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Abstract

Acacia confusa Merr. is an indigenous tree species that grows in Taiwan. It has
been proven that their extractives of heartwood, bark, leaves, branch, flower and bud
exhibited excellent antioxidant activities. The objectives of this study are to
understand the difference of bioactivities between radial and longitudinal wood, and
to analyze the distribution of bioactive constituents in A. confusa. Four sections were
taken based on four different heights from the base to the top of trunk. Each section
was divided into five blocks by every seven tree rings from pith to sapwood. All
samples were extracted with ethanol, and their bioactivities were evaluated by DPPH
radical scavenging (DPPH), superoxide radical scavenging assays (NBT), trolox
equivalent antioxidant capacity (TEAC) assay and xanthine oxidase (XOD) inhibitory
activity. In addition, total phenolic contents (TPC) and total flavonoids contents (TFC)
were also examined.

The results from TPC measurement showed that the TPC of heartwood at the
tree base had the highest values (43.4—44.8 mg GAE/g of wood), and longitudinal
distribution of TPC were higher in the middle trunk. Radial distribution of TFC
gradually increased from sapwood toward pith, and longitudinal distribution of TFC
were was higher in the middle trunk. Blocks of heartwood showed no significantly
statistical difference on DPPH and NBT regardless of radial or longitudinal direction.
Inner heartwood at the tree base possessed the best XOD inhibitory activity. The three
above-mentioned activities have positive correlation with TPC and TFC, especially,
XOD inhibitory activity has a high positive correlation with TPC and TFC. TEAC
represents the inhibitory capability of water-soluble free radicals. TEAC was higher in

sapwood, and radial distribution of TEAC decreased from the sapwood toward the

Xl



pith of tree, revaling that extractives of sapwood had better water-soluble antioxidant
activity.

Furthermore, four main bioactive constituents, melacacidin,
4’-0O-methyl-melacacidin, transilitin and okanin, of heartwood extract were quantified
using HPLC. Results showed that melacacidin and 4'-O-methyl-melacacidin were two
major compounds of the ethanolic extract. Based on statistical analyses, each content
of four compounds showed positive correlation with DPPH, NBT and XOD inhibitory
activity. Melacacidin and 4’-O-methyl-melacacidin has a high positive correlation
with DPPH, transilitin and okanin has a high positive correlation with XOD inhibitory
activity, especially. In addition, the total contents of four compounds showed strongly
positive correlation with DPPH, NBT and XOD inhibitory activity.

Besides, quantitative results obtained in this study showed that four main
bioactive constituents were higher in TZ than in sapwood, then gradual accumulation

to the other parts of heartwood.

[key word)] Acacia confusa, antioxidant activity, longitudinal distribution, radial

distribution, transition zone, xanthine oxidase
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(Hsieh and Chang, 2010; Tung et al., 2010a) % ¥z g L4 (Wu et al.,



2008) % 2 4 ARG B AV B4 E B R AT R (k1)
A DPPH A d 2 def i 2 it A B8 Lo H ol it (

- BT R o o H e I Melanoxetin ~ Transilitin 2 Okanin 5—;5“% DPPH p

doghzoq 4 Bk o R iRt e arpd 4 (Quercetin) o ¥ ofh o TEE R T2 B F AR
Bz EREBINEF o

1 AR LA v N2 Fag i E

Table 1 Antioxidant activity of different plant parts from A. confusa extract

ICs0 (g/mL) TPC* TECH

Specimen  DPPH  Superoxide (Mg of GAE/ £ OF/ References
mg o mg o
radical  radical g g) (mg of QE/g)

5% 42 > 2009Db ;

Heartwood 2.2 1.8 529.7 — Chang et al,
2001a
Bark 4.0 3.5 466.8 - 5% 42 > 2009b
Leaf 7.9 7.7 281.0 48.9 iz B % > 2008
Branch-bark Hsieh and Chang,
7.4 5.8 416.9 0.9
(5 cm) 2010
i Hsieh and Chang,
Twig 24.0 31.8 121.4 Favs
2010
Flower 30.8 33.4 105.1 62.6 Tung et al., 2011
Bud 13.1 8.5 173.3 96.3 Tung et al., 2011

TPC* : Total phenolic contents, TFC™ : Total flavonoids contents

V- TN o AL BRv A2 s B prd] XOD (Xanthine
oxidase ) » iy " MAKEL Y AL B R4 A A2 0 )RR & 100 ug/mL pF
S s A EF s w2 f52 XOD e 4 w5 80594539 2 46% >
mos g 0 A doi Frd] XOD 2 it & 47 5 Okanin 2 Melanoxetin » 2 1Cs & 4

B % 0.076 uM % 0.274 uM » 3 iRt 2 FF LB —% % 13 (Allopurinol )



(4.784 uM ) (Hsieh and Chang, 2010; Tung et al., 2010a) - Tung % * (2010b)
- E MR REE - B 54 XOD 2o R ko BEkT atks 100
mmol/kg T > Melanoxetin /% 14 & & » $r4] & & 75%> 11 (-)-2,3-Cis-3,4-cis-4’-Methoxy

-3,3’,4,7,8-pentahydroxyflavan =t 2. » #r 4] F 5 72% - £ % % Okanin -~

s}

(-)-2,3-cis-3,4-cis-3,3’,4,4’,7,8-Hexa-hydroxyflavan % Transilitin -

Wu % 4 (2008) «%#" 3 PR Y -l LRy B S SNy A
= 12 Melanoxetin 2. /&1 & & > ¥ #r4] INOS 2 COX-2 > ® $fimPe & 4 Moz
5o Ap Ao M A AL R DNA A2 45 fd A2 sk

(Chang et al., 2001a) - ot Wz A Rt s AR H R DA RT R
%k 7 it (Photodegradation) f=3k % i* (Photo-oxidation) 2z 2 & > ¥ & 3|k %
¥ 2 »c% o ¥ E G @ A2 8% (Chang et al., 2010a; 2010b) -

AP RHHHEA 46 0 & A% 0 B g Fif A eh o Tung £ 4 (20092) {1 = &
CRGE S BRI G B SRR AR LA £ 0 A 2 R v B R BT
AP LB A A P orRB A TR G < Bz g kY Az s i EFS 1 (Superoxide
dismutase, SOD) -~ # %+ *%x:§ 3 i iz &1+ (Glutathione peroxidase, GPX) % if

§ it & peies (Catalase, CAT) » o & BUFSEHBIT S 7% 7 fodp LATHTA 40 1 4

g

NEREE NG o) AT BRI AL R 40 PR B 4 R ok o
EEAARLAA P AN @ T 2RI L AR B YL AR
& A 2 S o

) HEe LB AZ A B AR

%

Chou % % (1998) =7 %% %71 - L AHeEs & 3 494 i¥* (Allelopathic

4
i
=
M
X

potential ) » FIE+ ¢ Z3F P 3 F R ETRES L 2 £ EiT X AR
‘2% IH ;¥ b - BFT Y 2% KT > Al catechu ~ A tortilis = A. arabica £ 7 & %
» #&hrs 22 (Ray et al., 2006; Agrawal et al., 2008; Sharma et al., 1985) : &3 #
# g & -k#t (Acacia melanoxylon R.Br., Blackwood ) z 44 ¢ &7 & i %2 3
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(Bradbury et al.,, 2010) - #= 3 % % &g -t A. melanoxylon R.Br.siww 44 g8 & % it f&

Sk g~ EAkd iz d 2P RBHE G - S Ak

%?.%z_# ﬁméﬁ&a,bﬁ *’*é’;}grﬁgw,&%&g—r&g_i“’fg_xbm.\,éﬁ
Ropgpd mi2d BIEFMES A Tl
fy

b

«Z‘r’,};

- & § ¥ % A angustissima i& {7 38 %%
% F]13+ (Anti-nutritional factor) =

% > Odenyo % 4 (1997; 2003) %

27 % % B A angustissima ﬂr Aot B
( Mono-gastric animal ) 2 * % # 4 (Ruminant) 45l # > 5] 1,-5@ ¥ % (Condensed
tannins ) f=# $~4& (Alkaloids) » & 4 & | » 42p 5 fﬁ‘_ﬂ H 3k
o @G AEHFN I L lded A G o

McSweeney % 4 (2005) 2

5 &%
LT ;{‘f;ﬁ

e
(=) wHitms

TIRRE LR A2

s
I
S0
4
Qe
N
T
=
¥
Qe

PN R
B RIFFAES o AL d AR 2 RFIGAAL ERER Y RLE S S
A DA BBRCH PR AL 2w QIR L e fra 2 RS 2 84
Mos it R G e S 2
Ho 1

ST REE R R LR b PR AR S
w4pc (Pith) %483 28 (Tyloses) # #7; (Resin) % ¥ % (Tannin)
(24 Aqe™ Pk > 1984) o § Mot a) & duffe > gz 3 - > § £¥5ms
@4 A (Ray) % E@H - 3
Frood s V- mEFEERE > oL A AL S

=~ % & A
(Polyphenols) - &2 & ‘e 3k 8

TR AL A AL AR RPN L

+ 2 B
FREE P g R A RRERE S (2T
A% 0 1984) o

FAHEEEE R HA g AR T e
..%;.L%#;] A BEA A £

FEGHOTRET B RN A HHH

R F o A A ey 4 R - TR

o Carrodus (1972) %= 3

ot ?
HUL G A G B P
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Bl TR H At B W o e A 4 g s 41 = (Heartwood
formation) & d >t o
() oy

AR g AL F L ARG > f AL PR STt
goHP s xRN HFES 2 RH L eHA D nE R ((Imai, 2012)
@ G i M A i st i 4 eniE ER i (Parenchyma cells) ;‘gc} S,
3% ¥4 5 (Heartwood inducing substance, HIS) @ B 4575 =& w41 o 2t 4 B 24 4t
B g o B Rad R EEE T PR S LA R ES R
(Transition zone) - %15 HIS & % » L 8 & e # 2 %@»@rﬁ?j » 2 HIS ¢ &~
NG F2 5 o Ipespd- TERP e = > A5 ((Bamber,
1976) - #r1 E ke 5= T B s it @R Flood s PR gk 0 s
=2 Asde® 1 #77 o HOIl 2 Lendzian (1973) e 7 % % GEFIEHRIARS L
#4 (Innersapwood ) % # 45 Fe 2. & BEimPe B d gL g o 4o s S H AR AR

2R3 P gi"gé\? , tt.pm—;:u? s L X.d E%’Eﬁm’?éW‘&éi@f’? °

transition
zone

longitudinal
movement

centripetal movement Q q

phloem D cambiuq D sapwood

transition
Zone

<

Q

transition
zone

longitudinal
movement

Bl 1 o2 2 i AR B

Fig. 1 Diagram of heartwood formation (Bamber, 1976)
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http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=W2GLpD9M6K14j@i41KP&field=AU&value=Imai,%20T

Frimd LA NE R KF o e §U5d A RIFEA S o F AL
&2 (Cell divsion) » B 425 = 47 4 fm#2 B2 (Primary cell walls) » 3% » %
5% (Cell expansion) - B 452 4 =X &% k& (Secondary cell walls) - &t »

i {7 o BEH 5 (Cell wall thickening) » fmfz f22 £ = {8 » A Fitimiz ¢ i

7‘
~

73+ F 47~ (Programmed cell death » PCD) > /% * (Vacuole) ¢ f#4

K f3f= (4o @ Poteases ~ Nucleases 2 RNase % ) > @ m% = & 4% fRiga 7= >
I s A= (Gray, 2004 )

