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Abstract: The content and distribution of stilbenes and resin acids in Scots pine (Pinus
sylvestris) and spruce (Picea abies), sampled in central Norway, have been examined.
The contents of pinosylvin stilbenes in pine heartwood/living knots were 0.2-2/2-8 %
(w/w). No stilbenes could be detected in spruce (Picea abies). The resin acid contents of
pine sapwood/heartwood and knots were 1-4 and 5-10 % (w/w), respectively. Minor
amounts of resin acids (<0.2/<0.04 %w/w) were identified in spruce wood/knots. The
lignan content in knots of Norwegian spruce was 6.5 % (w/w). Diastereomerically pure
hydroxymatairesinol (HMR, 84 % of total lignans) was readily isolated from this source
since only minor quantities (2.6 % of total lignans) of the allo-HMR diastereomer was
detected. Insignificant amounts of lignans were present in the sapwood. Lignans could
not be detected in the sapwood or knots of Norwegian sallow (Salix caprea), birch
(Betula pendula) or juniper (Juniperus communis).

Keywords: Betula pendula, hydroxymatairesinol, Juniperus communis, lignans,
Norwegian wood samples, Picea abies, pinosylvins, Pinus sylvestris, resin acids, Salix
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Introduction
Stilbenes

The content and distribution of pinosylvin and methyl ether derivatives in Scots pines (Pinus
sylvestris) was reported some time ago [1] and the antiseptic action of these compounds towards
wood-destroying fungi was investigated [2,3]. Pinosylvin and its monomethyl ether PMME (Scheme
1) appear to exhibit fungicidal activities towards wood-destroying fungi. The chemistry of wood
durability and decay was studied and it was concluded that the resistance to decay by Scots pine is due
to pinosylvins [4]. It was also shown [5] that both mechanical damage to the bark of the red pine P.
resinosa as well as fungal penetration of sapwood caused the formation of pinosylvins while
undamaged sapwood did not contain these compounds.

Subsequently there has been renewed interest in this area and increased attention has been paid to
pinosylvins and their efficacy stopping fungal growth to make trees resistant towards fungal attack [6-
9]. The formation of pinosylvin and its monomethyl ether has been reported to also be stress-induced
by ozone treatment [10,11] and additionally the compounds show antibacterial effects. It has been
suggested that knotwood extracts from Pinus species could have a potential for use as natural biocides
in papermaking [12]. Biochemical studies have demonstrated the formation and accumulation of
pinosylvins as inhibitory substances by inoculation of fungus to pine species [13]. A cDNA encoding a
pinosylvin-3-O-methyltransferase of Pinus sylvestris has been cloned and characterized. The enzyme
catalyzes the conversion of pinosylvin to the monomethyl ether that plays a role in the resistance of the
plant to stress including ozone and infection. It has been suggested that the enzyme therefore may be
used to increase disease resistance in other plants [10,14]. The pinosylvin-3-O-methyltransferase gene
of P. sylvestris, which catalyzes the methylation of pinosylvin, has been cloned and induced in the
needles of trees exposed to ozone or fungus [15]. Large variations were found between individual
trees; caused by a strong genetic control but also by environmental factors [16].

A report on the concentration of pinosylvins and resin acids in brown-rot resistant and susceptible
juvenile heartwood of Scots pine (Pinus sylvestris) concludes that the concentration of total phenolics
was higher in the decay-resistant heartwood than in the decay-susceptible heartwood [17]. Recently a
solid study on the concentration of phenolics in brown-rot decay resistant and susceptible Scots pine
heartwood discussed the contribution of stilbenes to the differences in the decay rate of natural wood
substrate. The results showed that the stilbenes alone do not explain the variation in decay rate [18].

Another recent detailed study of Scots pine knots and stemwood detected large amounts of
phenolic stilbenes, 1-7 % (w/w) in the knots, while the stemwood contained less than 1% (w/w) [19].
The trees were collected in northern and southern Finland. Because of the large amounts of
pinosylvins in pine, it has been suggested that other important species like spruce (Picea abies) should
be analysed for its potential pinosylvin content [19].

