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Five lignans (secoisolariciresinol, pinoresinol, eudesmin, lariciresinol, and lariciresinol-4-
methyl ether) were isolated from an MeOH extract from Araucaria araucana (Mol.) K. Koch
wood for the first time in this species and their structures determined with spectroscopic
methods. The antimicrobial activities of these compounds were determined for the bacteria
Citrobacter sp., Bacillus subtilis, Escherichia coli, Micrococcus luteus, Staphylococcus aureus,
and Pseudomonas aeruginosa, and for the white rooting and staining fungi Mucor miehei,
Paecilomyces variotii, Ceratocystis pilifera, Trametes versicolor, and Penicillium notatum, and
in addition, the MeOH extract was evaluated against Aspergillus niger, Candida albicans,
Fusarium moniliforme, E sporotrichum and Trichophyton mentagrophytes. The most sensitive
bacteria against pinoresinol were the Gram-positive. However, secoisolariciresinol exhibited
a significant antifungal activity on fungi of white rooting and wood staining and this com-
pound completely inhibited the mycelial growth of 7. versicolor and C. pilifera at 300 and
400 ug per disc, respectively, whereas pinoresinol showed a moderate inhibitory activity. On
the other hand, the MeOH extract had the highest activity against rooting and staining and
pathogenic fungi as well as T. versicolor, Fusarium spp. and Trichophyton mentagrophytes,
inhibiting completely the growth at 400 ug per disc.
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Introduction

The Araucariaceae is divided into two genera,
Agatis and Araucaria, including 38 species distrib-
uted throughout the southern hemisphere. The ge-
nus Araucaria Juss. based on 18 species distributed
in New Guinea, eastern Australia, New Zealand,
Norfolk Islands, New Caledony, southern Brazil,
southwestern Argentina, and Chile (Armesto
etal., 1995). Species of Araucaria Juss. are distrib-
uted in four sections: Eutacta, Intermedia, Bunya,
and Columbea. Only two species belong to the
Columbea section: Araucaria araucana growing in
southern and southwestern Chile and Argentina,
respectively, and A. angustifolia (Bert.) O. Kuntze
growing in Brazil, northeastern Argentina, and
eastern Paraguay (Veblen, 1982).

In Chile the biggest population is found in the
Andean mountain range between 37°24’S and
40°03'S. Another smaller population is found in
the coastal mountain range, limited to the area be-
tween 37°30’S and 38°30’S. These two populations
are separated by Chile’s longitudinal valley (Villa-
gran et al., 1998). The coastal Araucaria araucana
populations grow at altitudes between 600 and
1400 m, where they receive annual precipitation of
1500-2500 mm. The Andean populations are
found between 900-1700 m and receive annual
precipitation of 1200 mm in Argentina and
4000 mm in Chile. A. araucana is the genus’
unique template species. It is a long-life conifer,
which can grow to 50 m in height and over 2 m
in diameter (Mufioz-Pizarro, 1959). The durable
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nature of wood of the Araucaria species is used
for high-quality manufactured products. Natural
durability, or decay resistance, is defined as the
wood’s ability to resist biological degradation
(Eaton and Hale, 1993).

The degradation of wood, also known as
“breakdown”, is a natural process in forests and
forestry products, in which the main components
of wood, cellulose, hemicellulose, and lignins, de-
compose (Croteau et al., 2000). This rather com-
plex process involves bacteria, fungi, and insects
that use the degraded components as carbon and
energy sources. Plants generally counteract patho-
genic attacks with structural strategies or physical
barriers that impede the pathogen’s penetration
into and propagation within the wood. Further-
more, plant cells and tissues contain biochemical
barriers that synthesize substances that are toxic
to the pathogen or that create inhibitory condi-
tions for the pathogen’s development. These sub-
stances are found in the group known as extract-
ives (Rhoades, 1979; Thomson, 1978).

The term “wood extractives” includes a sizeable
number of compounds that can be obtained from
plants by solvent extraction. In a narrow sense, ex-
tractives are those compounds soluble in either
neutral or acidic organic solvents. However, water-
soluble sugars and compounds can also be extract-
ives (Fengel and Wegener, 1984). In woody plants,
these extractive compounds are found in the resi-
niferous channels. In xylem rays and at a cellular
level, extractives can be found in the middle la-
mella, intercellular spaces, tracheid walls, and bast
fibres (Cambie et al., 1984). Heartwood extractives
are comprised of a heterogeneous group of chemi-
cal compounds, including terpenoids, tropolones,
flavonoids, stilbenes, and other aromatic com-
pounds, and in addition the significance of heart-
wood extractives for natural durability has been
demonstrated (Croteau et al, 2000). There are
many studies about the chemical structure, toxic-
ity, and specificity of various heartwood substan-
ces (Celimene et al, 1999; DeBell et al, 1997,
Schultz and Nicholas, 2002).

