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SUMMARY

I . Subject

Studies on the development of high functional drugs and wood—-based

materials using korean ash (Fraxinus rhynchophylla)

II. Purpose and Importance of the Research

The bark of korean ash(Fraxinus rhynchophylla) has been used as a valuable
pharmaceutical material to cure some diseases such as fever, diarrhea and
dysentery etc., and its wood also has been used as a useful material to
manufacture sporting goods, agricultural tools and automohile goods because of the
good mechanical properties such as toughness on bending stress and absorbed
energy in impact bending.

However, its utilization study has never been done yet although the ash tree is
widely distributed in domestic forest.
This research was carried out to evaluate the potentials that can utilize korean

ash to manufacture some functional medicinal drugs or wood-hased materials.

M. Contents and Scope of the Research

This study includes two kinds of research subjects.



One is the chemical utilization of korean ash which consists of the isolation and
characterization of its bark extractives using some spectroscopic analyses such as
NMR and MS, some biological activity tests such as antioxidation or antibacterial,
antibiotic and anticancer effects to confirm the functionality of the extractives, and
finally manufacturing some medicinal drugs using functional materials of the
extractives.

Another is the mechanical application which consists of the investigation of
anatomical, mechanical and physical propertics of the ash wood, modification of the
wood using alkali or polyethyleneglycol(PEG) ftreatment to develop functional
wood-hased materials, and finally manufacturing some functional wood-based

materials using the modified wood.

IV. Results and Suggestion

1. Studies on the development of high functional drugs using

korean ash(Fraxinus rhynchophylla)

A. Isolation and characterization of bark extractives

The bark of Fraxinus rhynchophylla, Fraxinus sieboldiana and Fraxinus
mandshurica were collected, extracted and frecze dried to get some crude powder.
A portion of the powder was chromatographed on a Sephadex LLH-20 and a TSK
40F column using aqueous methanol, ethanol or ethanol-hexane mixture as eluents.

NMR and MS analyses including TIC were performed to characterized the



1solated compounds.

The bark extractives contained abundant coumarin derivatives in addition to a
small quantity of ester compounds. The bark of F. rhynchophylla and F.
sieboldiana contained abundant coumarin compounds such as aesculetin, aesculin
and fraxetin, and a small amount of ester compounds such as ligstroside and
oleuropein. However, the bark of F. mandshurica contained only a small quantity

of isoligstroside and ester compounds.

B. Biological activity test

(D Antifungal and antibacterial tests using the bark extractives of korean ash
indicated low activities and these facts suggest that the extractives may have a

little potential to utilize manufacturing any antimicrobial reagents.

@ Genotoxicity test including Ames and micronucleus tests on the crude
extractives and aesculetin did not indicate genotoxicitic effect, and this mecans that
the extractives of korean ash are harmless for people and can be utilized to

manufacture any functional drugs or foods.
@ However, anticancer test in vitroMTT assay) on some samples such as
crude extractives, aesculetin, aesculin and fraxetin indicated no cytocidal effect and

this suggests the korean ash extractives has no anticancer activity.

@ Antioxidative test on hexane, CHaCly, EtOAc and HxO {ractions of the korean

ash extractives indicated that EtOAc fraction showed the highest antioxidative

...10.=



activity. Furthermore, aesculetin which was isolated from EtOAc fraction indicated
higher antioxidative activity compared to e« -tocopherol, a commercial antioxidant.
This fact suggests that the korean ash extractives, especially aesculetin, can be
applied to manufacture an antioxidant substitute for commercial one such as o
-tocopherol.

Also the study on the effect of aesculetin on the development of cow(Hanwoo)
IVM/IVF embryos indicated that antioxidant group as CRlaa medium containing
aesculetin and taurine was higher developmental rates than control. This suggests
that both aesculetin and taurine plus growth factor have a positive effect on the

development of the embryos.
C. Manufacturing antioxidants

Two kinds of natural antioxidants, granule and tablet types, were manufactured
using some aesculetin powder purified from the korean ash extractives. The recipe
of the granule type antioxidant was aesculetin 30g, Avicel 101 45g, lactose 105g,

starch 70g, PVP 15g and aqueous ethanol 150m¢, and the recipe of the tablet was

aesculetin 100mg, Avicel 102 191mg, magnesium stearate 7mg and Cab-0O-Sil 2mg.

2. Studies on the development of high functional wood-based

materials using korean ash (Fraxinus rhynchophylila)

A. Anatomical characteristics of ash species

Anatomical characteristics of F. rhynchophylla, F. mandshurica and F.

- 11 -



sieboldiana were investigated using an optical microscopy and an image analysis.
Some characteristics such as boundary of annual rings, shape and size of vessel
elements, arrangement of axial parenchyma cells in cross section, and cell
volumetric composition indicated significant differences among the sample species.
In the radial variation of cell elements, fiber length and vessel size were
increased from pith to about 10 to 15 annual rings, then reached almost constant
size. The result of this study can be used for identification of wood and indices of

wood quality in Fraxinus species.

B. Physical and mechanical properties of ash species

Physical and mechanical properties of ash species were examined by Korcan
Standard Testing Methods(KS I 2206, 2208, 2209, 2211). Green moisture content of
F. rhynchophylla and F. sieboldiana was almost similar value between sapwood
and heartwood. However, heartwood of F. mandshurica showed little higher
moisture content than sapwood. Green and oven-dry density of F. mandshurica
were lower than those of F. rhynchophylla and F. sieboldiana. Swelling and
shrinkage of sapwood in F. sieboldiana indicated some higher value than those of
F. rhynchophylla. Longitudinal compressive strength and MOE in F. sieboldiana
were lower than those of the other species. Shearing strength in radial section
was higher than that of tangential section of all tested samples. It could be noted
that shearing strength of F. sieboldiana demonstrated higher value than that of
the other species. In bending properties, the woods of all species indicated high
quality for end use. Impact bending absorbed energy between F. rhynchophylla and

F. mandshurica did not indicated any significant difference.

_12..



C. High functional wood- based material 1

— properties of alkali-treated wood -

As a basic study for high value-added utilization of ash species, the
characteristics of alkali-treated wood of F. rhynchophylla were investigated on the
different several concentration of alkali solution. Density of alkali-treated woods
was highly increased in proportion to alkali concentration. Woods samples were
swelled in their dimensions during alkali swelling, then thereafter they were highly
shrank during water washing and air drying. The air dried wood samples after
alkali treatment indicated almost isotropic shrinkage in tangential and radial
directions. X-ray diffraction analysis revealed that the crystal structure of wood

cellulose during alkali swelling did not change.

D. High functional wood-based material Il

- properties of PEG-treated wood —

This study was carried out to investigate the dimensional stability of ash
species by PEG(molecular weight 1000, 2000, 4000) treatment. Mass percentage of
PEG solution were 10, 20 and 30%, and PEG treatment of woods was performed
at room temperature, 50C and 70°C. The obtained results can be summarized as
follows;

@ Shrinkage of F. rhynchophylla wood was decreased in inverse proportion to
the concentration of PEG. Dimensional change was highly decreased in 30%
concentration of PEG(molecular weight 1000, 2000, 4000) solution

@ Weight gain of PEG-treated wood was increased in proportion to the

- 13 -



concentration of PEG.

@ Bulking effect of PEG-treated wood was increased due to the concentration
increase. However, it was decreased in inverse proportion to the molecular weight
increase.

@ Bending strength of sapwood and heartwood of PEG-treated woods showed
lower value than that of untreated wood.

® Absorbed energy in impact bending of PEG-treated was higher than that of

untreated wood.

_14_
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e HE H7HA 9 A, o]fo] AFE Aot

olelgh Aol H|Fo] & w), $uet 53 Fdx A wol £XsH v &
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A 2 AT e ol HF AYFAAA vlmF FHE FAHZFE Hola gl
oy 59 S0k I YA & EFUUT-E dAse 1 FEHFTo2REH
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A& ol&ste LuEddyE 2FE8T, AFEEFTY F8 FEHELE ARHA QY ¥
2H A olfo] Asatd Wl 274AR FaHA AFHAOY AR
o] AR edole ofHlES Alzd @o] o]&HI Q. HZ FE, AEEF
o A¥z HFol WA UA olg {79 FFLR FHESF AUAY AxTo
i vtR7E A2 g Adel aA FEHI e v, EFIUF ol &AA
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TEE 2Y¥4 st dME Ay ey AFe (a gd 2v 54
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54 BAAEE 7bE, A B FAA AF7 BUSA 8783 Yok
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1. ALARFHA: EFAFFE o] &8 1754 oA AW

EFYUT 98 ez FE2E8S Bysta g¥ES dysld 7%
3 SYsFE dsky A, FEEA, FA5E 2 Fdas 59 A
HE8Y AAE FToko] 71w OA R AZAF T HxA AEE REE U

2. A2AH-FAA: EFIHUYF-E o] 1A EAAS A

T W% BANARE ALsr) Askel Aoy aAE 08T A2
Ie F& Fstd BFATe] UREE ¥ DUR HAE Axdn Fuel
HE ZAs A+UsE A7) Astol obAEs A¥ R PEGATE A
FAAR BAE AxHT YR SA0 A A5ARS A JAT F

olg& ol8sle] oFTHIE, A7l T AFE ALsanA gl

F o8 AFALRE AT R WS
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BA, F2E 49, BIFE
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=
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27 d & okelEy 2 g | FEET T AHBAH AA4
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of oy eeddE 23287, AFET € 29879 Az o)&Hx vk
Ay $-8 YAz o] £F3& o8 LT SFaAY Add #d Aok A
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@ o B¥3E EFdUfe $Xds vt
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FA wet AZBAF Fa0b FA FA%E dou FH AFAAAN QW
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2 A9 BUAEE o847 UF, 1A nEAT U AT, AL R ARyl 7
neE AA ArhAS A, o) go] AFe ARolth

oleld Agel wFel ¥ w, $¢ e &8 FUAE Aol Bo) PEsn o
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NP B $EALS A5HD IF 559 FEPLS Pl JaHe B
N3 RS NS Ry % Es A0 gsted Aa Fiy o)
oA s 4re Bosd ol AVSA kA AW $48E v
Basa NFE HAZ YA,

Wehd B ATFNME olg FAF AU FoIA MwH FHE FHLL wolx Y
o BWF §57) uEe] X %o BFAURE Mgsle 0 2FHRo Y
88 BAL sl AABA dAle Azl ol gsm BAESE WEAHo] Hl$
358 B4 54 olgatel N5y BAARE AEHuA B
Fougol hEd BFARe $ui 044 it Se] 04 W) o] M
A5 me yBold Begr FEMY £38 ALz Y95 E- AgFRE
wel e gk BPlAE A9Sn Fesm gAde Ax we 2w 540 glo
a4, $9, A9, 44, od, A9, FArEN wo W, 24, o4 sy 3
53 ofolBe Ayl HaFOE AGHJRT HH HAARY YRIE o] §H

ok Sl EAEel ot EFHYUE7) aesculin, aesculitin, oleanolic acid,

&

quercetin R 2 MBAE FRAL Q& ol LA ol olE HEEo] oy A
424 AHE Yehla e Aoz BAHY ofA A/ ATt o] F oK
e dAolt wmEA oE FEARY AAHL AFE Foio JHanE FAg
o AEE 08T AT A AxE vlS HeAel E Rez A74w
=3

EFYUTHRA St 2T AAAN LR 304 600 Fo] E¥ats lon £
et e EFduFe EiuF 2 HEFUUTIL F83 SFolth aFdN B
FAUsFE LAARE EA2AM] SEROE AFE F7|F T HAL&5HE FEA
dog wo] olgHo girh v Ado] i AW WFAHS o] $489
HAoode 2387 T FEFoR @ol o&¥u JrhIAATY, 1994). A =
Feluie] e @A Avgtn Egen 54 fln 29, 549, 99, M4,

l..

32,
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old, Adutdd, ¢4, 74, A9 W, st Asd adrF dvn EHA ATHE
13k, 1994).

<A BaEQl #4717 R A AEE FEHES X 2EHEF
EAGF] 2 de FEAE BHE T A A, MY w¥o] FFH
ofFAiL glvt. FFHUUF-= FupdAle HFES tFes FHaa ol ¢l
g9 #¢ % TR W A7 wel #3HATh McCabe's(1967), Ishikura$
(1982), Nonaka% (1989)% Duboiss(1990)2 EF#HAGFE olyd} o] 714 F7H9

plcs

oi
o

it

A EAN2ZHE  aesculetin Z T H{EAA aesculing Y Rustgch w3
Cussans 5 (1975), Zieglers(1987) 3 Sato%5(1987)2 8-hydroxycoumaring- ¥+ #]&}¢f
Hists 9o Udoving(1987)& 7 8-dihydroxy-6-methoxycoumaring! Fraxetin-g

BEsle] o F+2E FA3s9ct H2o] Damtofts(1992)8 EFy VT 4£F o 2 RE

DA F59 o 2HE g a2 MFAY excelsioside, oleuropein® ligstroside
stEdE S £t 21859 FxE FYstav.

BE FUIME 2BF R FEHY FE2RE BG AT/ Mwd Hoo Alzy
of FRLoAA B ohfe o, opstiol N oFE $EHIA = Aws Gus
A ol n ot ohq7kx AAH AT B ol PN @3 R A
golth, TN FYY BFAURY FE4R BF ATE AN AT

gt B AT F(EEEAFSE, 19970 EFAUTol thies ¥gEel g

rﬁ[_‘

coumarin 2+8E<l aesculetin® 1 WG 3FEQ aesculing E o A g7}
A gAo BaE X e 5-methoxy aesculeting ®lsle] 71 F2E 7ty o) &
A grdsts]e] B8 H(The 3rd Tannin Conference, 1998). ¥3 ¥ Axa %
(852 F8Hs], 1998)2 HF U F£F o2 ester #FEY WA ligstrosidest
oleuropeing ¥##ste] o FXE g wl g},

aHYy ol# g EFUUT FEAES AV FA A 437 e

Zbzbe] Aol Ade geas g AHey a9E B8k @) aesculetin o)



o & deEAd dve SFER Fgolday, A, FdFaH, Fdateelasn, #F
FES R FEREN F& AV glen o ofFd @ dipekem AEH v
(Rowe, 1989). L °o]9]9] EFuUuF FEHE W A8 HAL ofF FJFH
o8 35z @5 ok aY FUdA e o d AT =¥o Hdd flv H44L
2 g B d7x o] EFAUTAAM F2E el g3EC Ug FAsE A
Holl Al aesculetine] Y& FAsAZ AMEHIL e a-tocopherolh v}t §-42% &
A& HAvhe AEAFH F98 Aot

ol2|d Agel H|Fo E o, EFUAUF FEAHALEL 04 WA BEHY 94

2 oAl AxE dq¢ Mol & AER 4Z4dd
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7. EANA s

1008 1149 s £3A 9 Z4dsn Aggols AQste Aol F5
1994 3 3048 BEFAUR ) AdEE Fga vbdd AR AAFSHAN A
e 284 HEFAVE, 80dA EWUYE dAS T FA wysigic 5A 59
TR 4z APl of 233 AT F BAVNE AHRste FEo] gl rE
By 248

Y. f71 8 52

THE 24" BFauy 2% kg, HAEFHUT 59 2&kedt EWUF 57
2kg & 27} 1009 frElgrle ¥ Fol ofAE-E(T3, v/v)o EFLulE o T4
b FolM F HolnE EEl & b vE Hn PN F 34 FE8
o FEE FEES FE A7) HAste 38 BE FESHL FEAE A $F01E
oj-gste] F53ATh

FEAUR, ARFAUTS ST 2ARE Rue 24 F AA%9% 4718
W F5E dAstel 4G,
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1) EFAUY 53

EFAVY oY 5% FEEANL UFe] ARG AAAY AAE &
FELS EYstd JAGU R FA gt B 10g¢ AATh AASFES AL Y

WA FEEL EY92WY) AN FAHoR ZREXEG ALY FRELNERA
RFES AAGAL HA] dLolAElo)BE o] §3te] dEolMHELY F ot
|4 FEez E2Ysifen 47 53} FAAXRNNE o8 xsq £uR UE
A

TAAXH REE Aol FIREIXEEY AFEL 8y, dHotAHIELAY 3
¥EL B0g, 84 FFEL 150g o1

&

2 HEFAE &
AEFUGF £ FEES FE BYAUY) N FZEIES ALl
FEREEEY FABE AARAD A ANLE ol§st] N8N HPLe ¥

33t} o F olHCtMEC]EE o] &3t oEoiMElELNY REA FE&4 FEO
2 FYstslen ddotAEolELY BES FEsE AANA v A4 g
=0 AN HAGHoR 11b5gd AASATE A7 REL FHsn $4A

xate gz AR A,
FAARH RUR dojd FZEXEEAY FFEL 148y, ANEA 592g, oE
LA E Ol ELA HFEL 248y, T84 FFEL 1651g oI

,‘i‘_
ENUF 9 FEEE w39 RYZY) oA EREXES Al E2
Bg=s AANUL FA] AL o] &t FAEA FFES Ry
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t}. ol F oLME | ES o g3tel odotdElo|Egd RN F44 RRoZ B
gttt ¥y HEFAUR A7 AAe Avle SgEe e B
T ARz BEE AR

FAPZE BEE Aoy ERREEFEY FES 906g, INEH 976g, g
oA ol E&A stES 16.7g, 84 T ES 1194g 13t

2}, Zrgl A2 vl ¥ 718} 9] (Column chromatography)

FAGY, AEFAVUY R 2T ENE FEEH0 EuE EFYERVEH @Y
o &% FFES BYsy] fso BPaEvtEafE YA olu ALg
¥ ZE2 A% 3em, 1.5em, lemoli ZolE 60emel ZHES AMgslgon X84
% Sephadex LH-208 Atgstdlon E&rze da& 9 oadS-didEdd
aa Mg #8AE AHgalth =g BYPoRRE "Wolxx £%9L Fraction
collectore ©]8-3te] AMH o2 Alggo] wokr) dejEAde] AL HERo A v
FARvEIYAE o] &3to] FAFgr)

1) EFdUT 9 F5E

Zgazvieadyds ddolAuolEEA S¢E 20gS ) 7Z3em, dol60eme]
YA FYst S8R €L 100%E Al&ste] 1xHQ BYE AA5Y
o 57 HEem REEHAow AP At A4 TR wz RIsigen of
AE-E FEE 5354 AQ AR B Ao ol 3y, 474 R Bi
& MBEZ Ww93sila, %% 27128 %S MBE-1 168z, MBE-2 349,
MBE-3 6.25g, MBE-4 1.8g, MBE-5 0.39gelsivt. #8ld Zhzte] BEe AL3e 74
HazvEagd s s A5 aesculetin(1.3g), fraxetin(400mg), aesculin(20mg) 3}

2 Fubd 9@ oowjgd A 8-S ligstroside(46mg) 2 oleuropein(lg) 3 & o 2~
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He &4 3gES dassn), £ 484
23 ozRE aesculin(70mg)e @3 4+ AU

Bo) Byl 4AEYeH MBW-3

X

2) 4EFIYUY 79 F&8

HEFAUF w39 oot olELA FFE 15gs Felddd F45 &g
FrlzE dEL-86G1, vv)& AHEste 13 288 HAlsdth g2 A TLCE
st 4719 FEoR Fstqirt

% ¥ 547x2%8 %€ FBE-1 4.12g, FBE-2 5.78g, FBE-3 2.37g, FBE-4 04lg
ojAth. HEFH Y dHE IFEL EFUUTAA ded gFEEN F
A /9 FgEo] dydHNed aesculetin® EFHUF Syl gaFro) A
33 B 115g8 d4& 4 AUk Fraxetin(317mg), aesculin(66mg), oleuropein

(178mg)e 42 @@ e sih

.‘1:.'_
VT FIFEES AFHA 22 EFdUE, deFdauies 98 A
& 7HA3 glon dEotAH o EgAgFES] HEo] HE
WA AL For FFH Jlon ZERIFEAAFN AR TFo] FFH

Aok SAL AN o $HMen 2RIzssd 15ge Sd4vE dwg

o}}l
L

ol A

£
=

M
tio
)

(100%)& A}&3%F Sephadex LH-20 ZHo=m HIYE HA&eo DBC-1(11.31g),
DBC-2 (233g)e.& &3}
DBC-13 DBC-2&8 A&$AHox ZAHPazviEddE 483e  ligstroside,

oleuropein 2 isoligstrosideg & 3l
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v}, #F3 3 2wl 2 3 9] (Thin layer cromatography)

{>

29 Sggel £5ua EHRAAY oiE 4F2es 20 e vl ¢
8 ARGl AAAZ F UV ALl N Basts wE Ao =289 (Thin layer
chromatography)& Ab83t9ith. et HAGUS o EA) U FHES oF 7
92 884 o) %g ReE FHAT. o HAH o Fhe Azl sgwuig vz
gabn 1 gEe] nf 542 el 2R @,

w3 A TLC #eo] HA A2Fo SA&WE dAMsta, A dxA2

tio
rlo

o
o

Fol 7tz Fog Y dAASdE Juz wXsA Adste 234 HEFRazeg
ad9E AR S8R E 6% (solvent A)& MIFAEM 2= t-butanol-
2-E@1, solvent B)E AMEuiz ALEEA. UVHZR AASujol AAA
2 TLC ¥-& #Fste] olFd & #Fsgeon wEageeEndu 5183 olF
B o) FEE IS 2.