Lignans and resin acids

Resin acids and lignans are also of interest due to their biological activity [20]. Their composition,
distribution and roles were discussed quite early [21]. Lignans (0.4-3 % w/w) have been reported in
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pine knots, while no detectable amounts were found in the stemwood. As for resin acids, the knots
contained large amounts (4.5-30 % w/w) and the stemwood minor amounts [19].

Lignans are found in large amounts (6-24% w/w), in Finnish spruce knots; with hydroxy-
matairesinol (HMR, Scheme 1) comprising 65-85% of these lignans. HMR has three chiral centers and
occurs as two natural diastereomers. The major diasteromer has been proven to be the 7S,8R,8’R
isomer, while the minor isomer, allo-hydroxymatairesinol, has the 7R,8R,8’R configuration [22]. In
recent years hydroxymatairesinol has been used as a chiral source in the synthesis of derivatives with
bioactive effects [22-28]. Sapwood tissue contains negligible amount of lignans. In general, only minor
amounts of resin acids (< 2/< 0.5 % w/w in stemwood/knots) have been detected in spruce samples
[29-33]. No lignans have been found in Salic caprea [34] and minor amounts of lignan glycosides have
been isolated from the inner bark of Betula pendula [35]. A lignan has been isolated from Juniperus
communis berries. However, the wood has not been analysed [36].

Based on the present knowledge, mainly from trees sampled in Finland, and due to potential
differences caused by geographical location, we wanted to undertake a screening analysis of stilbenes
and resin acids in Norwegian conifers. We wanted to analyse the content and distribution of stilbenes
in Scots pine (Pinus sylvestris) and spruce (Picea abies) sampled in central Norway. Because of the
extraordinarily high content of lignans in Finnish spruce knots (Picea abies, 6-24 % w/w) and the
presence of lignans in the knots of Finnish pine (Pinus sylvestris, < 3 % w/w), we also wanted to
analyse the lignan content in the sapwood and knots of central-Norwegian spruce (Picea abies) and in
the hardwoods of sallow (Salix caprea), birch (Betula pendula) and juniper (Juniperus communis).

Scheme 1.  Chemical structures of the identified stilbenes, resin acids and lignans.
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Results and Discussion
Stilbenes

The content and distribution of stilbenes in Scots pine (Pinus sylvestris) and spruce (Picea abies),
both sampled in mid-Norway, have been examined, see Table 1 and Figure 1. Since quite large in-tree-
and between-tree variations have been reported in previous extensive studies [19], we limited our
analyses to two pine trees of different ages (87 and 34 years) to examine whether the content and
distribution of pinosylvins in these Norwegian trees were within the previously reported ranges for
Finnish pine.

Table 1. Stilbene analyses of Norwegian pine and spruce (see Figure 1); content (%,
w/w) and distribution (% of total) *.

Heartwood St.dev.(%) Knots St.dev.(%)
PINE 87 years
0m Pinosylvin 0.980 0.110 (11) n.s.
PMME 0.940 0.110 (11) n.s.
PDME 0.110 0.009 (9) n.s.
IN TOTAL 2.030 0.229 (11)
3.5m Pinosylvin 0.750 0.072 (10) 0.910 0.066 (7)
PMME 0.870 0.095 (11) 1.100 0.033 (3)
PDME 0.090 0.010 (10) 0.057 0.006(10)
IN TOTAL 1.710 0.177 (10) 2.067 0.105 (5)
S5m Pinosylvin 0.610 0.029 (5) 3.500 0.690 (20)
PMME 0.570 0.002 (2) 4.800 0.280 (6)
PDME 0.095 0.014 (2) 0.055 0.007 (12)
IN TOTAL 1.275 0.045 (4) 8.355 0.977 (12)
PINE 34 years
0Om Pinosylvin 0.150 0.008 (5) n.s.
PMME 0.120 0.0065 (6) n.s.
PDME 0.006 0.0003 (3) n.s.
IN TOTAL 0.276 0.0148 (5)
3.5m Pinosylvin 0.120 0.013 (11) 1.200 0.230(19)
PMME 0.100 0.007 (7) 1.300 0.029 (2)
PDME 0.012 0.001 (8) 0.054 0.002 (3)
IN TOTAL 0.232 0.021 (9) 2.554 0.261(10)
SPRUCE 27 years
0Om Pinosylvins 0.000 n.s.
3.5m Pinosylvins 0.000 0.000