Our studies of the chemical structure of second-
ary metabolites from wood and bark extractives of
some gymnosperm species with biological activi-
ties show the presence of a series of compounds
including terpenes and lignans (Silva and Bittner,
1986; Flores et al., 2001; Calderén et al, 2001;
Kubo et al., 2003a, b; Torres et al., 2003; Céspedes
et al., 2000; 2004). Lignans are plant secondary

metabolites which are constituted of both two cin-
namic or ferulic acid residues widely distributed in
terrestrial plants; the formation of these com-
pounds involves a direct stereochemically con-
trolled coupling of coniferyl alcohol-derived moie-
ties (Lewis et al., 1999). This may require the
presence of two stereoselective enzymes with dif-
ferent activities and subsequent processes are de-
pendent on the regiochemistry and stereochemis-
try of the initial linkage (Davin et al., 1992;
Umezawa et al., 1990; Weinges and Spinig, 1967;
Seigler, 1997). Analytical methods for the detec-
tion and study of lignans have been reviewed (Le-
wis et al., 1999).

In contrast, neolignans are distributed in the
limited plant families Pinaceae and Cupressaceae
(Castro et al., 1996). The most well-known and
representative lignan is podophyllotoxin because
it is an important parent compound of the potent
antitumor agent etoposide. However, most known
lignans do not possess potent biological properties.
Their studies are limited to structure determina-
tion, biodegradation and biosynthetic pathways
(Miyazawa, 2001; Carpinella et al., 2003; Schmitt
and Petersen, 2002; Kim et al., 2002). In some
cases, lignans are responsible for the wood’s natu-
ral resistance to the action of insects, fungi, and
bacteria. Thus, these compounds could have appli-
cations as pesticides in wood preservation (Keith
et al., 1974; Kubo et al., 1992), and as allelochemi-
cals (Whittaker and Feeny, 1971), insecticidal
(Gao et al., 2004; Nascimento et al., 2004), larvici-
dal (Park et al., 2005), antimalarial (Zhang et al.,
2001), antifeedant (Garcia et al, 2000), anti-in-
flammatory (Cho et al., 2001), antioxidant (Kato
et al., 1998), nematicidal (Suga et al., 1993), estro-
genic agents (Mazur and Adlercreutz, 1998), and
exhibit a variety of other biological activities, e.g.
COX-2 inhibitory, anti-tumor, antimitotic and an-
tiviral activities (MacRae and Towers, 1984; Seig-
ler, 1997).

Some species of the Araucariaceae family have
been studied in Australia, Brazil, Japan, New Zea-
land, and Chile (Ohashi et al., 1992; Fonseca et al.,
2000). As a contribution to the knowledge and
continuing the work with native gymnosperm
woods, the aim of this work was to evaluate the
antibacterial and antifungal activity of the MeOH
extract and lignans present in A. araucana wood
extractives.
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Experimental
Plant material

Wood samples of A. araucana were collected in
the native forests in ecological areas of southern
Chile, specifically at the “Cordillera de Nahuel-
buta”, VIII Region, in November 1999. Voucher
specimens are deposited in the herbarium collec-
tion of Botanic Department (CONC), Universidad
de Concepcién, Concepcion City, Chile.

Isolation and general procedures

The heartwood (10 kg) was separated mechani-
cally and finely chopped. It was extracted three
times, using methanol at 40 °C for 48 h. The crude
extract was then evaporated to dryness under vac-
uum conditions. The total heartwood extract was
partitioned between water/MeOH (1:1) and ether
according to previously reported procedures
(Mazur and Adlercreutz, 1998), the ether fractions
were separated and the aqueous MeOH (extract
M) phase was concentrated. This last phase was
fractionated by fast CC (silica gel 60, 0.063-
0.200 mm particle size, 1 g extract:20 g silica gel).
The column was eluted with increasing polarity
solvent mixtures to obtain a total of seven frac-
tions: F-1 to F-7.

Compound purification was carried out from
the seven fractions, using chromatographic tech-
niques of routine (i.e. CC, TLC, HPLC, GLC, and
GC-MS). The purity of compounds was controlled
by HPLC with a diode arrangement LC 10 A-VP
detector.

The isolated and purified compounds were char-
acterized and identified through their spectro-
scopic data and compared with authentic samples.
The melting points were determined on a Kofler
block. Infrared spectra were determined using an
IR-408 SHIMADZU spectrophotometer. Ultravi-
olet spectra were determined with an UV-160
SHIMADZU spectrometer. NMR spectra ("H and
13C) were recorded with an AM-400 BRUKER
spectrometer (at 250 and 62.5 MHz, respectively)
and mass spectra were carried out in a 5972 series
Hewlett Packard mass spectrometer. The GC/MS
technique (MS detection at 70 eV) was performed
under the following conditions: Column: HP-5,
30m x 0.25 mm X 0.25 um; temperature: 100 °C
isothermal for 5 min, with 10 degree increments
per min up to 275 °C, which was held constant for
20 min; split injection: 100:1; injector temperature:

275 °C; detector temperature: 300 °C; and helium
carrier.

Physical data of lignans

Secoisolariciresinol (1): M.p. 112-114 °C. — MS:
m/z (rel. int.) = 362 [M*] (21), 344 (8), 326 (2), 311
(2), 259 (2), 220 (2), 206 (4), 189 (9), 163 (4), 151
(35), 137 (100), 122 (13), 94 (10), 77 (5), 65 (4), 51
(4). — '"H NMR (CDCLy): 6 = 1.60 (2H, m, H-8,
H-8'), 2.75 (4H, br, H-7, H-7'), 3.49 (4H, m, H-9,
H-9'), 3.87 (3H, s, OMe), 3.90 (3H, s, OMe), 4.75
(H, Br, OH), 6.89-6.90 (6H, m, aromatic protons).