& RGBS HAIFEL A F A LA Yang £ 4 (2003) v
(Robinia pseudoacacia) = 7 7 % » 3 % Bor 5 fRap 2 £ = SHA T2 &
BEF™HEH (TZ) 23 (Yangetal, 2003) ; @ Beritognolo % + (2002)
112k (Juglans nigra L) 3 A5 49 0 A7 % %4 0 F3H 2 CHS 2 4 7.
ENHEHMEP EEH Rt A R B E AR AL P AR £ F
AANHBEH (TZ) »ELAF LRV T2 FAMEE2 MfEn 825 ¥ b F
—*“T:}M‘ |B=5¢ % #% L & & CHSF3H 2 DFR A ¥4 3R e & 1% £ Transcriptional
level ) B 58 -

Yoshida % + (2012) 1z ¥r4; (Cryptomeria japonica) % # 7 ¥ % » 77 %
SR 0 11 0 BB FHAUEERE £ (Glycolysis) -~ g ##E# FF (Invertase) r
2w+ Pi g 4% f5 (Glutathione transferase) S22 2 2L B 6 % B » & TdfE
FPRPAFAFSFHA RS oA hE R £ J > mE oA 2

#] &% A Pz (Imai, 2012; Yoshida et al., 2012) -

IR I VSl RSN FEY )

AU A S $R 27T 0 1B e e 8 (Cell morphology ) %
AP Z AL AR bl RATRRREC IR A EA 0] 0 B KRR R P
beo @ 5 A BTG AR R RS HE AT M o Tl
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http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=W2GLpD9M6K14j@i41KP&field=AU&value=Imai,%20T
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=W2GLpD9M6K14j@i41KP&field=AU&value=Yoshida,%20K

Z At Ba iR d FRE R ABS RR AR AL G MY
BEEF > CoHMFPRA AT IR NALPE Do RTES RIS 0 A

Kttt g + (Amusant et al.,, 2004; DeBell et al., 1999; Taylor et al., 2002;
Venalainen etal., 2003) > #fidd A1 o 2% L B 4@ 2 (7 P25 > 1983) > &2t
FiiAggAp i o it RAFAZ @RI 4 B T REe -~ FHNEL s e
SoRgR Lt iy BPAAL A PFRF A AL AL Bt E S
sl oA 2 4 % (Tayloretal., 2002) -

B2« @Hphdrs8AF2 L8 (7 mA > 1983)

Fig. 2 Different distributions of extractive content between heartwood and sapwood

(-) e ~FHaidrzgdgz 12

R E o P 2 (1988) 14 AW LAAALAZE 8- £ (Pinus
taiwensis) & 7w s @2 A A A AT Bkdrdk 200 £ 27 v g LA
o ERCHIBIM LY LR EY 2 S W81l R 5 2 HhaHE - F
M2 25 %2% ~o-Cellulose 2 ZApEF B>t A B2 AT EEF 3w
AARIF 20 G A e Vo A% 0 A RHEZ 2R E
a-Cellulose e £ 4piT > B APEZ £ R4 LAHRE -
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22 pAAE LB - ERAf L Y8 2 (%)

Table 2 Chemical composition of P. taiwensis and A. confusa wood(5& &' % {4 f
Z > 1988)

Wood
Specimen E-t* Ash  Holocellulose  a-Cellulose  Lignin Pentose
specimen
Sapwood 1.64 0.60 73.1 47.6 26.4 18.98
A. confusa
Heartwood 8.43 0.90 68.3 40.7 25.8 15.63
Sapwood 1.39 0.24 63.7 45.5 28.2 6.5
P. taiwensis
Heartwood  11.77 0.44 61.2 40.5 25.9 8.4

E-t* : Ethanol-toluene extractives

() iz a2 48

Bergstrom (2003) #-F - 42 £ % & 7 b4 B P R 22 gt @+ (Pinus
sylvestrisL.) d :#44 32 <444 5 7 BIA (1=VII) > 1 2 Il % £+ (Zone A) >
Vi V:i# &4 (Transitionzone) (ZoneB) VI 2 VII 2w+t (ZoneC) >
£ 11§ 4p k47 &% (Gas chromatography » GC) 4 15 # Pinosylvins ~ Resin acids -
Free fatty acids §= Triglycerides 2. z £ - # 3 % % & -1 Pinosylvins - Resin acids
% Free fatty acids >+ Zone B ¢ ~ £ % #> 2 Zone C 7 & ficen™ *% > @ Triglycerides
> Zone Ak b o s iR 0 Zone C 7 £ £ #) Zone A 2. 1/10 -

B e F N B % T Zone B 2 Ray parenchyma cells 4c 5 - g m A &
i Bhe F B4 4 % 4 Zone A2 Zone B 3 Starch i % f Zone C 4r & Starch
oo gt A T 2 482 Triglycerides 4p i 0 Starch -k f22_ 4= F £ Triglycerides 3
&% - = A4 2 FKF > bl4e  Lignin ~ Polyphenols 2 Amino acid % » f& /Rt ¥ %
Starch 2 Triglycerides j& > c/g %] - Magel % 4 (1993) = 7 B %4 #Fi1 » 72

1 & %4pd Starch fowif 42 gk % > P& Phenylalanine ammonia lyase
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(PAL) {- Chalcone synthase (CHS) ~ & 3 > } 5 % 5

- ~

w
&
W
&
AN
®
b
#

tRLEREE -

b SR E s f s & 7 3 (Heterogeneous) & # o it 24 &
FANEB R TREAGHESCE S0 IR FENLBEHRE > LI
hrpt pOEE R A A T R T A H I R AR B

(Z) w2t Ld
Amusant & 4 (2004 ) #-g4x g * ( Dicorynia guianensis )& {7 #p (Intra-tree )
(JZ & 45 ) 2. A& H@t K 49 (Decay resistance ) 325 > 1 £ £ 4f £ 5 (Weight loss >

%) RS F o

R A B YRR A PR P8 R (32 15m) 2 [Sw & (7 @ a3
B oo RS TH Y 2.9 KA % Coriolus versicolor > # & ) % Antrodia sp. > b -3
#4534 & wid 4252 % Quter heartwood (Z1) - Intermediate heartwood (Z2)
% Inner heartwood (Z3) -

B A st TRk R 4c Bl 3 47 0 A mAD FESBFE T 5 Outer
heartwood s 47 4242 i » » f4s gk A Outer heartwood v F F2 £ £ 4f £ &
A2 1% AFFT GAMeTE DI L Ve g RgF 0 B
A FHABE Feat Bt g E o }ﬁ*‘pﬁﬁf 7 Inner heartwood » » 2 3% 2 @
Fiittg dple 2 485 FH kg BRI F 2 gL FH 2 o HAF12g
For EY R R R £ 404 5 0] 3 5% &7 Scheffer & 4 (1996 )

SRS AR fARTTIINE AL s P e L -
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Mass loss (%)

T

2

heartwood Intermediate

Coriolus Antrodia sp.
versicolor

el “;rﬁ-_“‘*hﬁ““‘ 35 ////j;g‘¥. <E_—‘;“%*-‘

;'Z:f“

Mass loss (%)

NN g
\Y\ \

]

|

|

\

|

|

15 meters 5

Suiter 3 meters

heartwood Inner heartwood  Intermediate
heartwood heartwood Inner
heartwood
#® 3 C. versicolor &2 Antrodia sp. 2 #fp A M. @t F 17 @% 2 £ 8 4 5 (%)

Fig. 3 Intra-tree decay tests on mass loss (%) (C. versicolor and Antrodia sp)
(Amusant et al., 2004)

(z) Ew2 bz 848
F 3 dp i E R (Pinus taeda - Loblolly pine) z 3 3% 5 3L 5 it &4
( Volatile organic compounds>VOCs )4r: i %8 ( Terpenes ) =7 a-Pinene ~ Camphene ~
B-Pinene ~ Myrcene ~ Limonene % 4-Allylanisole (Ingram et al., 2000) > #» VOCs
A M ECE PF € 478 Uk o Thompson % % (2006) % %+ "E4> (Pinus taeda >
Loblolly pine) # % 2 st &8 FE e A F 2P o REw A5
Heartwood ~ Inner sapwood % Outer sapwood » + 3 i % . > I | * GC Bl T H 2
(% 3) etz VOCs g £ 4 % 0 fat45 & VEf VOCs L & kiR -
FreslErsiwd 3 PRERETCHZAFEZELS (23%) 2285
FHen 36 B2 AFH B A ZE K & Ingram E £ (2000) 9

/{;[m ;—L%%\%‘L#B}b ’ d "L —fr'VOCSﬁx ‘t X/&P"“’H-

15

15 meters

3 meters



23 ViERZ EeiEt s B (%)

Table 3 Radial terpene contents of P. taeda (Thompson et al., 2006)

Location Average percent terpenes  T-grouping”
Heartwood 2.3(0.42) A
Inner sapwood 0.77 (0.31) B
Outer sapwood 0.35 (0.16) C

b Different letters indicate different t-groupings at a 95 percent confidence interval.

Values in parentheses are standard deviations.

CREREE &P
(- ) F@agi &4 055
TR L4 L4 - o BHE A £ (Secondary metabolites) 2. — o ¥ F &
*§% ¢ (Manachetal,2004) ; 7§ %% 87 o4 2 = X S #A S 2§ Kk
RF& Mt ¥+ (Barzetal,1990) > » B 2% i ~ Ful ~ drdla ) FRE XS
t (Asamietal, 2003) > aAp LAtz 4 i 23 SRR @it & 2 -
Freske@ivirey s @Btk
R A RS PTG 648 A8 5% fkaE (Flavones) -~ & fif i
(Flavonols) ~ ¥ *zfk (Flavanones) ~ % %% (Flavanols) ~ 2 & f (Isoflavones)
fei=5 % (Anthocyanidins) - 4B 4 #7771 ; & fk % (Flavones) & &&ﬂ&.ﬁ%fi& )
#7235 =44 (Rutin) ~ A~ &3 % (Luteolin) 2 &% %% (Wogonin)
% i ps (Flavonols) 5 & C % C-3 1+ 5 54 (-OH) » Hjvd ¥ 3 R % 4
(Rhamnetin) ~ @ 2 A5 (Kaempferol ) ~ ¥ %2 (Myricetin) % E & it i i
il 2 (Quercetin) o F *=pk (Flavanones) *t C 3 C-2~3 & 5 H 4 >
H 74 5 w4 % (Naringenin) ~ # £ % (Hesperetin) 2 >/ % (Pinocembrin) -
% %=f% (Flavanols) ** C% C-2 -3 B 7 H4¥ C3 7 54 (-OH) »C % C4
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PRk B4 45 2k % (Catechin) ~ % s2% % (Epicatechin) ~ %2 &
+ %2 % %1 9% s (Epigallocatechin gallate ) % & fr i (Fisetinidol) - £ % Ak

(lIsoflavones) 7B # & & C % C-3 ¢ » Hjmd 3 444 % (Genistein)

’\‘1

<~ 25 At (Daidzein) * 7 4&3 (Pseudobaptigenin) - =3 % (Anthocyanidins)
WCHYCL 2w CI34F Y 5 Himd 3 &% % (Delphinidin) -~

% %3 % (Pelargonidin) ~ % # 3 (Cyanidin) % 4 % =% (Malvidin)

+ fr#¢ (Flavones) ¥ i f2 (Flavonols) + = fr (Flavanones)

CC
OH
+ %@ (Flavanols) £ ¥ (lsoflavones) =7 % (Anthocyanidins)

B4 F i &5 i

Fig. 4 Structure of flavonoids

() Emagic s a2

1395 Dewick (2009) %= 7 42:p]4p L AH5 PR 27 1 & 4 (Flavonoids) 2 & =
LT 4o@) 5o & ik #F 14 & F (Flavonoids ) # & = g% *g % Chalcone synthase
& = » @ Chalcone synthase % " i3 &3t #75 fe47 ¢ o

