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H1E S
FB1fi v/ %

t /X8 (Cupressaceae) 1% 21 J& 125 FOHIEM N S0, AARITIL 4 B 10 R
ST D WD 1993). £D—>ThDE /) F (Chamaecyparis obtusaEndl.) 1% H
AENRRTHHIER TH Y, RATIEIFALERE»SAMN, WE, WHOBAEE TIEL
59 5. AX (Cryptomeria japonicaD. Don.) & W SHEMEHE CH v EHEREIL 260
77 ha & BAO NTHBEBED 26%% HH 5 (REFT 2012). < 0> HAH(AR, fEk
ZIXCDH LT OREREM L LTEASHh, BITETHEEOHERE, IR, NEM I Efkx
RSB CTHWONZI1E), BE, FE, TERREZBFICE > CRIAIN, BEOAD
XbE XA L CELHEL VWAL, ZOXSICe ) XREHAINTEZOEIHMEN
TR CHREE - MTHEICEN D 1ED, MARPEKUICHR S AEREWZOTHD. £t
DEBFHEHEBNERAD—D2THY, BHE LTHIHFERTHNWLN TS, Z07D,
b/ F O T 2HREPLEDFEVICEH L TEZ OFEBRINTE . LV biT
b/ X O & L THEENMIEZ FFOTMILEICEEDEOBEMICH O G 8 T
DT NG, WM ORSREIENEICE L TEZ OETHENRRENTE .



F28 b IFRHEARRERS BT 505

b FOENTEHEIBARPICE TN SHMEHSICE D bDOTHY, B/ FITREKS
NoHe ) XRBBICEEN DD OAEBREMHICEAL T, ThE TIE ORI
T& 7z, Bz, 2877 V488 LU B-thujaplicin (hinokitiol) (ZfiFE &N 5 bR
o U OSRRREBEENRE SN TEBY, v /%7 A1 (Thujopsis dolabrata var.
hondae Makino) XA AX (Thujopsis plicata Donn.) \Z&E &2 B-thujaplicin
RED MuRe SEIIERICECTEEEELFE T 52 L TaHIL (Debell et al. 1997;
Debell et al. 1999; Morita et al. 2004), ELISMZ bHLL 1T VU EH (Nakashima et al.
1972) , & 3a N> Ay (Lasioderma serricorne) \Z%3 25 BiEEM: (Hori et al.
2004) R ENPEEINTWS. 72+ (Thujopsis dolabrata Sieb. et Zuce.) Lkt H
\Z& A &5 carvacrol, B-thujaplicin, thujopsene i< 7 A7 FOBHEIEICHT 200
DI E (Ahn et al. 1995) A3 51ED>, carvacrol, B-thujaplicin (2138} & =&
(Ahn et al. 1998) BHEE N TS,

B RIEEENDIRBITONTHEL OEYTE-ROREN HD. & ) FHOMFHEC
B4 a0 L LTI, mEGRE ) FOMIZE SIS cadinol \E EE L T 2{LEHD
A9 XZ &4 (Fomitopsis palustris) ¥ X O T 7 %% (Trametes versicolor) 12
T HMEEMELRE LD GEHEDS 1986) 1E0y, &HMbICLoTE /) XHF D
a-cadinol, #muurolol & \Wo T {bAEMMN A ¥ 4 (Lentinula edodes), t 7 % /r
(Pleurotus ostreatus) \Zxt 3 ZPEME L L THEIN TV (&b 1986). Fiz,
RHEATE L W SAMEILEDTHIa T VT LTHEWEREE TS 2 &34
LBRTWD. @ bidt / ¥ D hexane fIHMIZE £ 5 Fmuurolol, a-cadinol &\
ST AT ARVEIZ e T VT HREEENHD L ERE LI (&IRD
1988). —FTRADLIE / FBIZEEND D DEAFT ALUNIIEEOFEE
WH B 0NEMEBEIZTE<, aterpineol X° a-terpinyl acetate &V o iERMALEH N

PUBREHEOEETH D L HE L TS (Otaniet al. 1996). £77, Wk SITRL AT
2



EREOEROIEHPEETIEEERB L THD LREL TS RED 1990). i
£, v /) FBROLMEBEDEVHTUIRIEMEICEF S L TWD L) #ED Kijidani et al. 12
XoTEh T3 (Kijidani et al. 2012). ZD XL S IZ b / FEH O SRR EFEMAL
ST DL OB|EDPRINTE 2.

BT LIS DAL TIE, Yang et al. Ik - Tk / FERELOBLEE, MEWSH
THEEDRES N TS (Yang et al. 2007). iz, AHOIEE /) IHEICEEND
a-pinene, B-pinene, limonene & W\ R MED(LEMDA X0 T X2 FICkT H4EE
FAEZBAOMILTHD (FHD 1993) 1E0y, KELITEELELZE ) IHEOR
U7z )=V & D R ERBEICOVTHREL TS (KED 1995). £72
JRISSE £/ 461§ ® manool, torulosol, torulosal & VYo 7z UF L2 3R IBER B

WX AMEEEEZE T2 ENREIN TS (UAES 1997).



HE3f b XOKRAAKRKEEIR

b XEMPARM L LTER SN TE2—7, BEMMBEDZRVERE, BiE L V-
TeEAPHEMII IR B E D E EMRNITHBINDDOBIT LA ETH D . —RIZILAR)
HIAK 1 m3PEEINDHEE, ATHTIEL0.36 m3 DFLEE 0.22 m3 DORYUHECHIN Y
EONFEL MEEAT XX —RETEHEH 2003), T 5 Vo 7= A5F] f O S #izRef
DEPFABRD b TWDS. BEOFAICET 2858 LT, BHOLRE ) THED
REFEIR L L COFAOFREMEEZBREFT LTS (BHiS 1984). F£7z, ek Lz L i
FHOIIE /) IHEIZE E1 D apinene, B-pinene, limonene & o R MEDLEY
WAFZRN T ZTFOEREZRET DL e@EL (BHDL 1993), KEOIIHEFLAEL
T2 JEBEORY 7 x ) — VS EFDH R EREREIZOVWTHELZB 2o
TWa (RED 1995). LM LRR 5, BURTIZBEARD N THOKREFEH OF AT L
AERENTELY, EEOFMITITE S TR,

B XM ERIAREERO—D2THD. KTt ) IHEOEEDOKN
20-30%% 5% (Morietal. 1995), RIEEN DL, HFHEHEO—R L L CEHMICE
IRONOIKFTHLOBRIZEINE L Sh, MRICZEDEEHRB SN TWD. Zhbdke /
F DA DVNTIE, BB OERIT3HS 5 5RECKITHIC L D BHE~ DR L o 725
7. (Bt 5 2007; Onwona et al. 1994: F E5 1993) R &N TWBHTEIT T, Z0fk%

BRI BT - BFZRiiE & A B ST,



HAH AWREOHH

RBIARIIARE ~OINTIBFRIZ BV THRICEL < DFEMAFRAE L, T HEIERIIR A E
PHESLENTWRWIEDZEDIZE A EREE SN, FTEPHNICHE ShRE 8L
2o TS, XD DBIERZER OB - RABADFIAENRD LTV DD, BT~
BEMITEMEITE L TR LT, WENRAAIEREEND. £Z Tt /MDA
HIFIFTEICE B Lic. BERIC DWW TO(REERIBFIEIERDE Lz & 5 WAzt Tid e A
ERB b T, E2iEE, (LEESHMEIC X DREFRPNE~DRE L V-
TS G, (LFEAEE D b KR E DRI 2D IRV KRARBERETH 28K
MR SICTEEREE > TN D.

Z T, AFETIRE /) IEMOFMRREEL RHT 20, SobMHmsIcER

L, E DEMEHITOVWTHREF LTz



28 b/ REOLMORES

E1E HS

BIARIZE o THITEMTEB OO DICARAIRBREBE CThH 5. BiADH & BITHFRK
JETEWNZDRMR TR Y, BB ORE & A OPNE E T LRA HEmE AR L T
5. BIIRET 2126, B EFRICH OPLITOHBPBREISND. B /7 FOELHIE
BT EENIER IRV RBEEZE L TR Y, BOLMEDEWIE ZICER S5
HIFCER 2 Z &220 (KIES 1987), KEBOMOEIERGRRDIbDLEZ
b b, FEBRIT Hirose et al. 12X > T/ VY 72 ® hinokiresinol 23 & / FAHL41 5>
5 HEES LTI Y (Hirose et al. 1965), b/ FBLEOROGPELRDZEDEEZBND.
KITAP B OEMEHERTHOIERS ZEOTERVEELRBE THHH,
BaBAME LTHHALTWD DT TH ¥, B ORFEERMREIE R S B BRI
BEINTWDS. £, RO—HMTH2HOFERIM OMEICELZEL RITT2D, B
BAMEEET D -OIIEHNRBEH bERB IR B3RO TNS. ZD LD
BRIEDPDLINLDOEMOIFEAEPREMIFIAENS Z LR HKRNITHE S LT
5.

ZIT, RETIIRAAOAREERDO—2>Th D /) XROFEHFAEEL RHT 729,
FPE X OB LU O OMEEZFFMICA LN T I L L L.



B2 EBRGLE
2.1 b /Eabd O

2.1.1 #E

W KEMEB 7 «— NV FEZEE ¥ — EAJIEBM (University Forest, Field
Science Center, Faculty of Agriculture, Yamagata University, Japan) 2T, 93 &4
Dt /% (Chamaecyparis obtusa Sieb. et Zucc.) Z{kE L, FE—@E{EN L Y E.LH
(B 5 cm X 18 20 cm) BXOY #Ld (B 28 cm X 18 35 cm) W L. #Hpto
BHE% Fig. 2-1 {7

2.1.2 HhH

2. 1. 1 IZCTERUZR - 0 0REE 2 49— 3/ (Wonder Blender, Osaka
chemical Co., Ltd., Japan) T#¥#EL A & Liz. KK 25 g # =R T hexane {27 H
MREL, SohHEEzABL, v—% ) -z /SR —& —(ZCTRMEL, mitiss
%72, IRIT ethyl acetate, methanol TRIERDOEIEEZ I Z 72V, hexane, ethyl acetate,

methanol O ZFRIMHY % 57=.

2.2 b/ FEOLHMHIES OBk L RE

2.2.1 AFrra=brT7 4 -0 KD HE

t J 00 O hexane fliH# (4.01g) %V 5 4L (60N, spherical 63—210 pm,
ne utral; Kanto Chemical Co., Inc., Japan) h 7 A7 u~ k757 ¢4 —|2C, EREEE
{Z hexane OF&% A\ 6 H4r &7 (Fr. h-1~6). %\ T hexane / ethyl acetate (100:1
M5 ethyl acetate) O BEIAM L AW CHOEEZRZ 2WEE 34 DES%E7- (Fr. h-7
~h40). S EOFEM%E Fig. 22 AT, Z® 2 HO Fr. h'15 h16 £V
germacra-1-(10),5-dien-48-ol (321 mg), Fr. h-20 X ¥ a-cadinol (244 mg) D HEHLE
W% 1%7-. Fr.h-18 (238 mg) %#¥EME T /L 2 7 (spherical 75 nm; Wako pure Chemical

Industries, Ltd., Japan) # 7 A7 u~< k2757 4 —{ZT hexane ZHAWVWTHER L
7



t-cadinol (195 mg) #457~.

b J FF0ET D ethyl acetate T (2.46g) 2 U B AN AT hruv 757 4
—IZCHHE L7z, BBIAEIZ hexane / ethyl acetate (100:1 2> 5 ethyl acetate) % f»
THEEZBIRWAR 27 OE 4 2157 (Fr. a-1~a-27). T Fr. a-6~a-13 (1.09 g)
BRIV TN I TG b a< T 7 4 —I0TC, REBEIZ hexane / ethyl acetate
(1:6 25 ethyl acetate) % FHVVTHHE LAE 25 B4y 57z (fr. b-1~b-25). ZD5h
DAEKHFRIROD fr. b-8 % hinokinin (38 mg) & LTHEELZ. W T fr. b-10~b-17
061 g ZRRKICVI BTNV DT AT a~<w NI T 7 0 —IZTRRABEEIZ hexane /
acetone (1:3 75 acetone) ZHAWVTHE L fr. c-1~c28 2%, T D H LOREEER
WD fr. c-23~c-25 % hinokiresinol (130 mg) & U CHEE L7z, HBEOFEME Fig. 2-3

R,

2.2.2 HEEROHT

2.2.2.1 GC-FID &#F

Gas-liquid Chromatographic (GC) Flame Ionization Detector (FID) Z & 2541z
1%, HITACHI G-3000 (HITACHI Ltd., Japan) %Wz, &EEELITO®Y TH5.

DB-1X¥x 7 VU—FF A (30 m x 0.32 mm i.d.; 0.25 pm film thickness; J&W
Scientific, Folsom, CA, USA), » 7 ARE 100°C (1 min f£FF) 75 4°C/min 12T
280°C £ T.L& (15 min &%), KALEIRE 250°C, BHHIFEBE 250°C, ¥ ¥ UV 7 —H
A helium & FV 7z,

2.2.2.2 GC-MS &#7

GC-Mass Spectroscopy (MS) 12 & % 43 #71L Shimadzu GCMS-QP-2010 Ultra
(SHIMADZU Corp., Japan) &\ 2. FEIFLLTFOEY TH 5.

DB1¥¥tZY—47 A (30 m X 0.32 mm id.; 0.25 pm film thickness; J&W

Scientific, Folsom, CA, USA), 7 AEE 100°C (1 min £££F) 75 4°C /min 12T
8



280°C £ TLH (156 min ffEF), [ILZTIRE 250°C, MRHIEE 250°C, * v U 7—H
AIZi% helium (FE77: 50 kPa) % Fv iz,

B E—27 OFRIZEL NIST 11, 11S Mass spectral library I L5 I 5 U7 4 —H
REBIIRoT.

2.2.2.3 NMR 547

Nuclear magnetic resonance (NMR) {Z & % #rid JEOL JNM-EX400 (*H 400
MHz/13C 100 MHz) spectrometer (JEOL Ltd., Japan) ZFAWTEB I -7, Hohiz
BEEEN T2 & L bICBERDOXERIE (Medarde et al. 1995; Labbe et al 1993;
El-Shazlya et al. 2004; Takaku et al. 2001, Borg-Karlson et al. 1981) & thl LIFIE L

7.

2.3.3 {LEMORE
HEt{h& % (germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol, hinokiresinol,
hinokinin) X EI-MS, NMR IZX VW RIEE B Ze-o7=. TOFEME LI TIIRT.