Lariciresinol (2): M.p. 162-164 °C. — MS: m/z
(rel. int.) = 360 [M*] (52), 345 (5), 329 (4), 311 (5),
241 (3), 221 (15), 219 (15), 194 (35), 175 (18), 151
(50), 137 (100), 122 (17), 93 (12), 77 (12), 65 (10),
51 (5). - 'H NMR (CDCl;): § = 2.07-2.63 (4H,
m, H-7, H-8, H-8'), 3.49 (4H, m, H-9, H-9'), 3.80
(6H, s, 20Me), 5.5 (1H, br, H-7"), 6.55-6.85 (6H,
m, aromatic protons).

Pinoresinol (3): M.p. 118-120°C. — MS: m/z
(rel. int.) (Cy006H2,) = 358 [M*] (24), 344 (62),
330 (5), 302 (4), 266 (2), 253 (2), 237 (2), 208 (5),
189 (6), 163 (4), 151 (57), 137 (100), 122 (15), 106
(10, 94 (9), 77 (7), 69 (5), 51 (5). — 'H NMR
(250 MHz, CDCly): 6 = 3.11 (2H, m, H-1, H-5),
3.86 (2H, q, J = 9.2, 3.8 Hz, H-4, H-8«), 3.88 (6H,
s, ArOMe), 421 (2H, m, J = 9.2, 6.9 Hz, H-4,
H-88), 4.9 (2H, s, 20H), 4.80 (2H, d, J = 4.2 Hz,
H-2, H-6), 6.80-6.91 (6H, m, H-2', 5", 6').

4'-Methoxy-pinoresinol (4): Oil. — MS: m/z (rel.
int.) = 370 [M*] (21), 339 (11), 324 (2), 309 (2),
284 (2), 271 (3), 248 (1), 235 (4), 219 (11), 203 (20),
189 (13), 177 (37), 265 (64), 151(100), 137 (48), 122
(17), 103 (10), 77 (12), 65 (9), 55 (5). — 'H NMR
(CDCL): 6 = 3.25 (2H, m, H-1, H-5), 3.88 (3H, s,
OMe), 3.89 (3H, s, OMe), 3.91 (3H, s, OMe), 4.05
(2H, d,J =4 Hz, H-4, H-8), 4.13-4.33, (2H, m, C4,
C8), 4.50, (1H, s, OH), 4.75 (1H, d, J = 4 Hz, H-6),
4.83 (1H, d, J = 3.5 Hz, H-2), 6.80-6.91 (6H, m,
aromatic protons).

Eudesmin (5): M.p. 107-109 °C. — MS: m/z (rel.
int.) = 386 [M*] (82), 371 (3), 355 (9), 337 (2), 325
(2), 230 (2), 287 (3), 265 (2), 248 (2), 235 (5), 219
(15), 189 (12), 177 (68), 165 (100), 151 (54), 135
(15), 107 (6), 95 (8), 77 (10), 55 (5). — 'H NMR
(CDCLy): 6 = 3.09-3.14 (2H, m, H-1, H-5), 3.86
(3H, s, Ome), 3.87 (3H, s, OMe), 3.90 (3H, s,
OMe), 3.92 (3H, s, OMe), 4.23-4.29 (4H, m, H-4,
H-8), 476 (2H, d, J = 4 Hz, H-2, H-6), 6.82-6.91
(6H, m, aromatic protons).
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Evaluation of biological activity (microorganisms
and growth medium)

The antibacterial and antifungal activities of the
M extract and lignans 1, 2, 3, and 5 obtained from
the wood of the Araucaria species were deter-
mined; due to a very little amount of 4 this com-
pound was not used. Testing paper discs (6 mm,
Whatman) were impregnated with 10 ul solution
containing 100 ug of each compound to perform
the test against Citrobacter sp., Bacillus subtilis

(ATCC6633), Escherichia coli (ATCC25922),
Micrococcus luteus, Pseudomonas aeruginosa
(ATCC27853), and Staphylococcus  aureus

(ATCC6538p) (Table I), and the fungi strains Mu-
cor miehei, Paecilomyces variotii (ATCC74097),
Ceratocystis pilifera (ATCC60758), Trametes versi-
color (ATCC64311), and Penicillium notatum (Ta-
ble IIT). Aspergillus niger (ATCC64958), Candida
albicans (ATCC96110), Fusarium moniliforme
(ATCC96574), E sporotrichum (wild-type), and
Trichophyton mentagrophytes (ATCC9972) (Ta-
ble IV) were assayed against the M extract only.
Bacteria were grown in Brain Heart Infusion
Broth (Bioxon, Mexico City, Mexico: 112-1) for
stock cultures and Mueller-Hinton Broth (Bioxon:
260-1) was used as a test medium due to its low
interaction with the assayed compounds. The anti-
bacterial activity of the extract and pure com-
pounds was assessed with the disc diffusion
method using Mueller-Hinton agar (Baron and
Finegold, 1995) by determining inhibition zones at
different dilutions of compounds and extract. For
pure compounds filter paper discs (6 mm i.d.,
Whatman) with were impregnated with 10 ul of a
10 ug/ul solution of each sample, and for the crude
total extract the filter paper discs were impreg-
nated with 10 x4l of a 40 ug/ul solution of sample.
The discs were placed in petri dishes containing
the test organisms. Cultures were incubated at
37 °C, and after 24 h, the diameter of inhibition
zone was determined (mm). The mean value from
at least three different experiments was used for
statistical analysis and each experiment was done
in triplicate. The treatments were evaluated with
a completely randomized design. The treatments
were subjected to a one-way analysis of variance
(ANOVA) and means were compared with the
Student-Newman-Keuls (SNK) test (P = 0.05) us-
ing the Microcal Origin 6.2 Microsoft statistical
program. Gentamicin was used as positive control.
The antifungal property of the extract and com-
pounds was tested by the agar-well diffusion

