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Abstract The antitermitic activity of extracts from the
branch heartwood of Chamaecyparis obtusa (hinoki)
against Japanese termites (Reticulitermes speratus) was
compared with that of the trunk. Samples of branch and
trunk heartwood were extracted with n-hexane, ethyl ace-
tate, and methanol successively. n-Hexane extracts of
branch and trunk heartwood were strongly antitermitic, and
branch heartwood contained greater quantities of active n-
hexane extracts than trunk heartwood. Germacra-1-(10),
5-dien-4B-ol, r-cadinol, a-cadinol, hinokiresinol, and hi-
nokinin were separated from the branch extracts and the
termiticidal and antifeedant activity of these compounds
was tested by no-choice and dual-choice test methods. The
sesquiterpenoids, germacra-1-(10), 5-dien-4f-ol, t-cadinol
and a-cadinol were strongly termiticidal. The norlignan
hinokiresinol and lignan hinokinin had weak termiticidal,
and strong antifeedant and repellent activity. High con-
centrations of germacra-1-(10), 5-dien-4B3-ol and hinok-
iresinol were present in branch heartwood. These
compounds protect hinoki branches from termites and
other harmful organisms. Hinoki branch heartwood, which
is usually unused, is a potential source of active antiter-
mitic compounds.
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1 Introduction

Chamaecyparis obtusa Endl. (hinoki) has been a common
and traditional plantation conifer for many years, and
covers about 25 % of plantation forest in Japan (Japan
Forestry agency 2011). Hinoki is a durable building timber
and the timber is well known for antitermitic properties
(Matsushima et al. 1990; Kinjo et al. 1988; Ohtani et al.
1996). Several bioactive compounds, such as mono- and
sesquiterpenoids, have been extracted from the wood
(Kondo and Imamura 1986; Kinjo and Yaga 1986; Hong
et al. 2004; Yanga et al. 2007). Previous studies identified
several of these chemicals and investigated the bioactivities
of hinoki heartwood, leaves, bark, and nuts (Yanga et al.
2007; Shiei et al. 1981; Ishii and Kadoya 1993). However,
there are few reports on the bioactivity of hinoki branch
heartwood. Here, the allelopathy and activity of chemicals
extracted from hinoki branch heartwood against harmful
organisms were investigated and several strongly anti-
fungal sesquiterpenoids were found. The characteristic
components of branch heartwood, germacra-1-(10), 5-dien-
4p-ol and hinokiresinol, also killed brine shrimp (Artemia
salina) (Morikawa et al. 2012).

Antitermitic activity of branch is found in essential oils
extracted from other plants, such as Melaleuca spp.
(Sakasegawa et al. 2003). Kijidani et al. (2012) reported
that antitermitic activity of hinoki depended on the color of
the heartwood; red varieties exhibited higher termite
resistance than yellow varieties. In an earlier study, it was
found that trunk and branch heartwood color differs, and it
was hypothesized that the vivid red hinoki branch heart-
wood is more resistant to termites than the paler trunk
heartwood.

At present, hinoki branch wood is considered valueless
and is not used. As the branch occupies approximately

@ Springer



652

Eur. J. Wood Prod. (2014) 72:651-657

20-30 % of the mass of the tree, the value of this resource
will increase if bioactive compounds can be extracted from
the branches. The aim of this study was to investigate the
antitermitic activity against a subterranean termite (Retic-
ulitermes speratus), which damages wooden structures in
Japan, comparing the activity of branch and trunk
heartwood.

2 Materials and methods
2.1 Plant materials and sample separation

Sample materials from a previous study were used (Mor-
ikawa et al. 2012). Hinoki trees (93 years) were felled from
the Yamagata Field Science Center (Faculty of Agriculture,
Yamagata University, Japan) in Tsuruoka City. Heartwood
(3.5 cm diameter of a branch of 5 cm id) was sampled from
trunk logs (ca. 28 cm id x 35 cm) and branches (ca. 5 cm
id x 20 cm). Samples (50.0 g) of branch and trunk heart-
wood were crushed using a Wiley mill and extracted with
n-hexane, ethyl acetate, and methanol successively at
ambient temperature for 7 days.

