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ABSTRACT 

Araucaria araucana is a native conifer of Chile commonly called Araucaria. The knots of Araucaria are extremely hard wood and highly rot-resistant, they can be 

found in the forest decades after that the tree has dead and decomposed. Here we report the phytochemical characterization of different parts of the Araucaria as 

stemwood, branch and knots, founding a remarkable difference in the content of extractables in these parts, as well as the lignan composition, which is higher in knots 

than in branches or stemwood. Eudesmin was isolated and crystallized from organic extract of knots, its structure was determinate by NMR; moreover, 

secoisolariciresinol, lariciresinol and matairesinol were identified by GCMS and HPLC in contrast to standards, and quantified in stemwood, branch and knots. The 

results showed that secoisolariciresinol is the main lignan with 45.77 mg g-1, followed by eudesmin with 22.68 mg g-1, lariciresinol 4.57 mg g-1 and matairesinol with 

1.19 mg g-1. The antioxidant activity in terms of DPPH assay showed that knotwood extract displays the higher activity, meanwhile that eudesmin did not displays 

activity in DPPH assay. The cytotoxic activity against SHSY5Y neuroblastoma and P3X myeloma cell lines, revelated a moderate activity of extracts, while eudesmin 

did not showed activity. 
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INTRODUCTION 

Lignans are a family of natural compounds formed by stereospecific coupling 

β-β` of two phenylpropane units (C6C3) with a wide range of rearrangements,  

different oxidation degree, and condensations, emerging a broad type of 

compounds [1]. Lignans have been studied for their potential medicinal uses as 

phytohormone, treatment or prevention of various types of cancer, and 

neuroprotective effects, among others. They have been isolated from almost all 

vascular plants. However, their role in nature is not fully known. It has been 

suggested that they are part of the defense and resistance of conifers against 

pathogen attack [2, 3]. In conifers, the extractable give protection from predators 

[4], and their concentration depends on the specie of tree, age, geographical 

location, stress, and different parts of the same tree. In fact, in hardwood as knots, 

extractable accumulate in higher concentration than in the heartwood, even up to 

6 folds, with a concentration of lignans than exceed 10% w/w. While, in 

coniferous species such as: Abies alba, Picea abies and Pinus sylvestris the 

concentration of lignans in knots can up to 200-folds [5, 6]. In Pinus sylvestris 

L., the extracts obtained from knots have showed a greater protective effect 

against brown rot fungus attack than extracts obtained from heartwood, also 

pointing to a direct relationship with the antioxidant capacity and components of 

extractable [7].  

In Chile, Araucaria araucana, commonly called Araucaria, grow up over 2000 

m in the center south of the country, and their knots are commonly known as 

"picoyo". They are an extremely hard wood and highly rot-resistant material, that 

has become used by artisans who collect them from degraded A. araucana trees 

to produce beautiful pieces of silverware. The picoyos of Araucaria can endure 

in the forest for many years without fungal attack, probably due to a high 

concentration of extractables[8–10] , moreover for this reason, they were used as 

fuel for firewood with high calorific value. Knots of the Brazilian conifer A. 

angustifolia have a high presence of lignans, such as eudesmin, 

secoisolariciresinol and lariciresinol, but knots of Araucaria have not been 

chemically characterized in depth. The present study reports the chemical profile 

of heartwood, branches, and knots of A. araucana and their antioxidant and 

cytotoxic activity.  