PMME: Pinosylvin monomethyl ether, PDME; pinosylvin dimethyl ether;

* All results are based on three parallel analyses; n.s. = no sample analysed
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Figure 1. Stilbene analyses of Norwegian pine and spruce; content (%, w/w) and distribution
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Samples were taken at different heights (0, 3.5 and 5 m). We found that the stilbene content in pine
heartwood and wood from the living knots was on average 0.2-2 % (w/w) and 2-8 % (w/w). Due to the
low number of samples analysed, no general conclusion can be drawn with respect to content and
distribution related to height and age. The results are in accordance with data from pine sampled in
Finland, which was < 1 % and 1-7% (w/w), respectively; living knots were in the higher range
(approx. 4-7 % %) [18,19]. Our results for the distribution of pinosylvin (P), pinosylvin monomethyl
ether (PMME) and dimethyl ether (PDME) differs however from previous data. The PMME/P ratio
has been reported to be 1.1-2.3 in heartwood and 1.8-4.4 in knots. In our samples pinosylvin
monomethyl ether (PMME) was definitely less abundant since we observed a PMME/P ratio of 1.1-1.4
in the knots and < 1 in the heartwood. Based on the reports that the pinosylvin 3-O-methyltransferase
enzyme of Pinus sylvestris catalyzes the conversion of pinosylvin (P) to the monomethyl ether
(PMME) induced by stress [10,14,15], a high concentration of pinosylvin monomethylether (PMME)
relative to pinosylvin (P) may be an indication of high stress levels of the trees. It follows from this
that the central Norwegian pine samples may represent trees of lower stress levels. In contrast to the
pine samples, no detectable amounts of stilbenes could be found in the heartwood or knots of the tested
27 year old spruce (Picea abies) sample. Spruce has not previously been analysed for stilbenes.
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Lignans and resin acids

Correspondingly, the resin acid content of sapwood/heartwood in Scots pine (Pinus sylvestris),
sampled in central Norway, was 0.3-1.1 % / 1.4-4.4 % (w/w), while the content in living knots was 5-

10 % (w/w), see Table 2 and Figure 2.

Table 2. Resin acid analyses of Norwegian pine and spruce (see Figure 2); content (%,
w/w) and distribution (% of total) *.