+ frag s & 4 (Flavonoids) # & = g% (4rB 5) 24248 ~ (Starter unit)
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http://en.wikipedia.org/wiki/Genistein

% Cinnamoyl-CoA (1) % 3 # Malonyl-CoA (2) - 12 Chalcone synthase & # -

I F k%7 v &£ 4 (Polyketide) (3) - igd 4740 (Folding) #3# = it £4 (4) >
% » § - =54 Chalcone synthase 2 Chalcone reductase > ;= i &% (5) >

it &4 (5) gmd (Dehydration) % %ps it fv* (Enolization) & # Chalcone
(6) - Chalcone (6) £ % d 2-Oxoglutarate ( Flavone synthase I ) ;= Okanin
(7) » £ &4 Chalcone isomerase i % == 7,8,3”,4’-Tetrahydroxyflavaone (8) -
#H % - 44 Flavanones » # % > d 2-Oxoglutarate &2 NADPH ( Flavone synthase 1I )
A5 7,8,3’,4-Tetrahydroxyflavone (Flavones) (8a) » ¥ ¢ » it &4 (8) V¥
& 4 Flavanone 3-hydroxylase =) = (-)-2,3-trans-7,8,3’,4’-Tetrahydroxydihydro
-flavonol ( Dihydroflavonols) (9) » £ {7 - =% 2-Oxoglutarate ¢ ;= Melanoxetin
(12)-#kis » 5 d 3-O-Methylation 2} = Transilitin( 13 ) » 4= % %_4’-O-Methylation
P15 = 3,7,8,3°,-Tetrahydroxy-4’-methoxyflavone (14) » ¥ ¢ » it £ 4 (9) &4
NADPH i % = Melacacidin ( 10 ) - £ & d 4’-O-Methylation #& % =

4’-O-Methyl-melacacidin (11) -
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OH
3 x malonyl-CoA (2)

OH
CoAS. $_> CoAS
A OH  chalcone synthase WW\/@OH
o o o o o o

OH

OH
SCoA
0O, (o) O, o]

OH NADPH OH Claisen OH

B B

chalcone reductase chalcone synthase

M ()
OH o o o

chalcone | dehydration
synthase | enolization

OH OH OH
HO. OH HO. O HO.
OH i OH  2.oxoglutarate
—_— —_—
chalcone isomerase flavone 3-hydroxylase OH
o

[¢]

[¢]
hal 6
chalcone (6) 2-oxoglutarate| flavone
synthase | flavonol
2-oxoglutarate giDPH gsx?hnaese i synthase | 2-0xoglutarate
OH OH
OH
HO. OH HO. O.
OH OH
OH
o (e} [e]
Okanin (7) 7,3, 4'-Trihydroxyflavone
3-O-methylation
chalcone
isomerase
OH  2.oxoglutarate OH
oH c

ki " Ny OH
flavone synthase |
HO. O 4 HO. b}
" OH | : OH
0,, NADPH
—_—
flavone synthase II
o (¢]

7,8,3',4"-Tetrahydroxyflavaone (8) 7,8,3',4"-Tetrahydroxyflavone (8a) 7,348 -Tr|hydroxy-3»me!hoxyﬂavone
flavanone 2 "
3-hydroxylase -oxoglutarate

OH OH
OH

OMe
OH OH
HO 0. HO. 0. HO. O
OH
OH NADPH OH
—_— 4'-O-methylation
dihydroflavanol T [T Fia OH
OH 4-reductase il
o OH

OH
(-)-2,3-trans-7,8,3',4'-Tetrahydroxydihydro- (9-2,3-cis-3,4-cis-3,3',4,4' 7,8-hexa- ( )-2,3-Cis-3,4-cis-4'-methoxy-
flavonol (9) hydroxyflavan (Melacacidin) (10) 4,7,8-penta-hydroxyflavan
(4 Methoxy melacacidin) (11)

OH
OH
flavonol 2-oxoglutarate HO. 0.
synthase o
OMe O ;
3-O-methylation 4'-O-methylation
OH
OH

o

OMe
OH
7,8,3',4'-Tetrahydroxy-3-methoxyflavone
HO. 0. (Transilitin)(13) HO. 0.
OH OH
OH 4'-O-1 methylauon 3 O-methylation 'OMe
OH /
o [¢]

3,7,8,3',4'-Pentahydroxyflavone 7,8,3',-Trihydroxy-3,4"-dimethoxyflavone
(Melanoxetin) (12)

3,7,8,3, ‘—Telrahydroxy—4'—methoxyflavone (14)

BI5 At &2 8 SBD

Fig. 5 Flavonoids biosynthesis pathway (Dewick, 2009)
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KRBTt 2 34t 5 35 & 4 4p LAt 0 22 2009 # 10 ' B4R p kT
HeF 16 HRIT o 2 550425 2 X AR ATA o BHE 9 127 me B d HRER%R T

B2 L2 0 Ak~ (ACO04) s 3 M2 £ B FEHTETRERT & -

Allopurinol ~ Ethyl acetate ~ Gallic acid ~ Quercetin ~ Potassium hydroxide -
Potassium ferricyanide ~ Potassium persulfate (K;S,0g) -~ Sodium carbonate P p
Acros organics - 2,2’-Azinobis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) -~
Aluminium chloride (AICI;) ~ Dimethyl sulfoxide (DMSO) - Methanol %
Methanol-d, B p Merck Chemical Co. ( Germany ) - (+)-Catechin -~
1-Diphenyl-2-picrylhydrazyl ( DPPH) -~ Folin-Ciocalteu reagent ~ Hypoxanthine ~
Nitroblue tetrazolium (NBT) - Potassium phosphate monobasic ( KH,PO,) %
Xanthine oxidase f-p Sigma(USA) - H @ ja 4| 2 % =. & 3£ Ethanol ( Mallinckrodt,
USA ) -~ Tris ( Bio-rad, USA ) -~ Trolox ( 6-Hydroxy-2,5,7,8-tetramethyl

chroman-2-carboxylic acid ) ( Calbiochem, Germany ) -

Analyzer, QTRS - 01x, USA) ## » ¥ @ 3| s~ 7 2 #5% B £ % ¢ 5 (Wood density



profile) » #5d HRHBAF FL M 7 R LEHL TR > TF FropEis s
W
(=) ABRATHINL FA 2 Wi

RO fRRe R S A A 2 B2 LR 2 R A A AR AR LA
BT AA B R RE S §2 gotriis s @546 R R A (3.3
m-6.2m-~85mz% 11m) #Rix2 EH » & w12 Part5 (P5) ~Part4 (P4) - Part
3(P3) 2 Part2 (P2) #57 (4cB6) ;> @ & BMA L R EFH#cits Sw %A R
oo d kg i A w A HI (Heartwood-inner » % 1—7 B & # ) ~ HM
( Heartwood-medium » % 8-14 B # # ) ~ HO (Heartwood-outer > % 15 i & i
I TZ:#% ) ~TZ (Transition zone » % <@ 2 Agad P A v How 2 B4 &
05cmz %% ) 2 S (Sapwood) (4-@ 7) - P2 Fl& #hdci " chfd (2> 234

LHI~TZ 2 S PLRIFIRSH - #9112 3 r AFEE P o
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Fig. 6 Longitudinal sampling of A. confusa

22



S ¢ Sapwood

TZ : Transition

HO : Heartwood-outer
HM : Heartwood-medium
HI : Heartwood-inner

Bl 7 Ap L ARA L e PR

Fig. 7 Radial sampling of A. confusa

(Z) LA HEE &N L5 55
¥ bk z 3 Fk 8 (FOSS 1090 sample mill, Sweden) 335 18 éF {5 » P~
40-60 mesh 2 A i * o P A ZF e e o ¥ B vAZF 4RI % (CREST
230D, USA) - 4= 10min ts » £ # % 30min > €47 12 B fa7k » #5290
mm #1 J& . (ADVANTEC, Japan) #b f ik %530 J » k% i R Ok S5
( Rotatory vacuum evaporator ) /}a‘fﬁ@ s B {s M E 74 4 ag ¥ (Vacuum freeze
dryer) € 2 = 25c% ¥ H BT HFEEF RS R BERERS 1T o
(m ) 40 LB 3040 J1 e 20 A g & i
1. % »cae ik dp k47
RIS G Ep L EHEN Y B g LB T 1R o
%40 & 17 % (High performance liquid chromatography, HPLC) 4 &t it & 42 =
/4o 12 Phenomenex( Torrance, CA)C-18 # 42 X %] & % ¥ 4£.(250 mm x 10 mm,
5um) # e Agilent 1200 2 PDA (Photodiode array detector, USA ) =k = & 48 "L 5|
IR B R ETY ABRAEKR OB AHE T O FEY RS ARELFE -
e F B F 2 o BiE EAsdnrE L (Omin)A:B 2 £ 90:10°25min(A:B=65:

35) »55min (A:B=55:45) >60min (A:B=0:100) - ;i 4 mL/min -
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2. n A ES TR

% 3 i+ & 4 & 1 Chromolith (Merck, Germany ) RP-18e %} §8 2_ » 17 & &
# RP-18e (250 mm x 10 mm, 5 pm) - #fe Hitachi L-2130 % /& §T;# ~ Hitachi
L-2200 p # ;1 %+ % (Hitachi High-Technologies Corporation., Japan) % Jasco
UV-975 (Japan) H i & % *H/v L k&R B - T & iF FA24 A& (Omin)A:B 2
£+ 90:10°25min (A:B=65:35) »45min (A:B=55:45) »50min (A:
B=0:100) - ;wi# 1 mL/min > ¥ 14 Quercetin i* 5 p &8 5. o
(1) e SHEET

AFFF AT 2 AT RE ¢ 35 F 3k (Mass spectrometer ) % 1% & 4k A 45
i% (Nuclear magnetic resonance spectrometer ) #Fz_i* & # & fﬁ °
1 FHET

e 50 B 3 &k (Finnigan MAT-958 ) 2 ¢ + 4 # #5372 5 3# (Electron impact
ionization mass spectrum, EIMS ) & T + #5 R 542 5 ¥ (Electro-spray ionization
mass spectrum, ESIMS ) 1B & % 54 & g3 % > 43 Y4 a8 dap A L Spa A

3

s

2. ViR PR e 3¥ Bl F L
F* e ¥ 3=~ 37 & (Nuclear magnetic resonance spectrometer, Bruker
Avance-500 MHz ) #==_iv & 4~ 2. ‘Lﬁ: #-iv & 3 2 Methanol-d, & DMSO-dg /% f#
o B NMRRIE # o R a P mP B fop iz 2 E 2 i
F it 8(ppm) & on it & 45 (Chemical shift)» # * 2 %% % % : Methanol-d,
(0n 3.3 ppm, 8¢ 49.1 ppm) ~ DMSO-dg (8y 2.5 ppm, d¢c 39.5 ppm) o 54 &) 12
s~d~t~gq-m-~dd % brs iﬁ'ﬁ"ﬁ, £ H4 (Singlet) -~ g£* (Doublet) -~
€% (Triplet) ~ = £ (Quartet) ~ % £ (Multiplet) -~ = *= g &% (Double

doublets) % % ¥ *# (Broadsinglet) -
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() AR RATH I N 2 FoF SR
1.DPPH fi o i ' %

~3E5% %% Chang % « (2001a)z. 35 = ;# 1P~ 200 uL DPPH z f%;%3 ;% (0.3
mM) ~90 uL Tris-HCI % #% (50 mM,pH7.4) % 10uL # k& (1-5-10~
50 2 100 pug/mL ) 2 5% % &> 96 3¢ s & 34 4% (96 well microplate) » & & 353
ot T Rk R 30mins 2 1% & A A 17 R (SPECTRA MAX 190,
Molecular Devices, USA) B & #3530 nm ex Jg*§ 2 sk K 5 » RFHEAFHB 3 X o §
DPPH o BALF'E § 5 0 A R 4T g 7 I dphoi 2 v HR e b

@1%*§Aw’?H%%ﬁﬁﬁ&%%DWHédgﬁ4iﬁﬁo

DPPH p d &4rd13% (%) = (1-F Skl X /4B 23k E) x 100

2. 423 pd AR ER

*E% 4+ Kirby fv Schmidt (1997 ) 2. #5% = 2 » & | tgig 4F @ B~ 20 L
15 mM EDTA( 14 50 mM KH,POJ/KOH * fé=% fie @] ) ~50 pL 0.6 mM NBT (12 50
mM KH,PO,/KOH * feiz e @ ) ~ 30 uL 3 mM Hypoxanthine ( 2 50 mM KOH pe
B) ~5uL * kR 2 R E &% 145l & #r (12 50 mM KH,PO4/KOH - pH
7.4)% 96 MR Y 395 R &0 2 154 a4 50 UL Xanthine oxidase (0.1
UmL) > * & > 1 * 2% £ % 4 7 &k (SPECTRA MAX 190, Molecular Devices,
USA) Bl & =% 570 nm vy 2 vx k > & 25sec B ® — = > ¥ F# £ 5S5min-

BTN P RS A O AR (%) o R EATES S .

