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Studies on Industrialization of Functional Natural
Products from Magnoliaceae
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SUMMARY
(FE L FH)

For the industrialization of functional natural products from Magnoliaceae
trees, a series of several projects were conducted such as an evaluation of
phamaceutical value and physiological characteristics of extracts from different
parts of each trees, establishment of propagation method by cutting, axillary
bud culture, somatic embyogenesis and cell culture. transformation by

Agrbacterium rhizogenes, natural dyeing.

Various functional substances were isolated and identified from either
xylem, bark, or fruits of four woody species (i.e. Liriodendron tulipifera,
Magnolia kobus, Magnolia sieboldii, Schizandra chinenesis). Five flavonoid
compounds including taxifolin were isolated from both the xylem and bark of
Liriodendron tulipifera. Six lignan compounds including (+)-sesamin were
identified from the bark of Magnolia kobus. Coustunolide, a seskiterpeniods
and syringin, a lignan were isolated from the bark while vanillic acid and
xanthone were found from the xylem of Magnolia sieboldii. Six lignan
compounds with dibenzocyclooctadien structure were isolated from the fruit of
Schizandra chinenesis. In summary, twenty one compounds were isolated and
identified from various parts of four woody species.

In order to investigate functional substances, anti-fungal activity,
anti-oxidation activity, anti-cancer activity, the growth of immune cells, the
amount of cytokines, cell-immune activity, the growth improvement of neural
cell, the activity of neural cells, and the degree of cell divisions were
determined for the extracted compounds.

Based on the results of physiological activity examination, samples of
marketable products with different types were manufactured. For example,
liqguid samples packed in a pouch were produced using the extracted

compounds of Magnolia kobus, a granulated sample was prepared using the
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xylem of Schizandra nigra, a round sample with ball shape was produced

using the fruit of Schizandra chinenesis.

The effects on neurodegenerative disorders, diabetes, neoplastic disorders,
hyperlipidemia and pesticides were investigated for the new bioactive
components from the various plants of Magnoliaceae. The bioactive
components from the plants of Magnoliaceae were isolated routinely using the
active-guided fractionation methods and determined by the various

mstrumental analyses.

Among the various bioactive components, MB-1-1 compound (20 mg/ml,
2-5 pl), a coumarin derivative, increased dopamine content to 130-160%
compared with the control level by enhancing tyrosine hydroxylase activity in
PC12 cells. Furthermore, addition of MB-1-1 (20 mg/ml, 5-10 pl) and a lignan
derivative MKB-2-5 (20 mg/ml, 2-5 ul) induced neurite outgrowth. The both
compounds also enhanced nerve growth factor (NGF)-mediated neurite
outgrowth and NGF-induced neurite bearing cells from PCl12 cells
significantly, However, the neurite bearing ability induced by the both
compounds were significantly inhibited by treatment of PKA (H89, 0.1 uM),
PKC (GF1092034, 0.1 M) and MAPK (PD98059, 20 pM) inhibitors,
respectively. These results indicate that MB-1-1 and MKB-2-5 have a
neuritogenic activity in PC12 cells.

Bioactive fractions of 198W and 4W from Magnolia liliflora showed an
inhibitory effect on a-glucosidase and a-amylase activities, suggesting that
fractions of 198W and 4W have a possibility to apply for the diabetes. In
addition, 209W fraction induced the formation of NO and stimulated the
secretion of TNF-a in differentiated macrophage cells. These results suggest
that 209W fraction has an immune modulatory activity.

In contrast, the various bioactive fractions from the plants of
Magnoliaceae did not show anti-neoplastic, anti-hyperlipidemic and pesticidal
activities.

Taken together as described above, MB-1-1 and MKB-2-5 compounds

found to have a NGF-like neuritogenic activity. The intracellular mechanisms
and the behavior pharmacological action sing MB-1-1 and MKB-2-4 need to

.._12__



be studied further for the development of the bioactive compounds for the care

or protection of the neurodegenerative disorders.

To isolate the potential candidate genes producing medicinal chemicals,
subtractive ¢cDNA differential screening was performed. To achieve a tissue
specific comparison, ¢cDNA library was constructed using tissue specific
sequence tagged primers. And high density colony array of 40,060 cDNA
clones were screened with 2 stage screening strategy, the first was with
subtracted ¢cDNA probes and the second was unbiased first strand cDNA
probes. Total of 20 ¢DNA clones which expressed specifically in flower bud
and in bark were screened out. Among them 4 from flower bud were
estimated to have functions related to flower development, and 1 from flower
bud and 4 from bark were estimated to be related to secondary metabolism,

especially terpenoids biosynthesis.

For production of useful metabolites from transformed tissue cultures of
Magnolia spp, transformed roots of Schisandra chinensis were obtained following
co-cultivation of in vitro cultivated plantlet segments with Agrobaterium rhizogens
ATCC15834. This root was examined for its growth and gomisin-] contents under
various culture conditions. Among the six basal culture media tested, WPM(Lloyd
and McCown, 1980) medium supplemented with 5% sucrose was the best roots
growth 6.2 (g D.W/flask) and gomisin J accumulation 156 (X10™ ug/g D.W). Initial
inoculum size correlated with the yield of biomass while gomisin J contents was not
affect. Gomisin ] production was influenced by the initial sucrose concentration and
the highest production vield was achieved at the concentration of 7%. The optimal
shaking speeds for roots growth and gomisin J production was 120 and 140 rpm,

respectively.

For the production of useful biochemicals from suspension cell cultures of
Magnolia spp, plant cell cultures are an attractive source to whole plant from
the production of high-value secondary metabolites. In this projects, we
investigated the optimal conditions for useful metabolites production of the

cultured cells in Magnolia spp. The results of production of useful compounds

_13._



from cell suspension cultures of Magnolia spp. were follows;

1) In case of Schisandra chinensis, embryogenic calli were induced from in vitro
cultivated leaf segments on MS medium(Murashige and Skoog, 1962) supplemented
with 1 mg/L NAA. Cell growth and gomisin-] production by suspension cultures of
S. chinensis were investigated under various culture media, intitial sucrose
concentrations, shaking speeds, and inoculum sizes. The maximum dry cell
weight(DCW) of 2.23 was obtained at inoculum size of 0.5 g fresh cell weight(FCW)
and in MB5 medium supplemented with 1 mg/I. NAA, 3% sucrose after 8 weeks.
The production of gomisin-J in suspension cell cultures was maximized in WPM
medium (Lloyd and McCown, 1980) containing 5% sucrose. The optimal shaking
speed for dry weight was 100 rpm while the best shaking speed for gomisin J
accumulation was 140 rpm.

2) Plant cell culture in bioreactors has been considered as an alternative
technology to obtain natural compounds of use in the pharmaceuticals. In
order to gain a better understanding of the behaviour of the cells in scale-up
culture and to improve the mass production of useful chemicals, we initiated
investigations on cell suspension cultures in air-lift type bioreactors. The
growth of cells and gomisin-] production were found to be better with
sucrose than with glucose as the medium carbon source. The maximum DCW
(3.8 g/L) and gomisin-J production (0.72 X 10 ug/g DCW) obtained in MB5
basal medium containing 5% sucrose with light/dark regime, which were

lower than in flask process.

For propagation, protocols of Schizandra chinensis have been developed using
regenerated shoots from axillary bud explants, somatic embryogenesis using

mature seeds
Rooting of cuttings were successful in Schizandra nigra.

In order to establish a dyeing method with Magnoliaceae tree species dyeing
of silk was examined with 4 different parts; leaf, stem bark, root, flower of 4
Magnoliaceae species; Magnolia kobus Dc., Magnolia denudata Desr.,
Magnolia obovata Thunb., Liriodendron tulipifera L. Mordants used were

chemicals ;AIK(SOy4)z - 24H20, Ca(OH)z, FeSO; - 7THz0. All four species showed

_14_



similar coloring among four different parts. Leaves and petals showed dark
yellow; stem bark, grayish yellow; root bark, dark red or yellow. Al mordant
made more brighter colour than Fe mordant. Stem bark showed less difference

in color by mordants, whereas petals did the biggest.
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- Human cancer |2. ZTA ¥ =
celldl i3 M| -g A total cholesterol, HDL-cholesterol %
=44 A2 LDL-cholesterol ¥ FAA% 3&F &4
-7t 2 Rz e AR 3 AN
) - GOT, GPT % v-GTP &%
b 3 Gxy
A e -a-glucosidase| —a-glucosidase inhibitor®] A
c {i@t}% inhibitor®] S |4 HAH FE2ANAA 2@
e —Catecholamine &4 Ao dig &7
(20 PKA/PKC/Ca++ 5% ¥3}
o1) ~-Catecholamine A ¢A/tHAF L4284
-Neurite outgrowth % z&o i3k &7
Neurite outgrowth =74
~ASANELE | - AP F #FH §X
Aol g4 - T ool Gt FHH BT
- F ANEYHAdTFTY EEYsAH 2 Adwd
- ATEAdELY | - HdT AFIAAEZ &4 (in vitro)
e - AU AEHAY AL
-AEHAY A
3 - = o] FME W =&
X‘ﬂlg% _7]%‘_/‘32/‘3 %@ —1%‘1:‘7’]’ T"l”] ZH‘f] = T7F
(dga+ o a - 7154 AEgd B4
) A - 1548 AY 2 - F2FA ]
A28 = -¥AAZ 7% - Agrobacterium rhizogenes®l ©3% @3}
() ks FF FHAAH
} - FAd8 288 WA A W A
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24
- 71 ¢8R £-AA2] degenernate oligomer
£ o]83% PCR ¥ A71XE9 4
1. FxH
-AE gy 229 ~a-glucosidase inhibitore] ## HA %
zZ+8-71 3 Tx9 79
A 24 |-Murine tumor 2. B384 3444 A%
B ondoxe &% H7 | -Catecholamine A& Ao gk
(5 (2 FASAHEN 2871
) |-a-glucosidase -Catecholamine 4373 &4 gene
inhibitor ¢} zd28
2 AR @ FZ9 | -Neurite outgrowth +=z-&of oigt
T+ Zt2714: NGF &4 3134
L-DOPA-induced apoptosis
MEL 04 geag 2w -wdRIEd ge gLy B
O AEA B AHA -7 sARHEEY] B - FE2FAH I
h -~ EA g 23 AEHA
7
AZE - gaRBEAY Y A% ™ =23
I eannzde we | w9
e - 3PN E8 ZUE AQ MYED 73
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- 27 EolfAA 10/ olAe 7lF B4
FH A
-A8d 329 A
33} 3 2 &84 1 9=y )
Q| A4 HA  EAANEAM | -a-glucosidase inhibitor] 33w Z%F =3
(00| = -Human tumor EAAY S‘i}/\]-%k AAF
3) (=2 xenograft 2. 84 3044 2%
EdoMe E5H} -sE2d9 ¥A/x%F 9] dopamine ¥
= In situ brain perfusion ¥
-—a-glucosidase| Microdialysis
inhibitor 2] -BBB transport: MBEC4 cells
¥dx 3% 34
A1y
% |rsqadgas A -7 EHEAY 2 - FE2FAR I
-8y EA AE3 TREH
(94 |#F3) WA E A
A7) oo
AZH ~Agrobacterium rhizogenesd] 93t 5d3}
5 |-8AAR e A s T
(A TFo AP
) -FAAS &S FUAITIZ A9 1 A
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(catecholamines, serotonin)e] 83 9%& 3t gt

A7 ZF 2 (nerve growth) Z-&9)= neurotrophic factor ¥ neurite outgrowth

8-S 7R E22 U¥™, neurite outgrowth % EF xE=

neurotrophic factor(s)e 3% L T2 AZAY FHPA A} Parkinson

A%, Alzheimer @ %, ischemia, Huntington &3 7]dFs] S 4% 2 X

gl &84 & Utk

Catecholamine A3 FdZ&olE=: 1) dopamine % 71283 2)

dopamine %% Zazgon FEE & glov, FHALES /I AN F

AL catecholamine® #AI ZbE AAA F@9 AF/A8711 € HEA

Mg Ao S48 = Urh

Hed $20724 43 54 ALs 99 #A
o

9y 2 abgrlAe A3 P,
g% ARAG AL A

:u
T e =9 3 7lso A

olE Bofol tigte o d
ZAYH @ kg e uba ook

HAA F7184 FFAFL 1999 %

6,500 Aol 2rt, 1999 ol &= 950

AL S71d Ao dydHez i a%% 848 959 Q2 A

ke Jhol Alwdl a s ik

AT s Aoz Ry ¥ °F B

o2 dAF3tn oy T AP nud Aol

A5 TEAHA FAYL Q%@% =8 T4 AEoE AT AHA

w3 g AAgA A i v A

VA = A5E 2349 A2 A=EA9 FZo] 7igan.

4 R ATBIEAY AEEH A7 #E 7)2FE A 7)Y
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1Y 71eg o8% BAY WBBIEe Fol
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ZuA A Yo aA AP Bibx A2

3) A3 &3y S

fEER AN R 18TE B
AF gAYe AAF AA-Ngse) 0 wqAF Fr BA Lbe,
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A9 Y, QAR A dE AFE IS B3 AARAA e
F 8t

1E V1A BHe B BATet B3l HE B4 B ol A% =
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de Azt 13
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xﬂl@ Ed 5o AHAXAMA AR SE5O A HE)

# 3} (Magnoliaceae) %2 ofAjo} ol aly} 124 2504 F o] low FHHwo
34 5%0] AAEz U FHEH(Magnolia)E FHES 51 (M. kobus)©l
FANeR da AAHT Jn FEEGF(MsieboldiDe APFA SR 2}

Ba s AY oFojAA @ T fEFoRE 2FEOE UAAE d

a’h‘

ﬁ

2 E(M. grandiflora), W= A (M. denudata), JEEH (M obovata)©] £
oF Q3 A AWM. lilflora)s 2 A HE]IL ity w3t (Liriodendron tulipifera)
Aol &3 st s A el TRIG ¥ 4 °]°U1 AP 2 S

HU

0
LA Yt =E Z(Michelia compressa)S dE Ao g d3A gluoy
HZ TN AAsE Ao WML Gl Adrh erAtFFE 4
Tl EFA 77| stn uiAuFEag =yaAg e =49 @ v A Schizandra
chinensis)?} A=rx o2 B Estd 7P de B X8 Aan T n A(Schizandra
nigra)¢t ‘&2 v 2 Kadsura japonica)= ‘&Rl 2@ttt 9 Eiote] MeEjExa
EdollE FHE 409F (F3)E Bty Jd AoE dEA Urh

N

3

S8 F59 AdF FHAAM A e FF dE & 1o B

E 1L SU £29 S4% AARR §ol4

. DRy, -
FE\TE Feod | & = | A dFae | v
A A A
sy
za T ggus | zas |geaws a9z as
3
v T
gurggn | O | Lo oo (A A RERAF deg de [ R
AF % [Adele BEsA | s
L] 32 | 9922 | 2744 | JuAde ¢ET AS
JrEA | 92 | g9uT | 23§ | gdAuE 99D s
A2 % | 494RT | 274 [FeAde ET A
B)/
R AERE | 244 | Audde b2 AS
- hin
HU]/ /%Ug'ol °&§3}°E1
wER || deRs | 2A8 | 2dsFos Agse
ks
geoeng AR £
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A2d Aol e FAFF 7iFH HAEHL F4
(A1 5 2A, sk, F A9+
1. Alg € 9y
D B8 59 AFH ¢ F5
T F 7 9 AL L A7
LLERR S o JR s
S = A AP (59), 2001.6.
(Liriodendron tulipifera) EPNEE SR | oA (5¢)
2 o
o 9,27 (5u 25 | ARANGLAZ), 20017,
(Magnolia kobus) EZN(EE B FRAEH (R )
B AF = o [ .
) 7| (ZXH Z=3 ZFE A" H (2 ), 2001.7.
(Magnolia grandiflora) EZNER T ) ket (R5)
gy R o S oon .
v = 7)(43 ZARAANBH (A F), 2001.7.
(Muagnolia sieboldii) E7NEHER) kA (A5 7
SR
Hesd Q27(53,2%) | ARAGLAT), 20017,
(Magnolia obovata)
A4 o o 418 2 (] =
e = - > = 0‘-—— b w4 vl 3y 2001.11
(Magnolia liliflora) EZIEA SR | A (A5
W=
*‘1.—|1__ Q_c]Lz 251 %tﬂ 0:—}\—‘5!:_1‘%] %12’20017
(Magnolia denudata) E7NEA SR dE (R15)
—Q—D] X}— o] fe) L= RPN O
=7|,<2 , 2002.9.
(Schizandra chinenesis) 71,2 THEET)
2w A o of A&
= = 2002.6
(Schizandra nigra) <712 A=A, 200
e 27,909 AFAB, 20026
(Kadsura japonica)
2HE .
! 3, E7(F9), X FAEE, 20026
(Michelia compressa) BN E, 5 AFAEE

v & 23

1) WYY (Liriodendron tulipifera)

) HFE 2R

W T sk st

o

SEREIES T

(LPE)$} o dotAdo

o B
go
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SRR AR

MR £y wEges 5 8ulE ALESEY Aol 120413 T M A A
A F2 o}oﬂonﬁ o] 2&& 23] WHE At ArAM doid XFEEL A7 ¥
ZdEZE 5o LPE, Et;0, EtOAc ¥ Re22 d4 & &8 st £

AT

2) F™¥(Magnolia kobus)

7h43)

ZAE vty $9E SAAY L, A M F EYUIE Sl £
Fhom, B2e o gk (ethanol, EtOH)& AM&3te] &0 A 39 Ft AHAIA
ﬁ%ﬂ"ﬁ o] 27& 33 Axaant 94714 @oix EtOH 2FEFEE 4fd
H Z(petroleum ether), ol H Z(ether, Et;0), ol H oA H o] E(EtOAc) ¥ F&&
(Buthanol) & AH&3te &2t Ad&F&3t &8 g
3) #uEUE (Magnolia sieboldii)
7Ha9]

FUA R

FEEUFE st de £9E AN F, BE sty
2 dQoem, AlsE 9% EtOHE AH&3te 2 1 72717057t AAAA 33
=E8g on, orjA dojz EtOH ZFEEL ¥2Hn-hexane), HEEZ|
(dichrolomethane) 2 ol H oA H o] E(EtOAC)E S €& AH8 ¢4t
o #d3st

2
Qo

el
=

o
ol

) B

ERE 21N ¥ ERANEE doew, AEE 95% EOHR 72417 A A A
7 33 F&3lgon, 97]A Lozl EtOH ZF%EE LPE, Et20 3 EMAc &
8 &g AR £ A& FEst 2EAH

4) 2.9 X (Schizandra chinenesis)

7hH & i

Lzt Euj(15 ke)e SWAR F Bug stdoen, ¥E2 95% ol &3 (ethanol,
EtOH)ol 72A17F B¢t A2olM HAAA 33 3 7t - TS 7 doj
EtOH #3252 A fddZ(petroleum ether), ol HZ(ether, Et:0) F o ZolAgo|E
(ethyl acetate, EtOAc) 59 €Wl AMEsld EAA&FE3 ] 3 st
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o el 2 - A

DR

7HE R

(1 &1

L2359l ethyl acetate 7F&3(6349 g)ol Wl MeOHS £E&W=z &
Sephadex LH-20 Z¥d =ZEnt&a28}9(50x75 cn)E °] &3ty 50 mdy +3 3
110789 BE#HEL d%on, 7 EHEEL HE2a2vEa2t9(TLC, silica gel
60 Foss, 270 &1l toluene—ethyl formate-formic acid = 5:4:1, v/v/v)el HHAZ
3, UV (254 nm) #ZolA dHsa, LA (50% HoS0)E EF3F 120T ol A
2023 st g H, 709 BB (MEA-1~MEA-7)& UF3ith 23 =
Fol FFH3to] oA SujEEE HAE A2 ethyl acetate 7H&7(95.07 g)ll
i3l MeOH-EtOH (11, v/v)& #Z&vl2 3 Sephadex LH-20 Z3¥ A2vE
289 (60x7.0 cm)E ©)€3dt9 75 mA EFHEE 90 FHES dAeH, &4
FHEES wFazvieasyd f9 2o wyoer  FAAse T FEE
(MEATI-1~-MEATI-7)Z YFAtch

MEA-5 285555 g)& methylene chloride-MeOH (24:1, v/v)& £&8w=
3t silica gel Zd ZRVGEIHH(G.0x34 cm)E ol E3td 7T md A FEH3H 330
Ao EHES dew, Uvad A 4719 E¥EMEA-5-1-MEA-5-4)&
d3Ath. tA] MEA-5-2 &2 (170 mg)E methylene chloride-MeOH (28:1, v/v)
E 8282 F silica gel 2 A ZvE 89 (3.0x20 cn)E AMESIS 3 meH
323709 EHES ded, UV HAd o 3 £ E(MEA-5-2-0O~
MEA-5-2-Q)& ¥t} °o]F MEA-5-2-Q EIEZHH IFFE 130 s ¢
g &ttt

(2) 33 E 2

MEA-7 28E(448 g)& methylene chloride-MeOH (241, v/v)& &&&u=
3 silica gel 28 ZEntE 1819 (45%40 cm)E ol &3l 5 me® 31971e] EH=E
S @Aew, TLCREAA UV A ofsf 5749 #3&(MEA-7-1~-MEA-7T-5=%
WA} olF MEA-7-2 28 E5=25E 33¢E 2 (16 & AJUH

(3) 3}%E 3

MEAII-6 E3E(1.8 g)& chloroform-MeOH (20:1, v/v)& &£&8&wW& 3
silica gel 28 ZAZvE T3 (5.0x30 cn)E o] &8 10 mA EH3o 3107
EHES 9o, TLCHAA UV o8 5719 #FHEMEAI-6-O~
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MEAN-6-G)& UFATh o] MEATN-6-Q FAEZXRy = Boo 33
E 3 (30 mg)s ¢tk

w9

(1) 3FFE 4

3] Et,0 7H&8e BEE(154 g)2FH MeOH-EtOH (7:3, v/v)& &&&
o] 2 3 Sephadex LH-20 Z¥ Z2ulE 183 (65x50 cm)E ©]€3t4 60 mt 2
807he} EHEL den, TLCAANAN uvaded o3 3749 #3=(MBEt-1~
MBEt-3)2 u¥th ¢ 5 MBEt-2 #382(3870 g)& benzene-EtOAc (51,
v/V)E £&8ME 3 silica gel 2 FZ2rPE 23 3(7.0%40 cn)E ©)-&3t 50
md B3 160719 EFHEL fen, uvaEAd o3 6719 E3E
(MBEt-2-O~MBEt-2-@)2 U¥en o3 MBEt-2-@ I 3EZFY IdE
4 (30 mp)E AU

(2) 3HgE 5

MBEt-2-®¢] 3% %(1.47 g)& chloroform-MeOH (300:1, v/v)S £&&W=
3t silica gel ¥ ZEwE 89 ((55x28 cn)E °]&3le 20 m¥ EFH 3t 500
Ae BEHEL dglen, UvAAd o3 3719 #HEMBEt-2-6-O~
MBEt-2-6-@) 2 IS ca= = MBEt-2-6-@¢] EEE(400 mg<
chloroform-MeOH (20011, v/v)& &&&W 2 % silica gel Z¥ I ZvtEIEY
(3x25 cm)E o] &3sted 20 meA EHstod 300709 EHEE dRow, UV
o8 3749  EHE(MBEt-2-6-2-O~MBEt-2-6-2-@)2 WFArh. B4
MBEt-2-6-2-0 %8 5(300 mg)& hexane-acetone (31, v/v)& £&&uW=z %
silica gel 238 AZutE 7249 (35%x20 cn) & ©]&38ld 35 my 33t 300749
BEHES dgen, UuvaMd g8 29 EFBF(MBEt-2-6-2-1-O~
MBEt-2-6-2-1-@)2 WF3ith ©] % MBEt-2-6-2-1-@¢ ¥ E25FH 3¢
E 5 (240 mg)E |t

254

79

1) 3FE 6

28 4399 EtO 7FHEE(850 g)ol el MeOH-EtOH (37, v/v)& &&&9&
3 Sephadex LH-20 Z&(60x4.5 cn) ZEuEITE o] &3t 75 m¥ &3t
o 12709 RHAES d9len, 4 EFEEL a2 E a8 (TLC, silica gel
60 Foss, M70-&wll: toluene-ethyl formate-formic acid = 5:4:1, v/v/v)el ANAIZ)
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F, UV (254 nm) #Z 2 FAAGB0% HS0NE HAste 2709 &
(MKBE-1~MKBE-2)2 2 u+3it}.