Sapwood St.dev.(%) Heartwood St.dev. (%)  Knots St.dev. (%)
PINE 87 years
0Om Neoabietic acid 0.040 0.01(25) 0.820 0.170(20) n.s.
Abietic acid 0.033 0.01(30) 1.400 0.147(10) n.s.
Dehydroab.+ 0.150 0.04(23) 1.600 0.570(35) n.s.
levopimaric acids (Ip.a.)
Palustric acid 0.048 0.01(25) 0.590 0.150(26) n.s.
IN TOTAL 0.271 0.07(25) 4.410 1.037(24)
3.5m Neoabietic acid 0.075 0.005 (7) 0.200 0.024(12) 2.300 0.11 (5)
Abietic acid 0.051 0.003 (6) 0.600 0.058(10) 3.900 0.30 (8)
Dehydroab + Ip.a. 0.260 0.020 (8) 0.390 0.050(13) 2.700 0.31(11)
Palustric acid 0.083 0.007 (8) 0.170 0.030(18) 1.700 0.12 (7)
IN TOTAL 0.469 0.035 (7) 1.360 0.162(12) 10.600 0.84 (8)
Sm Neoabietic acid 0.110 0.045(41) 0.640 0.063(10) 1.700 0.17(10)
Abietic acid 0.071 0.016(22) 1.200 0.071 (6) 2.100 0.36(17)
Dehydroab.+ Ip. a. 0.400 0.087(22) 1.200 0.067 (6) 1.100 0.13(12)
Palustric acid 0.130 0.025(19) 0.540 0.065(12) 0.430 0.07(15)
IN TOTAL 0.711 0.173(24) 3.580 0.266 (7) 5.330 0.73(14)
PINE 34 years
0Om Neoabietic acid 0.190 0.028(15) n.s.
Abietic acid 0.280 0.023 (9) n.s.
Dehydroab. + Ip.a. 0.530 0.057(11) n.s.
Palustric acid 0.160 0.018(11) n.s.
IN TOTAL 1.160 0.126(11)
3.5m Neoabietic acid 0.130 0.068 (5) 1.900 0.10 (5)
Abietic acid 0.190 0.011 (6) 3.600 0.26 (7)
Dehydroab. + Ip.a. 0.330 0.017 (5) 1.900 0.16 (9)
Palustric acid 0.120 0.009 (8) 1.000 0.18(18)
IN TOTAL 0.770 0.044 (6) 8.400 0.70 (8)
SPRUCE 27 years
0m Neoabietic acid 0.011 0.0004 (3) n.s.
Abietic acid 0.018 0.0005 (3) n.s.
Dehydroab. + Ip.a. 0.095 0.0057 (6) n.s.
Palustric acid 0.046 0.0018 (4) n.s.

IN TOTAL 0.170 0.0084 (5)
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Table 2. Cont.
3.5m Neoabietic acid 0.006 0.001(16) 0
Abietic acid 0.016 0.0004 (2) 0
Dehydroab. + Ip.a. 0.110 0.014(13) 0.021 0.01(22)
Palustric acid 0.045 0.008(18) 0.014 0.00(15)
IN TOTAL 0.177 0.023(13) 0.035 0.01(22)

 All results are based on three parallel analyses; n.s.; no sample analysed

Figure 2. Resin acid analyses of Norwegian pine and spruce; content (%, w/w) and distribution.
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The content in knots was 1.5-8 fold compared to the content in heartwood and thus indicating a
lower ratio than reported in Finland (10-30 fold) [19]. Abietic acid was the most abundant resin acid in
all knot samples. The content and distribution of resin acids in Norwegian pine are in the same range
as corresponding data from trees sampled in Finland. The Finnish pine knots contained large amounts,
4.5-30 % (w/w), and the stemwood 1-3.5 % (w/w) of resin acids. Lower concentrations of resin acids
in spruce (Picea abies) wood (<0.2 % w/w) and knots (<0.04 % w/w) were identified in our samples
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compared to Finnish spruce samples (< 0.2 and < 0.04 % w/w, respectively) [33]. The lignan content
in living knots of the Norwegian spruce samples (Picea abies) was approx. 6.5 % (w/w), while only
trace amounts were detected in the sapwood (see Table 3). Hydroxymatairesinol (HMR) was identified
as the major lignan, amounting to 85 % of the total amount present. These results are in accordance
with previous reports from Finland. The content of lignans present in Finnish spruce knots has been
reported to be 6-24 % (w/w) [33] with HMR comprising 65-85% of the lignans. No detectable
amounts of lignans was found in the stemwood .

Table 3. Lignan analyses of Norwegian spruce, sallow, birch and juniper; content (%,
w/w) and distribution (% of total) .

Norwegian spruce (Picea abies) Knots % Sapwood
Hydroxymatairesinol 5.50 84 -
Allo-hydroxymatairesinol 0.17 2.6 -

Liovil 0.22 3.4 -
Other lignans (incl. secoisolariciresinol, 0.65 10.0 -
matairesinol)

IN TOTAL (st. dev. 2.34 %) 6.54 100.0 trace amounts

Norwegian sallow (Salix caprea) n.d. n.d.

Norwegian birch (Betula pendula) n.d. n.d.

Norwegian juniper (Juniperus communis) n.d. n.d.