method using Sabouraud Dextrose Agar. Standard
reference antibiotics were used in order to control
the sensitivity of the tested microorganisms, that
were inoculated in Czapek-Dox broth medium.
Plates containing only the culture medium, with
the addition or not of the solvents (methanol or
water 10 ul/sensidisk), were used as viability con-
trols for each fungus studied. The fungi inocula
(10 ul of 3 x 10° spores/ml) were placed in a hole
(0.4 mm?) made in the center of each petri dish
after solidification of the medium. The doses of
the extract were 2 mg/sensidisk; positive control
was 10 ug/sensidisk ketoconazole; negative control
was each one of used solvents (water and metha-
nol 10 ul/sensidisk). The cultures were incubated
at 28 °C for 14 d and controlled every 24 h. Inhibi-
tion of radial mycelial growth diameters were
measured daily and recorded as mean percentages
(%) of growth (Wang and Ng, 2002).

Antifungal assays (ICsy) and minimum fungicide
concentration (MFC)

These tests were carried out to analyze the fun-
gicidal activity exhibited by each compound and
extract, while further studying their fungistatic ac-
tivity. For quantitative assays of the extract, three
doses were added to potato dextrose agar (4 ml)
at 45 °C, mixed rapidly and poured into 3 separate
6 cm petri dishes. After the agar had cooled down
to room temperature, a small amount of mycelia
(1 x 1 mm?) was inoculated, the same amount to
each plate. Buffer only was employed for a nega-
tive control. After incubation at 23 °C for 72 h, the
area of the mycelial colony was measured and the
inhibition of fungal growth and hence the 1Cs val-
ues were determined. For the extract and com-
pounds, 14 d after the beginning of the assay, a
circle of agar around the central hole was ob-
tained, as well as the mycelium of fungi from these
plates that exhibited negative growth. At the end
of this period, the MFC values were recorded
(Wang and Ng, 2002).

Statistical analysis

Data shown in the tables are average results ob-
tained by means of three replicates and independ-
ent experiments and are presented as average *
standard errors of the mean (SEM). Data were
subjected to analysis of variance (ANOVA) with
significant differences between means identified
by GLM procedures. Results are given in the text
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as probability values, with p < 0.05 adopted as the
criterion of significance; differences between
treatment means were established with a Student-
Newman-Keuls (SNK) test. The 15, values for each
activity were calculated by PROBIT analyses
based on percentage of inhibition obtained at each
concentration of the samples. Is, is the concentra-
tion producing 50% inhibition. The complete sta-
tistical analysis was performed by means of the
MicroCal Origin 6.0 statistical and graphs PC pro-
gram, Microsoft Mexico City, Mexico.

Results and Discussion

In our screening program looking for biological
activities of plants from template regions it was
found that A. araucana showed antifungal and an-
tibacterial activity in a preliminary trial. Based on
this information and in the high resistance to in-
sect and pathogen attack of this wood we have
carried out biodirected phytochemical studies on
the heartwood of A. araucana tree.

MeO

HO I OH

3 RI=Re=H

R2=R¢=CH,

4 R2=R¥=R4=CH, R'=H

5 R1=R2=R3=R4=CH,
Fig. 1. Lignan chemical structures: secoisolariciresinol

(1), lariciresinol (2), pinoresinol (3), 4’-methoxy-pinore-
sinol (4) and eudesmin (5).

From the M extract five lignans were isolated
and identified from the heartwood of the Chilean
Araucariaceae species A. araucana, secoisolarici-
resinol (1), lariciresinol (2), pinoresinol (3), 4'-me-
thoxy-pinoresinol (4), and eudesmin (5) (Fig. 1).
The structures of these compounds were estab-
lished by co-chromatography with standards and
spectroscopic methods. It is the first report about
the occurrence of these lignans in A. araucana.

The evaluation of antibacterial activity was car-
ried out against Gram-positive (B. subtilis, Citro-
bacter sp., M. luteus and S. aureus) and Gram-neg-
ative (E. coli and P. aeroginosa) bacteria, all
compounds assayed were active against all Gram-
positive bacteria and the most active compound
was pinoresinol. Table I shows the zone (mm) and
percentage of inhibition of the assayed compounds
and M extract for bacteria resulted with antimicro-
bial activity. After the evaluation of the results,
we found that the M extract showed the highest
inhibitory activity against the tested Gram-posi-
tive bacteria and did not show the same activity
against the tested Gram-negative bacteria, since
the zone (mm) diameters were greater than shown
by the assayed compounds.