B

313t E 9] ol E A8 (cm)

8}8} 7 o] F gk (Ry) = ANEu)e ol F AT (em)

o, gE SR FREA

WEAQl YAz IR E e AW GBS FYE Fre 'H-
NMR3# “C-NMR % COSY, HETCOR, DEPT %¢| 2D-NMR ~¥EH & 230
24 dAstdon EI-MS9 FAB-MS #4.& %ate] £4%F& st

NMR &4 AL 7171 ZAdigtia F548 2539 Bruker Avance DPX
400MHz %& olg3ddon BEAEv)lg2= methanol-dy 2 acetone-deE AHE-3FR T}

AFEM7 = ALddsn FE5AFAE5E9 MicromassAt Autospec M3633 71%
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Fapx A Ta MeRs HRNA9 VGI0-VSEQE AHg st

2. AAFPZANH

7. FaEA ¥

1) FA#F

FHBANARL FATLENE EFARIEF  Gliocladium virens, Tyromyces

ok 4z

palustris, Trametis versicolorg, TEWYU Phomopsis albobestita, Endothia
nitschkeii, Melanconis juglandisE, 3% Staphylococcus aureus, Bacillus
subtilis, Streptococcus faecalis, 1%e7% T Escherichia coli, Pseudomonas

aeruginosas Al-43 ¢t}

2) ¥udddA

) FAEFRA

FAoEAAAIP ez E WX HAYPE o] &3Ath F, potato dextrose agardl] %]

o 2R TRV HEE SGFPES TR NE FRuRel v wigEE 4 A

T FAHYUEE A 8me cork borer® wWoluio] HFstA . YL 27T A

277 wekst & AP FAEe] H AL FAsY FAMY Y Al & (hyphal growth

inhibition ratio)Z 784S YeERIATHA 1)
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Ao A (5) | (FAAMABS LA FAT) = UDIAL S ZHRAA) |, g

) FA A

FAd gL GHMA G ke AR AT, FAMAGAY L A agar
1.5%7} &3-5o] & HAE petri dishol #F3le] slEwA& wEs, 11 Yo 2}
AwtE JET 06%] agar WA E Fo] 2% HAE WERT. o)FA Axd
Bl A£4 FE HFES vEES oW 2a(dF  8mE & 37C
A 2041 Wigd F Haa Fd FPHE ASAAB(clear zone)® A& FH

o] S aAe HEs .
. FistgA Alg
1) #8E7F &

A.0.CS. Cd 8-53(1989)° mel 60% linoleic acidg 7|42 AMg3te] AFsHE7}
(peroxide value : POV)E A8t gds@del ANEE At HFAASE/EZAHLS
100me Hlo}A el linoleic acid& 30g¥ ¥ st 40T F&7]e] AAslar 2443 3h
Aoz FAAY. SATHL ved AgEgaad 98 NN P EAE 2
S AEs] Hel ¥a, FREIXE-NERAEFRQS, v/v) 3BE Jhete] 283 EE
o gafigict olojAq HAY HAAVIAE T AA4Eeauge Erg &9

49 1me A g F Aartag

R
]
ok
H
8
B
i
P>
i
1ok
_lﬂi B
=
=
r?‘
>
=4
o
E B

s, FA eAE sle & EEo T3 F AL - dAoA 5EE FA g 5%
BmE 7HEl HEA g EFS ¥, 1% dEE
g AAjeko g ¥il 0.0IN NagS:03§ N oz 2 Asta], Ao 23 o] L4H
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“H

i

FTHOE 3o FATEIHPOV)E AEFATHA 2).

sarstgrt=[ 45 x10

B - (4 2)

A 1 0.0IN Na25203-8-9 A} #(me)

F . 0.0IN Na2S8203&99] factor

B AgaH Hg)

HA3HE 77 80meqg/kg oildl EE@EE Al7HS X571 %Hinduction period) 2.2 &}
MNad PASAHEE vlasta, 3H4ksA 4= (antioxidative index

(4 3).

CADLE YERAY

2) Ferric thiocyanate™

80% OS] 22 FEE AdHFE 251% linoleic acid 2.88ml, 40ml phosphate

buffer(pH 7.0) 9ml®} &3 F 40T A Incubation 3HA AA Aoz Algol 1004
75% o §& 9.7mlol BAIF & 30%

]

ammonium thiocyanate ¢} 10048 7181 3
 §F 20ml FeCl2 / 35% HCl 100u4E 7vsted ZstA Aed & 500nmol A 533
=g FAst dz9 vladid.

FAgH e 2T FHZAM NETY FFE

it

A gk

o
=
N
-+
1o
o
oL
i

U
i

ol WE2Ee Yedrh(H 4)
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a&ﬂ._&g} (%) = (1- AS/AC) S TOO(GE) e s i i s i i (,}_} 4)
As : Absorbance of control treatment

Ac : Absorbance of sample treatment

3) Aesculetin 79 A2F It @9 AYFAAT A RKo) v A= A5}

7h dEde] Asuds AdeA

g e A R AdeAe & T39I Fste] AAEA
7rers) .ok, R&EAOA 5 das AIYE 2w F oulAg dAE AF
ske] TC-199(Sigma)ull F Aol 10%4F9-8 A (Fetal bovine serum ; FBS, Gibco)¥ &
2E(FSH 05ug/m¢, LH 5pg/mé "2 Estradiol lug/mé, Sigma)ol 35-¥ Al <)) ok ol of] A
20~227 %k s FE AAs.
ANFHLE F449% F9% F  Brackett®d Oliphant W% (BO ik, 1975)9)
10mM caffeine(Sigma)e] ¥H+@ Mz &, AL A500 rpm, 108)= 23] Al
4 F AAe gE7t 26%10° AA/mN HES AA FHAL Euse ALl
o) &34t 4 F 6~8A17tel CRiaa(Rosenkrans®t First, 1991)ui g Aoz 2~33]
A F 40~44A 0 FQ A FE HAISt] AakEl 2~8HE7] AAFATE o
TAEE AAY F ATE AP FE&3A

) Ao ge] FakskAl W Mg O s stazzidA e Aeu e
AAFBAZ F 40~44A1 7ol A2 2~8 ALY ALgeAde drEE AA

T E A ATL dewjddel CRiaa Wi EFAUy S22y &3 3
ALst A ¢l aesculetin 0, 1, 5 2 10pg/mé H 73] 5%EE 20% Or 559 5% CO2 ¥

‘ﬂl

E 9 385C ¢ 2AA MM Aol acsculetin®] HAEEE 2AA

il

i, CRiaa "% o] aesculetin lps/ml, taurine 25mMS H7bsted 5% i 20% O
TR 5% COssx UM 5~6U AuFE A F A7t g4kt
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a3bg vl HEIAT =8 FaAskA% growth factor®] FEEAE HES] 93}
o] aesculetin(1ug/mé) ¥ taurine(25mM)ell PDGF 1ng/ml®} EGF 10ng/mi-& % 7}slo
5% 029} 5% COxs X =7 R 385TCA Alugsto] Adad4E& 2ALSe] &
AralAl9F growth factord] HIZEHNE AESFY. EFUUF oA FEFE
aesculetin( 4 aesculetin)¥ &%5& #5387l $18+4, dAdFZF aesculetin¥} Sigma
AR EE FY$ aesculeting 42 lpg/mlE A2Ele 5% 0 559 5% CO%F
Z4M 5~6d4 ALQuge dAsla] F A7 &3 nlu HESaL,
HE7) AT YRS YR I o3l AEFE 2AHC

h AT T NEF ZA}

AYFAddel MES ZAE Papaioannou®t Ebert(1988)2] o|F &3y S 4
ARG FAEAY. AYFEA T EHAE 05% hyaluronidase(Sigma)ol  #) 2]
dtef G171 F, TNBS acid-PBS(1 : 9)¢} 3mg/mé PVPH o} 4TelA 103k
AP F, Anti-DNP-BSA( 100 ulol A 2087t wjekdt 3 Guniea pig
complement-PBS(1 : 3)ol Al 3081t Mestdct. 919 Byel o] we 933l A
g7 Bd FADE 23% citrate® B3} ethanole 3 : 19 HER WHE Lo A
3k oh2-, 10ug/mé Hoehest 33342(Sigma)®t 10pg/ml propidium iodide(Sigma)ol Al 4~5
7 A& X395 mounting & 92 PBS glycerolg 1 @ 18 &3 sl Al&3
H o, slide glass¥ ol 3uf mounting 8% "olrmal A4S vExn ANE A4
& EF F cover glassE YA "UFo2 BAde 4008 B3 & v A sHZiess,
Germany)oll A WA 79} FFulge] AEFE ZAEA T

2h) FAA

B AgdA dojA AaE SAS %A package programS o]-f3dte] HA{& R
Duncan® 9389 AZWHE AA8d ezt fAH & JESA.
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g 454 A9

PR AUy 9] FEEO] welwolsh FEAXN FolHUg W A4

o Eelvlol BAR A8Y & QA W9 rate] FoZRE FEF S9 mixE A

bobol BAUAE BARAZ A9 HPAQY Edve] BAZ 48 & A A9
ool BAGAM] NUT FEAE 2ANYE o g3l AU,

1) dtelE]ol s o] 43 BAEAWo] A3 (Ames test)

>
i

PEFYUR S5 258

ol
>
=Y
o

* Salmonella typhimurium TA98, TA100

A ExAUR £y 25 H29 E¢do] BAE L8 £ deEA
Ao AAUY ELE o] &T ulALFEA S 93 Wol 48 A8
T A A9 ARE Zbzt AgEAY. FATFE Salmonella typhimurium TA9S,

TA100& AF&38F5] T

o]

2

m&n

1&
&
R
o
=
r [*]
i
e

Ao AlLE FE2E HA FE(¢F 50% HAEY colony A B5)E Z7] 99
A Tl Aol W4<9] histidineo] %3] H7l¥ histidine/biotin plate® o] §3}
100ug/plate .~ 10ug/plate®] =W & AA3ste] TARH TAL0 T dia) Ag
st ot

AFE A% wA, Ak B S9 mixe] EAeH AFWHE Marton §2 Ames WF
gl ofa AAE @Rl whsivh SO E & Phenol-barbital®t 56-benzoflavone 2. &
F%¢ Sprague-Dawley rat(CR]; 7%, $3)9 o gy By ez 9B
Oriental Yeast Co., LTD.ol A <) (protein 3% : 23.6mg/ml S9)8l4o.m, &-&-9)d)
A 4% S9 mixE A xsle] ALE-sHoiTh
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N@ol AE3: Salmonella typhimurium TA98, TA100 ¥F3¥ Ames ul 3% 3E]
A Egdtol AAALGA &Lo Hag 7FE e AP ALgsHen b #F
T histidine &4, deep rough(rfa) 4, UVel gt RZAE(uvrB EAWol),
R-factorol ¢ 3 ampicillin %% tetracycline WA %< F482L A% & AFq
A8+ 3 ot

A S A B8 Al 71A] &2 A 92l AlY-& standard plate incorporation test®, WA}
A 3A = AFE pouringdtrl Aol 30837 on ) ¥ preincubation test®
Al &R}, Al ol Ak E 4R 05mI(tHAL A B A7 E A $-olE SOmix 0.5ml),
T/t 24dE AEEY 0.1miF Oxoid nutrient brotholl 4 12417 uf kAl 21 ul] of
0.1mlE& ¥o 7FAA vortexst vk AMRASAINA ke Aol vR(HAIEA 3t
A7lE ZAfdle 3087 37TAA ou] wjgd o) histidin/biotin(top agar %]
1/10)0) 714 top agar(45C)E 2ml 7F38k3 3% 7F vortexsho] oF 12417 Aol v
Z A 3t% ¥ minimal glucose agar plate o) o] Hy :3lAFH ) 37CANA] 4842k

W g3 ¥ revertant colonyE A3t EdWo] futAlel B Qe A A
mEl BAEAWe] g4I Loz 2u) o) Aolda fuoEAe i AHLE

ddeg A

2) Ames testE o] &3 FEAvo] A Y

A 5 BEFYUE 5y F&E, aesculetin

FANTF 1 Salmonella typhimurium TA98, TA100

Salmonella typhimurium TA98, TA100 #F& Al&8 Q23 Ames test $HE ¢

33 th. Alg o) phosphate buffer 0.5me(NALEA 3FA 71 &= 74 $-9lE S9mix 0.5mé),

AEgd Fujgda g4 Edio] FLEA(mutagen)d ¥WE ¥ top agarE &
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&) MGA plated] 3R.em 37Co)A 48A7F w3 F revertant colonyE A3
pia=

AP BEddolgdoer TAI #HFo] sl 4-nitro-o-phenylenediamine
(NPD)S Sug/plated) ¥ %8, TAI00 ¥+ sodium azide® 1ug/plate® A}-8-3}9] L
H, QALS 43IA 7= YA E F dFo] dal benzo( @ )pyrened 20ue/plate
o] FER AREERT

Sdwo] §urEdel o8 A colony %*(spontaneous colonyt> 74} & control

ato] Algol o3 34 ¥ colonyd] M &(%)E FEAW] AIAE ERAATH

fr

3) BEWYMNEE o] &8 2IAFH(Micro nucleus test)

Al 2 BEFYUSF £33 $5E, aesculetin, aesculin, fraxetin

Y85 M X . Chinese hamster ovary(CHO) A ¥

Ago AHSE FEE9 AP FEE AXY 4% AAE el AlAsks 100ue
/g B3 FREZ AL, 0u/m R 10ug/mee] FEE At dALE &Y AT

A #E AFETE OmixE Ariste] EAUALE 487 BHM R 47 NYS
83}

Aol AFgE A Eujok] wix]E RPMI 1640 ©112¥ sodiumbicarbonate® 3 7}
gl COp® ¥%E& W8 HCISt HEPESE #7bste pHE %3 ¥ FEesglon
FBS ¥ &AA & Penicillin-streptomycing #7}ste] A2 A-43drt. 84
ALE EA43A717] AF SO mixE Ames test ol whel 20%9) =R XA s
ALgs . FAU RS AAYAME  MMClmytomycin-C), ZHHYANANE
Benzo( @ )pyrene-S AR&38ho] W] il s}kl

CHO AXE thawing 3ol #Hiio] Axdef7t =HEs & vt Fol 3mlé
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culture dishel ¢ 13x10°79] AEF=Z Ao] oF 4847 H MEE 37T CO»
AdFolgol M wikadrh. culture dishol] ThAl MG FE] Algeh ATELA AX
Aol Bdrte AR 8l cytochalasin BE QoI 2447 FF AFHlolElol A )
dg & nAFAMES-223E, )2 AXE 1gstd FEoR WHETE 1A
H AXEL A28 T Giemsa gAY & G F FU)ARSGAG.
A 48AZF MlgA R dishol =8 Al59 20%°] SO mixE H7bstd 641 &<t
EAAZL dolUyxE g F b dishE Ao} wiAE B ohA] A4 W)
Ag& ngsAA -cytochalasin BE @7 WoiFi thA] 1841 F<¢F vl & 3
AR FAsA NEE nHsL YA

e FMAZ AEFES disiA 1,00001 WA @AWA R HFst AR
tto] cytokinesis-blocked ® MEE 1,000714 % 3000/ % ¥&d 239 & A
Tt u .