MKBE-29] ®3%5(81.15 g)& benzene-EtOAc (81, v/v)& &&&vz ¥
silica gel Z¥(275%7.0 cm) ZZtEJe3E o] 43t 15 ml A &FA1A 230
Az BHAsgen UVE A3t 8749 £33 2(MKBE-2-1~MKBE-2-8)& &
At MKBE-2-2 28 E£25 8 g+ 6 500 mg)S & 3A

2) 348 7

MKBE-2-5 ##%E(33 g)& MeOH& £%8&m& 3 Sephadex LH-20 Z#H
(50x45 cn) ZzrtEeI G ol g3te] 5 ey AT 0749 BHES LS
o, 7 RHAEEL UvEA A7 4709 3 E(MKBE-2-5-1~MKBE-2-5-4)2
rlony o]F MKBE-2-5-2 28 E22%H 31¢% 7 (120 mg)E @ Ao

Q) 3= 8 ’

MKBE-2-4 £3%(70 g)& hexane-EtOAc (211, v/v)& &&8&8W2 ¥ silica
gel ZA(225x45cn) ZETFE 2 E o] &3ta] 10 M EH3EE 140719 &3
52  dglem™ 59 ¥ HAB(MKBE-2-4-1~MKBE-2-4-52 itk
MKBE-4-2-2 8 22%H 3138 8 (125 g)& @8 stk

4) FFE 9

MKBE-2-6 #3%(2007 g)& hexane-EtOAc (20 1, v/v)& £&&ulz2 &
silica gel Z#A(195 x 60 cn) ZZrEIHHE o] &3t 100 m¥ E3H s 40
Ao BEHESL ded, 7 BEHEEL Uuvad Anh 349 £¥E
(MKBE-2-6-1~MKBE-2-6-3)2.2 u+3lth. thA] MKBE-2-6-3 #3&(15.26
g)& EtOHS &% &= ¥ Sephadex LH-20 Z#(60x45 cm)& ©]&3t 50 m¢
A BH3Y 30709 BHES ded, uvaAd Fdd i BEIE
(MKBE-2-6-3-1~MKBE-2-6-3-3)2 u¥3it}. o|% MKBE-2-6-3-1 ¥3%&
(1.0 g)2%8 CHCl-MeOH (1001, v/v)& £&8&9 =2 & silica gel ZH (40 x
35 cm)E °l&3td 25 ml B £&EAA 3002 EH F F, 6719 EIE
(MKBE-2-6-3-1-1~MKBE-2-6-3-1-6) 2. & S o= =2 ThA]
MKBE-2-6-3-1-5 2% &(250 mg)S CHCl-MeOH (80:1, v/v)& £&&u= 3
silica gel ZH 40 x 25 cm)E ©]&3ld 25 ml ¥ €& F, FE 9 (25
mg)E &g sadh
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5) e 10

MKBE-2-6-3-1-4 #3£(240 mg)< CHCl-MeOH (80:1, v/v)& S£&8&d=
& silica gel Z™EM40 x 25 cm)& o]l€3ld 25 ml ¥ &&A12 ¥ IJFHE 10
(30 mg)E 2 Aot

6) 33E 11

MKBE-2-6-3-1-5 #3&(250 mg)2 CHCl-MeOH (80:1, v/v)& £Z&n=
g silica gel ZHM40 x 25 cm)E ol &3l 25 ml ¥ &&FA2 F 3FE 11
(30 mg)E¢y 3tAh

DFLEYR

7hH9]

(1) 3F3E 12

ek s =re] DCM 783771 g)ol tEl n-hexane-EtOAc (ethyl
acetate) (91, v/v)& €& £9=E silica gel 60 (H4) open column
chromatography (30.0 x 7.0 cm)& ©]-&3t9 100 ml® 90719 2FHES LUtk
ol BHEES TLC (A7 &ul: toluene-ethyl formate-formic acid = 5:4:1,
v/iv/ el AAAZ F, UV (254 nm)BEZ 2 A8 6709 8 E(MSBD I-1~
MSBD I-6)& 9t B3 E 5 MSBD [-26A &5 12 42 g)& ¢34y
o}.

@) g 13

929 EtOAc 7F&5(B2 gl thal CHClz (chloroform)-MeOH (6:1 v/v)&
4% g2 3to A silica gel 60 open column chromato- graphy (54.0 x 4.5
cm)E ©]-&3ted 50 mly 83709 EHES AU, olE EHEES TA TLC
(H 7§80 EtOAc-acetone-H.O = 10:10:1, v/v/v)oll AZRAIZ1 ¥ UV (254 nm)
HEZ2 AMste 89 EEYE(MSBE [F1~MSBE [-8)& vt #3&8 &
MSE I-4 (690 mg)dl ™3 CHCl; -acetone-MeOH (4:3:1, v/v)E £% fu=E
T+ silica gel 60 open column chromatography (31.0 x 45 cm)E o83l 3
mg¥ F3, 670788 EHES AUtk 15 £HEC disi TLC ® UV A==
At 74 EEEMSBE-TI-1~MSBE-II-7)& 4, RIHEF
MSBE-II-69 W3] preparative TLC (silica gel 60 Fosy Merk)E ©] &3t 3}
B 13 (493 mg)E @3t
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L) 25

(1) 3H3HE 14

230o] EtO (diethyl ether) 7FH8%(47.3 g)ell ts) MeOH-EtOH (7:3. v/v)& $&&7)
2 Sephadex-LH 20 open column chromatography (54.0 x 65 cm)& ©]&3}
50 m® EF 63709 EHES AUd oE BEHEES TLC (MAEW:
toluene-ethyl formate-formic acid = 5:4:1, v/v/v)ol H7AAIZI & UV #=Z=2 H
st 4789 EHEMSWE I-1~-MSWE [-4)2 Ut olg 88 <
MSWE I-2 (315 g)dl tisl EtOAc-MeOH (21, v/V)& £%& &2 T4 silica
gel 60 open column chroma- tography (350 x 65 cm)E& ©]&3td 50 ml¥ 75
MY BHES dgoew TLC (A7§-&v): toluene-ethyl formate-formic acid =
361, v/v/vel FAAAZIFE UV ALz AMsled G719 EHEMSWE
[I-1"MSWE [I-6)< 2%t} o714 dojzl E28F F MSWE II-1 (1.3 g)oll
3 benzene-EtOAc (51, v/v)& &&F8u& 7 silica gel 60 open column
chromatography (300 x 45 cm)& ol &3ty N8 EFH71E A& 5 g BF
336709 EHES Ao TLC (A7]&ul: toluene-ethyl formate-formic acid =
36:1, v/v/v)ol AAANE UV HZz AAsd 25F 8749 £8& (MSWE
H-1"MSWE HI-8)2 yr3ith Al MSWE -3¢ thato] preparative TLC
(silica gel 60 Fasi, Merk, M7/ ul: DCM (dicloromethane, CHCl2)-MeOH = 51,
v/E o1&t FE 14 (7.7 mg)E @At

(2) 3}FE 15

MSWE III-8 (980 mg)el w3l benzene-EtOAc-CHClz (2:2:1, v/v)& &%
g2 74 silica gel 60 open column chromatography (23.0 x 3.0 cm)& ©l&
o] ABEFH7IZE 6 mI¥ 463709 EHERZ TG olE #HEES TLC
(A7M-&vl: toluene-ethyl formate- formic acid = 5:4:1, v/v/v)ol A7RAIR F
UV dzZz A4dstd 2% 9719 BIEMSWE IV-1"'MSWE IV-9)& @31t
o] EHE FdAq MSWE IV-49] thsle] preparative TLC (FA7F-&H:
EtOAc-CHCL = 51, v/v)& °l&3td & 158 ¢ din

4) .7 =}

7ha v

(1) 3= 16

£u2t duje] Et0 7H8%(19%5 g)ol el benzene-EtOAc (201)E &=8ujz @
silica gel 23 AZnlE 19 E o] &3l 10 mA B33t 30072 BHES I,
7t BHEEL wxmgave 8 u(TLC, silica gel 60 Fuy, ZH71E9 toluene-ethyl
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formate-formic acid = 5:4:1)9] AMAIZ! & UV (254 nm) #AE 2 AR (50% HaSOn =
HAAste 6719 REE(SCE-1~SCE-6)2 Wtk ©lF, SCE-3 £8E(3%6 me)e
hexane-Et:0 (41)& £Z412 3 silica gel ZH S 0|43l 2719 FHEE Wtk
T WA FEER 2Y 3J¥E 16 (270 ng) @EsAh

(2) 3kE 17

SCE-2 #3¥2(654 mg)S benzene-EtO (40:1)E £&&v|Z ¥ silica gel ZHOE 47)
o FIER Rtk oAl Aws EHEQ20 mg)e  hexaneEpO (31D #
benzene-EtOAc (30:1)E AM&rl2 3 prep. TLCE AMEste] FEE 17 (20 mp)E £
i

(3) 3= 18

SCE-5 #3E(208 g)Z #H benzene-EtOAc (10:1)E $Z 82 § silica gel ZHE
olgstdd 479l F¥EER Wtk oAl SCE5-1 REEQE me
hexane-CHsCN-EtOAc-H.O0  (8751)&  #&8&ul& 3t centrifugal  partition
chromatography (CPC)E ©]-&3l4 3709 BEEZ U5tk olF A HA £3&E061 mg)
4 hexane-MeOH-EtOAc-HO (10551)& &uj2 3 CPCE o|&3t9 379 RIER
e § olF AWA FEEE FH 33E 18 3 m)s EsHth

() 3FH&E 19

SCE-5-3 £8E(24 g)& MeOH-EtOH (37)2 4% 8|2 3 Sephadex LH-20 ZH o
2 370e EYE2 P ol AMA BFYE(13 g& MeOH-HO (7:3)& &= 8z
% Sephadex LH-20 Z@ < o] 43149 5709 B E2Z YAt o] FHA £38=062
mg) & MeOH-H.0O (7:3)& £& 812 3t Sephadex LH-20 Zdo & 2719 EHEoR
T3 A U4 BIEE RH 3¥E 19 G m)E s

(5) sFE 20

EtO, 7F&%#9 SCE-5-3-2 B3Z(650 mg)s& MeOH-HO (I'l, vv)& &£&8&u2%
Sephadex LH-20 Z#H o2 3709 B2 ek olF 7 WA £I¥E2 ¥H dtE
20 (103 me)& H3HHh

6) 3= 21

SCE-5-4 £8&(154 g)& MeOH-H0 (I'l, v/v)& %82 ¥ Sephadex LH-20
(45x70 em)E o]&3ted 8 mey EAsS 300709 EHES Ao, UvAM &3] 574
9] EYEB(SCE-54-1~SCE-5-4-5F Y 3ith oAl SCE-5-4-2 E8EE@0 m



MeOHE &&8v|2 3 Sephadex LH-20 (3.0x680 cm) columnE ARg&3ted 33HE 21
(7266 ng)E E& 8l ch

2@, gAEAZA
1) FATF
g e FAFoEME AEHAT Glomerella cingulata (FHAWHT),
s

Fusarium oxysporium (&7 A ESHT), Fusarium subglutinans f. sp. pin i
AR 7PA ST, Cryphonectria parasitica 3V T 18 #)E, F a3l
%l Libertella betulina (FZF2&WA), Trichoderma viride (EHLLET),
Trichoderma harzianum (EHeE#)E, 81 EAQFEETA  Trametes
versicolor (MM EZ ) Tyromyces palustris (A ELZF)E AR o

FrddAAYE L2 MAFEHY S Algsted AASYE. F, potato
dextrose agar®j o] 1000pg/m¢ X7} HEE JE@ISFEEES E3sty o=
Ba Ao v wgHE 2t FATY FAMNGRE AA 8me cork borerZ
Hoj ol HFaATh MY T 27CHM 24717 MEHd F AT FAEHY 3
AE &3t TAE A A& (hyphal growth inhibition ratio)®2 33#&A4-& o}
R A TH(A 1),

TAANARAZAAIAR) - BN A TG |

A A &(%) = (RN AE AR 100

e =ZEletElz-e AAslE DPPH (1,1-diphenyl-2-picryhydrohydrazyl) <
Absle] 93t MAEE hydroperoxide (ROOH)7F #8]A] @AstE #ozde
DPPH 2tHZo] 23 3te] wie} DPPH gtz 29 ZA4E A€ o8d
H& o83t Blois (1958)%= DPPHO EHA AEE FIER FH3te Fisg
A& HAESAT FAYUL Yoshida 5(1989)e) W& wWPste ANFdel &
A F=Y ANEE X3 MeOH €94 4 m¢ 2 05 mM¢ DPPH - MeOH 1 méE
bl F 5 m7F H 2 & 33, vortex mixerZ F A ojA] 3083+ "PQOHH gk
2 o5, HEASE RFAEAE AFEES 520 nmolM FFEE SAHSA
ZYgdZ 2AFTE A8 JUre FHATFY FHEE /‘}%5‘}01 &3 2ol

A

A

T BB A A% (%) = (Tgﬂ:}z’—:g}g—?}j SJ;]'E:I;«] F3E) ]XIOO



v F4gd A

D AAAZ st Ax=s47 dAxd i I & selectivity 4

SRB (sulforhodamine B) assay' & M ¥ @iz g dastd Mz =20
U 54& FAste UHoR olE ojfsted A7 HA AAMEMHEL299)e] g
Zt sample Fxo|A AE =53 Zhzbe]l GAE[TAAME  Hep3B, F2st AX
* MCF-7 (10% FBS, DMEM ®jx])e} s GAHE : A549, ASHME © AGS (10%
FBS, RPMI 1640 #i=})]e] A% oA €49& 7+ 7582 3o ME 549
e GHE S A B M selectivityS AT, AE wige] AL
¥ 7188 A= RPMIL640 (GIBCO, USA)AA 10%E Hrtste] wfgstaict. A4
of AME3H AE] 7] BEE 4x10° cells/ml 9 FE2 ZH3} 6well tissue
culture microplate®] 100 pb/well® FHEsted Ab&stdch A4d A AEE
2-3x10" cell/mle] ¥ 2 23 ¥ 96 well tissue culture microplate®] 2+ well®l
100 w0} AXEE £3= wiAE EF3d 37.5T, 5% CO; incubatordll A} 244
wFE F 4 F2EES 100wd HUbstd HF wX7F 02, 04, 06, 08, 1.0
g/LE HEE 3 F 48AzF wigegrt. wid = AFHE AAs ATER
TCA (trichloroacetic acid) 100 @& 7Fste] 4TAA 1AZHES FolE H T/
TE 4-53] AHstd TCAE A7t oAl plates HE2F H 2 welldl 1%
acetic acidll =< 04% SRBE9-2 100 w® H7F A42dA 3085 S
2 1% acetic acid® @& gAjdH 3] A A, 745:'6‘}0“’3} AZ% wellel 10
mM Tris buffer 100 & H7}3} MBS ol F 540 nmol A microplate
readerg ©}-&3le FAEE FAH3AT .

Selectivity = ¢AIE S oA &4 / A A x| digh Ax =4

Ab HEMXE S =4 2 Cytokines (Interfukin-69+ Tumor Necrosis Factor-a)
H % &3
WA T S74&FAE A FGAES T cell (Jurkat)3® B cell (Raji)& MTT

—

3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazoilum bromide) assay”& o] &3}
o AEsgnh. = WAMEEC WA el &HdkE cytokinedl Tumor
nerosis factor-a$} nterleukine-62] <& ELISA kit (genzyme, USA)E ©] &3}
o ZAHAHTG 4 WS YAEHEA AEFAE HE OF U F
T RFERET 4 37CAA 3087 vk F 450 nmollA] TF=E FAH3
o TFFHE AAET oo AJFRAAN Lo 0D v A cytokined] %

ol
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o}. Microphysiometerg ©]-83 A ¥ dd g4 A

Axe] FEZEEAd dF dAHASHEAEY A& SH37] et Micro-
physiometer(Molecular Devices, USA)E A}-83} o}, Microphysiometers k&9
ek MEe) AxWIE ZA3E AuE 138 capsule HEFQ ©OFAH A 2
Alele] M¥EXE T3 AF3H = samplesE cell chamber¢tell FUAIFIHA A&
g AIZE el wjckgtct. olwf Mxo] tAtEAd xS Hste AdEHY WwELE
wale] 235 wgdsly, o] A3 E silicon sensore A7|AEZ vl A g
o 3 samplesd] Wi MiEel HEEg =AstE gubd "o MTT assay,
SRB assay= Adeol A2QFHE Algto] 3¥oly Hul= ¥rH Microphysiometer
2 ZA3A =Y samples 59 F A2 WHIHE FA] Z(se)THy =2 F
(minGH 2 Zutz Yehdi7] dfFo AlzbE e HolA ZT&Holm, 3d F<t o

Ad ¢ e Axdou AxE AME 37l A T AA Ald Mx F4
AN & AFeAE FET & dojM By} BT NEARAE & F AvE
FHel o ol A" WA Microphysiometers MTT assay, SRB assay
34 ¢ W v gto® 332 SAHEG

olof wiz} Microphysiometer® =48 3hol &Al 9 HAZT AAA XS A
ARl & Ao} vjuHoHow, AME FEEA o AbE 4= W
& SA}AG

A NHAE S
1D ABAE & &2

10% FBSE 383 RPMI 16409 71EujxlojA djdd MEE 0.25%
trypsin-EDTAZ i< flask2 38 woldl 3T 1x10* viable cells/welld] ZE &2
24 well plated] HFAh FF 24A7 Fol wiA 2 mE A ¥iX 2 wA ¥
SAHCOE sample AEES 10 g/LY F=2 0, 100 ¥ H7Hstd 37T, 5%
COq incubatorol A Bttt M wi<F 7|zt 5 wd W19 7249 Hoz2 A
g fieldse] @rU]AAIRA(OLYMPUS: IMT2-RFC)& HATh ojRE Hgo=
sample A& 50 # MNAE7]Y dFHE FAsA ABAEY s X2

AE FATRH O 0,

21 H AFAEGG &4
= 3

ABH 27

2) A A5E8Y &4

T-flask ArellA 1099 EAux oA AB3A17] pheochromocytoma (PC12) Al
AMAEFTE 025% trypsin-EDTAZE A 3dle] A EE flaskol oA Hoj=d =
PBS (Ca”, Mg”-free)2 ¥ @ AlHatgieh 12]3 24 well plateo] 4x10° viable
cells /welld] #=2 HF3Y 10% EHMAE o] &3td HFFIE 2 mE A
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0g/LY ¥ 100 & st en, gxdesd
A PBSE 100 @E 3}%3} 2 F wd vd F AXFE SHI]IeH
trypan blue dye exclusion o2 BAIEFE =AYt 7422 370 welldll
A rE RS Fastgrt *ﬂﬁ‘_«] REZAH LS AEEC] AFEZY HolE AR
Fo 8 F 243 AE HELE 7|22 FYTH

k. I ¥ sample 7\1&%%
3 7}

3 ABENY dFde] 2 AAEVNE AYe MEFY &3

T-flask AelM 10%9] dEFuiAolA B&AZ PCI12 ANAAEFE 025%
trypsin-EDTAZ  Hzlsted MEEZ flaskuletolA] "Hojmad F PBS (Ca”,
Mg”-free)2 5 W AAsG. 28932 24 well plated] 05x10* viable cells/well
9 22 HEF F sample ABEES 10 g/LY FEZE 0, 100 p£E H7tstd
fd whd x1009] wj&E AMA #GE stk o] du)A ARRE ol &3t A
719 ZolE =Asle By Zol2 At MAErY ZHolE It Z
Zrol Al AAE7Ie Zolrt b AA A" AXEE JIRE 3t B 4F
of o] &3t AAEVNE AYUE AEE dvAAAA FA}AT. AAFE7IIL
AEFEAL ZAY Bt & AZE AFEVE AYe AXE vt £ 4389
HE 1007 ol MEE ZHstd FEAE Faran”.

2 AE B3k &4

HL-60 (human promyelocytic leukemia) M X< 5% heat-inactivated fetal
bovine serum® RPMI 1640 medium& AH&3te] 37T, 5% CO.9l =2 3hedlA
continuous suspension culture® F2 &tk HEE 4 x 10° cellymls] FEE 24
well plated] 1m¢ FE3te A wjFaol 2447 A 02 WA E AAT F AXE
£ 3l 320 x golA 10837 dAdEgstd AAA o5, 200 L2 0.1%
Triton X-100& 2o} 37CAA] 3087 lysisAlAY. A F] lysatest 0.1%
Triton X-100€ 20 S A 96 well plated] %713, 3 mg/mle] 4-nitrophenyl
phosphate’} & 50 mM acetate buffer(pH 058 100 ¥ F 37TColA 1A%t
Eot urAIATE ¥rgo AXEZE Y 01 N NaOH 100 wE H7He ¥ ELISA
reader® 405 nmol M FFEE =Hsgp® 9,

2. 4% 4 1%

7t e FxFA
D s
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R,=R,=R,=R,=R; = H : taxifolin (1) R,=R,=R;=R,=R; = H : quercetin (11 )
R=R,=R;=R,=R; = Ac: (la) R,=R,=R,=R,=Rs; = Ac: (!l a)

OM 5 4
e
X 3
10
9
0 O
OMe 5
OR, O
R;=R,=R,=R, = H : kaempferol (lif) 6, 7-dimethoxycoumarin (1V)

R,=R,=R,=R, = Ac : (llla)

OMe

7—methoxybenzopyran (v )
Fig. 1. Compounds isolated from wood and bark of L tulipifera

7HE5

(D3}3HE 1 (taxifolin)

EI-MS m/z (rel. int, %) : 304 (M", 88.8), 286 (25.1), 275 (99.8), 182 (11.8),
153 (100, base ion), 150 (41.1), 137 (9.8), 123 (93), 69 (13.2). '"H-NMR (500
MHz, acetone-ds) @ & 459 (1H, d, J = 114 Hz, H-3), 501 (1H, d, J = 114
Hz, H-2), 594 (1H, d, J = 21 Hz, H-8), 598 (1H, d, J = 2.1 Hz, H-6), 6.86
(1H, d, J = 81 Hz, H-5'), 690 (1H, dd, J = 2.0, 81 Hz, H-6'), 7.06 (1H, d,
J = 20 Hz, H-2"). ®C-NMR (125 MHz, acetone-ds) : & 73.11 (C-3), 8450
(C-2), 96.02 (C-8), 96.98 (C-6), 10146 (C-10), 115.72 (C-2"), 11582 (C-5'),
120.80 (C-6'), 129.77 (C-1’), 145.71 (C-3'), 14652 (C-4"), 164.16 (C-9), 164.76



(C-5), 167.88 (C-7), 98.12 (C-4). 'H-'H COSY correlations : H-6-H-8, H-5'«
H-6'/H-2’. HMBC  correlations : H-8—C-6/C-7/C-9/C-10. H-6—
C-5/C-7/C-8/C-10.  H-2'—C-2/C-4/C-6', H-2—C-4/C-1'/C-2, H-3—
C-1'/C-2/C-4.

ﬂ'@'% 1& =34 2oz 289 o, toluene : ethyl formate : formic acid
=514 :1 v/v/vollAe Ry kel 01701913, EI-MS AHEHAME m/z 304
[M 1ol —rx}ol peakES B ¥ o™ 39 ion peak: 286, 275, 182, 153, 150, 137,
123, 69011 1L, base ion peakE m/z 15328 JElgth 3 AAgke UV &9
EJozrY HEAgatr] Bgollg 4@y C=C ¢ C=0 %9 T&E& 7
IgEdS ¢ F UdAH.

SEE 19 'H-NMR 2#"EHqME & 7709 proton signale] Ul Qe
W, 1 % 459 (1H, d, J = 114 Hz, H-3)9} § 501 (1H, d, J = 11.4 Hz, H-2)
Axe F 7Me doublet signal® dihydro FE 72 ##d= H-2, H-3¥d Zt
7t A&, 5594 (AH, d, J = 2.1 Hz, H-®)¢ 6 598 (1H, d, J = 2.1 Hz,
H-6)9 5 719 doublet signal® H-6, H-8¥d 7tz #&3Hh ol 2D
NMR ¢! 'H-'H COSYYA ©]E protonAto]l®] izt peaks] EA4E 32 € &
A}

13c—NMR of 93 ©Ai9 H<Le& DEPT, HMQC ¥ HMBCE ZAgoEH

F e, 1 F C-28 ALI 84509 signale HMBCOIA H-2', H-6'%
“*}4 3} peakE 31]"”]@ & 9g9m C-1'E ALF § 129779 signal H-39
9] WAt peakE <tk o4y AR HFYE 12 3 3, 4, 5
7—pentahydroxyﬂavanone, Z taxifolin® 2 F 334t

(2)3}3HE 2 (quercetin)

EI-MS m/z (rel. int., %) : 302 (M, 100), 275 (26.4), 165 (11.1), 153 (45.0),
137 (9.5), 123 (125). 'H-NMR (500 MHz, acetone-ds) : & 6.26 (1H, d, J = 2.0
Hz, H-6), 651 (1H, d, J = 2.0 Hz, H-8), 699 (1H, d, J = 85 Hz, H-5"),
769 (14, dd, J = 2.1, 85 Hz, H-6'), 7.80 (1H, d, J = 2.1 Hz, H-2’). "C-NMR
(125 MHz, acetone-ds) : & 9447 (C-8), 99.12 (C-6), 10404 (C-10), 11568
(C-2"), 116.16 (C-5'), 121.45 (C-6), 123.72 (C-1'), 13668 (C-3), 145.82 (C-3"),
146.94 (C-2), 14833 (C-4'), 157.80 (C-9), 162.09 (C-5), 165.10 (C-7), 17651
(C-4). 'H-'H COSY correlations : H-6-H-8, H-5'«<H-6'. HMBC correlations

H-8-C-6/C-7/C-9/C-10. H-6—C-5/C-7/C-8/C-10. H-2'—C-1'/C-3'/C-6/,
H-5'—C-1'/C-3'/C-4'. H-6'—>C-2/C-4.