The M extract showed a variable composition
of lignans, being secoisolariciresinol (32.99%) the
most abundant/common lignan in the A. araucana
extractives, followed by eudesmin (18.24%), lari-
ciresinol (10.09%), pinoresinol (7.32%), and 4'-
methoxy-pinoresinol (2.96%), together with other
secondary metabolites such as mono, di- and tri-
terpenes, the lignans being the most abundant in
these extractives (Table IT). These lignans have
also been reported for other species of the Arau-
caria genus (Ohashi et al., 1992; Fonseca et al.,
2000).

In view of the potent activity of the M extract
against bacteria, this extract and compounds 1, 2,
3, and 5 were assayed against different fungal
strains. Due to the little amount obtained of com-
pounds 1, 2, 3, and 5 these were evaluated only
against bacteria and rooting-staining fungi. How-
ever, the M extract was used in all measurements.

Compounds 1, 2, 3, and 5 and the M extract
were assayed against M. miehei, P, variotii, C. pilif-
era, T. versicolor and P. notatum, that are rooting
and staining fungi of wood (Table III). The activity
level showed by compounds 1, 2, 3, and 5 against
these fungi was relatively high compared with the
positive control ketoconazole (data not shown), be-
ing the most active secoisolariciresinol (1) with an
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Table I. Antibacterial growth inhibition activity on bacteria inoculum by lignans of Araucaria araucana®.

S. aureus %

E. coli %

%

% M. luteus Y% P. aeruginosa

B. subtilis

%

Citrobacter sp.

Compound

n.a.b
n.a
n.a.
n.a

21.3
16.2
16.9
15.4

9.6 £ 0.57a
184 7.3 £ 0.57b
7.6 £ 0.57b
6.9 = 0.49b

229
19.1
18.1

8.6 = 0.57b
8.1 = 0.51b

184 10.3 £ 0.57a
162 83 £ 0.57b

16.9
15.3

1.15a
0.57b
0.57b
0.61b

+ H + H
€ 0o
OI>~~\O

Lariciresinol (2)

Secoisolarici-

Pinoresinol (3)
resinol (1)

Eudesmin (5)

23.0

299 104 % 0.61a
489 22.0 = 1.0c

19.0 134 + 0.64a
50.2 22.0 £ 1.0c

8.57 + 1.12a

22.6

MeOH extract
Gentamicin

45.1 21.0 £ 1.0c 46.7

20.3 £ 0.57c

48.9

+ 0.57c

Mean of three replicates. Means followed by the same letter within a column are not significantly different in a Student-Newman-Keuls (SNK) test

(treatments are compared by concentration to control), 95% confidence limits.
2 Inhibitory effects at 100 ug per disc are represented as mm of growth [mean value of diameter of inhibition zone (mm) + standard error of N

=21

and its significant difference from the control p < 0.01].

b Activity not present.
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inhibition of 45% at 100 ug/ml per disc against 7
versicolor and 41.5% against C. pilifera (Table III).
In addition, this compound showed a total inhibi-
tion (100%) against these two fungi at 400 ug/ml
per disc (data not show). Similar effects were
showed by the M extract inhibiting completely the
mycelial growth of these two fungi at 300 ug/ml
per disc; the mycelial growth of M. miehei and P.
variotii was also inhibited completely at 400 xg/ml
per disc by this extract and the growth of P. nota-
tum was only partially inhibited (39%) by the M
extract at this concentration (data not shown).

On the other hand, the M extract was assayed
against the human pathogen fungi C. albicans (uni-
cellular, fungi of vaginal mucus) and 7. mentagro-
phytes (dermatophytic fungi) and the phytopatho-
gens A. niger (stored grains), F moniliforme
(stored grains), F sporotrichum and R. solani
(beans pest). The growth of 7. mentagrophytes, A.
niger, FE moniliforme and FE sporotrichum was
completely inhibited in the range of 2500 to
4000 ug/ml (MFC) and the ICsy values resulted
were of half concentration (Table IV).

Interestingly, in the M extract, the high percent-
age of secoisolariciresinol and eudesmin, together
with a very low percentage of pinoresinol and lari-
ciresinol is noteworthy. On the other hand, it is
possible to observe the absence of compounds
with methylene dioxy terminal as in sesamin for
instance, that show a possible absence of an enzy-
matic pool for an oxidative cyclization. A similar
situation can be observed in other trees from gym-
nosperms; facts are reported by Gang et al. (1997).

The activity showed by these lignans could be
due to the antioxidant capacity of the components
of the M extract, according to the reported by
Schultz and Nicholas (2002). The four compounds
assayed showed inhibitory effects against some of
rooting-staining, human and phytopathogenic
fungi. The presence of compounds 1-5 has al-
ready been described in many angiosperms and
gymnosperms and it is well-established that they
have different biological properties (Gang et al.,
1997), but their fungitoxic and bactericidal activi-
ties have not been described in the literature, to
the best of our knowledge. However, among the
above mentioned compounds, only compounds 1
and 3 showed a significant fungal inhibitory effect
in our guided bioassay procedure; in addition, ex-
tract M emerged as the substance responsible for
the antifungal activity of A. araucana.
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Table II. Composition of Araucaria araucana wood extractives (% from the total MeOH extract, based on residual

dry weight).

