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The lignan macromolecule (LM) was extracted from defatted flaxseeds using ethanol:dioxane (1:1, v/v) and then
purified by Amberlite XAD-16 column chromatography with water and methanol as mobile phases. The LM was
subjected to base hydrolysis (0.3 M NaOH, 2 days at room temperature under continuous stirring). Four general
fractions (I-1V) containing phenolic compounds were obtained from the hydrolysate using Sephadex LH-20 column
chromatography with methanol as mobile phase. Secoisolariciresinol diglucoside (SDG) was present in fractions | and
I1. The applied technique is useful prior to semi-preparative HPLC in the purification procedure of SDG to be used as a

standard.
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INTRODUCTION

Lignans are a class of diphenolic compounds
generally containing a dibenzylbutane skeleton
structure. In human nutrition the richest source of
lignans is flaxseed (Linum usitatissimum L.) [1].
The main lignan of flaxseed is secoisolariciresinol
diglucoside (SDG) [2]; it occurs in the plant in the
form of a lignan macromolecule (LM). When
flaxseeds are consumed, SDG is essentially
converted by bacteria to “mammalian” lignans,
namely enterodiol (ED) and enterolactone (EL) [3].

The antioxidant activity of extracts from
flaxseed and isolated SDG has been confirmed by
several authors using different experimental models
[4-7]. The potential role of lignans in risk reduction
of mammary and prostatic tumors has been
confirmed in several studies [8-11]. The similarities
in the chemical structures of ED and EL to estradiol
have led to the suggestion that both ED and EL can
act as weak estrogenic/antiestrogenic compounds
[12].

Several chromatographic methods have been
employed for the separation and determination of
flaxseed phenolic compounds. These include the
following: Sephadex LH-20, RP-8, and silica gel
column chromatography; TLC; RP-HPLC; and SE-
HPLC [3, 13-19].

The aim of this work was the application of a
Sephadex LH-20 column with methanol as mobile
phase for the separation of phenolic compounds
liberated from a flaxseed extract after base
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hydrolysis. This chromatographic method can be
used prior to semi-preparative HPLC in the
purification of a SDG standard.

MATERIALS AND METHODS

Chemicals
All solvents used were of analytical grade unless
otherwise specified. Methanol, hexane, and

acetonitrile were acquired from the P.O.Ch.
Company (Gliwice, Poland). Sephadex LH-20 and
Amberlite XAD-16 were obtained from Sigma-
Aldrich. RP-18 gel (40-63 pum) was purchased from
Merck (Darmstadt, Germany).

Plant material

Ground, partially defatted flaxseeds were
purchased from the “Ekoprodukt” company
(Czestochowa, Poland).

Extract preparation

The material was defatted with hexane, after
which the phenolic compounds were extracted
using dioxane:ethanol (1:1, wv/v) [17]. The
extraction was carried out for 16 h at 60°C under
continuous shaking in a water bath. Then, the
solvent was evaporated using a Biichi Rotavapor R-
200 at 40°C.

Extract purification

The extract of phenolic compounds was purified
using column chromatography on Amberlite XAD-
16 [20]. A 1.0 g portion of the extract was
suspended in distilled water and was loaded on the
column. Firstly, water-soluble compounds, mainly
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sugars and low-molecular-weight organic acids,
were eluted with distilled water and discarded. The
solvent was then changed over to methanol which
eluted the phenolic compounds. The solvent was
removed from the collected fraction using the
Rotavapor.

Hydrolysis

The purified extract was subjected to base
hydrolysis. Briefly, the purified extract was
suspended in 0.3 M NaOH, and left for 2 days at
room temperature under continuous stirring. The
obtained hydrolysate was acidified to pH 3.0 using
2 M HCI [17] and was subjected to column
chromatography on RP-18 gel. Water-soluble
compounds were eluted with distilled water and
discarded, whereas compounds of interest were
eluted with methanol. The solvent was removed
from the collected fraction using the Rotavapor.

Sephadex LH-20 column chromatography

A 0.6 g portion of the hydrolysate obtained was
dissolved in 8 ml of methanol and was applied to a
chromatographic column (2 x 60 cm) packed with
Sephadex LH-20 and was eluted with methanol.
Fractions (5 ml) were collected using a fraction
collector and their absorbance was measured at 280
and 320 nm, which are the characteristic
wavelength maxima for SDG and
hydroxycinnamates, the major phenolic constituents
of flaxseed. Eluates were then pooled into major
fractions, the solvent was evaporated and the
residues were weighed.

UV spectra

UV spectra of individual fractions dissolved in
methanol were recorded with a Beckman DU 7500
diode array spectrophotometer.

RP-HPLC

The separated fractions were analysed using a
Luna C18 (250 x 4.6 mm, 5 pm; Phenomenex,
Torrance, CA) column and a Shimadzu system
consisting of two LC-10AD pumps, a SCTL 10 A
system controller, and a SPD-M 10 A diode array
detector. Gradient elution with
acetonitrile:water:acetic acid  (5:93:2, V/viv)
[solvent A] and acetonitrile:water:acetic acid
(40:58:2, vivlv) [solvent B], at 0-50 min from 0 to
100% solvent B was employed [16]. The
concentration of the sample dissolved in methanol
was 2 mg/ml, the injection volume was 20 ul, the
flow rate was 1 ml/min. The separation of the
compounds was monitored at 280 and 320 nm. The
standard of SDG was separated from the
hydrolysed LM using a semi-preparative Luna C18
(250 x 10 mm, 5 pm; Phenomenex) column. Flow

rate of 3 ml/min and the same gradient elution were
used. A volume of 500 pL was injected into the
column.

