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When the natural lignan hydroxymatairesinol (1) was treated with an alkaline aqueous solution, it
partially rearranged to isomeric forms of a lariciresinol-type butyrolactone lignan. The two major
diastereomers formed (2 and 3) were isolated by column and medium-pressure chromatography, and
their structures were elucidated by MS and NMR techniques. These previously unknown butyrolactone
lignans were identified as naturally occurring in spruce knotwood by GC, GC-MS, and HPLC-ESI MS/
MS analyses. The formation of isohydroxymatairesinol (2) and epi-isohydroxymatairesinol (3) from
hydroxymatairesinol (1), and their detection in rat urine after administration of 1, is discussed.

Lignans have attracted much interest due to their
widespread occurrence in various plant species and their
broad range of biological activity.1 The chemistry and
the occurrence of lignans in tree species and analyses of
lignans in human plasma and rat urine have been studied
for many years in our laboratories.2-4 The knots, i.e.,
the branch bases of softwood tree species, are the richest
source of lignans in nature.5 Knots of Norway spruce (Picea
abies) contain exceptionally large amounts, i.e., up to 17%,
of the butyrolactone lignan hydroxymatairesinol (1).2
Hydroxymatairesinol can be isolated as a mixture of two
diastereomers, (7R,8R,8′R)-(-)-7-allo-hydroxymatairesinol
(1a) (minor isomer) and (7S,8R,8′R)-(-)-7-hydroxymat-
airesinol (1b) (major isomer), in large quantities from
wood chips and must for the moment be regarded as the
most abundant lignan in nature.6,7 We have also shown
that 1 can be converted to several new and previously
known lignans and norlignans by synthetic transforma-
tions.8-11

The biological activity of 1 has been widely studied. It
has been shown that 1 is metabolized to (-)-enterolactone
by intestinal bacteria in rats and in humans and that it
has chemopreventive effects on the development of DMBA-
induced mammary carcinoma in rats.12,13 Hydroxymataires-
inol has also been shown to have a chemopreventive effect
in the ApcMin mice model of human familial adenomatous
polyopsis and to be a strong antioxidant able to reduce the
oxidation of LDL particles in vitro.14,15

In the early 1980s there was much discussion about the
detection and the role of the mammalian lignans entero-
lactone (ENL) and enterodiol (END) in human and vervet
monkey urine.16,17 It was soon shown that these metabolites
originated from plant lignan precursors, which were me-
tabolized by intestinal microflora in the lower gut.18,19 The
biological activity and the formation of these lignans in vivo
have been thoroughly studied over the years.20 We have
analyzed the excretion of lignans in rat urine after admin-
istration of different plant lignans. Many lignans are
metabolized not only to the mammalian lignans but also
to other plant lignans during the oxidative metabolism.
Most plant lignans are also excreted unmetabolized in the
urine.
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Recently, we discovered that hydroxymatairesinol could
be converted to isomers of a new type of lignan that does
not belong to any of the previously known groups of
naturally occurring lignans. Isolation and structural de-
termination led to the identification of two lariciresinol-
type butyrolactone lignan diastereomers (2 and 3, Scheme
1). We here report the formation of 2 and 3 from hydroxy-
matairesinol, as well as the occurrence of these new lignans
in spruce wood. We also report the excretion of 2 and 3
and briefly discuss the excretion of hydroxymatairesinol
and mammalian lignans in rat urine.