Germacra-1-(10).5-dien-48-0l

EI-MS m/z 222 (M*, 1%), 207 (4), 204 (3), 189 (1), 179 (1), 165 (1), 161 (1
1), 147 (2), 133 (2), 123 (16), 105 (13), 95 (11), 93 (11), 81 (100), 71 (13), 55
(16), 53 (8). 'H-NMR §&: 0.79 (d, &~6.8Hz), 0.83 (d, F6.7Hz), 1.19 (s),1.54 (s),
2.51 (dddd, #=14.7,11.9,11.9,3.5Hz), 4.95 (bs), 5.17 (dd, /1.5, 9.2Hz), 5.25 (d,
JF15.6Hz). BC-NMR §&: 16.72, 18.96, 20.61, 23.68, 25.97, 30.71, 33.01, 39.63, 4
1.28, 52.83, 73.14, 125.73, 128.88, 132.59, 140.09.
t-Cadinol

EI-MS m/z 222 (M*, 2%), 204 (64), 189 (15), 165 (100), 147 (4), 134 (17), 1
21 (33), 121 (33), 105 (41), 95 (45), 81 (36), 71 (13), 58 (9), 55 (13). 'H-NMR

§: 0.74 d, &~<1.7TH2), 0.85 (d, &1.7Hz), 1.16 (s), 1.61 (bs), 5.49 (bs). BC-NMR
9



6:.15.17, 19.78, 21.39, 22.57, 23.76, 29.26, 30.87, 37.71, 40.28, 46.63, 47.91, 70.
66, 124.79, 134.35.
a-Cadinol
EI-MS m/z 222 (M*, 1%), 204 (29), 189 (5), 179 (2), 165 (3), 161 (32), 149
(6), 137 (13), 121 (89), 109 (32), 95 (100), 93 (28), 81 (37), 71 (35), 55 (26), 5
3 (12). 'H-NMR &: 0.71 (d, J = 1.7Hz), 0.86 (d, J = 1.7Hz), 1.05 (s), 1.54 (m),
1.61 (s), 1.93 (m), 2.12 (m), 5.44 (bs). BC-NMR §&: 15.09, 20.73, 21.50, 21.91,
22.64, 23.84, 25.95, 30.89, 39.82, 42.13, 46.65, 49.96, 72.49, 122.29, 134.97.
Hinokiresinol (TMS)
EI-MS m/z 369 (M*, 92%), 381 (25), 230 (58), 217 (21), 179 (20), 115 (7), 73 (100).
Hinokinin
EI-MS m/z 354 (M*, 30%), 218 (11), 192 (4), 173 (3), 162 (7), 135 (100), 105 (16), 77
(27). 'TH-NMR §&: 2.43-2.59 (4H, m), 2.85(1H, dd, J= 3.5Hz, /= 1.5Hz), 2.87 (1H, dd,
J=3.5Hz, J=1.4Hz), 3.85 (1H, dd, J= 2.0Hz, J= 2.3Hz), 4.07(1H, dd, J= 2.3Hz, J=
8.3Hz), 5.88-5.89 (4H, m), 6.40-6.69 (6H, m). 3C-NMR §: 34.82, 38.36, 41.27, 46.46,
71.13, 101.01, 108.28, 108.34, 108.79, 109.42, 121.58, 122.21, 131.31, 131.58, 146.34,

146.46, 147.85, 178.41.

2.3 b/ IELHMEIRY ORS ST
b /X8 - UM ZEEY (hexane, ethyl acetate) & ENDELEREL, ##
HREIEEZHONCT D72, GCMSIZE2FESL GC-FIDICL A EREZBI o7,
2.3.1 GC-MS &
2.2.2.1 &[FA# Shimadzu GCMS-QP-2010 Ultra (SHIMADZU Corp., Japan) %
AV, BE&ETHTERBZ o7,

2.38.2 GC-FID &5#f
10



2. 2. 2.2 & [EKE HITACHI G-3000 (HITACHI Ltd., Japan) Z V>, [B&M:THH
PRIl BEEIZOWTIETE/ « BEAXT U UEITEREYE O heneocosan HAE

fi%, hinokiresinol & hinokinin {2 OWTCITEESE N LBREBREZER L TR T-.

11



E3Hi mARLBE
8.1 bt /F - BLMOMHYME
b/ X - s O E % Table 2-1 12789, BLLHT O hexane fHRIL 15.4%
T, B 3.1%DEBLZE 5 {FThotz. Ethyl acetate M bELLH ORHI R H
11.0%, BN 1L1%E, BOMIEELHM O 10 fF8F LTV, 728, methanol
IR L BORBICKRERZEZ R O en o7, B ORI 28.8%, w04
2B 5.6%THYRERENBRD O, FTELH O - PRRECHEM D TEWV D

DTHoTz.

8.2 b/ FEOLAHhHRR Sy D HEE L FIE

3.2.1 b/ FBLlshHis O BEE

b/ ®H0E D hexane #iHY (4.01 @ 2 VU B FNIT AT~ NI T T 4 —iT
T4y L7z, Hexane ®H % AWVWTHONIZESIIRILKBILEMPRE L TR, &
NoEDITLIu N5 74— TCELREHETHI EIIREETCH AN EIX
{bAk#FEDES H-1 & L7z, #:\ T hexane / ethyl acetate D RBBREL A AV THEZ R
T 72\, germacra-1-(10),5-dien-48-ol (321 mg), #cadinol (195 mg), a-cadinol (244 mg)
HEELT.

b/ AL O ethyl acetate I (2.46¢g) 22 U DTN BT LI a~w "N T T T 4
—{ZTC hexane / ethyl acetate (OREBIALE % F\ T4 L hinokinin (38 mg) %#1&7z.

X B I ERBHYALE hexane / acetone (2 T4y % ¥ Z 72V hinokiresinol (130 mg) #%#&7-.

3.2.2 HEEMORE
RALAKFBILEYE S TH D H1 HREEYWTH LD, GCMS ezl in
B-elemene, copaene, a-muurolene, y-cadinene, §-cadinene % Efsr & L CRIE L7-.

b H 1 ENIZE £ 5 FEAYE X OEEHEA% germacra-1-(10),5-dien-48-0l,
12



t-cadinol, a-cadinol, hinokiresinol, hinokinin @< A2 A7 MM DXK % Fig. 2-4~13 IZ
RY. F72, germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol, hinokinin {Z- 2Tk
NMR 547 (Fig. 2-14~21) 12 TH LI fE % SCHAME (Medarde et al. 1995; Labbe et al
1993; El-Shazlya et al. 2004; Takaku et al. 2001, Borg-Karlson et al. 1981) & bt L
B % B Z 72> 7. Hinokiresinol IZ- 2 CIXAFFEEMRA OIEdqh & D HEIZ K> TRE
L7z.

b FEODHMICEEND T O DLEHO{LFEEERE Fig. 2-22 1277

8.3 b/ FELLMAHIAL S OWEL

b/ 4% - 508 D hexane, ethyl acetate fiH#1 GC-MS #ric K-> THE Lz
Total Ion Chromatogram (TIC) % Fig. 2-23, 24 {Z/~"7". Hexane ¥ TIE, & /%
DR« BT IER L TE ) TRV RAEKED B-elemene, & A F T /LU RALKSE
@ copaene, a-muurolene, y-cadinene, §-cadinene 2SFEFR I 4, BEAXT AR T
— )L ® tcadinol, a-cadinol 23 - B¢ L biZEEH I, FEAFT AT N o—
JL® germacra-1-(10),5-dien-48-0ol DI FHEENCHERR SNz, X - RO F 1 H Y 7
J->® hinokinin 2HEER & 7-~. Ethyl acetate fliti# D TMS (k¥ % 5541 L 7o f5 58,
B D BB 725y & LT/ VY 7 ® hinokiresinol AR Iz, £V 7
> @ hinokinin 23X - MO T IZHER 7.

GC-FID HH7iC & - TH L N2 B{LE WD Retention Time (RT) I UEh b DK
% Table 2-3 [ZRT. £/ « ERAXTFASRUVE{LKELH D & OBREISIIEER
RTH Y, T cadinene B D& A X T VU R{EKFE T 5 y-cadinene & §-cadinene
PIRE - B & BT O EIS O 30% % 5 T /. Cadinol BHE L >E A%
TN T 3= @ t-cadinol, acadinol HEL - BICIET B EERLEW T, B
H DK 40%, BOFI 50% & HEFIZRE REREIEZ S0 TV, Zhb 4 20EA

FTNARUPE ) XOREEBRICEBEBTIFERILEDME VD . BEORIHEBIICER
13



ENTEAFT AR T ) a—/L® germacra-1-(10),5-dien-4B-0l DHEREIEIT 6.8%
Tholz. BOBIWEFEEINDESTHD VY ZF 0 hinokiresinol 1Y D
6.1%%F R LT =, U ZF 2 ® hinokinin 4 - O FICHER I, FOHERKSE

BITEED 12.1%, B0 10.5% ¢ Fit 4 SOEAXTF LML IZR S D TH - 77,

14



FEafhi ME

b R BOMEHYOFEES B SN T B 72912 hexane, ethyl acetate, methanol
WCERMEEZ B Z R, FHEYEEZRD DL L L HIC, ROOBEBEFREEZB e
oy OEREIS 2B 6T Lz,

FOFER, HULM O EIIESOHIZE L hexane I Tld 5 £, ethyl acetate
HHEZTIX10F L EhbDTEL, FILE - TRBERSOZVER TH o T2,

b/ XEOLM D hexane it a T Lo u~ VT T 4 —THEL H-1 B4
(B-elemene, copaene, a-muurolene, y-cadinene, §-cadinene) &, EAFF LT )L
= — /L germacra-1-(10),5-dien-48-ol, #cadinol, a-cadinol % B U /=. £.034F @ ethyl
acetate M5 / VY Z77J @ hinokiresinol 3 X WNY 2772 ® hinokinin % BiHf
L7z

b/ X K OWRLHET D hexane, ethyl acetate HIHWIZ &G £ 5 /) T2 RAE
KFE, BEARTARVRIKSE, ERAXRTA_UTIa—L, JYFFy, YIS Fy
LWV T ORERLE R HNE T B 728 GC-MS, GC-FID #2872 > 7. Hexane
e - 8 e bE ) TARURIEAKZED B-elemene, B A XTI RLAKED
copaene, a-muurolene, y-cadinene, §-cadinene B X NERXFF AR T/ —LdD
tcadinol, a-cadinol HH ENT-. FE#OKEREWVWE LT, ORI EZAZTT L
AT v a— LD germacra-1-(10),5-dien-48-ol 23R X7z, Ethyl acetate 4 ®
TMS k% 538 LTckER, Bo&HIZ /2 VU Z7F 2@ hinokiresinol 23FER X4, U 7F
> @ hinokinin 23 + BOWFIZHER Sh .

GCFID I L > THRONE N L DILEMOMERILE AL L, £/ - EAXT
NRURALKBROBBB G LB TIZERLTH Y, cadinene BDE AR T N R
{b7Kk 58 @D y-cadinene & §-cadinene WK X RE|G % H® T /=, Cadinol &%
BAFT AT L3 =D teadinol, arcadinol L - BITHE U CIERIC K X i

REEGZEDTEY, Z2Nb 4 2OBAFT AR E )30 epicd@E@d s8R
15



bEMENZD. BOAILEAINDIEAFTAR VT La—LTHDH
germacra-1-(10),5-dien-4B8-0l DOEREGIIM OB AT NALATHARZDO/NE NG D
Tholoh, M ERRT BB RMEME V2D, EOREFTENDIHEST
»5 /Y Z7F 0 hinokiresinol [THHEH D 6.1% R L TWz. U7 F D
hinokinin 2% « B O 5 ICHERE &4, ERE 4 D® cadinene BLAMIC K SHERREIS
Thoe.

IDTEND, b FEOMITEHOLHICHNZEDR - FiBEOHMERSEE8 L,
FOHRRZEENINHAEDOBBRICE LB THERADLDN, HO A
germacra-1-(10),5-dien-48-0l =2 hinokiresinol & VMo 72 88 DR MIETET 5 = L A3

LMo Tz,
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Fig. 2-1 Samples of hinoki (left panel: branch, right panel: trunk log).
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hinoki branch
heartwood

extracted by hexane

hexan extract extracted by ethyl acetate
401¢g
100% total.ext.

ethyl acetate

extract extracted by methanol
methanol \
extract residuum

silica gel 60N column chromatography with gradient

Pl l N

H-1 germacra-1-(10),5-dien-48-0l Fr.h-18 a-cadinol
896 mg 321 mg 238 mg 244 mg
Fr.h-1~6 Fr.h-15, 16 7.9%to.ext. Fr.h-20, 21
29.3%to.ext. 10.5%to.ext. 14.6%to.ext.

activated alumina clum chromatography with hexane

t-cadinol
195 mg
Fr.h-18

7.8%to.ext.

Fig. 2-2 Isolation scheme of hexane extract of hinoki branch.
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hinoki branch
heartwood

extracted by hexane

hexane
extract

extracted by ethyl acetate

ethyl acetate extract
246¢g
100% total.ext. extracted by methanol

methanol

extract residuum

silica gel 60N column chromatography with gradient

T 1
Fr.a-6~13
1.09 g
44.4%to.ext.

|

hinokinin Fr.b-10~17
38 mg
Fr.b-8 24.7%to.ext.
1.54%to.ext.

! l

hinokiresinol

Fr.c-23~25
5.3%to.ext.

130 mg

Fig. 2-8 Isolation scheme of ethyl acetate extract of hinoki branch.
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Table 2-1 Yields of the successive extracts from hinoki heartwood.

solvent yield (%)
hexane 15.4 (54.2)
Branch heartwood extract ethyl acetate 11.0 (38.8)
methanol 1.9 (6.9
Total 28.3  (100.0)
hexane 3.1 (54.9)
Trunk heartwood extract ethyl acetate 1.1 (19.0)
methanol 1.4 (25.0)
Total 5.6  (100.0)

"Yields were calculated based on dry-weight of the heartwood.
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H o

a-copaene® a-muurolene® y-cadinene® 8-cadinene*
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2
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— 0
o—/
hinokiresinol hinokinin

Fig. 2-22 Structures of compounds isolated from hinoki branch heartwood. *Means consisted compounds of the H-1 fraction.



5.6-cadinene

; 6. germacra-1-(10),5-dien-48-ol
4.y-cadinene 1 ’
N ¢ Py ,1-tcadinol
3.a-muurolene L / g
2.copaene \\
1.8-elemene

_- 8.a-cadinol

10

15

10

T

15
Retention Time (min)

Fig. 2-23 Total ion chromatograms of hexane extract of branch heartwood (upper

panel) and trunk heartwood (lower panel). Numbers 1-8 refer to compounds shown
in Table 2-3.
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LS (veratrum acid)

9.hinokiresinol

/ 10.hinokinin

i ! L Xl L A
20 25 30 35 40 45
LS
10
! 4] L. . o ; . ,
20 25 30 35 40 45

Retention Time (min)

Fig. 2-24 Total ion chromatograms of ethyl acetate extract of branch heartwood

(upper panel) and trunk heartwood (lower panel) which were trimethylsilylated

. Numbers 9-10 refer to compounds shown in Table 2-3. I.S: Internal standard

(veratrum acid).
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Table 2-3 Constituents of hexane and ethyl acetate extracts from hinoki branch heartwood (GC-FID).