Branch heartwood extracts (n-hexane 5.20 g; ethyl
acetate 3.72 g; methanol 0.66 g) and trunk heartwood
extracts (n-hexane 1.04 g; ethyl acetate 0.36 g; methanol
0.48 g) were collected. The n-hexane extracts of branch
(4.01 g) was passed through a silica gel (60 N, spherical
63-210 pm, neutral; Kanto Chemical Co., Inc., Japan)
chromatography column, and the n-hexane fraction
(893 mg) was collected and labeled ‘H-1’. The column was
further eluted with successive mixtures of n-hexane:ethyl
acetate (ranging from 100:1 n-hexane:ethyl acetate to ethyl
acetate only) and 40 fractions (labeled fr. h1-h40) were
collected. Fr. h15 and h16 (321 mg, n-hexane:ethyl acetate,
6:1) were isolated as germacra-1-(10), 5-dien-4p-ol. Fr.
h18 (238 mg, n-hexane:ethyl acetate, 4:1) was further
purified by passing through an activated alumina (spherical
75 um; Wako pure Chemical Industries, Ltd., Japan)
chromatography column with n-hexane to isolate #-cadinol
(195 mg). Fr. h20 and h21 (445 mg, n-hexane:ethyl ace-
tate, 3:1) contained o-cadinol. Similarly, the ethyl acetate
extract (2.46 g) was fractionated through a silica gel 60 N
chromatography column with successive solvent mixes of
n-hexane:acetone (100:1 to acetone only), and 27 fractions
were collected (fr. al-a27). Fr. a6-al3 (1.09 g) was passed
through a silica gel 60 N chromatography column with
successive mixes of n-hexane:acetone (1:6 n-hexane:ace-
tone to acetone only) and 25 fractions were collected (fr.
b1-b25). Fr. b8 was a colorless crystal of hinokinin
(38 mg). Similarly, fr. bl0-bl7 (0.61 g) was passed
through a silica gel 60 N chromatography column using
successive mixtures of n-hexane: acetone (1:3 to acetone
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only) and 28 fractions (fr. c1-c28) were collected. Fr. c23—
c25 was a vivid red powder of hinokiresinol (130 mg).
The purity of compounds in these fractions was analyzed
by means of gas-liquid chromatography (GC) with a flame
ionization detector (FID). Germacra-1-(10), 5-dien-4f-ol
(81.7 % GC), t-cadinol (85.5 % GC), hinokiresinol (92.2 %
GC) and hinokinin (95.4 % GC) were analyzed with impu-
rities of less than 1.0 % GC. a-Cadinol (77.8 % GC) sample
contained t-cadinol (8.9 % GC) and other impurities (not
more than 1.0 % GC). The structures of the compounds in
hinoki branch heartwood extracts are shown in Fig. 1.

2.2 Analysis of samples

n-Hexane and ethyl acetate extracts of heartwoods were
analyzed by means of GC-FID with a HITACHI G-3000 gas
chromatograph (HITACHI Ltd., Japan). Each compound
was analyzed by gas-liquid chromatography-mass spec-
troscopy (GC-MS). The above compounds, except for
germacra-1-(10), 5-dien-4f-ol and a-cadinol, were identi-
fied by comparison to GC-MS data of standard compounds
stocked in the laboratory. GC-FID analysis was performed
with a HITACHI G-3000 gas chromatograph (HITACHI
Ltd., Japan) under the following conditions: DB-1 capillary
column (30 m x 0.32 mm id; 0.25 pm film thickness;
J&W Scientific, Folsom, CA, USA); starting temperature
was 100 °C (1 min) and increased with a gradient of 4 °C/
min up to 280 °C (15 min); injection and detection tem-
perature were 250 °C. Helium was used as the carrier gas
with a column head pressure of 50 kPa. GC-MS data were
measured with a Shimadzu QP-5000 GC-MS (SHIMADZU
Corp., Japan): DB-1 capillary column (30 m x 0.32 mm
id; 0.25 pm film thickness; J&W Scientific, Folsom, CA,
USA); column temperature was started at 100 °C (1 min)
and increased with a gradient of 4 °C/min up to 280 °C
(15 min); injection temperature of 250 °C; and interface
temperature of 250 °C. The acquisition mass range was
50-450 amu. Helium was used as the carrier gas with a
column head pressure of 50 kPa. The identification of
peaks, except for the isolated compounds, on the chro-
matogram was based on comparison of mass spectra with
those in the NIST 62 Mass spectral library.