FIFE 28 =FN RN dHion, EI-MS AHEZAE BEAjo]2
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peak’} m/z 302 [M'11A Yelst o™ 59 jon peakT 275, 165, 153, 137, 123°]
Atk =3 m/z 165 2 1539 fragment ion peak® RDA (Retio-Diels-Alder) 7
Ao 93 Aow olzRE HIE Mo T%7F flavonoidd S & & UM
'"H-NMR ~="HEdHAM= § 699 (IH, d, J = 85 Hz, H-5)9 & 7.80 (1H, d, J
= 21 Hz, H-2)A % 712} doublet signal®} & 769 (1H, dd, J = 2.1, 85 Hz,
H-6)9141 9] double doublet signal B%] 2/, 5, 6'¢] 'Hell 72t 3&3ksict.

o= AHFAQ 1, 3, 4’9 3Xg HAH EAE & F AUk E 6209
signalZ acetone®] 71918t= &9 peakeltd. 3gHE 19 2D NMRS! 'H-'H
COSY ~¥EZd = H-5HF H-6'H Aol A& peaket 6% proton# H-8
W Alole] A% peakE zHZ #9Egtt BHEE 29 “C-NMR ~#HEZAA Y §
29¢} 5 2069 signal® -£ul peakol™, & 157§¢] carbon signale] YEMRT I
% § 17651 (C-4)9) signal® C39] carbonvl?]d 719138 carbono] vt 3HE
2 19 DEPT 135°9]4 =33 “C-NMR ~HEHME § 44.7~8 121.441¢]
°] 5709 signal® 5, 6/, 2, 8 6¥e HWE(CH) ©42& uYehiz, HMBCS
HMQCE S4oz2H &1 AEH5S & 5 At

HMBC A3 EZ oA 2, 6’9 protond 28 #4299 Wi} peakE &ASHSA
onj 69 protond 59, 7 2 10W w4, I3 8% protondt 9, 7 ©i9}
o] Lz peakE FAF & AUk o¥e A#} #}E 2= 3, 3, 4, 5
7-pentahydroxyflavone$! quercetin® 2 &% &} t}.

(3)3}E 3 (kaemferol)

EI-MS m/z (rel. int., %) : 286 (M’, 88.8), 259 (13), 230 (6), 154 (4), 121 (25), 93
(12). 'H-NMR (500 MHz, acetone-ds) : 8 815 (2H, dd, J = 2.5, 95 Hz, H-2',
6'), 7.03 (2H, dd, J = 25, 95 Hz, H-3', 5'), 629 (1H, d, J = 1.5 Hz, H-6).
BC-NMR (125 MHz, acetone-ds) : & 94.01 (C-8), 98.77 (C-6), 103.08 (C-10),
11566 (C-3’, 5), 12263 (C-1"), 129.72 (C-2’, 6"), 13591 (C-3), 146.19 (C-2),
157.25 (C-9), 15960 (C-4'), 161.31 (C-5), 16542 (C-7), 17584 (C-4). 'H-'H
COSY correlations : H-2/, 6’<>3', 5'. HMBC correlations : H-2', 6'>C-2/C-4".
H-3', 5'—>C-1'/C-4'. H-6—C-5/C-7/C-8/C-10.

33E 39] EI-MS 2" EZHME Exlo]L peak® m/z 302 IM'1E YEIR
on 'H-NMR 2®E¥ oA9 5 629 (1H, d, J = 15 Hz, H-6)2 singlet
signale A3te] H-6Wo] A&dQed, 8 655 (1H, d J = 15 Hz, H-8)9
doublet signal® 2 A¥ASF(J = 15 H2) 23 E metaB Aol 7]Qdsts A2 o
A AZe] H-8¥d] AZsgrh 'H-'H COSY £¥HEHMME H-2, H-6'F
H-3', H-5'A}0]9] A% peake] EAE AT + Ao



3}EE 39 PC-NMR A2dEddMe F 1579 @4 signalel Websth 1
% 8 175.89] signal dihydro F-&7% +# ROz C3el 7hE 7)o 7
A3teE BrAolx, § 9877-4 signal® 691 &0 FA&sH ]2 HMBC 29
EfA I AE5E st en, &3 H —6‘?1_T+ 8
peakE &3t

ole] Az 35E 3L 3, 4/, 5, 7-tetrahydroxyflavone?! kaemferolZ %733
}.

O

IS PRaRY

()3 3HE 4 (6, 7-dimethoxycoumar in)

EI-MS m/z (rel. int, %) : 207 (M"). 'H-NMR (500 MHz, chloroform-d) @ §
393 (3H, s, OMe-6), 396 (3H, s, OMe-7), 6.29 (1H, d, J = 95 Hz, H-3), 684
(1H, s, H-8), 6.87 (1H, s, H-5), 763 (1H, d, J = 95 Hz, H-4). BC-NMR (125
MHz, chloroform-d) : 8 56.60 (OMe-6), 56.62 (OMe-7), 100.28 (C-8), 108.34
(C-5), 11169 (C-9), 11377 (C-3), 14350 (C-4), 146.63 (C-6), 150.29 (C-10),
153.14 (C-7), 16160 (C-2). 'H-'H COSY correlations : H-4-H-3. HMBC
correlations : H-3—C-2/C-9, H-4—C-2/C-5/C-10, H-5—
C-4/C-6/C-7/C-9/C-10, H-8—C-6/C-7/C-9/C-10, OMe-6—C-6, OMe-7T—C-7.

FgE 4= WA FZAow s en, EIFMS 2HEHAqME Eafold
peak® m/z 304 [M'1E& uErRth 'H-NMR ~FHEZHME= % 7782 proton
signale] YeEhglew 2 £ 8629 (1H, d, J = 95 Hz, H-3)¢} 8763 (1H, 4, J
= 95 Hz, H-4)l A 5 7R¢] doublet signale Z & <7F 95F ortho A <
o H-3, H-49Hd] z}z} fA&3ct o] 5 2D NMR <! 'H-'"H COSY 2#E o
NeE & 119 €4 signale]l YEster, i A4S DEPT, HMQC %
HMBCE =Ago2ZH & 4 Utk I = § 5660 (OMe-6)9] signale #E4
7)o 71A8tE peakel:, & 77.09 signale &vUl peakol™, & 1616 (C-2)¢
signal 7tE. A7) 7|Q8lE ©AR A&

3135 49 Dept 135°A4 A% BC-NMR &3 E#dME § 100.3~1435
Atole] 4789) signal 3, 4, 5, 8ol WY (CH) &4E Uehli JoH, § 56.69]
signal2 "W ¥€(CHs) &4 % Yellz ot

HMBC £~HE# dME HEA7| 7]A3}
peak 11 H-793 79 &i9ke] w3} peakE HRIE & UYem™, H-4H 3%
2, 5, 10W etiobe] Wt peak, H-8¥ 7 7, 108 ©49he] A peaks 242 &
elgto 24 33E 4= 6, 7-dimethoxycoumarin& 2 57 3t o},

rlr
0
(@)}
T
)
(@)
rza
rﬂ
[
5
o
E
_>|J_,
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(2)3}3+E 5 (7-methoxybenzopyran)

EI-MS m/z (rel. int, %) : 162 (M’). 'H-NMR (500 MHz, methanol-d;) : &
311 (1H, d, J = 15 Hz, H-3), 381 (1H, s, H-4"), 421 (1H, s, H-4), 4.22 (1H,
d, J = 25 Hz, H-2), 678 (I1H, dd, J = 25, 85 Hz, H-6), 681 (1H, dd, J =
15 10 Hz, H-8), 694 (I1H, d, J = 15, Hz, H-5). “C-NMR (125 MHz,
methanol-dy) © 8 54.19 (C-3), 55.30 (OMe-7), 7146 (C-4, 4'), 86.32 (C-2),
109.87 (C-5), 11498 (C-8), 11892 (C-6), 13269 (C-7), 146.15 (C-10), 147.96
(C-9). 'H-'H COSY correlations : H-2-H-3. HMBC correlations : H-2—
C-3/C-4, 4', H-5—C-4/C-6/C-10, OMe-7—C-T.

stebE 5E WA Aoz dEstgen EI-MS AFHEHGME Ezpole
peak® m/z 162 M1 velycth 'H-NMR A E M= § 311 (1H, d, J =
15 Hz, H-3)¢} 8422 (1H, d, J = 25 Hz, H-2)91 4 ¥ 709 doublet signal® 8§
421 (1H, s, H-4)*14 9] singlet signal& B3¥e] H-2, H-3, H-4¥ o Ztz} A48
o™, o]2 2D NMR?Q 'H-'H COSY ~#HEANA o]5 'H Atole] Wi}l peak
o EAE &I F YAk BC-NMR 2= EedqNE & 10709 &4 signalol
et ew, ghre] A& DEPT, HMQC 2 HMBCE Z3do=24 & + 3l
Rem, I F 8553 (OMe-7)9) signale HIEA7|o 718 : G422 AL
=3

Dept 45°, 135°el4 ZA 3 “C-NMR ~#=EZ M= § 541~11894 0] 9] 774
9] signale] YERY e § 7149 signal® W€ A(CHy) &42E Yehyagl
HMBC A~ E# o)X= H-283 39 49 staobe] wxt peakE #A¢lalgen,
H-4, H-4"13 2%, 34 ©4&9te] WA peakE zt7b I ozy 3§E 58
7-methoxybenzopyran©. &2 %7 319 t}.

2) 59
7h4e3)
° °_« _OMe
o 4 O - 4
o > N
9 7 1 3 O 7T YT 3 0OMe
2 .
8 8 8 8
3 2 7 OMe 3 2 7 9
(0] g9
<:©1 0 D1 0
o) 4 6 OMe 4 6
5 5
(+) - sesamin (+) - eudesmin
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) 8 g 8 8
02 LA 9 OMe- 3 7 9
GI e
07, 6 OMe~"4 6
5 5
. OMe
(+) - kobusin (+) - yangambin
° & _OMe ° & _OMe
6 6
0 @( ) ©i
°C 7 1 3> OMe °C 7T YIS oMe
2 8 8 2 8 &
OMe._3 A g OMe-_3 A g
1 0 1 (0]
OMe~ 4 8 OMe~ 4 6
5 5
OMe OH
(+) - magnolin ?

Fig. 2. Compounds isolated from bark of M. kobus

(1) 3+3+E 6 ((+)-sesamin)

EI-MS m/z : 354 (M"). 'H-NMR (500 MHz, acetone-ds) : & 3.04-3.07 (2H,
m, H-8, H-8), 3.81-3.84 (2H, dd, J = 4, 9, H-9b, H-9b), 4.19-4.23 (2H, dd,
J = 65 9, H-9a, H-9a), 468 (2H, d, J = 4, H-7, H-7), 597 (4H, s,
OCH;0x2), 6.80(2H, d, J = 80, H=5, 5, 6.86-6.88 (2H, dd, J = 15, 85, H-6,
H-69, 690 (2H, d, J = 2, H-2, H-2). ®C-NMR (125 MHz, acetone-ds) : &
54.74 (C-8, 8), 7164 (C-9, 9"), 8578 (C-7, 79, 10132 (C-OCH:0), 106.65
(C-2, 24, 10805 (C-5, 5, 11951 (C-6, 6, 136.30 (C-1, 1'), 147.21 (C-4, 4").
148.16 (C-3, 3'). sesamin

FGE 6& FAY AHoZ AdojHth EI-MS 2HEZGAME molecular ion (M")
peak’t m/z 354 (MNHE UEon, F2 ol MAZE m/z 354 (M), 307, 289, 233,
203, 176, 161, 154, 149, 1% 5& Yehdth m/z 1359 1499 fragment ©]&¥AE
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34,~dioxymethylenephenyl %o]-& A Abgth 'H-NMR 2FEZX § 597 (4H, s,
OCH20x2)9] 17§9] signal-2 ®Wrakdio] x35o] & dioxymethylene F#739 proton
of 71glstel. A9 § 6.80(2H, 4, J = 8.0, H=5, 5, 6.86-6.88 (2H, dd, J = 15,
85, H-6, H-6Y, 6.90 (2H, d, J = 2, H-2, H-29¢ 6H| s F3st= Alagd Wk
3 2 Eo Rl § 3.04-3.07 (2H, m, H-8 H-8), 381-384 (2H, dd, J =
4, 9, H-9b, H-9b"), 4.19-423 (2H, dd, J = 65, 9, H-9a, H-9a"), 468 (H, d, J
= 4, H-7, H-7)¢] 8Hd| s3dsl= A2 furofurantZol A 7]1elsv}, H-7/7,
H-8/8’, H-9a/9a’, H-9b/M9b’e] Alade]l ZHAHAM Yede ez Ho}
diequatorial &€ <& 4 2tk 8 6.80(2H, d, J = 80, H=5, 5) ortho, 6.86-6.88
(2H, dd, J = 15, 85, H-6, H-6')= ortho, meta, 6.90 (2H, d, J = 2, H-2, H-2")
€ metadd e & F Uk PC-NMR 2#Edd e 10719 Alagoel yepstt
DEPTAlA quaternary B4 Ao 378 secondary ¥4 Al2de] 278, g3
primary ®4 Alade] 57 EAEE e ¥ F g%tk HMBC ZFE A
dioxymethylene Z2E3} § 147.21 (C-4, 4'). 14816 (C-3, 3') ¢ uAuzag <l
Stk HMQC ~#HE#AA carbond] & 20712 A=A ol 717184 4
A5 vuwg Aa 4 187) &4 20702 e (+)-sesamin2 Z T A S TH

ol

o

(2) 33%E 7 ((+)-eudesmin)

EI-MS m/z : 386 (M"). 'H-NMR (500 MHz, acetone-ds) @ & 3.10- 3.14(2H,
m, H-8, H-8’), 3.82 (6H, s, 4, 4-OMe), 3.84 (6H, s, 3, 3'-OMe), 3.84-3.87 (2H,
dd, J = 4, 11, H-9b, H-9b'), 4.23-4.26 (2H, dd, J = 55, 8, H-9a, H-9a"), 4.73
(2H, d, J = 45, H-7, H-7"), 692 (2H, d, J = 85, H-5, H-5), 694 (2H, dd, J
= 2, 6, H-6, H-6%), 702 (2H, d, J = 1, H-2, H-2). BC-NMR (125 MHz,
acetone-ds) : 8 54. 63 (C-8, 8'), 5556 (C-OMex4), 71.67 (C-9, 9'), 8.85 (C-7,
7'), 11046 (C-2, 2'), 11211 (C-5, &), 118.46 (C-6, 6), 134.81 (C-1, 1'), 149.21
(C—4, 4'), 149.86 (C-3, 3'). eudesmin

EI-MS 2 E#o|N= molecular ion (M") peak’} m/z 386 (MN)E debon, &
8 o] JaBE m/z 386 (MY), 249, 219, 189, 177, 165, 151, 137, 115, 91, 77 5<& et
Wtk m/z 1669 1519 fragment ©] 233 34 -dimethoxyphenyl %ol&& AjAbgi)
'H-NMR A AA¢¢] 5 692 (2H, d, J = 85, H-5, H-5)Z ortho, § 694 (2H,
dd, J = 2, 6, H-6, H-6)2 ortho®} meta, § 702 2H, 4, J = 1, H-2, H-2)+
metag AJAFRETE 8 382 (6H, s, 4, 4-OMe)¢t 384 (6H, s, 3, 3-OMe)=
methoxyl7] 7} 478 &A1 AJALST) o)Abel 7)718A4 2 259 ujws A
T4a 1878 B4 20008 ZE (+)-eudesmin® 2 FAH A



(3) 3gHE 8 ((+)-kobusin)

EI-MS m/z : 370 (M"). 'H-NMR (500 MHz, CDCl) : 3.06-3.14 (2H, m,
H-8, H-8'), 3.89 (3H, s, 4-OMe), 392 (3H, s, 3'-OMe), 3.88-3.92 (2, m, H-9b,
H-9b'), 4.25-429 (2H, m, H-9a, H-9a"), 4.75 (2H, d, J = 5, H-7, H-7"), 597
(2H, s, OCH:0), 680 (1H, d, J = 75, H-5), 683 (1H, dd, J = 15, 8 H-6),
686 (1H, d, J = 85, H-5"), 6.88 (1H, d, J = 15, H-2), 6.89 (1H, dd, J = 15,
8, H-6'), 692 (1H, d, J = 2, H-2"). ®C-NMR (125 MHz, CDCls) : & 5450
(C-8, 8"), 56.20 (C-OMex2), 71.94 (C-9, 9), 86.02 (C-7), 101.31 (C-OCH:0),
106.75 (C-2), 10843 (C-5), 10956 (C-27), 11140 (C-5'), 11852 (C-6'), 119.58
(C-6), 133.83 (C-1"), 13539 (C-1), 147.36 (C-4), 14823 (C-3), 14894 (C-4"),
14951 (C-3'). kobusin ‘

EI-MS ~¥E#dME molecular ion (M”) peak’t m/z 370 (M")E YeERAAT
'H-NMRA| A A=l § 680 (1H, d, J = 75, H-5), 6.83 (1H, dd, J = 15, §,
H-6), 686 (1H, d, J = 85, H-5'), 6.88 (1H, d, J = 15, H-2), 6.89 (1H, dd, J =
15, 8 H-6'), 692 (1H, d, J = 2, H-2")& W3] T2 Eo AL § 3.89
(3H, s, 4-OMe), 392 (3H, s, 3'-OMe)& #add] x&5o] Q& methoxylel Zz
Sd3H  § 597 (2H, s, OCH0)& W&o 238 dioxymethylenes AJAMETH
olael JIAEAM ¥ EHEH wad AR $£i2 180 @& 20/4E Ze

(+)-kobusine. 2 FA3H

(4) 3t&E 9 ((+)-yangambin)

EI-MS m/z : 446 (M"). 'H-NMR (500 MHz, CDCls) : & 3.10-3.12 (2H, m,
H-8, H-8'), 3.84 (6H, s, 4, 4-OMe), 3.88 (12H, s, 3, 3', 5, 5'~-OMe), 3.93-3.96
(2H, m, H-9b, H-9b'), 4.30-4.33 (2H, m, H-9a, H-9a'), 475 (2H, m, H-7,
H-7"), 658 (4H, s, H-2, 2', 6, 6'). ®C-NMR (125 MHz, CDCls) * & 54.33 (C-8,
8'), 56.14 (C-OMex4), 60.87 (C-OMex2), 71.96 (C-9, 9), 85.93 (C-7, 7"), 10259
(C-2, 2/, 6, 6'), 13669 (C-1, 1'), 137.27 (C-4, 4"), 15339 (C-3, 3’, 5, 5').
yangambin

3E 9= BAAR O ol EI-MS AHEHXNE molecular ion (M") peak
V m/z 46 MHE YERen Fg ol WIAZE m/z 416 (M- 30), 386, 347, 249,
224, 207, 181, 125, 8 $& uUeWth m/z 1819 fragment o]2¥IAE
3,4 5-trimethoxyphenyl 0] 2& AJALg: 'H-NMR A#EZA § 384 (6H, s, 4,
4'-OMe) & wWado] 3= ojYs 4719 methoxylel 27 fraidch. A2ge 8
658 (4H, s, H-2, 2/, 6, 6')9] singlet signal® W&E Z2E] ZZ {FAArh 6
3.10-3.12 (2H, m, H-8, H-8'), 3.84 (6H, s, 4, 4-OMe), 3.83 (12H, s, 3, 3', 5,
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5'-OMe), 3.93-3.96 (2H, m, H-9b, H-9b’), 4.30-4.33 (2H, m, H-9a, H-9a’), 4.75
(2H, m, H-7, H-7)9 signal® furofuran +%¢ Z2EJ 7]Qd= RL=
H-7/7’, H-8/8', H-9%/9a’, H-9b/9b’= Z}7} equiualencedt i, 'H-'H COSYel| A
8 475 (2H, m, H-7, H-7)%} 658 (4H, s, H-2, 2/, 6, 6')8] A#AFHA £ o]E0]
238 o H-7/7'¢ Z7 or¥71& Agstn 3, diequatorial & & F
Atk BC-NMR 2= A= 979 Aol vhebxth DEPTOAM quaternary
B2 Alzdo] 370, tertinary ©tA Al2do] 270, secondary ®A Alade] 1M, I3
primary %4 Alage] 370 EAFE A & F Ut HMQC 2HERNAN &4 §
5433 (C-8, 8")= H-8/8'3te] wxtyl=, €4 § 5614 ¥ 4 6 383 (12H, s, 3,
3", 5, 5-OMe)® ©A § 60872 4 & 384 (6H, s, 4, 4-OMe)9} WATIE
Yerd o B § 71962 H-9a/9a’/9b/9b'9} & 8593 = H-7/7', & 10259 =
H~2/2'/6/6' 3 wzas=aE& verdlct. HMBCoIA H-2/63 § 8593 (C-7, 7'),
136.69 (C-1, 1’), 15339 (C-3, 3’, 5, 5') #¢ wAHAE #AJStATE. H-7T3 6
13669 (C-1, 1)# e wxdas A, ol 77184 9 £ F3 vl
g A 4 307) A 2470E e (+)-yangambin & E FA3A

(5) 33E 10 ((+)-magnolin)

EI-MS m/z @ 416 (M"). '"H-NMR (500 MHz, CDCl;) : & 3.11 (2H, m, H-8,
H-8'), 383 (3H, s, 4-OMe), 3.87 (9H, s, 3, 5, 4'-OMe), 391 (3H, s, 3'-OMe),
392 (2H, m, H-9b, H-9b'), 428 (2H, m, H-9a, H-9a’), 474 (2H, m, H-7,
H-7"), 658 (4H, s, H-2, 2/, 6, 6'). *C-NMR (125 MHz, CDCl3) : & 54.33 (C-8,
8'), 56.14 (C-OMex4), 60.87 (C-OMex2), 71.96 (C-9, 9'), 8.93 (C-7, 7'), 102.59
(C-2, 2, 6, 6"), 13669 (C-1, 1’), 137.27 (C-4, 4'), 153.39 (C-3, 3’, 5, 5').
magnolin

EI-MS 2#lE3 )M ¥ molecular ion (M*) peak’} m/z 416 (M")E Jeblth m/z
1519} 16569 fragment ©]>3=ZE 34 -dimethoxyphenyl %¥°l&2, m/z 181, 1959
fragment ©]2¥Z¥E 345-trimethoxyphenyl %¥o]&-& AAM@th 'H-NMReIA & 3.83
(3H, s, OMe), 387 (9H, s, OMe), 391 (3H, s, OMe)x WIFAd X3d
methoxyl”]7} 5709 &A1& AAE 5 658 (4H, s, H-2, 6), 6.84 (1H, d, J = 85,
H-5'), 6.89 (1H, dd, J = 2, 8, H-6), 691 (1H, d, J = 15, H-2')& W&o =
Z2EY FHz 77BN A ¥EE (+)-magnolin® ® 5 AL

6) 3= 11

EI-MS m/z : 402 (M"). 'H-NMR (500 MHz, CDCls) : & 3.10 (2H, m, H-8,
H-8'), 387 (6H, s, OMex2), 389 (3H, s, OMex1), 391 (3H, s, OMex1), 3.92
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(2H, m, H-9b, H-9b"), 4.26 (2H, m, H-9a, H-9a"), 473 (2H, H-7, H-7"), 651
(1H, d, J = 15, H-2), 657 (1H, d, J =2, H-6), 684 (1H, d, J = 75, H-5'),
6.87 (1H, dd, J = 2, 8, H-6"), 690 (1H, d, J = 15 H-2'). ®*C-NMR (125 MHz,
CDCl3) : 8 54.17 (C-8, &), 56.00 (C-OMex3), 60.95 (C-OMex1), 71.80 (C-9,
9’), 8.80 (C-7, 7'), 101.84 (C-2), 10554 (C-6), 109.36 (C-2'), 111.19 (C-5"),
11832 (C-6"), 13359 (C-1'), 13493 (C-4), 13750 (C-1), 14874 (C-4'), 149.30
(C-3'), 149.38 (C-5), 15256 (C-3).

EI-MS 2#E3¢ A% molecular ion (M") peak’t m/z 402 (M")E Yebdth m/z
151} 1669] fragment ©]>¥3¥ 34-dimethoxyphenyl %o]l&%, m/z 167, 1819
fragment ©]&3] 3% 3-hydroxy-4,5-dimethoxyphenyl %¢]2&& AJAlgte} 'H-NMRo] A
8 3.87 (6H, s, OMex2), 3.89 (3H, s, OMex1), 391 (3H, s, OMex1)= methoxyl
7V NE A AT wEd) a2 EQl A4 § 651 (1H, 4, J = 15 H-6)&
meta, 6.57 (1H, d, J =2, H-2) meta, 6.84 (1H, d, J = 75, H-5')¥ meta, 6.87
(1H, dd, J = 2, 8, H-6')= meta®} ortho, 690 (1H, d, J = 15, H-2')= meta¥
S ¢ 4 3d HMBC &~#"E# A § 581 (1H, s, O C-2, C-3, C-49
A9 32E FAsAnh o]y 7R 2 Fd5I vasn o FEREH
o Aot

3) FAEYT

7H49
CH20H
~—
-
= H3CO OCH3
HOH2C Q
(o] (o}
OH
0 HO
OH
Costunolide Syringin

Fig 3. Compounds from the bark of M. sieboldii

(1) 3EE 12 (costunolide)

Colorless needle: EI-MS m/z : 232 (M’, base ion), 217, 204, 189, 175, 161,
150, 135, 123, 109, 81. 'H-NMR (500 MHz, CDsOD) : 6§ 1.44 (3H, s, Me-14),
171 (3H, s, Me-15), 1.76 (1H, m, Ha-8), 2.04 (1H, m, Ha-3), 214 (3H, m,
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Hb-2, 8 9), 2.33 (2H, m, Ha-2, 3), 242 (1H, dd, J = 6.2, 13.2 Hz, Ha-9), 2.64
(1H, m, H-7), 470 (1H, dd, J = 85, 100 Hz, H-6), 478 (1H, d, J = 10.0 Hz,
H-5), 487 (1H, dd, J = 45, 100 Hz, H-1), 562 (1H, d, J = 35 Hz, H-13a),
6.16 (1H, d, J = 35 Hz, H-13b). "C-NMR (125 MHz, CD:OD) : & 16.40 (q,
C-14), 1752 (q, C-15), 27.14 (t, C-2), 29.07 (¢, C-8), 40.38 (¢, C-3), 42.10 (¢,
C-9), 5164 (d, C-7), 83.87 (d, C-6), 12021 (d, C-13), 127.92 (d, C-1), 128.66
(d, C-5), 13841 (s, C-10), 14210 (s, C-12), 142.10 (s, C-12), 142,74 (s, C-4),
172.86 (s, C-11).