No. Compound Retention Time Content (mg/g dw) (%)
(min) Branch (%) Trunk (%)
monoterpen hydrocarbon 1 B-elemene 9.3 2.6 (1.9 05 (3.1
sesquiterpen hydrocarbon 2 copaene 114 3.3 (2.4 0.6 (3.6)
3 a-muurolene 12.0 4.7 (3.5) 09 (.2
4  y-cadinene 12.4 21.5 (16.0) 2.3 (13.8)
5  8-cadinene 12.7 204 (15.1) 25 (14.9

sesquiterpen alcohol 6 germacra-1-(10),5-dien-48-ol 13.8 9.2 (6.8 T*
7  t-cadinol 15.7 25.7 (19.1) 4.3 (25.7)
8  a-cadinol 16.9 23.0 (17.1) 3.9 (23.5)

norlignan 9  hinokiresinol 34.8 82 (6.1) T*
lignan 10  hinokinin 44.7 16.3 (12.1) 1.7 (10.5)
Total 134.9 (100) 16.7 (100)

+*
Trace

" content of No.1-8, 10 (mg/g dw) = Yeilds of extracts x (Each component peak area /LS. peak area) (GC-FID)

" content of No.9 (mg/g dw); y = 0.5064x
" content of No.10 (mg/g dw); y = 1.5498x



FIE b FELMOBEERE
F1E WS

b/ FOMHETE < bbb, REREM L LTERASHTE . ZOREI3H
ARFIZEENDBAMBERSICER L, ZAUCET 2L OMERR SN TE . Tk
5 GEFED 1986), BLUEHD (&IRD 1986) 2L oT, b/ IHMOWEEE, &
WCAMEAE IS BIEMEIE a-cadinol, #muurolol & W07z AF T AU T L —
JNCERERT A2 ERREINTHD. £72, KELOMETIEE /) SHEHPIZEEND
a-terpineol ZIXUHETEE ) TARUT L a— I bEWREEERH D L ENT
WA (RED 2001). LMLARRDL, b/ XFOREERICETZHREDEL T, #MEL
TRAERMEZ FOBMICET 2 b OBRETH L. b/ FOBRLS O OHUETEME
[ZOWTIE, Yang et al. (& X THEMAS OEFEE, MEWIT HEENRE S
T 5D (Yang et al. 2007), BEAICBET AHETEMEICE L Qi ZvE TlzlmEn~z
Uy,

ZIT, AETIERFAREER Th D / FEOFHFIAEO—2L LT, Z0OH
EEEZHONNCT D720, 8Os LB UM OREEERBRE S 2RV, ZOERLHR

=Lz,
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E2H EBRGHE

2.1 - FBFHR

2.1.1 b/ FE - BLMOBRMEY

HEHIE 2E 2. 1. 1 L[AERDO & / F4L - LA O hexane, ethyl acetate, methanol
B E V. Zh b OB R % acetone ([ZTRE 1.0 mg/ml IZFHRL,
BmEREH A=,

2.1.2 b/ IEOHEBHEEY

REHIE 2FE 2. 312TE / FHLHS D hexane, ethyl acetate TiHW LV H T A7 o
<~ ST 74— HAWTCHBE LT H-1 B4y, germacra-1-(10),5-dien-48-0l, #cadinol,
a-cadinol, hinokiresinol 3 & ' hinokinin # MV /2. ZHI 5 % acetone [ZTHEE 1.0
mg/mlIZFAM L, RERBLE L. £, ¥R L 225 positive control & LT, Z
IVE TR~ 2B DIEMHEREBHR S T2 B-thujaplicin (hinokitiol) % Fv>
7z

2.2 PUETEMERER

2.2.1 #HEAEY

B ICIL JIS Z2119 "R IREIEFTREY J6 L OV JIS K1571 “REMBAEHI DM e
ERUORBRFE THREINTWD 6 BOAMBME (HAEHE 2, BaEHHE 2
E, JEME 2@ BLOJIS 22911 “HUMEHIHERBGIE CTHESNTWD 4
DPOEE AW, AMBAEICIE, BEEFE O Trametes versicolor (1D 7 %7,
NBRC: 30340) 3 XU Lenzites betulinus (A 77 % 4, MAFF: 420199, #BEEH
B Fomitopsis palustris (A3 7 X5 4/, NBRC: 30339) ¥ XU Gloeophyllum
trabeum (¥F U A > %, MAFF: 420223), ¥E#78 O Trichoderma virens (NBRC:
6347) ¥ L ' Chaetomium globosum (MAFF: 645007) % A\ 7z, HUEICIX

Rhizopus oryzae (NBRC: 31005A), Aspergillus niger NBRC: 6342), Penicillium
44



citrinum (NBRC: 6352) 3 X " Cladosporium cladosporioides NBRC: 6348)% FHu>
7.

B, B K - @O ORKRMEY OFIERBICIIHRE 7V — T ORI REET
5 T versicolor (AJEFHE), F palustris (&RJEFE), T virens @EEHHE) BX
O R. oryzae OHE) O 4FE2 AV, b/ SHEOM BRI L 2RI, LM
TEMEZRETT 5720 L0 10 OMRE 2 vz, fERE OFM % Table 3. 1 1Z7R7.

T versicolor, F. palustris, A. niger, P. citrinum, E. oryzae, C. cladosporioides %
NITE (ifiSzq7Bck A BB EAT EARHE) L0, L betulinus, G. trabeum ¥ L O
T virens i3 NIAS (BEAWEIRS — 0 7)) LOBA L. RBRETNCEREZ Potato
Dextrose Agar (PDA) #:#ff (S— /L a7e®RFT h5F % X b — RFEREH 55,
Kanto Chemical Co., Inc., Tokyo, Japan) kT 26 = 1°C OWFEM T CaiEEL, R
BicH L7z,

2.2.2 REBRFIE

PrEEEREBIE, NEEM S GRS 2001) B XU Kusumoto et al. (Kusumoto et al.
2010) OWEIIESNTE ko 7z, REEEHIIZ X PDA B2 %2 N 80 mm I > v —

VNIZ 16 ml 97EL, BUEBICHEIBICR T2 0EAWE. 7 U — R FNTHRE
L 7o & fhH4 300 pl % PDA SS#iREICH—IC b Lo BM L, 1 FEMKE Liskiz +
IR ST, O, BHREIC 5 pglom? REBEMR SN2 Lk b, B,
X HEERERESH (control) 121X, acetone DA% 300 pl A L, FHRICKEL S B3 BRX
RV, giiEE LB OEENFE D 5mm 27 R—F—CHE#EEZ S VIRE,
PR U R SIS BRI ST T4 VA TEB L. M, &RBIL 3 KERZ o7z,
RBRIEHIIERZRN T 26 = 1°C, BE 60%DRFSMT CHERE L, control DE#
SMEAAEE 80 mm ¥y — L OYICE LR R CRR AT & L.

R D B &IX T versicolor# 6 B, L. betulinus#) 10 B, F palustris) 14

HIE, G trabeum#96 B T virens# 48 #[#l, C globosum#) 6 BE, A. nigerf)
45



14 B8, R. oryzae#J 328§, P citrinum #35 B, C. cladosporioides#) 32 H [
Th2. EEBOHEE 4 FROBEREZFHAIIL, TOFHE + FH¥EE SE) 259,
LLTFDOR LY control IZX T A HEHEERERE (%) #HEH L, Antifungal index (%) &
U2 31 L 7.
Antifungal index (%) =100 x (1-Da/Db)
Da- the total average of the mycelia diameter of each sample — 5 mm.
Db: the average diameter of the mycelia in the control — 5 mm.

REBROBEAK % Fig. 3-1 1Z7R7.

2.2.3 HFEH0LE

B H U7~ Antifungal index OfEld Analysis of Variance (ANOVA) Tukey-Kramer
test (Statcel 2 software, OMS, Tokyo, Japan) & HWCHHAE L, EEEZFEMLZ

(p< 0.05).
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F3H FRELEZE
3.1 b /X - BOMORKMEY OPUEEME

FBHETRT A EES O BRI O Antifungal index % Table 3-2 (2779, HAER
BD T versicolor \ZZxt L TIEWFHOREM S 30% LU T DEWEMETH Y, &b
HHOMICBEERZTRD oo T, BEBEHEO F palustris \Z%F LTI - 8
& H1IZ hexane, ethyl acetate fIH#IZIEMEDFERR X4, Antifungal index (FBULHF
hexane flIH#2% 50.0 = 1.8%, ethyl acetate HItH#i% 49.0 + 6.4%TH Y, ZhiZ
%7 LER AT hexane fiHiE 45.2 + 6.4%, ethyl acetate I 44.6 = 4.8% &,
FHEF T d 5 3L IR EER B VEAN A b, REFEO T
virens \Zx9 5% hexane fiHH#® Antifungal index i 42.0 + 4.2% T& hexane i
Hiit 24.8+4.1% &, BRERIERHOZENRH LN, ethyl acetate HIHMIZ OV T HE
FALOH DR EMER % BT, OB D R. oryzae \ZxF LCHE hexane fliH# 3
31.6+ 4.1%, ¥ hexane fillti# 22.0+ 4.8% OEMEER L. 2B, WTFHOBEICK L
THAR, B e HIT methanol B DEMEITEN D TH -7z,

EDHERLIY, v/ X0 - BOFLETEMERNS1E hexane 3 L U ethyl acetate i
H & FOICHEE L TR Y, SO I B DA 03 @ W IEME % R 2 M 23
bz, ETAUAIEIERIZ R B {0 hexane 4, 10 {50 ethyl acetate fiH{Y
EEFLTNDIENG, b/ FEODMITER DI LENEHRE TS WIEEELH
THENZSD.

8.2 b/ XEOLHMEBHLEMOTIETRENE

BT/ BAEOLA BB O Antifungal index % Table 3-3 125”7, HABEHED
T versicolor, L. betulinusZ%} L positive control T# % B-thujaplicin {% 90% % #8 X
HEVEEEZR L. Fhicst LBEBHEEWOTEMX T versicolor 8 X O L. betulinus
2t LEERIZEN S D TH D, arcadinol B3 T versicolor IZxF L 52.5 + 4.1% DIEME

%7~ L, hinokinin 2% 87.7 + 0.7%D{EMEZ R Liz. BEEHED F palustris, G
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trabeum (2%t L CT% B-thujaplicin i% 0% BOEVEMER LTz, F palustris (2% L
TITBRERIENEE 2 DA MITHER TE R -7, G trabeum I LEAF T )L
AR T b a— )LD a-cadinol A3 87.4 £1.1%, tcadinol HEIIZK S 85.2 £4.1% DIE
etz BIEFHE O T virens \Z%F L CiX B-thujaplicin @ Antifungal index (50.1
+ 1.2%) % a-cadinol (60.1 * 1.5%), hinokiresinol (74.2 £ 1.2%), hinokinin (50.4
+ 10.9%) B EED, ZThETERRIENHEREZ LY. £, C globosumZxtL
T a-cadinol 2% 87.4 £1.1%DIEFICEWIEMEZ R L, hinokinin (58.7 + 1.7%),
tcadinol (58.5 = 1.7%) BNZFIUTH -, HOEICRT B 1EMHRER T, A. nigeriZ
%t LCi B-thujaplicin D&M 23.2 £ 1.1% S K<, HEHLEMOEE S ZhEd TH
HLDTHoTz. P citrinum 2% L ClX B-thujaplicin 73 100%DiEMEE 8, (L&Y
T X acadinol (77.0 * 3.2%), fcadinol (76.4 + 1.2%) D I A,
germacra-1-(10),5-dien-46-ol (42.9 +3.8%), hinokinin (60.1 *4.5%) IZIEMEDHERR
Ehiz. R oryzae lZxt L Cid B-thujaplicin 2% 57.1 +0.9%®{EM: %R L hinokiresinol
BDZNIHEL 45.2 £09% DIEM & 7=, C cladosporioides (%} L Tk
B-thujaplicin 7% 48.7 £2.3%DIEMEE A 7203, HEHMEEMOEEIIW-TH B ENH D
Thol.

PLEDORER LY, EAXTT N T )La—)L® a-cadinol 25 A REFE D T versicolor,
WEEFE D G. trabeum, EFE O T virens, C. globosum¥ KL OO D R. oryzae,
P citrinum 23 U CEWIEME % #4872, a-Cadinol ONAEREMEAETH D tcadinol b
G. trabeum, C. globosum, P citrinum (%t LEWEMEEZ R L. 23D cadinol FHD
PUETEHEIZOWTHE, B FH0va U AR Z3EIZE EN D acadinol DA IEFTE
Wt AEME GEEED 1986; @45 1986; Chang et al. 2008) <°, AU/ ¢ 7 JEHE
W o ¢tcadinol DHETIEMENE (Rojas et al. 2006) 72 &, %< OIEMERENDK X
nNTWwWs., BOKFEHNREXF T AT La— L ThD

germacra-1-(10),5-dien-48-ol DIEMIT LR OILEWITLLAARRE B8 P citrinum 78 &
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IZEERD L. BBEOEHTH D /MY 7)1 ® hinokiresinol IX positive
control @ B-thujaplicin “CfthD{LE 23 ELEERUE NEME Tdh o 72 T virens X R. oryzae
KR LEWEME R Lz, E728 - #lFICE@ L TEHF SN D hinokinin 1% 7
versicolor, C. globosum, T. virens &\ - 7-BIZxt LIEMEER LT,

b FROLHMERGOPTHEIC L > UEEMDP R ITEERIIFEL THY, 20k Hich
72 HIEMMER % b OEE LAY EBERNICEOZ LIC ko T, ZEANCHHEZEE L
TWAEEZON5G. ERRIEICBVTE / FEOHITERLAIZ LS B hexane,
ethyl acetate I ZH L TWDZ &b, b/ FEOMITEMNLE THEVEES

FIobnLEZOND.

49



WA

FAAREER TH D b/ FEOMOFEPBRAED—2 L LT, TOHEFEEIZ OV
TEOLH & R LS HIRET L7z,

b/ ¥k - BLHE % hexane, ethyl acetate, methanol T L& S -l
WaE R, BEEFEO T versicolor, & TE O F. palustris, ¥EFHE O T virens
BROMMD OB D R. oryzae \Z/§ DIEHRBREZ BT ho7z. TORER, K - 804
® hexane, ethyl acetate fHHIZIEMENRER S iz,

W THEOULHAS O hexane, ethyl acetate filitH#H 64/ b zkibAkED H-1 EL,
germacra-1-(10),5-dien-48-ol, #cadinol, a-cadinol, hinokiresinol 3 X U hinokinin %
AOWTHEEERBREZRB ZRo70. ZTORER, EAXAFT N0 7))L a—L® a-cadinol
NEBEFAED T versicolor, BRBEIFED G trabeum, YEFHED T virens, C.
globosum ¥ X OO ED P citrinum & \Wo - B OE I L CEETEZR L. £
72, a-Cadinol DIAEEMKTH D tcadinol b G trabeum, C. globosum, I NP
citrinum \ZX LEWEEE A8 7. BEOKFENREAXFT AT La— L ThbH
germacra-1-(10),5-dien-46-ol DFEM L LR OLAWIZHERRORL B0 P citrinum 732
WIEMEER L. BEREOLEMTHD /MY ZF L hinokiresinol IE positive
control @ B-thujaplicin <Pl DL AW DIEMENED > 72 T) virens=<° R. oryzaelZxt LT
BVVEMER L. E2, BB FICHE U TEH &5 hinokinin X 7 versicolor,
C. globosum, T. virens\Zxt LTEMHEER LTz,

IOXVCHEIZ L o TERERITLEDIIEL TH Y, BEOILAEM R SR TR
ROFUETFEHIZFE LTSI ENRE2OND. £/, b/ FEOLHITBRLHFLY S
BEOoOMEMERL, LADHIKI-TCELZEMICEEZREEST 2T 0,
germacra-1-(10),5-dien-46-ol = hinokiresinol &\ 2B EEH DILEME ETe Z & o,

B - BRRE TR LV EVREEEZF L VR D,
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Table 8-1 Details of the fungi which were used for an examination.

White-rot fungi Trametes versicolor (Linnaeus:Fries) Pilat ** NBRC 30340
é" White-rot fungi Lenzites betulinus (Berkeley et M.A.. Curtis) Murrill MAFF 420199
§ Brown-rot fungi Fomitopsis palustris (LinnaeusFries) Pilat ** NBRC 30339
% Brown-rot fungi Gloeophyllum trabeum (Persoon:Fries) Murrill MAFF 420223
= Soft-rot fungi * Fungus Group 4* Trichoderma virens (J.H. Miller, Giddens et A.A. Foster) Arx ** MAFF 645007

Soft-rot fungi * Fungus Group 5* Chaetomium globosum Kunze : Fries NBRC 6347
% Fungus Group 1* Aspergillus niger van Tieghem NBRC 6342
U%D Fungus Group 2* Penicillium citrinum Thom NBRC 6352
g Fungus Group 3* Rhizopus oryzae Went et Prinsen-Geerligs ** NBRC 31005
O Fungus Group 4* Cladosporium cladosporioides (Fresenius) G.A. de Vries NBRC 6348

* JIS 72911 s OMEHLERBRICAVW O 5 E % Fungus Group 1-5 & L7z,

** B OTEMERERIZIT* OOV B E .



Hollowed
strain

88mm

PDA
medium

Fig. 3-1 Diagram of antifungal test method.
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Table 3-2 Antifungal index of extracts from hinoki heartwood. Common letters denote no significant difference. Turkey-Kramer,

p < 0.05.