Results and Discussion

When hydroxymatairesinol (1) was dissolved in alkaline
aqueous/THF solution at pH 8-9, epimerization at C-7 and
the formation of conidendric acid were the main transfor-
mations detected. However, 1 was also partially (4-7%)
converted into two previously unknown lignans (com-
pounds 2 (5%) and 3 (1%)) and to detectable amounts of
their stereoisomeric forms, tentatively identified as the 8′-
epimers by the similar mass spectra (∼0.5%). Variation of
the reaction parameters (concentration, reaction time,
temperature, and pH) did not significantly alter the
amounts of compounds 2 and 3. Analysis of compounds 2
and 3 by LC-MS/MS ESI showed a molecular ion peak
equal to that of 1 (m/z 373, M - H-), but differences were
observed both in retention times and in the fragmentation
patterns. Similar results were obtained by GC-MS analy-
ses of the trimethylsilyl ethers (m/z 590, M+). Instead of
the fragment ion m/z 297 [Ar - CHOTMS]+ resulting from
the benzylic cleavage of 1, m/z 324 [Ar - C3H4OTMS]+ was
the most abundant ion peak in the mass spectra (of the
trimethylsilyl ether derivatives) of 2 and 3. Compounds 1,
2, and 3 all showed the fragment m/z 209 [ArCH2]+;
however, the lack of m/z 297 in 2 and 3 indicated that no
free benzylic alcohol group was present in these com-
pounds. Also, m/z 324 is a typical fragment for lariciresinol-
type lignans.27 High-resolution mass spectrometry gave the
mass 374.136 and the elemental composition of C20H22O7

for 1, 2, and 3, which indicated that these compounds were
isomeric.

Compounds 2 and 3 were separated from the reaction
mixture by normal-phase silica column chromatography
followed by medium-pressure liquid chromatography
(MPLC). Both compounds showed 13C and 1H NMR signals
characteristic of the guaiacyl (4-hydroxy-3-methoxyphenyl)
substitution pattern in the aromatic region. In the aliphatic
region, they showed signals closely related to those of 1.
However, chemical shifts and coupling constants of 2 and
3 were different from those of 1. Compared to 1, the
doublets of H-7 were shifted approximately 0.5 ppm down-
field and showed coupling constants of 2.6 Hz (J7,8) for 2
and 9.3 Hz (J7,8) for 3. Correspondingly, the 1H signals of
H-9a and H-9b were shifted upfield, which indicated a
rearrangement of the butyrolactone ring. Correlation spec-
troscopy (COSY, long-range COSY, NOESY, HETCOR, and
COLOC) experiments confirmed that the two compounds
were diastereomers of 7,8′,8-substituted butyrolactone lig-
nans (3,4,5-substituted-dihydro furanones) as depicted in
Scheme 1 (compounds 2 and 3). The configurations at
positions 8 and 8′ were predetermined by the known
configuration 8R and 8′R for compound 1.8 The coupling
constants between H-8 and H-8′ were in accordance with
the 8R,8′R cis configurations (J8,8′ ) 8.1 Hz for compound
2 and 10.2 Hz for compound 3), which in both cases showed
a dihedral angle close to 0° by molecular modeling.21 Both
compounds showed NOESY correlation between H-8 and
H-8′. The stereochemistry at C-7 was deduced from the
coupling constant and NOESY experiments. Compound 3
showed NOESY correlation between H-7 and H-8 and a
coupling constant of 9.3 Hz, indicating a cis configuration.
Compound 2 showed no NOESY correlation between H-7
and H-8 and a coupling constant of 2.6 Hz, indicating a
trans configuration, which by molecular modeling showed
a dihedral angle close to 90°. The structure of (3R,4R,5S)-
(+)-3-(4′-hydroxy-3′-methoxyphenylmethyl)-4-(hydroxymeth-
yl)-5-(4-hydroxy-3-methoxyphenyl)dihydro-2-furanone was
therefore assigned to compound 2. Correspondingly, the
structure of compound 3 was (3R,4R,5R)-(+)-3-(4′-hydroxy-
3′-methoxyphenylmethyl)-4-(hydroxymethyl)-5-(4-hydroxy-
3-methoxyphenyl)dihydro-2-furanone. According to the
nomenclature for lignans and neolignans,22 these com-