'H-'H COSY correlations : H-5-H-6, H-7<H-6/H-8a/H-13ab, H-1<>Hs-14,
H-2ab—H-1/H-3ab. HMBC correlations : H-2—C-1, H-3—
C-1/C-2/C-4/C-5/C-15, H-8—C-7/C-10, H-9—C-7/C-10/C-14, H-13—
C-7/C-11/C-12, H-14-C-1/C-9/C-10, H-15—-C-3/C-4/C-5. NOESY
correlations : H-5-H-3/H-7, Ha-13-Hb-8, H-15—Hb-6/H-6.

}EE 128 FAo AFAAFoE gyt HAow, EFMSEFEHAME
molecular ion (M") peak’} m/z 232944 veEby}t} 8 o2 peak EME m/z
217, 204, 189, 175, 161, 150, 135, 123, 109, 8l1°]t}. 334 E 129 'H-NMR &
HEHNAM F 16709 protone] = A& FAstdct § 144 (3H, s, Me-14),
171 (3H, s, Me-15)91A YElYE 2709 singlet Al2d2 H-14, H-159 #A&A
Pem, §562 (1H, d, J = 35 Hz, H-13a), 6.16 (1H, d, J = 35 Hz, H-13b)9]
F709 doublet Al24d-& H-13919 methylen protondll 7I¢18= Aol o]&
'H-'H COSY =z#e&dA H-13 ¥ methylen® proton®# H-7$] methin
proton#}2] A& peak, Z¥ 12 H-14, H-159 ¢ methyl proton¥®} H-1, H-5%¢]
methin prpton 9] 43 peak® <1 & 4 YA

PC-NMR ~HEddNE ZF 1579 @it e Ae AU § 17286
I 5 8202 A1de lactone TFETFZEY carbonyl”’] @ methin carbondl 2}t
&3 o

DEPT 135° “C-NMR £#E#3}, HSQC AFHEHoA 5789 methylen
carbong 3¢ dlgth. HMBC AHEZH o2 H-149 proton® C-99 carbon,
H-15%] proton® C-39) carbon#¢ X} peakE &1 2A 14, 159 methyl
719 AF¢YAZE, 183 lactoneT+EF29 H-13% proton® C-11%] carbon¥} <
WA} peakE 21§ o 2 M sesquiterpene lactone F+%¢] costunolideZ & 43S
=3

(2) 3% 13 (syringin)
Colorless needle: EI-MS m/z : 372 (M’, base ion), 358, 342, 327, 311, 293,
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283, 258, 238, 223, 210, 197,182, 167, 161, 154, 137, 121, 107, 91, 73, 61.
'"H-NMR (500 MHz, CDsOD) : & 3.20 (1H, m, H-5"), 340 (1H, m, H-3'), 342
(1H, m, H-4'), 346 (1H, m, H-2"), 365 (1H, dd, J = 50, 120 Hz, Ha-6'),
377 (1H, dd, J = 25, 12.0 Hz, Hb-6'), 3.85 (6H, s, OMe-3, 5), 421 (2H, dd,
J =15, 55 Hz, H-9), 487 (1H, d, J = 65 Hz, H-1'), 632 (1H, dt, J = 55,
160 Hz, H-8), 653 (1H, d, J = 160 Hz, H-7), 674 (2H, s, H-2, 6).
“C-NMR (125 MHz, CD;0D) : § 57.06 (g, OMe-3, 5), 6260 (t, C-6"), 6361 (t,
C-9), 71.37 (d, C-3), 75.76 (d, C-2"), 71.86 (d, C-4'), 7840 (d, C-5'), 105.37
(d, C-1"), 10548 (d, C-2, 6), 130.08 (d, C-7), 131.30 (d, C-8), 13530 (s, C-1),
13591 (s, C-4), 15439 (s, C-3, 5. HMBC correlations : H-26—
C-1/C-3/C-4/C-5/C-7. OMe-3,5—C-3/C-5. H-7—C-2/C-6/C-9, H-8—C-1/C-9,
H-9—C-7/C-8, H-2'—C-4’, H-3'—(C-2'/C-4’, H-4'—C-3’, H-5'—(C-3'/C-4,
H-6'—C-5'.

e 13 B IAAFAoR vy HJUrh EFMS AFHEHAAME
moiecular ion (M") peak’} m/z 372914 YElton £ o|& peake 358, 342,
327, 311, 293, 283, 258, 238, 223, 210, 197,182, 167, 161, 154, 137, 121, 107, 91,
73, 61°] o},

'H-NMR 2" § 38 (6H, s, OMe-3, 5)¢ 6742] protondsll 433}
Al 29 E methoxyl7idl Al 71918t A2 2zt methoxyl”Z] 2] 3, 5o A3t
on, 5487 (1H, d, J = 65 Hz, H-1)9 doublet Al1d2 FollA 713}
anomeric proton® 2 1'd] #AL3A(T. 28l § 632 (1H, dt, J = 55, 16.0 Hz,
H-8), § 653 (1H, d, J = 160 Hz, H-7)¢] ¥ 7§l doublet Al2d& 1 ZA¥
A47F 16 Hz2A trans FEQl A& Aot

BC-NMR2#HEZA 2% 17709] carbond FHASHL 6 7069 Al1d2
methoxyl 7]9] Alzzdo|ld o] AL C-3, C-59 ALsAth 283 § 105379
Aade FoA S#@stE anomeric carbon®® C-1"9 AE3E L 60780 ppm
Atelol A Hol: Alade "elx sdde AL At DEPT 135°
BC-NMR 2~#E# A methylen & YehlE F719 carbong Hed i ol&
2 C-9, C-6'9 ALstYt. 2 W9 methyn carbono] 97] Ak AS & F

fr ] e

HNEYoF g Fxo H-2 H-3, H-4, H-5 H-6% protono] 2
< 39l slyg ., HMBC 28EH o2 oA fF# 8= anomeric
proton H~1'#} aglicon® C-4%] carbon®2] i} peak, 28] 3L methoxyl”]el 7|
A3t= C-3, C-59 carbon® LA peakE ATz A o] FFEL To] 49
Ao glycoside 2 #3F syringine 2 3ok
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e

]
7C—OH
1
6 2
3
S \OMe
OH 1, 2-dihydroxyxanthone (liI)

vanillic acid (IV)

Fig 4. Compounds from the wood of M. sieboldii

(1) 3tgE 14 (1,2-dihydroxyxanthone)

EI-MS m/z : 228 (M, base ion), 211, 166, 145, 97, 57. '"H-NMR(500 MHz,
CDsOD) : § 720 (1H, 4, J = 9.0 Hz, H-4), 742 (1H, m, H-7), 749 (1H, m,
H-6), 7.74 (1H, dd, J = 05, 85 Hz, H-5), 7.89 (1H, d, J = 85, H-3), 829
(1H, dd, J = 1.0, 85 Hz, H-8). “C-NMR(125 MHz, CDsOD) : & 111.89 (s,
C-9a), 11638 (d, C-4), 12315 (d, C-4), 12430 (d, C-8), 12544 (s, C-8a),
126.69 (d, C-3), 12714 (d C-5), 12732 (d, C-6), 136.77 (s, C~4a), 159.84 (s,
C-1), 16029 (s, C-2), 169.22 (s, C-4b), 17580 (s, C-9). 'H-'H COSY
correlations: H-3<H-4, H-5<H-6, H-6-H-7, H-7<H-8 HMBC correlations:
H-3 — C-1/C-4a, H-4 — C-9a/C-3, H-5 — C-7, H-7 — C-8a, H-8 — C-6.

33HE 14% EI-MS 2 E# oA moiecular ion (M") peak’7F m/z 22844 1}
Elgth 8 o]& peakZ & 211, 166, 145, 97, 5701t}

'H-NMR 2#E8eA 6719] protone] Y& AL Ak § 742 (1H, m,
H-7), 829 (1H, dd, J = 1.0, 85 Hz, H-8)8] 719 doublet Al18& Z+Zt H-7,
H-89o A&, 6§ 789 (1H, d, J = 85, H-3), 7.20 (1H, d, J = 9.0 Hz,
H-4)9] doublet A|19-& H-3, H-49l¢l A&atant. ol= 'H-'H COSY £HE
HolA H-79 proton# H-8% proton 281 H-3$] protoni} H-49 protonT}2]
43 peakZ FA 5 AU PC-NMR 2#HEHAA 2F 12709 carbong
QAL 6 17580, & 169.22, § 160.29, § 159.84, & 111.89, & 12544 183 §
136.77 ¢} N14dL quaternary carbono]l® DEPT 90° “C-NMR 2HE#
HMQC 2"EZA 6719 methine carbon® #F3& ¢t HMBCAHEH SR
C-4a%} C-1919 carbon® H-39 proton#¢ =z} peak, Z& 1 C-3, C-9a
carbon®} H-49 proton}2] WA peakE BFAFozH o] IJFES
1,2-dihydroxyxanthone 2. & %A 3t t}.
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(2) 3+3HE 15 (vanillic acid)

Yellow powder: EI-MS m/z : 168 (M’, base ion), 153, 151, 124, 109, 97, 81,
69, 55. '"H-NMR (500 MHz, CDsOD) : 6 3.88 (3H, s, OMe-3), 6.71 (1H, d, J =
85 Hz, H-5), 748 (1H, dd, J = 2.0, 85 Hz H-6). 757 (1H, 4, J = 2.0 Hz,
H-2). BC-NMR (125 MHz, CDsOD) : 6§ 5504 (s OMe-4), 112.83 (d, C-2),
11487 (d, C-5), 123.37 (d, C-6), 12746 (s, C-1), 147.78 (s, C-3), 152.03 (s,
C-4), 17495 (s, C-7). HMBC correlation : CH; — C-3, H2 —
C-6/C-3/C-4/C-7, H-5 — C-1/C-3, H-6 — C-2/C-4

3138 159 EI-MS 2#HE - A moiecular ion (M") peak’} m/z 16814
Elkom $8 o|& peakZ ¥ 153, 151, 124, 109, 97, 81, 69, 55°] At

'H-NMR 2#EZd|4 § 383 (3H, s, OMe-3)9] 4l 7<) protondl &3t
ANage& methoxylZlollA 7dsts RAexm H-39 ALKIHReH § 6719
doublet Al1de& ZAFAS7F 85 Hz2A ortho A¥E 3t o™ § 7489
double doublet A11de 1 AFASL7E 203 85 HzEA ortho®t meta AEE
da JdE AL ¢ F Utk “C-NMR 2#EHAA § 55049 Aade
methoxyl”Z] o] =25 7709 carbong #FAT 4 AUTH

HMQC A¥HEZd o2 § 1148 § 1274128)1 § 152 ¢ methine carbon &3}
Az ZrzF C-5, C-1, C-491d AL3tH . HMBC 2" E#H|A H-29 protonT}
C-3, C-4, C-6, C-79] carbon® 1A} peak$} H-6% proton® C-4%] carbon®
22} peak, ¥ 2 H-59 proton® C-1, C-3$9] carbon® LA} peakE HARNT 2
2] o] 33 E L 4-hydroxy-3- methoxybenzoic acid$! vanillic acid® &7 %
t}.

4)2 1 =}
7H g =

gomisin N (1) wuweizisu C (2)
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MeO
MeO
MeO
MeO
0]
gomisin J (5)

gomisin L1 (3)
OMe
MeO

MeO
MeO

OMe

OMe
gomisin A (6)

Fig. 5. Compounds isolated from fruits of S. chinensis
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(1) 33E 16 (gomisin N)

Pale yellow oil. EI-MS m/z : 400 (M", base ion), 344 (M-56), 312, 235 (M-165), 219
(M-181), 181, 165, 56. '"H-NMR (500 MHz, CD:OD) : & 0.73 (3H, d, J = 75,
CH3-18), 097 (3H, d, J = 7.5, CH3-17), 1.76 (1H, m, H-8), 1.89 (1H, m, H-7),
205 (1H, m, H-9a), 222 (1H, dd, J = 9.0, 135, H-9b), 244 (1H, dd, J = 25,
135, H-6a), 260 (1H, dd, J = 85, 13.5. H-6b), 348 (3H, s, OMe-3), 3.76 (3H,
s, OMe-14), 380 (3H, s, OMe-2), 3.86 (3H, s, OMe-1), 596 (2H, s, OCH20),
653 (1H, s, H-11), 668 (1H, s, H-4). ®*C-NMR (125 MHz, CD:OD ) : 8 12.37
(q, CH3-18), 21.10 (g, CH3-17), 33.83 (d, C-7), 35.36 (t, C-9), 3894 (t, C-6),
41.11 (d, C-8), 5559 (g, OMe-1), 58.88 (g, OMe-14), 59.96 (g, OMe-3), 60.23
(q, OMe-2), 101.03 (t, OCH:0), 102.84 (d, C-11), 111.13 (d, C-4), 12359 (s,
C-16), 31.88 (s, C-15), 34.04 (s, C-5), 134.89 (s, C-13), 13791 (s, C-10), 140.59
(s, C-2), 141.47 (s, C-14), 149.02 (s, C-12), 152.02 (s, C-3), 15221 (s, C-1).

SEE 162 2uja doje] Fo3 AR R gAAY =T Aoz dHHA
th. EI-MS A EZAE molecular ion (M7) peak’} m/z 400 M")E velgden 3
8 ol ¥IABE m/z 34 (M- 56), 312, 235(M"-166), 219(M"-181), 181, 165 5& U
etk 'H-NMR 2~®E#|A § 348 (3H, OMe-3), & 3.76 (3H, OMe-14), § 3.80 (3H,
OMe-2), § 3.86 (3H, OMe-1)ol YehIE 4709 singlet Al2'g-2 Wakao] X3eo] Qe
methoxylell ztzt A&at%ch & 244 (2H, J = 25, 135 Hz, H-6), 8 260 (2H, J = 85,
135 Hz, H-6) 2 & 222 (2H, J = 90, 135 Hz, H-9)¢] 6Hel s§33t= 3709 double
doublete} §2.05 (2H, m, H-9)olA el 1709 multiplet®] Al2'¢2 cyclootadiene +
129 H-6, H-99 benzylic methylene protondll 711%t} 6 097 (3H, d, J = 75 Hz,
CHs-17), 8 073 (3H, d, J = 75 Hz, CHs-18)¢] 6Hel sid3ste= 2709} doublet A2
equatorial methyl”]¢] CHs-17 ¥ axial methyl7]9] CHs-18 27t #4385 vH(Yukinobu
et al, 1979; 1980). DEPTHl o1& "C-NMR AFEHdNE= 25 23709 B Ao
Uepstth ©]F quaternary €471 1070, tertinary €47} 47, secondary ©4:7F 370, 28
I primary ©47F 670 S-S sl 5 gk § 10284, § 111132 WEFE o] 7|As}
E C11 2 C-49 methine ©d] ALt sgE 19 HMBC £dEH A=
dioxymethylene proton® C-12, C-13 ®4¢e] mads", ze]x H-11 protond C-13
C-15 2 C9 &asty wxyze &g Z I & F UJUKFig. 2). E=F
NOESY A#lEaolxl CHs-17 proton# dioxymethylene protonie] Widaz Hy o
€ T2E AXsa gtk o)) 7718 AR, 3FE 16 gomisin NO2 FA

(2) 3¢+ E 17 (wuweizisu C)

Colorless solid. EI-MS m/z : 384 (M", base ion), 328 (M-56), 219 (M-165), 165, 56.
"H-NMR (500 MHz, CD:OD) : § 0.73 (3H, d, J = 7.0, CH3-18), 097 (3H, d, J
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= 70, CH3-17), 1.75 (1H, m, H-8), 187 (1H, m, H-7), 201 (1H, d, J = 135,
H-9a), 221 (1H, d, J = 95, 135, H-9b), 244 (1H, dd, J = 2.0, 135, H-6a), 2.60
(1H, dd, J = 75 135. H-6b), 376 (3H, s, OMe-14), 378 (3H, s,
OMe-1), 596x2 (4H, s, OCH20), 8653 (1H, s, H-4), 652 (1H, s, H-11)
“®C-NMR (125 MHz, CD:OD ) : & 12.14 (q, CH3-18), 21.19 (q, CH3-17), 33.86
(d, C-7), 3517 (t, C-9), 3870 (t, C-6), 41.07 (d, C-8), 55.93 (q, OMe-1), 58.94
(q, OMe-14), 101.01x2 (t, OCH20), 102.85 (d, C-11), 105.88 (d, C-4), 121.52 (s,
C-15), 12266 (s, C-16), 13274 (s, C-5), 13469 (s, C-13), 13503 (s, C-2),
138.22 (s, C-10), 14144 (s, C-14), 14169 (s, C-1), 14799 (s, C-3), 149.05 (s,
C-12).

FEE 172 T solidZ de]H o, EI-MSH A molecular ion (M*) peak’} m/z
384¢ eyt 'H-NMR ~f9EZe mapgze YyehdE § 097 GH d J = 75 Hg,
CHs-17), 8 073 (3H, d, J = 75 Hz, CH:-18)9} 6Hell Agats= 2709 doublet Al 1de
cyclootadiene A &-+Zo HA¥8I3 Qe axial, equatorial methylZ]ol 71918 Ao
CH3-17 ¥ CHs-189 Z+z} A&tk 6 596 (4H, OCH,0)8] 4Ho A3t Alade
789l dioxymethylene®! proton®l &A1& AJAbta gtk 6 376 (3H, OMe-14), & 3.78
(B3H, OMe-DolA2l 278¢] singlet™ methoxyl?] protond] i3ttt ©]E protonE<
'H-'H COSY % NOESY ~HE#HNE 217e] 47 2 ux93g HAE0 RN, oF
proton°] MZ A 729 FFEYL ¢ F Utk "C-NMR 2HEHNA F 2719
B2 Alado] Yehgen o]F § 101.012 dioxymethylene &4d) 7]91%th § 13274, §
13822, & 12152, & 122662 C-5, C-10, C-15 ¥ C-169] methine &4 Ztz} AE3IY
o a¥e) 2D-NMR(CH-'H COSY, NOESY 2 HMBCO)S EAAF 3AgE 17¢
wuweizisu C2 A3t}

(3) 8&E 18 (gomisin L1)
Colorless solid. EI-MS m/z : 3% (M", base ion). '"H-NMR (500 MHz, CDCly) : &
073 (3H, d, J = 7.0, CH3-18), 1.01 (3H, d, J = 7.0, CH3-17), 1.80 (1H, m,
H-8), 1.90 (1H, m, H-7), 205 (1H, d, J = 135, H-9a), 2.32 (1H, dd, J = 10.0,
135, H-9b), 245 (1H, dd, J = 2.0, 135 H-6a), 257 (1H, dd, J = 7.5, 135,
H-6b), 3.89 (3H, s, OMe-1), 391 (3H, s, OMe-12), 392 (3H, s, OMe-13), 5.96
(2H, s, J = 120, OCH20) , 638 (1H, s, H-11), 653 (1H, s, H-4) “*C-NMR
(125 MHz, CDCl; ) : & 13.16 (q, CH3-18), 22.19 (q, CH3-17), 34.08 (d, C-7),
36.63 (t, C-9), 39.17 (t, C-6), 41.03 (d, C-8), 5592 (q, OMe-12), 60.00 (q,
OMe-1), 61.24 (g, OMe-13), 101.04 (t, OCH20), 104.13 (d, C-11), 106.72 (d,
C-4), 11595 (s, C-15), 12157 (s, C-16), 13334 (s, C-13), 13476 (s, C-5),
13520 (s, C-2), 140.15 (s, C-10), 14141 (s, C-1), 146.95 (s, C-14), 148.07 (s,



C-3), 151.91 (s, C-12).

B3HE 189) EI-MSel A molecular ion (M") peak’} m/z 3865 uWeblith 'H-NMR &
HeHAM § 389 (3H, OMe-1), & 391 (3H, OMe-12), § 392 (3H, OMe-13)°] YEehd
12Hel| 42ske Alaga YE Ex72 Fo 34y W77 48 AABtL Atk b
59 (2H, 5)9 1709 signal dioxymethylene ¥-%71%2] protonol 7|13t} 33E 39
'H-'H COSY ~HEHNAM H-79 protond CHs-189] proton #¢] A#¥=, H-87
CH:-17 proton#e] A#¥3aE Ztzt A 4+ UNth £ NOESY £#EH H-6
proton® H-4 2 CHs-189) proton, H-113 OCHs-12 proton#2] A#¥] 39| EA| 27 H
WEA7 AFAANE & T 5 YAtk UC-NMRAME 25 2709 i Alado]
et o1F § 3919, & 34.08, § 41.03, § 35639 Al2Ed C-6, C-7, C-8 ¥ C-99 &
Aol 8 13520, 8 148072 C-2, C-39 #©aol ZH7t A&k HMBC A EFA
H-4 proton®} C-2, C-3, C-6, C-16 ®rhete] wAs A9t H-11 protonZ C-9, C-10,
C-12, C-13, C-15 ©Aaste] mAgag 747} gid & Utk <199 2D-NMR 23,
313 E 182 gomisin L1222 §A33gict

(4) 3= 19 ( (+)-deoxyschizandrin)

Colorless solid. EI-MS m/z : 416 (M+, base ion). 'H-NMR (500 MHz, CDCly) : &
073 3H, d, J = 7.0, CH3-18), 1.01 (3H, d, J = 7.0, CH3-17), 1.80 (1H, m,
H-8), 1.90 (1H, m, H-7), 205 (1H, d, J = 135, H-9a), 2.32 (1H, dd, J = 10.0,
135, H-9b), 245 (1H, dd, J = 20, 135, H-6a), 257 (1H, dd, J = 7.5, 135
H-6b), 3.89 (3H, s, OMe-1), 391 (3H, s, OMe-12), 3.92 (3H, s, OMe-13), 596
(3H, s, J = 120, OCH20) , 638 (1H, s, H-11), 653 (1H, s, H-4) '3C-NMR
(125 MHz, CDCls) : & 12.88 (q, CH3-17), 21.99 (q, CH3-18), 33.98 (d, C-8),
3582 (t, C-6), 39.37 (t, C-9), 41.00 (d, C-7), 56.12 (g, OMe-3), 56.12 (q,
OMe-12), 60.74 (q, OMe-14), 60.74 (q, OMe-1), 61.17 (q, OMe-2), 61.17 (q,
OMe-13), 107.43 (d, C-4), 110.74 (d, C-11), 12257 (s, C-16), 123.62 (s, C-15),
134.17 (s, C-10), 139.40 (s C-5), 13997 (s, C-13), 140.32 (s, C-2), 151.62 (s,
C-14), 151.75 (s, C-1), 153.09 (s, C-3), 153.09 (s, C-12).

%2 199 EI-MSeIM molecular ion (M™)o] m/z 4169 etdlch. 'H-NMR 2% &
del § 228 (2H, J = 100, 135 Hz, H-6), § 250 (2H, J = 20, 135 Hz, H-9) % & 259
(2H, J = 70, 135 Hz, H-9)2} 6Hll &3l 3719 double doublet Al223} § 2.06 (2H,
d J = 135 Hz, H-6)914 vtelvb= 1709] doubletd] Al2E2 cyclootadiene F-#T1%9]
H-6, H-9¢] methylene protond] ittt § 073 (3H, J = 70 Hz, CHs-17), § 1.01 (3H,
J = 70 Hz, CH;-18)¢} 6Hel &33le= 2709 doublet A1 axial, equatorial methyl”]
o] CHs-17, CHs-1891 77t A&3AtH(Yukinobu et al, 1979; 1980). & & 348 (6H,
OMe-13, 2), & 384 (6H, OMe-12, 3), 5 358 (3H, OMe-1) 2 & 359 (3H, OMe-14)°l }
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Ehbe 18HO Agsts Alade 2472 2o 6719 methoxyl?]9] A1 AlAbstR gl
th 3YE 49 PC-NMRAIAE F 449 &2 Alage] UERTh ©% quatemary B4
7} 107W, tertinary ©t27} 470, secondary ©H4:7F 270, 2@ T primary B47F 874 A%
S AT = ATE 6 11074, 8 1107438 waFslo] 7]918kE C-11 € C-49] methine
gl § 3582, 6 41.00, & 3398, § 39.37 C-6, C-7, C-8, C-99] vhAiel| 7tz A3
. a%e 'H-'H COSY, NOESY ¥ HMQC:Y Ast, 33gE  19=
(+)-deoxyschizandrin®. 2 =433t}

5) 3FE 20 (gomisin J)

EI-MS m/z : 388(M", base ion). "H-NMR (500 MHz, CDCl) : 8 074 (3H, d, J = 75
Hz, CHs:-18), 098 (3H, d, J = 75 Hz, CHs-17), 1.80 (1H, m, H-8), 190 (1H, m, H-7),
203 (IH, d, J = 135 Hz, H-9), 203 (1H, d, J = 135 Hz, H-%), 226 (1H, dd, J = 95,
135 Hz, H-9b), 247 (1H, dd, J = 20, 135 Hz, H-6a), 256 (1H, dd, J = 75, 135 Hz,
H-6b), 353 (3H, s, OMe-14), 354 (3H, s, OMe-1), 394 (3H, s, OMe-13), 395 (3H, s,
OMe-2), 664 (2H, s, H-4, 11). ®C-NMR (125 MHz, CDCl; ) : & 1277 (g, CH;-18),
21.93 (g, CHs-17), 3113 (d, C-7), 3398 (¢, C-9), 39.08 (¢, C-6), 31.13 (d, C-7), 41.18 (d,
C-8), 6028 (s, OMe-1, 14), 61.23 (d, OMe-2, 13), 110.34 (d, C-11), 11341 (d, C-4),
12166 (s, C-15), 12269 (s, C-16), 13511 (¢, C-5), 13764 (s, C-13), 137.93 (s, C-2),
14043 (s, C-10), 147.77 (s, C-3), 14896 (s, C-12), 15048 (s, C-14), 15060 (s, C-1).
Gomisin ]

EE 209 EI-MSelH molecular ion (M™)e] m/z 388% Yesith 'H-NMR A3 E
del 6 0.74, 0989 2709] doublet Al 12& axial, equatorial methyl”]] CH3-18, CH3-18
off 2tz A& 6 353, 354, 3 E 3959 YehuE 12HS A9 methoxyl7] 9
EAE AL Atk BC-NMRAIAE & 21709 &4 Alade] yeyth HMBC £9
EHX OMe-2, 139 proton# C-2, C-13, OMe-1, 14¢] proton#} C-1, C-14 ¥4}t
aAHaE FAsiget. B4ES 2 2995 wa gozA, 3¢E 20E gomisin JE
FA3 A (Fig 1.

