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1 & B

RO, BRIUCBEMI7ROCE, A—EEOLFMcETY, F0&
B, BhihoERREDLhE, ThboERYER, Ry OBERNC KT 5 %8
M ESEFCERTH2EIRE V., RO - DM EIZHERS OBR - B HEEL
RBOLON, EROUHPCIIRERNBERILEETHIELEL, ZO X3RRI POHRS &
WhRBFHUTH D, X, HEREARBETIIARTENCETH IV ELVENEZRYRT, &
ROERBRB BT, MHRSOBBANCOBIAMBROESELSLLBLETHS, 7
FHEI A VRELSEPRCABEhARSD 1oTH Y, FOBBRTOHMHEEROEET
HHEREQ O ERCRERD D EELDN, ThbOBEIROLHVREB#EO IS H
FhLOEELDBLDOEHEEIRS,

#7543 (Cercidiphyllum japonicum SIEB. et ZUcc.) BELHEZETAEED 1 5TH
5, TOMOEBEMBERSE75HE/AFTHY, ChEToAM LD 3ED flavonol
glycosides ({t&# IX, X, XI) R, —7, L# X b 3D flavanonols (k&% I, 1L III), 14
o flavanone ({b&# VII), X0 34D flavonols k&% IV, V, VI) RE « BEI LD,
AT R I hic glycosides UM IIZFRA EBIE IR, Z 0RO
I b D flavonoids DILFEERATHh E R RET 5,

AL RO H Y 5D flavonoids DEEFF TOL MR LOBBE(LEKRE L, OF
b & Rl DLENEOBEEER Y ERTHLOTH 5,
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2.1 B ®

FERRCA NI HIHRD CARLCLOTHS, 7 5 (B 125 4F, BEE 47 cm,
Bi# 245m) OB EF73m (AFEE355cm) XhE, F5cm B 2KROPREER LY, =
D 1BDOMARDOANE% bisdiazotized benzidine (BDB) TAE LEFERBEYHE L1, Db
RERAR, Ao tERaeERL
oo LirL, FEBEODMEAL (S i2HRE

PFRAEREBLEVREBTE -7, COKE { \ |
T, oFREBRBSML L DL { ° i

discolored zone with bisdiazotized benzidine ‘

AHACRIC AEF S S SS9, 0 o5 lum w0 |
ith) 1 t—+——————+——————
V‘]'@Z_“ﬁﬁ?\- 4 %Ef (Hl’ Hz’ HS’ plth) k'ﬁ sap wood heart wood I sapI wood

g, ARALEFRORRE L (Fig. 1),
BERERB D=5/ —LHHY (S,: 1.8%,
Si: 1.0%, S;: 23%, St 28%, H,: 4.8%, H,: 4.6%, H;: 3.8%, pith: 44%) %81, &
BB ERRSOEKE - EROEDHAZ v~ 757 (GO ORME Lz,
2.2 yavbrs57
2.2.1 @7e—=t 2357 (TLC)

Hi#Y Rk, TLC i kieselgel (nach Stahl) TfEBL, BBEZEK L LT toluene: ethyl-
formate : formic acid=5:4:1 % f\ iz, BAFIZ UV ¥, diazotized sulfanilic acid (DSA),
BDB, FeCl; 3 X O 50% H,SO, % A\ 1z,

2.22 ¥RA272u<t 757 (GC)

Glycosides % OV-1 (1%) {100°~300°C (2.5°C/min, FID, Inj. temp. 330°C, N, 35 m#/
min, 1 m (stainless steel): GC-I], flavanones ¥ X O* flavanonols i3 OV-1 (1%) [180°C
(isotherm.), FID, Inj. temp. 330°C, N, 65 m#/min, 1 m (stainless steel): GC-II], flavonols
1% OV-17 (1%) [100°~300°C (4°C/min), FID, Inj. temp. 320°C, N, 50 mé/min, 1m (glass):
GC-1II] DEZEMEB LXTEETRHE L, Z7r <} /5 A0RABREEREODEETH, %
B AN OERIFERORER LB LER L,