EXPERIMENTAL 

General Information 

Preparative chromatography was performed using Merck silica gel 60 (25−100 

μm; Aldrich, Santiago, Chile). Analytical thin-layer chromatography (TLC) was 

carried out on Merck silica gel 60F254 sheets (Darmstadt, Germany), eluted with 

EtOH/dichloromethane 7% v/v and revelated with sulfuric acid EtOH 5%, then 

eating at 150 °C. Solvents as HPLC-grade water, acetonitrile, ethanol, acetone, 

formic acid, were obtained from Merck (Darmstadt, Germany). Lignan standards 

of pinoresinol, matairesinol, lariciresinol and secoisolariciresinol were obtained 

from Phytolab (Vestenbergsgreuth, Germany). Cells P3X63Ag8.653 were 

purchased from ATCC (ATCC® CRL-1580). Fractions were concentrated in a 

Büchi R100 rotavap. Solvents used in this study were distilled prior to use and 

dried over appropriate drying agents. NMR spectra were recorded on a Bruker 

AVANCE III 500 MHz spectrometer, Bruker Biospin GmbH, Rheinstetten, 

Germany, and TMS were used as an internal standard.  

Gas chromatography-Mass Spectrometry (GC-MS) analysis was performed on 

an Agilent 7890, California, USA, with an Agilent 5975 mass detector, using a 

column HP5-MS 30 m x 0.25mm silica and a 0.25 μm film thickness. Spectra 

were compared with standard mass spectra in addition to the NIST07 database 

(NIST 2008, National Institute of Standards and Technology).  

Plant material and extraction  

Stemwood, branch and knots of A. araucana were collected in May 2018 on 

Nahuelbuta range (Biobío Region, 37°41’′43.56’’S 73°07’49.34’’W). Samples 

were identified by the botanist Dr. Roberto Rodríguez from the University of 

Concepcion. 100g of stemwood, branch and knots of A. araucana were chopped, 

dried at 40 ºC for 8 h, and milled to 1-3 mm, and then they were continuously 

extracted on a Soxhlet. Briefly, in a 250 mL Soxhlet,  2-5 g of sample was placed 

in a cellulose thimble with acetone (250 mL) and refluxed for 12 h, then the 

organic layer was filtered through a GV Durapore filter (0.22 µm pore size, 13 

mm diameter, Millipore, Bedford, MA, USA) and evaporated in vacuo, giving a 

total organic extract, which was weighted and kept frozen at -20°C until use.  
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Additionally, a branch of A. araucana was processed according to Figure 3A. 

Briefly, the branch of 1,20 m and around 10 cm diameter, was cut in 22 slices of 

4 mm width, using an electric saw, previously cleaned with acetone. The wood 

powder of each slice was carefully gathered and extracted in Soxhlet, as 

previously described.  

Quantification of lignans by HPLC 

Quantification of lignans were by HPLC (Young Lin, Anyang, South Korea) 

with PDA detector (PDA YL9160), using a reverse phase column Kinetex® 2.6 

µm C18 100Å, 150 x 4.6 mm. The mobile phase was: A) water with 0.1 % formic 

acid and Phase B) acetonitrile. A gradient program was used as follow: 0-42 min 

15-45% B, 42-45 min 45-100% B, 45-50 min 100% B, 50-60 min 100-15% B. 

The flux was constant to 0.4 mL min-1, at 25 ºC and injections were of 4 µL. A 

calibration curve of eudesmin was measured at 280 nm. The analytical 

parameters were calculated from the calibration curve, with n = 6: R2 = 0.9972, 

LOD = 1.11 mg L-1, LOQ = 3.72 mg L-1.  

The lignans eudesmin, matairesinol, secoisolariciresinol and lariciresinol were 

identified according to retention time and molecular absorption spectra 

comparing to commercially available standards. Matairesinol, secoisolariciresinol 

and lariciresinol were quantified by extrapolation on the calibration curve of 

eudesmin, and they are expressed in terms of eudesmin content.  

Antioxidant activity against DPPH radical 

The antioxidant activity of the extract from the knotwood, stemwood and 

branch were evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazil) radical 

reduction test according to the methodology proposed by Hatano et al. [11]. 

Concentrations of 100, 50, 25, and 10 µg mL-1 were prepared from the total 

extracts in ethanol. An aliquot of 150 µL was taken from each sample and mixed 

with an equal volume of DPPH solution (60 mM).  