6) 33E 21 (gomisin A)

colorless crystals. EI-MS m/z @ 416 (M", base ion), 345 (M-71), 314, H-NMR (500
MHz, CDCl3) : 8 0.84 (3H, d, J = 7.0, CH5-17), 1.27 (3H, s, CH3-18), 1.86 (1H,
m, H-8), 234 (1H, d, J = 75, H-9a), 237 (1H, dd, J = 35, 11.5, H-6b), 2.60
(1H, dd, J = 15140, H-9b), 270 (1H, d, J = 135. H-6a), 353 (3H, s,
OMe-1), 392 (3H, s, OMe-2), 392 (3H, s, OMe-3), 3.85 (3H, s, OMe-1) 5976
(3H, dd, J = 15, 60, OCH:O) , 649 (1H, s, H-11), 664 (1H, s, H-4)
'3C-NMR (125 MHz, CDCL) : & 16.03 (q, CH3-17), 3032 (g, CH3-18), 33.98
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(t, C-9), 40.78 (¢, C-6), 42.28 (t, C-8), 56.21 (g, OMe-3), 59.89 (g, OMe-14),
60.83 (g, OMe-1) 61.25 (g, OMe-2), 71.87 (d, C-7), 10157 (d, C-4), 1.6.81 (d,
C-11), 122.12 (s, C-15), 12440 (s, C-16), 13227 (s, C-5), 13275 (s C-H),
13997 (s, C-13), 140.32 (s, C-2), 151.62 (s, C-14), 15175 (s, C-1), 153.09 (s,
C-3), 153.09 (s, C-12). Gomisin A

I3PE 21 TAARoR 9y HAG EFMS 2FEHME molecular ion (M)
peak7t m/z 416% Jeblth 33HE 29 'H-NMR A=A § 084 3H, J = 70 H,
CHs-17) 2 & 127 (3H, CHs-18)8] A& axial methyl”7]®] CHs-17 ¥ equatorial
methyl7]19] CHs-1891 Z+z+ #A%stdeh & 186 (H, m, H-8)A veue 1789
multiplet®] A29S cyclootadiene $-F7%2 H-8¢ 7|3ttt AaA3Eo] dehvts 8
664 (1H, s, H-4), 6 649 (1H, s, H-11)2] 2709} singlet Al2d& W&3 9] methine
protonel] Ztzt A&stgh. =& § 597 CH, J = 15, 60 Hz, OCH0)9 2He| sj@ét=
Alade 1709] dioxymethylene proton®] &A1& AlAlsta glor, 33E 24 HMBC =
AEH E C-129 C-13 carbon#e] w3 g A3t & 353 (3H, OMe-1), 8
392 (3H, OMe-2), § 392 (3H, OMe-3) 2 & 385 (3H, OMe-14)9 YEept= 4709
singlet Al2de wHksle] X135 o] glE methoxylel ZH2h feshd, HMBCAIA C-1,
C-2, C-3, C-14 carbon¥}¢] vz g sdsidet a2l 3FE 29 NOESY ~HEH
AE 85 392 (3H)e] OMe-3 proton# & 664 (1H)®] H-4 proton¥e] wAHAE
& 5 ek oY 7171EN 2 Z1EH(Yukinobu et al, 1980053 Hlud A7 3¢
E 21 gomisin AR FA8H T

v 7} MABRZF T persicolorE A3 BE FAFF sl 50% ol 49
FAAZ A &S el Fa Aol 7Hd =2 A velsth o1 ool

o Aoz
JEEH ERZ adx¥TEed G cingulata®t EFAFEFTRA
palustrisE A AT FAFF 3l 50%0]449] TAE A Al

FEHEE JREH] JPg JEBA $tder 1 o
b

_67_.



Table 1. 533 &9 IJHEA
T A A AFA d A & (%

F.
w G. F. . C T. T. .
AN E A cingu  0xyspo Su:jll:tl parasiti b l versicolo  palus T d Tnh:’;zta
lata rum ¢ sp. pini etulina r tris viride
RLAIS B
. 16.6 131 16.6 16.6 16.6 0 10.7 16.6 2.4
-r- 0
Wghie
o 19.0 17.8 16.7 404 25.0 19.0 28.6 7.1 0
W ghe
226 13.1 10.7 14.2 36.9 0 10.7  20.2 17.8
22
5d 4y 286 345 33.3 54.8 54.8 46.4 476 404 40.4
5d B8 | 142 13.1 16.6 0 67.8 0 95 226 19.0
EHAHE =3 | 142 16.7 19.0 16.7 321 16.7 26.2 0 0
B4 E 9.0 119 214 20.2 40.4 22.6 19.0 0 0
BALE 23X 214 95 14.2 0 32.1 8.0 9.5 0 0
w2zt
o 25.0 7.1 16.6 9.5 11.9 0 5.9 25.0 4.7
W+E7
2wz 271 309 20.2 95 31.0 17.9 22.6 274 20.2 20.2

ey
=
S
T
4o

26.1 28.6 40.4 44.0 53.5 16.6 357 285 30.9

29.7 238 20.2 404 39.3 35.7 464 16.7 10.7

10.7 1.0 25.0 13.0 25.0 0 95 202 26.1

58 £5 F 59, 4B 5E 259, 9EY iR, R gas
aga emAe] ZF BeE ANE F 2649 e FE2ES 100 ug/me] FEE
= < HAAsHEY. o A3 "HA
5 3 st 27 933%9 96.6% Ttz aASE Jeho] FAFAE
A4l butylated hydroxytoluene (BHT) ¥ #4342 tocopherold# H] A=
240l 5% Aoz JEYT (Table 2). 4228 $IE 86.0%9 A2ASS
veEho] NS ARTGE gou HARAFARTGE B £2A5S YENY
of &) e AR #HGEHUL

2



Table 2. Antioxidative activity =33} £ dir3gA

AR H g 2A4% (%)
Y. 28.7
=48 49 21.9
52H 22 44.1
dEEY 70.0

LAl % 86'0 i

=] 64.8
) 53.4
ZHEH 1 53.4
ZHEH SH 35.7
AEH F 434
WEd Q) 40.8
WY Gy 64.9
HEH ER 54.0
wEy F 33.2
LU RS S ] 50.6
HF 245
Wi E 25 71.9
FubEuE o 32.1
getE U S5 176
=5 43.8
93.3
. 9%6
32.8
HAHE F 59.7
L2z &7 483
vzt df 14.3
BHT (373 g4kskAD) 635
Tocopherol (& 348 A)) 96.6
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vrebd whel 2ok A Ed gie A&A ade RyRe 557 F
A 1.0 mg/me FEAM 767%2 A A detgew, £¥ A o
Eo] 1.0 mg/me] FENAM 656%F 7 (5566%), ZH(435%) Higtd E& A
94 273& vehiidch dgURe B AutdoRe ¥ F2% 08 ng/me
ol el FxelA 60% ol dAE ALAABE S YA HASS F5
Ax 3 FZE°] 06 mg/m o1de] FEoA 60% oo AfAARIE e
Wtk EZHL 10 mg/me] oM 524%, 292k A9 1.0 mg/meo] e
FEAAM 654%9 FAE AEA AL dHeERHAT. HAHoR AGAE
(A549)el digt H&7 YT 59 ASAAENE FLEUTE A9gsta s
A o] HojdS &3t (Fig 1.).

Table 3. Inhibition ratio of growth of A549 (Lung carcinoma, human) in
adding the extracts from Magnoliaceae.

concentrate(mg/mé)
0.2 04 0.6 0.8 1.0
Wood 118W 215 23.1 25.7 32.7 435
Magrnolia kobus  Bark 118B 273 39.3 427 459 55.6
Leaf 118L 439 46.3 50.3 59.6 71.0
Wood 114W 349 384 42.2 45.3 51.2
Bark 114B 254 39.3 59.1 62.3 65.1

Samples

Liriodendron

tulipifera L. Leaf 114L 356 463 521 596 656
Magnolia Wood 150W 188 231 250 327 423
grandifiora Bark 150B 213 393 609 654 733

Magnolia
. . Wood  198W 14.8 23.1 64.3 67.2 76.7
sieboldii

Magnolia obovata
Wood 209W 23.8 29.4 394 459 524
Thunb

Schizandra
branch 43D 427 443 46.3 59.6 65.4

chinensis
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Inhibition ratio {%)

a2 D.a 0.6 o8 1.0
Concentraion (mgfrml)

—w— 118L(leaf of Magnolis Kotuws)

cox o 114B(Barkof Liriodendron tukpifera L)
—m— 1508 (Bark of Magrolie grendiflors)

—<>- - 198W(wood of ATagnolia Sieboldi)

e 209V ood of Megrolie obovata Thunb)
—<>— 43D (Branch of Liriodendron tulipifera 1..)

Fig. 1. Inhibition ratio of growth of A549 (Lung carcinomar, human) in adding
the extracts from Magnoliaceae.

T HAAEZAGS) e AL oA &= Table 49 Fig. 20 vepd np
o 2ok 9 AEd g AF JdAEHE gaEY 39 FEEF0 1 mg/m
FrAA 962%2 7MY wA Jebdew, EdEe AL 3 FEE0]06 mg/mlol
Ao FxolA AR AES 80%0l Y AAHey, Wit A d FEE
2 0.8 mg/meol ol A, 3 FE2EL 10 mg/mlol e FxoA SAxEe] ASS
90%°]d AAAT HAEH dE EW A 08 my/ml oJFY FEA
75%0]4 el AAE S dAEEE Jepddth =28 v 7] FE2ER
10 mg/mee] T4 939%9 &2 A5 AAE&S Jehlrh Aoz =¥
I YEFEEEL A9 AXx tisled 06 mg/miol g FZolA 60%°]de] Al
E S A 48 et
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Table 4. Inhibition ratio of growth of AGS(Stomach adenocarcinoma, human)

in adding the extracts from Magnoliaceae.

Samples concentrate (mg/ml)
0.2 04 0.6 0.8 1.0
Wood 118W 359 456 67.2 7.2 848
Magnolia kobus Bark 118B 420 59.3 84.4 884 953
Leaf 118L 455 56.1 717 796 934
Wood 114W  61.1 65.3 72.3 74 863
Bark 114B 56.3 68.2 75.2 86.3 951

Liriodendron

tulipifera L. Leaf 114L 459 642 832 913 958
Magnolia Wood 150W 284 346 445 654 751
grandiflora Bark 150B 394 651 738 896 962

Magnolia sieboldii Wood 198W 423 52.7 63.1 763 852
Magnolia obovata
Thunb

Schi d
chtsandara., anch 43D 465 596 716 798 939

Wood 209W 458 53.6 614 825 863

chinensis

100

[=T=)

s

O

nibton i (4

o=z (=23 o.e [=X-1 1.0

Concentraion (Mg/mi)

—— 1 1S B Bark of ASITONT WObs )

S F1ALL La af of LAMOCMrTaro T Ser Nodeear LD
—8— 1506 Bank of WagmONS v o iorm)

—> - 1OBVCuuoo d Of AR FrrONS Sebol oW

iite—  20QVUCUU G od OF AdagrrroNe obouats Thunbl
—<>— ABDCDranch of LATOS eTaronT ekoer L3

Fig. 2. Inhibition ratio of growth of AGS (stomach adenocarcinoma, human) in
adding the extracts from Magnoliaceae.

2) BEAEA N MESHYA GAZA HF A R selectivity FHLE

7hH B4 AE gEd AXEA

Fig. 3%-H Fig. 571A& 2z} Alg89 Fx¥2 Az A4 w42 HEL2994 of
T AE=EAZE U Aotk AE F MY ¥ FEY 10 gLy FEAA
30%m vt MESAS YUY 2 S ME 2L Ax EA4L YUeEd
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sample2 10 g/L9 XA WEHA(M. denudata)y Z3F(6W) +3(6B) FF
o2 106%9 138%2 AX HAE YAt i 7 & AE A4S
Bl AL ”QU]X}(K japonica) 719+ E#H(M. kobus) o HEO =2 27.3%%
217%9 AME =4S JeEhAY £33 2E sampled] 27 S7H8EHEA AE
E40] ol & 7/\9‘ #2 ¥ + UTh

Fig. 658 Fig. 77X £ Zt sampled T g 7 A4 A< HEL2999
3 AEZ=EAS Jeld Aotk BE sampled] 7HE & F=< 10 g/LY F
TolA 30%v T AE=AS L}E}lﬂﬁi‘i}

sampleFoll A 71 @& ME A4S Jetd 2w 2(S. chinesis) €7 EtOH
Z2ZE9 vy 49 SCF-17 SCF-322 10 g/LY oA 17%$ 18%9)
AE 54& Jepdigich 2o 93] /b 22 AE S4S YERd sample2 &
(M. kobus)T¥ FEES de EAQ MKB-33 MKB-42 Z2Z 31%%%
26.6%9 ME =A4& Vel =3 2E sampled H27F F7FSIHA AR
=4 o] io}?ﬂ—‘f RAE #ZF F vt 28z M v = 02 gLy F

25

20

15

10

Cytotoxicity (%)

5 -

0

0.2 0.4 0.6 0.8 1

Concentration{g/L)
‘ —— Magnolia denudata (6L) —M—Magnolia denudata (6B) ‘
—&—Magnolia denudata (6W) —~®—Magnolia denudata (6F)

Fig. 3. Cytotoxicity of the crude extracts from M. denudata on the HELZ299.

___73_



w
o

= NN
g O O,

[4,]

Cytotoxicity (%)
=)

o

02 04 0.6 08 1
Concentration{g/L}

1 —— Schizandra nigra (77) —8— Kadsura japonica (87)
§ —&— Kadsura japonica (8F) —— Kadsura japonica (8L)

Fig. 4. Cytotoxicity of the crude extracts from S. nigra and K. japonica on
the HEL299.

[95]
o

_ = NN
o o o o

Cytotoxicity (%)
[4)]

o

02 04 06 08 1
Concentration{g/L)

g \ficholia compressa (9L) === Mjchelia compressa (98) ==tr==Mjchelia compressa (9}
e Magnolia kobus(118L) i \Magnolia grandifiora(150L)

Fig. 5. Cytotoxicity of the crude extracts from M. compressa, M. kobus and
M. grandiflora on the HEL299.
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30

25

20 1

15

Cytotoxicity (%)

0.2 0.4 0.6 0.8 1
Concentration (g/L)

| —m—EtOH Ex. —e—SCF-1 —e—SCF-5 |

Fig. 6. Cytotoxicity of the extracts from S. chinesis on the HELZ99.

(%)

Cytotoxicity

0.2 0.4 0.6 0.8 1
Concentration (g/L)

—A— MKB-1 ---& -~ MKB-3 —¥%—MKB—4 :

|

Fig. 7. Cytotoxicity of the extracts from M. kobus on the HEL299.

) dAEe] S Al E Selectivity

Fig. 8= 7} sample®] YUMEA AGSA e AFAAg Az Hg A9
A AEEQ selectivity® YEFA AHolth 1.0g/Le FxoA 71F & dAEE
UEld  sample® G2 W AHK. japonica) AF} 2BE(M. compressa) TIE
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87.7%% 879%9 w& AA&L YU, selectivity T3 3322 71 =%
o =% 2 E (M. compressa) FIE 02 g/l FEAME 745%9] =L oA
&5 YRl

Fig. 9% 7} sample®| #2< A ¥ MCF-7d dst A9} selectivity &
Yebd Aolth 1.0 g/L9 XA 74 =& IA&< UeEbd sampled 327
ZH(S. nigra) €719 ZBWE(M. compressa) 2 86.2%9 86.4%2 AA&S
UEMA At Selectivitysll & 1.0 g/Le] x4 329 =& M)A Az E B
Aot 2B E(M. compressa) FHE 02 g/Le FEANE 752%9 =& A&
< YEA L

Fig. 10& A% A=l A549¢) ot 7 samplee] A&7 HEx AWEE
ekl Aotk 10 g/l =M %2 AA&S YEd sampled F 27 AHK.
Japonica) €719 Aul - 202 7} 862%9 852% AA LS BArt 1¥ AT
selectivity= 229 242 %% E(M. compressa) 39 FQ v (S, nigra) E7]
o 313 27¢) "t e MElF ApEEZ Uehdh

Fig. 112 Zr4AIZ<Q) Hep3Bol Wit 7+ Alg9 A&7 Hax Adeg
Bl otk 7Y 52 dALS el RS 2#HE(M. compressa) 53 9}
LHAHK. japonica) Ro2 7} 92.%9 89.7%=2 AHH AlEEE 359 328
< 48 YERA

Fig. 122 7} sample®] ¥ UM E] AGSel e B} dAz g A
B AAE XS selectivityE UEHd Aoltk RE sample & 1.0 g/Le FEolA

Hr of T

2]
M EE AAEE Yl AL 20 2K(S. chinesis) Ul EtOH #2 %2 91.2%
9 & AdAEE YEHYWAL, selectivity 3 4602 714 =gth A9 o0

el
AH(S. chinesis) €m) EtOH #%%9 wa 529 SCF-1% A (M. kobus DC.)
T3 F2E9 df 2 MKB-12 31 5% 10 g/LY FZoA 58%9}
59.3% & 60%E T e AA&E Bt}

Fig. 13= 7} sample®] B GAEQ A549¢] that A5 A9} selectivityE e}
H Aotk 10 g/l TN MY e IAL&S JERE sample2 21| AH(S.
chinesis Baillon) €9 EtOH & &3 = - (M. kobus) 3 2559 wg £
%l MKB-3% 754%9} 65.3%°] 9A1¢< Vel Selectivityoll A= 1.0 g/L
o FxolA 387 269 AR AEsE Jehye 2d 43 22ERe g
sampleE° Hl#] R HdHH AlAEE BGT)

Fig. 4= #+3¢ MZ£ MCF-7¢] tig 7t sample®] 2A1&3 Hdd Aldx
€ YEHd AHolth 10 g/Le FxA 71F e AA&L UE sampled &
A, chinesis) E¥l EtOH B2 87%9 9dA&e BT =3
selectivity = 442 o}F £& AYA AMEEE Yyt |

-
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Fig. 1591 & 2442 Hep3BolA 2 7t sample HA&7 HAH3 AlE=E
Yetidch uEsbE 1.0 g/Le SxdA b 22 dA&S YEd sample
& QuAK(S. chinesis) BVl EtOH #2522 851%2 A" AlETE 4302
ol EL FA4& JYEhUh

7} sampled 2 ¢AZd HF dA&S HEB
| A 1) xS, chinesis) €9 EtOH F&E2 $%
91.2%2 Mg =& 4 Yl &8 &4
%l Hep3Boll tigt AAj&o] 625%<} 7T4.1%2 7H3 =
1 OE GAEE d3tdME 60%0)5te E2 A

EHWM. kobus DC.) 3 F&E ¢ S2EY M E EH‘TL AA &S 4
HEE 10 g/L9 FZolA FHgHE MCF-7914 MKB-1% MKB-37} 2+7
62.3%%F 69.1%9 JAE&S HIow, MKB-45 ZF4A X2 Hep3BolA 72.1%9]
AA &S el A9 ZE sample] §& EHoE TRVt BoHAFEH
AA &l EolAE AHE HEE AT e AhFH AAFHEAME EE

_/].“_
sample©] 200149 £ ME4S YRR,

T_Q« n‘r‘ g

100 7
90 |
80 |
70
60
50
40
30
20
10

Inhibition ratio(%)
Selectivity

0.2

Concentration(g/L)

SN Schizandra nigra (7T) [="71Kadsura japonica (8T7) mmmmKadsura japonica (8F)
Kadsura japonica (8L) —a—Schizandra nigra (T) —e—Kadsura japonica (8T}
| —m—Kadsura japonica (8F) —e—Kadsura japonica (8L) :

Fig. 8. Inhibition ratio of growth of AGS(bar chart) and selectivity(line) in

adding the extracts from S. nigra and K. japonica.
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Concentration(g/L)

Schizandra nigra (7T) [——JKadsura Japonica (87) mmmmKadsura japonica (8F)
Kadsura japonica (8L) —a—Schizandra nigra (7T) —e-—Kadsura japonica (87)
—~m—Kadsura japonica (8F) —e—Kadsura japonica (8L)

Fig. ‘9. Inhibition ratio of growth of MCF-7(bar chart) and selectivity(line)

in adding the extracts from S. nigra and K. japonica.

100 7

X

Selectivity

Inhibition ratio(%)

& h 0
0.2 0.4 0.6 0.8 1
Concentration(g/L)

Schizandra nigra (7T) l:::]KadsuraJaponica (,8T) s Kadsura ]aponlca {SF
: Kadsura iapon ca BL; —a&—Schizandra nigra (7T) —e—Kadsura japonica (8T
—@i—Kadsura japonica (8F) —e—Kadsura japonica (8L)

Fig. 10. Inhibition ratio of growth of A549(bar chart) and selectivity(line) in
adding the extracts from S. nigra and K. japonica.
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Fig. 11. Inhibition ratio of growth of Hep3B(bar chart) and selectivity(line)

in adding the extracts from S. nigra and K. japonica.
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Fig. 12. Inhibition ratio of growth of AGS(bar chart) and selectivity(line) in

adding the extracts from S. chinesis, M. kobus.
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Fig. 13. Inhibition ratio of growth of A549(bar chart) and selectivity(line) in
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Fig. 14. Inhibition ratio of growth of MCF-7(bar chart) and selectivity(line) in
adding the extracts from S. chinesis, M. kobus.
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Concentraiton (g/l.)

| =1 SCF-1 [——1SCF-5 EIMB1
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Fig. 15. Inhibition ratio of growth of Hep3B(bar chart) and selectivity(line) in
adding the extracts from S. chinesis, M. kobus.
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Fig. 16. The growth of human B cell(Raji) in adding the extracts from

M. denudata.
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Fig. 17. The growth of human B cell(Raji) in adding the extracts from
S. nigra and K. japornica.
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Fig. 18. The growth of human B cell(Raji) in adding the extracts from
M. compressa, M. kobus and M. grandiflora.
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Fig. 19. The growth of human T cell(Jurkat) in adding the extracts from M.
denudata.
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Fig. 20. The growth of human T cell(Jurkat) in adding the extracts from S
nigra and K. japonica.
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g/Le] s=A 1138 & & ebd vEdEe] 06 g/L71.0 g/Le FxollA
125713281 & A4S JeRItE BAEY dslgdM= 02 g/L710 g/l 5%
oA 1.1771.30819] %<& A4S VeI

Table 6%} Fig. 222 2Q©u|2KS. chinesis) €l EtOH F& &3 < %9
SCF-1% SCF-5 °¢] 64 &<t BAIES THMES ohdty cytokinedl IL-69F
TNF-a¢] #H%F& SA3% 2745 el Flolth

2P RH(S. chinesis) Bl EtOH FZ 22 BAX dlstd wjeF 1d#A5FH 3d
7R = IL-6% 3.1 pg/cell™7.1 pg/cell, TNF-a¥ 3.3 pg/cell 6.9 pg/celie] 4]
ZFS wolurt Yt 44 A IL-69F TNF-ad EHlaFo] 95 pg/cell, 9.7 pg/cell&
7= AE #FY F Stk TAEA dstdsEs wiSt1d A FE 398704
= IL-6% 35 pg/cell™7.0 pg/cell, TNF-ax 2.6 pg/cell 6.7 pg/celie] EH]FE 1B
ojth7t wiF 44 A IL-69 TNF-a®] #H] o] 99 pg/cell, 89 pg/cell2 & &
7tEE BRIt LU AKS. chinesis) €Wl EtOH FE£ &9 deg EF<l SCF-1#%
SCF-5% H| %% BEg#e Bt SCF-12 Hi 145 3457179 BAXE
of 3k IL-69 #H|F& 28 pg/cell 5.2 pg/cell®] FulHS Holthrt v 4L A
Eulgko] 7.1 pgleell2 F243%) ZF7betglm, SCF-5 i 19A5-e 6L A7
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# SCF-57 Mg 23 BHYed, Wi 14457 g 64472 Zhzk 20
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Aot TAZEA dtdME w272 sl 19878 wjded 7= SCF-13%
SCF-57F 747} 2.1 pg/cell’8.0 pg/cell, 2.878.7 pg/cellZ Hu] o] M3 F7tH
At
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Table. 5. The growth of human B cell(Raji) in adding the extracts from S.
chinesis, M. kobus.

