Function and Metabolism of Plant
Lipids", Ncuchatel, Switzerland, July 16-20, 1984.
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205 nm. They showed the influence of various methyl groups, double bonds and branching on
the affinity to the column material.

The aim of our work was to develop a HPLC-application not only for free sterols but also
for SG and ASG without chemical alteration prior to injection. In order to get a good separation
and detection, we used a water-acetonitrile gradient, thus enabling a detection at 200 nm, leading
to a high sensitivity, which has been demonstrated for the separation of steroidal saponins
(Kesselmeier and Strack 1981). Though GLC still is the method of choice for analyzing free
sterols, HPLC is expected to show some advantages as compared to GLC: Derivatization, which
often leads to decomposition or structural alteration, and acid hydrolysis, which is necessary for
the analysis of SG and ASG by GLC, can be avoided. As shown by Kesselmeier et al. (1984),
acid hydrolysis may cause a loss of total sterols up to 80%. Therefore, avoiding acid hydrolysis
is extremely important, especially for the detection of some labile SG- and ASG-species, as shown
by our experiments.

Materials and Methods

Extraction and purification of steroids—Seeds and 8 days old oat (Avena sativa L.) primary leaves
(3—5 g fr wt; for growth conditions see Kesselmeier and Urban 1983) were extracted by grinding
in MeOH or CHCl3/MeOH=2/l (v/v). After centrifugation the pellet was extracted again
until all pigments were dissolved. The combined extracts were evaporated and dissolved in
0.5-1.0 ml of CHCl3/MeOH=2/l (v/v). Free sterols, SG and ASG were isolated by TLC on
precoated silicagel plates, using CHCl3/MeOH=90/10 (v/v). All solvents were distilled prior
to use. For the detection under UV-light (366 nm) the plates were sprayed with 0.2% (w/v)
8-anilino-naphtalene-1 -sulfonic acid (Merck, FRG) in MeOH. Spots of free sterols, SG and
ASG were scraped off and eluted with MeOH. ASG was converted to SG by mild alkaline
hydrolysis: Na-methoxide (20 /nl of a 20 mM solution in MeOH) was added to 100 /A of ASG
extract. The mixture was incubated at 35°C for 15 min. SG obtained from ASG was purified
by TLC as described above.

High performance liquid chromatography {HPLC)—Free sterols, SG and SG obtained from ASG
were dissolved in 300-500 /A MeOH. Via a Rheodyne valve 20 fA of this solution were directly
injected onto the HPLC-column (Reversed phase; Spherisorb Hexyl, 5 fim; 125x4.6 mm;
Bischoff, FRG). Separation was accomplished by a 30 min-gradient elution from 50% to 100%
acetonitrile (Baker, HPLC-grade) in water. The flow rate was 1 ml min"1. Detection was
achieved at 200 nm. The HPLC system and the detector (Uvikon 720) were products of
Kontron (Switzerland). Peaks were identified by cochromatography with commercial com-
pounds and by GLC-MS of collected peaks according to Eichenberger and Urban (1984).
Calibration was obtained with commercial cholesterol and stigmasterol.

Digestion of SG and ASG for GLC-analysis—Sterols were released from SG and ASG by acid
hydrolysis according to Eichenberger (1982). Additionally, SG was converted to die corre-
sponding free sterols by enzymatic digestion: 0.5 mg SG was dissolved in 30 /A dimethylsulfoxide.
After adding 0.5 ml citrate buffer (0.1 M; pH 5.0), containing 10 mg /?-glucosidase (Calbiochem;
EC 3.2.1.21) the mixture was incubated for 15 h at 32°C under shaking. Released sterols were
extracted widi petroleum ether (40-50°C)/diethylether=l/l (v/v).

GLC-MS analysis of sterols—For details see Eichenberger and Urban (1984).