2. in vitro FFAFMTT assay)

Al 5 BEFY Y olANE-E FEE, aesculetin, fraxetin, aesculin

A ¥ F . AAAE - mouse splenocyte(AF H]ZAX)

¢t Al ¥ - B16 melanoma(A 3 I F- oA ¥)

1) qFAxs B4

$HARog HEY AFAEYG GAXE 3 AEFE A7 9349 A48 7}
A AES A0 Julagstd 5x10%el/well AAFE AELE HAAsA.
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2) N ARdsx 44

AAAE D dAFo] g3 7} N5 A E 2] dste o dA FEE
AAgste] oduldgdd A3 FAAEY 4% Al fows GAEd HE&Ed F Q)
 JueEE B3 9 FEEL 540ug/m, aesculetin 90ug/ml, fraxetin 180ug/

mé, aesculin 360ug/mé. 2.2 2434

3) 4y

Welld 5x}10°719] AEFEs GAMAE Qe AERsd 180t F=4 A ag
d 20iE duplicate® Y3l 37C(GE%S COr FE& FA3E wjF7iolA 18A 2B
W %3}t

AE wFdel 05mg/me] MTT $57F H%2 MTT €9 20uLGng/m)E A #

7}k 4AZF B B WS &) MTT formazane) FAHEE 3o} olF MEE

N
A

ol 71 EE YARYE s vy HEEo] ZAYA 0w AED GAFI 1
HABL AAsYE. MTT  formazano] 3ol EE  HCH0O0TN)E oz
isopropanol 10040& 718 §F 1083t &80 F3 ELISA reader2 570nmol A &%
=g 54392 reference® 650nme] FHEE WiFRow ohg N3 2o xR
E&(%)2 JERI,

Al® well®] B Asw e
HE BER(%) = X 100(%)

29 HiF Aswoeso
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3. BXUR e Fu AYEA

AFAA EFavhFae] fEFd g AFHQ SAge] gopd v glow, &
ALl AL HHow ¥ ALt 3B AmAAM WAt AW, A
30cm o} gAANE AyAEaA & P 708 vt aEeh AFAAA
¥z Y 9718 60der Hol vk wEkd 2E @ SEIFH JEEHP F
A4 HF T B Ao FAEoF # Aol

B AroMe ZFAxe Ariee 97 AAE YdeR xARAE HAT F,
Alziz= o] &9 5mA(F 10m)dl E¥3Es EFHVSFl disted 2 2 AH
At em, i 100my FE3Y FHateE EFUUTHE EF AEAUC
o Ze Wyog AE ARE o8 FA YNG9 AAd gig EFHUT-F
3 4% 9 53 AAFS 2HsA

BN

o
L e

Fl

¥ 9

-

4. NAF Ax

EFYUTFE32E A2 aesculeting FAsA 2 AEF Fo HAER AL F
AEZ 37) 98t Y @ AAZ AzxdeE FHL Fdstuz Aok ¢4 #9
2 HAE HEY] 89 kg EFH FHUE R FEEHYL FEERSE
70g ojAt9] aesculeting A st BEdg ZAGHow olF Hyow 30 2L A
AR 30g & NEEZ ALY A AETFE 00mg/P o2 Rer AA Y
EAE Ky Astd 2®¥e FAT .
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7}. Aesculetin 3t 39 AF

D el Az

EFAUF £9 JEQA aesculeting FHtE T FHE A7) A ® 1-19%

Aesculetin 30g

Avicel 101 4bg

Lactose 105g

Starch 70g

PVP 15g

— Ethanol/Water 150me
2) SH A=Y

7h) WA 9] Awt Ao o} aesculetin 30g, avicel 101 45g, lactose 106g¥
starch 70g& 4% &3¢ 7l Yol FuF EggsQot.

W) ok 15g9 PVP(polyvinylpyrrolidone) & ol @& &8(4:1, V/V)e] &8 150mé
o %ol 10%(w/w)AE ¥E PVP 98 HEAT

™) PVP 8% EF %ol =34 7eldA ddsd E3d £ A3 sized
ANg THstd FaF HelA st

) F8&9 292 AF L5mm A7t FAE APA 7] (extruder)ol Hol AHE
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Az 384

i) 429 #HE 10 mesh sieve® TAANA obF 2 sizedl FHE AA}RT

uh) A& HyE AR B H&wolM 3083 T4 Sh(spheronization) £2H& 538}
At

Ab ZFe] By HFHoz AL FYE 80T ovenol Al 12hr. Tz}

oh) Az¥ B}¥& 12-14mesh Abole] AE FHAA TYEF 279 #EE Ak
AL FYS FHA e QAolP e HEFAHOR 12-14mesh A7]e] AE F3A
A de AYe FFE 147g oAk F £5& WRoy Ax WA 2V1E &9
Hage #40] oE 00% olael FF ] £58L AL 4 Ao Aaw,

1}. Aesculetin 5 AA Q) A=
1) AA AzxA
g RAES A7 ¥ 1-29 #£& aesculetin -7 AAe HA e sy

At o8 FH/MAIEL FDAAA AA | K&o] 7Hesta s tdd &=
A ARE REY.

o?L
1‘1

5

¥ 1-2. AAY HH AHYgFA

Aesculetin 100mg 33.3%
Avicel 102 191mg 63.7%
Magnesium Stearate Tmg 2.3%
Cab-0-5il 2mg 0.7%
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2) AAE A=Y

71 $le] Ak Aol we} aesculetin avicel 1028 % &8 7)o) @0} 25min ¥
F FaF #FAdeA S

L) o] &3l Magnesium stearate$t Cab-O-Sil& Wi 40 mesh& %#H(o]
B4 & 5-63 WE)AA FaF EihE B Bde A

th BAZNHA Ax7DAA Aelygos Bug ebgste] 300meg/d HE FAE
AR 147 FHE FE LS 100mgoltt.

3) A9 =9

7h) ey AWy
() A4 % 1-3% 22 24 wet JE7l 15cps! HPMCE FF50 5o =7}
22630 &4s wEY
(2) Y& PEG 400(7t&A) % Tartrazine(3M435, 2437))& HPMC &9 &-8jA)7},
(3) mA o] 9] BN talcE BYAA IYJoz @},

¥ 1-3. AA 299 24

(Hg}(jill\‘zz(j/pllg);s; l)methylcellulose 40 200
PEG400 0.5 0.25
Talc 5.0 250
Tartrazine(# 4% 0.3 0.15
Water(5H4%) 190.2 95.10
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) ZREWY
(1) Inlet 2%=& 50CE HAAE F 100g] EFA+ 4D fluid bedol A 20-30%
G aA A
(2) ZE AL 0.8mm2] nozzleg ©]-8389 Atomizing air pressure’} 2bar 91 A-Ejel
Al 4ml/min $E2 ALY Z¥ o
(3) ZEHAAANA ZHEEHY F talecrt £7] wido g AL &

= 4AY 52 FYSA stirring doF g}

JCECIEEE

L)

J[-?z
2
o
N
o
£

(4) ¥l 8d ¥ :9dE HHE fluid bed HollA 308 Hx Al

™ Fluid bedg ©] &% ¥ =4

AAE Q7] 9 24L& ® 1-49 2%+,

E 1-4. Fluid bed& ©]-&% 32¥ %4

Batch size 100g

Atomizing air pressure 2 bar
Spray rate 4ml/min
Inlet temperature 50C
Nozzle size 0.8mm
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BEFUUF 3, JEFAUE 99 SWuy £3 2E2E89 £¥d £8& R
1-69} zro] vtepytow Zh R E & it} ALA] AHARmEIRANE FAHA
v}, By gugo) Al & aesculetin, fraxetin, aesculin ligstroside ¥ oleuropein-g ] &}
Ark. HEFAUF FIdAE EFdVFE ds FA AF%E RIe
aesculetin, fraxetin, aesculin % oleuropeing @El¥ + YTk EvFeAA =
oster 3§19l ligstroside, oleuropein® isoligstroside® wdstyew B3z 9 4

EFeviels FaAEe] Aoy @4 Aew AGHAME 1-6). 2 BgEE
o FzE a9 1-13% 1-2904 Ri= vpet o)

¥ 15, BT ¢F 9 4 28 #&

B3 uR - 8g 50¢g 150g 10g 218g
3B 59g 24g 24g 163g 1lg 28l1g
Ewuy- 97g 90g 15g 119¢ - 321g
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£ 1-6. EFAUFSAA weld 3FE L 2 Fhe

Aesculetin et PR

Fraxetin e+t it

Aesculin + +

Ligstroside + +
Oleuropein b i+ .
Isoligstroside N

+ 100mg <, ++: 100~300mg, +++: 300mg~10g, ++++ 1.0~10.0g, +++++: 10.0g >

Ri= H, Ry= H: aesculetin
HO O o Ri= H, Ry= OMe! f{raxetin

Ri= glucopyranose, Rs= H: aesculin

:L% 1-1. %’SF“E‘“ g‘é 5‘—]%5{:—3}]\/}-"?— fl:ﬁ]i"?—E1 %ﬂ% coumarin ﬂ%%g} F=&,

OGle

OGlucose

isoligstroside
R=H: ligstroside

R=0H: oleuropein

28 1-2. EFAUT EnuF FH25E d2lH ester 3PES T2
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7}. Aesculetin

B U ey B HEFE 9 EolAHELY RESE R FAYA
e AAew dysgo QAo AAsHrt ddd sgEe g Bx
ArbFol A= 1.3g, A EFaoAE 115g olfom TLC AdlMe] 8824057 Ris
0.67(solvent A)3} 0.22(solvent B)E e ytt},

NMR 9 MS datat= Z}2F 29 1-3, 1-4, 1-5 9 1-6014 H¥ uiel o] yehy
o},

lH—NMR(Acetone-—ds, 8) 062(1H, d, J=9.47Hz, H-3), 6.8(1H, s, H-5),
7.1(1H, s, H-8), 7.9(1H, d, J=9.50Hz, H-4).
“C-NMR(Acetone—ds, ppm): 8 103.4(C-8), 112.2(C-10), 1125(C-3), 112.9(C-5)

1

143.8(C-7), 145.5(C-4), 149.9(C-6), 151.2(C-9), 162.8(C-2).
Y. Aesculin(6-0O- 8 -D-glucopyranosylaesculetin)
FEA A= MBE-32 ®wleh&-8(2:1, 111, 12, I'35)2 Az 2vuEd

_%_L_
g AAsle FAo 3 aesculin 60mgeS P 4 YRoW FLEAZZES 1)

gE-E(1DE AYagnEada g $488 F MBW-3o4 Aoz A& 5 U

£
o
<4
-
<
e
e
ﬂ, i
i

so| A& FBE-2 H#-& W&g-8(21, 12, vv)& |88z
o] A&AQl AazviEa 9 E AAE A3} aesculin(Bbmg)S AA LR s
. TLC ol A2 g8t olE g R 0.62(solvent A)3 0.30(solvent BY& FElwt),

NMR % MS datatz Zr2b 29 1-7, 1-8 % 1-99]4 1t wps} gho] yehgeh,

- 63 ~



'H-NMR(&8, MeOH-d4s) : 63.4-40(6H, m, glucose), 485(1H, d, J=16.9Hz,
glucose H-1), 6.19(1H, d, J=9.45Hz, H-3), 6.74(1H, s, H-5), 742(1H, s, H-8),
7.83(1H, d, J=9.43Hz, H-4).

BC-NMR(ppm, MeOH-ds) : 8625(glc C-6), 71.3(gle C-4), 747(glc C-2)775(glc
C-5), 784(glc C-3), 104.1(glc C-1), 1045(C-8), 112.8(C-10), 113.1(C-3), 116.4(C-5),
144.4(C-7), 146.0(C-4), 152.5(C-9), 153.2(C-6), 163.7(C-2).

t}. Fraxetin

EFYUE 32E B3 MBE-3& ve&-£(21, Il 52 AazvieadgaE 4
Natgon olw ZyoA mAR ¥ FA AHFFS wE B 5 AU A
APz AAE e FEAxE ¥ 04golUt.

HEFYUY F2E B3 BE-3& dA&&-821, vv)o 4802 Zydazwvt
Ead g $98o FBE-31914 fraxetin(277mg)& welstdct. =& FBE-2 Fi
& %A ZPAZEIYNE FATOEZN 0mgd AU
fraxetin®] TLC Aol A 9] 8812 0] % 3k RA= 0.64(solvent A)¢ 0.58(solvent B) SAtt.

NMR data® 27 29 1-10, 1-11, 1-12, 1-13 £ 1-140j4 B wvie} o] v}
wot.

'H-NMR( &, Acetone~ds) : 8383(3H, s, Me-5) 623(1H, d, J=9.44Hz, H-3), 6.8(1H,
s, H-8), 79(1H, d, J=9.42Hz, H-4).

3C-NMR(ppm, Acetone-ds) : 857.8(C-OMe), 102.1(C-8), 112.8(C-10), 114.0(C-3)
134.7(C-6), 141.0(C-4), 141.2(C-5), 147.5(C-7), 151.1(C~9), 163.1(C-2).

_64_



Z}. Ligstroside

EFdUT FEEEE MBE-1§ MaE-E2QDE AazuEnddE S35
¥ MBE-12& Wg&-E12 ¥ 149 vz d%3Q Aazveadgu)g HAs
o ligstroside(46mg)& d& 4 AR

Bl 328 DBC-1& A&L-2(21, 12, 13, v/v) 59 4439 zzv)
Eafog $3st9 ligstroside(52mg)E walatdth. TLC AellAl  ligstrosided
0.76(solvent A)¥} 0.75(solvent B)9] 3}3+3 o]k (R)& YE WY FAB-MS &3 &
(2 1-2DA = [M+H]I'Y m/z7} B415M ligstroside®] A 5407 UX89
c}.

NMR data¥= Z}Z} 29 1-16, 1-17, 1-18, 1-19, 1-20014 H& upel o] Uehyi
=3

'H-NMR( &, MeOH-dy): 751(1H, s, H-3), 7.05(1H, d, J=845Hz, H-5"), 6.75(1H, d,
J=1.25Hz, H-2"), 666(1H, dd, J=469Hz and J=193Hz, H-6"), 6.07(1H, q, J=7.12Hz, H-8),
591(1H, s, H-1), 420(2H, dt, H.~a), 410CH, dt, Hy-a), 396(1H, dd, J=4.26Hz and
J=2.26Hz, H-5), 37(3H, s, COOMe), 2.81(2H, ¢, J=697Hz H- 8), 2.69(2H, dd, J=496Hz%}
J=459Hz, Ha-6), 2431, dd, J=2.10Hz and J=2.08Hz, Hy-6), 164(3H, d, Me-10), 480(1H,
d, J=182Hz, H-1'), 340(1H, d, J=889Hz H-2'), 364~369(2H, m, H-3', 4'), 329~
3.33(1H, m, H-5"), 388(1H, dd, J=7.53Hz and J=156Hz, H-6).

“C-NMR(ppm, MeOH-d4): 95.40(C-1), 15543(C-3), 109.64(C-4), 32.08(C-5),
41.54(C-6), 17349(C-7), 12515(C-8), 130.31(C-9), 13.84(C-10), 168.92(C-11),
101.10(C-1"),  75.02(C-2"), T7868(C-3"), 71.72C-4"), 7819(C-5), 62.99(C-6"),
13L15(C-1"), 16.71(C-2"), 14519(C-3"), 14650(C-4"), 117.33(C-5"), 1215AC-6"),
67.18(C- @), 35.66(C- B), 52.21(C-OMe).
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u}, Oleuropein

EFYUY FEE Y MBE-1& Wa&-E2@QDE AAviEadgug 98§
% MBE-128 HWlg€&-E8(1:2 9 1132 £d4& 3 & -84 er Haga
Eo#uE AAslY 101g2 oleuropeing &8k ol

HEFH F2E £8 FBE-2& W&&-2(21, 112, 133, v/v)9] £4mME A%3
¢l AAaZvtE A E AAFe 2N oleuropein 178mgs @ s 4 YAl

E¢ EWUF-9 DBC-18& W&S-5(21, 1:2, 113, v/v)o 94444 aznlx 18y
g 4339 oleuropein 82mge @& 8o

TLC el A oleuropein®] 3}8 3 o] %z 0.80(solvent A)# 0.75(solvent B)& L}
Elsith FAB-MS =9 E- (28 1-24)94 [M+H]' 9 m/z& 52524 oleuropein®] ¥
A% 5249 A sHA e

NMR data® Z4zb 19 1-229) 1-23904 ®BE npel o] vhelyrh

'H-NMR( 4, MeOH-dJ) : 74(1H, s, H-3), 6.96(2H, d, J=8.0Hz, H-2" and H-6"),
6.63(2H, d, J=836Hz, H-3" and H-5"), 598(1H, q, J=7.03Hz, H-8), 58(1H, s, H-1),
412(2H, dt, Ha-a), 402H, dt, Hy-a), 387(1H, dd, J=425Hz and J=4.27Hz, H-5),
362(3H, s, COOMe), 273(2H, t, J=691Hz, H-B), 261(2H, dd, J=4.36Hz and J=4.36Hz,
Ha-6), 2.34(2H, dd, j=9.30Hz and J=9.29Hz, Hy-6), 1.56(3H, d, Me-10), 472(1H, d, J=7.79Hz,
H-1'), 332(1H, d, J=852Hz, H-2), 356~3602H, m, H-3, 4'), 324~326(1H, m H-5'),
380(1H, br d, J=11.60Hz, H-6").

“C-NMR(ppm, MeOH-d,) : 95.32(C-1), 155.44(C-3), 109.58(C-4), 32.08(C-5),
41.50(C-6), 17347(C-T), 12515(C-8), 130.28(C-9), 1387(C-10), 16890(C-11), 101.04(C-1"),
75.00(C-2"), 7869(C-3'), 7L.71(C-4"), 7815(C-5"), 62.99(C-6"), 130.64(C-1"), 131.30(C-2"),
11654(C-3"), 157.32C-4"), 11654(C-5"), 13130(C-6"), 67.20(C-a), 3542(C-A8),
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52.22(C-OMe).

v}, Isoligsiroside

au’

DBC-2%& "€-&-&(1'5, 16, 1:8, v/v) 59 &¥&E AHEse A&H4Q 2w}
a2 isoligstroside(25mg)S @&l 4= Ak TLC oA isoligstrosides™
0.78(solvent A)¥} 0.76(solvent B)o. 2 vetkom S pyolAwt deld & AU

NMR datat= 2zt 719 1-259} 1-2690A] R wpeh zho] Jepyto

'"H-NMR(400MHz, &, MeOH-ds) : 757(1H, s, H-3), 7.0QH, d, J=8.71Hz,
H-2", 6"), 6.69(2H, d, j=8.46Hz, H-3", §"), 6.18(1H, g, J=6.99Hz, H-8), 6.02(1H, s,
H-1), 4.83(1H, d, J=790Hz, H-1"), 381~4132H, m, H-ea), 3.85(1H, m, H-5),
3.73(3H, s, COOMe), 3.29~3.76(5H, m, H-2', 3', 4, 5', 6'), 2.79~2.98(2H, m, H-
8), 2.69~2.83(1H, m, H-6).

“C-NMR(100.6MHz, &, MeOH-ds) : 172.1(C-11), 169.0(C-7), 157.1(C-4"),
155.7(C-3), 131.3(C-2", 6"), 131.2(C-1"), 1309(C-9), 1255(C-8), 1165(C-3", 5"
109.6(C-4), 101.3(C-1), 9B.7(C-1), T87(C-3"), 783(C-5), 75UC-2), TLUC-4"),
64.4(C- @), 63.0(C-6"), 52.4C-OMe), 41.4(C-6), 39.8(C- B), 32.1(C-5), 14.2(C-10).
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2. ALY 2

7t FH¥d &5

1) 484 &£

FAFEE L TS ANBAGA T4 e Rz vegey, EFduy 59
o Z223E P, EvUF 599 S2=¥E EYY oHoAHIE B H
S 8 WAEA P. albobestita, E. nitschkeii, M. juglandis® Wale] F#&4-&
YEIAQATHE 1-7). EFAUY 9o 223 E, BvUY v 22y g 4
deotAHolELY EYo U FFFAHE TEEE HAS Ay HAE Fue
FaEAY Foy Ade v|FEo] He 100pg/miolH BE FAdel dlsl] 50%0] 3}
o #AMEF AAE&E YeEvo Fr 8ol B Ao AdHUATHE 1-8).