Scheme 1. Formation of Isohydroxymatairesinol (2) and Epi-isohydroxymatairesinol (3) from Hydroxymatairesinol (1a and 1b) via a
para-Quinone Methide Intermediate in Aqueous Alkaline Conditions
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pounds may be semisystematically named as (8âR,8′âR,-
7RS)-(+)-4,4′-dihydroxy-3,3′-dimethoxy-8-hydroxymethyl-
lign-7-9′-lactone (2) and (8âR,8′âR,7âR)-(+)-4,4′-dihydroxy-
3,3′-dimethoxy-8-hydroxymethyl-lign-7-9′-lactone (3). As
a trivial name we suggest isohydroxymatairesinol (2) and
epi-isohydroxymatairesinol (3), on the basis that these
compounds are epimers and constitutional isomers of
hydroxymatairesinol.

To the best of our knowledge, this type of butyrolactone
lignans has not previously been reported among naturally
occurring lignans. However, similar structures have been
used as intermediates in lignan synthesis,23,24 and a similar
base-catalyzed conversion of acetylparabenzlactone has
been reported.25

In a more detailed study of the transformation of 1 in
alkaline aqueous solutions, we speculated that 1 formed a
para-quinone methide intermediate (p-QM), which was
easily attacked by nucleophiles (unpublished results). It
is therefore probable that, under alkaline conditions, the
lactone ring is opened and a nucleophilic attack by the
carboxylic acid anion to the position 7 of the para-quinone
methide occurs, leading to the rearranged products (Scheme
1). The 7S-diastereomer (2) is predominantly formed, which
is in accordance with the reasonable proposition that the
7-8-trans location of the bulky substituents should be
favorable on stereochemical grounds. Moritani et al. used
similar structures as intermediates in the synthesis of
R-hydroxy-R,â-dibenzylbutyrolactone lignans.23 The forma-
tion of the 7-9′-butyrolactone ring was accomplished by a
rearrangement of the 7-hydroxydibenzylbutyrolactone pre-
cursors, using a translactonization reaction in NaH/DMF.
The rearrangement proceeded with complete epimerization
at the R-carbon to yield the thermodynamically most stable
all-trans compound. In our experiment, only detectable
amounts of what were apparently the R-isomers were
formed (8′R-epi-isohydroxymatairesinol and 8′R-isohydroxy-
matairesinol). In the slightly alkaline aqueous solution the
enolization (R-deprotonization) of the lactone is not ex-
pected. Niwa et al. reported the transformation of acetyl-
parabenzlactone to the lariciresinol-type lignan during
deacetylation in 2% methanolic KOH. They obtained only
one diastereomer, and no R-epimerization during the
rearrangement was reported.25 Under the same conditions,
hydroxymatairesinol yielded the 7-methoxy-substituted
(7-methoxymatairesinol) product by the nucleophilic attack
of methanol to the quinone methide intermediate.

The free para-hydroxyl group of 1 significantly enhances
the formation of the para-quinone methide at alkaline
conditions. In fact the reaction mixture turned yellow on
addition of base, and such a color change has been ascribed
to quinone methide intermediates and stable quinone
methides.27 We therefore suggest that the formation of 2
and 3 proceeds as outlined in Scheme 1, although the direct
attack of the deprotonated benzylic alcohol on the carbonyl
carbon cannot be excluded.

Guaiacyl-type lignans are the most abundant group of
lignans in nature, and lignans found in spruce wood almost
entirely belong to this particular group. In a comprehensive
study by Ekman, 19 lignans were detected in spruce
wood.26 However, several minor components were not
identified, and knots were not analyzed. In our study of
lignans in Norway spruce, we have shown that the knots
contain as much as 6-24% of lignans, with hydroxy-
matairesinol (1) as the predominant lignan (70-80% of the
total lignan content).2 In a typical sample of the hydrophilic
extractives of Norway spruce knots, both isomers of 1 are
by far the most dominating components. Secoisolarici-

resinol, liovil, R-conidendrin, and the previously unknown
lignan isohydroxymatairesinol (2) are other lignans occur-
ring in notable amounts (as shown in Figure 1 and Table
1, Supporting Information). Isohydroxymatairesinol (2) was
also detected (1-2%) in the hydroxymatairesinol fraction
after flash-chromatographic isolation and purification of
hydroxymatairesinol from knotwood. Normal-phase silica
column chromatography and flash chromatography were
unable to separate the totally coeluting compounds 1b and
2.