Results and Discussion

Separation—Fig. 1 and 2 show the HPLC separation of free sterols obtained from oat leaves
and seeds as compared to GLC separation. Each HPLC-Peak was identified by GLC-MS-
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Fig. 1 a) HPLC- and b) GLC-separation of free sterols from oat leaves. Identification of HPLC-pcaks was
obtained by GLC-MS-analysis of collected single peaks (see Fig. 5). For denomination of HPLC-Peaks see cor-
responding numbers in the GLC-chromatogram. HPLG-quantities (nmol/peak): 1=0.25; 2 = 1.14; 3=0.97;
4=0.49; 5 = 2.01; 6=2.80.

analysis after collection (Fig. 5). The elution sequence is in accordance with DiBussolo and
Nes (1982). Striking differences concerning the avenasterols and stigmasterol are seen com-
paring free sterols from oat leaves with those from oat seeds. The main components in leaf
extracts are sitosterol and stigmasterol, whereas seeds contain mainly /J5-avenasterol and
sitosterol. These HPLC-results are confirmed by GLC-analysis (Fig. lb and 2b) and are in
accordance with Knights (1965) and Knights and Laurie (1967). HPLC-separation of free
sterols shows coelution of J7-avenasterol/cholesterol and J7-stigmastenol/stigmasterol, thus
confirming that GLC still is the method of choice for the analysis of free sterols. However, for
HPLC-analysis there is no need for derivatization, which often leads to decomposition or struc-
tural alteration. Thus, HPLC offers a method to analyse rapidly samples with smaller amounts
of sterols.

The aim of our work was to develop a sensitive HPLC-application not only for free sterols
but also for SG and ASG because to our knowledge no attempt has been made for separating
intact SG and ASG. ASG-species, however, contain fatty acids, which influence its adsorption
due to the sterol backbone (Kesselmeier et al. 1984). Moreover, unsaturated fatty acids influence
the absorption at 200 nm and prevent a reliable quantitation of ASG-species. Therefore, ASG
was converted to SG by mild alkaline hydrolysis. As shown in Fig. 3 the elution sequence of
intact SG-species follows exacdy that of free sterols, thus showing that the glycosidic residue has
no influence on the HPLC-separation except the elution velocity. The HPLC-separation of
intact SG-species clearly illustrates the main advantage of HPLC; no acid hydrolysis and no
derivatization is necessary for the rapid analysis of SG. This is extremely important for labile
SG-species, in our case the J7- and J5-avenasterolglycosides. Acid hydrolysis and deriva-
tization for GLC-analysis totally decompose these species, thereby causing a composition, which
is no longer identical with the one in vivo (Fig. 8). Both species were detected by GLC, when
the sterols were released from the SG-fraction by enzymatic digestion (Fig. 4). However, en-
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Fig. 2 a) HPLC- and b) GLC-separation of free sterols from oat tecds.
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Fig. 3 HPLC-scparation of intact »terylglycoaide» from oat seeda (a) and leaves (b).
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Fig. 4 Comparison of GLC-analysis (a) of sterols obtained from sterylglycosides (SG) by enzymatic degradation
with the corresponding HPLG-analysis (b) of intact SG from oat flour. For denomination see corresponding
numbers in the GLC-chromatogram. Oat flour was a generous gift of the Kentaur AG (Lutzelflilh, Switzerland)
and was extracted in the same way as intact seeds.
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Fig. 5 Distribution of sterols on HPLC-peaks analysed after coUection of individual peaks by GLC. Sterols
were released from SG by acid hydrolysis, thus leading to a decomposition of both avenasterols (see Fig. 3-4). a) Free
sterols from oat leaves, b) Free sterols from oat seeds, c) Stcrylglycosides from oat leaves.
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Fig. 6 Calibration curves, depending on the number
of double bondj per molecule (Average* of 4 HPLC-
measurementj ± 2 %).
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zymatic digestion causes other problems as for example enzyme specifity or SG-solubility in
aqueous solution.