2) FALEAR A

FAFEAAL EMUTFE o 22X E JHolMEHolE R B B AL S
faecalisd] &l A ¢F7He] B8 YERMRICHE 1-9).
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Hexanc 0.0

CHCl; | 349 0.0 0.0 33.7 32.5 31.3

FOAc | 00 0.0 0.0 12.0 30.1 108
R AU 7Y 0.0 0.0 0.0 8.4 40.0 157
R 4"—3-1—]M‘I~Iexane ;()ME)“_)()*OA 0.0 R 10.8 ().()~~~ ~126 )
e 9 CHCl 0.0 0.0 0.0 3.8 205 2.1
AEA-EW 929 FLOAc 0.0 0.0 0.0 13.3 51.8 217
HEFALY 29 H0 241 0.0 00 | 36 108 169
SuF 9 Hexanc | 00 | 00 | 00 | 00 | 518 | 30
ol CHCl, | 157 9.6 9.6 373 69.9 1000
Tl 429 EtOAc | 00 0.0 0.0 12.0 675 675
EE g O 0.0 0.0 0.0 7.2 51.8 12.0
¥ -8 B¥UGE 3 SR8 283 sy Y] FRRyg 3 o

obAlElol BSR4 B v FHddA

.
v 9 CHCh
100 pg/wd 157 0.0 0.0 8.4 4.8 21.7
10 pg/mé 0.0 0.0 0.0 24 145 217
1 pg/mé 0.0 0.0 0.0 13.3 0.0 145
EvlvS 8 CHCl
100 pg/mé 6.0 0.0 0.0 13.3 10.8 42.2
10 pe/mé 7.2 0.0 217 9.6 24 10.8
1 pg/mé 0.0 0.0 0.0 84 16.9 24
e 3 EtOAc ,
100 pg/mé 0.0 0.0 0.0 18.1 31.3 ANG
10 pg/md 0.0 0.0 0.0 84 1.2 24
1 pg/mé 0.0 0.0 0.0 9.6 24 0.0
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¥ 1-9. EFAUSE& $£59 AT A (Img/disc)

EFYuE 9 Hexane | nd.” n.d. n.d. n.d. n.d.
EFHUT 59 CHCI3 n.d. n.d. n.d. n.d. n.d.
EFdUY 9 EtOAc n.d. n.d. n.d. n.d. nd.
EFdUST 43 Hz0 n.d. nd. n.d. n.d. n.d.
HEFYUF 3 Hexane | nd. n.d. nd. | nd n.d.
HEFIUT 3 CHCh n.d. n.d. n.d. n.d. n.d.
HEFHAUF 9  EtOAc n.d. n.d. n.d. n.d. n.d.
HEFIAUF 9 HO n.d. n.d. n.d. n.d. n.d.
EYUY 43 Hexane n.d. n.d. nd. nd. n.d.
EWYY 59 CHCl; nd. n.d. 20 n.d. n.d.
Ed v 4y EtOAc n.d. n.d. 21 n.d. n.d.
EWUT 3 H.0 nd. nd. 13 n.d. n.d.

1) nd. : not detected
. 384 as
1) 333827t @ Ferric thiocyanate® ol 9§ 34 3%

EFAUF F99 ddoiAElE LB HEFYUT 99 dEolAHolE
BEEY A%, 10€0] AAg F AN3EIIF 80meg/kgd) TEsle] @4k3gA o]
F4E Ao Yeigou, 434340 BHTAE & ¥Xe Rog JeElgtHE
1-10). #2k81x 4=(Antioxidative index : AL)E Z Al&9] $%7]2+2 linoleic acide]
FE7IZF 4612 e gl R Ee Zog, EFUURE 19 odolAEolE B
B3 HEFHUT £y odoliEHole RYEo] 47t 2273 2642 JEh) b
g0l 5% Aoy AFEHAHE 1-10).
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Aesculetine] T}E F#li o= 3HEE B M sl @ -tocopherol RY} &

Abstg Aol g% Roem YEPRT(E 1-11).

¥ 1-10. ZF Az} 34 EHE 7T o 8 g3k 5 (2000e/me)

Hexane 751 1.63
S MR- Chloroform 743 1.61
srRT Ethy! acetate 10.47 2.27
H0 6.38 1.38
Hexane 6.69 1.45
Chloroform 7.55 1.64
A ELa R 2oy
AFFAT T gl acetate 12.20 2.64
H:0 6.02 1.31
Hexane 582 1.26
) o Chloroform 6.04 1.31
gt 4 Ethyl acetate 6.18 1.33
H:O 5.67 1.23
SLAT SR AL 3 Butylated
1:}‘/‘0 WC}'ﬂ-ﬂXﬂ hvdroxytoluene > 150 > 325
HA g8l A| @ —tocopherol 498 1.08
] & Tt Linoleic acid 461 1.0

¥ 1-11. Ferric thiocyanate® ol ¢}3} aesculetin®] #4)¢3}%

a —tocopherol 93.49 81.27
Robtin 43.64 49.08
Robinetin 85.75 67.74
Dihydrorobinetin 50.64 50.44
Aesculetin 96.80 94 .47
Flavan-3,4-diol 60.94 54.33

_95_



2) Aesculetin 719} A2 F 57t A9 AS5AGo] HoutKo vzE= &3

2

A FRAHFE JE AAFE Z2ABGY%, 20% 003 Aeium o) dAake] 2
A A G5 AI) aesculeting 718 Auld A7) T A ANER S ARG

e ¥ 1-120] okalgn,

X 1-12. Aesculetin ¥ 029 A wiogkd & IVM/IVFE =4 ¢e AA&n

0 13(32.5)* 11(27.5)° 24(60.0)°
5 1 9(20.9)° 14(32.6)" 20(46.5)" 34(79.1)"
5 15(37.5) 12(30.0)° 13(32.5)° 25(62.5)"
_____ 10 17(42.5)° | 102500 | 13(325)° 23(575)°
0 20(475)* | 11(26.8)* | 10(24.4)° 21(51.2)"
20 1 13(3L.7)° | 13(31.5) 15(36.6)" 28(68.3)*
5 20(48.8)° 12(29.3)* 9(22.0)° 21(51.2)°
10 19(47.5)* | 12(30.0)" 9(22.5)° 21(525)"
Overall means
5 163 57(35.0)" | 49(30.1)* | 57(35.0)" | 106(65.0)"
20 163 72044.1)% | 48(29.4)" | 43(26.4)" 91(55.8)"
0 81 36(44.4) 24(30.0)* 21(26.3)" 45(56.3)°
1 84 22(26.2)° | 27(32.1)* | 35(41.7)* 62(73.8)"
5 81 35(44.4)° | 24(29.3)° 22(26.8)" 46(56.1)°
10 80 36(45.0)" | 221275 | 22(275)° 44(55.0)°

a, b, A, B Means with different superscripts within treatment groups and embryo
stages are significantly different, P <0.05.

¥ 1-129] AFoA veld vie} 2ol 5% 029 5% CO% % A3 A CRlaa
Il aesculeting 0, 1, 5, E 10ug/miE A7FE FolA A7) o)A &g A
S AL 1pg A7HT(791%)7F A7 (0ug, 60.0% ; Sps, 62.5% ; 10p8, 57.5%)%H.
o B2 A4S d9o7(P<0.05), 20% 028 5% COx%5 % 23l A CRlaa Hl%¥
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Mol aesculeting 0, 1, 5 R 10pg/meE HA7Fs Z3l AAu7] o)A w8 g Au) ¢
AR L aesculetin lug H7HH(68.3%)7F o b7 (Oug, 51.2% ; bug, 51.2% ; 104,
25%) Rt FAA R foAgA e AAHE WEN(P<005), 0 T #ANel
Aoy el lug/m aesculetin H7F17 ohE Mg Byl AU o] w& A
o8 Yyl ohE A 2806%9 20% 00 Ak aalsAlQl aesculetin
3 taurined H7bsked AulYg A F YLK EE ZAS AAE F 1-139] 2
R AR

¥ 1-13. 29 IVM/IVF 38 d-&45d tid O, v5d 2 g4kst a3

0 0 43 23(535)" | 11(256)* | 9(209)" | 20(46.5)°
5 1 0 42 15(35.7)* | 13(31.0)* | 14(33.3)" | 27(64.3)"
0 25 43 17(395)* | 11(25.6)* | 15(34.9° | 26(60.5)
0 0 42 27(64.3)" | 8(19.0)* | 70167 | 15(35.7)°
20 1 0 42 21(50.0)* | 12(286)* | 9(21.4)" | 21(50.0)*
0 25 43 23(535)" | 10(23.3)" | 10(23.3)* | 20(46.5)™

Overall means
5 128 55(43.0% | 35(27.3)* | 38(20.0)" | 73(57.0)"
20 127 71(55.9)" | 30(236)* | 26(205)" | 56(44.0)"
0 0 85 50(58.8)* | 19(22.4)" | 16(188)° | 35(41.2)°
1 0 84 36(42.9)" | 25(20.8)" | 23(27.4)" | 48(57.1)"
0 2.5 86 40(46.5)" | 21(24.4)" | 25(29.1)" | 46(535)"

a, b, A, B Means with different superscripts within treatment groups and embryo
stages are significantly different, P <0.05.

3 1-1391A] 123 wpe) 7ol 5% Oy B% ZAS A CRlaa wigdel aesculetin

lug/me H7F+9} taurine 25mM H7Foll A Zhz A7) o] W& A 9§ o]
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64.3%9} 605%2A zT9 465%HTE B HAE AQoH(P<0.05), 20% 02 =
oA A g 1ug/mb aesculetin F7HT2} 25mM taurine 3 7Fol A 4wl )
ol & AYus HHL 500%Y 465%EA PERTF 3BI%EG S A&
do] das=dd @Al A A7t vzl nlEte]l 5 AES 4HE
@A}

A AepHe AejutSo atkstAle} growth factore] E#E& ZAIG A3+ R
1-14, 1-15%} #T}.

® 1-14. 29 IVM/IVF 4@ 9 d5&4xd dd 4494 R 423 a4

c' 78 40(51.3)* 2(2.6)* 36(46.0)° 38(48.7)°
AP 78 22(28.2)° 1(1.3)* 55(70.0)" 56(71.8)*
AE’ 8 31(39.7)" 1(1.3)* 46(58.0)° 47(60.3)°
TP 78 33(42.3)° 1(1.3)? 44(56.0)° 45(57.7)°
TE® 78 25(32.1)° 1(1.37° 52(66.0)" 53(67.9)"
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T 1-15. AAAAR 8a34E-d-g A7 CRlaadlA 49 IVM/IVFE 39| inner

cell mass$} trophectoderm cell®] =

5168 6107 | 117£145
AP 53+26.2 85186 138+20.0
AF’ 52+13.9 87+174 139+30.1
TP 53+11.4 68+75 121+16.2
TE’ 56-10.2 75+9.7 131+19.3

1 Control, 2 Aesculetin 1g/m¢+ PDGF Ing/mé, 3 Aesculetin 1gf/mé+ EGE 10ng/mé, 4 Taurine
25mM +PDGF Ing/mé, 5 Taurine 25mM +EGF 10ng/mé

a, b, ¢ Means with different superscripts within treatment groups and embryo stages are significantly
different, P <0.05.

¥ 1-149] Axlefha] el ule)l zto] CRlaaw|kd ol thzx, aesculetin 1ug/més}
taurine 2.5mMel Z+z} PDGF Ing/mt9t EGF 10ng/mé-& H7}8te] Q888 A}
3 A, e Ey] A_E&& R, aesculetin + PDGF #H 7}, aesculetin + EGF 3
7}, taurine + PDGF #7}7 2 taurine + EGF H7FolA zb2 46.0%(36/78),
70.09(55/78), 58.0%6(46/78), 56.0(44/78) & 66.0%(52/78) 2% &7t F-H7+4 no
AR fFostA wA JER2W(P<0.05), FHu 7] ol H{&& 42 48.7%,
71.8%, 60.3%, 57.7% R 67.9%=2A FH/AT Eok 747 £& AAE Aol R
A% U dhP<0.05).

EFYUToAA $&¢ aesculetin(H < aesculetin)®) &% & AA37] 93 AA
aesculetin® SigmaAlol A T aesculetin®] A% & WX HEF A4E ¥ 1-169
1-179 893} v
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E 1-16. & IVM/IVF 32 Aol g Ad %= 49% aesculetin® H] i

21(47.6) 6(13.6)" 17(38.6)" 23(52.3)°
13(29.5) 7(15.9) 24(54.6)" 31(70.5)
CA*® 43 13(29.8)* 7(16.3) 23(53.5)" 30(70.0)

E 1-17. M4 2 UYL aesculeting H7ME CRlaaolA 49 IVM/IVF 3 &)

inner cell mass$} trophectoderm cell®]

94:£57 138168

c 44+36
NA? 51+13.1 94+62 145+83
CA® 47+49 96+19 143+ 45

1 Control, 2 natural aesculetin(lxg/m¢), 3 commercial aesculetin{ug/mé)
a, b Means with different superscripts within treatment groups and embryo stages are significantly
different, P <0.05.

# 1-159) uUEld ule} Zo] CRlaa WY o] HAFZE aesculetind} A& sk
aesculeting Z}Zt 0, lpg/m-& AZMRE o wiwkxry] A& 23, A2

aesculetin 2] R ¥ 3 E aesculetin A FoAA 247 386%, 54.6% L 53.5%%
on, AFAwr] ojde] W&ENA 52.3%(23/44), 705%(31/44) R 70.09(30/43)Z A
AL FRAVTRYG Aol FABol Wel AME RAes YEhThP<
0.06), Z2y} A aesculetin A&7} FF3E aesculetin A} F7Ho) = o)zt Q1
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AHA FArt

AN F AL v E)o) e @ AELE FAUFSE ATy A
ol A A AP >0.05).

ALag el Aoul Al dojus WEAAHGLE 27]v] 4T genome &4 8}
52k free radicaloll o3 dojdrisl delx glvh ol free radical& A78lx
Aol el ALK FIANN Askel Aoz MFd) el 48 /A G
AAe] M7t FakgAe] A7) gol A olgHol F& AAUFAHHE da v

ot

FEOA F&E 4 AE aesculetin® AUl A arachidonic acid®] AbERE-gof
Abst Al Z2 9] 7o #E A9} lipoxygenase ¢+ cyclooxygenase? A ® Q3 <
ukAl o 2] Qlxp2A 9] A 9 glutathione WAFE-23) lipid peroxidation®] &4k3)A4]
22X 2lgel gl war) A vH(Martin-Aragon &, 1998 ; Matsunaga %5, 1998 ;
Sekiya 5 1982), o}4 acsculetin®] e @2 A7t FaE o] g &k B Yo
Al AEA DA GAStAEA aesculetino] A Q¢ g AoiSo] M= fE
HER Ay aesculeting lyg/m s M7V ul, A7) o)ld @& &o] 73%EA] o]
Bb(Opg, 60.0% ; Spe, 62.5% ; 10pg, 575%)RT FHo e w4 vehii
EF U Syl A F53 aesculetind} AF 2] aesculetin®] &AL hA| A A B3kl
Hlal Ao e ALKl i Aoyt AR EHA &yt

AR AAZ B o aesculetin® & A e T AJuiFA FatsiA] LS
3l Aow AZbEW wjdd e Z}z}e] aesculetin(lpgml)?  taurine(2.5mM)el
growth factor(PDGF, lng/mé ; EGF, 10ng/mé)e] &E¥-AH71571 242 70.0%, 58.0%,
56.0% R 66.6%=N UM 46.0% Kl ¥& GAwr] ol e AgU&E&E Ao,
&2+ 8} A (aesculetin® taurine)®} growth factor(EGEF€ PDGF)9l 7} wjo] FE &
#E JeElo] oA ehe] Bas 218 Aoz AlHEW aesculetino] A ot&E
TN A FASARA Qs £ fFAne HEa FAaAsA dot

(aesculetin¥} taurine)9} growth factor(EGF$} PDGF)® 71+ F7] widS-9] @&

e
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JARPE FBekn AYLSL FAAE BEANQ dPow o) 4d & Ak 4
Ze,

o $A%4 49
1) WeolE o] &F HEHEAW] AP (Ames test)

Histidine/biotin plate& ©]-&% HAwZ=HdHANA % 50%2 colony B4 oA &7
E Y E HEE 30ug/plate QoW o] ¥EE HuEER 0% A e e 579
+2¥ ¥58 WYL2 Salmonella typhimurium TAY8, TA1009] %7 &AWl 3
g4E AL

dwtg oz TAIRY AAEA colonys 10~3071¢] WA el TA1002 10
0~20071¢] HAYAA s Ao HuEton EddolgdAe Ed ZH$o
¥ colony®] 7} SHjold Frtele Aoz 4 Ut

adez £3 FEE A deole] EAEAM] AP A # 1-184A4 R
uke} o] AA e FHHo] APAH EdWelgdoR FEE = v ANE dolnE
AHY 2 ratd] o RHE vHENR S9 mixE Htsled AAUW EF AL 23 7
HAQ Eadolgor FAL3E NE AU F e HHY R5dAA gAdEE
st & w g FEEd glo] TAH TAI0 #F HAEAWolY oA A&
H&(colony)T9 F7He I E & AU
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18, 15, 15 (16)

161, 162, 159 (161)

Bark extract 30 22, 18 (20) 136, 150 (143)
15 15, 18 (17) 150, 158 (154)
75 13, 19 (16) 139, 154 (147)
375 12, 23 (18) 153, 177 (165)
1.88 21, 20 (21) 137, 165 (151)
NPD 0.02 2032, 2075 (2,054)

Na-azide 0.001 776, 743 (760)
H0 13, 16, 20 (16) 154, 135, 139 (143)
H.O 27, 23, 25 (25) 116, 111, 113 (113)

Bark extract 30 23, 24 (24) 119, 111 (115)
15 27, 23 (25) 116, 115 (116)
75 25, 28 (27) 127, 108 (118)
3.75 25, 23 (24) 118, 135 (127)

_______ 1.88 23, 22 (23) 106, 128 (115)

2-AF 10 1371, 1207 (1,289) 713, 757 (735)

* Positive control: NPD(4-nitro-o-phenylenediamine), Na-azide and 2-AF(2-aminofluorene)
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2) Ames testE
FAZAANEE L%
3 TAI00 58

21} Aesculetine

FEAW AYAM o8
AHE S AN FEE w3 JAH
AP TABTH TA1009] & Qw0
skew], S9 mixE AHEE tlAEA S WM

ol & F=aAWe] AY

200 #M/plate 713

2 S. typhimurium TA98
FE& vetlR @it 2
YEh A = o
4% TA98

o) A &9} %

oM 44% 28]3L TAL00ANA = 59%9 EdWoe] AAaNE Jeh AT 1-19).