Preliminary analyses of knotwood of other spruce species
indicated that 2 is a minor component in most of the species
containing 1 as a major component. Also an isomeric
compound tentatively identified as 8′R-isohydroxymataires-
inol can be detected in small amounts. Compound 2 was
indicated to occur also in the stemwood of several spruce
species. The fact that the occurrence of 1 correlates with
the occurrence of 2 indicates that 2 is formed from 1 by a
rearrangement in vivo. Thus, it is also possible that 2 is
formed in minor amounts during an earlier step in the
biosynthesis of 1.

In the animal experiments, 5 female rats were orally
administered a dose of 50 mg/kg of bodyweight of 1, and
the urine was collected during the following 48 h. Both
prior to and during the experiment the rats were fed with
an RM1 diet. This diet resulted in a background concentra-
tion of some lignans, and therefore the background con-
centrations (prior to administration) were subtracted from
the analyzed amounts. In Table 1 the excretion of 1a, 1b,
2, 3, enterodiol (END), 7-hydroxyenterolactone (HENL),
and enterolactone (ENL) is shown, after administration of
the preparation containing 1a and 1b in a ratio of ap-
proximately 37:61 and 2.5% of 2. The relative amount of 2
compared to the total amount of both isomers of 1 was
smaller in the urine extracts (1.5%) than in the hydroxy-
matairesinol preparation (2.5%). This indicated that 2 is
not absorbed and excreted in the same way as 1 or,
alternatively, it is metabolized to a higher degree than 1.
Compound 3 was not present in the preparation, indicating
that this isomer is either a metabolite of 1 or alternatively
formed by isomerization of 2 in vivo. However, in compari-
son with other lignans 3 was present only in small amounts
in the urine samples.

Interestingly, the relative amount of 1b was significantly
lower in the urine extracts of the female rats than in the
extracted hydroxymatairesinol preparation and was kineti-
cally excreted similarly as 2. The reason for this phenom-
enon remains to be investigated. However, one possibility
may be different receptor interactions of the hydroxy-
matairesinol isomers in body tissues. It has been shown
that lignans, especially mammalian lignans, can, due to
their weak estrogenic effects, be bound to estrogen recep-
tors, sex-hormone-binding globulins, sex-steroid-binding

Table 1. Amount of Lignans Excreted in the Urine of Female
Rats (n ) 5) within 48 h after Administration of
Hydroxymatairesinol in a Dose of 50 mg/kg of Body Weight
Expressed as % Excretion (average excreted molar amount/
administered molar amount of 1a, 1b, or 2) or % Conversion
(average excreted molar amount/total administered molar
amount of 1) as nmol (mean ( SD)

compound % excretion % conversion nmol

1a 14.3 1395 ( 417
1b 6.0 1100 ( 359
2 5.9 39 ( 13
3 0.01 3.1 ( 1
END 1.3 372 ( 186
ENL 16.2 4650 ( 1549
HENL 11.5 3317 ( 1592
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proteins, and steroid-metabolizing enzymes.20 Also, the
excretion of lignans has been correlated to the menstrual
cycle, and several aspects regarding the estrogenic effects
of lignans have been discussed (see ref 20 and refs therein).
Compared to our previous study, performed with male
rats,4 the female rats excreted much larger amounts of both
1 and the mammalian lignans. In our ongoing studies we
have found exceptionally large differences in the excreted
amounts of lignans between male and female rats. When
administered plant lignans, female rats excrete up to 30-
fold more of the mammalian lignans compared to male rats
(unpublished results).