The identification of free sterols and intact SG-species was achieved by collecting each peak
and analyzing it by GLC-MS (Fig. 5). Oat free sterols and, in identical elution sequence, the
intact SG-species were eluted in 5 or 6 HPLC-peaks, depending whether J7-cholestenol(glyco-
side) appears or not.

Quantitation—The detection of the underivatized sterol- and SG-species at 200 nm depends
on the number of double bonds per molecule, as it has also been shown for the separation and
quantitation of molecular species of plant glyco- and phospholipids (Kesselmeier and Heinz
1984). Using cholesterol (one double bond) and stigmasterol (two double bonds) detectability
was in the range of 0.2 nmol (0.08 fxg) and linearity was found up to 13 nmol (5.2 fig) tested
(Fig. 6). Stigmasterol showed a 1.5 fold higher absorption at 200 nm as compared to cholesterol,
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Fig. 7 Comparison of GLC-analysii with the corresponding HPLC-analysis of free sterols from oat leaves and
seeds. Composition on a molar basis (%).



HPLC of sterol and iterylglycoside species 469

STERYLGLYCOSIDES
100-

o

8.50-
E
o
o

* = Avenasterols are decomposed by acid hydrolysis

LEAVES

• GC

E3HPLC

sri

SEEDS

Kl*

100

- 50

2 2
(D 0) _ a>

te
ro

Of
"o

o

if)

o

>
i

<

i/iD
ue

i

o

st
er

0)
Q.
E
o
o

+

o
o>

Ino
E
g>

o
co>

"in
O

—
(/)

1

^ 3

O

a>
"in
_o
if)

+

o
..in
o>
o
O

o
o>
In
o
Ol

<C
i

* < )

o
a>
"in
o
c01
>

1

o

te
r

i / i

o>
a.
Eo
o

o

is
tn
o

Fig. 8 Comparison of GLC-anaJysis of sterols obtained from sterylglycosides by acid hydrolysis with the correspond-
ing HPLC-analyiis of intact SG from oat leaves and seeds. Decomposition of avenasterols is avoided by enzymatic
digestion (see Fig. 9). Composition on a molar basis (%).

due to the number of double bonds. The peak area per nmol cholesterol was identical to that
found for steroidal saponins with one double bond (Kesselmeier and Strack 1981), thus showing
that glycosidic residues do not affect the detection at 200 nm. Therefore, nmol/peak-area-ratios
of free sterols may also be used for calculating SG-species.

Fig. 9 Comparison of GLC-analyiis of sterols
obtained from sterylglycosidei (SG) by en-
zymatic digestion1 with the corresponding HPLC-
analysii of intact SG from oat flour (Oat flour
was a generous gift of the Kentaur AG,
Liilzelfluh, Switzerland, and waj extracted in
the same way as intact seed). Composition
on a molar basis (%).
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Quantitative comparison of GLC- and HPLC-analysis—Using the calibration described above,
we compared the species composition of free sterols and SG from oat leaves and seeds (Fig. 7—9).
Within the limitations caused by HPLC-separation and GLC depending difficulties, a good
agreement between both methods was found, thus showing the possibility of analyzing free
sterols and especially intact SG by HPLC without any chemical alteration of the molecular
structures. The sensitivity of HPLC at 200 nm is similar or even better than that of a GLC-
method, especially because no hydrolysis and derivatization is necessary. Therefore, an analysis
of small samples with a low steroid content is possible. During our investigations we found that
an extract equivalent to 1 g fr wt of leaves is sufficient for 5 HPLC analyses. The main limitation
is the range of detectability on the TLC plate. Due to the minimal loss of steroids after TLC-
purification the HPLC-application for free sterols, SG and SG from ASG offers a method to
analyse the function of these steroids as structural components and their intra- or intercellular
transport starting from small amounts of isolated cell membranes or other cell fractions.

This work was supported by the Deutiche Forschungsgemeinschaft. The skillful assistance of Mrs. Ute
Laudenbach is gratefully acknowledged.
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