Antifungal index (£SE) (%)

§¢

White-rot fungi Brown-rot fungi Soft-rot fungi Other fungi
Solvent Trametes Fomitopsis Trichoderma .
versicolor palustris virens Rhizopus oryzae

Branch

Hexane 24.3+9.5 ab 50.0+ 1.8 a 42.0+4.2 a 31.6+4.1a

Ethyl acetate 26.8+5.1a 490+ 3.8 a 42.0+ 3.7 a 26.7+4.7 a

Methanol 10.3+3.2Db 23.4+85¢ 179+ 140D 13.1+12.2 a
Trunk

Hexane 26.2+98 a 45.2+ 6.4 ab 24.8+4.1 ab 22.0+4.8 a

Ethyl acetate 20.6+ 8.3 ab 446 + 4.8 ab 36.9+49 a 253+ 9.7 a

Methanol 14.0+ 12.6 ab 32,4+ 4.0 be 27.0+8.9 ab 16.8+9.6 a
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Table 8-3 Antifungal index of isolated compounds from hinoki branch heartwood. Common letters denote no significant

difference. Turkey-Kramer, p < 0.05. ) _
Antifungal index (£ SE) (%)

Wood rot fungi
Sample White-rot fungi Brown-rot fungi Soft-rot fungi
Trametes Lenzites Fomitopsis Gloeophyllum Trichoderma Chaetomium
versicolor betulinus palustris trabeum virens globosum
H-1 150+1.2¢ 7.6+2.6b 16.1£12b -23£3.0b 112+0.7d 1.6+1.6d
germacra-1-(10),5-dien-4f-ol 182+£0.8¢c 42+18b 213+£08b 202£53b 13.6+12d 33.1£19¢
t-cadinol 204+0.7 ¢ 123+£20D 205£130b 852+41a 29.6+0.8¢ 585+48Db
a-cadinol 525+4.1b 26+170b 319100 81.9£29a 60.1+ 1.5 ab 874+11a
hinokiresinol 184+16¢ 249£1.60 36.5+£08b 21.7+£37b 742+ 12a 31.5£23¢
hinokinin 377407 c 19.4£25b 324+81D 3.1+26b 21.4£109 cd 587+17b
B-thujaplicin 934+29a 95.1+x22a 92.7+33a 100.0+0a 50.1£1.2b 100.0+0 a
other fungi
Sample 4 il . Penicillium Rhi ) Cladosporium
spergillus niger citrinum izopus oryzae o cmorioides
H-1 29+£09¢ 13.1£6.8 cd 23.6+1.1b 09+10¢
germacra-1-(10),5-dien-48-ol 10.8+1.0b 429438 be 155+2.0b 2.5+05bc
t-cadinol 89+15b 76.4+ 1.2 ab 19.5+0.7b 10.8+0.7 b
a-cadinol 6.7+ 1.3 be 77.0+3.2 ab 248+ 13b 7.9+ 0.6 be
hinokiresinol 82+09b 37.6+42c¢ 452+28a -0.120.7c¢
hinokinin 7.6+ 1.1bc 60.1£4.5 be 298120 2.9+0.6 be

B-thujaplicin 232x11a 100.0+0a 57.1+09a 48.7+23 a




FAE b/ XEOLHMOURREYE
F1H S

KRB & W, K OEMEIDRERE LTHIT ONDEMH» T VThD.
RERARIIIEAREFOICY~ a7V (Reticulitermes speratus Kolbe), 7 H
AEHINIA = aT Y (Coptotermes formosanus Shiraki) 23734 L, & < > HARM
PRELSEDIERE L CHMOND. £, BEXRBUBICERTHAF M asvaT
U (Cryptotermes domesticus Haviland) /BT AV AL a7V
(Incisitermes minor Hagen) {Z X 2HEHILRKLTWD (BERD 1997).

BEM L LT RREASKIBEBO—2L LT, 2hHDvu T Vickd 5t
HEOBINET OIS, oML E /) ROk~ elmcEBR L, £< 0bahmn
B R PUBRIEMEEZ RE L TV D, @30 OWmETIT E / FE O hexane IWICE N
% ¢tmuurolol, a-cadinol &\V\o7zE XX TN T )L o — L FUISBIEMER S D EET
HDHESNTHD (&35 1988). —JF T Otanietal. iXt / *#® alcohol- benzene
M EEND cadinol FITITTEMEORENEILS 2 SVEMEB #IE55 <, a-terpineol
X a- terpinyl acetate & W o THEREEDLEYNE®ROERTHL LHELTWVD
(Otani et al. 1996, 1997). A7k &1 cadinol Tz, Biz HHHE & HoBEKOILE
VINEARICESEEZ BB L TCVD EHELTVDE (KD 1990). DO LIk /X4
B ENDEEYOPURIENSE, BCBFUEEIC DWW TIIRA ZREPHINTHD. &
o/ FOFUREMHICET 2 REDE I, MEEHEICET 58 L ARk, B L L
THENRMELZ R OBMICETIbOBEEALTHD.

b/ X ORI —RICREA» DEREEZTL, FICHFRROBOM A EME LT
FERTRY G5 2010) 4, Kijidani et al. 12 &> CTLMAOREKORVE /¥
SRfELE, EEROBWRREICHEAAI T VX 3RELZZ TR VNI EBRHESITHD

(Kijidani et al. 2012). —#%IZ & J X ORI ER LI L A_IEF IR VIR EE2F T
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B, IO ENDE ) XL BB @O GURIEE A BT 5 TREEIE 0B
oD,

Z T, AETIIIEHERAARERR CTH D b/ IROMOF PRI AEZRERY
Bz, EOFUIREMEICOWTRE L7z, RBRICIIBL O & B0 OB RS, =6
\ZBZ 041 0 hexane, ethyl acetate fH 4 h & Bl X 7= {L& W & TEMERBRIC VW =,
8, HEHMLEWm Z L OEEOFEERLNTT 2720, BHORBRFELHY, ZME
BTS2 5l L 7.

56



28 EBRFEE

2.1 HERAEY
HREMICITIRBEEREZP LA 2T DY~ bu7 Y (Reticulitermes
speratus Kolbe) #H\ 7z, 2010 FICIWERFERE 7 « — 1 FRISEE L 2 — £tk

M{REHFF2E (Field Science Center, Faculty of Agriculture, Yamagata University,

Japan) T7 A=Y KR EN-an=—2EEL, HEENT26 £ 1°C, BE

60% DIEFTNIZIRAE L. RBRICIT Y~ Fora 7 VIBRORR R A Az,

2.2 K#t7my s BERR
2.2.1 #OB - BRI
REHIE2E2. 1. 10t / FE-BOME 5X5X20mm D7 vy 7RI T L7z,
%7z, control & L CT W~ (Pinus densiflora Sieb. et Zucc.) DA% FH\ 7=, L
L7cRBRiE 7 0y 7 ZiRE 60 + 2°C OfFERFFER T 48 RS, TR LRV
L5530 T v —HhICHkE Lk, R L.
2.2.2 RBHE
RS (particle size 0.1-0.3 mm; Kanto Chemical Co., Inc., Tokyo, Japan) 20.0 g %
HEXFEDLT 7 U BIEROMEFEE RS (E£ 80 mm, &I 60 mm) OECHERE
TayrikEE, fERES 1EIC OIS 100 HARA L., SMERSL, WRE 26 +
1°C OREFTIC 21 HFFHE L7z, R T Lica 7 VITESENGREL,
BEBRICOUDRE LIZBE b RBRICERE Uiz, BRMNITEHINICA 7 L —CKkEMHE
FELUEHBEELHR-7-. A% Fig. 4-1 17T, REBERTER, ABE2HEEAS
PR L, RBRERTOMNEDE 5B R, 24 FEEE L7-%, RE 60 +

i

2°C OIFERAHLIRIT T 24 BFRIRLIE L, S0 pfT v — 4 iciE L-BBE L. &)
BRiA7 oy 7 0BEBFD LY, EEBVE (Massloss) LHEHERRZE (= SE) 2LIF0

ApOEE L, HREEELELFHME L.
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Mass loss (%) = 100 x (Wi — W2)/ Wz
Wi pre-treatment block weight, Wz post-treatment block weight
2.2.3 HEtE
HRE DO BEERARIZOWT Statcel 2 software (OMS, Tokyo, Japan) % VT
analysis of variance (ANOVA) @ Tukey-Kramer |Z X 2 EHLELKEZ B 227 (p

< 0.05).

2.3 PDE&HAR
2.3.1 B HpFR
2.3.1.1 b J/FE - BLMOBRMEY
AEHIE 2 2. 1. 1 LEHRD & / FEL - 8084 D hexane, ethyl acetate, methanol
R E AT, Zh b OB RMHY % acetone 2 THRE 1.0 mg/ml ICFHRLL,
REREHZ AV .
2.3.1.2 b/ IEUHMBEHEEY
AEHIE 2 BT / FHULH O hexane, ethyl acetate ) & 0 BiEE L 7= H-1 &
4y, germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol, hinokiresinol ¥ £ O
hinokinin %z iV 2. Zh D % acetone (& THREE 1.0 mg/ml ([ZFAR LIRERB & L7z
E 725t REREL & 72 B positive control & LC, T E TIIHUEEEMESHE (Nakashima et
al. 1972) 23K X TV 3 B-thujaplicin (hinokitiol) % FV 7z,
2.8.2 HBRFE
B % AV -38021T, BB Paper Disc (PD) (Advantec, 8 mm diameter,
1.5 mm thickness, ca. 30 mg weight) & £ 23Bk1E (Kusumoto et al. 2009; Ganapaty
et al. 2004) 2BEIL, L7225 PD KRB ZERIEI 0T VICBANICEREIED
PD sHHEARBRE B 2o ole. FW CTRUDHM BEEHLEIC L 216 L 0 SEMIC e

T 57, PDBAEARERICMZ, PD RITEAERB LU PD JEMERERD 3 >0
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FIETRREBZ holz. HFRBOEXKE Fig. 4-2 IT77. WTIhoRBRb, N
45 mm DH T AT ¥ —VHIT 2.0 g D EZEE AT 1L—CTIEEIC LTERBRXIZT,
Y him 7 VIR 10 BE2RABRNT 7 4 VA THEHAL, 26+1°C, IE 60%DKAT
THE L. RBMIITEE R 7 L —CIREICR D, BIEEITE OFERY RV -, 43
Bt 24 BT L 21 HRICOTZVBELZRB I RWEREEZ IV L, BRBETRIC
PD OENERY BRERS|T V7 —4—NT 24 BRI EFE L. M, Acetone
DH% 120 pl iz S EKHE L72 PD % control H® PD & LTHW=. WThoRE b
EEFRER (No feed test) ZFIBFIZHB 2720, RBRIIEMRIETIXE L.

BOREMICOW TR TOREY 7 HERW 21 HEOEHEILE (Termite
mortality) &AEH¥ERRZE (+ SE) 2HEH LM L. Fiz, &K RICRBITHERB O
HEIIRE (LDsopg/mg) #HEH LT,
Termite mortality (%) = 100 x (N2 / N
Ni° Number of initial termites, Nz2- Number of dead termites

F#RIC PD OE&ERD L0, FHEER DR (Mass loss) LEHERZE (= SE) 22U
TOXNPLEHL, EREEEELFML.
Mass loss (%) = 100 x (Wi — Wz) / Wi
Wi: pre-treatment paper disc weight, We- post-treatment paper disc weight

BERBOFEMELUTICRT.

2.3.2.1 PD s&H[EARR

AR Tl REOBREIEEMS L OBREEEEIC OV TERE L7z, ARBRIER
PD % 7z — R e RIS R CTh 5.

Acetone |2 CHEL Uz Bkt #aisl % PD EEYM Y 0.5%, 1.0% and 2.0%, B
L& EHT 0.25%, 0.5% and 1.0% (sample weight/paper disc weight ratios) & 725
IO, RBREPRICHE L. RBROEXKE Fig. 4-2-(a) 1R 7.

2.3.2.2 PDERERSRR
59



AR T, R OBEBIEEMR L OEREEHEEIZ OV THRE L7z, Acetone 12
THBE L EBREHDEEEZ PD EE&%72Y 0.25%, 0.5% and 1.0% (sample
weight/paper disc weight ratios) & 725 X 5B L7-. Acetone DA% 120 pl &7 &
H&H L7z control ® PD %, REEERIW PD LRI LABRKICEREL, >27 Y
ICRINICIBR S, £, RBETREOR— v — LNOWLE PD & control @ PD
DEERVRIZOVTHHR L., RBROEXK%E Fig. 4-2-(b) 1R 7.

2.3.2.3 PD JEEaER

AR TIE, RBHIIEREA O SRMEIC TZ OERFMEIC OV THRE L7z, Acetone 12T
R LU-REAE PD EEYMZY 0.5%, 1.0% and 2.0% (sample weight/paper disc
weight ratios) &725 KO L. FARLZ PD 2 v — L EEBICHEET — 7 CRE
L, a7 UNEEEMTERLnE L. £, L2580 PD 21 LiC
RE L. RBoEXK%E Fig. 4-2-@) 1277

2.3.3 #EHLE

ZBLOEIER, PD BER/DRIZ-OWT Stateel 2 software (OMS, Tokyo, Japan)
% VT ANOVA @ Tukey-Kramer (2 X A #tgHAE A 5 2 22 o7z (p<0.05). 14,
(b) PD SBREARBRICHOWTIEE— 2 ¥ — LR OAE PD & control @ PD D & &8

HRIZONWT L RERBREBZ -7 (p<0.05).

2.4 O HEAR
2.4.1 OB - AR
L 2. 3. 1. 2 L [E4%, H-1Hi45, germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol,
hinokiresinol, hinokinin ¥ & O} positive control @ B-thujaplicin # iV \/z. T b %
acetone 2 TR 1.0 mg/ml IR U ERE & Lz,
2.4.2 RABIHE

B X B R L, SORS S 1 7 U ORI 5 = & 10 & BT R R
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B 72 OMER T HERR IR EER, AL T HRRIREMRER O 2 SDOFERIC L OHBREB Z
otz HFRBROERXREE Fig. 431077, WIhoRBb, 2.3 PD BEHE & [,
W 45 mm OHF T AT ¥ — LVNIZ 2.0 g DIEREBE X7 L —TREIZ L72RBRXIC
T, Yvbhia7 VB 10 BE2RABRNT 74 VATHERL, 26+£1°C, 1B 60%D
BT CHEL, RBRIISERETIRE L. FRROFEMZUTIORT.
2.4.2.1 OHEHESER BT

AR T, HIC K2 ELHR LB OBMBFERIC >V THRF L.
Acetone IZ CFHSL L 72 ARl 2 MERPEE R (2.0 ) 1% LIREE 50, 100 and 500 ppm & 72
LT LZDL, A7 L—TIREIZ L7z, Acetone IR D4 & I &I S HHE%
XHTZH D% control & LTz, £7z, L7056 PDIEE X eh-o7c. 21 HESEZICHR
BREKTLT7HAEEY21 A HOVHKIEE (Termite mortality) &IEHERZE (= SE)
REH L. 77, BREICBT3ERBOREBIERE (LDsoppm) ZEH Lz, &
BRoO#RK%E Fig. 4-2-@) 1TRT.
Termite mortality (%) = 100 x (Nz/N1)
Ni° Number of initial termites, Nz° Number of dead termites

2.4.2.2 AU HEERIEREER

AR CIERBHI 4 B B SEE I DWW TRET L. BRIBR O AT T A v ¥ — LD
B NEX L U, PR EERH R o) LFEBROFIETAEEL I o n 1
R (1.0g) 28z (ERPERICK LIRE 50, 100, 500 ppm). SCHil % B X &
L, ELEED (1.0g 28X, 2XKOMIZ5mm DOZEM%ZFHIT 7. Control RERE L
T, —HORIZHEHZER - BRI, b9 —FERELBEXEICRE LRz v
fo. Y= bim 7T U OBIEY 10 B30 2 KOMICERE L, 26+ 1°C OREFATIZ T 1 K
BIZ 128 e T ) OBBIREEZBE L. LTORXN L E#E (Repellent activity)
FEH UEEETMME L. RBoEXK % Fig. 4-2-() TR 7.