Although 1 can theoretically undergo isomerization and
rearrangement to 2 and 3 under physiological conditions,
it is unlikely that it occurs in vivo, and from the results it
seems that 1 is not metabolized to 2 in vivo. However, the
detection of 3 indicates that, to a small extent, either
isomerization or metabolization occurs.

The experiment also demonstrated that 1 is well ab-
sorbed and metabolized in rats, which was in accordance
with earlier studies.4,13 In 48 h the total excretion of
analyzed lignans was over 56% of the administered molar
amounts.

We have shown that hydroxymatairesinol, under alka-
line conditions, rearranges to a new lariciresinol-type
butyrolactone via a possible quinone methide intermediate.
This lignan skeleton has not previously been reported to
occur in nature. However, we showed that Norway spruce
knots can contain up to 5 mg/g (0.5%) of two diastereomers
of this lignan. When administered to rats, this lignan is
(partially) absorbed and excreted in the urine similarly to
hydroxymatairesinol. The biological properties and the
possible metabolization to enterolactone or other lignans
remain to be explored.

Experimental Section

General Experimental Procedures. All commercially
available chemicals were purchased and used as supplied by
the manufacturers. Hydroxymatairesinol (1) was isolated from
Norway spruce knots by the methods described previously.2,27

Knots of Norway spruce were separated, ground, and freeze-
dried prior to extraction in a Soxhlet apparatus. The raw
extract obtained with acetone/water (9:1 v/v) after the removal
of lipophilic extractives with hexane was purified using flash
chromatography to yield 1. GC-MS analyses of the reaction
mixures, fractions, and pure components were performed on
a HP-5890 Series II gas chromatograph equipped with a 5971A
mass selective detector and an HP-1 column. Prior to analyses,
the samples were silylated with hexamethyldisilazane and
chlorotrimethylsilane in pyridine. Elemental compositions and
mass were determined with a Fisons ZAB-Spec high-resolution
MS EI instrument. HPLC-MS/MS analyses were performed
with a Micromass Quattro Micro equipped with an electro-
spray source. HPLC conditions were the following: column
XTerra MS C8 (2.1 × 150 mm, 3.5 µm), linear gradient elution
from MeOH/0.1% HAc 20:80 to 66:34, flow rate 0.20 mL/min,
column oven 30 °C. MPLC purification was performed with a
Buchi 684 MPLC system, using normal-phase silica (silica gel
40, Fluka) and isocratic elution with ethyl acetate/petroleum
ether (55:45 v/v), pressure 5 bar, flow rate 9 mL/min. Column
chromatography was performed with normal-phase silica
(silica gel 60) using isocratic elution with CHCl3/MeOH (98:2
v/v). 1H and 13C NMR spectra were recorded with a JEOL
JNM-A500 instrument at 500 and 125 MHz, respectively. 2D
experiments (COSY, HMQC, HMBC, COLOC) were recorded
using standard pulse sequences, and chemical shifts are
reported downfield from TMS. Optical rotations were mea-
sured on a Perkin-Elmer 241 digital polarimeter, using a 1
dm, 1 mL cell.

Base-Catalyzed Formation of Isohydroxymatairesinol
(2) and Epi-isohydroxymatairesinol (3). A mixture of the
hydroxymatairesinol isomers 1a and 1b (1a:1b 4:96, 11 g) was
dissolved in THF (80 mL) and H2O (80 mL). The pH was
adjusted to 8 with diluted NaOH solution. The mixture was
heated to 50 °C and stirred for 6 h and then allowed to cool to
room temperature. During the reaction the pH was kept
around 8 by continuous addition of NaOH solution. The cooled
reaction mixture was extracted with CH2Cl2 (3 × 120 mL), and
the organic phases were combined and dried over Na2SO4. The
solvent was removed under reduced pressure, and the residue
was submitted to fractionation and purification by column
chromatography. The fractions containing 2 and 3 were further
purified by MPLC to yield pure compounds for NMR, HRMS,
and optical rotation analyses.

