LN

Holzforschung, Vol. 85, pp. 333-336, 2011 + Copyright © by Walter de Gruyter = Berlin - New York. DOI 10.1515/HF.2011.051

This file was created by scanning the printed

Short Note

have been corrected: however,

publication. Text errors identified by the software

some errors may remain.

Composition of the heartwood essential oil of incense cedar

(Calocedrus decurrens Torr.)

Sheeba Veluthoor!, Rick G. Kelsey?, M.P. Gonzilez-
Hernindez?, Nicholas Panella®, Marc Dolan® and
Joe Karchesy>*

! Medicinal Chemistry Lab, SCRAMM, SIAS,
Malappurum-673633, Kerala, India

2 USDA Forest Service, PNW Research Station, Corvallis,
OR 97331, USA

3 Department of Crop Production, Santiago de Compostela
University, 27002 Lugo, Spain

4 Centers for Disease Control and Prevention, Fort Collins,
CO 80522, USA

3 Wood Science and Engineering, Oregon State University,
Corvallis, OR 97331, USA

*Comesponding author.
‘Wood Science and Engineering, Oregon State University,

Corvallis, OR 97331, USA
E-mail: joe karchesy@oregonstate.edu

Keywords: Calocedrus decurrens; GC-MS; heartwood
essential oil.

Introduction

Incense cedar (Calocedrus decurrens) is a tree native to
Oregon and California, perhaps best known for its aromatic
wood and use in the manufacturing of pencils. The wood is
also highly valued for its decorative appearance and dura-
bility in lumber, related sawmill products, and fence posts.
Chemical investigations of heartwood extracts have shown
the presence of carvacrol; thymoquinone, related p-cymene
and p-menthane based phenols, and tropolones (Zavarin and
Anderson 1955a,b; Zavarin 1958; Veluthoor et al. 2010).
Heartwood durability was shown to be mainly due to the
high concentration of the p-cymene phenols, such as carva-
crol, but as the wood ages these are converted to non-fun-
gicidal compounds, resulting in decreasing durability
(Anderson et al. 1963). Recent investigations have found the
steam distilled essential oil from heartwood to have signifi-
cant biological activity against arthropods of public health
importance such as fleas, ticks and mosquitoes (Dolan et al.
2007), as well as Phytophthora ramorum, the organism
responsible for Sudden Oak Death (Manter et al. 2006). Tn
this paper we report on the GC-MS analysis of this essential
oil. Nakatsuka and Hirose (1954) were first to describe the
essential oil of incense cedar wood, but the oil had not yet

been analyzed by modem methods. In the present paper the
GC-MS analysis of this essential oil will be reported.

Materials and methods

Trees of Calocedrus decurrens Torr. were collected from a logging
and saw mill operation at Warm Springs, Oregon in June 2004. A
voucher specimen is deposited in the Oregon State University Her-
barium. Heartwood shavings (1206 g) were steam distilled for 6 h
in a glass steam distillation anit yielding 7.5 g of deep red oil.

GC-MS analysis: Hewlett Packard 5890 Series I GC (Angilent
Technologies, Inc., Santa Clara, CA, USA) equipped with an Agi-
lent (J&W Scientific) DB-5MS colurnn (30 m X0.25 mm, 0.25 pm
film thickness) connected to an HP 5970 mass selective detector
(He flow 1.0 ml min™; split 1:10). Quantification of the oil com-
ponents was achieved on the same instrument equipped with an
Agilent DB-5 column connected to a flame ionization detector with
a 1.0 ml min"' He flow and a 1:50 split. Injector and detector tem-
peratures for both analyses were: 250°C; the oven program as
described by Adams (2007). Five pl of neat essential oil was diluted
in 1.0 ml ethyl acetate and 1.0 pl of this solution injected. For a
more rapid routine GC analysis of the oil, the following oven pro-
gram was optimal: starting at 100°C with a 1.0 min hold, then pro-
grammed 5°/min to 150° followed by 3°/min to 300° with a 10 min
hold. Compounds were identified by comparison of their spectra
with those in the Wiley and Adams libraries and comparison of
their Arithmetic Indices (Adams 2007). Some compounds were fur-
ther confirmed by standard addition co-chromatography with
authentic samples and by NMR spectra ('H and '*C). Samples for
NMR analyses were isolated as described in the literature (Zavarin
and Anderson 1955a,b; Veluthoor et al. 2010).