¥ 1-19. Ames testE o

H.0

Bark extract -

NPD -
Na-Azide -

200
100
50
25
0.02
0.001

F—
Ty FEE 9

aesculetin®] &%

Aol &3

20, 20, 16 (19)
2,056, 2,032 (2,044) /4%
2,028, 2,240 (2,134) / -
1,932, 2,110 (2,021) / -
1,974, 2,244 (2,109) / -
1984, 2070, 2312 (2,122)

124, 117, 117 (119)

671, 696 (684) / 10%
719, 723 (721) / 4%
740, 770 (755) / -

757, 761 (759) / -%

776, 725, 743 (748)

H.O -
HxO +

Aesculetin +

B(a)P +

200
100
50
25
20

19, 15, 16 (17)
24, 22, 24 (23)
78, 73 (76) / 44%
92, 89 (91) / 28%
98, 98 (98) / 14%
104, 114 (119) / -
128, 110, 114 (117)

194, 168, 175 (179)
149, 168, 147 (151)
345, 314 (330) / 59%
389, 360 (375) / 49%
444, 424 (434) / 35%
459, 471 (465) / 28%
603, 756, 588 (589)
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3) FEMFAESE

% 1-279 4 &

o =&9Re W v}
gt &) 3 FAamAe s Wol AL} ¥ FEE
A9
T3 N EEe FERE f9A de

¢l aesculetin, aesculin
T UKol
VR A] ko g fAA Ead

¢ 4 AT

1-2290 4 &

ttio

==

1-20. CHO A=x&

Aol B

o WX

i

e g

o] &3 A3 A ¢ (Micro nucleus test)

A 2¥e Ao

slow o)e g

2 fraxetin®] FEAE

A E

ol&

o

HuE

ks

T
"O

& de B4
HE H 99

9 3hel welsh

A A= ¥ 1-20, 1-21,
289 Fhs
Ao F JE EddeAA 9

Aol e

HO 289 | 94 | 11 - 116 38.7+7.1
Bark extract 100 (28791 109 | 11 1 134 447+3.2
30 12897 91 | 10 | 2 117 39.0*6.6
10 | 2897 87 | 11 4 125 41.7+4.2

MMC’ 0.0001 | 2698 | 266 | 30 | 5 345 1150£12.6
H,0 - 28921 9 13 | 3 130 32.01+46
Bark extract 100 |29261( 61 12 1 88 29.3+0.6
30 12903 87 7 3 110 40.0+4.2
10 {2906 | 88 5 1 101 337199

B(a)P" 002 2634|324 | 35 | 6 415 138.3+194

* Pogitive control: MMC(mytomycin—C),

B( a YP(benzof a Ypyrene)

- 105 -



2,927

- 82

64 - 273468

Aesculetin 30 - - - - - - growth inhibition
10 |2924| 68 o | - 86 987 32
3 |202| 72 1= s 210 £17
Aesculin 30 [2932] 54 (113 - | & 28325
10 (2087 |6]-]| - 83 277+41
3 l29% )68 |6 |- -] 8 %67+ 4.0
Fraxetin 30 [2920] 69 | 11] - | - 91 | 303140
10 (2017 73 |[10] 1| - % 32.0 165

3 |298| 6 | 5|2 - 81 21043

MMC* 00001 2684|280 [32 ] 4 [ 0 | 36 | 1187135

¥ 1-22. CHO Al

g olg % B¥Y &

| dE g AFAFEIHE™)

Total |- MN/L0OO cells
o: of MN |/ (Mean£S.D).
H:0 - 12923174 3 | - - 80 26.71:3.2
Aesculetin 10 - - -1 - - - growth inhibition
3 (2944|150 5 | 1 - 63 210336
1 2939, 651 4| 2 - 69 230126
Aesculin 30 12938| 58| 4 | - - 66 220+t25
10 (293863 | 7 | 2 - 73 243+29
3 {2939 565 6 | - - 67 223+4.3
Fraxetin 30 - - - - - - growth inhibition
10 (294650 | 4 | - - h8 193445
3 (2936 60| 4 1 - 71 237447
B(a)P* 002 (26271332 33 | 7 1 423 - 141.0+11.2
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i).

le

micro nuc

(

£

12

D)

CHO

block®

g

1

mes

¥ 1-27. Cytok

i A
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2. in vitro LA HAMTT assay)

AEe] FA3 Holdes MEE AE3A AT + As 7IHS AHIYS} Hof &
3 FEAZIgANA A5AJA /Y FY spvtolrh AR FgA ALE 9% &% A
Mol 7|&o Jidd gAY AP dotiy] e TEHAY T AAANAY
Hgoldel AN fEo] FEAXY AFE JATS AAHon FHI}E #
Aol XM Holok g}, ol e AN FF 1AH AHPAHS VUsAALE 29
Zzto] 7t @Yo @& tidEAY] AL RE HAY F e A"
o) 7 ol ot}

b o] AR e AXE AT F AnAE o8t ol AEE A=
Rol AW @& A7t wgo] aFHI AAT/ B Avode AHE" 7 8l

opatal @A @ol A8 e MTT AU L2 96-well plated AFE-3l3L A
32 ELISA reader(multiwell microplate reader)& o©)&3te] W& Alag zhehsl w
23 ABY A 58 F Ao} AxE5A 3 AEFA FAYHeEA dE A&l
At

B AgdANE EFd 9 5% E, aesculetin, fraxetin ¥ aesculin® 471 Al &l
sted MTT assayE 3¢ A3 H 1-239A RBE vie} o] 47 Alg RFoA
oA e dAEFH dAEHE JehliA & R
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¥ 1-23. B-16 melanoma cell linel Al 478 Alsie] 8 MTT assay® Asw-esodt 3

NEYESE

1 540_%’/ mé 272)/@/?? 135u8/md
9 AEE ) 0.111 0.116 0.133
B 1.499 1.603 1.334
N e 22,5/t
Aesculetin S 0.126 (0.142 0.137
B 1.479 1.626 1.568
F5E 3608/ mé 1808/ml 90pe/me
Fraxetin S 0.025(21.0) 0.091(76.5) 0.107
B 1.215(81.3) 1.615 1.610
omn 60ue/mt  180m/nt 90ug/mk
Aesculin S 0.117 0.132 0.142
N B 0.954(63.8) 1.256(84.1) 1.506
Control ® 0.L19
B

1.494

# 5! Splenocyte, B! B~16 melanoma
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3. EFYUFY Ul AdxA
7l E¥YUFY ¥ a3

EFHGUFE A59 d 100-1,500me] Atofol R-¥sw, ¥Xeo] FAA = 600m
Wel2 Hass gvh Aggoezs 98, 39 ERAgol vF Fo E¥drh
olglAE UigAel Slo FHFANE & At HX JASEAN ALE Foldir
Wetd s} Jopeo] ki o]A o] Fol Aol maEx Rk Ewugd] s}
of TIPS AT FYo) FA S AF, AN xPLFE AP, B B
A gdol Fol 7], FFE&TY ABE APty 29 HFA, NFA For AL
459, A4 Fgoz 2

EF EMUTE £EAoR FAGEEE A Ao dw 50-1,500m A4 A
o] B, B¥o FAAE 700m W Ruga gt Xygdogs ¥ F
=, B, ALY B0 £ @ UgYe] A ARsdM FFE s, 3
ZE& Foldte FAo Ao AF9 FAE A e AFo]l FAstn ol Zst
o Aol AW = HYst FAZAA FFo) A 2PE HES A
A Aede T4 Aol Zd s AHFEE sjek @tk H=uF, AFUE, A
WE, 25UE, ZHuU, 35U, oS 59 EASAY 38 d4ste 9"
FAFOR F£3 30m, AF Im7A Adw, EAe Adol Avlw HEZ|7o] Ho

A5A, 3L, 7HFA, Z17A, AuA ez AgEn, 4L da 2 dd A

oF EFAUTIAY BFAUFS SUUTE S5 S tFe wF ATA,
WA, FRA, AAA, £E71TA, BEA ol Fom, £y kg Q4 P &
29 YRS o§Fn Yk ol B 4T $48 BEAUF L suyre &
5 d W

T 2¥o] dasit. 53 o £33 AAFIT 34
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37 AsAE AHE T FAUAN g d@FFHe] ddAor gTEg v 4
EFGUTe AYANAE F51 5-6m AR Ao Y2 ug o8 EFEYLT-9)
Elvbitel wlEl o] 87k sk Wi g Wk ojE EXMAY @AM, 2 ¥R
w9~ A},

A F7AA wFUE e FFo dig JfEFE A FA #vte] spehg wp o,
AR A HHoz g Ao 3pd AR WA sMsEAw, FaAH
30cm ool WAAME AAsA F Aol 70d HEsF aFHAR, AAF A A
dxeka e WrEE 60doR Hol vk wEkA 2Y R Sud JuHH,
FH LG T B Ao A RALE o o & Aol

AT ARG A1 A% AAE QFes 2AR2E A 3

O}

r
o
B

’

=

'LJ

2:9] &% 5mA(F 10m)ell E@sete BEFuuiFol dste 1 9 A4S
Pl ew, sl 100mYy TSt E@de EFAUFFE BT AR
S Y oR A ARE o8 A gAY Al dig BFd e

=
A, $4 W F9) QRFE FYsHA

D_u
Olt
e

j,g
o

A w4

M
J)~

p

1) b gA9e] EFguy Ex 843

W R(1,035m) e FUE 4N A5, 48 % AW Ao e Ao
2 il 600m7hAE 2k wee] gt 1 ol Ade NPT s
golth, ZAA e W(EEL 100m Fihol Edsh: BFAEe AH gAFe
400-500mell A1 0.55m 0] ™, 500-600moll A& 0.69m 2.2 ¥ 124m e Aashs RO

el

etk 7 sad AMSR giske] 1147 A & gAML 400-500m
oA 0.02m o] H, 500-600mell A& 0.02m .2 i 002m'E Aasts Aoz el
o mEA o] AHe e A el wae] ofd AMZ FAH A7l Wl A3
Aol AA vdeues Aoz FE(1y 1-28).

- 111 -



e S
08 - s YN mEE YN
07 0.095
0.6 |- 0.02
0.5 |

%r 04 g0.015
03 | = 0.0t |
0.2
01 | 0.005 |

O . | S W —— SR — O PR
shtd(m

29 128 WHE Ao Aund FFey ARSI AAW AE A4,

2) Wl EAAY B AT EXdY

B (1,271m)e AYE QAT HHd Asde] HAA AAse dor W
800m7kAl = Auy wgId ERYO FAHeH, 2 ol A9L AAYNIE $HEE
Folrt, AP Y (i 100m FIhel E¥ste BFUUTY AF QAFL
400-500meil 4 1.23m' o} =, 500-600molAl= 0.29m S22 F 152me Ailels Aoz
vetstt 7 sidad AAsE HaEstd UIAZE A8 F de AHLS 400-500m
ol A 0.04m’e]™, 500-600mol A+ 0.02meE HHE 0.02m S AMstE Aoz JE
o mEbA o] A YL WwYE AR Yol ot g AR Uewon, A
A 9491 400-500mA ol @& AMAF7F BESE Aoz FHAHE 1-29).
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" msyaz [ mumasy

1.2

o 08
7 06
0.4
0.2

[

400

0 500
sin(m o i 2(m) ]

¥ 1-29. vl AA Qe sdad BFAvy A A e AL
3) B71% g HEAAYgY E¥duy ExEg

A E2H1,215m)2 A% s ARA R AV E 5de] AAC fAlEe dem
S B00m7EA = AV, QEYAVYF 2 EFYURE 29AR Ho glew, I o
A AL Azl sk Relvh RAMAY WAl 100m TRhol E@ s e
EFIuUel Ad AAFE 500-600mol A 4.01m o], 600-700molA  4.07m o] ¥,
700~-800mell A 6.74m' o], 800-900mol A& 458m .2 F 194m & A Aew
vegt. 2 il AR gaEste] A A4 & Ay A3 500-600m
oA 01m'el=, 600~-700mel A 0.31m' e}, 700-800moi A 0.14m o}m, 800-900mell A
E 046m o2 Hi 026mg Ades Row vench wEka o AL g Ay
of Hlgted EFYUFIt 600-900mA G L& FALR g Wo] £X3 A AAF
o] ¥A YEhe Fem FHEH(Y 1-30).
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e

PURS
Y R~ I T W= SR

—

|
|
|
|

W& AR

B (m

05{

0.4

a9 1-30. ME3Age] fund &34

o))
WEET 100m Tl BASE
0.89m' ©) ™, 500-600mo] A 1.66m' ©}™, 600-700molA 4.07m o} =, 700-800mol A 3.61

m' o), 800-900mel A &= A Ak FA

3% 600-900m A Hoj A Wo] AitEE Ao e

CEERT -

i 0.3
L
r ®
L 0.2
| l .
L JR S— S—— — O — —
80 an 700

A,BHQJ‘

458m 2.2 600-900m=] o] FA]& o] Fu

A

mEYdyED)

e

5
4
3
2
R
0 .
600 800
3 2 2 (m) .
Y 1-31 2 ARG sgnd EFAGT B A4,
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5 oA g AAE W7 A

AL FFHoz myd By 29 1-3104 HE upel o] HAA Y

EFYUT BHE A YAFLE 400-500mel A




4) ¥V JPRxE

2R W BFAYTY AFRE QRS wW, 2Y 1-3204 B ule} @
o 4 A BF A7 1-10cm W Qo] g @ol L¥ak: Yo, HFa A
20cm o] 4e] A%} 30om o4l AEo] By 1 w¥sl a4 g m
@ WEE A 47 10cm olse] FHBol Wol RIS FAE oabe] Ry
9 Aol AA Aol wror} oz @e ANl AU Ao werad,
Wt BRI} we BRAUTY UF 44e ANNE gudel 2y 2 $9
o MR, PN A Feuyo] kool & Aoy,

A FPH oz wae) ny, g 133004 nE vhek 2o) 34 10cm o)
stel e Eol MR AAsH, A4 em oA AR s wAe Fom

rlo

P

g4t arey
80
m .
(}- 40 {+
il 40
B = il
o _ S S | 0 SR I N N
1~10 11~20 21~30 31~40 1~10 11~20 21~30 3t~40
A2 (cm) XA (cm)
[ T
10 40
30 | 0
A I+
w2 W &
10 10
0 “— . OMEER . _ g b SRURENRS - - S R S |
1~10 11~20 21~30 31~40 1~10 11~20 21~30 31~40
EHAY 2 (cm) AL (cm)
L e O

a9 1-32. 4 AR Y EFghuE A4 Reyg
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NAgmE(da)

60
¢ 40
W20
o L M . esam . BEE W ___
1~10 11~20 21~30 31~40

=44 2 (cm)

2% 1-33. 7 2AA G BFANY FEAY REAY
B EFALT 3 A
FEoE o] $HE EFAGRY 129 F3 4NFE 4 APFY BEEe 49

sol 78 WA YFoR FAS FHF ¥, 2 AFUE ALsto] su YUY

& FAsAT EFdUTE ¥ 1-2404 Y A

o

o] A4 i0cm ol&dl A=
Bt 9F 59kg, 11-20cmol A= oF 11.8kg, 21-30cmol A &= 23.6kg, 283 31-40cmol]
M oF 364kgd FHE AMNEE Aoy YEY, AAol AW S48 4u Ao

w438 TItete A vrebdie

E 1-24. BFAGTE 4338 3] A

A2 (ke) 59 11.8 23.6 354

AR 47 AelA AE F e BFAURY F3 AAFE wjEate)
819,500kg, < mi4ko] 583,600ke, ¥rH E-o) 205700kg ¥ 4§t 99500kge] o U
BRI, AP/ had ddw el by Ae A gibo] 369.3kg/hao 2 1 &

- 116 -



Ao g FANGon, il 2065kg/ha, WS 203.6kg/ha, QN4 106.2kg/ha®l &
o2 UEhvhE 1-25). meb Ao FHE A& AFHE b JA AFEE AR
AAS BFANEE JFHoR 2Yse Fg Ak SnE dFon Aistol

FAE FNEL 25 71T Ao ® vy,

R 1-25. ZF 2ARA Y 9 EFAUYT- 405 QAT

A 54 269.38 2.7 997.1 369.3 99,500
Ria=E 1,01052 2.0 - 4071 203.6 205,700
ofl g2k 3,968.45 12 247.8 206.5 819,500
2.4k 5.495.61 20 2124 106.2 583,600

WA ghomi EAAA B opd, §57 od AR G BFEAUE 4
A Fusty] AAAE 1 oute AL e S¥AURe] REdy, 4@
W 53] Qagel @ A A&Hoz sdso Wakd Aust Gusolol & A

4, NAE A=

EFAUSF FEAE F aesculeting o] &38lo] AZFHL st gals AjAE

& AA 2 Yo Axste] mWYE o™ 29 1-343 1-359014 K uie @
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19 1-34. Aesculetin®. & A 2§ H P T8 A AE

Y 1-35. Aesculetin® @ AR AAAL AAE,
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7}. Aesculeting o] 43 339 Ax 54

1) Aesculetin B2e 51§ wlA|RE Do) ol}r wjFo] o uwAe EIdE e A
o sl wheEk & SlAkel 9 sievingdle] A7) stolof A,

2) oo Az Al Bde] Al Abgsle &l AR wlg FosG. B
AHAA oeEd} & AP vEAR & EFEE ARG 97 F A
grjel A7 FPEFES Fo 2904, €9 o] VR How PVPY starch7t A
FAe e AdE GHT 5 glo] Aol AFHMNG sHE F dxydo] 4
A FAAE dgel vk W &9 Fo] vF wowd By ARFAAHANM FEol
A A5A5sA As7]) qEd FHAze Foizt A0 HelA EAFE Sl
& Aol ohymiz Az ol weh dPzzde) gzt WE ¥ FE glvh

3) 4dF PVPE WA dggodt 59 of §Hog HY& §& A ¥ oH

]

& 274 Wol $uel AYAR A5HE check FAA FAg Azse PUE
S8,

4) B HAFoA Jd& AYhe F5E&L 5556% o HA Fed 1 4A2 FAES

—r‘

aesculetin® Fo] ¢k A2dl ok #YP Az AR 2FHE AAI] dEA 7]
AZAAA e SAGEES A G PR T Fel sy PE o=
X ooadd g de v AxE TR AE4E SAge] 38 an, AdEeE 9
TEEE A 90%01Y & F Jdomw

Zkstelo} &rh.

$588 oW WEA FAR o)

Y. Aesculeting o] 8-3 Ao A5

=]

30g2] aesculetin ¥, avicel 101 45g, lactose 105g¥ starch 70p2 & XA EZR
3led 184(300mg/A)Me] AAE AxsGch AZRE A 71232 2
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£ 1-26% #d.