23 0 0 {t

AB s XOEE I—XIV) O & 2~3mg % ¥ V) A{t# (pyridine : hexamethyldisilazane :
trimethylchlorosilane=10:2:1) 0.5 mé &M L, 70°C -C 30 min MNBKIG X 10, K,
BREHETHEEL, £RPI 20 pf DMK pyridine Nz, 4 LB TAEROIME Bx
10*rpm, 5min) L, £0 LBE%Y GC ORI & Liz,

Fig. 1. Sampling mode.
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3. BRHEIUEER

7Y IHMARDED BDB e X 5 EERABROKER, LHIHEBERL, IMTREAORNLD
BB LELRIGE R L Fig. 1), DHEWAHIBRERZEL, —7F, BRECHE
BTAUHIREEYETHL, XRHBALRAERRIR., ZOHZ 110ORE -DSA,
FeCl- R X »THBEIIhSY, THATIDOIIRERBRIEZTRTOREA~CEHEIhS
RACFASHDERDODHELTRT S, SOLKBEUORZIFAC 1EMKE LA MAKRET
bEEIh, EARABRCHVEY Y SHPAROEREYEMCL, RAETEYRMLT
1EMPNCKB T2 L, 2L LTHRAEL, DHKRERZELCTH3H, A0 —8IzE
L{EF LK (Photo 1), TOEF L5t BDB X W BHREXE LS & 3E—%T
b, ThIIFATCORBEREL, BIBILELZTHRIHBLM O Z OFMLCFET 2HETR
T35,

TLC X % 8 OBBEORBE, IHIIBECHE I T3 3D flavonol gly-
cosides : populnin IXY, tumbletin-3-O-glucoside XV, trifolin XI?» o ffi, #F7-iz flavanonol
@ katsuranin I, flavonol ® kaempferol IV 8 X' gallic acid XIV oL R Lk, —F4,
LRz A flavonoid aglycones™® MREER 4 TH 5, flavanonols @ 1, taxifolin II,
ampeloptin III, flavonols ® IV, quercetin V, myricetin VI O ffi, #&® flavanone ®
naringenin VII R Ihic, Xl b bM R gallic acid $#iR X hiz, narin-
genin VII 3 @dCHEBETHH GC D7 =t 77 2 LTCHBANTIO0XBEETH -0, gly-
cosides (LM OFHBHIR D TH B, LM TE TLC ETH, BroL@Zbbh, 3&E04{L
% 1X, X, XI 0#fI 019% TH b, H, DL aglycone D 3.35% W HARBDTA
(Table 1), = glycosides DL S; & Hy ORRFAHMOBI, AHPEA L D,
Rix K1 glycosides 23 7Y 2 ¥ FALERT R H M FE - 7o b O TETROBELH 1T
WiRE T &R\,

flavonoids DEEDO AW 14 BoER (—XIV) o, k&4 VIII, XII 3 X OF XIII
2 TLC kT GC 7 v~ /5 A L CHRRI N o7, X3HED glycosides IX, X 3
YOV XI @ Rt (retention time) B DERELTED, TDZ7e~<brIabkovr—-r%4
U glycosides & LTH -7z, GC R XBERFORER%E Table 1 i, XE&FMEHYU DD
B DEEY Fig. 21c, IHLICEEHHTOERSS OO MREY Fig. 3 ©rT,

SHEHORRNLEF RS 55 MIMRBBEDIN X vl - LHERCAVD S
ML, FOBRNMOLH H) CELL M LUERcEVER LT, o
FLH 7= YEBRAEEFACHT 2 H R L O flavonoids O B L BHT L {—&T
59, S, kBB gallic acid X ¥ 28 v 13%, % aglycones 131ffihvic 1%, glycosides
5% THBHA, BED S, WTIXE x 13%. 26%, 8% & aglycone DRMIrHME R L
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BEBAC ST 2 MBI G 05 L #R (ES)

RIZOH, R2:R3:R4:H
R1:R3:OH, R2:R4:H
leRgiR4:OH, Rg’:H
R1:R23R3:R4:H

R =O-rhamnoglucosyl,

katsuranin
taxifolin

ampeloptin
naringenin

Ry;=R3=R4=H naringin
Ry
R, Ry
Rg
R1=COOH, R25R3:R4 gallic acid
=0H
R;=-CH=CH-COOH, 4~(H)-cinna-
R;=R;=H mic acid

Ry=tritium (*H)
R;=-CH,-CHNH,-COOH
Re=R;=R,=H

R, =-CH,-CHNH,-COOH,
R,=R;=0H, R,=H

phenylalanin

dopa

VI

IX.