The resulting solution was vortexed and the absorbance was measured against 

the target on Biotek® ELX800 microplate reader at a wavelength of 520 nm. The 

results were expressed as the percentage of antioxidant activity and compared 

with the TROLOX reference standard (6-hydroxy-2,5,7,8-tetramethylcroman-2-

carboxylic acid) as a control [11]. The DPPH radical reduction activity was 

calculated with the following formula: 

DPPH (%) = (Abc – Abs)/Abc × 100 

Where Abc is the absorbance of control (ethanol). Abs is the absorbance of the 

sample, lectures at 520 nm. Data is reported as IC50 DPPH radical inhibition. 

TLC and bioautography with DPPH 

Extracts of stemwood, branchwood and knotwood in concentrations of 12 mg 

mL-1 in acetone were seeded on a TLC and eluted using dichloromethane-ethanol 

93:7 v/v. Then, the TLC plate was sprayed with a solution of 0.5 %  w/v of DPPH 

in ethanol; after 30 min the plate was examined to the daylight, according to the 

method of Dewanjee et al. [12]. Free-radical scavengers appear as cream/yellow 

spots against a purple background. 

Cytotoxic activity against cancer cells  

Cell culture 

Murine myeloma cells (P3X) and human neuroblast cells (SH-SY5Y) were 

used to investigate cytotoxicity of extract from stemwood, branchwood, 

knotwood and isolated compound eudesmin. SH-SY5Y cells lines were cultured 

in DMEM-F12 (Dulbecco's Modified Eagle's Medium – Nutrient Mixture F-12) 

culture medium while P3X RPMI 1640, either complemented with 10% fetal 

bovine serum (FBS), 1% glutamine and 1% penicillin/streptomycin, maintained 

at 37 °C, with 5% CO2 flow, in humidified incubator. Cells were diluited three 

times per week to mainten them in a normal condition of growth and collected 

for the antiproliferative assays in the exponential phase of growth. 

Cytotoxicity assay 

Cell viability was investigate using the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay, a colorimetric method to visualize 

the functionality of mitochondrial succinate dehydrogenase (correlated with cell 

metabolic activity) by reduction of MTT into formazan crystals, as reported by 

Garzoli and colleagues [13]. Briefly, SH-SY5Y (2x104 cells/well) and P3X 

(2x104 cells/well) cells were seeded in 96-well plates and treated with seven 2-

fold dilutions (1000, 500, 250, 125, 62.5, 31.2, and 15.6 µg mL-1) with stemwood, 

branchwood, knotwood extracts and eudesmin in triplicate for 24h.  

As negative control, cells without treatment were added. Following treating 

incubation time, media was carefully removed and MTT solution (0.5 mg mL-1) 

was added each well and leave to react for 3 h at 37°C to allow formazan crystals 

formation. After this incubation time, cells were centrifuged in a plate centrifuge, 

the medium was removed and an organic solvent (dimethyl sulfoxide) was added 

to completely dissolvejthe formazan crystals. After 15’ plates were read by a 

microplate reader (SunRise, TECAN, Inc, USA) at 595 nm to evaluate the 

number of viable cells, directly correlated with the amount of colour produced. 

The % of viability was calculated as follow: 

% viability = (1 – (Sλ / Cλ)) × 100 

Sλ: absorption of wells treated with the stemwood, branchwood, knotwood 

extracts and eudesmin; 

Cλ: absorption of untreated cells.  

The relation between viability and samples concentration is plotted to obtain a 

survival curve of tumor cell lines. The effective concentration at 50% (IC50) was 

estimated from graphs of the dose response curve for each concentration using 

GraphPad Prism software (version 8.4.2). 

RESULTS AND DISCUSSION 

Identification of lignans from stemwood, branchwood, knotwood of A. 

araucana 

The extraction of 100 g of knotwood of Araucaria with acetone gave 26.1 g of 

total extract, which was concentrated by slow evaporation at 4°C, precipitating 

1.4 g of colorless crystals identified as eudesmin, Figure 1.  

 

Figure 1. Structure of lignans identified form Araucaria araucana knotwood.  