¥ 1-26. Asculeting o] &3t ZAg AA By EA

2984 56 9.03

1
2 314.0 61 9.08
3 3079 53 9.13 B
4 316.4 66 9.10
5 3096 57 9.10
Mean+SD | 309264695 584153 9.1%0.05 1.266

% 309.26+6.95mg; Y= : 1266g/ml; A= : 58415.3N; A7 : 9.11+0.05mm

AA AzA B O-F3 2o

D 3 AWl e 24 REEE 2315 TUstA EFstoof st

2) o= (aesculetine) £2 AA7t FAELo7] WEol AA AxAAAAM F5A4
o] FA odrh. EF AT HEA Yol UF How BHE L] FEAHl FA G
7] W A Az ojEFol SA™MT watA fEe] FL& G HPAE
7beke Aol Fasih.
3 ¥ AWM aviceld FFAR dte] AA AxA, L AFHo] Fi FHo
folatn Y EFEL FE¥AHE Fdh 283 cappingoly laminating¥ #&
A BA7E A7A &gk
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M3d BRALUSE 018 ISy SHM= Y

EXYUESE $2L 2Ry AAo] duksti AxdY e AEE Q3E 4T
Eowrlel BEA ASA, kA, A, $5EFA Foz 3y AgHe g
A4 8 dHANE §94E F EFAUT SR FFS S8R §
FOE EHHC Qi aF HAFe] AnEA vaH a2 {FEHI Qv
AT 9%t 44, 53 g A Wkt iRk el $std &E 8T,
BT, AFEE 5o F8 RELR AMgHO| gt wlud gAY EFdUTsE
AAEE W 271 8ARN FaAEeY, HAAS el BIMEEA Hi &)
4 Ask gAss QAN 27 842ME AHEEA g1 ofTESAR Bol
ol & U, F8] LmoppolA HA Q] offulE ARG ZA FUhstE QUvh. @A,
Fule] EZROpTHLEE FFF HA oFTWES ARG YA A F9)E
oESs Uy Ao A Yk
A ArCGHEA, 20008 2 99E Sl EA FFFANN FLALEIE)7)
T THEF 809%6E AAsta o, sulAe F THF 20%e Eabsich Sulid
A5 AFEE 146%(F K, ME(ADATY, 1997 Esln], avnl F5€d &
Ao} 71% BEIL Aol 15emol s A AE T, 1993). ol AFAE ol
S AR o] FoA glof s5u Wae ool AN +FAL EE FY MM W
AME S #Ae we Axe =yl f2 FedelA I Welrt WS o
(Carlquist, 1988) Aol FARLG HPoHh4 5, 1989). o2 ¢ £A Hd F
538 BAY] % g B4 AAse aFdd 54 ALY EA 48E A

Atz Al A&z ojfofx] KrhEhA - i, 1993; JE-EA}3F, 1993; &
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¥, 1983).

HAZAA EFAUFH s A i 54 9 Ade &A% Ay =l -
9] o2l A2 (Yamabayashi 1938; A & 19815 4= - g 1987, 4t T 1990; 4t 1990;
Fujiwara 1992; Sano & Fukuzawa 1994; % 1994; 9 1994; Utsumi et al
1996; 24 1997; Helinska & Fabisiak 1999; Panshin & Zeeuw, 1970; #[5h, 1979; ##K
MBAPIoEAT, 1982; iF & g, 1982 WX T, 1985, RAAAMELE, 1985 4 F,
1989; £t F, 1990; Tsoumis, 1991; £, 1994; 2%, 1997, YA+, 1994; Gustafsson,
1999)e o3 o] AT dHHoR ofF oA o] FHs HnkAQA It
ol "ol A=l .

§H, 54 2R 4T ddoE AAHE 5538y, ¥
Adste] 715A4E FAst7l A A7/ AEHeR £ glom ogA ey
ARE AKEFEMZ FE32 o 848 SA49 difEde AW 24999
~OH71& Aolgte] o= HFx9 A& AL + e, 549 A& N4sy
7HeE &olatA stz st Wydls EXdE, ol B RVl Ay, 47y A
R microwave 5& °]-§3= WHEC) UTEHA & HH, 1993 AANM B, 1993;
i, 1971 44 5, 1983). o1 d o8 7kx] B FlA dZeAge Axgozy
B ridEgzes g ¥ade dFE SEAA MEG2d 38 JHAANA vEY
Zujel wi&FE microfibril®] BAL £ FF 59 HEWME) JM5stA Ho st el
FART(BAKRMESR, 1993). 2HEE 754 498 T AT PR o)
AAEGE - €, 19970 Rug A7 #Astd EFaVRA dza Aol %
% - BEd 2 MATRE FEIFAC

B, sEUS 0& B4 Hye AMAYI AeAFPE Y5yl st
BgeA vy 8 Aot s g3 £ 44& AHsEHE A7 o)dRH
®ol IHHY FoiwA - EH, 1993, AR EAEE, 1993). 2 FA PEG
(Polyethylene glycoDA &&= Z7] #&o & AAd PEGFEAE AFAA HA
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7o o8 A4S FSAEHR A E SHozA Aul o] AR, 7o)
ZHAEtiAE B ASGAAS Roste Aoz A4E Jo(fi, 1989).

PEGH o] o1& S Aty o] &3 A% Stamm(1959)9] Ao A 7§
AN A E Q. E southern pine Yol ARGl 30%-PEG 1000 =& I
A Aud da, £Ego] Fada o) HARA Fhriii Bast i, Tarkow
5(1966)> &l Aol 2% Non-Solvent Water(NSW)e| Aol o # A7
3000 o149l PEGE EA9 dAE Zo AT & ke AAXE wadqd.
M 5(1968) YErhi-Ael Adold PEG #3& 25%A %7l Hde d4-FHE
(ASE: Anti-Shrinkage Efficiency)¥ 3% &&(AE: Anti-swelling Efficiency)& Y&
WE AL Wi, MA 50984)& wFol Addn FF&o] Eold It AMe K
ZAYE 9 B2 40009 PEGZE A@sivta B syl

uekA, B Ao EFguUss 5L B dEder o &8 A% V&

o=
R £330 FRAE, BAGE R ABFAYR Are 549 g - o
s B 24 dEsdon, V154 Relg sdd ANg gze A
5.4 R MATRE 2ASEL, A4434E A PEG AT PEGA

Fo $% - BES5A4, 945 R TAEE HESAT
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A24d A 9 Iy

1. @74 EFAUTERE T2 £39 A9s 54

r

7. Al B

B Ao A 2000 59 Z9iey A5 39 vk A AFH B AR
(Fraxinus rhynchophylla Hance)$t 1998+ 119 Ay hkat vkdd A8 AdFS
oA AH S (Fraxinus mandshurica Ruer) 2 EFd(Fraxinus

sieboldiana Brume) 132 & ABE ALE3AY. FA 52 Ao ¥ 2-13 2.

® 2-1. FAFF

F. rhynchophylia 45 20.0

F. mandshurica 29 18.0

F. sieboldiana 23 95
. A9y

1 % g nATF=3 54

AR B4E 2AE] AE ol AUM(GEEAS, 19852 AT &
%83 v 7 (ZEISS Standard 25)3 A4EA71(BMDE ol &3t #& & FF8AUH.
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b EAR dol, £ - WAY Ed849 Aol 2 AR F
BN 2 DAR =840 o) W Eie] AW AL sAARMINE AME
o] Aadz 727 50714 SR8

W) AR wol B 4 4

WA zEAe Eolt FARHNA Z - wALE Taske shbe] waAEA e YA
FAE FAEDE ZRAAUT Pz FE FFRANE g 24 A8
2 FUAGEATS lm AN = - BARES TAs ZAAAT PAzHY Fol
S St 747 084 FA% Pz Ak

) FARL g 57
FHLA MG BAANFOS BT FUU ADE ol §3le] ST PN
A & Y BAR, R8s, WAREA, SPPHEAY 1S 4 989 2%

AR rold 24

2) vAFxH 54

Y

3

7h AaAagse 34

At 4 Nue duddA AAe} dAR Fen, gAFRAA lonX
0.1mmx4em =712 A8 AT. XA AR+ Rigaku DMax-2100S AHE-3H51o.H,
XAHE Ni filters @318 CuKeA(A=0.1542m)S AH&3td v 2485 219 2-1
3 Zo] axW(segal, 1959) # WA W (Wellwood, 1975)& °]-8&-3 1t
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.
E 8 FK FX
FA
fam |lagp
26 og
A B
3y 2-1. 549 XH A= JA.
»  Segal’'s method »  Area method
[200_—[AM Fk
9 = 0, L | A —
cr.(/)) IZO() X].OO Cr.(A) Fk +FA
Iy (200)9] 3 HAE(260=228" ) Fp: 24499 7%
Tay t MIARGRR AR E(20=18" ) F,:vld4dey 28

2. EFAUTE 79 59 93 54

7H A B

2 dFoAE 20008 59 AUuigta AFHolM AHE BFdlUF(Fraxinus
rhynchophylla  Hance)®F 1999 89 A @AM AFHZ  SvilvF(Fraxinus
mandshurica Ruer.) R 4EF 8 (Fraxinus sieboldiana Biove)E& AMEE AFE3A ).

FTAEL] ALE ¥ 2-17% 2.
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L = R

1) AA g 2 U 54
FANAEY FnRddx e AFse KS F 2201341574 1994)0] o}

A\ ANEE AFstach AATGEE, AAVE(Weg/Ve), AAL=Wo/ Vo) R
FADE(Wo/ Ve BAZE ) A% FA 2 A+-E EAHS ¥ KS F 2202

(Brmatd 4 1994)00 wheh AL e
ZAoE gAEA wolue AW A(MITUTOYO CORPORATION, CD-15C,

1/100mm) ¢} ©1 A€ A A=A -2 (OHAUS Explored, 1/100g)& AH&38tdth.

> KS F 2203(3b= 244 1994)el whe} A#da Algek g4 - AL

WaEg A RE AXste) sl

3) 44 44 54
GEAE, BAE, A9 E, SAYEFFAUAE KS F 2201, 220290 ot} AlgH &
Asek & 2206, 2208, 2209, 2211(FF AT 1994)o wt FHAch £E, FAH
el vl g #l8] SPSS 1008 ol83te] t4A 4 EAEAS AAIUT

R

3. a7l BAAR 1 - &2 Ag SA9 54 -

7}. A B

2 JdPode AUdigtn d4Y 89wt JUantolAd AFS EFduS-(Fraxinus
o %

rhynchophylla 1.)$} 2WU5-(Pinus densiflora S. et Z.)& FA & Ab-g-8F 4 Tk
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E 2-2. TATFF

Fraxinus rhynchophylla H. : 14 49 16.3
Pinus densiflora S. et Z. 75 25 14.3
. 499y

D 4% 2 98 A=nA%

£% 9 P88 AnE KS F 201, 22033 2J7 2, 1904)0) weh @A so) A
A AL Amsh Aetgs NEE 47 3048 AFedon, 1Y 2-28 B
=
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Base |ine

a9 2-2. 75 - BWEE A8 ARG 1 m).

2) @29 A2 g 4
ddy Ay R FAE &9 4019909 W B 2AAN AAEATh

3 A% R FF URS
W] Ay ¥ FEE(a, AT FHEIF W), /1A And AUY Az
% WEE(H, o5 Waolvh ) B BVY W F 44 R AAN ARe

.{[i
F&(y, 0% AFFEolH W), WBY A AT FTYRLES WROE- &,
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1997)9k o] AMdskait

4) FAAR AV P (SEM) 2 XA 33 4F

Gz A FE EAe] z @He Ion sputter coater (Polaron, E5200)8 Al-§3}o]
AuE FFFE 3 FARADY A (Jeol, MS-5410)& o] 48] @I B B A.

XAgA4g e Zddgtn APAeost YA AdAHHe] U= X-ray
Diffractometer( RIGAKU Co., D/Max 2100, Cu, 40kV, 40mA)& ©]-&-3% ).

AHAAR R EE 9 Segald(Segal et al, 1959)& AM&-3FArt.

Cr(%) = ﬂ%of‘—’—"l 100

Iow : (200)9] 3 AZ5(26=228 ) Iam: HAZREY JAFE(260=18 )
4. 317154 BAAsE 0 - PEG A &5A e 54 -

7. A&

B Ay AL FTAAE E 2-3% gon, F137 20cmo|ste] Y5 WA s}

o 0]-83 ). PEG(Polyethylene glycol : Kanto Chemical Co. INC.)& ¥4+% 1000,
2000, 40008 R & Ah-&3t( T
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Fraxinus rhynchophylla Hance 38 Hongchon, Kangwon

4$%% NAA%
AN AHEF AWe BAS £28 SRUHKS F 2201, 22099 @ 72
of web $Ah 2 ARG 55 SANEE 5mL) X 0mER) X0m(T)S R4
ARk AW AA AFH WA RN AARRD, 2AGEG Y AW
2 #tel growpo® st

B

2) PEG#
PEG AH#le dg9 &A1& HAAs9r)

7h AFE ARES 106CAA 244258 AdANZ F A4 2 % A&

W) 2 F g FRUAA FH5 AX s 08¢ FYFYE AAF Fo 1
FUES FAANA 22 3 F 2 g e 2 FFE AL

) PEGF &2 B4 ZFZF 1000, 2000, 40009) RE& o]&3td FHHlZ 10%,
2096, 30%°] FEZ AZsY}.

gh) E5AEQ AEE PEG 899 &2 ¥ 4&, 50T, 70CoA 2z 15:9%5¢
A AR

) FAAY F AEE A A5 € FFE 238, 60CoAAN 39 ok ARA

A F S L B 2RAY
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3) PEG A& A9 A5ARA Al
PEGA &l 2% AAAAE Hristr] f8te] 58, 535 7H8 (Weight Gain :
W.G.), 87 &3 (Bulking Effect : BE.)S ALt}

. 5L —
+z8= -—llli X100(%)

l : PEG 3 ¥ 60ColA 39 Ft Az & dol(m)

LAY A XA Aol (mm)

W,.G= GTG Gy X 100(%)
(]

Gr : PEG 3 & 60TCA 3¢ B¢t AxF & 3
Go: A7 A AAXN FF

_An—A
B.E= A, A, X100(%)

Aro i PEG 3 ¥ 60T1A 3 §2 Az¢ o) Fud wg
Aci AP A AAY ¥ Fad Ay

As: AP A EHEAe) YUW AF

4) PEG A# A9 3= @ 2473% 947

IZE R FAPESFNYR AL A5E PEG 243 10009 30%8& Qo= 3 X
g ste] 717AAZ F KS F 2208, 2211(F=A Q74 1994)e wal Az & &4 3
At
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5. AlAIE A&
7. A 5

2000 59 ZUdidu AFE 89wt YiilA AHL EFAUF-(Fraxinus
rhynchophylla Hance) 9t 19983 119 A 4 vbdd A8 AAdFUdA A
A EWYUS(Fraxinus mandshurica Ruer) B A EF#l(Fraxinus sieboldiana

Buome) ¢ 93 2 AAEL Agz AEakdch
oy

D AEEH 2 A% A%

b BA # AR B R AAE SAY 4% 43¢ 2 A 2
12 gadch 2% old% Zo) FAUAE 2 o) §aAY &
2 % PEG AelAE ol g@rh.

) G AR A8k 2oy nhag YRdste Fudl AA wed. aF A
g olgdtel B Y 4 ALE AFBc),

2) FAA ol &
A v 714359 E‘dé EARIT, 3 & g srdAz due B4
i 51¢- AFER Sandingdle]l QA2 2 F9S o)

3) &FY A ol &

7h AHE3kE B B AAE AU 4% AAE 9 AP Vg A,
}) NaOH 5~15%¢] =84 x| A) 7]},
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o JAE NEE 52 ARl FAR F NANANAY MAE AAANA
) 2 ¥ vy 71EA7 d9g Ede A1 3¢ AMEE Sandingdte] gz @
e S W

i
et

4) PEG AgA ol &

) AHgste EAd) B AAE A A% ARe Fo AW 272 9wk

) Ba% 1000¢] PEG 30% +&elo] 2Ax A7t

o AAW NaE 7AANAAY 443 AR

@) 2 ¥ nlgl AdA dwe Edol AR ¥ AL Sandingstel AAe 3
deg W,
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A3d 43 2 337

el

F34 BFALEE 78 +59 AV 54

7h. A BA Fx, FAAXY 54 9 HE

) AR 73
29 2-3~2-11¢ FASEY A4A FRAAN #9E Juw, ddwd 2 PAu
wel Abgoldh, 7t 58 54L& vhgst B
EFALT @AY 22 Fo] BT JEFUUT) W) F1 PR
goz )9 an#el BYY Ao MY go| ARG 2L 1-3d8 B
¥aqch.
YT A £5F AF AV 4 Fhskn, wAR 2@ AFe
S AgFdurel Ang fov, Pzrge 1292 FEHA
ABFAE © DAFAN FPFF2HY W W& BEFol Ma Ega &0
WA R FAY de RelFgon, PARAL 140t
FAURS BT SPFFRAL FAY, FRAAL G Sgom, EF

AR BT AzHe FRAEL AFROIUL PHALE EAAI
o @, ST AR e BEAES FE o|F3 You YYAL 2 ARAE

E EAQses 54 B

FebE

!

2) FAAX 54

TAFFY FAANE S X 2-49 Yerdllth B4R dole EFHVT 12865+
194, EVIVHF 1395160/, 48 FdlvF 13311129m=E A 453k & Aolzh {
F Aoz A HAdH doldl #sle] Yamabayashi (1938)F EFalvhy 47
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0~1330m, EWVE 470~1540m, HEFHYF 530~1060m=z HugHorn, £
(1994)= EF AT 490~1730mm, EvUF 1010~1630mm, HEFAUHF 500~990m
Bnas) & d¥3 vhd o7k YA FF, YLYATY (190N EFaie vy
o B4R dolg Zz 1000m, 1100mE E43ke] £ A Ay i H& s B
At 2459 =8 AFS HEFYUFIL EFAUT S EMUF Y A%, =
#o4 ok HEFHUFI & F £FRY &Sl B FAFF BT UAR
E88A Aoyt 2AREYG AU, =R 8L ZHolo] #Ee Yamabayashi (1938)
= EFYUF 140~430m, EWYUF 120~290um, HEFHUF 110~320m=z 2 23
g AFro gi #Fe AFE Huggoen, 44T 199N E Sy
204.8um, EFdVGF 227.0mE R aste] thh xbelrt v

WAz Eole EFAUTY 2ARAA chi wgom a9 E Hlsadd.
FAzF FE EFAUFS BduRrl v&sda HEFHUYE) g8 $£EFudg

A3 AL 5L RAFU
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av.
}‘(1}3;3‘ length mature
juvenile
av.,
V(i?ns)‘.el diameter mature
juvenile
av.
Nemmtidenent e
juvenile
Ray height
(No. of ray av.

parenchyma)

Ray number in
cross section av.
(No./mm)

1285+194 1395160

1400468 1481138

1016:£97 12341180
180+26 32+3 17331 49%7
196t 9 33%£3 195410  53+3
150419  28+3 14625  45=*8
355+33 403+30 357+24 40125
371£20  416+23 367E17  416%15
318£26 37319 346+27 384124
12+13  15+19 14%16 15+1.0

13+25 11+24

1331£129

1406 £ 46

1170100
142+29  38+4
161 +8 4734
119+30  27+3
311421 371%16
329+16  365L10
298114  375%18
15+1.3 1518

5%1.8

E: earlywood L: latewood av.. average mature! mature wood juvenile:! juvenile wood
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300m).