LF B D AArHlE (%) = (1-9 5% wex & /4B 2% &) x 100
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3. BELF i 4 Rk
BFF v 4 A% (Trolox equivalent antioxidant capacity, TEAC ) % %+ Re

F40(1999) z sk iE > vk & E (Trolox) 5 8 5ie (TR o 3
B P . 2,45 MM B Fipé4e (Potassium persulfate) 7% iz fe ik & 7 mM 2. ABTS™
F R ¥ 3R T @k F R 12-16hreo i@ * % LR ABTS H3 R 2w % & 4 0.70
+ 002 B3uL o 14872 kR (0.9375-1.875~3.7~7.5 % 15uM) Trolox
der 297 UL 22 ABTS "3 96 L pc# 3t4 @ » # % 6min s » B E R E 3
734 nm B 2 B R B 0 R EAF B3 X o 134 P R @ Trolox 2o i
e a o v RiFApstz £ 0 & 05 mg/mL 4 214 48§ > 5 2 mM £ Trolox
5 ABTS +eaii 4

(=) APLAH NN N2 mpdgis L4 2 £iR T
1 Bampss Bple

4% 7= 7 € (Total phenolic contents, TPC )z_ B @_# #* Folin-Ciocalteu ;= ( Kujala

etal.,2000) » 17 &+ pk (Gallicacid) 5 %% 538 (7#p| o ;2% PF » P~ 300 uL
Folin-Ciocalte & (1N) “c» 300 UL # kiR T BRI HEH e F P R E
353 > # % 5min s > ’T 4r 600 pL 20% Na,CO3 > # % 10 min 2_ & » g = 5\
(12000 rpm, 10 min) @ iTki» Ak » B~ 300 pL * ik R LR A 1T K
(SPECTRA MAX 190, Molecular Devices, USA) B & > 730 nm = ¥ 2_wx &
B Rk R T B EAP R R 2 M R AR 2 s S e A 4T R
PRERZP NP ARER (I BRI  ZRBAR S EF T EHIE R
REREoRHE SR XL T BIREFRFATTELE L AS i T
3+ p % £ (Gallic acid equivalent, GAE) - # 2 mg GAE/g of wood % % 4p L A

Hmpit s 388 - BREHFHEI =S -
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A RS 2% Quettier-Deleu & + (2000) 2z 3z = % » Lg% (Quercetin)
AR e (TR R o R PEE- 150 UL 2% AICI; 4e » 150 UL 4 13- & % B R R
2 ftd % (6.25~125~25 2 50 ug/mL ) i3 % > > 96 LB I E Y R A S
BFETEELEE 10miny 1% fEE L% ~ 47 ik (SPECTRA MAX 190, Molecular
Devices, USA) iR & it & =3t 450 nm wx jik 2_ vk & o {4530 1 ek B R
LAz iFwEMR > v RESE g RDFP L Z 2 £ (Quercetin
equivalent, QE) - i 12 mg QE/gof wood # 7 4p L EHAR A F A 2 £ 0 BT
Aflcs 3 ¢
() AR LK I8 D Frd | b § U2 B R

%+ Kong % 4 (2000) 2. 385k = & » & (%] tgi3 & @ B~ 798 uL 4 =% (200
mM NasP,O7/KOH,pH 7.5 ) 235 0.1U 2 5 ket 5 it = ( Xanthine oxidase) fr
2L * FER 2 FE% & (2 DMSO pef@l) - ik g4 & 800 L 323 =
AR s g Y o 3T CHRF K5 min P50 Pl 4e » 96 3t B E Y o (S
4~ 200 pL 0.6 mM Xanthine (12 = =t z4g-kfefl) » R MiEE L HE A TR
(SPECTRA MAX 190, Molecular Devices, USA ) if| & /& & =>% 295 nm g4 2_ %
ki & 30seCiB]— = > TFEFFRIEEMIN BT AN R T2 F R

F MRS (%) o % Allopurinol 5 & R e > FESR L AFH3 K o

FoE§ EERe RS (%) = (1-9 5 ek B4R 2k @) x 100

(1) s3ta it

F1#* SAS s % (Version 8.2; SAS Institute Inc., Cary, NC, USA) ¥ Duncan
P2 RFPLAHN NP RS PR AR E AR EAT
ERELR > S PTEEATR Y 2 BAE R S 95% o 4t ¢k 1% Pearson 4p B 14 T

27



FoRSRTAP LA Ny P ER ORI R FAT EEFAMME AT

S 2 AR A 95% o
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3 2L by 2 1 2]
a‘ﬁ%?ﬁﬁ

- S ARLAER R R E R

LA PR R EREccd 4977 > FE TZ2BH i wEH e o
B ue BEc 2 4 2 05 0m 2 F i 0 #700 TZ it TZn 47 2 & #hdic ;s P5 2 %8
£t 300 P42 M ERGATS 200 T A F oo E - Ko oA s H IS WE G
12440 133cm @ H T % % 460m; P32 & WA 28w HE 935 120cm
HHE S 61em: P22 B EWAL 200 s HE9E 46emo RHE B B R 0 i

HER L 6.8cmy H s ERL o

F AP RLETF BB R Z E K

Table 4 Tree ring numbers of different heights in A. confusa

HI HM HO TZ S
P2 1-7 8-TZ; TZ,-20
P3 1-7 8-14 15-20 21-TZ3 TZ5-28
P4 1-7 8-14 15-21 22-TZ, TZ4-29
P5 1-7 8-14 15-21 22-TZs TZ5-30

N I P I I

AR 2 e ded 59T o S 40 51-88%  # FH (TZ)
Yok 30 3.6—T7.5% 0 B H e 3 25—4.8% Bt HE B EFH (TZ)
Lo m P3-TZ2Z ol HIR AR AP RICERZFBAHIPE > 32 H
FPK o T L B2 KRR 0 ¢ & (P32 PA) frih i p K (HID
Yok BB o E (P2) PIMBEH (TZ) B Sp LB 2 B 2587 » o
B2 Ed (TZ) %10 g (PA) fedibed » 2= % A3 (P5) ehfesk » @ o
B (P3) ehfe Rl 4 -
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Table 5 Yield of extracts in A. confusa. Each experiment was performed in
triplicate and the results are mean £ SD (n = 3). Different letters (lower case: radial
direction, upper case: longitudinal direction) in the Table are significantly different
at the level of p < 0.05 according to the Duncan’s test.

Yield

HI HM HO TZ S
(%)
P2 5.2+0.1°P 6.7+04%8 33+0.1°B
P3 59+02% 59+04% 51+02°¢ 36+02° 48+01°"
P4 88+05* 82+05° 74+01% 75+02° 32+00%
P5 67+01%®8 71+01%*®  65+03°® 68+02%B 25+02°°

S ARLEHINL BT £

(=) #pgz £

s
w
S
i
R 0o
|k
N
b
(o]
NG
i
=C
N
~=i
S

AT B3 ERE (GAE) 27 (B 8) L
H o ps g 5 £ 4% 14.5—46.8 mg GAE/g of wood >

7
#EtH (TZ) 2845 37 £ 4 154—47.9 mg GAE/g of wood » @ 1844 4%, fis 48
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50 - a,C

S 25 4 b,D
3 c,B
< 0 1
22 7bC aB bC

< 25 - cD  ya
O ]
> | ]
E bA CcA abA aA
e 50 7 ! !
3
c |

S 25 4B
2 ) —
= ~aB abA abB bB
£
= 25 |
I_ O | [ | [ ,_l 1

HI HM HO TZ S

Bl 8 #p L HFAH A #E 7 £ 2 %S A # (HI : Heartwood-inner ~ HM :
Heartwood-medium -~ HO : Heartwood-outer ~ TZ : Transition zone % S :
Sapwood )

Fig. 8 Longitudinal and radial distribution of total phenolic content in A. confusa
wood. Each experiment was performed in triplicate and the results are mean + SD
(n = 3). Different letters (lower case: radial direction, upper case: longitudinal
direction) in the Figure are significantly different at the level of p < 0.05 according

to the Duncan’s test.

Ee iRz Bkl AV(PS ) HEBFHZRFHZELET <
PE(P3) 2 Bt (HM) shiprag s €57 > 4 ¢ Bt (HM) » 4
whEs 2 G ¢ B (PA) RIcb kst (HO) 2 #i74 (TZ) %47 2

BE 7 BRI (P2) pInA i (TZ) 28p8 €55 > 20 kv (HID)
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LB EH (TZ) - 252 23 ¢ dH (S) 2 EMEM fw LR 2
B RERT O SHEBEH (TZ) v P B (PA) 24 s 855 57 K
(P #¢F#H (TZ) 25 L EREBFR2ZBEHIPE > ERP3I-TZ; £
P o

S E & (Hillis, 1962, 1971; Shigo et al., 1973; Shah et al., 1981) 4y ¢

A

ch g FEHN P g eI R (BEH) AL <28

Thompson % 4 (2006) £ Ingram & 4 (2000) » 451 > e 14 Fag 7 £

’

WHEF o PR ELEH I AR BRI Ak o ¥ b Albert & 2
(2003) F3 B%4gd 0 3 Z o+t 2 L= & (Beech, Fagus sylvatica L.)
PEGFIERGE A G ad w2 bR BT AR R
BEPEHIERE PV FEFwmie B3 2@t b2 M A d
FH2ZAPHFERSHEZF L ETEPLETF o LRSI o H B
o VoA Z A B - Nobuchi e Hasegawa (1994 ) dpdip AA (Pinus
densiflora) @43 A1 2 B> > A do I 2 B30 B B LR AR 4o
iz BRE > LR NPT EF @Rt pP gt .