Monoterpenes
Species Fatty acids and Diterpenes Triterpenes Lignans and  Others
sesquiterpenes phenols
Araucaria araucana 4.62 9.19 3.51 2.40 71.05 9.23
Table III. Antifungal growth inhibition activity on fungi inoculum by lignans of Araucaria araucana®.
Compound M. miehei % P, variotii % C. pilifera % T versicolor % P notatum
Pinoresinol (3) 7.33 £ 0.57a 16.3 n.a. - 160 £ 1.0c 356 150+ 1.0c 333 n.a.
Eudesmin (5) 11.6 £ 057c 258 833 £ 057b 184 1233 + 1.15b 274 151 £ 1.1c 336 n.a.
Lariciresinol (2) 8.0 + 1.10b 17.8 7.61 £ 0.57a 169 11.6 %+ 0.57b 258 15.3 £ 0.57c 34.0 n.a.
Secoisolarici- 134 £ 0.74d 297 991 + 1.11b 219 18.65 = 0.65c 41.5 203 + 1.3d 451 n.a.
resinol (1)
MeOH extract 152 + 0.88d 339 13.0 + 1.32c 28.7 2230 + 1.14d 495 257 +14d 571 n.a.

Mean of three replicates. Means followed by the same letter within a column are not significantly different in a
Student-Newman-Keuls (SNK) test (treatments are compared by concentration to control), 95% confidence limits.

2 Inhibitory effects at 100 ug per disc is represented as mm of growth [mean value of diameter of inhibition zone
(mm) + standard error of N = 21 and its significant difference from the control p < 0.01].

® Activity not present.

Table I'V. Antifungal bioassay of the MeOH extract from
Araucaria araucana. Evaluation of I1Csy and minimum
fungicidal concentration (MFC). (Values from the total
MeOH extract, based on residual dry weight, the deter-
mination is explained in the text.)

ICso [ug/ml]

Fungus MFC? [ug/ml]

Candida albicans 1250 2500

Trichophyton 1500 3000
mentagrophytes

Aspergillus niger 2000 4000

Fusarium moniliforme 2000 4000

Fusarium sporotrichum 2000 4000

Rhizoctonia solani 1500 3000

Results, the average of three replicates, were mea-
sured at 14 d after incubation.

2 MFC is defined as the lowest concentration providing
complete inhibition of fungal mycelial growth.

In summary, when the antifungal activity was as-
sayed with the M extract the ICs, value was as low
as that observed with the positive control ketoco-
nazole (data not shown). This result showed a
clear synergistic effect of the lignan composition
of the M extract, which was not observed till now.
The synergistic effect is one of the most important

characteristics exhibited by natural extracts, in-
creasing their efficacy in contrast to that which
could be obtained with the equivalent amount of
the active constituents alone.

These results reveal that lignans found in the
Araucaria araucana extractives act on white rot-
ting and wood staining fungi and show antibacte-
rial and antifungal activities. This could indicate
that such metabolites can play an important role
in the wood’s natural preservation.

Acknowledgements

We acknowledge the financial support of FON-
DECYT (grant number 1990444) and Escuela de
Graduados and Direccién de Investigacion of the
Universidad de Concepcion. We also thank
Prof. Tzasna Hernandez and Margarita Canales of
the Laboratory of Phytochemistry, FES-Iztacala,
UNAM, Mexico, for their valuable help in deter-
mining biological activity and Mr. Zenén Rosas
Laboratory of Phytochemistry, Faculty of Natural
Sciences and Oceanography, University of Con-
cepcidn, Chile, for his collaboration in the purifi-
cation of compounds in this project.



42 C. L. Céspedes et al. - Antimicrobial Activity of Araucaria araucana

Armesto J.J., Villagran C., Aravena J. C., Pérez C.,
Smith-Ramirez C., Corm M., and Hedin L. (1995),
Conifer forests of the Chilean coastal range. In: Ecol-
ogy of the Southern Conifers (Enrigh J. N. and Hill
R.S., eds.). Smithssonian Institution Press, Washing-
ton D. C., USA, pp. 156-170.

Baron E. J. and Finegold S. M. g}l 995), Bailey and Scott’s
Diagnostic Microbiology, 8™ ed. Mosby, St. Louis,
MO, USA, pp. 171-193.

Calderén J. S., Céspedes C. L., Rosas R., Gomez-Gari-
bay F, Salazar J. R., Lina L., Aranda E., and Kubo I.
(2001), Acetylcholinesterase and insect growth inhibi-
tory activities of Gutierrezia microcephala on fall ar-
myworm Spodoptera frugiperda J. E. Smith. Z. Natur-
forsch. 56¢, 382—-394.

Cambie R., Cox R., and Sidwell D. (1984), Phenolic di-
terpenoids of Podocarpus ferrugineus and other podo-
carps. Phytochemistry 23, 333-336.

Carpinella M. C., Giorda L. M., Ferrayoli C. G., and Pa-
lacios S. M. (2003), Antifungal effects of different or-
ganic extracts from Melia azedarach on phytopatho-
genic fungi and their isolated active components. J.
Agric. Food Chem. 51, 2506-2511.

Castro M. A., Gordaliza M., Del Corral J. M. M., and
San Feliciano A. (1996), The distribution of lignanoids
in the order coniferae. Phytochemistry 41, 995-1011.