The structure of eudesmin was determinate by RMN analysis. The results agree 

with data reported in literature [14, 15]. Eudesmin or (1R,3aS,4R,6aS)-1,4-

bis(3,4-dimethoxyphenyl) hexahydrofuro [3,4-c] furan. 1H NMR (600 MHz, 

CCl3D) : 7.02 (d, J = 1.0 Hz, 1H, H-2), 6.92 (d, J = 8.5 Hz, 1H, H-5), 6.94 (dd, 

J = 2.0, 6.0 Hz, 1H, H-6), 4.73 (d, J = 4.5 Hz, 1H, H-7), 4.78 (m, 1H, H-9), 4.28 

(m, 1H, H-9), 3.92 (s, 3H, C-11), 3.90 (s, 3H, C-10), 3.12 (m, 1H, H-7). Mass: 

386. Formula: C22H26O6. 

Quantification of extractables and lignans from stemwood, branchwood 

and knotwood of A. araucana 

The extraction, with acetone, of a representative sample of milled wood 

collected from three tissues of A. araucana gave the following yields: Stemwood 

0.9 %w/w, branchwood 1.2 %w/w, knotwood 26.1 %w/w. These results showed 

big differences in the concentration of extractables in the tissues of A. araucana, 

suggesting that the preservation of knots of Araucaria in the forest, without 

decomposition, could be due to a high amount of extractables in this tissue, which 

is 29-folds higher than in stemwood.  

Four lignans were quantified by HPLC in stemwood, branchwood and 

knotwood of A. araucana, Figure 2, Table 1.  
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Figure 2. Representative HPLC-PDA chromatograms of total extracts at same 

concentration (10mg mL-1) of A) stemwood, B) branchwood and C) knotwood. 

The peaks of the standards of secoisolariciresinol 1, lariciresinol 2, matairesinol 

3, eudesmin 4, are given in figure C. 

Table 1. Concentration of four lignans in tissues of Araucaria araucana.  

Tissue 
Secoisolariciresinol 

mg g-1 

Eudesmin 

mg g-1 

Lariciresinol 

mg g-1 

Matairesinol 

mg g-1 

Stemwood 0.03 0.10 0.02 0.02 

Branchwood 1.50 1.43 0.24 0.42 

Knotwood 45.77 22.68 4.57 1.19 

The chromatogram in the Figure 2C, shows at least, 12 compounds in the 

knotwood extract, in spite that in this study, only four of them were identified as 

eudesmin, matairesinol, secoisolariciresinol and lariciresinol ( Figure 1), which 

were quantified, in terms of eudesmin. The compound secoisolariciresinol is the 

lignan present in higher concentration in stemwood, branchwood and knotwood 

of Araucaria. In the knots its concentration is remarkable with 30.5-Folds and 

1526-Folds higher than in stemwood and branchwood, respectively. The second 

lignan in major concentration is eudesmin, followed by lariciresinol and 

matairesinol, showing the same pattern as secoisolariciresinol.  

Quantification of extractables and lignans from different parts of a 

branch of A. araucana 

The quantification of extractables and lignans were measured in all length of a 

branch of A. araucana of 1.20 m length, Figure 3A. The branch was cut in 22 

slices from left (part of knot in red) to the right (branchwood in green color), as 

it is shown in Figure 3B. Extractables obtained from milled wood of each cut 

were quantified by gravimetry and summarized in Figure 3C.  

Results showed a higher concentration of extractables in the samples, which 

include the knot part (left side), than in samples of branchwood (right side). 

Figure 3D summarizes the concentration of four lignans; eudesmin, matairesinol, 

secoisolariciresinol and lariciresinol, determinate by HPLC. These results agree 

with the concentration of extractives showed in Table 1, where higher amounts 

of lignans were found in the knot.  