Results and discussion

Steam distillatton of the heartwood gave an oil in 0.62%
yield composed almost entirely of p-cymene and p-menthane
derivatives (88.7%) as shown in Table 1 and Figure 1. Thy-
moquinone and carvacrol account for 65.1% of the oil, p-
methoxythymol 11% and p-methoxycarvacrol 3.2%. These
four compounds alone dominate the GC scan as shown in
Figure 2. The wopolone B-thujaplicin (hinokitiol) was only
present in trace amounts. The high concentrations of thy-
moquinone and carvacrol alone can account for the previ-
ously observed high bicactivity of this oil. Carvacrol is well
known for its antimicrobial, antioxidant, insecticidal, and
repellent activities (Panella et al. 2005; Dietrich et al. 2006;
Veldhuizen et al. 2036) and is a component in several other
important agricultural based essential oils such as those from
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Table 1 Composition of the heartwood essential oil from Calocedrus

decurrens.

Compound AP Concentration (%) Tdentification®
1,4-Cineole 1009 Traces MS, ST
p-Cymene 1018 0.8 MS, ST
Limonene 1023 Traces MS
m-Cymenene 1083 03 MS
Terpinen-4-ol 1172 24 MS, ST
a-Terpineol 1185 1.6 MS, ST
Thymoquinone 1250 359 MS, NMR
Piperitone? 1253 038 MS
Carvenone 1256 1.1 MS

Carvacrol 1300 292 MS, NMR
Unknown 1367 1.0 m/z 178
2,5-p-Dimethoxycymene 1416 0.4 MS, NMR
p-Methoxythymol 1484 11.0 MS, ST, NMR
p-Methoxycarvacrol 1491 3.2 MS, ST, NMR
B-Thujaplicin 1485 Traces MS
Thymohydroquinone 1553 03 MS
Libocedroquinone 2337 Traces MS, ST, NMR
Heyderiol 2346 0.5 MS, NMR
Libocedrol 2386 12 MS, NMR
Total 89.7

*Al=Arithmetic Index on DB-5 Column (Adams 2007).
*Determined by GC-FID analysis, unidentified compounds less than 0.5% are

not reported.

“ST=standard addition co-chromatography with authentic compound. NMR,
isolation and identification by 'H and '*C NMR.

9Tentatively identified.

thyme and oregano (Baser 2008). Manter et al. (2007) have
demonstrated the biocidal activity of thymoquinone against
P ramorum. Thymogquinone is also the bioactive constituent
of the oil of black cumin (Nigella sativa), which has been
used since antiquity in the Middle East for the treatment of
many human diseases (Padhye et al. 2008). This compound
has been shown to have antioxidant, anti-inflammatory, and
promising anticancer activities in both in vifro and in vivo
studies (Gali-Mahtasib et al. 2006). According to Anderson
et al. (1963) p-methoxythymol and p-methoxycarvacrol are
anti-fungal against wood decay organisms. The quoted
authors also indicated that B-thujaplicin is the strongest anti-
fungal compound of the group. However, due to its low con-
centration this compound probably plays only a minimal role
in incense cedar wood durability, or essential oil bioactivity.

Calocedrus decurrens is one of only three species in the
genus Calocedrus (Chen et al. 2009). The other two, C. for-
mosana and C. macrolepis, are divergent species native to
Asia. No analyses have been reported for the steam distilled
essential oils from the heartwoods of these trees. However,
Wang et al. (2006) have reported on the GC-MS of the solid
phase micro extraction (SPME) of C. macrolepis wood. The
major compounds were the volatiles p-cymene (24.4%), ter-
pinen-4-01 (16.6%) and e-terpineol (12.5%). These are all
present in C. decurrens oil, but in much lower concentrations
(0.8, 2.4, and 1.6%, respectively). Carvacrol, thymequinone,
p-methoxythymol, p-methoxycarvacrol and their associated
derivatives were not found in C. macrolepis by SPME and
there seems to be only minimal overlap of other compounds.
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Figure 1 Main constituents in the heartwood essential oil of C.
decurrens.
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Figure 2 GC scan of C. decurrens heartwood essential oil.

Conclusions

There is presently an interest in more efficient utilization of
forest resources and the development of new biocides and
repellents that are safe for both the environment and people.
The composition of C. decurrens wood essential oil com-
bined with biological studies give insight into the develop-
ment of such biocides. There is also potential for utilization
of this oil from mill residues in limited, small specialty
operations.

Acknowledgements

We are grateful for the help of Mr. Gene Keane and the Warm
Springs Forest Products Industries for their help in providing
incense cedar heartwood.

References

Adams, R.P. Identification of Essential Oil Components by Gas
Chromatography / Mass Spectrometry, 4™ Edition. Allured Pub-
lishing Corp., Carol Stream, Illinois, 2007.