AV gawel Baran g A (Scale bar

X1 3%
=T

o9 2-3
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29 2-4, vV gadel B8 v A AR (Scale bar=300um).
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¥ 2-5. HEFUVUY Fudey 3@ A A2(Scale bar=300um).
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400¢m).

117 AL (Scale bar=

&
Ry

o %

il

o

a9 2-6. BT Ak
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4004m).

21 (Scale bar

L P!

QA
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29 2-8 HAeFduy B8 B3P Al (Scale bar=400m).
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a9 2-9. EFUUT BArde] F8tdn A AR (Scale bar=200um).
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O 2-10. BWYF PAbA e 38t n] A AL (Scale bar=200um).
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¥ 2-11 HEFUUF AbAY B8 g AFR(Scale bar=200um).
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3) T LE ME
A #EY Eesr MEe FAY Ade ¥ 2-59% Fo EFAUNTS Sy
Fo] BAH v AR o 44~53%, AR oF 75~78%E WARI EAh 4

EFUUTE £ WAL AN e Hlgo] § g We] wged, £%
HEFuso AR E SYgF2A e N80 =38 Ut Fujiwara (1992)

3t
i gab Sl TN E 08%E Walste] B AR fAE AnE mel vk,

A 2-5 HFEVVT AL vE (vt %)

Fiber 43.6 7.3 52.7 789 46.9 51.9
Vessel element 39.7 49 34.5 77 31.8 6.5
Axial parenchyma 1.8 5.1 26 4.4 3.7 20.2
Ray 14.2 14.4 10.0 89 175 209

. A8 BATY Wol

1) 5459 4ol

7} Asold £4% BAG dole] YAy

=
O

g Wole Y 2-129) vEdn. A FF
EF oF 9~13 AE7HA 71 F A dAT #E vEde AgE BoFA.
o2l A UwrHon MuHI Q= BAH Zolo WA wo| A AX
33l QltHPanshin & Zeeuw 1980; 4t 1981; b % 1990; Lei et al 1996). 9| && &

M Aot 3 FARI AR E Q8L NFoR Y4 WYSAR T
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Fatich ¢¥, & Y 23} 9~13 4§ o F A £Fuol YAH BHA Wole
Aol Folzh foov MASA RANAE EFAGRI A BT

1700
1600
16800 |
1400
1300
1200
1100
1000
900
800
S A . . -

1 3 5 7 g 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

Age

Fiber length(sm)

~x— F. rhynchophylia —o— . mandshurica —— F, gieboldiana

a9 2-12. BRdUFS A B Rl Aol whiE dAapRlol,

2) =39 44

e

29 2138 FASF Z - wAR Ew A7 gAY wel: vy ol

ZAR £% H3L 13~15 ARAA F4E F 2

e

VAHAE AR wolEel. v
B OED AZE Al W EAREY 1 YRS Syl EFdgyun
o =ZA vebwrh =3 A7 WApLdr Wold] #ske] Lei et al(1996)2 Quercus
garryanaA e ZAF B A7) 15 A% AL FHF & AARAAE Wolg n

sste] B Awel Aol w&aqr.
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230

210
180
170 |
180 |
130

VS 7 ale

110
9 |
70

Vessel diameter {(sm)

P SO T T T T

50

Sk bren

5~g-8'm§—x"‘"‘""*"s/\'x'x

PR S Y Y

5 7 9 15 17 19

A g e

—x— F. rhynchophylla

21

—o— F. mandshurica

23 25 27 23 31 33 35 37 I

—t— . SIebo/d/ana

60

55
50
45
40
35
30
25
20

Vessel diameter (um)

" L,

19

e

L= F. thynchophylla

21

23 25 27 29 31 33 35 37 3P

—~o— F. mandshurica

B
a9 2-13. EFHUF-Eo A 2(A) - 94 5(B)
EF K (1981)
Aol Aol o) UdA

F3A 4559 A

AEANA SR F

=% A9 YA vol g
PR =

E# 379 Qo] He Pahdol,

ZA ] B

pattern¥ A& Hon F 7138}

= patterng® HasQvh 2 WA R AE 454F RE dgd oyl 9uks] 271
Sobar sle] B Aol Ao} vha olr} Al Helinska & Fabisiak (1999)& F,
excelsior ZA%- =3 A7 PAPEY WolE AT 30 ARG NFOE WAL
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At deAE FRIPGon, rASAREE YAl 15 98 ol§E immature wood

sub-zone, 15~30 A %-& mature wood sub-zonel. & T &}

3) =¥@aa9 o
FA FFY 2 HAR =EF a4 Holo WAL Wole 1§ 2-14¢0 ERW T

450

400 | X XXX
— X" N X I
§ -3 7\ X\ \»/ x
~— x -X
= 380 f \(
=
O
_5 300 |
3 W
@ es0 |
(0}
>

D00 b e e

t 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 83 35 37 3
A g e
—x—F. thynchophylla —o—F. mandshurica —s—F. sieboldiana
A

480

450
= 440 [
!
= 420 [
©
2 00 F
L a0 |
® 30 |
o
g 340

320

300

A g e
—x— F, rhynchophylla —o— F. mandshurica —a— F. sieboldiana
B

28 2-14. EFAUFSA 2(A) - TARB) = 94 Folo wE WApdol
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AR BT m@ed dolo MATF Wl - WARNA HEH
dae Jedo, 4EFuury S@ed Aol & WAR ¥ g FFo
18 tha ggrow WAbEE Wolo] AP Relsk AT F, FFARTS S

hey
¥
RE AR B SN E#azd ot 3 94 ARAX FAE

i

i
U

I

2

£ ague gl Yk Ty ABFANT 2AR =@es dol AAHo
A A Folk YA, SAFNAE Sl ART FANA Fn 1% A F7
shelet.

a) WA zEA 9 ol

a9 2-15% FASFY £ RAY PARD Folo WA WelE Ve Aol
o), ZAFNA BT RAzA Eolt 15 AF AEAA FH F dRAAL
g, B 4B FAUTE SUUT A Wel AW g2 Yehgoh
WA BFAUREYG EUTE GAHo2 FrsHe WelE nelFloy 4%
FeAubre As 99 Aew AAANUT FAZRA BAGFE Welo) ware] b
(1981)€ B 74X oA
A Agdl me W gL, =FUTE 2. 9AR BF 9% 4
F 44RE AFIA. B, GFUR 2ARY YAz &

¥ APAAAL AARE AA ) sl A dAsh, SUFE = DAY w

% Ag WFo] gl WolE HisAL

tiio
i
3
o
324
v
>
e
iv
—u
ok
>
B
i
to
ar
)
rr
By
=
2
€
2
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18
17
= 18
8 15 |
o 14t A %
| *’\ ; X K AN\ A
> o A s/
Z 12t - 5/( N\ g
= > N\t V4
-
e n .
2y 1 \/ id
o
= Q x
>
T 8 et
o 13 5 7 9 11 13 15 17 19 21 23 26 27 29 3t 33 35 37 39
Age
—x—F, rhynchophylla —o— F. mandshurica —»— f. sieboldiana
A
23
21 b
= 19 x
@
o 17 ix o /Q—/;'x‘x y-x v\('x
e x W
© 15 -% ~ o~ \/
g \
g v \/ %/
pt
s 1t
o
g e}
3 7 e
as 1 38 5 7 9 11 183 15 17 189 21 283 25 27 20 31 33 35 37 39
Age
—x— F, rhynchophylla —~o—F. mandshurica —a— F. sieboldiana
B

fin

29 2-15. EFIUFSAA 2(A) - THARB) HARERE golo] Ao uwE Aol
o. ddd3ge

EF U, BiUR R ABFAUTY A4REE E 2-69 vhehd. EFey
b BUUE AAe AAREE AART B vewod, BTl
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A WA Zolzk A9 vk AulAASEY WY Wil Segal's method?t
Area method®th o 10%4 % EA Yeht glon) ol d Axs 49k 4:(1992)0]
wag ZAssl gol Ao wyo sy A A g ARHAE 7F &
glomz 4wyl a9 Aol EANY o Azdn

F 2-6. EFUUTSe A

Heartwood 71.13 62.96
F. rhynchophylla

Sapwood 7731 64.52

Heartwood 69.91 60.60
F. mandshurica

Sapwood 78.30 67.86

Heartwood 71.03 63.33
F. sieboldiana

Sapwood 69.64 60.60

gFAURSE 70 539 FUH ol§2 AT 2z AR QTR BFAYE, §
R HEFAT e 54 2 gEsin

D EFAUREE B ange] 970 EuluTel 4BFAERY A%k, §
Aggon 34 augel BFgA Aol wuwd @ol EAstgom, Yarmd e
-3¢ B¥sQEh Buie de ¥ FRv Au9A7 G, WAl
PR Aol BEALRS HEFAbruT gom, YR 1288 B
Sk ABFANE SRFFEge] S L FANoR Fuw

S slglon, MAlFA L [~498 Bysey.
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2 BA FEL B4 Ao 2 Ao} gRlom, 2A% B¢ A4 meas
A BFagRe S A FA4E LF
3 E#as dolsh 2ARRL Y
3) AR Fole TALE WEaor BT EARIE tha wskeh
WA A S HRFAUTIE AR A e,
SFALTS ST B WES FAL O M-5%uT wAR o}
B~T8%E TR HAEFHUFE 2 dARAA WALEA S H&o] T F

st
5) 244 o), ERass A7 B Aole PARF Mol APARAA F7HD
% AR AT AFE R oW TARL YA WMoY
FA 4T 12~15 ARE AAZ AHAS AYEAZ FRY £ e Aow
Az,

ERAUFS Sy A4S AARES W4T EA duson}, HE¥e
GEeAE W AR Relst A9l AR

2. EXAUYE 78 359 &£934 54
7t E9E 54

1) AA 358 2 ds

EFYYTE Fo A 53 A YAFFEF UEE TP Ave ® 2-79
2ok BRI ARFAURY AAFFEE W AAR Aolol Aol AL

Y, EnUFE A4 AARRY gi @A Jeby & g4 FAeEe A
A4S o 40-45%2EA wE(1979)7F B1E F lanuginisaA] AR 44.7%, QA
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H48% 9t WlzehA| W, 4 F(1989)0) Bk vy WAL 53%, AR 71.6%, =
Fi(1979)7F Ritgk Seuhg 39%, 80.8%9 tha xbolsb 9t

sruse] AA-ES AAUEE WA - AR Zolzh e e £5d b8
i S, EFAU HEFUuUTe Ans WA} AARRY i ysloe
W, F FEeE s gg vl AAEE #ste J9dTFR19Nn)e &
SFEvE 1.08g/cr, EWUE 1.10g/en 2 A9 Zolrt fllout AAYNEE BEghy
F069g/ct, VIV 0.69g/cnEA BFEUSolM A zolrt AUtk w3
Tsoumis(1991)= AAEEE £ - DA EZ T8 ashAe] AT 0.38 -~ 051g/cn,
WA F 072 - 0.80g/cn® R a3k o),

S BFUYY 066g/or, EVIUE 057g/cn, HEFHAIT 067g/cr2A W)
Y e O osFRT td A vebgth £39 56 #ste] Panshin &
Zeeuw(1970)= F. americanaA 0.55g/cw, F. nigra@ 0.45g/crt, 51979 Swu%
0.54g/cri, F. lanuginisa®] 0.6lg/ci2A 2 A#e Agnrt A v%d e Bo
At
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®2-7. ANGr&H &

Sapwood 46.15+6,04 0.941+0.02 0.751£0.02 0.6410.02
F. rhynchophylia

Heartwood  47.67%£3.29 1.00£0.01 0.81£0.03 0.68+0.02

Sapwoad 36.57x0.71 0.80%0.02 0.684:0.02 0.59+0.01
F. mandshurica

Heartwood — 44.611:3.33 0.80%0.02 0.651+0.04 0.55£0.01

Sapwood 42671122 091+0.03 0.72£0.02 0.71£0.02
F. sieboldiana

Heartwood  40.68+0.90 1.00+0.02 0.810.02 0.63+0.01

2) &

BEEL ¥

%
e¥AYRG ABFALURY £5 P42 543 A%e ¥ 287 g £3
2

S
ARrgeolin B, 4HUE 73 R WARS AARRYG Be 54

BAFA
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X 2-8 75 2 Has

Sapwood 9751031 4661034 205+099 1080038 489038 2.11%1.03
E. rhynchophylia

Heartwood 10374073 560+061 0.71£031 11581091 593068 (.72:1:0.31

Sapwood 11.71£129 550048 291%0.10 13281169 5822054 3.00+0.64

F. sieboldiana

Heartwood 10481238 6411034 085%£027 11.77+£293 685039 1.22+039

T : tangential direction R : radial direction L : longitudinal direction

OAFge $£FHELS Panshin & Zeeuw(1970), Tsoumis(1991)7} ®B.13d F
americana® o] FAWE 7.8%, WAL E 48%, APATL(1994) 2 EFUGE HA
W 891%, WA 4.3%, AR 3 047%, HAMAHIEATA982)7 Lug HE

v 754%, 3.63%, 0.73%< HE(1979)7 B F. lanuginisad 9.1%, 4.2%,
044%9] AR the b wA vebsch @8, ddJ7+201994)¢] EWVE 11.83%,
4.88%, 0.51%, SHRMAMOHIETA982)7F Rast EvlUF 11.70%, 4.53%, 0.39%9} 15
(1979)7} Hirgk EulUH 127%, 6.0%, 0.18%9 = Hl3k +28& RHoFEqh

1) T35 54
FAFE Fot

e
S

549 F443%e R 2-99 el A £33 FUFA=
1%
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2

Aol7k A}tk F, WARNE YT AARAME EFAUTIL G FF

B g & 4% 5AE RAFUYG JEFAUT MORE A AF7F WA

m

2ot g4 gdod, EFduret EvyF-e MOR# MOE, 4 & dui-9 MOE®=
tAA 23 WA - AAFIE] Aol7t AT

¥ 2-9. F4F B4

io

Sanwood 9.04 0.78 649 461 49561

, b +£007  +001  *41 +72 +931
rhynchophylla 9.04 0.86 701 476 50109
Heartwood +0.13 +0.02 +32 +50 484

Sapwood 9.03 0.68 672 504 51830

_ P +016  +001  *19 +3 12721
mandshurica 871 0.69 592 462 44602
Heartwood  +0.19 +0.02  *+28 +67 +5843

Sanwood 8.69 0.74 508 352 24090

F o +038  +003 %21 +98 +6105
sieboldiana 9.29 0.86 601 491 32292
Heartwood +0.71 +0.03 +29 +38 +9690
Sapwood - - 0.000%*x* - 0.001 %%

P
Heartwood - - 0.000++ B 0.000%+
P : significance probability * . significant effect at 0.05 level

=4 . significant effect at 0.01 level
B Adge] MORS d9a79(1994)dA dxd EF#HF 58lkg/or, BT

508kg/cm, rhae} LH:(1982)7F Hug SviuF 488ke/cr, & & FH VY 423ke/cn’, A
AARMEE(1985)2] S UF 440kg/en Bt} oA Eoy, Gustafsson(1999)9] F.
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excelsior 80.5MPa(820kg/cn’)$} Tsoumis(1991)7} K318 F. americana® 520ke/crt 3. th
£ A FAAY &g e BRYFY. MOE &S rkeh (i(1982)e vy
148 % 10°kg/c, 418 F eI 125X 10°%ke/crt, Tsoumis(1991)7} B33 F. americana?)
122 x10°kg/cs} Gustafsson(1999)9] F. excelsior 13.30a(136 % 10°kg/cn) 2.t} thas 2
2 &g e

2) AR

d

£ 2-108 BAFE AVAEG SHS A%E Yo Aol A HATF A
BREE 5% FFEAM fodel AR £Ee Aol Ao,
WA Aelel felde Qddth HEFdAuTel #A - guvde AWRE

T
L.

FERT 02 wgon, AAHoE PAvHe FUAVULY Pi k& R

-~ 163 -



F 2-10. ¥EH =

LR 952:+0.22 144+239
Sapwood
F. LT 9.47+0.15 144+177
rhynchophylla . LR 9.284+0.19 1656+37.6
Heartwood
LT 9.07£0.59 136%23.5
LR 8.4710.29 140+ 124
Sapwood
F. LT 8.68+0.30 131+14.2
mandshurica LR 9.03£0.69 153%11.6
Heartwood
LT 9.62%+0.14 151135
LR 971£0.24 173+20.3
Sapwood
F. LT 9.62%0.21 165+ 94
sieboldiana LR 10.04%039 198+t 1356
Heartwood
LT 9.58+0.39 169£23.4
LR - 0.033 =
Sapwood
p LT - 0.006 **
LR - 0.033 *
Heartwood
LT - 0.034 *
P : significance probability * . significant effect at 0.05 level

*x . significant effect at 0.01 level

E A9 235 EFIuUTe Bvuel #e 49979019940 Hug EFdY
U5 R: 195kgf/cn, T: 188kgf/cri® EwU-F R: 189kef/cn, T: 187kgf/ei LT} Thax %
A vebskot, djkeh JE(1982)7F Rug vl R 135ke/orl, T ¢ 144ke/onoh=
g 3E BoFT & A9 JEFAUTT Bk di(1982)7F Rug &)
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LRl HEFEV R 0 O165ke/em, T ¢ 162kg/erBth ¥ AdA = E Yeldc =
g Al FEe] A9y Tsoumis(1991)7F BiL3 F. americana#] 136.6kg/cii® ash

A 1275kg/ar i} ¥ S BHAFEQ).