Repellent activity (%) =100 x (N1 — Nz)/Ni
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Ni- Number of termites which are in control area, N2° Number of termites which

are in treatment area

2.4.3 HEHauE
B RBIOEFEZRIZ-OUVT Stateel 2 software (OMS, Tokyo, Japan) % T ANOVA

® Tukey-Kramer (2 L A2 B Z o7 (p<0.05).
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3 MRLEBZE

8.1 bt/ F - BLHOMI T RENE

A7 vy 7 BRRBRBROKERE Fig. 4-3 12777, 21 BREOAREREE D control DE
BRER 201 £ 1.0%IC% L, B OEERARIT 2.2 £ 11%, BOHEIX 2.1 £
0.6% Tho7-. MOMTEEBVICHEFEREIIHONRD 2T, control IZt~E /
X - BOLMIIIEEICEVEREEESHER I,

B XBODMIE—RICBEEEZ T WESND EED P, v/ FRbMbEE
REOM TV REERDHD LVZD.

3.2 t/&f - LM OBEREHY OPUEEL:
PD #MHIERSRE (Fig. 42 (@) 2B I R2WE - BOMICE £h s HEH OFuskE

WCOWTRRR LIZ#E R % Fig. 4-4 1ORT. BIEEHEIC DWW T OHT O hexane
cEEEEZR L, RERBGD 7 B B OBERTRE LO%IZRBWT 70 £ 25.2%0
BHEThHoTz. FBEEEEEICOWTIIE - BOTXTOHMBMIZIBT control &
el U< PD OB EBARPEEIE» o722 &0 5, W ORHSIC bIEREER
HERHDHENRD.

BOU#T hexane FHHEIIER LA I L ~BFEIE DN &  HRHEN H D Z &, bl
BRI D 5 f%0 hexane i, 10 {5 ethyl acetate M E EH L T\ H T

EMh, BOHITENRE THEVEREEZFES L VWA S.

3.3 b/ ¥Rl HEHE AW OFUETENE

B XL LS H-1 B4y, germacra-1-(10),5-dien-48-0l, #cadinol,
a-cadinol, hinokiresinol, hinokinin OFUEMEZRET DITHT2 Y, & b — XAV LT
EHERBRFETH S PD BHEAERR (0 2RIV, ABOBIEEER L OB AR
EFEMEIZOWTRE LR % Fig. 4-5 IR T. BWBZEREMER A LNIZDITE A XT
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R T )L m— )LD germacra-1-(10),5-dien-48-0l, #cadinol, 3 X O a-cadinol T, 7
HEHORFRTEE 0.5%, 1.0%ICBWNWTTXTOIa7 UBREIFL Tz, TofioR
BHIEME A O 21 B BICRERFIICBIEEMEITEM L2, Wb no feed LY b
BEWEIFERTHo7=. 7 HHDEER T control ICEERHLNRNWI D, 7 HEZ
WCESE LT BRI B AREIC L AME il d, REOBIEHICE b0 EZ X bR
5. BREEEEEICOWTHE, TN TORBCEEEELZRL, RE 0.5%U 0BT
DFELD control & L CHERBEMEEEL R L. BLEXY, BEXFT LR
7 Lz —) L0 germacra-1-(10),5-dien-48-0l, #cadinol, 3 X a-cadinol MFEFIZE
BIESEEZRE L, 7220 PD EEOBAONRHLNRN-TZ 0D, ZThbeAF
TR TN A= LOBEFEETBRICL > THREEINRDIBO TRV EHEINS.
H-1 {43, hinokiresinol, hinokinin & Vo 72 (LA WITBIEEHOEW—5T, BAMHE
EHEER LTS Z ERALMNE IR o7, BT hinokiresinol IFIREE 0.5, 1.0%Z3V T
AEEEE L7z PD MR CEBDOND 2L, HLREEERS L.

PD BIUE AR (Fig. 4-2-(b)) T PD BHHERRE (a) Oy —LVAICEEEZ S
B S H720 control O PD R E L, BRICEROIBLFEEDLZ LICLV&{LEHD
BASREEZRE Lz, Z0O8E% Fig. 46 12§, BIEEMEIZ W TIE PD 5#iH1E
AR () LIZIFFRROMEERL, germacra-1-(10),5-dien-46-0l, #cadinol, ¥ &
W a-cadinol WEWEFEEMEZ A8, PD IXEEALEBREIN -, —F, H-1H
43, hinokiresinol, hinokinin & V- 7z BIEIEMEDEVMEEMIL, control @ PD %33R
IR L TWe., ZoZ &b, H-1HE%y, hinokiresinol, hinokinin &\ o 7z{b&
Wiy, BOEEHEIIEN S OOEmWERTEEEEZRFOZ LAH LN ol

KR (@), b) ZBWT, EAXFT ARV T A a—LORBHIFEEICE WBIEESE S
RLTWED, ZOPDIKIEEAEBREINTHRP-T. ZTOZ s, EHWEI
BRI Ty 7 VERICERINTWDDOTHRNWI R HEEIRS. £2T PD

JeEtRER (Fig. 4-2-(0) TIIERMMEORELHRIT 5720, JEEMEFT TORE
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HRBRE R ol TOERE Fig. 4-T IR T. W OEWIZE W T H BIEIEH,
BEHEEEITIEE A EAR LT, H— positive control @ B-thujaplicin IZIEE 2.0%
THERBEEERA DN, ZOZEMns, a7 VI LEGEERE R LI-Zh D
DALEWITEE, EREEMELUAOE T a7 VICEEL TWD LHEEIhT.

PD 5 (), ), () OFKBRZZITRBOESE L SEMCRET5729, PD &4
BrL a7 UICESERE S B 2 A8 TRk BiaiR (Fig. 4-2-d) 2RI
72. #i8% Fig. 481777, THRADEETEAXT AR T a— Il Bk (a) &1
ERBROBIEEER RO b, Ko TIhbDbEWiT a7 VEFCERSEEMT 2
2, b LIRS FIZ L > TTHERNICERYVAEND LEZBILS. £z, hinokiresinol,
hinokinin & Vo 72 (L& ¥ O BFCRITIRE IRIFET control & IEIER LETH o
ED, BB () KBTI LDEMOBHRERIIBRMEEIC L AL LHES
ns.

ALER AR BEAREAER (Fig. 4-2-(e)) CIIRARHC L 5 W % 0 U 7= 80> BEfih St
WA L. TORKE% Fig. 49157 ¥. Germacra-1-(10),5-dien-48-0l, #cadinol,
a-cadinol & W\ o2 B AT U TV — VI E, RALKEESY H-1 OT_TOHR
FIZBW TROEMEBRHEER A DN, ZOZ D, BVWEEEEEF>EAXT
AT V3 — MR RIFHC E WV BRHEE 2 F D, E T BSEEME DRV RACKSRE
SCHBEOVBRRBEENH D T L AR E Tz, Hinokiresinol # & Of hinokinin 1348
RILE, BREEBMEMLE T 20, RN TOBMBEHEHIIF L TWRWEEZL
LB, #, 12 R ORBREIM I BEE L@ R0 o 72,

b/ B BEEHE S O BUSTEERBRE R —% & Table 4-1 12779, PD MHilER
2HEp () IKBWTERAFF AL T a—L 0 germacra-1-(10),5-dien-48-0l (LDso
0.28 pg/mg), tcadinol (0.32 pg/mg), a-cadinol (0.31 pg/mg) I IEF I B WEIEEMED
FER AN, ThbERAFTFARC T A LFEAEEEELE LTV, Ll

72035 PD FEERERER (©) TN O DIEMITHHNT, iV TR 2 72 o o ALH + 35k
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HEMEER (D) ICBWTRR () LEFEOEERREINEZ 0D, ZhbDbs
Widoe 7 VERICEBEEM T2 TEEERET I OEEZOND. £
germacra-1-(10),5-dien-48-ol, #cadinol, a-cadinol IXALEE+HHRINEEAMEER (@) 128
WTHIEFICBEWEREEELZRBE L2200, b IROFUIREEOEERTH S
LWz b, H-1 BSEBFEHEIED S OOEWERILE, ERTH, SERE4
LTz, FBICEIEEMED L hinokiresinol, hinokinin &V o 72{bA¥ b B AR
E, BRREEEL R L.

U EORERM O e ) FHOHIY, germacra-1-(10),5-dien-48-0l, a-cadinol, #cadinol
LWV DT EAXRT AR T N a— L EEERE LTRWEZE, BRHE, BRTlEts:
FREL WD WA, £z, RILKFEES H-1 OBREE - b, kR
&M, /v U 7@ hinokiresinol 3 X TVY 27F 1 ? hinokinin OERHE - SulHE
PRIZ K o THODH OPUBRIE I F S L TWH EEZ b5, b/ FELHITEOHIC
REBOMEMEEE T LI L, SODIBHAORSEHET LI LICX o TE Y ZED
ICHURIEHEEZRIE L TV D ZERHALNERD, ZOZ b ) FEUHIZEEN D
FHH AR PSR & L COFIH DO REtE 2850 Z & DVRIR S Huiz.
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EAE NG

AECTIIB&FE v /) IO OEDFRIFELBRET 2720, RMBEIHE & SAH
HleEMTH LT VITKT 2EEERB ZRoTz.

EPAMOMT a7 ) REEEZRHFT S0, 7ay 7RICNMI Lize /4 - #0
MEra7 VICRESYEE. ZOMKE, control D7 I~y OEERAE 20.1 = 1.0%
WL, HOMOERERORIT 22 £ 11%, BOMHIL2.1 £ 0.6%THY, EFIZ
BWHAEEEZ 2T, b/ FBROLIE—RICEF XTI WE SN, b/ Fk
LML ZENEREOMmM e 7 VRBEELHD ENZD.

b/ Rk - B OPUEIE A RETT 5729, BREES % vz PD B AR
BR& 3 2 olo. T ORER, FioEWEEEN: 278 L7 0134 hexane i) T - 7-.
Tz, TRTCOMEDIEREEREEZ R LE.

TR 0> & 40 - BB S U7z H-1 B4y, germacra-1-(10),5-dien-46-ol,
t-cadinol, a-cadinol, hinokiresinol, hinokinin (2 & % PD #HERAFEMERBR LB 22
& BT, LU FEMICHIRIEE 2R 2 - OICERORBRFELAWCEME L. &
H— AR FETH S PD BHEEARR (2 K TEIEEDPHER SNZOITERAXT
JLr T L — )LD germacra-1-(10),5-dien-48-ol, £#cadinol, 3 XN a-cadinol TdH -
Tz, F, BARBEBRHEICOWTUIT R CTORBNIHER S, H-1E4%, hinokiresinol,
hinokinin & W o 72 b EWITEIEREHDOENW—FH T, HWEREEEEEZH L T,
PD BREAEARR b THEHAR (@ CFEREOBEEELZTL,
germacra-1-(10),5-dien-48-ol, #cadinol, a-cadinol 23 WEIEEE AR L. —F, H-1
B4y, hinokiresinol, hinokinin &\ > 72 BFEIEM DR LA, control © PD % 3
RIZERE L TRY, BVWERESEEEEZFOZ LRH LN Loz, PD JEREMUR
(o) I TEBEEWEOREELHREF LIER, WTIhobaWizisnThHLBIEEME, )
BEEIIIE L A ER DR oTn. 20T Enb, a7 YIck UEEREZR LE

LEWTECEREVE LN OR T a7 VIZEEL TV RS . A 55
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HEERER () T3 PD 2R LI u 7 U ICEERBSE T 2 RBE B o7,
FORER, BERAXT AR TN a—VRE (a) SIEFERROBIEEERRD bhi.
Lo TINODLEYOTEET a7 VEERICESEEMT L2 LItk TRESND
LEZ b, NEAERREMRR (o TIRBOBEMEMEERN L. ToRk
B, germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol &\ o= A X T LU T L3
— Iz, RALKFEES H-1 SO EASEHEERS 2 ST,

oz Embe ) SELHMIE, BOMICEENITIBREEDE (&30 1988;
Otani et al. 1996, 1997; TAE 5 1990) & L THIHH5 a-cadinol, #cadinol DIFHIT,
germacra-1-(10),5-dien-48-0l #MZ /=& A X TR T )b a— LN FIREEOFE T
B EPRENTE. Fe, RAGKFEES H-1 I3EREE, BREm, SihTE
%, / VU Z) > ® hinokiresinol & U 7' ® hinokinin (JERME - BHEMHZE
LTEBY, ZhH BRI OPIRERICHFE L TWD EEZXOND. BOOMITER LI
HAREBOMEMEERL, SOIHBEORSETTDHZ LI o TRICHREV
EH 2RSS ERBE L TV Z EBHALNERY, v /) FELMICE Eh oM
OPIEAlI & L CORAO WM EZ RN RS .
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Air vent

Acrylic container

Sample wood block

Sterile sand Termite (worker x 100)

Fig. 4-1 Diagram of block feeding test methods.
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Termite (worker x 10) Treatment PD (Incl. sample)

. |
paper disc (PD) (Incl. sample) Control PD (No sample)

PD no-choice feeding test (a) PD dual choice feeding test (b)

/
Control PD (No sample) Treatment sterile sand (Incl. sample)

PD non-contact test (c) No-choice contact test (d)

5 mm

) Control sterile sand (No sample)
Treatment sterile sand

(Incl. sample)

Dual choice contact test (e)

Fig. 4-2 Diagram of antitermitic test methods.
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Fig. 4-3 Mass loss of branch and trunk heartwood of hinoki by wood block feeding

test. Error bar: = SK.

71



GL

-—
o
©
o
A
A
AB
A
A
AB

5 o7 days a é 8 é 8 A i
L Q 1 @ :
80.0 o 821 days a © @ : Q 9 :
< 2 : < :
= . T i a E
T 60.0 i 8 :
=~ a | 8 !
2 Q H © o :
3 400 o g Pl S Ml
= 8 : 2 Q |
o : o O :
= 20.0 g : o :
2 8 8 8 u @ 2 8 8 II :
O O 2 s 1] [1] II [13 ; [1E : & (1] [, [T o (1] L o0
Bmle)e o I wle|e wlejle wile|le wilie|e
o ko o~ o = o~ o o o~ o = o~ o . o~ (=} i (3]
Branch Hex Branch Ethyl Acetate] Branch Methanol Trunk Hex | Trunk Ethyl Acetate Trunk Methanol | ctrl. n.f.
Sample Concentration (%)
50.0
40.0 |

w

o

o
T

-
o
o

Mass loss (%)
N
o
o

o
o

Branch Hex Branch Ethyl Acetate | Branch Methanol Trunk Hex

Trunk Ethyl Acetate |  Trunk Methanol

ctrl.

Sample Concentration (%)
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Fig. 4-5 Antitermite activities of isolated compounds from hinoki branch heartwood at (a) No-choice feeding test. (upper panel:

mortality, lower panel: Mass loss). Error bar: =SE. n.f: no feed test. Common letters denote no significant difference.
Turkey-Kramer, p < 0.05, *Means significantly different from control.
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Antitermite activities of isolated compounds from hinoki branch heartwood at (b) Dual-choice test. (upper panel: mortality,
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Fig. 4-7 Antitermite activities of isolated compounds from hinoki branch heartwood at (c) Non-contact test. (upper panel:
mortality, lower panel: Mass loss). Error bar: =SE. n.f: no feed test. Common letters denote no significant difference.
Turkey-Kramer, p < 0.05, *Means significantly different from control.
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Table 4-1 Antitermitic activities of isolated compounds from hinoki branch heartwood.