XII.

XIIIL

Photo 1.

RL:R2=R3:R4=R5=H
R11R23R3:R5:H,
R,=O0H

Ri=R;=R3=H,
R4:R5:OH
R1:R3:R4:R5:H,
Re=glucosyl
R;=glucosyl, R;=R4=Rjs
=H, R3=0Me

R; =R =galactosyl, Ry=
R3: R4:R5: H,
R;=rhamnosyl, R;=R3=
R5: H, R4: OH
R;=rhamnoglucosyl,
R2:R3:R5:H, R4=OH

385

Weathered cross-
section of katsura wood.
H: heartwood
S: sapwood

kaempferol

quercetin
myricetin

populnin
(KE-1)
3-0-glucosyl-
tumbletin
(KE-2)
trifolin
(KE-12)
quercitrin

rutin
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Table 1. Distribution and accumulation

Zt;z?;g% glycosides a glt}?éslles gallic acid
a b c a+bdc

Sapwood Se 1.8 0.09 0.02 - 0.24 0.35
S; 1.0 0.08 0.26 0.18 0.52

S, 2.3 0.14 0.70 0.48 1.32

Ss 2.8 0.27 1.00 0.59 1.86

Heartwood H; 4.8 0.19 3.35 0.62 4.11
H, 4.6 0.00 3.06 0.62 3.68

H; 3.8 0.00 2.62 0.74 3.36

pith 4.4 0.00 3.04 0.43 3.47

* Percentage on a wood basis.

100 ~
(%)
U
Ga
Z
% A
(3]
50
Gl

So S; S, S; H Hy Hy pith

A': total aglycones, Ga: gallic acid, Gl: glycosides
U': unidentified

Pig. 2. Components in ethanol extracts from each fraction.
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of extractives in katsura wood (%)*
flavanonols flavonols
katsuranin taxifolin ampeloptin kaempferol quercetin myricetin
1 I i I+04+1 v v Vi V+V+VI
0.01 0.00 0.00 0.01 0.01 0.00 0.00 0.01
0.15 0.00 0.00 0.15 0.11 0.00 0.00 0.11
0.34 0.00 0.00 0.34 0.36 0.00 0.00 0.36
0.62 0.00 0.00 0.62 0.38 0.00 0.00 0.38
0.42 0.26 1.62 2.30 0.17 0.17 0.48 1.04
0.23 0.33 1.52 2.03 0.12 0.12 0.46 0.98
0.15 0.32 1.17 1.64 0.07 0.07 0.52 0.95
0.12 0.52 1.31 1.95 0.02 0.02 0.53 1.09
5.0
(%)
ethanol extract
4.0 -1
=
LY
=
S
] total aglycones
3.0
2.0 —

1.0

gallic acid

glycosides

T l
5, 54 S, S3 H

2 H3 pith

Fig. 3. Distribution of extractives in katsura wood.
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(Fig. 2), X Hi#s 0 RFAERD L S #T80%, S #8T48% X i 5, gallic acid D E\E
DLAZhLRARECHTHEV-BEHORS (B
bKRAER OHECI D FEALEVEELTRLALLOLEEXhS, #- T4 aglycones
DEWS, BT S, WERARVBALICEELDhD, ZOBIHFRAEBIVEERA 4 vk
R L BEREOBRLYEERBR LTS, TORRAERIL Sy, S, Sy S; HETE ~ 807,
48%, 42%, 33% LWL LT, —F, H, H, H, pith £3Tix 13%, 19%, 11%, 21% &
DI D —ELTWIRG, L LM » b LM A~BITT 5, 20% BB T2, 20X 5%k
S HE S MLEOMTLHEINS, CORAEROEHNEERS DILFNE/LcBIED