Anderson, A.B., Scheffer, T.C., Duncan, C.G. (1963) The chemistry
of decay resistance and its decrease with heartwood aging in
incense cedar (Libocedrus decurrens Torrey). Holzforschung
17:1-5.

Baser, K.H.C. (2008) Biological and pharmacological activities of
carvacrol and carvacrol bearing essential oils. Curr. Pharm.
Design 14:3166-3120.

Chen, C.-H., Huang, I.-P, Tsai, C.-C., Chaw, S-M. {2009) Phylog-
eny of Calocedrus (Cupressaceae), an eastern Asian and western
North American disjunct gymnosperm genus, inferred from
nuclear ribosomal nrl’TS sequences. Bot. Studies 50:25-433.

Dietrich, G., Dolan, M.C,, Peralta-Cruz, J., Schmidt, I., Piesman, J.,
Eisen, R.J., Karchesy, J. (2006) Repellent activity of fractionated
compounds from Chamaecyparis nootkatensis essential oil
against nymphal Ixodes scapularis. J. Med. Entomol.
43:957-961.

Dolan, M.C., Dietrich, G., Panella, N.A., Montenieri, J.A., Karche-
sy, 1.J. (2007) Biocidal activity of three wood essential oils
against Ixodes scapularis (Acari: Ixodidae) Xenopsylla cheopis
(Siphonaptera: Pulicidae), and Aedes aegypti (Diptera; Culici-
dae). J. Econ. Entomol. 100:622—625.

Gali-Mahtasib, H., Roessner, A., Schneider-Stock, R. (2006) Thy-
moquinone: a promising anti-cancer drug from natural sources.
Internat. J. Biochem. Cell Biol. 8:1249-1253.

Manter, DK., Kelsey, R.G., Karchesy, 1.J. (2006) The sporicidal
activity of yellow-cedar heartwood, essential oil and wood con-
stituents towards Phytophthora ramorum in culture. For. Pathol.
36:297-308.

Manter, D.K,, Kelsey, R.G., Karchesy, 1.J. (2007) Antimicrobial
activity of extractable conifer heartwood compounds toward
Phytophthora ramorum. J. Chem. Ecol. 33:2133-2147.

Nakatsuka, T., Hirose, Y. (1954) Essential oil from incense cedar
wood. 1. Phenolic substances. J. Japan Forest. Soc. 36:280-283.

Padhye, S., Banerjee, S., Ahmad, A., Mohammad, R., Sarkar, FH.
(2008) From here to ctemity — the secret of Pharaohs: therapeu-
tic potential of black cumin seeds and beyond. Cancer Therapy
6:495-509.

Panella, N.A,, Dolan, M.C,, Karchesy, 1.1., Xiong, Y., Peraltra-Cruz,
J., Khasawenh, M., Montenieri, I.A., Maupin, G.O. (2005) Use
of novel compounds for pest control: insecticidal and acaricidal
activity of essential oil components from heartwood of Alaska
Yellow Cedar. J. Med. Entomol. 42:352-358.

Veldhuizen, E J., Tjeerdsma-van Brokhoven, 1L, Zweijter, C., Burt,
S.A., Haagsman, HP. (2006) Strectural requirements for the
antimicrobial activity of carvacrol. J. Agric. Food Chem. 54:
1874-1879.

Veluthoor, S., Li, S., Kelsey, R.G,, Dolan, M.C., Panella, N.A., Kar-
chesy, J. (2010) Two new diterpene phenols from Calocedrus
decurrens. Nat. Prod. Comm. 5:519-522.



336 S. Veluthoor et al.

Wang, S.-Y., Wang, Y.-S., Tseng, EH., Lin, C-T., Liu, C-P. (2006)
Analysis of fragrance compositions of precious coniferous wood
grown in Taiwan. Holzforschung 60:528-532.

Zavarin, E., Anderson, A.B. (1955a) Extractive components from
incense-cedar heartwood (Libocedrus decurrens Torrey). 1.
Occurrence of carvacrol, hydrothymoquinone and thymogqui-
none. J. Org. Chem. 20:82-88.

Zavarin, E., Anderson, A.B. (1955b) Paper chromatography of the
tropolones of Cupressaceae. J. Org. Chem. 21:332--335.

Zavarin, E. (1958) Extractive components from incense cedar heart-
wood (Heyderia decurrens Torrey) VII. On the occurrence of
heyderiol. J. Org. Chem. 23:1264-1268.

Received June 25, 2010. Accepted December 31, 2010.
Previously published online March 14, 2011.



	Statement: 