Antitermitic activities

(a) PD no-choice feeding

(b) PD dual choice feeding

(c) PD non-contact

Sample (d) No-choice contact  (e) Dual choice contact

Tremiticidal® Antifeedant”  Tremiticidal® Repellent Tremiticidal® Anti feedant” Tremiticidal ® Repellent contact ®
LDso (ug/mg) LDso (ug/mg) feedant® LDso (ug/mg) LCs0 (ppm)

H-1 ND* + ND* + ND* 390 +

germacra-1-(10),5-dien-48-0l 0.28 + 0.29 ND* 76 +

t-cadinol 0.32 5 0.42 ND* 94 +

a-cadinol 0.31 £ 0.20 ND* 93 h

hinokiresinol 13:71 + ND* + ND* ND*

hinokinin ND* + ND* + ND* ND*

B-thujaplicin 525 =+ ND* + 14.58 377

*ND means not determined.

a Termiticidal: Values of LDso pg/mg (PD dry weight)

b Antifeedant: + means significantly different from mass loss of control PD.

¢ Repellent feedant: + means significantly different between sample and control mass loss of putting together.

d Termiticidal: Values of LCs0 ppm

e Repellent contact: + means significantly different from contact times of control area.



EHE b/ XREOLMERSORMERE - a7 U USAOAEYIT 5
I oEM

T &S
bt RRBORICER SNARBIARES & FOABEMRICEE LT, ZhETIZEL O

FRRENTEL., AMAOREREE 25 AKMEHE GIES 1986, &35 1986;
Debell et al. 1997, 1999; KA S 2001) 7 U (&35 1988; Otani et al. 1996,
2001; #AB 5 1990; Kijidani et al. 2012; Nakashima et al. 1972) 2% BiEMEDIE
py, #xH - %4 = (Ahnetal 1995, 1998), BEAALRME (AH D 1993), HiB{LIENE
(Yamaguchi et al. 1999) 72 EZIKIZIED.

IDTEND, FIE, H4ETHHE - PUREMZ R LB I b 28R
EMctT2EERSH D EBZOND. I TERETIIAMEALORRE & 72 5 A8
FECY r 7 U UADW L ODEMITRT DIEERBE B 2R, b TR

53D E B DHMMEIT OV THRE L7z,
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1.1 75432y

7543 a7 (Artemia salina Leach) (37473 v REXF /N H
BT, BWAROHEZR L LTARSHBLTWS., £, 7934032l U idAEY
FEHRBICHV O, EREORBR CHEORSICR LEIERABILD 2 & biEtE
WEEROTOD A7 ) —= FTRBRICHVW S (Ohira etal. 1994; Tanaka et al.
1979; Ali et al. 2011), AARTIEHEZ LT —F v — b (MSDS) {b W E G
it (CERD &Wo 2B COFMET — 4 0E Lo TWaA. £I°C, b/ FELOH
OB - a7 VUSNDEYIIKHT DEEDO—2L LTT I v a ) T EE
BIEERBR B oz,

1.2 AHV

AK2SONIIRESE (Oomycota) I XA ©JE (Saprolegnia) OMHTHY, Zh b
BRI L > T &R Z SN HAAFEORIVEIT KN DREBIRESND. BT T
RERICAVEROE RGBSR INRELZRZ L, BHICL > UIICEDLHA 2
FRTHD. WRIITRBEA O~ T A S 7Y —UPERE SN TE D, 2005 FE0
%%&@&Emiafﬁﬁﬁ«@ﬁmﬁﬁm&@ok(&mmmgmaamw.%:
T, BAEZNCRD D EZRBBRIENRRD b TS, ZiIVE T2 Saprolegnia BO
APOHEERERECH L, #AES TH % B-thujaplicin < citral OFEFEENRE Sh
THY (Moriet al. 2002), v / FICE E DL IR &K HS D TEME
EEOFMBEENELLNDS. FIT, EFELHRSOAPOHERRNE
(Saprolegnia parasitica Coker, Saprolegnia diclina Humphrey) (ZxH3 B HTK

EHERBERBIho Tz,

1.3 &=
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N RPN =ROERBHORKHTH Y, TORIITRIEDICEEL 52 2FHR
ba i, EBRTIZF IANF = (Tetranychus uritcae Koch) 2k U K =
(Tetranychus kanzawaiKishida) (2 X 2 BEZAEY~OEERRBE L 7> T 5. BEER
IR EBERANONEWR, NF=ZTA 7 A 7 VREEICE BEITH LT
HEHE IS TTLE Y. 20k, BEOBESREREE LR KDL
DEHIN TS (Wds 1985). £z, WEOFEFWEIC L DRESAE~D
HBOKEN D, KRB EOBARS & AW 2 BROBRBEIHFIN TS,
FIT, B RBOHESEAOCTRENRBEERO—DTHLIN P UNF =

oA B 2o T
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28 EBRFE

2.1 7I4vval) T hARIEERER

2. 1.1 Bk - ROEHFHR

HBE®E 2 2 2 3 T/ FKRLHMHIVELLE H1 @ 5,
germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol, hinokiresinol 3 & X hinokinin
ZHWz. Zh b % dimethyl sulfoxide (DMSO) & CH#E 10 mg/ml (ZFHR UER
BHE LTz,

2.1.2 HREY

RO T T A 22V 7 (Artemia salina Leach) (Japan pet drugs Co., Ltd.,
Jpan) LI, FOHEE AV,

2. 1.3 REFIE

RBRJ7IEIL Ohira et al. O (Ohira et al. 1994) WZHEWL L7z, HRDOT T4 v
2 U 7EiE ATHEAKFICEA L, EIRHEAN T 26°C ORFSMET T 24 B IME S
/2. 10ml NATAFDOATHAK S mLITFHE LT T4 a2 ) 75 10E L,
FRLL 72V 7V 10,50 and 100 ppm ERB L EMULIZ. v bu— b L
TOAFNALZLEEY R (DMSO) % 50 ul HI LR %2 AWz, ), SHEiTs
RAERBR U7z, 26°C, iS4 T OEIRMBINICHE L 24 FRB OBIEE v P L,
BERLFEH L. £, BBETROT A4 v a ) U 7PBEED b EEBORRE
(LCsoppm) ZHH L, 1EMEZFHE L.

2.2 Pk OTEHERER
2.2.1 B TR
eI b /0 & 0 & bz H-1H4y, germacra-1-(10),5-dien-4B-ol, £cadinol,

a-cadinol, hinokiresinol 3 & T hinokinin # AV /2. ZH 5 % acetone (2 TIRE 1.0
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mg/ml IZFEB LR ERE & L7z, F72, positive control (21X 2 E T & RFERIZ
B-thujaplicin % FV 7.

2.2.2 HR4EY

APV OEERKE ChH D INEIE D Saprolegnia parasitica Coker (ATCC:
90213) B LU Saprolegnia diclina Humphrey (ATCC: 90215) % f\ /-, FEERIX
NITE (MSZATEOE AR FHERAR M) LA L. SREIERBRICH V230
IZ Glucose Yeast Agar (GYA) (1 % glucose, 0.01 % yeast extract, 2 % agar) ¥ kT
DOHIEEREB ol

2.2.3 HABRFIE

BRI 1Y GYA 55 % vy, N 80 mm o v — LIZ 15 ml 0437 L E{E#&IC
HRICR-o b OEHWE, 7 Y — 2 _UFHNT acetone FHELL72KY 7% GYA
BH#EREIZ 1.0, 5.0 pg/em2 L 2B X O AR L, BREZIC 1 KFRAKE S SEEL 5451
BRI, 2B, TR S 725 control 121X acetone DA% 300 wl B L,
FEREIC &R S E R 2 Az, filgsE L REOBEEMNEE 5 5 mm =L
R—T—EHAWCEHEL VIRE, AR LUEMPIICERL, T 74 LA THEN
L7z, o, £RBRII3REBI o7, REREMIIEESRNT 20 = 1°C, L 60%
DS T CHEREE L, control DEFEIMEANE 80 mm ¥ v — L DIITE LTk
RCRBEZKRTE L. BBRETERO 4 FROEEBERLFHIIL, ZOVHELZE
BzE (£ SE) #HM L7z, HELZEREEN? S, UTOXNLY control [Zx4 5H
EEEEER (%) #EHL, Antifungal index (%) & U CiEMEAFIM L7z
Antifungal index (%) =100 x (1-Da/Dh)
Da: the total average of the mycelia diameter of each sample — 5 mm

Db: the average diameter of the mycelia in the control — 5§ mm

83



2.3 Ping =iEHRR

2.3.1 k- FBFER

REHI b L0 L 0 45E - HEEX 7z H-1 4y, germacra-1-(10),5-dien-46-ol,
t-cadinol, a-cadinol, hinokiresinol 3 & 1% hinokinin % fV 7. % 7=, positive control
WX 2 E T & RHRIC B-thujaplicin 2 Wz, 25 % acetone (& THE 1.0 mg/ml
WCHRELL, BEM & 2B 7 35 ok (Kumiai Chemical Industry Co., Litd., Japan)
(Fik 3300 (I % VTR 5000 ppm ORERE 2T L 72,

2.3.2 HE4Y

B WU NE = (Tetranychus kanzawai Kishida) 137 I 7 A (L% T B LY
SN ERE A 7~ A (Phaseolus vulgaris) L THAZREEZ LD
Az, ), REBRICITHERRL REE D 2 & vz,

2.3.3 HABFIE

REBRIIB A =FEHRBRICES AVSLNRTWA ) =75 0 A7 it s 1985) 12
HEPL L7z, BREFBF O acetone BEN—E &L D L 9L, control 1213 acetone
ERERDKER RN, A7~ ADELEE 20 mm OMRICH Yy Lz
=TT 4 A7 2B L, 2.8 LICTHRAM LR EREHRES /2. 45 mm v — L
DIEICAEEFEMAKTRLY —T7F 4 27 (EE 20 mm) #RMX IR LD HR
WWREL, RBRXE Lz, V=77 4 A7 4T F INF =R H 10 ILE BRE > v
—LIZEE L, 26°C, BE 60%DEIREN (HRSEM Uh=16/8) T4 A, 24 KfH
TEIBE LB E U v b L. BB % Fig. 511077, BEEEAIIEE
By BrE, RBETROF IANY =B L Y BOEE (mortality) & MM (£
SE) ##HH L. ¥, £RBIX3KERBZ o,

2.4 MRt

34



ZREBRICTEH &7z Antifungal index, Mortality (%) ®{#E % Analysis of
Variance (ANOVA) Tukey-Kramer test (Statcel 2 software, OMS, Tokyo, Japan) %

AWTHEHMEE L, EEZFHE L (p<0.05).
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3 WHRLEBE

8.1 b/XELMERODT 74 ol o HhEBGEN

FILEDOBIERE Fig. 5-212, BH L7z LCsofE% Table 5-1 125K, EAFT /L2
7 b3 —)L®D germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol ZFEFEIZEVVEIE
EMEAHER S, LCso fHIZFNF1 4, 7, 6 ppm T o 72. £ 77, hinokiresinol % LCso
6 ppm DOFEEMEZR L. IS RLEW TH D germacra-1-(10),5-dien-48-0l
i, F3EICBWTHEAEICK L TEREETH 72, F 4 BB TR WISEEEY
KL, 7940 va ) U ThEICEWEREEER LI LMD, BICTEEERE
FToaTIRTTA v a ) rTOE S REEEMICH LTEREZE LTV, M,
H-1 #4y, hinokinin 36 £ U B-thujaplicin ([ZIEMHITRER SN o7z, 2o Xk Hice /
ISR T T A o a VU THAEICERERE L2 Lind, KoREe
MLIS DAY U COIEEZH T 5 TREME SRR S iz,

8.2 b/ XIBLLH RS DFRIOTENE

BB A Fig. 5-3107RY. S parasitica /25t L CEEREBARIRE 5.0 pg/em?2 (20>
T, germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol, hinokiresinol 23V 9 i %
100%iEWVAERBIER %A R L, positive control T 5 B-thujaplicin (100%) 2% <&
VB ER LTz, S diclina \Zxt9 AT, SEHBAEREE 5.0 pg/em? 2B\ T
B-thujaplicin 2S4EEFHIEZR 100%DiEEEZR L, HBEHEEY TEWEEEZ R LIZOX
a-cadinol (95.6 * 2.3%), hinokiresinol (91.1 = 1.8%), fcadinol (75.0 = 1.8%),
germacra-1-(10),5-dien-48-0l (64.5 + 6.6%) TH-o7=.

YLk X v, positive control @ B-thujaplicin (ZiZ4 2 b DD, WE X L
germacra-1-(10),5-dien-48-ol, #cadinol, a-cadinol, ¥ & " hinokiresinol {ZHT B 1E A3

R S, ¥FIC S parasitica \ZX U CHBICEMRLZ AR L. M, H1 BB LW
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hinokinin O{EMHEIIWTHOEICR L THIEWH DO TH -7,

8.8 b/ IBOLMBEL OFiNT =ikt

KSR % Fig. 5-4 12779, Positive control @ B-thujaplicin DEIFERIL 76.7 +
25.0% TH Y, BEAFT N T )L a—) LD germacra-1-(10),5-dien-48-0l, #cadinol,
arcadinol A% LEIZEIEEHEZ R L. ZbEWEEZR L Z O
germacra-1-(10),5-dien-48-0l (100%) T, ¥R\ T tcadinol (90.0 * 17.3%),a- cadinol
(86.7 = 11.6%) MEiEMEER Lic. ER/KKES O H-1 12 66.7% £ 20.3%
DEFCIEMNHEFR S 7=, ¥, hinokiresinol ¥ X UF hinokinin OIEHITEWH D TH
27z,

EEHERLEDIEEAFT LT a—LdD germacra-1-(10),5-dien-48-ol,
t-cadinol, a-cadinol T, ZIbD{LEWIIT T Y, 75402 IR LT
FRRICEWBIEEMZ R LIz Z &0 h, SEBMICK LIEEEE T 5EMTH DT
REMENEZ BILD.
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A

RETIE, AMBLORE L 22 RMBEFAEL T 7T Y LSOV D0 EWie st
TOEMRBR LIS 22, b FELMRS D E B RDFAEC OV THEE L.