EAEBAA v EORBRHIZBEIRDD,

BHLDOLHEEIN, (S HBrLH B TCRABHONLIOBPIOH A D ZHED
4.0
(%)
total aglycones
3.0
£
total flavanonols
2.0+
ampeloptin ]
1.0
gallic acid
katsuranin T

HBERFREERBHARRE FUE F1T

T T T 1 1 !
Sy 54 82 S3 H1 H, H3 pith

Fig. 4. Distribution of flavanonols in katsura wood.
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flavonoids DB L B BAREH B L HER I I B,

HKRHEETO aglycones O iz HE ABOERAYRT, gallic acid 1% 0.18%~
0.74% DEE TH « — RO LILDO/LE B & IR - ¥R~ T (Fig. 4), —7, glycosides
BRI VD, B REEh, LHARTRRAEHEEAT S, Zhilo#ikic
VB 7Y 2 v VbkE CRBWEFRET 5, AHFD aglycones i2 flavanonol o katsuranin
I 3 X T* flavonol @ kaempferol IV 0AR X DR Y, HLEHOKBRERRIIL{FA—TH
D, BB OBILBRETSH S, WHHD glycosides | aglycones kampferol IV @ 7-O-
glucoside IX, 3 -O-galactoside XI, 3-O-glucosyltumbletin BFEBRH>THbH, Thb gly-
cosides & aglycones I, IV L DM AN TORFIL, AHAL»LHEEBOAM S, M\ T
5, Bk, 7V =2y ML 7Y = v M fThbh T 2F 21T (Figs. 4,5, ARHE
DEAERIET Fe** AE I HBEFROEFCRY 3—RHHT 5 gallic acid RFRT 52, &
bl gallic acid & A CABMERBRO I #ELF T % ampeloptin IIT A ERICHFFE
THD, TOHERYDRTIVBIEERTS,

Y SHDEF flavonoids TR LB HMM LTI LM AT IEKT S flavanonols DEETH

b, taxifolin II % X 7% ampeloptin III DB TH % (Fig. 4), ¥ EH Mk} 54 flavano-
nols D43 Mk HH M4 aglycones D XN EFAKETH 5, {LEW 11X S, MT0.01%, Ss T
BED 0.62% wZ Lictk, H, T 042%, pith M 0.12% & w435, UM AD flavanonol
X katsuranin I O&LCH B8, DR TILI oM, (LEHIL IR AHE T %, taxifolin
I OMA TR mT 5 EA%ZR T, L L, ampeloptin i3 & < i Hy Fic BV TEWE
R, 1.62% KETH, COWMUKBTALEH I O AFE, 1L ©6f7FCEETS (Table
1, Fig. 4, =hd 3#@o{at 1, 11, III ¥ flavanonol MESE L, &4« BBREOKBEE
BERCL, UM L HOMA~EBIT T2, MFELELZIFHLRT, taxifolin II I
ampeloptin III D3RI katsuranin I 0LV IER KBEBER Y ZT TETH L HE
Ehad, TUSADAHHROLHBROBIC IT 35 X0 1L ORBRGTH 50X EHROERD
ZBEHERLE G, 1Y FTHRIES DT RGO 1 2TH B, ILikH Y 50 & %
BOT R EERD-TH 5,

ampeloptin III © B ﬁoﬂiﬁﬁﬁﬁﬁﬁﬂﬁﬁm { FHT 5 gallic acid DKBEER LM
—ThHB, Linl, Zo gallic acid 25E$, ampeloptin 11T OB IR T Ni-FEE T
7e\~, GRISEBACH et al. 1% pea (Pisum sativum) @ seedling & C, &z X h iz dihylrokae-
mpferol (=katsuranin I) ® kaempferol IV ¥ X O' quercetin V ~OAAXZ B L, 11X
flavonols ORIBREIC A AFE Y R LAY, X, B UEHPH T p-*H-cinnamic acid [3-“C] XV
# v, Zo{ba% b X kampferol IV 36 X I8 quercetin V DR WHTBREATH 5 HLX L BE L
T 59, cinnamate ¥5i3 flavonoids @ B Bo 2 BT 2EELTIRMETH %, flavanoids
B Bz i} 5 K ERE E ML GUROFF et al.” 3 phenylalanin XVI #:& dopa XVII ~D & BY
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EpKBEEA B LTEME L “NIH-Shift” ©k v ETF530EELZLATVWE, D
ABEE A BT% “NIH-Shift” X8R GRISEBACH et al® Offfi, ZENk et al. & X 5%
buckwheat (Fagopyrum esculentum) O % A\’ 4-*H-cinnamic acid (U-*C) (=1X) ®
rutin XIIT "OBMRA AL L > THEHA IR THED, » Y 5HLIEFLABRS taxifolin II
¥ XU ampeloptin III {3 katsuranin I #8518 & s L TKBEBANTLh SO LHEEEH
%, Xzhb flavanonols @ flavonols ~DEMLIXATR D EMRERO KR b O KBREERHIT
bhicBieiEsEExbh5, ODHOLEYH I Lt VI e T2 EEROBVWEAIC
hoDoBbLORAL —BTHLOTH S,