# All results are based on three parallel analyses; n.d. = not detectable

HMR exists as two naturally occurring diastereomers, which has been isolated as an approx. 1:3
mixture [30]. The two isomers, having the absolute configuration 7S,8R,8’R (HMR, major isomer) and
7R,8R,8’R (allo-HMR, minor isomer) [22,26], can be separated by GC and distinguished based on
their "H-NMR assignments,. However, based on GC-MS, 'H- and *C-NMR, we could only observe
minor amounts (2.6 % of the total amount lignans) of the allo-hydroxymatairesinol diastereomer,
giving a ratio of the two isomers of 1:32. Minor amounts of matairesinol, secoisolariciresinol and
liovin (< 0.22 % w/w of each, less than 3 % of total amount of lignans) were identified. HMR,
diastereomerically pure by 'H- and “C-NMR, was readily isolated from the crude extract and
characterised. Our data indicate that the present spruce sample represents a purer and better source for
isolation of hydroxymatairesinol as a chiral substrate for the preparation of fine chemicals.

No detectable amounts of lignans could be identified neither in the sapwood nor the knots of
Norwegian sallow (Salix caprea), birch (Betula pendula) or juniper (Juniperus communis). Lignans
have not been identified in sallow [34], birch or juniper previously. The major component identified by
GC-MS in the sallow extract was catechin; 2.1 / 0.8 % (w/w) in knots and sapwood, respectively. The
major components in juniper extracts were A’-dehydroferruginol/ferruginol (ratio 4:3), present in
approx. 1.0 % (w/w, knots) and 0.5 % (w/w, sapwood), respectively.

Conclusions

The content and distribution of stilbenes and resin acids in Scots pine (Pinus sylvestris) and spruce
(Picea abies) sampled in central Norway have been examined. The stilbene contents in pine heartwood
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and knotwood were 0.2-2 % (w/w) and 2-8 % (w/w), respectively. Pinosylvin (P) was more abundant
in our Norwegian samples, as we observed a distinctly lower PMME/P ratio compared to previous
Finnish reports. No stilbenes could be detected in spruce. The resin acid content of pine
sapwood/heartwood was 1-4 % (w/w), while the content in knots was 5-10 % (w/w). Only minor
amounts of resin acids were identified in spruce wood (< 0.2 % w/w) and knots (< 0.04 % w/w).
Correspondingly, the lignan content in knots of Norwegian spruce was approx. 6.5 % (w/w), while
only trace amounts were detected in sapwood. The major lignan, diastereomerically pure
hydroxymatairesinol (HMR, 84 % of total lignans) was readily isolated from the extract. In contrast to
previous reports, only minor amounts (2.6 % of total lignans) of the isomeric allo-HMR were detected.
No detectable amounts of lignans were found in the sapwood or knots of Norwegian sallow (Salix
caprea), birch (Betula pendula) or juniper (Juniperus communis). Our data from Norwegian spruce
and pine are in accordance with previous data from trees sampled in Finland since, in general, no
significant differences were observed between the stilbene, resin acid or lignan contents of trees
sampled in Norway and Finland. The absence of stilbenes in spruce (knots and heartwood) and of
lignans in sapwood has not been reported previously.

Experimental
Materials

Trees were collected from about 70 meters above sea level at Melhus in central Norway. Two Scots
pines (Pinus sylvestris), 34 and 87 years old, respectively, and one spruce (Picea abies), 27 years old,
were sampled in February. For lignan studies Norwegian spruce (Picea abies), sallow (Salix caprea),
birch (Betula pendula) and juniper (Juniperus communis) were sampled in September. The samples
were frozen immediately upon cutting. Prior to analysis samples were cut into 1-2 cm cross sectional
slices. Wood knots, sapwood and heartwood were isolated, cut into small pieces by hand and freeze
dried before grinding into particles to form “wood meal” (< 30 mesh, Wiley mill). All results are given
as weight percent of compound relative to weight of freeze-dried wood (% w/w).