Sample Dose(g/L) cell growth (%)
02 1169
Schizandra chinesis 0.4 1241
0.6 1294
1.0 1384
0.2 112
Magnolia kobus 0.4 118.3
0.6 120
(MKB-3) 0.8 1238
1.0 1295
0.2 116.6
Magnolia kobus 04 119
0.6 121.2
(MKB-4) 0.8 1257
1.0 1294

200

180 |

160 +

140 |

Cell growth (%)

120 |

100
0.2 0.4 0.6 0.8 1
' Concentration {g/L)

—#—EtOH Ex. - -A- -MKB-3 —¥—MKB-4

Fig. 21. The growth of human T cell(Jurkat) in adding the extracts from S.
chinesis, M. kobus.
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Table 6. The Kkinetics of secretion of IL-6 and TNF-a from B cell (Raji)
cultured in the extracts from the S. chinesis (1.0g/L).

time Cell line
Sample B cel l(pg/mL)
(day) -6 TNF-a
1 3.1 3.3
2 4.8 46
Schizandra chinesis 3 75 6.9
(EtOH Ex.) 4 95 9.7
5 11.3 109
6 12.7 12.2
1 2.8 2
2 4 39
Schizandra chinesis 3 5.2 5
(SCF-1) 4 7.1 6.7
5 N 7.1
6 3.1 75
1 2.1 2.8
2 36 43
Schizandra chinesis 3 49 5.3
(SCF-5) 4 5.8 6
5 6.6 6.8
6 7.8 7.6
_ 16 12 ¢
j: 12 s 5
X g
: s s £
g 4 3 %
5, 0o
1 2 3 4 5 6
Cultivation time (day)
BN EtOH Ex. N SCF-1 C—1SCF-5 \
—i—EtOH Ex. ---[3-- SCF-1 ---©-- SCF-5 |

Fig. 22. The kinetic of secretion of IL-6 and TNF-a from T cell (Jurkat)
cultured in the extracts from the S. chinesis (1.0g/L).
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v}, Microphysiometerg ©]&3% MXe @y &4 4

Fig. 23% 2W|AK(S. chinesis) €1 EtOH 5% &3 ZA(M. kobus) 99 ©

529 MKB-3% TAH ¥(Jurkat)® Microphysiometerg ©]&3td &4 23}
2, MKB-3& A58 F493% F 1208707 A2 oA Er AAHer &
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Fig. 23. The results of measuring cellular activity of T cells(Jurkat) by adding
the extracts from S. chinesis and M. kobus for 4 hours using a

microphysiometer.
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Fig. 24. The growth of viable cell density of PC 12 nerve cells in adding the

extracts from M. kobus.
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Fig. 25. The growth of viable cell density of PC 12 nerve cells in adding the

extracts from L. tulipifera L.
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Fig. 26. The growth of viable cell density; of PC 12 nerve cells in adding the
extracts from M. grand iflora
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Fig. 27. THe growth of viable cell density of PC 12 nerve cells in adding the
extracts from Magnoliaceae.

2) ABAE A% 27 F AAZAEEAE3
Fig. 283} Fig. 292> A7 M X 9] /\17357] A4 2483 viable cell density &%
AE L AFEZ gAHE AESF 34 489 2H4E ved Aol

AAE7] 9F AP E EE sampleo] W% 444 M 2 @48 #

i



A & 5 YAk 2UAKS. chinesis) @) EtOH F&&°] 2496 ym= 7H¢ 2
A A7 M % (pheochromocytoma, PC12)9] AAE7& AFA7E & 84& o
guigith we BAM. kobus) 39 wil 23 MKB-3% MKB-4= 7
199.3 pm, 2023 pm¢ AAE717F Ao vy ¥ Z4& veEhdh

Viable cell density =3 A@dME WEF 445472 A2 F7rehrt vk 5
YAEE HEF7 2AdEA JME T2 A4S YEE sample 27A
(Schizandra chinesis Baillon) €ol EtOH #ZE2 17x10° cells/mLe AX A%
=7 #4¢ Jehydoh. 29 2K(S. chinesis) @ EtOH F&&9 o 29
SCF-5% E#™# (M. kobus) 99| @& EZ<2 MKB-4&= 11x10* cells/mL¢] A%
A& F2 48 e

NAE7) 34 AFAME dAZ vF 4494 74 22 49& Udehdart
W 594 EAo] "olXE AL BRI & YUrh ¥rHe FH(M. kobus) T

w9 g 23¢9 MKB-39% MKB-4% #% 544 714 & #4& yehigl
7P 2o B34S Uehd sampled 29 AHS. chinesis) €7 EtOH FEEE
Wi F 495 PC-1241EA AAEZ 7 A4HE AS 802%2 dehtes e @
A% 4 Yk v, we @42 Ukl sampled 2 WAHS. chinesis) T
EtOH %89 e 23l SCF-5& AEAA 61.2% ARZE717H 345
v A4S JYEhidH

Fig. 30.= 7} sampleZolA 7H4 &4o] E& sampled] L7AKS. chinesis) &
o] EtOH & 29 w % 444 04 g/L9 sXoA B Attt

.:L_E

300 20
E
g 20 | s
] 8
g 20 | 2
13 X
5 150 | 2
£ 2
£ 100 B
g & :
-]
0 : S

1 2 3 4 5 6 7 8

Cultivation time(day)

mCON W EtOH Ex —1SCF-5
“——x——CON —@—FEtOHEX ---© -- SCF-5

Fig. 28. The growrh of viable cell density(scatter line) and neurite’s
extention(bar chart) of PC-12 nerver cell in adding S. chinesis and

M. kobus or without any samples. (1.0 g/L)
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Fig. 29. Comparison of number of neurite-bearing cells in adding S. chinesis

and M. kobus or without any samples.(1.0 g/L)
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Fig. 30. The morphology of PC12 cells cultivation in without the control (A)

or adding of 04 g/L of S. chinesis EtOH Ex.(B) after 4days of
cultivation.
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Fig. 31. Comparison of the differentiation of HL-60 cells by adding (1.0 g/L)
of the extracts from S. chinesis, M. kobus.
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Table. 7. ALFANE o]-&¥ 5714 A F #5HA 234

ANEE
. B B A (E
z % ° ® i

Z2HE 3 *10+0.3 14+0.4 6+0.2 30

Zd 394 15405 11+0.3 4+0.1 30
3.2 1)z} Tablet 11+0.3 13+0.4 60.2 30
NEH Ax B 10£0.3 15405 5+0.1 30
A HYak 12404 14+0.3 4+0.2 30

* : Data represents meantS.E. of three independent experiment
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cytometry £41 9.
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71 1@ A= human cancer celld] 3 AZ =4S 243 Y, 2042 murine
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Murine mouse tumor model: A BEFEZ & 5 ¥ YA A (specific pathogene
free) BDF1 ¥®l2(%, 18~21 g)& Apggrh Day 0l BI6F10
melanoma(1x10° cells/animal)& 27222 02 ml/ animal¥ °]43 5 AlS
2 EHE F40) gl FSE AHE 717FY 0.2 ml/20 g body weight=
FAGY A 1R F i AbY QR E @23 day 30-60°1 mortality
g SA AT

Human tumor xenograft model: 2 38% 2 2+ Balb/c female nude miceE
ALE3IE, & 5-6F, AFE 20-22 ¢ B E AT HEFEES 1
FY o FHAT FEAAA HEAZ F, APl AHEEAH. Initiation
model A E AAGMEE day 09 1x107 cells/ml®l F%Z mouse & 0.2
ml 4 HIE olAF H thFEHE 8 FAE AR}AT FAE oY
F EA /M 4o AHUS W AxNEE dAY A4S T T4
A7) ¥3tE &4

4) IAEF

7h 194 = A8 EEA 2AEFE f2dld 71240 84 ® AFAE
AAEa, o] AARE wE O R 28 A= .TLX]Q%- 5ES 2dE oAy
Aol & %‘IW} ¥ g844e HEsy, aANES FEt FAD AL
Atell #rejstes 284 53 H lzlﬁﬂé(hpoprotem)tﬂ Abell B EE F

22

o)

2}

=)

g
13
g
mlo

z Bt sk

—1—7‘13— i R AEsE: @%%%i% AF 200gHE =& Sprague-Dawley
A% TR FAE ALY 157 A3 £ IARANHA AR 9
45%)E d9% IAEFE KRN e A3 AHEET ddFeEe
negative control(normal diet), positive control (high fat diet+2 45 ZA+ F
o) R A¥F(high fat diet+d2/E8/FLE T4, normal diet+%2/E8/
DA Fo) o2 Yol 477 AT

g, v @ A=Ay oAb vl XE d%F 4 AW total cholesterol,
HDL- 2 LDL-cholesterol, =AM ek 84 7+ 2 xupzxae] A3, total
cholesterol, HA4AY 2 A=A gt BA 7 Aol2 Qg 7+ A
gadY GOT, GPT % Y-GTP &A.

FAGY 2 84 A mXE 9% 7 79 AUy
ZEEY B9 é;‘é, Q*l& +HY &4,

LA G R  FAAYHA 2 Al gl BHEE g4 B
A EFA 1z 4-4 hpogemc enzyme(malic enzyme, glucose-6-phosphate
dehydrogenase)®] &4, W2z A AAE Bt Y& gz

A
(e

%‘7
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AW LPL(lipoprotein llipaese) &4 =3,

5. T8 FEAYOZRE AFTA, 4Ty, 4784 EF
o g4 AEHA /A

7hH AgaEE: 2 o5 FE /A

) AW AERAY A A AENEEF, FE U, 24, IH
ko] §off)

th iF3 Sof 2 Hyod g FAHER g A EgAdted gid A5
o AR, FHo) 8%, AT 7Fo) et W@ wjA gl ojstd BAHA)

z}) AEEA A

uh) A FE ofg A& Al

3. 2% ® 1%
7}, B84 £5A734 A% dopamine
1) 834 $534744 ABJ): dopamine ATFA 22FZL(FF F7V/
)
7hH HdH FE YA AMAR ZA:
(1) AMIFZAAFEAE R o)t F A2 REH AMAZE AT e
(2) HAAEMALA): 2uAH43), SWTH(114), EZA(209), FerEvF(198),
E7(118), EfAH=(150)
(3) AMAE(A22L): Lv|AL, YEEA FNEUE, AEU(4), WEH(6), I
(4) AMANE(A32D): FuA, F2ua, 2HE TS GdAdE(Costunolide),
EH(ER
W) 2R3 $E02HH dopamine AHA 2E ZE HAY
(1) AAA g} sl PCI2 cells =9 dopamine 3 H3 2 neurite outgrowth
FEFL A= TS AN
(2) AMAFE <Table 1> TAE=R Asiden, HJRAA d723%=
<Table 2, 3, 4> JEIAA .
(3) PC12 MEZF9 dopamine ¥FFZ7F &S veEld A3+ 29| AH43D,
43F), F 29| ZAH7T), S9F(114L) 4.
(4) Dopamine Z4#4< UEld A8t Z29W(114W), EA(118L, 118W), #
(<3}

2y wEZy uba}(198W, 1981, 198B), 2 HE <.
(5) A7) th), 2 FEo] BRI sl YT (G EEIt
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gd83t
(6) BAHE B A EEH(209L)9] B AE=A LS Vebd.
(7) & (118B)E neurite outgrowth =288 Y (Table 1).
) FH(EFF ddAdF)E HF5Eod= dopamine &F F7HaES, A1FTA
M ¥ & 3H(neurite-like outgrowth) X288 YERH(Table 1, 4). =&
GAA RS MEES FEFL0F Qe nEEd A= dopamine &
Foztg S vetdle R22 Al5 " (apoptosis T ebe] #AAol FF
9

0 o g orlr
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Table 1.

Summary of bioactivity obtained from various fractions

Dopamine &% 2 7] 2}H(43D)
Z7H2-& Z93(114L)
A 12+ .. Z W 3H(114W)
D 32k
an | Do BF | gusunamw
A= i 29 (118L, 118W)
Neurite outgrowth
=¥ (118B
g ( :
Dopamine 3
2. v} RH(43F)
78
B AFE-(150B)**
A 23} FebR (1981, A8 =4
A4 198B) ’
A& Dopamine 3% | UE 2% (209B)
ZAgNEAS S AHEA4L, 4B, 4W,
4F)
WEH(EL, 6B, 6W,
6F)
Dopamine ®% | F212H7T)
A3} %7}7—‘}%‘ HFERZE, *e)
HA
Als Dopamine 3
= 2l
Aaxte % E(9L, 9B, 9W)
* g MEREF
SREIPS Dopamine &% Be(Ea) e
& Z=7}a8 T (Neurite-like
outgrowth)
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Table 2. Effects of various fractions on dopamine biosynthesis in PC12 cells

. . Dopamine content . ..
Fractions (Concentration) Bioactivity
(% of control) *
Control 100 (3.50+0.21 mg protein)
80 (ug/me) 104.9 Dopamine 3% %7}
21zt 43D 160 134.8
240 84.7 Toxic
80 (ug/me) 58
AEEH | 200W 160 - Toxic
240 -
- 80 (1g/me) 12.1 -
- 198W 160 89 Dopamine &% 74
HE 240 58
80 (ug/ml) 84.1
118L 160 815
240 185
80 (ue/nb) 917 Neurite outgrowth
2y 118B 160 86.6 (+4)
240 81.5
80 (yg/me) 175
118W 160 14.1 Dopamine &% 74
240 7.2
80 (rg/me) 53.8
150L 160 449
240 - Toxic
2k e
80 (ug/mb) 44.7
150W 160 39.6
240 34.7

* The results represent means of 3-4 dishes.
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Table 3. Effects of various fractions on dopamine biosynthesis in PC12 cells

Fractions (Concentrations) I%(?/fagfﬂggn‘g?ggeit Bioactivity
Control 100 (3.54+0.28 mg protein)
80
1349
emz | 4F | 0 1603 Dopamine &% Z7}
240 1214
8 (ug/me) 50.2
209L 38 3%6 Toxic
Jrzy 80 -
(utnt) 571 -
209B “%10 455 Dopamine &% 74
0 25.2
4 (pg/ml) 1136 ]
114L S 129.1 Dopamine 8 Z7}
12 104.2
10
120.1
sy | 114B g/ nb) %3
40 356
50
10.8
14w | (et 11.2 Dopamine 3% 74
20
32.1
) 198 | (&/me) 175 Dopamine 3 ZHa
1=l S 30 :
o 8 (ug/mb) 104.7 ]
198B 20 83.2 Dopamine 33 724
40 65.4
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40 (pg/ml) 46
4L 80 32
160 26
20 (ug/me) 448 ]
4B 40 36.1 Dopamine 3 7ZHa
80 28.8
&g
A& 40 (pg/md) 14.2
AW 80 9.0
160 49
40 (ug/mb) 36.8 ]
4F 80 377 Dopamine % 74
160 88
20 (ug/ml) 334 Dopamine 33 74
150B 40 17.4
P = 80 6.9 Toxic
20 (pg/mb) 879
150F 40 73,
80 175 Toxic
16 (ug/me) 89 ]
6L 32 5.6 Dopamine &% Zr4
64 3.2
40 (pg/md) 70.8 ]
6B 80 452 Dopamine &% Zr4A
N 160 38.1
o 40 (ug/mb) 28.4 ]
6W 80 174 Dopamine & #4
160 8.1
40 (pg/mb) 341 ]
6F 30 13.2 Dopamine &3 ZHAa
160 129
16 (ug/me) 1205
EBE 32 1136
! 64 1035
16 (ug/me) 105.7
& | gre | 32 104.2
HE 64 736
16 (ug/ml) 104.9
ERE 32 9.8

* The results represent means of 3-4 dishes.
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Table 4. Effects of various fractions on dopamine biosynthesis in PC12 cells

Fractions (Concentrations)

Dopamine content
(% of control) *

Bioactivity

Control 100 (3.48+0.23 mg protein)
] 20 (ug/mb) 1287 ]
32 v} 7T 40 126.8 Dopamine 3 %7}
80 144.1
20 (ug/ml) 1119
8T 40 92.3
30 110.2
20 (ug/mh) 1239
e v 2} 8F 40 109.1
80 932
20 (pg/mé) 81.0
8L 40 108.8
80 87.7
4 (ug/me) 52.1 .
9L 10 41.2 Dopamine &% 4
20 18.1
4 (ug/ml) 516 .
28 9B 10 36.0 Dopamine &% Z+&
20 30.1
10 (pg/mb) 14.2 )
9w 20 86 Dopamine &% 7+Aa
40 43
2g | 10 1296
(218 1218 1408263 Neurite-1like
718 20 22' 1 outgrowth
(&dd2) 4 (ug/mb) %gg.g
_ 8 .
Costu 10 11756
nolide 15 497 Toxic
20 46.8

* The results represent means of 3-4 dishes.
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2) B384 FTFAAA ABJI): dopamine AFA =z E o
neurite outgrowth ¥+ % Z&

D 283 +5 AdoM 9 HAAgE AL

7H Al S AA (A A DE o2y BAUAN8E AT TS

W) HAAIR: 2w xH(Ful; SCF-1-5. SCF-2-5, SCF-3-5),
E3(49; MKB-1-5 MKB-2-5),
WPUF (B 5, MW-2-5, MW-3-3, JL-9-1), YT (59,
MB-1-1)

o) @ A&: (JL-1-5, JL-2-3, JL-6-4, JL-7-5, JL-10-2, JL-11-4):
(KH-1-5, KH-2-5, KH-4-5), (ACH-1-1, ACH-2-4, ACH-4-1),
(SBB-1-2, SBB-2-5), (HjSA-1-1, HjIL-1-1, HjAR-1-4)

2) Dopamine &4 2424 2 neurite outgrowth % ZH&

7h AAMA g didtd PC12 cells £9 dopamine #3W3 2 neurite

outgrowth #XZH-&d "X = & HAHIF Fx2).

Y4 Dopamine #%F FT7HH&: BFUF (53 MB-1-1) 2 FLAIS(H|SA-1-1,
HiL-1-1, HjAR-1-4)°|A PC12 M EZ2] dopamine ¥%F 71348 et
H (Table 5 & 6).

™H) Dopamine #%#F Z&zg: QmA(SCF-2-5, SCF-3-5), #WFYF(ZH:
MW-2-5, MW-3-3), ¥ (59: MKB-2-5) %82 &% 4-20 we/ml
HANA 2o vlsd 11-43%2 % dEFHOF PCI2 HNEZFY
dopamine #% Z4Z8E Vel (Table 5 2 7).

2}) Neurite outgrowth fr%E%-8&: 2#A(MKB-2-5), HEF(EX JL-9-1), ¥
FUF (9, MB-1-1) SHE& &% 4-20 pg/ml HAANM @A neurite
outgrowth F+=2-84& el o, MKB-2-59 NGFE ¥4 X354
4% NGF9 neurite outgrowth &% Ztgd ot Z71x8< Jeby
(Fig. 1-2).

uh)  MKB-2-59] neurite outgrowth $%2%£2 PD98059(MAPK A3A),
GF109203X(PKC A& A)), HBI(PKA AzA) el &j3ted A= QS (Fig.
3-5).
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Table 5. Summary of bioactivity obtained from various fractions.

g4 A4 g4 238 4 52 =] A
dF | g B (HiSA-1-1, HIIL-1-1 & 5 4 o0 ﬁi
78 | HjAR-1-4)
N grjlz}(auﬂ) (SCF-2-5, SCF-3-5) S 4-20 g
| MEHE(ER) (MW-2-5, MW-3-3) &3 4-20 pg
o .
Barze EZ#H (1) (MKB-2-5) %‘3 4-20 ug
BN 2 (JL-6-4, KH-4-5, ACH-4-1) | &3+ 4720 ug
S F(ZF) (JL-9-1) ]
outgrowt | FTLEA & (HjSA-1-1, HjIL-1-1,| * Neurite bearing
h HjAR-1-4) activity,
=S DA %7134
2 4-20
2¢(45)) (MKB-2-5) ®3 ug

Table 6. Effects of bioactive component(s) on dopamine content in PC12 cells

Component Dopamine content
(nmol/mg protein)
(% of control)

Control 354 £ 023 (100)
MB-1-1 2 pg/ml 392 + 034 (111)
5 pg/ml 436 + 045 (123)*

PC12 cells were treated with bioactive components and then
incubated for 24 hr. The cells were harvested with PBS and
dopamine content was measured by an HPLC method. Results
represent the means+SEM of 5-7 dishes. Significantly different
from the control value: *, p<0.05 (Student’s t-test).
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Table 7. Inhibitory effcts of bioactive component(s) on dopamine content in

PC12 cells
Dopamine content (nmol/mg protein)  ICs value
(% of control) (pg/mb)
Control 354 + 0.23 (100
SCF-2-5 5 pg/ml 3.04 £ 0.31 (86.0)* 12.8
10 pg/ml 2.31 + 0.24 (65.3)#*

PC12 cells were treated with bioactive components and then
incubated for 24 hr. The cells were harvested with PBS and
dopamine content was measured by an HPLC method. Results
represent the means*SEM of 5-7 dishes. Significantly different
from the control value: *, p<0.05; **, p<0.01 (Student’s t-test).
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(A) MKB-2-5 (B) NGF

Fig. 1. Effects of MKB-2-5 on neurite outgrowth in PC12 cells. A,
MKB-2-5 (20 pg/ml for 7 days): B; NGF (50 ng/ml for
4days). Scale bar, 50 pm.
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(A) (B)
Cortrol MKRB-2-
(C) (D)
NGF NGl
MER-2-

Fig. 2. Effects of MKB-2-5 and NGF on the morphology of PC12 cells. The
cells were treated for 4 days without (A, C) or with (B, D)
MKB-2-5 (20 pg/ml), and in the absence (A, B) or presence (C, D)
of NGF (2 ng/ml). Scale bar, 50 pm.
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Fig. 3.

b (=) R
(] > =)

~
<

Neurite-bearing cells (%)

0
MKB 2-5 = + - + +
NGF - - + + - +
PD 98059 =~ - - -

Effects of PD98059, a MAPK inhibitor, on the MKB-2-5-induced
enhancement of neurite outgrowth by NGF. The number of
neurite-bearing cells is expressed as a percentage of maximum
number in response to NGF (30 ng/ml 100%) in the absence of
MKB-2-5. The concentrations of NGF, MKB-2-5 and PD98059 are 2
ng/ml, 20 pg/ml and 3 mM, respectively. Each point represents the
mean+SEM from three experiments. Statistically significant difference
is indicated in the figure: *, p<0.05 (Student’s t-test).
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Fig. 4.

- [=a) -]
(] ] ]

[
(=]

Neurite-bearing cells (%)

0
MKB2-5§ - + - + +
NGF - -+ o+ -+
GF 109203X - - - - +

Effects of GF109203X, a PKC inhibitor, on the MKB-2-5-induced
enhancement of neurite outgrowth by NGF. The number of
neurite-bearing cells is expressed as a percentage of maximum
number in response to NGF (30 ng/ml, 1009%) in the absence of
MKB-2-5. The concentrations of NGF, MKB-2-5 and GF109203X are
2 ng/ml, 20 pg/ml and 100 nM, respectively. Each point represents
the meantSEM from three experiments. Statistically significant
difference is indicated in the figure: *, p<0.05 (Student’s t-test).
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Fig. 5.

2] o
(] (=

>
[}

20

Neurite-bearing cells (%)

Effects of H89, a PKA inhibitor, on the MKB-2-5-induced
enhancement of neurite outgrowth by NGF. The number of
neurite-bearing cells is expressed as a percentage of maximum
number in response to NGF (30 ng/ml, 100%) in the absence of
MKB-2-5. The concentrations of NGF, MKB-2-5 and H89 are 2
ng/ml, 20 pg/ml and 100 nM, respectively. Each point represents the
meantSEM  from three experiments. Statistically significant
difference is indicated in the figure: *, p<0.05 (Student’s t-test).
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3) A FFA74A FAE(M): dopamine AFAH =HZ{ %
neurite outgrowth % Z&

1) Dopamine &% Z7}2t4: Z&7]H

71 83HE GB-3-3(Al& o|8tE whAl A F)& PC12 A X% 2] dopamine T
78S e, GB-3-32 HA&305 - 20 pg/mholA tizTol ¥
8] 110-132%2] dopamine ¥ ZF712H88 YERY.

) MB-1-1 FFE2MMPUYF =8 coumarin AL 3¢ E)S PCI12 HEFY
dopamine ¥ Z7}28S vERE: 20 mg/ml 10 0 &M 130-160%<]
dopamine &% Z7HFig. 6A)

t}) MB-1-1 33E 9 dopamine &% 7}z i3k 28 7]H: dopamine A}
A &4 tyrosine hydroxylase (TH) &4 W37 dizgel B3|
105-115%9] S7+2+-& & ek (Fig. 6B)

2) Neurite outgrowth X 28 Z&7]2

7 MB-1-19] neurite outgrowth =28 AT

® MB-1-1(20 mg/ml, 10 pf £3F) AX X 72-96 A+ Fof PC12 AlE= &
A neurite outgrowth #X2t-8S EH(100 pm, contrast to scale bar
50 pm).

® Neurite-34 A EFE= MB-1-1 33E5(20 mg/ml, 2-10 pl &)l 95t
T EHOE F7HE

® MB-1-1 3§E7 NGF& ¥4 F439& 4% NGF @5 5o (Fig. 7
o] H]3le @A IF neurite outgrowth % &S el H(Fig. 7).