RESULTS AND DISCUSSION

Four fractions (I-IV) containing phenolic
compounds were obtained from the hydrolysed
purified extract of flaxseed using Sephadex LH-20
column chromatography with methanol as the
mobile phase (Fig. 1).
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Fig. 1. Separation of phenolic compounds from a
hydrolysed flaxseed molecule on a Sephadex LH-20
column with methanol as mobile phase.

The highest relative content of fraction | in the
separated hydrolysate was at 53.5%, whereas the
smallest content at 13.2% was determined for
fraction IV (Table 1).

Table 1. Relative content of individual fractions

separated using Sephadex LH-20 column
chromatography and their UV spectral data
Fraction Relatn&():ontent Amax (NM) Ash (M)
| 53.5 284 -
1 12.9 284 308
1l 21.1 286 306
v 12.5 286, 308 -

It is interesting to note that the highest content
of total phenolic compounds was present in fraction
I11; the lowest content of total phenolics was found
in fraction .

The UV spectrum of fractions I and Il exhibited
a maximum at 284 nm. The absorption maxima for
fractions 11l and IV were observed at the longer
wavelengths of 286 and 308 nm, respectively (Fig.
2, Table 1).

These results demonstrate the absence of
phenolic acids in the first two fractions.
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Fig. 2. UV spectra of the individual fractions
separated on a Sephadex LH-20 column with methanol
as mobile phase.
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The RP-HPLC chromatogram of the hydrolyzed
LM recorded at 280 nm is characterized by three
main peaks (Fig. 3).

According to UV-DAD spectra and literature
data [17], the first two peaks originated from
glucosides of p-coumaric and ferulic acids (CoAG
and FeAG). The peak with a retention time of 20.32
min originated from SDG. After Sephadex LH-20
column chromatography, SDG was observed in
fractions | and Il (Fig. 3). The content of SDG in
fractions I and 11 was found to be534 and 464 mg/g,
respectively. Approximately 82% of SDG was
found in fraction | (Table 2). CoOAG and FeAG
were the dominant phenolic compounds present in
fractions Il and 1V (Fig. 4).
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Fig. 3. RP-HPLC chromatograms of the extract and fractions | and Il separated on a Sephadex LH-20 column with
methanol as mobile phase; 1 — CoAG, 2 — FeAG, 3 — SDG, 4 and 5 — other phenolic compounds.
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Table 2. Content of SDG in fractions separated using a
sephadex LH-20 column

. Content of SDG Relative content
Fraction (mg/g) (% of total)
| 533 82.1
| 464 17.9
1l - -
AV - -
CONCLUSION

Sephadex LH-20 column chromatography with
methanol as mobile phase provides good separation
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of SDG and other low-molecular-weight phenolic
compounds  liberated from the  flaxseed
macromolecule after base hydrolysis. This
chromatography seems to be a useful method prior
to semi-preparative HPLC in the purification of
SDG to be used as a standard.
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Fig. 4. RP-HPLC chromatograms of fractions Il and IV separated on a Sephadex LH-20 column with methanol as
mobile phase; 1 — CoAG, 2 — FeAG, 3 — SDG, 4 and 5 — other phenolic compounds.
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KOJIOHHA XPOMATOI'PA®UA CbC SEPHADEX LH-20 HA XUJPOJIM3MPAHA
JIMT'THAHOBA MAKPOMOJIEKVYJIA OT JIEHEHO CEME

M. Sdunak?, A. Cnaposa-Kazakosa?, B. Krnuesa? , P. Amaposuu®”

YUmemumym no pepnodyxmusnocm na scusomnu u uscnredsane na xpanu, Iloncka akademus na naykume, yi.
,, Tysuma” 10, 10-748 Onwun, Homwa u

2Uncmumym no opeanuuna xumus ¢ Llenmwp no ¢pumoxumua — Bvreapcka akademus na naykume, 6yn. ,, axao.
I'.bonues”, 6. 9,Cous 1113, bvreapus

(Pestome)

Jlurnanosata makpomouiekysia (JIM) e ekctpaxupana oT 00e3MacieHo JICHEHO ceMe, M3II0JI3BaiiKi eTaHOJI/IMOKCaH
(1:1, v/V) u cnen toBa e npeuncreHa ¢ Amberlite XAD-16 konorna xpomarorpadus ¢ Boja ¥ METAaHOJ KaTo MOOWIIHH
¢as3u. Jlurnanosara Makpomosekyina, JIM, e momnoxkeHa ciei TOBa Ha alkanHa xujaposusza. [lomydenu ca yeTHpH
¢pakuun (1-1V), cpappkamm (EHONHM ChEAWHEHHS OT XHUAPOIU3UPAHUS MPEUYNCTEH eCTPaKT Ha IJIEHCHO ceMe,
nsnomBaiikn Sephadex LH-20 kononna xpomarorpadust ¢ MeTaHod kato MobwiHa (aza. Cexon3o-TapHUIrupe3nHOI
murroko3un (CAT) mpucwsctBa BB ¢pakumu | um Il.  Tasm xpomatorpadust € mone3Ha TeXHHKa IMPETd MOIY-
mpenapaTuBHa BHcoKoedekTuBHa TeyHa xpomarorpadus (BETX) mpu mpeunmmrBaneto Ha CJHI, W3momsBaH Kato
CTaH/apT.
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