Nuclear magnetic resonance (NMR) data were compared
with the published data (Medarde et al. 1995; El-Shazly and
Hussein 2004) using a Shimadzu QP-5000 (SHIMADZU
Corp., Japan) GC-MS and JEOL JNM-EX400 ('H
400 MHz/"*C 100 MHz) spectrometer (JEOL Ltd., Japan).

2.3 Termites
Colonies of R. speratus Kolbe were obtained from the wild

in Tsuruoka, Yamagata in 2010 and maintained in
humidified chambers at 26 £ 1 °C until start of the test.
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Fig. 1 Structures of the
compounds in hinoki branch
heartwood extracts. Asterisk
compounds of H-1 fraction
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2.4 Antitermitic test

Termiticidal and antifeedant activity were tested by no-
choice and dual choice methods. Test samples were dis-
solved in acetone and applied to paper discs (8 mm
diameter, 1.5 mm thickness, ca. 30 mg weight) at 0.25, 0.5
and 1.0 %, or 0.5, 1.0 and 2.0 % (sample weight/paper disc
weight ratios); discs were dried in a vacuum desiccator for
24 h. Control disks were dosed with 120 pl pure acetone
and dried. The no-feed experiments were completed at the
same time as the feeding test samples, but no paper discs
were placed in the Petri dishes.

The no-choice test followed previous methods (Ku-
sumoto et al. 2009; Seru et al. 2004). Briefly, impregnated
paper discs were placed on 2.0 g sterile sea sand (particle
size 0.1-0.3 mm; Kanto Chemical Co., Inc., Japan) in Petri
dishes (50 mm diameter, 10 mm high). The dual-choice
test was performed according to previous studies (Ashitani
et al. 2013; Ohmura et al. 2000). A control disc was put
together with an impregnated paper disc on the sea sand in
the petri dish allowing termites to feed on either control or
impregnated disc. The sand was moistened to supply water.
Ten R. speratus workers were placed in each Petri dish, and

hinokinin

the dishes were kept in a dark room for 21 days at
26 = 1 °C and 60 % relative humidity. Three replicates of
each treatment were prepared. Dead termites were removed
daily and percent mortality rate was calculated. After
21 days, the sample discs were vacuum dried, weighed,
and feeding activity was estimated by calculating the mass
loss (percent weight loss) by:

Termite mortality (%) = 100 x (Number of dead ter-
mites/Number of initial termites)

Mass loss (%) = 100 x (pre-treatment paper disc
weight—post-treatment paper disc weight)/pre-treatment
paper disc weight.

2.5 Statistical analysis

Mean and SE (n = 3) of mortality and weight loss for each
treatment were calculated and compared by analysis of
variance (ANOVA) and a protected Tukey—Kramer test
using Statcel 2 software (OMS Inc., Japan). Weight losses
in each treatment were compared by ¢ test, and p < 0.05
was considered significant.
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Fig. 2 a Lethal and (a)
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3 Results and discussion
3.1 Antitermitic activity of successive extracts

Both branch and trunk heartwood n-hexane extracts
exhibited termiticidal activity and inhibited termite feeding
(Fig. 2). The effect of the branch extracts was the strongest
after 7 days (Fig. 2a). All extracts significantly inhibited
feeding (Fig. 2b).

In a previous study, it was found that branch heartwood
yielded six times more n-hexane extract and 12 times more
ethyl acetate extract than trunk heartwood (Morikawa et al.
2012), and branch heartwood contained more active
extracts than the trunk heartwood.