® Neurite outgrowth F+=289] thg PKA, PKC ¥ MAPK AfAS 3
% MAPK Al PDI8059(20 pM) HA Al <3ty MB-1-1(20
mg/ml, 10 )9 neurite outgrowth FEIEL  AHHAoH,
NGF+MB-1-1 ¥4 o7 PDI8059L X A$ NGF &5 Az
Yl 23t neurite-BA MEF7F @A 3 AT (Fig. 8).

® PKC A3|AI GF109203X(0.1 yM)A A x| o] &3l MB-1-1(20 mg/ml, 10
#0)2] neurite outgrowth FE28& Aslg e, NGF+MB-1-1 H& &
Al F7He neurite-BA MESFE GF109203X A Ao odtd ZAFH(Fig.
9).

® PKA A3Al¢l H89(0.1 uM)A A X ol 2}ste] MB-1-1(20 mg/ml, 10 6)<]
neurite outgrowth F+E7&2 Ao, NGF+MB-1-1 B¥& FoA
Z 743 neurite-3 A A EFE HBY M X o ostd A3 (Fig. 10).
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® 4rle] A

£ Z3sd, MB-1-19] neurite outgrowth =382 AXZ4Y
NGF &9 Azdd

Ag HAgo FAstn S AR AHRH.
) MKB-2-59) #+%3%<2 9 neurite outgrowth =28 A+
® MKB-2-5+ lignan 3}3E<
3,37 4,4 -tetramethoxy-7,9",7",.9-diepoxylignan (epieudesmin) & & &3
® MKB-2-5 A4¥ 3382 94 HEMKBE 6, 7, 8 388)x PC12 AxF
9] neurite outgrowth F+=#4<% Uebd(Fig. 11). °}+= MKB lignan A<¥
382 0| neurite outgrowth ST 249 718 2dS 712 3FEYEL e
Wi A<

@ ®)

8

C

TH activity (% of control)

2 & 5 8

Dopamine content (% of control)

<

Conirol 24h 48h Control 24h 48h

Fig. 6. Effects of MB-1-1 on the intracellular dopamine content (A) and TH
activity (B) in PC12 cells. PC12 cells were treated with MB-1-1 (20
mg/ml, 10 «£), and then incubated at 37C for 24 h or 48 h. The cells
were harvested and dopamine content was measured by an HPLC
method. Dopamine content and TH activity of the control were 3.48 *
0.29 nmol/mg protein and 4.01 + (.16 nmol/min/mg protein, repectively.
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(A)

(B)
Control MB-1-1
©) (D)
NGF NGF+
MB-1-1

Fig. 7. Effects of MB-1-1 and NGF on the morphology of PC12 cells. The
cells were treated for 6 ays without (A, C) or with (B, D) MB-1-1

(20 mg/ml, 10 g2), and in the absence (A, B) or presence (C, D) of
NGF (30 ng/ml, 2 ng/ml). Scale bar, 50 pm.
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Neurite Outgrowth Index

0
MB1-1 - + - - + + +
NGF 30 - - + - - - -
NGF2 - - - + + - +
PD 98059 - - - - - + o+

Fig. 8. Effects of PD98059 (MAPK inhibitor, 3 mM), on the MB-1-1-induced
(20 mg/ml, 10 ¢¢) enhancement of neurite outgrowth by NGF (30 or 2
ng/ml). Neurite outgrowth index refers to the extent of differentiation
characteristic of the cells, with 0 being the least outgrowth, and 4
being the most extensive outgrowth. An average was calculated with
about 200 cells for each treatment, and data presented are the average
of triplicate samples. Each point represents the mean * SEM from
three experiments. Statistically significant difference is indicated in the
figure: *, p<0.05 (Student’s t-test).
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W

[

Neurite Outgrowth Index

o

0
MB1-1 - + - - + + +
NGF 30 - - + - - - -
NGF2 - - - + + - +
GF 109203 - - - - + 4+

Fig. 9. Effects of GF109203X (PKC inhibitor, 100 nM) on the MB-1-1-induced
(20 mg/ml, 10 #£) enhancement of neurite outgrowth by NGF (30 or 2
ng/ml). Neurite outgrowth index refers to the extent of differentiation
characteristic of the cells, with O being the least outgrowth, and 4
being ‘the most extensive outgrowth. An average was calculated with
about 200 cells for each treatment, and data presented are the average
of triplicate samples. Each point represents the mean * SEM from
three experiments. Statistically significant difference is indicated in the
figure: *, p<0.05 (Student’s t-test).
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Neurite Outgrowth Index

u—y

0
MB11 - + - - 4+ + 4+
NGF 30 - -+ - - - -
NGF2 - - -+ - +
H8 - - - - - 4 4

Fig. 10. Effects of H89 (PKC inhibitor, 100 nM) on the MB-1-1-induced (20
mg/ml, 10 zf) enhancement of neurite outgrowth by NGF (30 or 2
ng/ml). Neurite outgrowth index refers to the extent of differentiation
characteristic of the cells, with 0 being the least outgrowth, and 4
being the most extensive outgrowth. An average was calculated with
about 200 cells for each treatment, and data presented are the
average of triplicate samples. Each point represents the mean + SEM
from three experiments. Statistically significant difference is indicated
in the figure: *, p<0.05 (Student’s t-test).
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(D)

VKBES

Fig. 11. Effects of MKBE components (6, 7 and 8) on the morphology of PC12
cells. The cells were treated for 4 days without (A) with MKBE 6
(B), MKBE 7 (C), and MKBE 8 (D) (20 mg/ml, 10 u¢). Scale bar, 50
um.

- 124 -



U 5df 502 58H ¥3x 8% HAY
1) 583 5028y d93x 8% AAI): a-glucosidase Z
a-amylased| 3 ANEA &4

1) a-Glucosidase A A AL Hols AR(OG/))E XHeod a-amylase A 3HEA
£ ALY &(Table 8).

2) a-Glucosidase AH A& Hol= 671 A|E EF a-amylased] HaiA = A3l
84e JehiA &gk o3 ¥ AAE a-glucosidased] thafA o]l A
3 S UEtdtE A obF FnEen, dore YL 43D, 118W,
198W % 2090WE YA o2 sfofd 7.

3) 114L2 100 pg/mloll A= a-glucosidase A3 &AL B o 20 pg/mldA =
A g o] A9 AR

4) NE 200W= HY9F7 ZE&S YErd,

Table 8. Effects of various fractions on a-glucosidase and a-amylase activities

a—Glucosidase a-Amylase
Samples % of inhibition 9% of inhibition
500 wg/ml 100 pg/ml| 20 ug/ml 100 pg/ml
43D - 28 26 0
114L - 2 0 0
114B - 0 0 NT
114W - 66 NT 0
118L - 0 0 NT
118B - 0 0 NT
118W - 80 50 0
150L - 0 0 NT
150W 50 0 0 NT
198W - 83 69 0
209W 85 35 63 0

* NT : not tested.

2) Ed3 59 FFx E5 HAUAD: ded v YEH I
(NIDDM) X 5 A

1) dui 7
7} a-Glucosidase(a-D-glucoside glucohydrolase, EC 3.2.2.20)< /\ZJ’ A9 &
2ot EAZE AAEAN BF3EY 423 FFo BFAHJ Faholth a
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)

)

-Glucosidase o] A& A= a-amylase A A} g8 SF3E 4239
HE2GAA T F&goEHN g-amylase AHAE FAHPE H ol Hole

SAEY 23 EY 5% € AN e-amylased AP0 FEHE K
| 59 FFLo] e AoE YEYa

wetA, a-glucosidasedl| i+ Eo)3}A &1, g-amylase® H|EF ¢ &
Zacle A 4o gAY ofF HE B Idxd¥ ¢ HTY AgA
EE XNEHZAZ AMSE & e 7M5Ael o F =

o] & AA Y 7 Z3Fld AR A U B3I EHG}“% a-glucosidase A 3l
E%0] 39 AM %X a-amylase, B-glucosidase @ amyloglucosidase & 2
Z2e de g53E R Zad dEde A g4 (A ofF
AL JAY ¥ &5 2 2 729 78S B39 2 ZAE W9
, AAF 2 streptozitocin®. 2 FutE ¥ I H A starch, sucrose ¥
maltoseZ F3 ¥ ¥FE 2A3= wyez AW I F+ AWES
S 243 HIHoRE AL FREAS TEstaA T,

B

2) A

7h

22

a-Glucosidase inhibitor®] B4 2 2. a-glucosidase inhibitor®} =& 5o
4ol 7.

Azt A HAYH A FZ st g-amylase, B-amylase, dextranase,
cellulase, B-glucosidase, amyloglucosidase, invertase, pullunase, B
-galactosidase, a-galactosidas & AL E T4 A& 5ol 2 4 &

ZA ST,

3) d+2%

7h

)

a-Glucosidase A | BAE Bol= A 8E AE3ld a-amylase A&
-amylase A3 &A, dextranase *3 @A, cellulase A3 &4, B
-glucosidase A3 ¥4, amyloglucosidase A3 &4, invertase A3 &4,
pullunase A& #A, B-galactosidase 3] A, a-galactosidase A3 &
A 5& 24z A 3= <Table 9 2 10>9] EQ wvie} 2}

Mg 328 9 ARE 198W(FHrEU R 23 2 4W(RHEH B8) A
go)t} o]5 AE¥E a-glucosidased] disied ZHzh 66% B 73%S ¥ A
NS UYelde sxoA e 3 B8 Z4Ed dsiAE A AA 3
A &S AEE a-glucosidased] el Sold T4 A AL e
We Aoz yelyth
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oh) wrebA, 198W 2 AWAEH A5 #F5 o & a-glucosidase 5o A
HEA AA FHOZ o]ojHory Ao A oHF ATE Fn
3 XA g Aesd R ZA 78 ez g
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Table 9. Specificity of the a-glucosidase Inhibitors on various carbohydrases.

Carbohydrase 430 114L  114W  118W 198W 209W  209L
a—amylase - 20 - - - 21 -
B-amylase "m - - - - 19 17
Dextranase - - - - - - -

Cellulase - - 25 27 - 25 -

B —glucosidase - - - - - - -
Amyloglucosidase - 48 - — - 38 -
Invertase - - 35 - - 29 -
Pullulanase - - - - - - -

B—galactosidase - - - - - _ _

a—galactosidase - ~ - - - - _
a-glucosidase 65 16 39 52 66 70 57
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Table 10. Specificity of the a-glucosidase inhibitors on various carbohydrases.

Carbohydrase 2098 6W 4L 4W ELE EBE ERE

o—-amylase 24 24 - - - - -
B—amylase 14 10
Dextranase - - - - - - -
Cellulase - - - - 32 42 46

B —glucosidase - - - - 28 30 28

Amvioglucosidase - - - - h3 66 68

Invertase - - - - - 48 69
Pullulanase - - - - _ _ _

B—galactosidase - - - — _ _ _

a—galactosidase - - - - - - 19
o~-glucosidase 78 76 8 73 76 37 85
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=2

AAYxHEST 19

DR

7h

)

)

AE B3 #2537 B3 & Aoz 39 A8 209Wol thste] 9d
BHodAEd it T4 AAETFS HFH myeloidd FAEJ Raw 2647
AEE ol g3t =AY, 39 macrophageo] 93te] A4 H = nitric
oxide ® TNF-a ¥& &4 Wyoz WI2HEY S AR
A&l 209WE Raw 2647 MESF wjokdo] Hriste] wjekslHA SAEF
o Falo wE Festy wses J4AnA ol A dAsG L, 3t o
2 dAE F4 dA AXE 96-well microtiter plated] ZF welld] 500
o] *H-thymidine (1pCi/wel)S 7tstm, ALsA 6247+ o HH%H’]' +
automatic cell harvester& ©]&3%}4 glass filter ol 3, A2 F, A
¥7t 3" RE9 glass filter® 96-well microtiter plated] -3%74
scintillation cocktail& #7}3ld Microbeta Liquid Scintillation Counter$
o] g3t FA 3 A

Raw 2647 AxFo] A EE H7iste wgsle AL wig Ao dstd
nitric oxide A HEE Griess reagentE |83t =A43 9L, TNF-a
B BEE TNF-ao g G228 FAE ©]&¢ ELISA kitE °] &3t
ZA3tA o

m]o o

i

2) @723

7h

)

22

2h)

A1EQ 209W(L EZHZH)= myeloidd SAEQ Raw 26479 #3315 =
3t 1 BFo] A folM E(fibroblast) A Z¥eE W3ty Z
Em“’ﬂ g Aol ZEHEAY, B Ax 5o AAHA e AS
g T JAT, 3 F= Ao v Esled Raw 2647 A E2] F4&
e #UAF & UAAHFig. 12).
AlEQ 209WE Raw 264.7 A|EE2 38 239 macrophage® 3t9+F nitric
oxidee] A& 7¥s F =¥ o] ol (Fig. 13), TNF-ast 22 A}
olE7IQle] EHIE A3 FIAPE A + AATHFig. 14).
olgldk AA}E AR 209We AT dHNE 3 Fx 3 ¥ HY
EANE BHAFE Holy, 7‘4’2} macrophage®] WA= ¢ €3
e R 7T 843 2% & JEd AL S A &EHA 3}’:‘ A3toltt.
2hAx AP = AN macrophage°ﬂ e 9S4 3 T 7 2 4A
¥ 73 f= ¥ HY9SHFETE Y E 200WY % ] TH B AT
2 olojxord ol AjzteEth

%3
Ly

F[IL oi}l
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% inhibition

EE

7 25 08 03
Hg/mL

Fig. 12. Inhibitory effects of fraction 209W on cell proliferation in Raw
2647 cells.

100 3 " a7 1.2 04 (1 ) medium LPS

pginlL

Fig. 13. Enhancing effects of fraction 209W on the formation of nitric

oxide.
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pg/mL
-288888¢%

1)

D

2)

3)

4)

5)

6)

7
8)

9

l B - B
33 11 3.7 1.2 medium LPS

pg/ml.

Fig. 14. Enhancing effects of fraction 209W on the formation of TNF-a.

3 FECZRY §4389 AA
TELZRY g8 AMI): Cancer celld i3t AX

g 4
=]

oX

AEFE o] ZY NCIAA AFwol Alg3gon BE AEFE 10 Passage
Well A AL-&-3

AEF= RPMIIG40 3 10%9] $otx] 3L K3 wdd e AHE3L.
AEZAE &3 AEFAHY 4L NCIY 4o matd A gsae. Ax
F9 loadingdls TXv MEF AZ&ETd wad g4 89, ¥EL 5
7FA doseZ ol sty Sule] HFFEI} ug/ml7t HEE A

48 A 7rFo HEE XHEUF plateE 50% TCAZ 50ul/wellBL Wola 1A
3, 1A% plate= 4TNA 60 B3F W3 ¥ tap water®Z 4~58 AL
A .

A g platel= 2% F plate: 0.4% SRB(Sulforhodamine B)(0.1% acetic
acidZ &3 &; Tuldo] ek 100 w/wel)S 7}sta, 308 A=E
WA G Foll 0.1% acetic acid2 A H & 3t AFeA Fe& FAUA ke A
.

Al AxE 3 Fo] 10 mM Tris Base(pH 105)2 100 w/wellE 7}t 4
A S E3A7) 1, 540 nmollA R EE AT

A ¥ A549, PC-3(Prostate), HCT 15, SW620(Colon)

S8 AlRd detd LR LHNEEA)E AN A3 gy 87 A
8 AEFFAXME T} lE R YE S (Table 11).

AE 14D = A8 5% 30 pg/mlol A kzke] AEEA0] JENGS,
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Table 11. Effects of various fractions on cytotoxicity in human cancer cell
lines.

Corcentration - 43p 114L 114B | 114W | 118B | 118W
A549 >3 | >3 | >3 | >3 | >3 | >230
PC-3 >3 | 9742 | >3 | >3 | >30 | >230

HCT15 | >3 | 173 | >3 | >3 | >3 | >3
SW620 >3 | 9827 | >3 | >3 | >3 | >30

Mean Gls > 30 > 16.73 > 30 > 30 > 30 > 30

Concentration| 1181 150L | 150W | 198W | 209W | ADR
A549 >3 | >30 | >30 | >3 | >30 | 0248
PC-3 >3 | >3 | >30 | 1934 | >30 | 022

HCT15 | >3 | >3 | >3 | >3 | >30 | 1908
SW620 >3 | >3 | >30 | >3 | >3 | 012
MeanGlo | >30 | >30 | >3 | >3 | >30 | 0630
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2)

1)
2)

3)

4)

5)

6)

Ed% 202 RE gL HAID: Cancer celld o
& AE=EA

AMEZHY FAHL NCI® Wiel £3t4 3712 MEF i3] SRB assay
Hoz Al

M EF(human cancer cell line): PC-3 (Prostate), LOX-IMVI(Melanoma),
SW620(Colon)

18 9 Al W3l cytotoxicity® &R 2vi(Table 12), o] A 3}o] ¢
8t# Costunolide (COST)7F 0715 pg/mle] GIS0E B MEZAH FUA=
o A tEAEE YeRY.

Costunolide= WH Al 2 in vitro cancer cellsl ™3 cytotoxicity’} dF
Ao A UAeH, in vivo modell A FdaHE #HI F FEAZ AL
AAA G e THAZALE AAG F E9& FoF & Ao Agd.
et BREAY A §MEUYFNA e 198B Al87F %3 EAAE
122

BNE AHE FEIA HY, 2N $£EYS SolE ue F¢ALE
BA] 4 AoZ AR H.

Table 12. Effects of various fractions on cytotoxicity in human cancer cell

lines.
Concentration| g 6L 6F | 6W | 4B " 4F
(ug/ml)
PC-3 530 1530 | 530 | 530 530 | >3 [ >3

LOX~-IMVI | > 30 >30 | >30 | >3 | >3 | >30 ] >30

SW620 > 30 >30 + >3 | >3 { >3 | >3 | >30

Mean Gl > 30 >30 | >30 ] >30 § >3 | >3 | >30

Concentration
(ug/ml) 4W 150B 150F 193B 198L 43F 209B

PC-3 > 30 >30 | 2274 | >30 | >30 | >30 | >30

LOX-IMVI | > 30 >30 § >30 | 1235 | >30 | >30 | > 30

SW620 > 30 >30 | 2565 | 1390 | >30 | >30 | > 30

Mean Glso > 30 > 30 |> 2613]|> 1875 > 30 | >30 | > 30

Concentration

(12/ml) 209L EBE ELE ERE Cost | ADR

PC-3 > 30 >30 | 2005 | > 30 | 0764 | 0.192

LOX-IMVI | > 30 >30 | 2087 | > 30 | 0666 | 0.062

SW620 > 30 > 30 | 2071 | > 30 | 0.714 | 0.049

Mean Glso > 30 > 30 | 2354 | > 30 | 0715 | 0.101
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a},

D

2)

3)

4)

5)

Ed% #Eo2REH aXHF W G4HN:
AN 2l m2H(43), S8 (114), Y 2E71(209), FEUF(198), 5#(118),
HAHE(150)]0) diste A FF(B A FA AW, total cholesterol,

HDL-cholesterol @ LDL-cholesterol & S 32k BA)o x| &=

N
v e 30%E nAS L, F AUAY 50%E AWoer F)E 2F:T F
& 9% A2 d9 dustd FAe A LY FAAY, $24

~H &, LDL-Z¥2HE % HDL-Fd2HE 3FFE FHstd nAEZF0
FEHIF S FUHRF

2ALA ol g BB FHRFA A AR 6FF)E 257 AT kg 250mg
< WY BTFA U

5

g

LDL-ZH2H &% = FEZd269E - (HDL-SH2HE + TG/H)
AN AT AAAIE <Table 13> veblion, 44

A(209)# S50 FAAE, ¥ SH2HE R LDL-ZA2HERT
o] Aot A 2olE Hol

H2aAEE UelA @#sks.

Table 13. Effects of various fractions on serum total cholesterol,

HDL-cholesterol, LDL-cholesterol and triglyceride concentrations

in rats.
Group Triglyceride| Total cholesterol {HDL~cholesterol |LDL-cholesterol
(mg/de) (mg/d4) (mg/de) (mg/de)
(=) control | 31.86+4.18 53.43£1.81 15.14%£1.72 34.91+1.24
(+) control | 41.67+3.36 61.17£2.30 13.33+1.38 39.50+2.29
L1 A 43) | 45.67+2.99 59.00+3.61 12.50+1.23 37.37+6.37
UEE2(209)| 33.17+3.31 51.50+2.54 13.83+1.42 31.03+0.93
E4(118) 39.33+3.46 56.83+1.76 12.83+0.54 36.33+2.31
k3 (198) | 43.8315.71 58.17+2.19 12.67+1.52 36.73t1.17
EfAHE-(150) | 36.50+3.92 53.00+1.41 13.60+0.74 32.08+1.03
E93(114) | 41.17+6.17 60.50+3.56 14.33+1.80 37.9312.81

* The results represent means*SE (n=6).
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2)

A5

D AYSAED: 9Tl £ 2& Bdn $Fo2NHY FEE 1T
2) g HAdd: F3o] 8F, A 7F

o
a) 3% 9|: Phytophthora nicotiana (g8} 94),
Botrytis cinerea (M9 FZo]d)
Monilinia fructicola (2%} AR FH W)
Pyricularia oryzae (¥} =44),
Colletotrichum gloeosporioides (3 &4 H),
P. capsici (113 94),
Rhizoctonia solani (¥ @ FHvl&4),

Cryphonectria parasitica (4% £7])ulE4H)

b) Al Bulkhoderia gladioli( A TAl ¥ gul&)
Pseudomonas marginalis(3} & F&),
Erwinia carotovora subsp. carotovora (2} &-7H4),
Clavibacter michiganensis subsp. michiganensis(E27tE # %),
Agrobacterium tumefaciens (¥#]3-4),
Ralstonia solanacearum (EvVlE FEvrlEH),

Xanthomonas campestiris pv. campestris (¥]3 7% 24)

Bl AR ddATYozRy ¢e F
2 oA ZAdHeA(PDA) A4 FE A
100, 1000, 2500, 5000 ppmo 2 ZA % iAo A @79 hd F s
AtZZbE SEFR 72 A SR H 739 27 A ATy A FE2E
FXE 5000 ppmeZ %F PDAY A AlTE streakingd ©hS 24

48 At Hol #F9 A oAF FAL YERTEE FEE XY absolute
ethanol#} & <o) ethanol® #7135 PDA A&,

HAZH%)E FFole] Y F2EF XY #F A7 E dxTY #F 7=
Wirol Al F3ta, Mo Afdes #59 29 52 AR
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4) A3

74 E%o]

- HIAEQ HFEE FEELS 7|E X9 1000 ppmolA M. fructicola, C.
gloeosporioides, C. parasitica, P. oryzae 59 %% 90% o] A|5td,
AR FEE = 7MH 2L FJHAHL HEE

- F2E9 FX 1000 ppm ol E BE HY oA olFH oA &
= yUgual @sker, 4R HEdae 238 FHole Afo] Ttk
AL &, FEE 150-Lo] P. capsici®t B. cineread] A¥E ofF 2T o
At Aol HAL.

- 2500 ppmol A &7 thH] 60% ©]49 AFAAE&E B AL 114-Lo} P.
capsicidl ™3lA 69.9%, 114-B7} B. cinerea®l tis] 61.0%, R. solanidll o 3}
60.6%6, 181 118-Lo] P. capsicidl ™3l 64.1%< R. solaniol i3 78.0%
oA

o

- F2EY FEE 2500 ppmoE Eo|W Zv|AH(E7V]), 2HE(Y) Tol M.
fructicola & 4F |49 BT AHS W% ol AANAS

- 5000 ppmoll M E F O B XMa A dzF dib 60% olde] AFY
Aol YEY, 114-L2 P. capsici®] FAME S-S 73.9%, ¢ AstH 2w, 43-D
¥ C. gloeosporioidesE 65.0%, R. solani® 67.8% #3932, 114-B= P.
capsici® 75.3%, B. cinereaZ 64.1%, R. solaniZ 768% HAA3AS. &,
114-W+ C. gloeosporioidesE 60.1%, R. solani® 73.5% A3l 12, 118-L
2 P. capsici® 692%, R. solani¥ 785% <A39S. 118-B, 118-W,
150-L, 198-W+= E5 R. solanidl tHaiM e+ zZHzF 625%, 76.5%, 70.0%,
748%9 AAEZHE BHI L.

- UAKRE), HAIE(SE, E), FNE(FH), EZA(Y, F9), AF5A(Y)

1000 ppmol A 37FA] o] Ae] W Ao thdled 90% o] 4] I e

=N}
(=]

38
do rlo

) M+ (5000 ppm)

- Alf Bgs XecE old® Ay 2FPAAMZ o Z z5od, Pmel disidE
150-Lyte] AAEHE BAL.

- 43-D¢} 114-BE Eccdl ASL AdASH oY, 118-B9 209-WE Eccd] A%
S 27" G2k A, 48 AZF Holls= AFEe] T tEglel =
e

- AT et EE A g Fen A8, 27,285 (5] A4
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€ 2gen, UnA Add dd 8L AU

- Ats} Rs¥ 43-D, 114-B, 118-L, 118-W, & 198-Wel 2jste] 4-Fo] A5
A% 118-BE Rs9] AL, 114-L2 Ate] B&E AAHAE.