;%\-

5

(=) %% mr &

Ry Magz £00F g AP 45 Z F Quercetin chg &7 (B 9) 4p L Ahe

e

T
Ny

M2 R g s £ 40 09—-22mg QE/gofwood - £ P3 ¢t » # 744 (TZ) 2 %
i s £ 42 1.0-1.1mg QE/gofwood » B2 ¥ Mg s £.9- 3 1.0mg

QE/gofwood » ¥ Av#f 7 £ 5« H > B 74 > Ft -
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2 1ab,D a,AB

c,B
o L[] ’
4 _

2 a,C kLC

c,B
! d,C
— e,A

a,A aA
. bA CcA

d,AB

a,B
b,B C,A d,B
] e,A

HI HM HO TZ S

Total flavonoid content (mg QE/qQ)

o N ~ O N ~ O

B 9 4p LA+ Ak ag 2 & 2 55w &~ # (HI @ Heartwood-inner ~ HM :
Heartwood-medium ~ HO : Heartwood-outer ~ TZ : Transition zone % S :
Sapwood )

Fig. 9 Longitudinal and radial distribution of total flavonoid content in A. confusa
wood. Each experiment was performed in triplicate and the results are mean + SD
(n = 3). Different letters (lower case: radial direction, upper case: longitudinal
direction) in the Figure are significantly different at the level of p < 0.05 according

to the Duncan’s test.

Ere ARz P REET A HBAE FUPM Ko (HD) 230z 5

AN

X Ed e B R A B2 NS o HE BT T A
BO(PA) BF  FMA T 0 ¢ 8 (PA) 2ae s HOREME I R4S B @

% 22mg QE/g of wood - d frsf 2 B R E{Fs W uRImaps £ K
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(P4) #3 -

P s n E LT A AR o SRR Y e
(=) 7% DPPH p & At 4

1P Eﬂ}iﬁ?}%’iiﬁ‘“ﬁ% DPPH p d f it # 12 1Cso i % 77 » ICsp AKX/ % 77 '}%‘,ﬁ% i ?
A% E > 4P Chang % ¢ (2001a) 73);‘% DPPH g d i+ 2 3% > % > 2 DPPH
2@ kR L 01 MM &SR oo (HI—HO) 4# 7+ (TZ) 2 ICs
EA35—40ug/MLy SR REHEFF EEELDE o L0 ERCHIRE LER
AR I AFE T FRHE-DPPH 2 * JkRd 0l MM %% 2 03 mM > 2% %
% 4cB) 10 #r7 0 w ﬁ'}%“% DPPH p d 22 1Cs iE % % 6.5—13.5 pg/mL > % P3
b A 74t (TZ) 5% DPPH g fh2 5 6ug/mL =+ > @ #44 (S) j'4 DPPH
Bd A2 ICsE % 29.4—-405ug/mL s 2 s Heh2 2 78 d v drs itz
F LB RERNEM T LR A B T B R YT (114
ug/mL) (Nikolova et al., 2010 ) - Meyna laxiflora (84.2 ug/mL ) (Ganesh et al.,
2010 ) ~ Mitragyna speciosa ( 37.08 ug/mL ) ( Parthasarathy et al., 2009) % #%# &
ke 3 en1=(23.53 pg/mL )( Nickavar et al., 2007 ) & » 22 & ¥ (12 ug/mL )( Manigauha
etal,,2009) z 42% 514 4p% > @ & (0.64 pg/mL) (Stoilovaetal., 2007 ) B iz

AR IR FLE LA o
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50 -

o5
‘I” > bAB c,B Il
0 | |
50 ] a,D
~ | b,A
_g' 25 ¢cC ¢B CcA l
2 0 [ I | .
\:on 50 7 a,C
O
0 I - I [
50 -
25 bB bB bA bB
O - [ - [ - [ - [

H HM HO TZ S

B 10 #p ‘i.;}ﬁ/%"éf DPPH p d f it # 2. %% w & # (HI : Heartwood-inner ~
HM : Heartwood-medium -~ HO : Heartwood-outer ~ TZ : Transition zone % S :
Sapwood )

Fig. 10 Longitudinal and radial distribution of DPPH free-radical scavenging
activity in A. confusa. Each experiment was performed in triplicate and the results
are mean = SD (n = 3). Different letters (lower case: radial direction, upper case:
longitudinal direction) in the Figure are significantly different at the level of p <
0.05 according to the Duncan’s test.

M £ B2 Bt %R 0 3 (PS) & Redld J1 4 % DPPH p o
hicd B A AR s g (P32 PA) Frip Kot (HD) % DPPH p o 2
2 Ee o TERS (P2) RINA A H (TZ) Al o i £ 8 2 53 B % M

Nk ﬁi DPPH pd Hz it 4 e B (P4) iE » &4 5w EIRE HLIRVER »
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% P3¢t it (TZ) F DPPH pd 2 it mP AL 8 - #H (S) A
PB(P3) fiit o MR S 0 Y B (P3) 20 Kot (HID % DPPH g

o A2 i

(=) FEALE P a4
AR R A N i“fk% pd Rz a4 1 1Cs AT 0 SRS R AR 11 AT
SR AL R B 7% DPPH p o A2 oaw A Aple Y S H B EH o TF
4§ fd fh2 ICso 3 0922 pg/ml » B if44eF o k2 ICo Y5 24
—40 ug/mL’Mf P3 ¢t s # f‘l"H'(TZ> fi@ pd L2 ICsiE 5 05—2.6 ug/mL >
@ P3—TZ % 6.8ug/mLeo ¥ > 4p & A 20 ixfiﬁ A A2 a4 Rt K (145
ug/mL)(Chenetal., 2005)> @ % * 3>i5% B fE o & k& ( Berberin )(35.9 ug/mL)
( Shirwaikar et al., 2006) % % 42+ 4<i% (34.9 pg/mL) (Dung et al., 2011) ¥ 4p
.‘&ﬁféﬁiﬁt%i’éi pd Azt Apy mAp "M%T'\‘»‘Hi%‘,ﬁ%i’éi pd Rzt Fig
>t & 425 (16.6 ug/mL ) (Dung et al., 2011 )~ # (11.4 pg/mL ) ( Mukoda et al.,
2001) ~ = 7454 (4.01 pg/mL) (Guoetal., 2007) % 4 & ¥ s« 4+ (3 pg/mL)

feftd (4 pg/mL) (Wang et al., 2004 ) -
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B 11 4p .‘Lﬁﬁ%“fiﬁi Ao a4 2 % s e &~ # (HI : Heartwood-inner ~
HM : Heartwood-medium -~ HO : Heartwood-outer ~ TZ : Transition zone % S :
Sapwood )

Fig. 11 Longitudinal and radial distribution of superoxide radical scavenging
activity in A. confusa. Each experiment was performed in triplicate and the results
are mean = SD (n = 3). Different letters (lower case: radial direction, upper case:
longitudinal direction) in the Figure are significantly different at the level of p <
0.05 according to the Duncan’s test.

LB SFREET 0 R (P 4o s HE B R (T2) gk
FhAd A2 N EPEALR 5 LB 2 NP 0 2 HAE o P (HD
29 et (HM) 4 @m s LR > & 4wt (HO) 2 # 4 (TZ) Rl e

£ (PA) jepdes pd g2 i d ;o
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w571 %% (Amusant et al., 2004; Anagnost and Smith, 1997; DeBell et al.,
1999; Taylor et al., 2002; Venalainen et al., 2003) %77 > 4 &1 = & € BB at f
Pl 2 ke RS FH RIAEIIEg 0 5 b Amusant & £ (2004 )
" Ba gk A (Dicorynia guianensis) « 44 i& 7 @ & 43 (Decay resistance) #2% °

FRET AR B RAS 0 HHEM N F ( Antrodia sp. ) hif i 19 14 4

s

£, B ]‘él u%ﬂ‘mﬂ'}@*’f'ﬁ]"}ﬁil ’, iﬁ%&,u ] nﬂ'}gﬂ‘—%—zj]\/}\-}; v @ od ﬂ\ﬁj.ﬂ P

s 5 % 3 F iR

i

F,‘g_% IR Y

SR DPPH pd Jh2dey pd A2 it 24 (4p M

Tk

hdici 040—083) Brpif s E&ing iElG ookt £ R

4]

3 k%% (Wang et al., 2004) 7= B 4p i e % % A Aok > & a4
(Malencic etal., 2008 ) ~ + B H =% (Karaosmanoglu et al., 2010) ~ & 3
& % (Early potatoes) (Leoetal., 2008) 2 ‘= Fj(Sato et al., 1996) % 7 % %

ol TR R R

(=) %4ng a4
By a4 TR KRBT SRR 8 SR ARGV BEREF T
FOOBMRL AL AR R INRAF a4 LA 4 e E 0.5 mgimL 2 g
ﬁﬁ%*%*mMﬁﬁMw%%AM??ﬁH%ﬁﬂ@ﬁ*%ﬁ%ﬁi“ﬁ*
AR L RS R o 12 9T o w2 A FRE a4 5 1.2-23mM B 71 (TZ)
By bt 5 11-20mM o @ Bz B4g tae 4 5 3.3-55mM >
2 gy i B E B EH (TZ) ) 24p LAEFE B 30 ipst > 7 Rt il
(1.8mM) (Tung etal., 2009b) % £+ (0.85mM) > ¥ ¢k » & B i =2 4 in
§ it 4 (5.87mM)(lvanovaetal., 2005) B iS4 T E 301> 432 T ¥ (4.06
mM) 2 £ 5#¢ (3.75mM) (lvanovaetal., 2005) £ 4p 2 B8 # 2 g L av 4
% A5 (2275mM) (Dastmalchi et al., 2007 ) 2. #4753 1t a0 4 #4p L AT
S E A EF LE$F 1t oK & e 4F 5 (406 pmol Trolox/g )~ 2. % (192 pmol
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Trolox /g) % &% (187 umol Trolox /g )( i+ & {5 » TEAC & 4 9| 4p % >+ 0.203

0.096 2 0.0935 mM Trolox) 2. s dug it 4 By LAFLE IR =L -

=~ 6

é a,C

5, M ]

= 6 - a,A

2
€ 3 bAB bA bB g

(18]

S, H M-H m

S 6 5

5 =
% 3 - CB b,B b,A

5, N

= 6 a,BC
& 3  bcA CcA

x

s, HoW I I

H HM HO TZ S

Bl 12 4p L AT dE 4 4 2 U w &~ # (HI : Heartwood-inner ~ HM :
Heartwood-medium ~ HO : Heartwood-outer ~ TZ : Transition zone % S :
Sapwood )

Fig. 12 Longitudinal and radial distribution of trolox equivalent antioxidant
capacity (TEAC) in A. confusa. Each experiment was performed in triplicate and
the results are mean £ SD (n = 3). Different letters (lower case: radial direction,
upper case: longitudinal direction) in the Figure are significantly different at the
level of p < 0.05 according to the Duncan’s test.
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%&PT ’ ll§+j (S) R‘ﬁ’\'i ’ Kf“} i (PB) b :L.‘-H'i
AR OP3RIMBFH (TZ) 2 % F=F v

Bt (TZ) 2842F a4 AP KA
AL HEL LImMe G £ B2 At R ST 0 o H IR (P5) 24
Fig ban 4 g (19-23mM) e p K (HI) 2 ¢ kit (HM) 2z s 4g i
@ bR st (HO) 2 # 744 (TZ) »v¢ B (P3) 2