(+)-Isohydroxymatairesinol (2): colorless powder; [R]25
D

+51.0° (c 0.005, THF); EIMS m/z 374 [M+] (43%), 356 (11),
194 (9), 180 (56), 153 (97), 137 (100), 124 (15), 93 (21); EIMS
(TMS-ether derivatives) m/z 590 [M+] (10%), 324 (100), 293
(19), 280 (6), 223 (23), 209 (53), 193 (9), 179 (15), 73 (99);
HREIMS m/z 374.13600 (calculated for C20H22O7, 374.13655);
1H NMR (CDCl3, 500 MHz, 30 °C) δ 6.88 (1H, d, J ) 8.1 Hz,
H-5), 6.80 (1H, d, J ) 8.1 Hz, H-5′), 6.77 (1H, d, J ) 2.0 Hz,
H-2), 6.75 (1H, ddd, J ) 8.1, 2.0, 0.8 Hz, H-6), 6.72 (1H, d,
J ) 2.1 Hz, H-2′), 6.67 (1H, dd, J ) 8.1, 2.1 Hz, H-6′), 5.46
(1H, d, J ) 2.6 Hz, H-7), 3.94 (1H, dd, J ) 10.7, 4.4 Hz, H-9a)
3.86 (3H, s, OMe), 3.83 (3H, s, H-OMe′), 3.76 (1H, dd, J )
10.7, 6.9 Hz, H-9b), 3.19 (1H, dd, J ) 15.0, 5.0 Hz, H-7′a), 3.05
(1H, ddd, J ) 10.2, 8.1, 5.0 Hz, H-8′), 2.76 (1H, dd, J ) 15.0,
10.2 Hz, H-7′b), 2.60 (1H, dddd, J ) 8.1, 6.9, 4.4, 2.6 Hz, H-8);
13C NMR (CDCl3, 125 MHz, 30 °C) δ 178.10 (CO, C-9′), 146.84
(C, C-3), 146.66 (C, C-3′), 145.56 (C, C-4), 144.34 (C, C-4′),
130.80 (C, C-1), 130.40 (C, C-1′), 120.72 (CH, C-6′), 117.74 (CH,
C-6), 114.51 (CH, C-5), 114.47 (CH, C-5′), 111.10 (CH, C-2′),
107.61 (CH, C-2), 81.61 (CHOH, C-7), 60.70 (CH2OH, C-9),
56.03 (CH3O, OMe), 55.96 (CH3O, OMe′), 47.64 (CH, C-8),
41.40 (CH, C-8′), 30.74 (CH2, C-7′).

(+)-Epi-isohydroxymatairesinol (3): colorless powder;
[R]25

D +59.8° (c 0.005, THF); EIMS m/z 374 [M+] (52%), 356
(13), 194 (11), 180 (100), 151 (9), 137 (81), 124 (21); EIMS
(TMS-ether derivatives) m/z 590 [M+] (6%), 324 (37), 293 (7),
280 (4), 223 (14), 209 (36), 193 (6), 179 (15), 73(100); HREIMS
m/z 374.13640 (calcd for C20H22O7, 374.13655); 1H NMR
(CDCl3, 500 MHz, 30 °C) δ 6.83 (1H, d, J ) 8.1 Hz, H-5), 6.82
(1H, d, J ) 8.0 Hz, H-5′), 6.81 (1H, d, J ) 2.0 Hz, H-2′), 6.70
(1H, ddd, J ) 8.1, 2.0, 0.4 Hz, H-6), 6.69 (1H, dd, J ) 8.0, 2.0
Hz, H-6′), 6.49 (1H, d, J ) 2.0 Hz, H-2), 5.12 (1H, d, J ) 9.3
Hz, H-7), 3.86 (3H, s, OMe′), 3.76 (3H, s, OMe), 3.57 (1H, ddd,
J ) 11.0, 4.0, 3.9 Hz, H-9a), 3.50 (1H, ddd, J ) 11.0, 4.1, 3.9
Hz, H-9b), 3.12 (1H, ddd, J ) 10.2, 5.8, 5.8 Hz, H-8′), 3.08 (2H,
d, J ) 5.8 Hz, H-7′a and H-7′b), 2.30 (1H, dddd, J ) 10.2, 9.3,
4.0, 4.1 Hz, H-8); 13C NMR (CDCl3, 125 MHz, 30 °C) δ 178.00
(CO, C-9′), 147.00 (C, C-3), 146.78 (C, C-3′), 146.25 (C, C-4),
144.60 (C, C-4′), 130.16 (C, C-1), 129.73 (C, C-1′), 122.37 (CH,
C-6′), 120.18 (CH, C-6), 114.48 (CH, C-5′), 114.18 (CH, C-5),
112.03 (CH, C-2′), 108.41 (CH, C-2), 81.34 (CHOH, C-7), 59.63
(CH2OH, C-9), 56.09 (CH3O, OMe′), 55.95 (CH3O, OMe), 50.12
(CH, C-8), 43.87 (CH, C-8′), 34.42 (CH2, C-7′).