A DIRED LS DEDITT DIEED AT Y —= v TR IR Y e, TIA
a ) U THEREERRBR B IR oTRER, ¥AXT ARV T I —LO
germacra-1-(10),5-dien-46-0l, #cadinol, a-cadinol ¥ X )X » + U 7 F > @
hinokiresinol IZFEH IZ @& WBSEEM SRR Sz, H-1 Bi455 X O hinokinin 213
WEMEITHERE Shia o Tz,

KNOIRREETHD S parasitica (23T HHEEERBOKE, HEREE 5.0
pglem? 2 B W T germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol ¥ £ !
hinokiresinol 23 W3 4L b 100% 4T WA KB 1L % 7R L, positive control @
B-thujaplicin (ZR <TEMZ R LTz, S diclina %t L C% B-thujaplicin 234 £ HI1ESE
100% @ & M % ;& L , ¥ W T acadinol, hinokiresinol, #cadinol,
germacra-1-(10),5-dien-46-01 NEVEHEZR LTz,

FINF=ZRZRHTHIMAY =FEERRTIE, EXFTA_ T3 —LD
germacra-1-(10),5-dien-46-ol, #cadinol, a-cadinol %® positive control ¢ B-thujaplicin
% LEID BOEE 2R LT, £ RIEKFEE S H-1 OFEE S B-thujaplicin (TR < H O
TdH o7z, M, hinokiresinol ¥ & O hinokinin DIEHITENH DO TH - 7=,

UEDORREY, WFhoOBEERBRIZEWTHEAXRFT AT AT —LD
germacra-1-(10),5-dien-48-ol, #cadinol, a-cadinol IZ@EV\EMER L LT, FIZHEHK
Wb &EMmTHSD /N Y 7 F 0 hinokiresinol 13774 ¥ a U T L KD
FREE IR LEVIEHEEZ R L2, ~F =0 L THIEER L LR E, o
{bEH & RORRRDIEREME R, W, 7740207, KPD, nF=K
BRIZWFAIZESV T hinokinin OFEHEIFEVS D Th o7z, b/ FELHESIEIA
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MIBFESYr T U USADEMIIE L THAEMERZRL, 2 0ERIMEEmIc
Lo TERBRBTHRIBIND ZEPRENTZ. 2D X DI / IR REIIARMS
BARECY a7 U Lo Ie A R EM LS OE O L THIEEZRL, £OF|H
BIIAMRFICIR O T, KEX, BEFOSE~LAATE oMz L5
Zbh%.
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Fig. 5-1 Diagram of Leaf disc test method.
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Fig. 5-2 Lethal activities of isolated compounds from hinoki branch heartwood against brine shrimp larva. Error bar: =SE.
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Table 5-1 LCso values of isolated compounds from hinoki branch heartwood against brine shrimp larva.

Sample LCso (ppm)
H-1 15
germacra-1-(10),5-dien-48-ol 4
t-cadinol 7
a-cadinol 6
hinokiresinol 6
hinokinin ND*
B-thujaplicin ND*

* ND not determined
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Fig. 5-3 Antifungal activities of isolated compounds from hinoki branch

heartwood. Error bar: =SE. Common letters denote no significant difference.

Turkey-Kramer, p < 0.05.
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Fig. 5-4 Miticidal activities of isolated compounds from hinoki branch heartwood. Error bar: = SE. Common letters denote no

significant difference. Turkey-Kramer, p < 0.05.



FOE b ) XL EAEWIENE

B 2~5 EITT, b/ FEOMESE AV TARMBILORE L 7 2 KM EHE v
TUVDIED, T4 val) o, Kn, NF=bWole @B OEWICRT 515
R L. AETIIINOOESEZSEICFET 528 & Lz,

IEHERBRORE R % Table 6 12787,

RALKFEE S H-1 OPUEEEITO TR BIELS, a7 JixT 2 BEEE L A b
RInolehs, a7 Y ~OBRRHEE, #EMEEEtEe R Lz, £, 7700 a)
I, KD, AF =R LTI ROE AT R TV a— VRIS B NEME
R LTz

T AXT N T L3 — LD germacra-1-(10),5-dien-4B-0l, #cadinol, a-cadinol 2%
%< DEYIZH UIEHEERE L, F#2 a-cadinol BEIKIZIE D AWiEHER LT,

a-Cadinol IFHEEEHRBRICB W TCHBEHE DO T versicolor, #EBEAED G
trabeum, EAE D T virens, C globosum B L O OE D R. oryzae, P citrinum
EV o EEOEICK LTEEEER Lz, a7 UIick U CEdEE I E WIS
D, FREEE, BEEEHEEIER Iz, 6T, 73402007, Kk
OYRHE, N =ixt LTHBEERIE%E R L.

t-Cadinol (a-cadinol DILERMAE) b ENIRSEL OEWIEEEZ A L, BEEH
ED G trabeum =X P citrinum \Zxt LR VEMEE BTz, a7 U Igst LTH KR
P, BRIEE, BEEEERL, T4 a ) T, KPUYRE, Y =ikt
LChE®ERT R E, acadinol & FEFIT X < L7 IS MAE R & A8/, ), a-Cadinol,
tcadinol &V o722+ 5 cadinene Bl A ¥ T A AMEEMDFEEIC SN T I E
TS, b/ FBOMORETHRGHE - FUREERS & LTRES TS, EXXT

N T v a— L@ germacra-1-(10),5-dien-48-ol iZHFE DILEHTH Y, FDHHE
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JEMEIC BELO cadinol BULEMICE DA, a7 DIkt LCEIEEICEVESE, B
FE, SEMSEHEEERL, 794 v al v, ANEiZH L TAOEWBIEE LS
ALz, ZThoDEYTRHT 5 BEEEMHEIX LD cadinol B{LEY & RI%ENENLLE
DHLDTHoT.

J Y 7F 0 hinokiresinol IIFTETEMEIZ DWW CIX B & - BB RIS 2 EE
ITRRMENEDTH oD, T virens=X° R. oryzae 2% LT B-thujaplicin (k&
YMOTEEE EEAEVEEEZ R L. £, a7 Vicx U CIBSEESE - 2 EO M
BWERHEESHE L, REE2ERSEE PD 20 CEVERT /R SO BBH TN
Hole. 74022 ) 7 EKPUIRREBEICH L THEmWEEER LR,
F =R LTIEEZ RS R0 L, tholbat & o0 R 2 MR & 7.

Y 2J > @ hinokinin iEhO{LEWITHA, WTHORBRICBWCHBEEICEWE
PR X e hr o T B B AEFE O T versicolor, #GIEFE D F palustris \ZxF LHUE

EE, e 7 UIicx LEREE, SRERERLE.

LLEEY, b 7 FELUH 1T feadinol, a-cadinol, germacra-1-(10),5-dien-48-0l & \»
DT AFT NN TN a— L OEWH L < OEMITHT DIEMHE T &L FIRRIC,
ALK FE(LA Y= hinokiresinol, hinokinin & W {b&EMNBENEH ERROEAF
TR CNIESTEEERRE L TCWA ZERHLNNIRo T2, 72, b L
EBRLOMEIVBEZEOHMEMERL, EXXFTFT AT LI — O
germacra-1-(10),5-dien-48-01 </ /LU /)2 hinokiresinol &\ 7=k D&
MEFTDHZ LI Lo TROMICHAR Y ZENREWEEEHE L, BHEEZ{LFER
WL TWD EHEIND. PRI _NENEDIEE Lo 2EEE LT, &R
BAREREICBW TR IV ESEXLT L, BOHEEEE LT ZRREMIC X 5%
HEEEETINERDDL O EEILND.
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Table 6 Bioactivities of isolated compounds from hinoki branch heartwood.

Fungi Termite B.S Mite (Of;‘;‘f:te)
Sample Growth Inhibition * ) )
., Anti Repellent & o 3E Growth Inhibition
Letality feedant® contact’ Letality  Letality a
White-rot fungi Brown-rot fungi Soft-rot fungi Other fungi
T. L F G . A g d G o - i
versicolor  betulinus palustris  trabeum 2 rrens globosum A zger citrinum £.agzae da:f;i_z;o = B diclnw, 2 pckiios
H-1 + ot * % *
germacra-1-(10),5-
dien-46-ol * *k 7 o %k ok koK X
t-cadinol kk * koK *kk + + %k %k kX kxk
a-cadinol % * kK b3 kk ok %k + 7+ %k koK kK kxk
hinokiresinol % Kk £ S X % + kK kk %k Xk
hinokinin * * % b3 - Kk %k
B-thujaplicin sk kk *k kK *  okk *k k% % 4+ * *k  kk

* Growth inhibittion: - < 30%, 30% < * < 70%, 70% < **

: Lethality of fungi:Values of LDsp: - £ 5 pg/mg. 5 ng/mg < * < 10 pg/mg, 10 pg/mg < **

© Anti feedant: + means significantly different from mass loss of control PD.

¢ Repellent contact: + means significantly different from contact times of control area.
¢ Lethality of B.S.:-Values of LCs0: - < 10 pg/ml, 10 pg/ml < * < 15 pg/ml, 15 pg/ml < **
fLethality of mite: - < 30%, 30% < * < 80%, 80% < **



FEIE B

t /% (Chamaecyparis obtusa) 13 AALZRET 5 ERMERTH Y, MIECH
HHECHLERD Z DL ELSMBAME LTRSS TE . v/ FOENFFET
BARPICEENIHMERSICEDHDOTHY, B/ FIEEENIRDICELTINE
TILEL OERR I, & 0D E U CREEMME L FOMAITBEMZICAN
LN THDZ LMD, BHMORSPEREMHRICEAL TEH OMEN RSN TE
7z.

B REBHMAARME LTERASNTEL—FT, FEEAMREDRVVEZERHIR &\
O TE AL IR E O F EMRHNICHBE SN DOBIEELAETHS. ZhE
TIZOEDRFARICONTRA RT 7o —F BRI TBy, RX—=FT 4 7R —F
MRV TR E~OFAPRE EN TV IR EDORARITOTNTHY, b/ FOK
FIRABERIZOWTCOREICED RFIFER RO ORBURTH D, Fick / FHEDE
BOK 20-30%% O LM OBEHRAITEETH D LEX OND. b/ IEH T8
WCHARBMEICTE L TR LT, BENLAMERESND. £Z Tt/ IEHM DL
FRORIFEICER Lz, AR L2 L9 Ik /7 FELMOMBRESICEE L Xk T
WEL OBERRENTNDDIZH L, b FEMORSSHT-LEOFIAICET 5
I+ b Ty, & 2 TARIFE T, BRERERM & LTHbh T
WA E ) FELDHMHPICAREERE L CORNRFAMEL RES 720, SobHHAR
SICER L, TOEMEEWEICOWTRE LT,

2 ECILRAAOARERRD—2Th D b /) IEOBEHFIAEE RET 0,
e/ O - BOM ORI OMHEZBA LM L.

WERKFEHMB T 4 —V FRFEE 7 —{ B EANEBERICTHREE L /£ X0
BEHL U728 - 8041 % hexane, ethyl acetate, methanol TR L7z, BolbhidEs
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DA~ ERERLT ) ZEOMHMEZAH L, BO 5 %0 hexane fiHi#, 10 F0O
ethyl acetate It & &H T DHIHELR Lz, FK - FEERS OZ VR TH
27z,

KLkt 0 hexane iM% 1 F L a~ N5 7 4 —THE L, R{IEKRIREWE
4y H-1 &, germacra-1-(10),5-dien-4B-ol, #cadinol, a-cadinol %, ethyl acetate flit}
¥p7>6, hinokiresinol 3 & TN hinokinin # BB L 7=, #E\TH « 8 hexane, ethyl
acetate it % GC-MS, GC-FID [ TH#rL, OO EHmE LR, &
D hexane MW N HLEBET L FEH LY —7 L LTE/ TANURILKED
B-elemene, copaene, ¥ A ¥ T X R{LKFE D amuurolene, y-cadinene,
§-cadinene, T A X T N T )L —L D feadinol, a-cadinol, U 2} @ hinokinin
PR EN, O ERAF T A2 7 L2 —/LD germacra-1-(10),5-dien-48-ol 35
I N7z, Ethyl acetate i1 HFL - #2358 LT U 2 D hinokinin 23HERE
t, /U Z ) ® hinokiresinol 230 D AITRFEREICRERR STz, 26 ORERK
BE5EBDE, K- 8L b cadinene B D A X T N R{LAKFED y-cadinene &
§-cadinene $ L Weadinol Fl-z X %7 )L~ 7 )L — LD tcadinol, a-cadinol 23K X
et EIG % S TRY, U 7) 20 hinokinin 28 ZAUCIR SHRREIG Th o7, %
WA A B 72 germacra-1-(10),5-dien-48-ol, hinokiresinol X =1 5 D{LEMIZ
e ERGEIE I N E o Tz,

UERY, b/ FEOLMITEOMICIERZEDOR - FHEEOMERSEEFH L TE
b, TOoOPFRXEETNI2LLEHOEREESTELBL TV DB,
germacra-1-(10),5-dien-48-0l < hinokiresinol & V> 7= D FI BRI IEET D

T ENHLMNIE 0T,

B3ETIHE /XM OMEBEEEEZPALNTT A0, B X - L0
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MEEERBREZB IRV, TOHEOERL LR L.

b/ XkE - BDHER O hexane, ethyl acetate, methanol ZERH W% VY, BAEE
O T versicolor ('Y 7 5 77), WEEFHED F palustris (AT X5 27), B
HFED T virens BLX OO HED R oryzae (6T AHEBEERBR Y B -T2, 0
FEER, B - B0 D hexane, ethyl acetate I IEME SR S iz,

BV THEOLH @ hexane, ethyl acetate fHH & ¥ /0 - BBt X h/= H-1 B4,
germacra-1-(10),5-dien-4B8-0l, #cadinol, a-cadinol, hinokiresinol 3 &' hinokinin
ERHWCHEERBRERB I o7z, BRICIX 6 MOAMENE (AAEMHEO
Tversicolor, L. betulinus, #EBEAE D F palustris, G. trabeum, BEFHED T
virens, C. globosum) & 4 O MNOHE (B oryzae, A. niger, P citrinum, C
cladosporioides) % A\=. ZOFER, BAFT AT )La—dD a-cadinol 1ZIE
FICEUVIEERER S, T versicolor, G. trabeum, T virens, C. globosum, R.
oryzae, P, citrinum \Zxt UIEMEEE L. £ OIERMEETH D tcadinol H3Z UK
SEEMERL, G trabeum, C. globosum, P citrinum 2%t USSR A 87z,
TDO—FKFT, EOBBEHOLREAIFT AR T A a—LTHSD
germacra-1-(10),5-dien-48-ol i3 EFED(LEMNTLLARLRE DM P citrinum (ZIEME%
R, BEEOLEMTH D /) 2 ?D hinokiresinol 13 positive control ¢
B-thujaplicin ZDIEMBMED > T2 7! virens <X° R. oryzae \Zxt L CEWEMEEZ R L7-.
F o4 - B FICHE L CEH &5 hinokinin iX 77 versicolor, C. globosum, T
virens \Zxt LTEMHEZ R LT,

UEXY, BIZko THERZTRILEDISE X RRY, BROEWH LR T
BIAROHEEHRICFEL TS EEZbND. £z, b/ FEOMIT®HROMEY b
BOMEMERLTEBY, TORIERINDIEEMIT L > THEBITIEMEZ FES

51ED, germacra-1-(10),5-dien-4B8-01 < hinokiresinol & o 72 5H DIL& W&
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teZ Lbnh, BEHY - BHRE TROM IV EWHEEEZF L WVAD.

%4 BETIIARMBIE L ESAMEEM THL a7 VITHT D /) FELH D
IEEERE L.

b RARMOM r T VEEEREREFT 5720, &, BLMET ey 7RI
BRERBREB IR o7 ER, control D7 =Y AR - B EBITIEEAERERZ
Jhaholz, v/ FBRLME-RICERFLZTISWHELTHLNTEY, B/ %
FiMbEnEREOmM a7 VEEERH D LV ED.