 

Figure 3. Quantification of extractables and pure lignans in different parts of 

a branch of A. araucana. A) Branch of A. araucana including the knot in left 

side. B) Scheme of 22 wood samples cut from the branch of A. araucana. C) 

Concentration of extractables in %w/w from each sample. D) Graph of 

quantification of eudesmin, matairesinol, secoisolariciresinol and lariciresinol in 

the 22 wood samples from 3B. S Stemwood.  3B created with BioRender.com. 

The concentration of lignans vary long a branch of A. araucana as was shown 

in Figure 3D. The results of each sample are given in Table 2, Where is it shown 

the higher the concentration of each lignans, the close is to the knots between 

samples 5 to 7, and decreases to the right side of the branch moving away to the 

knot. 

Table 2. Quantification of lignans along a branch of A. araucana. 

Sample 
Matairesinol 

mg g-1 

Lariciresinol 

mg g-1 

Eudesmin 

mg g-1 

Secoisolariciresinol 

mg g-1 

1 0.56 1.94 5.66 22.44 

2 0.82 3.15 9.68 32.79 

3 1.02 2.94 18.16 38.07 

4 1.01 3.60 19.10 42.62 

5 1.12 3.07 22.93 42.01 

6 0.99 5.54 23.88 51.38 

7 1.47 5.09 21.22 43.93 

8 0.89 3.83 23.77 44.33 

9 1.26 2.52 21.45 39.94 

10 0.87 2.44 22.09 38.36 

11 0.86 2.52 16.10 26.79 

12 1.13 2.12 15.45 27.10 

13 2.38 2.34 13.74 21.29 

14 0.58 2.03 10.73 14.15 

15 1.27 1.87 10.15 12.83 

16 1.00 2.57 11.45 15.13 

17 1.34 4.73 13.94 28.32 

18 0.88 1.67 6.35 9.78 

19 0.90 2.27 6.83 8.15 

20 0.56 1.27 4.16 5.03 

21 0.28 0.20 1.51 1.49 

22 0.56 0.28 1.35 1.51 

Results expressed dry basis. 
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Antioxidant and cytotoxic activity of extractables from stemwood, 

branchwood and knotwood of A. araucana. 

The antioxidant capacity of extracts was visualized by bioautography, Figure 

4. TLC to left side was stained with DPPH and yellow spots showed antioxidants 

compounds. According to the previous results, the major number of polyphenols 

are in samples of knotwood, branchwood, than that in stemwood, which also 

showed the higher activity in terms of DPPH reduction with an IC50 10.18, 30.49 

and 72.17 µg mL-1 respectively, Table 3. In the Figure 4, knotwood (right side), 

the position of each lignan was pointed out. Eudesmin is the less polar compound 

with higher retention factor on silica gel TLC, followed by matairesinol, 

lariciresinol and secoisolariciresinol. In the DPPH radical reduction test by 

bioautography, eudesmin showed no activity, where the band corresponding to 

eudesmin did not give positive coloration, as well as by spectrophotometry, 

Table 3. These results are consistent with the literature [16]. 

 

Figure 4: TLC analysis followed by bioautography DPPH activity. The plates 

were revelated with DPPH reagent (left) and a duplicate was revelated with 

sulfuric acid/ethanol (right). secoisolariciresinol 1, lariciresinol 2, matairesinol 

3, eudesmin 4. 

The cytotoxic activity results of the extracts and eudesmin are given in the 

Table 3. The extracts display moderate activity against both neuroblastoma and 

myeloma cancer cell lines. While eudesmin did not show activity over 200 µg 

mL-1.  

Table 3. Activity of the total extract, in acetone, of knotwood, branch and 

stemwood of A. araucana in DPPH radical reduction analysis and cytotoxic 

assays in SHSY5Y neuroblastoma and P3X myeloma cell lines, n = 3. 

Treatment 
DPPH 

IC50 (µg mL-1) 

SH-SY5Y 

IC50 (µg mL-1) 

P3X 

IC50 (µg mL-1) 

Knotwood 10.18 71.52 67.9 

Branch 30.49 83.4 79.13 

Stemwood 72.17 145.52 120.2 

Eudesmin n.a. >200 >500 

Trolox 5.58 - - 

DPPH is expressed in amount of extract needed to reduce 50% of the DPPH 

radical(IC50). n.a. no activity. 