Analyses of Knotwood Extracts. Lignans in the acetone/
H2O extract were analyzed on a 25 m × 0.20 mm i.d., 0.11 µm
HP-1 capillary column coated with cross-linked methyl poly-
siloxane (Agilent Technologies, Palo Alto, CA). The gas chro-
matograph was a Perkin-Elmer AutoSystem XL instrument
(Perkin-Elmer, Boston, MA). Column oven: 120 °C-6 °C/min-
300 °C (10 min); carrier gas H2 (20 mL/min); split injector
(1:20) 260 °C; FID detector 300 °C; injection volume 1 µL. The
solvent was evaporated and the extractives were silylated by
addition of 80 µL of bis(trimethylsilyl)trifluoroacetamide, 20
µL of trimethylchlorosilane, and 20 µL of pyridine. The reaction
was completed by keeping the test tubes in an oven at 70 °C
for 1 h. Heneicosanoic acid and betulinol were used as internal
standards. The method used was essentially according to
Ekman and Holmbom.28 A correction factor of 1.2 was used
for the lignans that were calculated against betulinol. Iden-
tification of individual components was performed by GC-MS
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analysis of the silylated components with an HP 6890-5973
GC-quadrupole- MSD instrument, using a 25 m HP-1 GC
column similar to that above.

HPLC-ESI-MS/MS Analyses of Rat Urine. The animal
experiments with Sprague-Dawley rats, 5 females, were done
essentially as described by Saarinen et al.4 The hydroxy-
matairesinol preparation (prepared by flash chromatographic
purification of knotwood extract) contained allo-hydroxy-
matairesinol (1a), hydroxymatairesinol (1b), and isohydroxy-
matairesinol (2) in a ratio of 36.8:60.6:2.5. The preparation
was gavaged orally with a vehicle in a dose or 50 mg/kg of
body weight. Individual 48 h urine samples were collected after
administration. The urine samples were enzymatically hydro-
lyzed and solid-phase extracted at pH 4.0 as described previ-
ously.4 The urine extracts were analyzed by HPLC-ESI-MS/
MS using multiple-reaction monitoring in the negative
ionization mode, monitoring the transitions m/z 373 f 343 for
2 and 3 and 373 f 355 for 1, which had been optimized by
syringe infusion of the pure compounds. Quantification of the
compounds was performed using calibration curves of standard
solutions. The standard solutions contained blank urine (col-
lected from adult male rats that had been fed with a semipu-
rified lignan-poor C1000 diet for at least one week) spiked with
known amounts of the pure compounds. The standards were
treated as the real samples; however, they were not hydro-
lyzed. Matairesinol-d6 was used as internal standard.
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Pihlava, J.-M.; Ryhänen, E.-L.; Sjöholm, R.; Santti R. J. Chromatogr.
B 2002, 777 (1-2), 311-319.

(5) Holmbom, B.; Eckerman, C.; Eklund, P.; Hemming, J.; Nisula, L.;
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