LoLh 1 A 2 a=
R e B T

4k 2L 4L

,?f‘_ra» %—_ﬂ 2 WL S

v A FIEF LR
BFF PR A RLOHEAW
& i“fiﬁ pd &2 DPPH pd A2 %73

»igALE 2 DPPH p d ARIpF o 7 iR

|5 1.8mM 2 1.1 mM - 4p & #H4 3%

RARF O RFLT i R H B

ie 4 P e

FoRe F LA

~ AR R A R D A IR
it g= ( Xanthine oxidase, XOD ) % L3t 4 Ffp >
LR BN B SR B e

g

T g HF R T

>

1=y

ﬁ. \:ﬂ;A
Foked F b pE e S REL > ¥ AR RERY A2

BoMRBIEME L AR S D P FEAL A
W R R TRE AR D RALE S A e R

,‘E'_S

<

B RR R § 2

ER E R A
e \,uamﬁggﬁ;e

ek B e g nE S 5 Allopurinol - B TE S g kb §
S@liTr R

= o MEPE (ML rEL 5 2006) 0 @ PR TR
o AR
FRpd & v BT S hgie L B RS R K R AT

2 AL E LS (2415 2007)

1k R 5 100 pg/mL pFE2odrdl S (%) 2
Zed § b Fr2 e 5

T AR A 2R R

AETE U4
5 26.4

Eed VA S H B Ao 13 41 o B gl
—51.9% > # 74 (TZ) #4115
FrEeA § L pE2 rdlF s 3.6—158% > o HE HTH (TZ) 2 #r4]F &
e ipr it o a 39 A AP - ERT o drdlF R § LR S
1£.(80% ) >t A S #ri¢ * 2. 35 # 2 4p L Ao 44 (26—52%) (Tung and Chang,

AF T pEL A

) 39 i 4 4 L AHREA Fr ] F R

¥ 4 21.3—27.4% > B Fr )

A

/\ ju ]ﬁz}? ;II’LPT".F

«»

(59%) + v if+ 35 4

2010)
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10K 0 39 & 2 AR LA T- 2 Ede ]S ReA § oIt pR2 iR (46%% 45%)
3B EAAPRATS T (20-27%) & 0 A Ap LA M2 B FH T R 5 om fciE
A8l Bes § UAF2 A 0 H ICs A B 5 110 £ 113 pg/mL
(Hsiehetal., 2010) :42d % % EIFr|5 kb § L fr2 1Cs E 7+ 48.8 pg/mL
(Chien et al., 2009) » & hdrd|F Bl § L2 EPNLE X > @ ajalk ik
BT R E e A A P F e 5 (L AT 54 (49.24% ) (Berboucha et al.,
2010) 7= @A AR AR 0 ¥ b SUE AR S JIRF ER P AkR 5 150 pg/mL
T oo e B § I AR drd] K L 43.4% (Ammaretal, 2008) o fiAp LA E

lrig’_ o
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Fig. 13 Longitudinal and radial distribution of xanthine oxidase inhibitory effect
(XOD) in A. confusa. Extracts were tested at 100 pg/mL. Each experiment was
performed in triplicate and the results are mean = SD (n = 3). Different letters
(lower case: radial direction, upper case: longitudinal direction) in the Figure are
significantly different at the level of p < 0.05 according to the Duncan’s test.

B £ B2 MR R BT 0 A AR 0 Kot (HD) gl E ks 0
ez 7S 1B i (37.0—-51.9%) » 2 Fidbd dge e EHER T HEEEL (3.6
—15.8%) c 4im L B2 Bt R A o p ko (HID P g (P4) B 4 (51.9%)

& (HM) (41.0%) % # & <1t (HO) (34.5%) 123t (P5) #r 4% &
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W LpE2 AR Y B (P3) 2 E MR (264-27.8%) » 74 (TZ)
Fralf et § CpELEIEA R A o FH (S) el heb § O EELF R
(P2) 4 (36%) > ## FRaZAIMLARIMFZ LEPrdlF Feb g

Fr AR EAARE A 0 2 A K A Ap b (A M i 0.92) -

A APLAH IR PR e 2 T

LREHINE N Gd A S T ETHL G A ERL AL G
Melacacidin  ( 2,3-cis-3,4-cis-3,3’,4,4°,7,8-Hexahydroxyflavan ) ( 10 ) -
4’-0-Methyl-melacacidin ( 2,3-cis-3,4-cis-4’-O-Methyl-3,3°.4,7,8-penta-
hydroxyflavan) (11) -~ Transilitin ( 7,8,3’,4’-Tetrahydroxy-3-O-methylflavon) (13)

% Okanin (3,4,2°,3’,4’-Pentahydroxy-trans-chalcone) (7) -

it & # 10 : Melacacidin (2,3-cis-3,4-cis-3,3",4,4°,7,8-Hexahydroxyflavan )

Y
OH
OH
!
HO O
> OH
. '3
“OH
5

O“lllll-
T

LA P HPLC 2t 2 A3 TR 5.7 min B it &4
10 Bi-%F ¢ PprRCEF > SFHA T ESIMS BIEH A 3 585 CisHuOr
(ESIMS(-): 611 [2M-H]) - $34% 'H-NMR (500 MHz, CD;OD) (® 14) - 4
Sk d BFTR L 4R TE o A5 5 % - 2 (A-ring) 86.84 (1H,d,J
=84Hz,H-5) ~386.44 (1H,d,J=84Hz,H-6) ™ %2 % = %= (B-ring) & ABX #

Meoyzz. 67.10 (1H,d,J=19Hz, H-2’) ~56.91 (1H,dd, J=8.2,1.9 Hz, H-6")
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{7 86.77 (1H,d,J=8.2Hz, H-5") = @ 4 'H-'H COSY Wl:# (B 15) ¥ 2 & 2
> % 85.02 (1H,s,H-2) ~84.93 (1H,d,J=3.9Hz, H-4) 2 2 §3.96 (1H,d,J =
3.9 Hz, H-3) % ¥ - 24 wycish - 4235 °C-NMR (B 16) i&— # #4351t
Lk S mEREHEL S (8110-8150) £ A (C=0) mfciush 7]

B dahiz it £ 4 & 5 Flavanol #g 1 & $ o

585K 58 85383
8338 &3 23]
Bede a4 Gecee
|
[
| |
||
I
| [ ‘
AN 0.4 P 1 B EVCRE

Bl 14 Melacacidin (10) 1 'H-NMR B2 (500 MHz, CD3;0D)

Fig. 14 *H-NMR spectrum of melacacidin (10) (500 MHz, CDs0D)
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Bl 15 Melacacidin (10) = 'H-'H COSY B)z# (500 MHz)

Fig. 15 *H-'H COSY spectrum of melacacidin (10) (500 MHz)
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Bl 16 Melacacidin (10) #C-NMR Bz (125 MHz, CD;0D)

Fig. 16 *C-NMR spectrum of melacacidin (10) (125 MHz, CDs0D)
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FHED - PR RE- B AR RS WM T J5d B 17 HSQC
chik % 7 4ro % - 2 (A-ring) 56.84 4r 86.44 2 & 4 |27 §118.8 (C-5) - §109.5
(C-6) rwtpFiss » % = & (B-ring) 87.10 ~ 86.91 4r 86.77 2. & A |27 §115.7
(C-2) ~5119.8(C-6") 4~ 8116.0 (C-5") sFmtAp T % » @ % = % (C-ring) 85.02 -
54.93 v 863.96 2_ & A =] §80.4 (C-2) ~568.8 (C-4) - 870.8 (C-3) ot 4p 5}
oo gL} Ha;g;; B 1I8HMBC { mein=® B4 22z B SR 2> 4ot % — 2 56.84
fc 86.44 2_ & A w7 §568.845133.2+5144.4 2 §146.0 ™ 2 §117.1-5133.2 2 §146.0
L G REERE EME A6 AN A TAR-G A2V E =82 HMBC M 5o

FLA Pk 2% N%r s i £ 4 10 5 Melacacidin -

it
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B 17 Melacacidin (10)  HSQC ®Bz% (500 MHz)

Fig. 17 HSQC spectrum of melacacidin (10) (500 MHz)
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B 18 Melacacidin (10) v HMBC Bz (500 MHz)

Fig. 18 HMBC spectrum of melacacidin(10) (500 MHz)
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# 6 Melacacidin (10) a 3£ p % 340

Table 6 'H- and**C-NMR data of melacacidin (10)

Positions dc OH HMBC

2 80.4 5.02 (s) H-2>, H-6°, H-3
3 70.8 3.96 (d,J=39Hz) H-2

4 68.8 493 (d,J=39Hz) H-2, H-3, H-5

5 118.8 6.84 (d,J=84Hz) H-3

6 109.5 6.44 (d,J=8.4Hz) -

7 144.4 - H-5

8 146.0 ’ H-4, H-5, H-6

9 133.3 - H-4, H-5, H-6
10 1171 - H-3, H-4, H-6
r 131.7 - H-2’, H-5°, H-2, H-3
2’ 115.7 7.10 (d,J=19Hz) H-6’, H-2

3’ 146.2 . H-2°, H-5’, H-6’
4 146.1 - H-2’, H-5", H-6’
5 116.0 6.77 (d,J=8.2Hz,) -

6’ 119.8 6.91(dd,J=8.2,19Hz) H-2’,H-2
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i & ¥ 11 :  4&-O-Methyl-melacacidin  ( 2,3-cis-3,4-cis-4’-O-Methyl

-3,3”,4,7,8-pentahydroxyflavan )

5
OMe
OH
H O O .‘\\\\\\ 3I
7 OH
. ,3
“OH
5

Ollllll-
I

ALK 1 d HPLC (7% i 2 A3t ¢ P 13.0 min v 4t 41 ik & 4
11, H 5 - kF ¢ ARt &P > SHHA 37 ESIMS B H 2+ 5% 5 CyeH1607
(ESIMS(-): 319 [M-H] ) o 3%t &4 2. & it £ % 10 4& % 4p 12> 1245 'H-NMR
(500 MHz, CD;0D) (®] 19) » A 5en & @ 4w 2 5 4 % - = (A-ring) 56.85
(1H,d,J=85Hz, H-5) ~86.45 (1H,d,J=85Hz, H-6) ™~ 2 % = 2= (B-ring)
2 ABX # 4 sqcz 87.13(1H, d, J = 1.9 Hz, H-2’) ~§7.03(1H, dd, J = 8.4, 1.9 Hz,
H-6") 4= 86.92 (1H, d,J = 8.4 Hz, H-5") » % 85.07 (s, H-2) ~54.94 (d, J = 4.0 Hz,
H-4) 2% 83.97 (d,J=4.0Hz,H-3) 4 ¥ - & & s x5 (C-ring) ; % & 4
7 et £ 4 10 Ao 3% 0t & 4% 83.85 (3H, s, 4-OCHg) 7 - # 7 § Aw i
oo it EF 2 i ~E L L5 10 4pin > it &40 ‘,ﬁi%’ﬁ S EF R
(8110-3150) » #8565 % — B " ¥ & (-OCH3) = c3u5h 5 F|pb » dashis v &

4 & % Flavanol #g 1t & 4 o
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Bl 19 4’-O-Methyl-melacacidin (11) = *H-NMR Bl (500 MHz, CD;0D )

Fig. 19 *H-NMR spectrum of 4’-O-methyl-melacacidin (11) (500 MHz, CDs;0D)

%‘gr} ZRAPBEERE- BRI E -2 BER 2> J B 20 NOESY

HEvVar, 7§ AFF (03.85) v H-5" (06.92) 5 4pM Lt o 5F& 1 if

20

i

i

A g g 1 5 4 11 5 47-0-Methyl-melacacidin(11) > & 4p R A0

7% &4 10& i £4 11 (Leeand Chou, 2000) -

50



L LJKJJ |

L J_A ll |
;,

B 20 4’-O-Methyl-melacacidin (11) = NOESY ®:# (500 MHz)

Fig. 20 NOESY spectrum of 4’-O-methyl-melacacidin (11) (500 MHz)
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it & 13 : Transilitin (7,8,3”,4’-Tetrahydroxy-3-O-methylflavone )