38 54

TAeE H 54E& 49 A9e ¥ 2-119 YEdY. 39 45-MOR)E F
AlgE BF 1% FosEdA fFodo] A £52 2ozt Ao A AS
(MOE)¥ 90~140% 10°ke/cnte] AW HEFHUIF WA RS g S50 W -4
AFEY g wgter, A £F9 AAFANE Aojrt AdAHA gk EFYu
o 'vivFe ¥ - AR MOR% MOE #el7F iglev HEFUuUFte A
b AARRG A wA veEgc dEFdauUR AR 47358 S40 tda w
U ofr= e Algd HE Aol 4 Agn AdFFHo Fof AFHFY T
Heo] wlgo] %] wWiow Azdrc

A HadAee LI EU994)0N M B EFuuS 1192ke/ont, SWY
- 1139ke/cn, rhlek 11JR(1982)7F ®arg EwWUF 1109ke/crr, Tsoumnis(1991)7F B
313t ashA| 1203kg/en'st A wlzdtd s, djfd U1J1:(1982)7 Rag HEFUR
816ke/crf, Tsoumnis(1991)7} B.31% F. americanaA 108lkg/crRthi= thd Bl =
g FEAATE HAAHEM1985)e] EMIS 95%x10°ke/cnrd ikl 11191:(1982) <)
HEFA? 86X 10°%ke/on e} Tha ko, dubsh 11JF(1982)e] EwWLHE 129X
10°ke/ci, Tsoumis(1991)7} .38 F. americana® 122X 10°%ke/cni® ash#l 134x 10%ke
/o' e} Gustafsson(1999)0] B:1& F. excelsior 13,000MPa(133% 10°ke/cnt) B W] S28} A
vtk Z2A e
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¥ 2-11. 854

S q 12.49 0.75 1108 528 140182

F apwoo +098 1004  +692 +176 12499
rhynchophylla Heartwood 14.09 0.80 1030 499 139261
eartwood 470 +0.03  £27.2 +60.6 + 4000

S 1 851 0.70 1350 731 137555

F apwoo +020  +0.02 +97.3  +1486 36398
mandshurica Heartwood 290 0.70 1191 463 126744
cartwood 1 42 +001  +248 +55.0 +12423

5 i 9.41 0.79 1134 494 99226

F apwoo +010  +001 711 446 £9048
sieboldiana Heartwood 9.15 0.83 1378 589 138359
canwood 4015 +005 +161.8 +54.0 +12170
Sapwood - - 0.001 #* - 0.001 **

P
Heartwood = - 0.004 *x - 0.185
P : significance probability * : significant effect at 0.05 level

s*# ! significant effect’ at 0.01 level

4) FARFFAUA

£ 2-12v EFHAUFS 2o SAREFFAURE A4 Aot 4%
FduiAe EulvF AAR7E 0.85ke - m/arol L 29 12~13HEH oY #o4
AR 43 FF303 A3 - HARE 2ol AHHA &k

kel E(1982) WY 094ke - m/or, 2 EF AT 1.1lkg - m/en2 B.318}
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A3, HAKMEEO985)E ST 090ks - m/oi® RT3 B A FARFS
AUA o Al W 2agar,

Sapwood 13.01£2.07 0.75+£0.04 1.24+0.24
F. rhynchophylia
Heartwood 14.16£0.52 0.80£0.02 1.22%0.38
Sapwood 851%0.20 0.69£0.02 1.29+0.35
F. mandshurica
Heartwood 955+0.42 0.70£0.03 0.851+0.29
Sapwood - - 0.773
P
Heartwood - - 0.177
P : significance probability * | gignificant effect at 0.05 level

** [ gignificant effect at 0.01 level

gFAURS 38 £%9 FIA ol§S A8 71z ARE dux FFAUT, &

WuE R ABFALR BY W 934 B4 =4S Ade dew 2

D BFAUT AEFATel AATFEe W AL olst o, Bl
dRE AARE WAL i A deRt 4AuEe dauEs iy
Bk % FFol e wgrow FEAUE HEFATRNE A9 Hol7} 4l

2) 7 WEge FF - BEEWE 9 10 0 53~50 1 15 fow, EFAULY HEF
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dviiel Y £%  BaES AR AR B Bgo] Ak
9 HEFAUY WA SFAGERTG da BUT AEFAUT A - HA R
FAZFEMORS JAFMORE the 5 S50 vlal b Jgten, 2%
e SuluFs mxd g 2o Foh
O AEFAGT AVAEE A FAERNN TE F £FRT Egow,

4% 2% gAER AuZEE gAuEe And i w g,

ok

A

5 #IAYAFMOR)E FAFFALolo Aozl ey, AFAHAFMOE) Y 35
FHUF HAR7) i @i,

6) FARFTAUAE EFHUFY SulF Alolo] nj%d ghg RoF.

W

3. 71 E4dAw 1 - €479 Ay SAd 54 -

gztE] MY d J1AMES AE § /AdE, My F AAUE, M dFe] sd
A% H&E& ¥ 2-130] YErdld,

FAEAY WEE EFUAVUSEA 0.71-0.75g/cr, 2T 048-051g/en® VFEFRE
o ¢ZE Ao o3 WEE RY AUFAE 20%0)49 A dEst FEe
A FE A EFAUTAs 5%, 10%9 A2 20-30% BE7F Frister,
15%0°]49 AR 40% o3 BEF/HEE HoAFa glo] LAl vs dxrt
A F7hEAT ol#d A & £FLE AP L7 401997 AT A}
YA &k Ak,
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¥ 2-13. gAY s WS U

5% 0.75 0.89 0.88 1.19
. ,
rioncho-  10% 0.75 0.95 0.95 1.27
15% 0.74 1.05 1.05 1.42
phylla
20% 0.73 1.10 1.10 151
5% 0.71 1.20 1.21 1.69
0% 0.50
5% 051 0.48 0.45 0.94
Pinus 10% 0.51 0.49 0.46 0.96
densiflora 1504 0.48 0.49 0.48 1.02
20% 0.50 0.56 0.52 1.12
25% 0.48 0.57 0.56 1.20

7h 4@ Ao g s 2 %

1) 71349 &z P&

7104 st e F{Adde Aol AN 4 ddgd PE&(8)% &
H BEsgs X 2-140 ek FAHAY BEEE A 548 A
ol A AAEE ghelrh.

AT EFAuF A AAwde] F&e WAt ws) Hds A
Btttk ol# ¥ WE L AVUFAe] AR HAgFon widd A, HAye
microfibril®] ZgAbZte] WAMETE Ha, FAHe] WAt R E3yt dslo) gy

flo
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o AR} foldy] wWFEor AZATHSE F. 1989). §¥FHES B, 2UFAw
5~15% AN He &¥rt a8 FErt F71EE FASA FFAYT AT 5%
AY2E aA B&sRen 5 Frt gF dFS HUAn

APo, 2UFEAY EFAUTA BT FRA o FAIEF B AT
Bt 2u AR WApde] AW, B A¥dy @z AyF JAwEge Jae W
ARt 5~10MAE & B&s ek oj2d gz Ae gd BEASE
HiIW(1997) & FAMEE AatE HFloh

¥ 2-14. 713X RS gFE & (9] %)

0% 0.15 2.71 5.40 8.26
P 5% 0.04 2.89 9.28 12.21
10% 0.06 248 10.56 13.10

rhyncho-
15% -0.96 211 11.15 12.30
phylia 209 -2.83 2.13 11.26 10.56
265% -2.58 1.36 10.33 9.11
0% 0.77 2.23 4.11 7.11
5% 1.34 1.27 6.79 9.40
Pinus 10% 091 1.31 7.13 9.35
densiflora 15% 1.05 0.74 7.88 9.67
20% -0.91 -0.66 6.86 529
25% -1.97 -0.67 7.31 467
L : Longitudinal R ' Radial T : Tangential V : Volumetric
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2) 4 AAAY A £5&

A Awl del ARG 2 A FAQREAA ANH F PG £%
&(a)% §4 %8 ¥ 2-159 e,

F T R @TE BRI/ YA PN, PAE £580 A48 3489
o AU 4R A g8 osE PR fEg0 FAYTRT B
oo dudon $Ro 9% HAWFY FHEFS PAIFRT 2P AW, G2
9 Aol G $HES AATBA PATFIA A SHH FEALE BAF
Atk SAFEEL 2URAH, BFAGFA BT SR uhe $rshec

Nc

¥ 2-16. @249 A& AF VAN £58 (29 %)

0% -0.11 -0.24 -0.34 -0.69
. 5% -0.09 10.40 1474 25.05
' 10% 0.05 12.97 17.20 30.22
rhyncho-
15% 1.20 17.32 20.33 38.85
phylla
20% 3.09 20.45 21.98 45,52
25% 2.78 2258 25.33 50.69
0% -0.55 -0.51 -0.52 ~1.58
5% -0.24 1.22 0.24 1.22
Pinus 10% -0.44 2.27 118 3.01
densiflora 15% -0.14 7.06 472 11.64
20% 123 10.28 7.46 18.97
25% 272 13.56 9.94 96.22
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3) A2 BaAd A5E S
Qe BEAE A £A T AAAU ATl Ad 4 B daF
&(7)% BAFEEE ¥ 2-169) Yeyth Qe Ae AFe) guw FxE SEM
o FYstel 19 2-160) Uehdch FAAY A54Z &L xaAuel Ao A
AgAe AFlA AL gholt.
AUEA, BEAGEA BT FAGARG 42y Ay Ane d4Fg0] A
E 27t wd A5EEE Fras,
55, BRAGEAE B4 B QAN 5% dge Aoy TAYA] A
vk 3~499 &S BYow, FEZJ Wy ga Tkt Awel Yoy
7 el AA Pk BFAUTEAY £3E AUTAY 2R mal FA=A
A% o) o4 ZA Jea enz EFUMTAY dzE Axe A v
H4e Aoz AzdL.
EFAYTAY $FE] 2 ol ¥ 2-160] HelAHo] Ewel Kueld, B4

F, HALZA S THNESY $£H08 oA,
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X 2-16. &7 BEAHAA AA7A Y A5+ (&9 @ %)

0 % 0.35 4.95 8.55 13.85
5% 0.20 16.58 25.97 42,75
F
10% 0.23 18.82 29.74 48.79
rhyncho-
15% 0.38 2297 32.48 55.83
phylla
20% 0.44 26.21 34.02 60.67
25% 0.35 27.86 36.62 64.83
0% 0.73 354 6.23 10.50
5 % 1.71 4.29 9.16 15.16
Pinus 10%% 0.79 5.55 10.42 16.76
densiflora 15% 1.35 10.66 15.18 27.19
20% 0.76 12.81 13.35 26.92
25% 1.24 16.06 19.74 37.04
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a4

2-16. $A 2 A(A)% 20% NaOH(B) A2l Ael FArAAAAZ A
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4) 449 AAY FTFLLE

A Mgl el A g FHFWsE Y 2-179 JEylg.

¥ 2-1790A4 B S At ol ddy] A s FHol vk fgad Ag @
2% At Lonikar et al.(1986)2 mercerization®] 93] A2 9~30%9 % #o] 7tA
ol ®Basglck ol T2 LEHHE HEE FudEEose ooy g
—cellulosey” #19] &4 A v a4t 538 oA A4 smAgze s
go] 509040l AZlET L Rastgdvl & Aol ko) 9%k FEkrknv) o
g Aol 9§k FuFtAvh vt 45~570, B AV 146~1950 o i
A vrebs . webd B duEE U dze Aa 2E5E0] vl wol 4%
HAE 4 5 gk

O - N - - U Y U ] e I )

0% % 10% 5% A% 2%
NCH aonaentration (%9)

IR 2-17. &gE] AE AF 71ANE] FFu
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. w72l At

2FHUEAY XA HAAEE 29 2-189 vebych BFAUF FXEAe 2
A3EE 77%°l4, NaOH 20% 840z Agd EFAUFAs 7H%2A vl
A4S Ueti dzZeaAge g8 £&8 L sndszesr §2dor 98
TO)# (11009 peak7t thdk A3 £ AL dFAA2Y Cellulose I AA
Cellulose I1=9] AAT=x9 Wses AU

Intansity (cps)
4000, T o T T T T T T P T T
A Untreated
B: NaOH 20%
3000}—
ZOOOL
1000 §
A
]
0! | Il 1 | | | 1 L 1 i !
10.000 16.000 20.000 26.000 30.000 35.000
2thetattheta (deg.)

39 2-18. EFUAUTY XAHH FEIA,
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0.4 &

abRAleh BFAUTEA 25500 vistel Gud Awd] ¢ BAY FF - B

s AEEel MekE 2AS A e Lok

D auRAE 209049 AP WEst FARQW, FFAUEAE 15%014e]
A2 40% ol FrAHe] 2ubpAe) ws) WEA 2A Qe

2 NAe Gwe P GART] PAFFuck Row, BFAIEAI 2
Anch 27 @85,

3 ertel AYAY A FHEES F 4F BF AU FRIAG A A, YA
WG FEEel WA FANGH, BATFH ARG Al S
FEARS nATUAT

H A Aol 9 A5FRE AXY ALHYN FFELEY FAFOR FE
Foel Wl AS8ERE FAhshelo,

5) XAZ AR A% dny Ao da BAAERes AR WE ANT, (1
03 (110) 24Ho] BH3| el AUt

4. 17154 EAAE I - PEG A=A B4 -

¥ 2-17% 229 2-19, 2-20, 2-218 EFHUF A FEHEES e G. FA A
WAl @ HMAuE 2258 72t 554%9 7.63% o) glth,
EXHUFE PEG Al 98] #3580 A Histe Ed47 AU, PEG X

Fe7t FUMETE PHEC #HAsY PEGERE 30%9 zdA s @ 7+
a

ik
N
N
s

o Frt, ey PEG #A#3 PEG Mgy AFAHE
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S Y% FA 2aavh

£ 2-17. 0T 4 4£%

r 554
Untreatment

t 7.63

r 327 229 157 3656 270 18 377 317 19
Treatment at R.T.

t bbBY9 351 38 68 627 404 710 635 392

r 338 307 174 329 275 176 340 305 164
Treatment at 50C

t 636 507 407 642 560 401 670 570 3.16

r 327 234 178 348 243 152 373 266 165
Treatment at 70C

t 763 509 376 727 554 435 712 611 377

*R.T. : room temperature

T .

radial direction

-~ 178 -

t . tangential direction



Shrinkage(%)

Shrinkage(%)

| Radlcal dtrechon lTangenbal direction |

Llladl;

Untreated  PEG1000 PEG1CXD PEG1CU) PEG2000 PEGZXX) PEGZ(II) PEG4(ID PEG4COO PEG4(X)3
10% 10%

7Y 2-19. FeelM AN EFAUT] £5&

Rl oot N Tergenil drectcn

6
5
4
3
2
1
0 \ 1 ) _. . N - e -

Uhrealed  PEGICD  PEGIGD PEGIOD PEGX00 PEGAD PEGAD PEGAID PEGAD  PEGAD
10% A% % 10% A% K973 1% A K3

19 2-20. 50CAAM AL EFdUTo #58,
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]uRaqial direction M Tangential direction i

Shrinkage(%)

o - - . S L . e y o |
Untreated PEG1000 PEGI000 PEGI000 PEG2000 PEG2000 PEG2000 PEG4000 PEGA000 PEGA00
10% 0% 0% 10% 20% % 10% 20% A%

39 2-21. 70CANA A2d EFguite =324

¥ 2-18% 19 2-22% EFAUTAY FFENEE UEd Ao PEGHE F
=7t me StEed, £4%d @A) PEGERE 30%9 A w2 F
Fo7heE RAFrh PEG A5 Exdd we Aolv A9 delux gt
X%k, PEG40002.2 A28t W i ¥ TFT/HES RAF
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¥ 2-18. BEFAUFY FF F1&

Treatment at R'T. 417 1135 1716 220 972 1707 394 997

Treatment at 50C 307 998 1639 390 1017 1941 287 824

Treatment at 70C 401 1033 1990 426 997 1864 401 996

21.62

17.14

21.30

*R.T. | room temperature

(m10% W20k 0%
%

15

Weight gain(%}

0 5. o . - . . -
AT.PEG1000 RT PEG2000 RT.PEG4000 50.PEG1000 50.PEG2000 50.PEG4000 70.PEGI000 70.PEG2000 70.PEG4000

a9 2-22. EFAUFA L FEFTHE
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. A3&E

E 2-199% a9 2-232 EFHUYY ¥AEHAE JEd AR PEGHE TEF
el weh WRAEAI Frha gk e PEG BA%] %e4% WA ads) i
Zas gAY, PEG Mg £X7t wolgel wi W anst v Tt 713
S HA A9 PEGEAFI A2k @A ¢l PEGEE 30%E Aed A =
A ek

1
i

¥ 2-19. ¥ U5 ¢ Bulking &3

Treatment at RT. 2523 3673 5375 19.87 31.82 50.82 801 2834 49.39

Treatment at 50C 2086 40.54 5563 17.71 3756 55.18 1416 33.17 54.08

Treatment at 70'C 1631 4259 5725 2062 3592 5653 17.02 29.79 56.34
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[ 10% m20% Q30% |

Bulking effect{%)

o) i . L. e . L. |

RT.PEG1000 RT.PEG2000 RT.PEG4000 50.PEGI000 50.PEG2000 50.PEGA000 70.PEG1000 70.PEG2000 70.PEGA000

29 2-23. EFUYS-A Y Bulking &3

¥ 2-20& IANGE B 54

-]

e

;gfs

R4

d%E RAFE Aotk PEG HAY #
5317 4(MOR)S HEAASLMORE # - 44 25 wAzang @i vebs,
ae BEAe) WA e ol §t PEG AAe) Bogel We wy) Ao A
A,
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¥ 2-20. ¥ 54

S g 12.49 0.75 1108 528 140182
apwoo +0.98 004  +692 +17.6 +12499

Control
Heartwood 1409 0.80 1030 499 139261
© +0.70 +003  +272 +60.6 + 4000
Suowood 31.27 0.84 753 753 113215
PEG p +9.17 £007 +827 +82.7 +13711
Treatment . .. 2316 0.83 619 619 90831
+2.94 +008  +903 +90.3 +5292

" F4EFTAIA

E 2-21 EFAUTY FAPFFAUAE 24T ATolth. PEG Aol s
&3 9EE vAdARG B vekod, FAREFANAL MALARY EA
vhebs e,

E 2-21. FH3FF A

Sapwood 13.01x£2.07 0.75+0.04 1.24+0.24
Control

Heartwood 14.16%0.52 0.80%£0.02 1.22£0.38

Sapwood 26.46 =8.54 0.831:0.08 2.201+0.22
PEG Treatment

Heartwood 25.81+2.07 0.77£0.02 2.08x0.20
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aaAd9 o

—

SHer e RS PEGE Y¥dr 2108 Hs;

o
o 55 - WEEN, F4E € SHAAEE HESATT

) BFAURE PEG Aol 98 4580 27 gastgom, PEG 571 3/4¥
F% $EBo] gastel PEGSE 0% A /M B AFAY AAE BT

2) EFUUSAe TFF/HEL PEGHY w59 S/t w#} wolA .

3) BFEVTAL EAEAE PEG HEwRE F7td vl Ftsk o, PEG #4
Fol wotxW o35l WA AV A FAEHFA.

4) PEG AdAe #a3A+MORS HFHAFMOE: W - AA E5F HAA
Bop @A Yetwd

5) PEG A#AE AR &0 dert A4 JExgey, FAHEFFAUA
T A ARG #

L
i

A
&
£

F WS o8 THE APBE R UNEFE

AZE AEFEFT 2MAE 29 2-249 B FUu ojlolx ¥ 4@
R PEG AgA 25 ®Ho £%3 vhart dgsiA AR =8 gy AA
& ol &% AFe AMe WgE & 5 AUL, PEG YA E o8P AFL AT
b &so] Holu Wyge] A gt

AZE AEFEL T AFERZRE Wgo] Fof MELY dFoz Uy &

8 3 d& Ao A4

oj#lo k= ok Ml E, Key holder, A, HA T& Azt
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