@ Springer

3.2 Active components in extracts from branch
heartwood

In a previous work, it was reported that branch and trunk
heartwood n-hexane extracts contained t-muurolol (Mor-
ikawa et al. 2012). In this study, NMR analysis was used
and this component of the trunk heartwood rn-hexane
extract was compared with other published data and iden-
tified as a-cadinol (El-Shazly and Hussein 2004). The two
compounds ~-muurolol and a-cadinol are diastereomers and
have similar mass spectra in GC-MS, but can be identified
by NMR analysis.

B-Thujaplicin (hinkitiol) which is known to have anti-
termitic (Nakashima and Shimizu 1972) and antifungal
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properties (Sakasegawa et al. 2003; Morita et al. 2004) was
used as the positive control.

The H-1 extract obtained in this study was a mixture of
hydrocarbon compounds (B-elemene, copaene, o-muuro-
lene, y-cadinene, and d-cadinene) having little or no ter-
miticidal activity (Fig. 3a). The sesquiterpene compounds,
germacra-1-(10), 5-dien-4B-ol, #-cadinol, and a-cadinol are
strongly termiticidal (Fig. 3a). After 7 days, high concen-
trations (0.5, 1.0 %) of these compounds had killed all
termites, whereas high concentrations of hinokinin and -
thujaplicin were less lethal after 21 days. All extracts
depressed feeding activity compared with the controls
(Fig. 3b); sesquiterpene compounds inhibited feeding and
killed the termites. Hinokiresinol and hinokinin inhib-
ited feeding, but these compounds did not kill termites

(Fig. 3a, b). In the dual-choice test, the sesquiterpene
compounds (germacra-1-(10),5-dien-43-ol, t-cadinol, and
a-cadinol) killed termites faster than hinokiresinol
(Fig. 4a), hinokinin, and B-thujaplicin, although feeding
was inhibited at all concentration levels (Figs. 3, 4b).
These data indicate hinokiresinol and hinokinin repel ter-
mites but are not lethal. It was observed that termites
covered hinokiresinol impregnated paper discs with sterile
sea sand in the no-choice and dual-choice tests and con-
cluded that hinokiresinol was strongly antifeedant.
Several compounds are abundant in hinoki branch
heartwood. The norlignan hinokiresinol and the lignan hi-
nokinin have weak termiticidal activities, but protect
heartwood by repelling termites and antifeedant activities.
Active sesquiterpenes, germacra-1-(10), 5-dien-4B-ol,
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t-cadinol and a-cadinol are termiticidal. The purities of
sesquiterpene samples used in this study were not so high,
because the samples were obtained by fractionation from
the branch extract directly. The compounds #-cadinol and
a-cadinol are known as antitermitic compounds in the
heartwood of C. obtuse (Ohtani et al. 1996; McDaniel
1989). Germacra-1-(10), 5-dien-4B-ol and the norlignan
hinokiresinol are characteristic components of branch
heartwood. From the above results, it can be seen that
branch heartwood protects itself by termiticidal activities
of sesquiterpenes and antifeedant activities of hinokiresinol
and hinokinin. These compounds also inhibit other organ-
isms, and #-cadinol, a-cadinol and hinokiresinol inhibit the
growth of wood rotting fungi (Morikawa et al. 2012).

@ Springer

Although germacra-1-(10), 5-dien-4f-ol is weakly anti-
fungal, this compound has been shown to kill brine shrimp,
a species that can be used to monitor allelopathic com-
pounds (Ohira and Yatagai 1994; Tanaka et al. 1979; Ali
et al. 2011). Hinokiresinol can also kill brine shrimp.

4 Conclusion

The combination of different compounds protects hinoki
branches from attack by a wide range of harmful organ-
isms. Hinoki branch heartwood contains greater quantities
of active n-hexane extracts than trunk heartwood. The n-
hexane extracts yield mainly active sesquiterpenes,
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germacra-1-(10), 5-dien-4f-ol, fr-cadinol and o-cadinol.
The norlignan hinokiresinol and lignan hinokinin had weak
termiticidal, but strong antifeedant and repellent activity.
Branch heartwood contains more germacra-1-(10), 5-dien-
4B-ol and hinokiresinol than trunk heartwood and may
increase resistance to termite attack. Some of these com-
pounds may also be a source of antifungal and anti-insect
chemicals that may be used to protect wooden structures.
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