LA I HPLC :2{7% 1 2 2 @t F R F 223 min b de 1 it & 4

13> Hi- 5t ¢ hmAkit & SHa#~» 47 ESIMS Bl # 2 ~» F 58 5 CieH107
(ESIMS(-): 315 [M-H] )~ +24% 'H-NMR (500 MHz, CD;OD) (®l 21) » 4 4

g R A BF R F B 2 H 55 - 22 AB #iEsfcz (A-ring)
87.52(1H,d,J=8.8 Hz,H-5) ~86.92(1H,d, J=8.8 Hz, H-6 ) 2 2 % = % (B-ring)
2 ABX # ez, 87.74(1H, d,J=2.1 Hz, H-2° ) ~§7.66(1H, dd, J = 8.5, 2.1 Hz,
H-6’) 4= 86.90 (1H,d,J=85Hz, H-5") ; it & 4 13 ** §3.76 (3H, s, 4’-OCHj3)

-y A 'v"%“ﬁ“r} Fiatdadh it &4 13 R4S C-3 2~ 2 Flavone #g i & 4~ -
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B 21 Transilitin (13) = 'H-NMR Bz# (500 MHz, CDsOD)

Fig. 21 *H-NMR spectrum of transilitin (13) (500 MHz, CD3;0D)

d BC-NMR( B 22)% %7 v it £4 13 £ 4 §177.0(C-4)~8157.9(C-4") ~
8151.8 (C-7) ~5149.7 (C-2) - 3147.6 (C-9) ~3146.4 (C-3°) ~5140.9 (C-3) -
§134.3 (C-8) ~8123.5 (C-1") ~5122.6 (C-67) ~3118.6 (C-10) ~§116.8 (C-27,
C-5) ~8116.3 (C-5’) ~8115.1 (C-6) 17 % §60.3 (OCHg) - = B Al ek Jn 5L o
A P EE RS L4 137 §F A2 =% 0 d HMBC B3 (1 23)

Faep it S0 §F Y 2§ (83.76) 22 C-3(5140.9) £ F M Fp o

hrl
N

Lk ¥ v‘/ﬁ‘%?;{i (Malan, 1993 ) - %t > a4 it £ 4 13 % Transilitin o
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Bl 22 Transilitin (13) = *C-NMR B (125 MHz, CD;0D)
Fig. 22 C-NMR spectrum of transilitin (13) (125 MHz, CDs;0D)
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B 23 Transilitin (13) 7 HMBC Bl:# (500 MHz, CD3;0D )

Fig. 23 HMBC spectrum of transilitin (13) (500 MHz, CD30D)
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it &4 7 : Okanin (3,4,2°,3,4’-Pentahydroxy-trans-chalcone )

10 LA A1 HPLC 27 % it 2 A3t g 25.7 min pFivdg 1 it & 4
TrBLi-pd i Pty SFHA 4T ESIMS RIEH &~ 3 4 5 CisHi20s
(ESIMS(-): 287 [M-H]) ° 124 *H-NMR (500 MHz, CD;0D) (% 24) » A 47
gk Fare 8 BFHR EBTEL AN 5 % - BB AB B stz §7.52 (d,
J=9.1Hz,H-6") - 66.46 (d,J=9.1Hz, H-5) 122 % = 2 & ABX £ jcz
67.17(d,J=1.9Hz,H-2) ~87.10(dd, J = 8.3, 1.9 Hz, H-6 ) 4= 66.81 (d, J = 8.3 Hz,
H-5) 5ot 53 - &k ;5% (trans) ¢ Jﬁg (-HC=CH-) w31 5. §7.70 (d,J =
15.2 Hz, H-B) % §7.53 (d,J=15.2Hz, H-a) - & i&— # A 47 *C-NMR (® 25)
L BHT A A T G 2 m¥kEHE (3100-5160) - BE G - B e

(C=0) = fcitsh (5194.06) » F]pt ¥ daiplet i & 4 5 Chalcone #f o
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Bl 24 Okanin (7) = H-NMR Bz (500 MHz, CD;0D)

Fig. 24 *H-NMR spectrum of okanin (7) (500 MHz, CD30D)
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Bl 25 Okanin (7) = 3C-NMR Bz (125 MHz, CD;0D)

Fig. 25 *C-NMR spectrum of okanin (7) (125 MHz, CD;0D)
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XD B 26 HSQC chig % it — H Fasiez i E 2 A-E WM o d 21l

S HM 0§ - 2 87.52 % §6.46 2 & A ¥ §123.2 (C-6°) % §108.5 (C-5") i Ap
B %2 2 §7.17+87.10 2 56.81(ABX) 2 & R4 w22 §115.8(C-2) ~5123.6
(C-6) r1% §116.7 (C-5) 2 ph¥py o 22+ 87.70 2 §7.53 ¢ i fh2 & » A 4]
23146.0 (C-B) = 31184 (C-o) 2 pm & « o~ ¢ » £ f5d B 27 HMBC { /32
B d vrpz % &R %o 4o §7.52 ¥ 5153.3 (C-4°) ~58154.4 (C-2) % §194.1
(C=0) et L 3 EFEHE &R > @ 06.46 2 & B|¥ 51151 (C-3°) = $133.8
(C-1’) shpt 25 REEAE® EME 0 & 7 2 &8 7T R-AApHL T2

HMBC RBE B o 55 & F iR S % %7 i+ £ 4% 7 % Okanin -

W\

- 20

- 40
- 60
- 80
100
S 120

140

i

160

180

l

200

T T T T T T T T T T T T T T T T
90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 ppm

B 26 Okanin (7) #HSQC Bl (500 MHz)

Fig. 26 HSQC spectrum of okanin (7) (500 MHz)
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Fig. 27 HMBC spectrum of okanin (7) (500 MHz)
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Z 7Okanin (7) cha & pGH T

Table 7 *H- and™*C-NMR data of okanin (7)

Positions dc OH HMBC

1 128.4 - H-o, H-B, H-5
2 115.8 7.17 (d,J=19Hz) H-B, H-6

3 146.9 - H-5

4 150.0 - H-2, H-5, H-6
) 116.7 6.81 (d,J=8.3Hz) -

6 123.6 7.10 (dd,J=8.3,1.9Hz) H-B, H-2

r 133.8 - H-a, H-5

2 154.4 = H-6’

3 1151 - -

4 153.3 - "

5’ 108.5 6.46 (d,J=9.1Hz) -

6’ 123.2 752 (d,J=9.1Hz) -

o 118.4 753 (d,J=15.2Hz) -

B 146.0 7.70 (d,J=15.2Hz) H-2, H-6
C=0 194.1 - H-B, H-6’
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S CARLER NSRS ST EZ LR

BB R AL A N § RN A RN R AL
B e FERE LRSS TR G B AT RA RS H L FET
e Bt & 4 @ Melacacidin (10) -~ 4’-O-Methyl-melacacidin (11) -~ Transilitin
(13) % Okanin (7) -

(- ) #p L. #tH4 1 # Melacacidin (10) 2 £2 £ £

\m

it £ 4 Melacacidin (10) AP fte e i 202 - > HZ 5

214 1/3—1/4 (Data not shown) » H A 4p LEHL =2 £ XL B 2 %5 5% 4cF

S

28 #1751 o 4p A Mt £ Melacacidin (10) 2. 7 € 4 3% 15.9—28.4 mg/g of wood - #5
7+ Melacacidin (10) 2. % & 4+ 18.7—28.8 mg/g of wood » £2 < #4p % ; #

Melacacidin (10) 2. z £ > » 2 7 £ 4 3% 0.1—0.5 mg/g of wood -
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B 28 4p & A+ A 4 Melacacidin (10) 2 # 2 %= A~ % (HI:
Heartwood-inner ~ HM : Heartwood-medium -~ HO : Heartwood-outer ~ TZ :
Transition zone % S : Sapwood )

20

Melacacidin (mg/g of wood)
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(- @)

Fig. 28 Longitudinal and radial distribution of melacacidin (10) content from A.
confusa wood. Each experiment was performed in triplicate and the results are
mean + SD (n = 3). Different letters (lower case: radial direction, upper case:
longitudinal direction) in the Figure are significantly different at the level of p <

0.05 according to the Duncan’s test.

Melacacidin(10 ) j& e » # Z £ 2. 33t 5 % &7 > ¢ L (P4) st kw44 (HO)

Melacacidin (10) ehz €5 % - 2 2 & 5 25.5mg/gof wood ; £ 3% (P5) % ¥ &

(P3) @ k<4t (HM) Melacacidin (10) 7z €5 % - # 7 £ 4 % 5 26.6 -

23.7 mg/g of wood > ¥ #£<3% (P5) 2 ¢ L (P32 P4) ¥ d 3 &5 % fifgedr
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B ek 2 (S) 28 5 &K B (P2) M# 74 (TZ) Melacacidin
(10) ehz 253 > M Bt (HI) Sz 24 (S) 225K -
Melacacidin (10) %% » # £ £ 2 %3t 2 % &1 > p & < 44 (HI) Melacacidin
(1) R &P LB ;7 K (HM) 2 ¢k <+ (HO) 2 3% (P5) 2. Melacacidin
(10) 2 B4 % » # 3 4% 5 28.4 4 26.6 mg/g of wood ; @ # 7+ (TZ) 1

3% (P2) 2. Melacacidin (10) 2z #% % » 2 7 ¥ 2 28.8 mg/g of wood -

(=) 40 LA I 4°-O-Methyl-melacacidin (11) 3 £2 £ R
it & $ 4’-O-Methyl-melacacidin (11) 7= 32 4p Lo 3 1 Fahi & = 0 2

- (Datanotshown) » H A4p eIz £ £ 8 2 2% 4oB) 29 977 o 49 LA

< 11 4°-O-Methyl-melacacidin (11) 2 2 € 4 3" 11.6—19.1 mg/g of wood ; *; P3
> # 7+ 4’-O-Methyl-melacacidin (11) 2. 7 & 4 *® 12.6 —17.4 mg/g of wood -

v Mt 5 844 4°-0-Methyl-melacacidin (11) 2. 2 #8452 2 43 0.1

—0.2 mg/g of wood -
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Fig. 29 Longitudinal and radial distribution of 4’-O-Methyl-melacacidin (11)
content from A. confusa wood. Each experiment was performed in triplicate and the
results are mean + SD (n = 3). Different letters (lower case: radial direction, upper
case: longitudinal direction) in the Figure are significantly different at the level of p

< 0.05 according to the Duncan’s test.

4-O-Methyl-melacacidin (11) /4 # £ B 2z 3t %87 0 ¢ & (P4)

12 ¢k Ko 44 (HO ) 4°-O-Methyl-melacacidin (11) <0z £ % > # 7 £ 5 19.1 mg/g
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of wood » @ B &P A LR 5 A (P5) 2 ¢ & (P3) m¥ K wtt (HM)
4’-O-Methyl-melacacidin (11) 0z £ % > # 2 £ » % 5 18.2 = 16.0 mg/g of
wood ; B8 (P2) 124 744 (TZ) Melacacidin (10) 7% € & & > 0 & <4 (HI)
Zz20 #H (S) gEEM-

4’-O-Methyl-melacacidin (11) %ip A % £ 8 2 %S % &7 > < # (HI -
HM f= HO) % @ g (P4) 2z 4’-O-Methoxy melacacidin (11) 3 £ % - # 2
4w 5 186~ 17.6 4 19.1 mg/g of wood ; # 74+ (TZ) Bl TE% (P2) 2
4’-0-Methyl-melacacidin (11) z €% % » 2 7 £ % 17.4 mg/g of wood -
(=) 4 A I 4 Transilitin (13) 2 £2 £ 8

Transilitin (13) ftp ALz 2L 32 2 B 5% 40B 30 #7771 o 48 L P
Transilitin (13) 2. 3 £ 4 ** 3.6—11.4 mg/g of wood ; “,lrt P3 ¢t » # {7 44 Transilitin

(13) z. z & 4% 6.0—-9.8 mg/g of wood ; &4 Transilitin (13) z. z £ 4 > » #

z % % 0.1 mg/g of wood -
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B 30 4p 2 #tA # Transilitin (13) 7 # 2 %45+ & # (HI : Heartwood-inner ~
HM : Heartwood-medium -~ HO : Heartwood-outer ~ TZ : Transition zone % S :
Sapwood )

Fig. 30 Longitudinal and radial distribution of transilitin (13) content from A.
confusa wood. Each experiment was performed in triplicate and the results are
mean + SD (n = 3). Different letters (lower case: radial direction, upper case:
longitudinal direction) in the Figure are significantly different at the level of p <

0.05 according to the Duncan’s test.