4.0-]
S
total aglycones
3.0
=
Q
E
total flavanonols
2.0
toatl flavonols
1.0
N 01: -

T 1 T T
S S; Sp S4 Hy Hy Hy ;i

1: katsuranin, IV: kaempferol, V: quercetin, VI: myricetin
Pig. 5. Distribution of flavonols in katsura wood.
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% v F #eho flavonols D4y #i% Fig. 5 wr$, —i#&ic flavonoids @ aglycones (T # X
hOLMICEZCEE IhDR, UMK glycosides RNEWEIG THEET 5, HEREHEDH
S, A Tt flavoniods ¥ X TF gallic acid © 7 = / —VELABEREH IR TN 5B, glycosides
12.0.09% &F X h, Ao flavanonol ¥ X U flavonol (34 « 0.01% & &\, A RBHIR
glycosides @ aglycone i3 kamepferol IV 33 X O 8-methoxy kaempferol (=tumbletin : X ®
aglycone) TH D, IVR S, MiebHFEL, FOAFRIXI LA UTHS (Table 1), flavonol
12 flavanonol LRI H HHOMAE ML, H BT LMY CELDE-RCHEBTS
(Table 1, Fig. 5), L L, O# AT kaempferol IV 2B V-4 LOM A D katsuranin
1 D%EB s —FHT5, katsuranin 1 13THAT0.0L% 5 0.62% L AL L0 T 042%
5 0.12% L#E&T 5, —F, kampferol iX7#H T 0.01% 75 0.38% LILLHKNT 0.17% 2256
0.02% @A L, \Fhd katsuranin I A% kaempferol IV H~REWER R LIz, Zhik
flavanonol—flavonol DE{LEREYRTIDOEELBR S, Bl X SOt glyco-
sides DKL LMD glycosides DPL 7Y =2~ ML X B D EEL DR DA, ZOLFE
b\ BT B0, LD kaempferol FEHLRBWEEXRTETHS. LrLBLIL
BRI, £To0M o flavonols i2OMALICHE 5 glycosides D 7V = v F{LIKFF L
THET D LHE LEY,

R H v FHEAROLHRIF 0% TH H, 1 VEVIHEEZELT5, ZOTHA
o E AR flavonoid 11 flavanonol @ katsuraninI G b, D\ TELE D kaempferol
B LOFD glycosides TH 5, (LB 7 D BE I T 5L flavonoids DS
Bt ¥ flavanonol %4 Uo\WCEME, XH 7Y 2 v FEBEFT LTWwAB EHEESIRD, S
Iy S FEBFTAHE, flavanonol 8 kO flavonol OBEZE /NI, ZOBPITONTR
DGR ESRNTbhcEE R g TS, Lrl, ThboBcksts glycosides iXidiF
RBEHFEL aglycones DELLIZHEMTH D, &I S HIXRARC X B HEHHEHAN
BHBABET S EELORABRHNOBLTH Y, ERERSOFEENHEEZND, 5T S
ekl B B HE\EIE D glycosides (0.09% : £ aglycones 0.02%) (1 —BIXHKEHEI D
i\, S, TO glycosides 13 0.14% #R L, HHTO 7Y =¥ FLdik URBFLRE T
%, AR flavonoids DBIIMO AL, glycosides DFE, T O D 7 4 = — A FhHH
M4 b S, T 5%, S;ITH 10% o BE R\, —F, aglycones i3 S, T 1%,
S, T 26%, S;T36% LELV, Lil, AR BHEE flavonoids 12 S #A5H S,
MCEDHETELA—TH 5D, LEHBRRESOBME S; o b Hy BeBTT56 &, il
B, aglycones BERX X UBMECE LLETS, L eHERRRRIABREBRORIL TS
b, ThidEERMED “NIH-Shift” KBEBRIATHOATWHEHMShD, LI OHER
¢, flavanonol—hydroxylated flavanonol & &1z flavonol ~O LD LFERHEERITH
nicEE2 R % T5,
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4. # L]