Possible role of A. araucaria wood extractables 

Based on the results obtained, the difference in lignan concentration between 

stemwood and knotwood from A. araucana is notorious. This accumulation of 

phenolic compounds in tree knots has been studied in other gymnosperms from 

northern hemisphere, whose results suggest that the presence of phenols such as 

lignans or stilbenes would be exerting a chemical barrier as free radical 

scavengers, properties that counteract the attack of xylophagous fungi, such as 

brown rot, which generate free radicals to gain access to the cellulose[2]. 

Another interesting role of lignans from knotwoods on the soil surface is that 

they could be exerting an allelopatic effect, because some of these compounds, 

like lariciresinol and secoisolariciresinol, are highly phytotoxic, therefore, they 

would be exerting a local ecological effect that needs further study[17]. 

CONCLUSION  

Lignans are an important family of bioactive compounds with antifungal, 

antibacterial and insecticidal effects, which are used by conifers as a chemical 

defense; moreover, they have also shown pharmacological properties as anti-

carcinogens, and as a food supplement because of their beneficial effects on 

human health [18–20]. For instance, extracts of lignan-rich Picea abies knots are 

added to the winemaking process to improve its properties enhancing its quality 

[21, 22]. The lignans secoisolariciresinol, eudesmin, lariciresinol and pinoresinol 

have already been reported in the heartwood of native Chilean species such as A. 

araucana, Fitzroya cupressoides, and Austrocedrus chilensis [18, 23, 24]. 

Chemical investigation on extracts of stemwood, branchwood and knotwood 

from Araucaria were carried out. Our results, in Araucaria araucana, evidenced 

the presence of secoisolariciresinol, lariciresinol, matairesinol and eudesmin in 

higher concentration in the knots of Araucaria, than in stemwood. The biological 

reasons for this high chemical concentration in knots have not been fully 

clarified, because physiologically, the secondary metabolites of extractables are 

synthesized in the sapwood and transport to the heartwood, activity that is 

enhanced when the tree is damage, but how they move and accumulate in knots 

is not well understood [25]. We suggest that knots with a high concentration of 

extractable rich in lignans are part of a chemical protection mechanism. The 

union between the trunk and the branches supports important mechanical loads 

due to the weight of the branches and environmental factors such as wind, snow 

and precipitation that induce strong mechanical stress. Self-pruning of branches 

after death could also be the origin of the entry of pathogens and oxygen that 

could damage the living tissues of the stem. Consequently, the knots must be 

both mechanically and resistant to xylophage predation [2]. The knots of 

Araucaria were used for a long time as wood to burn and recently as material for 

artisans. However, it has a potential use as a source of lignans, specially 

eudesmin, which crystallize in organic solvents at low temperature, facilitation 

its purification. Extracts of stemwood, branchwood, knotwood, and all isolated 

compounds were evaluated for their cytotoxicity and antioxidant bioassays.  In 

the cytotoxic analysis of eudesmin,  it did not give positive cytotoxic activity in 

SHSY5Y and P3X cells., In comparison to other studies in PC3 (Prostate 

carcinoma), MCF (Breast carcinoma), PA1 (Ovary carcinoma), DLD1 (Colon 

carcinoma), or M4Beu (Malignant melanoma) [26], that showed that eudesmin 

possesses significant antitumor effects on lung cancer A549 (IC50 18.3 uM) via 

to induction of mitochondria-mediated apoptosis [27], as well as in 

nasopharyngeal carcinoma cells eudesmin inhibited cell viability and induced 

apoptosis of NPC cells [28]. However, the cytotoxic activity is not fully 

understanding, could be suggested that eudesmin is high specific against some 

particular cancer cell lines; this deserves more in-depth studies and could become 

a potential cancer-fighting drug. 
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