Celimene C., Micales J., Ferge L., and Young R. A.
(1999), Efficacy of pinosylvins against white-rot and
brown-rot fungi. Holzforschung 53, 491-497.

Céspedes C. L., Calderén J. S, Lina L., and Aranda E.
(2000), Growth inhibitory effects on fall armyworm
Spodoptera frugiperda of some limonoids isolated
from Cedrela spp. (Meliaceae). J. Agric. Food Chem.
48, 1903-1908.

Céspedes C. L., Torres P, Marin J. C., Arciniegas A.,
Romo de Vivar A., Pérez-Castorena A.L., and
Aranda E. (2004), Insect growth inhibition by toco-
trienols and hydroquinones from Roldana barba-
johannis. Phytochemistry 65, 1963—1975.

Cho 1. Y, Kim A.R., and Park M. H. (2001), Lignans
from the rhizomes of Coptis japonica differentially act
as anti-inflammatory principles. Planta Med. 67,
312-316.

Croteau R., Kutchan T. M., and Lewis N. G. (2000), Nat-
ural products (secondary metabolites). In: Biochemis-
try and Molecular Biology of Plants (Buchanan B. B.,
Gruissem W., and Jones R. L., eds.). American Society
of Plant Physiologists, Rockville, Maryland,
pp. 1250-1318.

Davin L. B, Lewis N. G, and Umezawa T. (1992), Phe-
nylpropanoid metabolism: Biosynthesis of monolig-
nols, lignans and neolignans, lignins and suberins. In:
Phenolic Metabolism in Plants, Recent Advances in
Phytochemistry, Vol. 26 (Stafford H. A. and Hibrain
R. K, eds.). Plenum Press, New York, pp. 325-375.

DeBell 1. D., Morrell J. J., and Gartner B. L. (1997), Tro-
polone content of increment cores as an indicator of
decay resistance in western redcedar. Wood Fiber Sci.
29, 364-370.

Eaton R. A. and Hale M. (1993), Natural durability. In:
Wood: Decay, Pets and Protection, Vol.1 (Hall C.,
ed.). Chapman & Hall, London, pp. 150-281.

Fengel D. and Wegener G. (1984), Wood, Chemistry, Ul-
trastructure. Walter de Gruyter, Berlin, pp. 190-340.

Flores C., Alarcén J., Becerra J., Bittner M., Hoeneisen
M., and Silva M. (2001), Extractable compounds of
native tree, chemical and biological study. Bol. Soc.
Chil. Quim. 46, 61-64.

Fonseca F. N., Ferreira A. J. S., Sartorelli P., Lopes N. P,
Floh E. I. S., Handro W., and Kato M. J. (2000), Phe-
nylpropanoid derivatives and biflavones at different
stages of differentiation and development of Arau-
caria angustifolia. Phytochemistry 55, 575-580.

Gang D. R., Dinkov-Kostova A. T., Davin L. B., and Le-
wis N. G. (1997), Phylogenetic links in plant defense
systems: lignans, isoflavonoids, and their reductases.
In: Phytochemicals for Pest Control (Hedin P. A.,
Hollingworth R. M., Masler E. P., Miyamoto J., and
Thompson D. G, eds.). ACS Symp. Series 658. Ameri-
can Chemical Society, Washington D. C., pp. 58-89.

Gao R., Gao C, Tian X., Yu X,, Di X., Xiao H., and
Zhang X. (2004), Insecticidal activity of deoxypodo-
phyllotoxin, isolated from Juniperus sabina L, and re-
lated lignans against larvae of Pieris rapae L. Pest
Manag. Sci. 60, 1131-1136.

Garcia E. S., Cabral M. M. O., Schaub G. A., Gottlieb
O.R., and Azambuja P. (2000), Effects of lignoids on
a hematophagous bug, Rhodnius prolixus: feeding, ec-
dysis and diuresis. Phytochemistry 55, 611-616.

Kato M. J., Chu A., Davin L. B, and Lewis N. G. (1998),
Biosynthesis of antioxidant lignans in Sesamum indi-
cum seeds. Phytochemistry 47, 583-591.

Keith S., Brown J., and Sanchez W. (1974), Distribution
of norditerpene dilactones in Podocarpus species. Bio-
chem. Syst. Ecol. 2, 11-14.

Kim M. K., Jeon J.-H., Fujita M., Davin L. B., and Lewis
N. G. (2002), The western red cedar (Thuja plicata)
8-8 dirigent family displays diverse expression pat-
terns and conserved monolignol coupling specificity.
Plant Mol. Biol. 49, 199-214.

Kubo I., Muroi H., and Himejima M. (1992), Podoandin,
a molluscicidal sesquiterpene lactone from Podocar-
pus andina. Phytochemistry 31, 1545-1548 .

Kubo I., Chen Q.-X., Nihei K.I., Calderon J. S., and
Céspedes C. L. (2003a), Tyrosinase inhibition kinetics
of anisic acid. Z. Naturforsch. 58¢, 713-718.

Kubo I., Kinst-Hori 1., Nihei K. 1., Soria F., Takasaki M.,
Calderon I. S., and Céspedes C. L. (2003b), Tyrosinase
inhibitors from galls of Rhus javanica leaves and their
effects on insects. Z. Naturforsch. 58¢, 719-725.