MEREQ CLHERBEROB AN, T - Lo flavonoids DEBITKRF Lic, B
B O AUH S P B S flavonoids S H L, HEROLEHFEVBECRS T
flavonoids % & &R TAELRTH, TORIEDTHR\Vv. —F, LHIZEED flavonoids
DEEL, TORLH\, TH S, LOH H, BALY - OHERCHHHE, €77V =y
BoMmis XO'S @D flavonoids O HBEXAZ D LR, LHLD L 20HKBEER LI, Z0F
O LI 5 (LFBRP Z OBER B CEECTDOh TV 2FELTERT 5,

—7, HRAHBEAN So B VHCES X TRE-RCIHT S gallic acid 1L OHHHK
ECH e ABERETHIIRAMBROEROLACHIATIHERITE oo, LEORED
120ThH5, b, ThboMmHRTORKIIMRENIHMEBEOVWThesWTET S R
REOLERD B,

W O AWEETORCYD, To—RBRBLKBHIINEF¥ELEARAK B
BEATERNE, AFBEFERER), B EFK B, ZFEREHAS) cXs40THD,
BELETHRETHS, ABOBRBCE LT, tEEAFEETHBEIERO KA,
X, —#8o GC BB LT, tEERFERETREFERERBEOHFREC IS 0T
B TCHELRTHRETH B, SHLLEAWRO—BRIXBENEARBAPST L - T
fibhizbDTH 5, ’

X [ 3
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Summary

Distribution and accumulation of the extractives in katsura Cercidiphyllum japonicum
wood have been investigated by chromatographies to know the chemical behavior of wood
extractives associated with the heartwood formation.

Eight sections from the sapwood (Ss) neighbouring cambium to pith in cross-section of
katsura wood (Fig. 1) were extracted with 95% ethyl alcohol, and the extracts obtained were
analyzed by chromatographies (TLC and GC). The extracts slowly increased from the S, to
the S,, sap-heartwood boundary, and then abruptly increased at the heartwood (H,) adjacent
to S, (Fig. 3).

Flavonoids were major component of wood constituents in katsura wood. The sapwood
contained a flavanonol katsuranin I, a flavonol kaempferol IV and its glycosides, and gallic acid.
On the other hand, the heartwood yielded three flavanonols (I, taxifolin II and ampeloptin
III), three flavonols (IV, quercetin V and myricetin VI) and gallic acid (Table 1, Figs. 4 and 5).
Glycosides, which were characteristic consitituents of the sapwood, almost disappeared in the
heartwood. On the other hand, katsuranin I, kaempferol IV and gallic acid widely distributed
in the whole sample. The amounts of the two formers showed their maximum values at S,
then slightly decreased toward pith. The later existed approximately constant in the heartwood.

In particular, the existence of ampeloptin III in the heartwood has been worthy of remark
among the chemical changes of wood constituents associated with the heartword formation.
The amount of this compound was about 48% of the total aglycones and about 34% of the
alcohol extract, and also was 1.62% on a wood basis (Table 1 and Fig. 4). Consequently,
ampeloptin III in katsura wood could be characterized as a taxonomic marker.

Katsuranin I, which existed generally in katsura wood, may be a precursor of ampeloptin
III. Therefore, it should be emphasized that hydroxylation on B-ring of ampeloptin III takes
place in situ at H,. The existence of this compound III with that of taxifolin II, quercetin
V and myricetin VI in the heartwood suggest that the chemical conversion of the wood
extractives could be closely associated with the heartwood formation.