Methods

Stilbenes and resin acids: Extraction and GC analysis. Wood meal (0.1-0.5 g) was extracted (Soxhlet)
with acetone for 6 hours. Betulinol (Sigma, > 98 %, 2 mg/mL) and heptadecanoic acid (2 mg/mL) in
an acetone/pyridine mixture (70:30) were added as internal standards. The extract was dried (Na;SOs,
0.5 hrs.), filtered (GF/A filter, Whatman) and further dried to complete dryness (35°C, N, gas). The
dry extracts were dissolved in the injection standard (heptadecane in a 30:70 mixture of dry
cyclohexane and pyridine, 5.0 mg/mL) prior to silylation (Trisil). If further dilution was necessary,
samples were diluted with dry cyclohexane. Samples were centrifuged prior to GC analysis. The
sample extracts (1 uL) were analyzed by GC/MS on a crosslinked methylsiloxane column (HP-1, 25 m
x 0.20 mm x 0.11 pm) using He (0.8 mL/min) as a carrier gas. Identification of the pinosylvins and
resin acids was based on authentic reference standards of the resin acids (abietic acid, neoabietic acid,
dehydroabietic acid, levopimaric acid, palustric acid) and pinosylvin.
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Lignans: Extraction. Wood meal (0.1-0.5 g) was extracted (Soxhlet) with acetone/water (9:1) for 3
hours. Betulinol (Sigma, > 98 %, 2 mg/mL) in ethanol was added as internal standard. The acetone
was evaporated and the samples were freeze dried, dissolved in dry pyridine (2-3 mL) and silylated (3
: 1.2 mixture of bis(trimethyl)trifluoracetamide and trimethylchlorosilane, 70°C, 2 hrs.). The samples
were dried to complete dryness (35 °C, N, gas) and dissolved in the injection standard (heptadecane,
Sigma >98 %, in dry cyclohexane, 0.5 mg/mL). This solution (40 uL) was transferred to a silylated
GC-vial (treated with Cylon-CT for 1 minute) with dry cyclohexane. GC analysis was performed as
described above. A correction factor of 1.2 was used for calculation of lignan concentrations [37].
Identification of the lignans HMR, allo-HMR, liovil, matairesinol and secoisolariciresinol was based
on GC-MS comparison with authentic reference compounds.

NMR, IR and HRMS analysis of hydroxymatairesinol (HMR). Wood meal was extracted as described
above without the addition of internal standard. The extract was dried. "H/">C-NMR spectra were
recorded in dg¢-acetone on a Bruker Avance DPX 400 MHz spectrometer operating at 400 and 100
MHz, respectively, HRMS on a Finnigan MAT 95 XL (EI-70eV) instrument and IR with a Nicolet
20SXC FT-IR spectrophotometer. IR (KBr) 3422s, 3050w, 2935w, 1750m, 1604w, 1516s, 1227s,
1032s cm™; 'H- NMR: § 2.60 (m, 1H, H-8), 2.93 (m, 2H, H-7",8"), 3.77 (s, 3H, OCH3), 3.80 (s, 3H,
OCHs3), 3.94 (dd, 1H, H-9), 4.00 (dd, 1H, H-9), 4.63 (dd, 1H, H-7), 6.56 (dd, J=8.0 and 1.8 Hz, 1H, H-
6’), 6.68 (m, 2H, H-2,2"), 6.79 (m, 2H, H-5,6), 6.92 (d, J=8.0 Hz, 1H, H-5), 7.36 (br., 1H, OH), 7.50
(br., 1H, OH); >C-NMR: § 35.5 (C-7"), 43.9 (C-8’), 46.1 (C-8), 56.1 (OCH3), 56.2 (OCHj3), 69.1, (C-
9), 74.7 (C-7), 110.4 (C-2), 114.1 (C-2°), 115.4/115.5 (C-5/5’), 119.6 (C-6), 123.3 (C-6"), 130.3 (C-
1), 1354 (C-1), 146.1 (C-4’), 146.8 (C-4), 148.1 (C-3°), 148.3 (C-3), 179.6 (C=0, C-9"); HRMS:
caled for Cy0H»,07; 374.13656; observed 374.13598.
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