Transilitin (13) e~ # £ B2 Mt % x> 3% (P5) 2 ¢ & (P4 2
P3) % ¥ kit (HM) 2 Transilitin (13) 2 €5 % - # 3 £ ~ % 5 11.3-114
fr 6.3 mg/g of wood ; B8 (P2) 4 74 (TZ) 2 Transilitin (13) z £ &% -
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H 7z # 5 6.0mg/g of wood -

Transilitin(13) s~ # £ B 2 23S % 87 o p k& (HI) 2 ¢ k<4 (HM)
w oA 3R (P5) 2 Transilitin (13) 2 5% » 2 7 £ 4 % 5 9.6 = 11.3 mg/g of
wood > > TEEFH Sem RF  H R (HO) 2 B34 (TZ) ¥ & (P4) 2
Transilitin (13) z £5% > 2 7 £ 4 % 5 7.7 v 9.8 mg/g of wood ; &4+ (S) 1

¢ B (P3) z Transilitin (13) Z #£v& M H s {3 o

(2 ) 40 L AfH 44 Okanin (7) z 22 £ %

e £4 Okanin (7) 5 4B &4+ F &> 4 Ap LAHE 5= Okanin (7)
R AL B2 %5 40F 31 #rr o Ap R e Okanin (7) 2 7 £ 4% 0.6—3.0 mg/g
of wood ; f P3 ¢t » # {74 Okanin (7) 2 7 ¥ 4 %% 0.8—1.3 mg/g of wood ; i#

## Okanin (7) 2.z 4 > > 27 %]+t 0.1 mg/g of wood -
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Fig. 31 Longitudinal and radial distribution of okanin (7) content from A. confusa
wood. Each experiment was performed in triplicate and the results are mean + SD
(n = 3). Different letters (lower case: radial direction, upper case: longitudinal
direction) in the Figure are significantly different at the level of p < 0.05 according

to the Duncan’s test.

Okanin (7) iEre A # £ B2 52t % 8 » A3 (P5) 2 ¢ B (P4) 4t
B4t (HO) 22 Okanin (7) z % % > 3 7z £~ % 5 3.0 2 2.5mg/g of wood ;
PEC(P3) Bl Bwtt (HM) &% - # 2 & 5 1.4 mg/g of wood > ® Okanin

(7) g 29 Kett (HM) e fod = v - #4 (S) 5 7 2514
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BN (P2) A4 (TZ) 2 Okanin (7) 7 58 > At (HI) 2 > 8
HEb e

Okanin (7) 4w » # £ B2 S-S5 kT > p ot (HI) 2¥¢ & (P4)
2 Okanin (7) z &5 % > # z& 5 26mg/gofwood ; ® & (HM) ~ ¢tk <44

(HO) 2 # 74 (TZ) #r2#&3% (P5) 2 Okanin (7) 2 &% % > 23 &~ 4

» 2.1~3.0 f= 1.3 mg/g of wood - 348 48% 5 f 1T A0 % “F g v Hf2 Okanin(7)

pEm
RErFEREvoPBBEHg BRI A RS FRPIHFHLE

PREBETREINEZSHEBEFHL Vb 2 Gd ApH BRSPS R T
Melacacidin(10) ~ 4’-O-Methyl-melacacidin (11) -~ Transilitin (13) % Okanin (7)

FREFFAT f 9 A S fh DPPH i i R Frfl g ket § 1R

-

&oAp Mo X g “,% DPPH p d 3 & 4 2 Melacacidin ( 10 ) Av
4’-O-Methyl-melacacidin (11) & 7 & R 4phi {2 H 4p B 2 8cA w5 0.89 - 0.85 >
PR —‘g/ﬁ—“f DPPH A o £z i # 272 &rded v #-Quercetin4p » ¢ Fikd ﬁ
LML AR I P2 3 & 5 s o M E P ¥ 4r Melacacidin(10) f-
4’-O-Methyl-melacacidin (11) & 4p R Az 43 C 5420 & kiR 5 Frdldrdl3 &
¥4 3 i FE St E M Transilitin (13) e Okanin (7) & H s & Jﬁ B PR E
* 2 E IR F—% 2 1% (Allopurinol) - it FErhlE kA g R
2 Aph hdlcy 2 078 @ P AR EHFRBEE A S FEE R F R APM 0 B &
7% DPPH B d it Frdls et 3 M st da M Tides W] 5 087 2
079 THF L HAPBFHCEPF LA EE2Z 18 KR -

PR v R F eI AT R R A (S ) fupiniz () 21 8
PEEAR A AL FENEe AN ELET (AL -REE R - E R
Eirltas 2) S AHCERF (Bad 288 E AT E s frR N
BRZEEF) LR
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%‘?—‘;{ Nobuchi = Hasegawa (1994) dhdip A ( Pinus densiflora) *
Pinosylvin %2 Pinosylvin monomethyl ether 2. z £t wif 2 s £ 424 > H &
FAREARERD BRI cHEH LA AF AT LRABR - Ko G AFD
TEEL T hME 4 BT L RABE AP0 ¥ ﬁg Niamké % <

(2011) r24h 4 (Tectona grandis L. f.) i& {7 5 f& Quinone #f i+ & = j& o & F £
P27 HABEHBLIFNEAFLHEN AL A BRI ARG EH R
B ko Ep o (Z2ENEHBFRLA ) BFTEEHET A H 2L
P g A b & e Tectoquinone » @ 2-(Hydroxymethyl) anthraquinone -~
Anthraquinone-2-carboxylic acid ~ Lapachol = 1,4-Naphthoquinone R |7 » &
+ i #% Lapachol f- 1,4-Naphthoquinone 2z z & # P % £ £ - Tectoquinone -
2-(Hydroxymethyl)anthraquinone = Anthraquinone-2-carboxylic acid 2. z & 1 “b &

SHRS S e H P B EL R -

4

AR BT A SR SAL T LB R M X L

_\g_

<5k

JE2 AR Eas A R A AN A F LB TR D B 2 -
PRCEFATLBAA oo Y € AR ARES T H e e

%
,E‘:"\f!°

ACIRBTE R AL AR B R M

12 4% Dewick (2009) #ip| 4 /44 L 5 Ak %8 * £ 4 (Flavonoids) 2. 4 & &
BT 4o B 32 #ro¢ > & Cinnamoyl-CoA (1) %2 3 B Malonyl-CoA (2) 2 Chalcone
synthase (CHS) & 2 — B R kg i- & # (Polyketide) (3) » (& d 474 (Folding)
L &5 (4) > £ 54 - = CHS 2 Chalcone reductase (CHR) &% » 2j =
v g (5) -~ £+ (5) gmi (Dehydration) % % fg it =% (Enolization)
# 2 Chalcone (6) » Chalcone (6) ¢ 2-Oxoglutarate 25 = Okanin (7) » £ &
d Chalcone isomerase ## % = 7,8,3’,4’-Tetrahydroxyflavaone (8) - i+ &4 (8)
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& d Flavanone 3-hydroxylase (F3H) a;= it &4 (9) » &% > Ki- &% (9)

bA A ER S H P - iEE T d v & % (9) & Dihydroflavonol reductase ( DFR)
A 4 Melacacidin (10) » £ % Methylation 2} = 4’-O-Methyl-melacacidin (11) ;
yoob o - iER R d v £ 4 (9) & Flavonol synthase (FLS) 2 4 i &4 (12) »

£ & Methylation 25 & Transilitin (13) -
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Fig. 32 Possible flavonoids biosynthesis pathway of A. confusa
71



BH ~2 5 5% T8 2 %% 7 &> Melacacidin ( 10 ) Hr
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EapiEnA R s e S d B3R VAR LHEMAEL & AT T

A
il

\\Xr

Bexz2 £ &FEE > 4o CHS-~CHR~F3H ~DFR - FLS » :& @ & ip| it &
$o (9) Aulicd ix% DFR fr FLS % @ A &5 54 & AT A5 4 i
AR R RJERA LAY f2 3 DFR SE 1 > FLS chig b > F b a5 2
Melacacidin (10 ) f= 4’-O-Methyl-melacacidin (11) 7z € = *% Transilitin (13) ;

@ Okanin (7) 2 Arsgs & F /52 @ A% (Intermedium) » ¥ =304 & &
BTz whah oo 4Pl X 204 Okanin (7) % HS e Fmigt a4 »rud s 8

- 7 ©°

PN BAGH (TZ) 48 FRBUHEAL S Ly T 29%
#2514 gra B AT e o i ehimie 2 fE 0 PIAG R AT ehk 4t 0 3 LA
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ot Mg e B2 25T EHY PR ARBC LR EPE N oH A
B4 (TZ) » B 57 A 508 5 pR>fH o P EAREE EF & HBEH
(TZ) 2%+« 44 > L) EH > & 287 %% Niamké & + (2011)
FrEkipn dtgez s NPpRA B oS SEGEFZ EEREL T
oG AP NSRS R Fe- KA o

FETHIMGFL FRCEFE VM AL f Iy £
it % 7 Cinnamate 4-hydroxylase (C4H) ~ 4-Coumarate CoA ligase (4CL)
CHS~F3H {r DFR % » ¥ #F34 € & ¥ % 2 14 ¥ (Structural genes ) 74 & >
d Yang & 4 (2003) #{l# (R. pseudoacacia) = 3 % Fw - Fmigd &
FREAFIZARETHHEH (TZ) 1A -

Yang % 4 (2003) %= 3 B %4y I8 74 (TZ) CHS ehi mE RAFA (7
k) 2 EHF o ARFINY52 48 F3HAmES L5 3% > DFR h

72



AMEAWFNT 268 F3SHSARELBNYS5 I

V¥
3
Bt
i
s
&
|l
»
%

EAEHAR IS ZE T R R M B AFI IR TEL BRHT

—l\
?&}

FHZEMmEEs £

T
TIJ

A

‘Eﬂl‘

kis

NOEC AT AR A ,;ﬁd Yang % % (2003) #= 7 %
YsVEISCTHEEH S 2L R 2 A% - @ Flavonoid 3°,5-hydroxylase
(F3'5°H) * i¢ Dihydroflavonols 2 # 3’,5’-Hydroxylation » & 2 =& - ¥ ¢ & =+
2w SRge oA VA BEH (TZ2) " A FIZRE A& H
A0 B2 o

¥ £
PR AFET

FEIEFL I NP AF LB AATLARE ST BT ZEN NP0 H
FHAEAL TR SHPA AR BRI CHIREEZAFE IR AR
BHES P 5 e o R enidla AP 2 MR Z A irk LR 7 %

3R enihd o @R P B A - H A -

73



7"552#71??}#9 LA s YR E ded] g R g It ﬁq-,r. M2 JE S5 A
FAR A AR AR R f R A PR e AT B R
Bor o AR LA M2 BE SR 7 B A% 14.5—46.8 mg GAE/g of wood 4 s AR 4

R AT AR S R AT ER R e A W AP LA 2 R AR
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BARBE M s Haphl ey 2 0784 EF Z 24 RB AP EH T EZRIA
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