Lewis N. G., Davin L. B, and Sarkanen S. (1999), The
nature and function of lignins. In: Comprehensive
Natural Products Chemistry (Barton D. H. R., Nakan-
ishi K., and Meth-Cohn, eds.). Vol. 3: Carbohydrates
and their Derivatives including Tannins, Cellulose and
Related Lignins (Pinto B. M., ed.). Elsevier, London.
pp. 617-734.

MacRae W.D. and Towers G. H. N. (1984), Biological
activities of lignans. Phytochemistry 23, 1207-1220.
Mazur W. and Adlercreutz H. (1998), Natural and an-
thropogenic environmental oestrogens: the scientific
basis for risk assessment. Naturally occurring oestro-

gens in food. Pure Appl. Chem. 70, 1759-1776.

Miyazawa M. (2001), Biotransformation of lignans and
neolignans. Curr. Org. Chem. §, 975-986.

Muiioz-Pizarro C. (1959), Sinopsis de la Flora Chilena.
Ed. Universidad de Chile, Santiago de Chile, Chile,
pp- 50-54.



C. L. Céspedes et al. - Antimicrobial Activity of Araucaria araucana 43

Nascimento I. R., Murata A. T., Bortoli S. A., and Lopes
L. M. (2004), Insecticidal activity of chemical constitu-
ents from Aristolochia pubescens against Anticarsia
gemmatalis larvae. Pest Manag. Sci. 60, 413-416.

Ohashi H., Kawai S., Sakurai Y., and Yasue M. (1992),
Norlignan from the knot resin of Araucaria angustifo-
lia. Phytochemistry 31, 1371-1373.

Park I. K., Shin S. C,, Kim C.S., Lee H. J.,, Choi W.S.,
and Ahn Y.J. (2005), Larvicidal activity of lignans
identified in Phryma leptostachya var. asiatica roots
against three mosquito species. J. Agric. Food Chem.
53, 969-972.

Rhoades D. F. (1979), Evolution of plant chemical de-
fense against herbivores. In: Herbivores: Their Inter-
actions with Secondary Plant Metabolites (Rosenthal
G. A. and Janzen D. H., eds.). Academic Press, New
York, pp. 3-54.

Schmitt J. and Petersen M. (2002), Pinoresinol and ma-
tairesinol accumulation in a Forsythia X intermedia
cell suspension culture. Plant Cell Tissue Organ Cul-
ture 68, 91-98.

Schultz T. and Nicholas D. (2002), Development of envi-
ronmentally-benign wood preservatives based on the
combination of organic biocides with antioxidants and
metal chelators. Phytochemistry 61, 550—-560.

Seigler D.S. (1997), Plant Secondary Metabolism.
Kluwer Academic Publ., Boston, pp. 106—129.

Silva M. and Bittner M. (1986), Terpenes of Podocarpus
species from Chile. Bol. Soc. Chil. Quim. 31, 19-35.
Suga T., Ohta S., Munesada K., Ide N., Kurokawa M.,
Shimizu M., and Ohta E. (1993), Endogenous pine
wood nematicidal substances in pines, Pinus masso-
niana, P. strobus and P. palustris. Phytochemistry 33,

1395-1401.

Thomson R. (1978), Quinone extractives from durable
and non-durable woods. Rev. Latinoamer. Quim. 9,
105-111.

Torres P., Avila J. G.,, Romo de Vivar A., Garcia A. M.,
Marin J. C., Aranda E., and Céspedes C.L. (2003),
Antioxidant and insect growth regulatory activities of
stilbenes and extracts from Yucca periculosa. Phyto-
chemistry 64, 463 -473.

Umezawa T., Davin L. B., and Lewis N. G. (1990), For-
mation of the lignan, (-)-secoisolariciresinol, by cell
free extracts of Forsythia intermedia. Biochem. Bio-
phys. Res. Commun. 171, 1008-1014.

Veblen T. T. (1982), Regeneration patterns in Araucaria
araucana forest in Chile. J. Biogeo. 9, 11-28.

Villagran C., Le-Quesne C., Aravena J. C., Jiménez H.,
and Hinojosa F. (1998), El rol del clima cuaternario
en la distribucién actual de la vegetaciéon de Chile
central-sur. Bamberger Geographische Schriften 15,
227-242.

Wang H. and Ng T. B. (2002), Isolation of an antifungal
thaumatin-like protein from kiwi fruits. Phytochemis-
try 61, 1-6.

Weinges K. and Spinig R. (1967), Lignans and cyclolig-
nans. In: Oxidative Coupling of Phenols (Taylor W. I.
and Battersby A.R., eds.). Marcel Dekker, Inc.,
New York.

Whittaker R. H. and Feeny P. P. (1971), Allelochemicals:
Chemical interactions between species. Science 171,
757-770.

Zhang H. J., Tamez P. A., Vu Dinh H., Ghee T., Tan N.,
Van Hung L., Thi Xuan L. M., Huong N., Manh C.,
Do T. T, Soejarto D. D., Fong H. H. S., and Pezzuto
J. M. (2001), Antimalarial compounds from Rhaphi-
dophora decursiva. J. Nat. Prod. 64, 772-777.