LTk /XL - B OISR 2 RET 572, Bkt e Fviz PD 5
FBERRBRE B I Rolc b T A, LMD hexane I EWBIEEMENHER S
To. Elo, TTOHMUEMICEREEEESER I N,

eV THLLHF hexane, ethyl acetate IO - BBt X vz H-1 B4y,
germacra-1-(10),5-dien-4B8-0l, #cadinol, a-cadinol, hinokiresinol 3 &' hinokinin
AT PD MEEAEERBRE I oo, &5HIT, PUlsEME L0 MR
% 7o DI ORBRFIEE AWV TUEMEZ 3706 Lz, & b —K#7% PD BHlEARER (2)
DIHER, REFEEIERINLEZOREAFTAR T La— Lo
germacra-1-(10),5-dien-48-ol, #-cadinol, 33 X} a-cadinol T -7z, EREEEMEIC
SVTIET N TOREHIFEFR &4, H-1E4y, hinokiresinol, hinokinin (ZEFEE#ED
BW—FT, BWERHEERMELA L W=, PDEREAFHER b TIEREk (@ &
EIERROBFEEM AR L. —7, H-1E%7, hinokiresinol, hinokinin & v > 722
FEIEHE DRV MEE I, control @ PD ZERAYICER L TR Y, mWERTRHEMER
L7z, PD B o CTIRERMEWEORELRE LE. ZO/BE, Wihofk
EPTRNTHBIEENYE, BREEEEIIIEEASHERSNRD 2T, XoTim 7
Uk UESEIEME 2R Ui LA i3 el & RIRRCEE, 23R ER cERE 5 L4
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OFHTIaT VICEEBL QNS EHESN. AE T HRH AR (1) TIEPD %
PERLy a7 Y OFRICEHERBZEMIE 2R B ERB I o, ZOER, Hik (@
LT IS FIRE D EFETEME DS germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol IZ38® &
Nz, XoT, ZhoobEWidi T VEEICESEMRT L Z Il o TEREF
BEtabolExbhd. OB EHRIEMERER () TIIREOBMBEMEZHREL
7z. ZOkEH, germacra-1-(10),5-dien-4B-ol, fcadinol, a-cadinol &\ o7z EAF T
N T =L DIEMNT, RACKEES H-1 2RO EARREHEE SR S .
EDZ Embl ) FELHMIE, BOMICEENDIHTEEEWE (&35 1988;
Otani et al. 1996, 1997; #245 & 1990) & L TH S D a-cadinol, £cadinol DIEANZ,
Bl A D5y Td D germacra-1-(10),5-dien-4B-ol &\ o7z B AFT AR T L a—
JVIREGE, BAME, BMEEEEEER LWV, £k, ELBGEEEZ HEWLO
D, R{EKFEE S H-1 IERMEE, SRS, #EfswEts, /217700
hinokiresinol & Y 27> @ hinokinin (3EREE - B#ERZ AL TEY, Zhbb
B OFUIBIEMHEICHEHE L TWD EEZXHND. UMM L EOREY
EEAL, SOLIIBEBEORDEAET DI EICE - THIZHAX Y S 2 HuERIEE

EFRBELTVWDLZ ERHLNIRT.

8 5 ETIL, BOOLMAD OARMELORE & 2D ARMBEHES v T U UADEY
T DIEHERBR A B IRV, B FRLHMES DS 5 RSFIRIEIC OV THRE L.
EWEWDR I ) —= TR E LTUASKHAWDND T I A4 ra ) U TEHERIE
EERBREB IR LR, EXAXF T AT La— Ao
germacra-1-(10),5-dien-468-0l, fcadinol, a-cadinol ¥ L 0" / &~ U 7 F » D
hinokiresinol {ZFEH 12 & W BOETE A FER S iz

BEWTARDOYRREE CThH D S, parasitica \IZRT AHEFEEREBE O R, RBRRE
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5.0 pg/em?2 233 T positive control (Z iV 7z B-thujaplicin 7% 100% D4 E-BHIE 3R %A 7R
L, germacra-1-(10),5-dien-4B-ol, #cadinol, a-cadinol ¥ J U hinokiresinol 3% 11 &
RIZE OB WPIETEM 2R L. S diclina (2% LTI B-thujaplicin 234 1E2R 100%
ZRL, Yo7 TlE acadinol (95.6 = 2.3%), hinokiresinol (91.1 = 1.8%) 234
WEVWEEE R LT,

BEERTHLIT INF=ERHWHZNZ =1EHRE ClX, positive control ™
B-thujaplicin (76.7 = 25.0%) DEEEME L2 EAXF T A X T a— L0
germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol 3% E[E]5 -7=. HbLEVEME L
RL7ZON germacra-1-(10),5-dien-48-0l (100%) T, KV T a-cadinol (90.0 +
17.3%), t-cadinol (86.7 = 11.5%) MNEiEME R LT-.

TDZ LD, b RO RS EIARM A BEIRT D AMEAEC 1 7 U LS o
EPNTR L THEMTEEZ R L, £ fOERIIMEEMIC L > TERRB TRES L

D EDITRENT.

56 ETIL, 5 2~5 EIZ TR IR BB O AWM D EM & 2RI FHE L.
ZLOEMITH LEEZRBEBLEZOIR, EAXAFTF AT La— Lo
germacra-1-(10),5-dien-48-ol, #-cadinol, a-cadinol T& ¥, 42 a-cadinol 1H, &
TIZR LD ETIEROAMICH LEWESEEZRL, ZOMNEREREETHS
t-cadinol b ZAUTIRSE < DEMIEREH LT 2. Zhb cadinenol Bt XA %7 L
AALEHOBEHEIZOW T INE T / FBOMICER ST RENLRHE - T
BEERYE L TCHEERL WD, EBEHFOLAED T 5
germacra-1-(10),5-dien-468-0l I¥, FLEIEMEIC DV TIL EFE® cadinol UL EWIZE D
B, vuarFieT I ra )T, KPUORE, N8R L TIh

b ERFENZENLU EOEFITEVEMR LR L., RIS RbemThbs /v 7
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> ® hinokiresinol {22V T, positive control ¢ B-thujaplicin & DFEMEHMEAH
572 T virens<X° R. oryzae \Zxt L CTEWEMEEZRL, a7 VICk U CiEeEE s
ZENEORWERILE - BRHERRSh. ke, T v a YV U THhEE KM
OYRRREIC L THRUEMEE R LS, A~ =2kt U CIIEER S DRz &,
hDALEWITHANEDOEHER B ORRR > T2, RIGKFRE S H1 BLW
hinokinin (FO{LEWNTEA, WTHRORBRICISW T HEE @ GRS 22 h
oW, Hlidvm 7 Y~ORRME, BRRSEE, SMEEEE, 77/ 0valy
7, KPR, NF =T d B EM AR L, hinokinin % 7 versicolor, F. palustris (25}

LPTETEM, v 7 Uicx LIEREE, SRRlE R L.

UEXY, b/ FEOLHIEE OIS BEOMEMZEH L, tcadinol, a-cadinol,
germacra-1-(10),5-dien-48-0l & W\ o7z R X TN T a— LSRR, RILASE
{b&#, / vV 7 F > ® hinokiresinol, U ZJ 1 ® hinokinin &\ 7= & HEHA2TEM:
R OINEMERET DI EBALNI T, ThbDIbEMIT Lozl > TE
J OISR LEICBHE L T3 b D B X bD. BRBICHEOEY
EMEEEHE L LT, HAERBREIIBO TR LIV E 0L, HCHHEE
& LT IRAEIDIZ L D E 2 BT DBER DT /2d L EZbRD.

AR L > TINETREREM L L TR TEZE ) FEME, BULEDOZED
MM ER L, ERAEOBRERS ZF OFRARARERR T Z EBRRHE .
AMBIECT v 7 VICEEEBET D 2 L O AMRFICEET 5 E - ToREE
SE~OFEAREZ OGNS, FIZEHEICBEA LHEELE2 38T 5 2 L0 b 18R
HAFE~ORARZET bND. £72, REFHELI 0T U Lo TR fiREmc
BHTF, NF=R0KDIEHIEEEZR LD & BIRE, KEE, BELV-LH
~HIGHTE AHEBERHD. 2% I OABERRS OBEETHLNCT DD,
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ZOROFHGEE, ANME - BIEY - BE~OEBEERIEL, XY IMEEOEVF
AEBI 5 Z & THRILEEM OREFRO—IRICR Y, REERE L TOH /R HE
HERIERD EEZEZLND.
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Summary

Chamaecyparis obtusa Endl. (hinoki) has long been an important plantation
conifer in Japan. Hinoki timber is very durable and is the source of various
bioactive compounds. Previous studies identified several of these chemicals and
investigated the bioactivity of hinoki trunk heartwood.

Other parts of the tree, such as the branches, leaves, and bark, are considered
woody waste and their disposal in forests has become a problem. Several studies
have examined the utilization of these parts, such as for raw material for
particleboard and as fuel, but they have not been widely implemented. Finding
new uses for branch wood is important because branches comprise 20-30% of the
weight of a tree. If bioactive compounds can be extracted from branches, the value
of this resource will increase. To date, however, very few reports have investigated
the bioactivity of hinoki branch heartwood. Therefore, this study examined new
methods for utilizing hinoki branch heartwood. Extracts from hinoki branch
heartwood were subjected to bioassays to reveal allelopathy and activity against

harmful organisms.

Chapter two describes a hinoki that was felled at the Yamagata Field Science
Center (Faculty of Agriculture, Yamagata University, Tsuruoka, Japan) and the
separation of branch and trunk heartwood. Each heartwood sample was crushed
and extracted with hexane, ethyl acetate, and methanol. The quantity of hexane
extract components in branch heartwood was about five times that of trunk
heartwood. The ethyl acetate extract of branch heartwood contained 10 times the

quantity of trunk extracts. The hexane and ethyl acetate extracts of branches were
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subjected to 60N silica gel column chromatography, which showed
germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol, hinokiresinol, and hinokinin.
Gas chromatography-mass spectroscopy (GC-MS) analysis demonstrated
hydrocarbon mono- and sesquiterpenoids and sesquiterpene alcohols in both
extracts, while germacra-1-(10),5-dien-48-0l was present only in the branch
extracts. The lignan hinokinin was present in both branch and trunk extracts. The
norlignan hinokiresinol was a characteristic compound in the chromatogram of the
branch heartwood extract. In the GC-MS analysis, the composition of the branch
and trunk extracts was similar, except for germacra-1-(10),5-dien-48-01 and

hinokiresinol.

Chapter three presents tests of the antifungal activities of extracts from hinoki
branch and trunk heartwood against four fungi: Trametes versicolor, Fomitopsis
palustris, Trichoderma virens, and Rhizopus oryzae. The hexane and ethyl acetate
extracts of branch and trunk heartwood displayed antifungal activity.

The compounds separated from the branch heartwood extracts (H-1,
germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol, hinokiresinol, and hinokinin)
were used in bioactivity tests against six wood rot fungi (77 versicolor, Lenzites
betulinus, F. palustris, Gloeophyllum trabeum, T. virens, and Chaetomium
globosum) and four mold fungi (B. oryzae, Aspergillus niger, Penicillium citrinum,
and Cladosporium cladosporioides). a-Cadinol had strong antifungal activity
against 7. versicolor, G. trabeum, T. virens, C. globosum, K. oryzae, and P.
citrinum. t-Cadinol, a stereoisomer of a-cadinol, showed similar antifungal activity.

Germacra-1-(10),5-dien-48-ol, a characteristic compound of the branch heartwood,
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showed weak antifungal activity against all of the fungi tested. The norlignan
hinokiresinol showed strong activity against 7. virens, and its activity was
stronger than that of the positive control, B-thujaplicin. The lignan hinokinin,
which was present in both branch and heartwood extracts, also had some activity
against 7. versicolor, C. globosum, and 7. virens. Combinations of the different
compounds showed wide-ranging antifungal activities. The yields of the branch

extracts were greater than those of the trunk.

Chapter four describes investigations on the antitermitic activity of the branch
heartwood of hinoki against Japanese termites (Reticulitermes speratus) and
compared it with that of the trunk.

The branch and trunk heartwood depressed feeding activity compared with the
control, showing strong anti-feeding activity. In the no-choice paper disc (PD)
feeding test, branch and trunk heartwood hexane extracts had termiticidal activity
and inhibited termite feeding. The effect of the branch extracts was strongest 7
days after the beginning of the test. All extracts inhibited feeding activity
significantly compared with the control.

H-1, germacra-1-(10),5-dien-48-0l, #cadinol, a-cadinol, hinokiresinol, and
hinokinin, which were separated from branch extracts, were tested using three PD
test methods (no-choice PD feeding, dual-choice PD feeding, and noncontact PD
test) and two soil test methods (no-choice contact and dual-choice contact tests). In
the no-choice PD feeding test, the sesquiterpenes germacra-1-(10),5-dien-48-ol,
t-cadinol, and a-cadinol were strongly termiticidal. All compounds reduced feeding

activity compared with the controls, and the sesquiterpenes inhibited feeding and
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killed the termites. Hinokiresinol and hinokinin inhibited feeding, but did not kill
termites. In the dual-choice test, the sesquiterpenes (germacra-1-(10),5-dien-48-ol,
t-cadinol, and a-cadinol) killed termites quicker than hinokiresinol, hinokinin, and
B-thujaplicin, although feeding was inhibited at all concentrations. Therefore,
hinokiresinol and hinokinin repel termites, but are not lethal. Termites covered the
hinokiresinol-impregnated PDs with sterile sea sand in the no-choice and
dual-choice PD feeding tests, implying that hinokiresinol was strongly repellent. In
the noncontact PD test, no termiticidal or anti-feeding activities were observed. In
addition, the sesquiterpenes showed strong termiticidal activity in the no-choice
contact test. Therefore, these compounds had effects only with direct contact. In
the dual-choice contact test, the sesquiterpenes and H-1 fraction showed strong
repellent contact activity.

The sesquiterpenoids germacra-1-(10),5-dien-48-0l, #cadinol, and a-cadinol
were strongly termiticidal, had anti-feeding activity, and repelled contact. H-1
prevented feeding and repelled contact. Hinokiresinol and hinokinin inhibited
feeding, but did not kill termites. These compounds had effects only on direct
contact. The sesquiterpenoids were strongly termiticidal and combinations of

different compounds showed wide-ranging activity against termites.

Chapter five presents three bioassays carried out against a non-wood-eating
organism, larval brine shrimp, which is a good bicassay method for monitoring
bioactive compounds. The sesquiterpenoids germacra-1-(10),5-dien-48-0l, #cadinol,
and a-cadinol were strongly lethal, and the norlignan hinokiresinol also had strong

activity. The sesquiterpenoids and hinokiresinol were also lethal to mites and
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germacra-1-(10),5-dien-48-01 had the strongest lethality. In a bioassay against
oomycete fungi, the sesquiterpenoids and hinokiresinol showed strong growth

inhibition, especially a-cadinol and hinokiresinol.

Chapter six evaluates the results of the bioassays. The sesquiterpenoids
germacra-1-(10),5-dien-48-0l, £cadinol, and a-cadinol had wide ranging bioactivity.
a-Cadinol showed strong activity against fungi, termites, and other organisms.
tCadinol, a stereocisomer of «a-cadinol, showed similar activities.
Germacra-1-(10),5-dien-46-ol had weak activity against fungi, while it had a strong
lethal effect on termites, brine shrimp larvae, and mites. These active
sesquiterpenes are more abundant in branch heartwood than in trunk heartwood.
The norlignan hinokiresinol also showed bioactivity against various organisms,
but its activity differed from that of the sesquiterpenoids. The active compounds
hinokiresinol and germacra-1-(10),5-dien-48-0l are characteristic components of
branch heartwood. H-1 and lignan hinokinin had weak lethality against various

organisms, but displayed antifungal and strong anti-feeding activity.

Hinoki branch heartwood contains various, abundant active components in
greater quantities than the extracts of  trunk heartwood.
Germacra-1-(10),5-dien-48-0l and hinokiresinol were characteristic compounds of
branch heartwood. The combination of different compounds protects hinoki
branches from attack by a wide range of harmful organisms. Some of these
compounds might also be a source of antifungal and anti-insect chemicals for use to

protect wooden structures.
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At present, hinoki branch wood is wasted because it is considered valueless.
However, extracts from hinoki branch heartwood could be a source of antifungal
and anti-insect chemicals that might be used to protect wooden structures in
forestry and engineering. In addition, these compounds were active against not
only wood-damaging organisms, but also other organisms, and might be useful in
other fields, such as agriculture and the marine products industry.

This study’s findings suggest that the branch heartwood could be a valuable

chemical resource, which may help to solve the problem of woody waste.
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