- 150-L& A# BE F2ELS Cmmd] A5E JAHAS

- BduEE e dE FEHE FEE FE 1000 ppmol M= F o] AK
HA RS

4) Az g¢f (1942 £4)
~ EE FFEE0o] FFo] R. solani®t AF Cmme AHE JAI}T Q)

e = Aol Wated g EAT o HUL.
F9 FFEWo) Uyel AT st 4% A ZHE noln Y

) A NG AR ET tu) AAY 80%F eg% + 3
zAHEAe) $E7 1000 ppmS YOoW A&40l G HOZ 7
G4A, B ZANA S8 FIF D@ o4 LUE nolt FIEE G

AL, A% - AN EAEA G4 (325Yy S48 )

D 49EFe 8u 2 47
zagge A& A8 SAsr] AHE ASHA 22w
5

£
TAEY Fu R fA AlAol as] Fasit oy ae] ww
Fol B AYMolNE @A 412 552 A% Atk ¥ 1& 14 23

Y AHEHI Qe AFER 2 ARSERE A YEhla T

_138_



Table 14. Rearing and maintenance

method of test insects used in primary

screening.
Korean name ) Temperature(C) i
Rearing cage ) Generation
Dommon name & Diet .
C (WxDxH) ) period(Days)
Scientific name moisture(%RH)
SRR
26x20x30 27+2 Rice
Brown planthopper ] ] 18-23
. Acrylic Cage 50-60 seedling
Nilaparvata lugens
RS s Silkw
o EeTe 26x29%30 0542 Heworm
Rice armyworm ] artificial 40-45
. Acrylic Cage 60-70 .
Pseudaletia separata diet
W3 E
e 26x29%25 2749 Chinese
Diamond-backmoth ] 20-23
Acrylic Cage 50-60 cabbage
Plutella xylostella
2 57Y
s 40x 45555 2442
Cotten aphid . Cucumber 19-21
. 5 Acrylic Cage 50-60
Aphis gossypii
ko] &-of
Two-spotted spider 40x35x5 24+2 Kidney 10-9
mite Acrylic Cage 50-60 bean
Tetranychus urticae

2) AW =AY AT

7h 2FEd 2A

g

BE F 784 @ Y fE 5 29 By FES €XW 02 7o} A
3 x Aol 15em®] & A& viete] 719 ¥k F3717F AEE gz E o
£3le 3 * 3-5¢ @ HMEF AF 109 E ARSACIAZEY APt H
FEZF A e AT ¥t

Zuld AL mA AE7|E AFHRY YT B ¥ S HAdsn
Je HETFE Tt AP Axdo Ay F AZHY AFE HelE AR
ol WE e %%% wA1ETh HE F 25T, 60% RH 240 R#stdr 34
9 &S M F 24X, 4817 ZARE

- 139 -




(Z)BHZZ-"—L}HL
2174 5ecme 9 A%k
ZHl® oalo 30%7} . %‘2—1?‘& 5
T g23g A7 beme 134 HAEF ¢
FEUYL 38 FE5E A ¥ T2 & Es
% ¥ 25T, 60% RH &7 BRasds Ha 3
& AT 2F AR A A AN BAZE 4R F A Hol
A H okl Ae) F 96, 120417l A o] v RAAAQ Bg R H4F&E AT

Sl
o
HU
_>,i
e
l">'
o
=
P
KO,
o
l>

ﬂ(cabbage leaf disk)&
T oA Az AR AxF
Aol lxﬂzﬂ o2 10vtel9 uf

(REA Y
273 55cm, =¥ 10cmd €80z (2 AMF SulF: o 23T E FH|
g ofRel 30&27F FE3] AAT FH F= HelAd @Az ARe] Axd F 4
23EF A4 55cm, B¥ 12cme] 13]& HEDY YHo Yo o] EIlEA ¥
AHSRE 5 EFE MFAPA A4ud 38 #4358 HES F FAoE & ddstd
2& g Hx g
HE ¥ 25T, 60% RH 7 2astHA A & 24, 48 A7) 45& S
ZAPSHTE %% AL A3 Ze] ZAE 48 A7 HA F AAME Holz wA g
H ok A F 96, 120 AN v A A g @ AEEE ZAEG

WHEFAYE
217 55cme ¥¥oz AE ANAME 20] ¥ YxF(cucumber leaf disk)
E FHE e 3023 FE3I] A} FH F= oA dxen AFe Ax
% F 23 E A7 55cm9 134 HET fse] Wau wjAg 2oz 1098 9
E3ZINE dA 43S HEY T FHoE & Py €58 P
HAE ¥ 25T, 60% RH ZAd Ba@stda] xz] £ 24, 484719 A4E8S

A7 25cm& A& AdF 4 d23E H7 556cmd AEL 94 Wl F
o T2, A & Huho] gl
A% 2zZgelz gHol

Asted AL F A A A

g xhel A4S o ZuHE 59
@ ges Haad 4R 4% 0vE GRS 98 AT A9 we T 4
}3

TE AAT A dde Adn A T 7dAA FIEE A
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3) A% - AHBHER G4

12222 19709 3385 43D3H g Eo] BVl tisiA 1250ppm
oA 73.3%9 FAHE et AlGEA B 2 4440l &€

Table 15. Primary screening

CHEMICAL| | CONC. MOTALITY (%) s
REF. (ppm) |DBM?| CA® | TSSM® RET BPH®
43D Ethanol | 5000 | 0 50 | 308 |95(100] O
1141 Ethanol | 5000 | 0 30 57 |0]o]| 0
114B Ethanol | 5000 | 0 10 54 [10]10] O
114W Ethanol | 5000 | 0 10 | 269 [25(45] 0
118L Ethanol | 5000 | 5 20 | 158 |20|70| 0
118B Ethanol | 5000 | 0 45 | 475 |50|65| O
118W Ethanol | 5000 | 0 10 | 187 |20]20] o
150L Ethanol | 5000 | 0 50 | 181 0
150W Ethanol | 5000 | 0 0 67.5 10
198W Ethanol | 5000 | 0 60 | 653 |60[60| O
209W Ethanol | 5000 | 0 35 | 150 |00 o
7T Ethanol | 5000 | 5 5 | 464 0 0
8T Ethanol | 5000 | 0 5 | 308 0 5
8F Ethanol | 5000 | 0 0 9.1 0 5
8L Ethanol | 5000 | 0 0 12.9 0 5
9B Ethanol | 5000 | 0 5 | 236 5 0
OW Ethanol | 5000 | 0 0 | 225 10 0
10A Ethanol | 5000 0 5 259 5
10R Ethanol | 5000 | 0 0 7.0 0
¥ Diamondback moth(#l3&14})
Y Cotton aphid(Z 32 R &)
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9 Two-spotted spider mite(Z glo]-&ofl)
Y Rice armyworm(3 71}
® Brown planthopper(8 &)

Table 16. Selection screening

CHEMICAL CONC. MOTALITY (%)
SOLVENT RAW

REF. (ppm) 24h 43h

5000 865 100

43D Ethanol 2500 833 867

1250 16.7 733

23 $2o2RE 4% AE2A() T AF/AHA v
Fasharh
9gee ¥, A7z FL o

o
o
)
ik
ox
AT
Jot
)
a’

A(e)EF BAre)o A 33t
d ¢Fo Ayedy ¥ tF dopamine AR =2d &S HEF
3, %9 Az A PC12 AEZF 9 dopamine #4FES HERHRSH, o]F
dAAE MB-1-1 3FE(20 mg/ml, 2-5 phyo] PC12 M EFS dopamine ¥
7 #8(130-160%)¢ YEFHS™, dopamine A¥AH AL THY 842
105-115% 7t 244 Jehlidlen, MB-1-1 3gE2 A& Fd A= dopamine
g SRS, 28 A= neurite outgrowth H =385 UElUE Aoz ¥
A=

MB-1-1(20 mg/ml, 5-10 jl, coumarin §%4]) @ MKB-2-5(20 mg/ml, 2-5 1
1, lignan F+=A]) 33 &L PC12 A EF9 neurite outgrowth X285 e
% 2™, neurite outgrowth F+E2&S NGFeHY HE& FoA AT S7H3E&S
el el =3 MB-1-1 ¥ MKB-2-5 3%& 9 neurite outgrowth fXZ2Z-&
€ PKA. PKC ¥ MAPK A#A] 3l AAFEE et o=
MB-1-1 ¥ MKB-2-59 neurite outgrowth FE28& NGF &A1& wj/l23}
o AEFEEE vedle AR AlEHY, o9 ARG AFE I FoA U
mehA, MB-1-1 2 MKB-2-5 @ &2 HYAH S3A4A 23D EA 28
), 2Ed 2 59 XNEA/T MAA Ngde &8 JtsAdE UEd AL

R

off L pRt

fi
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AEEH, oot AHEF FIHATE WY A HolH
2R f2o dxo e d2n % 7 M(a-glucosidase ¥ a-amylaseol
dE Asgd ZAa)e AgI A 198W 2 4W B RE™E FE¥A8)] a
~glucosidase S°] AHZES Uehlo] Guy XA ML =82 FH9
7HeAd & YeERARITh 3 200W ZE(4E %f{i A 8)& Raw 2647 HEZ
2y 234 macrophageiﬂ nitric oxide /%“4 %EZ}% 9 TNF-a AlO)EFLS] &
2 HASFEFHE B
Fi Ut 1314, "3\31%“3 %%l«] n—ﬁl, AFAIZE 9 ﬁaﬂ%ii 13t 1-2
AAE7A ATE Fgsgen, &5 o] Hope FrdAdTe HaAel Anx

3
b
»
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q fob
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Cancer cello] w3k A X=2de] ZAd o3t ?‘%%‘&%% %Z 3 Ax Zda
FEAAS S AYBAS UEhA FH1AdE), =3, 5@ HAY
AXANEE o] &3l 1 1%%011 o3 2AANE FyE éﬂr YA A= A3

488 JeuA FAFAALE). Bepq o] 27) Fobe 1 AdEA ATA]
& sustan.

B A7 2¥sE MB-1-1 35S A& F M= dopamine TF F7HHE,
D& F A E npeurite outgrowth FE=Z4L veE®, MKB-2-5 IHd&E2
neurite outgrowth FE&4< Uiz &g #@grh ol MB-1-1 %
MKB-2-5 3380l HaA F304A A (e 28 5), 2EdE 59
NgA 2 715 AEA Ay & eSS e EE AAste .

MKB-2-5 3g3§Ee I EISA(SUAZ: 2004-0036492, -0036493;
2004521) 8+¢lx, MB-1-1 3¢ &S E3&d &y T Jow, g 2
(MB~-1-1/MKB- 2 -5)¢] in vitro AF&71A 2 in vivo $E&IATF(EHBY FFAE
A A8 2d)E AYstna 3y, o] AFAAE Tt AF FHMAS
A3 ATHATE 25 nA S} BE?& MB-1-1 2 MKB-2-5 33&9 3}g
F%E lead compound(s)& e = §As AB2BE A4S IPso, =
Aol w1 F¥ol 7t MEE BYBAY BEZ9 F AFd &stuA I,

l°o
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Loy FHe 2 Ao HuY ANEAZ AYHI Yo, BESY
g, €71, #YE BF Fo g &rh 53] EH £ELY Ao(FER)E e
F AERA 2 o]§ FAE A glon, alo], Aot Aoz, WA, }F, &
1 5
]

P

AT 2o g %o°ﬂ FAHEE AHEHY $th Fol
EX dol 71 o At
ﬁ}ﬂ%}%}iﬂr@ﬂw FEHE FAAS ddE &

2. A48 2 Uy

7t FA AR
B AB5LEA EA(Magnolia kobus)S EAFELZ gttt FAMAE 7
NE FEA MEF iZH T AEgdTgy wgAEAGNEG Tl AAA A=
]

ok 30- 40@. FHEe dd JMARA, 2002358 20043 7R Foret E, duj, o
TI & AN 2AHLE B oo wg A&

t}. cDNA library A&+

@Y cDNA libraryl A clone f&l Z23& FAE & Y= F A 5] g &
E9 cDNAE #4T F, o8 FHA dYI lbrary2 AA3ArE. cDNA
library construction kitZ3i ZAP Express cDNA Synthesis Kit and ZAP
Express ¢cDNA Gigapack III Gold Cloning Kit(Stratagene, USA)E A|ZA}e] A
AlE wet 283 £4E 7hete A&t first strand ¢cDNA synthesisol &
ZAu A o2 sequence tagE B FAsZ, olE FF F second
strand cDNA synthesis®E+= A Alet  FL3tA4 3389 H(Stratagene
Instruction Manual #200403-12). 7]EA<Q0 H@WHL  Sambrook and
Russel(2001)# Fernandez 5(2003)-& wat 38ttt

1) Linker primer2| sequece tag A7
ZAP Express ¢cDNA Synthesis Kit &% £ first strand cDNA synthesis®ll
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AFR-H = oligo-dT ZetolM = 5'-(GA)0ACTAGTCTCGAG(T)sY P77 IMEE FAH
o] At} Xhol AFEZALAIC'TCGA_GE A d ACTAGTCTCGAGS (T
o] Abojdl 4789l @GriR FAE  2FHEol  AMEHIaEs Ay
5-(GA)WACTAGTCTCGAG tagx (T)p® +Z& ® 819 Xhol-linker
oligo-dT primerE A2t tH(Table 1).

Table 1. Tissues and their specific sequence tags used in c¢DNA library

construction.
Tissue Tissue Code Tag Code Tag sequence
Flower bud, Summer SFB XL1 ACTG
Flower bud, Winter WEB XL2 CTGA
Flower, Closed CFL XL3 TGAC
Flower, Opened OFL X14 GACT
Fruit, Green GFR XL5 TCAG
Bark, Summer SBK XL6 GTCA
Leaf, Summer SLE XL7 AGTC
(Spare) - XL8 CAGT

2) RNA =& A

2002356 2003d7bA HE stoHAE), 3tol(HF), 1‘1(7H§}) 24,
uf, &3, 4 2APFE Y59 Tri-reagent(Sigma, USA), Guamdme—sﬂma
column(Quiagen, USA) W®oZ total RNAE 200~1000ug FZE3ha,
PolyATract mRNA isolation kit(Promega, USA)E A}£3t 2-5ug?] mRNAE
A3t cDNA Ao AH&sH4

3) cDNA library ZHd

£ ZF 7719 mRNAE 39 Tag’t £ Xhol-Linker X#to]W=E  first
strand cDNAE A stdch oyl B8 % 5 -methyl dCTPE RochedlA ¥E=2
Faisted HAAwxsE ZAste AFE3Y 3, RNase Blocke Ambion(USA)9
SUPERaseln® 2  tjA AT 42TA 1Azt StrataScript = reverse
transcriptase(Stratagene, USA)Z SGHAZ X 7709 wgAS HF Ro}
Phenol/Chloroform A A% ¥, 1/7¢2 ¥ 3% £ second strand cDNAE A
3l t}. Size fractioning® 500bp ZolE 7|Fo 2 £&3t3, 30071500ng/ul %=
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9 10749 ZTHME Fo} ZAP vectord] ZFAIZ F, Ecoli XL1-Blue MRF’ 3%
XLOLRE 7|32 mass excisionAl A pBK-CMV #HEe]9] plasmid 22 HEAH
t}. ¢cDNA library plasmid %& E.coli DHI10B® electroporation?] A €-& colony
£ 12070 9] 384well microwell plate®] picking3ti -80C &A & HAsIAHF
24 : 120x384=46,030).

4) 13T cDNA colony array M %

384well microplated] 73 colony:= MicroGrid II TAS arrayer(BioRobotics,
UK)E Alg3t9  222x222mm”e]  PerForma II positive charged nylon
membrane(Genetix, UK)9l double spot2 & 9216colony/sheet?] WEZ 3 A3t
alkali-lysisA] 7] = UV-cross linking(XL-1500, Spectronic Corporation, UK)A| %
o SAET 4% HWBHA, F 3NEE A HT

t}. Differential Screening

1) 2 Types of screening probe

gt o2 TUXE colony array(High Density Colony Array, HDCA)Y
differntial screening& Aol Al&3t= @39 ddd wet AF}rt Fedvh &
ATAY BE trascriptsE @3 02 Atolor 3= ¢, mRNA pool & £ AT+
o f2v) 8 transcripts®] HEL A F7] YA E, I transcripts® FEIF
RAEFE oA Hojok 3ln, FA|d TE transcriptsd FEE dASFE °JFE o
A ojor AzRASuirzt ¥ AadE #AE F Utk old =
subtractive hybridization, suppression subtractive hybridization, PCR-select
subtractive hybridization 52| subtractionol 2l#iA 2@ FF 4 FE7F Aol
7 %= transcripts& Huls Wel AMgEHz glen, B AFdME
PCR-select subtractive hybridization2 & €3 & WEo] AL

T, R 2AY(EE wEaAd gE AAE 2AY) A TEE
A HZE YA, BH9 transcripts pool &9l EINE 7 transcripts3t
o] AthAQ %o] HEFE XA olol 2R subtractionS 3HA] %S mRNA pool
AAE AR AHE3lE Ao Frh o8 A8A 4 AFZANY FHe=2 ¥
#3221 mRNA poolol A A AHAALAA JEA A Z first strand cDNA pool&
EOE gHoZ AT

2) RNA £&3} mRNA A
7t 22 0 2 B¥ Tri-reagent(Sigma, USA)E Ah-&3t] 27 200ug7tH9 total
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RNAE 2Z3}3, 97| PolyAtrack mRNA isolation kit(Promega, USA)E At
£3te]  zZ+zt 22-25ug  mRNAE  AA AT A260/A280(Hitachi  U2001
spectrophotometer, Japan) g X3 £Ex& ZF 6068122 W% Esith

1X A3
13+ 232]49<& PCR-select subtractive hybridization(Clontech, USA)o 2 %
%_

AL =0l AN 7 (SBK), $oHWFB), £(OFL), €"(GFR) &
o] 2o 2XRE H& mMRNAE tester®, U(SLE)A 22 mRNAE driverZ

AHgEte], 4% 79 subtraction ®¥H&-& AFTh ZZbellA] @& double stranded
cDNA 100ng® & *PZ A3} (RediPrime random priming Kkit, Amarsham)
HDCA wB<l ge o FIA AT

hybridization® 50m! 32 Aqueous hybridization buffer(5X SSPE, 5X
Denhardt’s sol'n, 0.5% SDS, 100ug/ml herring sperm DNA)el 65T, 16417+ §F
2% 92X washing buffer(2X SSC, 0.1% SDS)Z 1A1z2+4 23], 1X 1A13E 05X 1
AlZE iR et 02X 1A17F 8RS Al Z T o] WEE blue intensifying screendt
X-ray filmel 719 -805 & A Hs Aj7bo] Ak & HAsHS

A71A Alzdo]l ZAAE cloneEe ddl o #xel 384well microplate®
rearraysted 22k 23 Y S A3 WEHAA FHE MG AT TRz A

A

—

4) 2x ~3elY
ol AEEHA Z| A2 BE ’BEH’“ i
Az AEI}AZ ZHAM F£3d
2383 A
1x} o} vt Aee WHo] AA FEU7] WFA(1/20 ol3}), AT
Fozgx 23a7Yol 7HedtA HU LH 42E #/A}E o] F &
13 229 22, dWEFEe A% vug sheshA str] fste] dxe]
A g3 e A
o] 249 9s1M, mRNAZRH A3 YPE A ¥ first-strand cDNA B3 &
A Zer G v). 37) Fo| A anther, stigma, petal(sepal), floral base, winter flower
bud, ¥%z3 FdA winter leaf bud, leaf, bark, &} FANA FH& FH T
T 10709 ZHo=HE RNAES FE3Ach #4749l mRNA 05ug A&
2p-dCTP oligo-dT / random hexamer &% Z#to|ME Al&3& HotScribe
first strand cDNA labeling kit(Amersham)2 HEA|AZA ™. membrane
hybridization® 12+ 23 8d 3 543 Sz HAA o

v w37 YsA, g3 RNAE 10
Sduzry AR dES

rﬁ ro nS,‘L
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3. A3 % u&
7}. ¢cDNA library #43
RNAFZ =71& 7] 989 Guanidine-silica based column(Quiagen,
RNAEasy Plant)®®¥ 3 Tri-reagent(Sigma)& A}-&3 WHS zZ7] A @3 A7
RNAEasy #H# & GLT lysis bufferst 50mg sample/column®] Z71<& ARE3L%
o, 3T 5-20ug? total RNAE 4& & At oA deFS FEANZ
Sice! Tn—reagent% A}-8-5} o] 1—2g TEZ 59 2718 AU A, F, Fof
e AEAY AAG wet 2R F(O500ug) FEe) RNAS dUe
¥ ¢} ?‘é“ﬂﬂ]’ﬂ% 2 3etA kol RNAEasy A& ¥ 3ALE38}o %ﬁ%k% =
°] & Oligo-dT Streptavidin-magnetic bead(Promega, USA)& mRNA
AA FHE =9 AMS3 Y tHFigure 1).
o€ A A ZAdE Tagged cDNA library EE9 Zo] X &= 250bp~4000bp,
H 1.1kb2A(Figure 2), EST library ZFAo] =53 Zo| gt}
384well microplate2 H7AH F2Y $= 46,0300 2, plasmidE2 H3AA
poolZ B #Y cholBdEe ¥F FERE Y %‘3*3% mtﬂ%}oq 3x10°cfw/ul
titer2 400ul #9, F 10'cfucl 9] Zetan=

i e

38
=

e

L L2 L5 L4

(A) (B)
Figure 1. Optimization for RNA extraction(A) and integrity of RNA sample
from various tissues(B). (A) L1 : GLC buffer with 30mg sample, L2
: GLC buffer with 50mg, L3 : GLT buffer with 30mg, 14 : GLT
buffer with 50mg. (B) SFB(1), WFB(2), CFL(3), OFL(4,5), SLE(6).
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(A)

Size distribution

45

40 ¢

35 r

30 average size = 1.1kb
> range @ 250bp~4kb

500 1000 1500 2000 2500 3000 3500 4000 4500
Insert size(bp)

Figure 2. Size distribution of Magnolia kobus tagged cDNA library. 200 clones
from the library were digested by EcoRI/Xhol and runned on 1.5%
agarose gel(A). Their length distribution was skewed to left hand
centering near 1kb size(B).
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1) 1X} screening

3, Bol, E, FAE tester2 13} 23 A7 dAE Figure 33 2
o 5 2409clone?] Al1de] #AAHAUL, olF FEHE AL Addd F
1,536clone°] AeE o] 23} 3ol AMEEHATHTable 2). 23 ¥d 28 F

T %, Bol €, £99 oz B, Fotok B FHHAE 28] ¥UtH

Figure 3. Subtractive differential screening of Magnolia kobus HDCA.
Subtracted probe of SBK as tester(A), and WFB as tester(B).

Table 2. Number of positive clones screened with PCR-select subtracted
cDNA pool as probes.

Tester” in‘cen:iltljil interi(i?:f Total
SBK 57 113 170
WFB 441 505 946
OFL 320 690 1,010
GFR 84 199 283
Total number 2,409
Total number of unique clones 1,536

* 3 lettered abbreviation for tissue : SBK, summer bakr; WFB, winter flower
bud; OFL, opened flower; GFR, green fruit. Each tester mRNA pool was

- 150 -



subtracted to mRNA pool from leaf tissue. =~ High intensity, readily

distinguishable after 16 hour-exposure; Low intensity, distinguishable after
48hour-exposure.

2) 2kt A3ElY

12 23EgdA Az 1536719 88 4719 384well microplate® &7 L,
oJAL Al UYdE e FAs 24 23l AREsHT 1 23
A(Figure 3-C)elA 713 B fAxF ZstA 2@H llen, FoHFigure
3-F)9} gol(Figure 3-E)AA T B Fo fAAZN ZaA 2dEH YU o
¢} 23 39 (Figure 3-D)IAE ml$ A $9 FHAE FatA 2dHT U=
o] #AHUY. £ FoldME YFEo] FEFo HHHT YA
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Figure 4. 2nd screening of rearrayed Magnolia kobus tagged-cDNA library.
Probe : anther(A), sepal(B), leaf(C), bark(D), leaf bud(E), winter
flower bud(F).
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3) Blastx 7| S0

22t 23 gddA A2 cDNA i% T ZAERE FEE HEHE F
£ A3ty oA TdAHE Ao #AFAH 28 F 200ME
d& B43ta, o|F sfotet 4“3‘]"“/\1 Eolxdoz WHHE FE F sequence
tag7t 3totel =] A3 dXst= FE ZF 10704 3 blastx=Z HAF 4
#}Z Table 39 vehRSit FPMKO001"FPMKO057HA] 5709 &2 & 4@zl
e #o fFAAEIR e, FPMKO012-FPMKO157HA] 47]+ olattjALet &
Hol v FAAEIAT

2.
=
KR
=

Table 3. EST clones which were supposed to be expressed different in winter

flower bud and bark tissues, and it’s blastx results.

Tiss Blast:GenBa

Clone# " Putative function E-value
ue nk
FPMKO ) MADS box transcription 4.00E-0
01 WFB  gi3638588 factor[ Triticum aestivum] 2
euFul FRUITFULL-like
FPMKO WFB  gi32478069 MADS-box[ Petunia x 200E-3
02 . 9
hybrida]
alpha nascent polypeptide
FPMKO . associated 2.00E-0
03 WFB - gil 005203222 complex(NAC)-like protein 1
[Rosa chinensis]
putative ovule development B
ngKO WFB  gi34907685 protein aintegumenta-like 1'OOE 1
protein[Oryza satival
FPMKO . Homologous to the Myb
05 WFB  gil944513 class of transcription factors
FPMKO . chalcone synthase [Lilium 2.00E-0
06 WEB - gi21326759 | /i division T 4
11*“2P MKO SBK  gi49659441 gamma-terpinene synthase 2'OOE_6
geraniol _
Ig) MKO SBK  gi38092203 synthasel Cinnamomum (1)'OOE 6
tenuipilum]
FPMKO . sesquiterpene cyclase 1.00E-0
14 SBK  gi3108342 [Capsicum annum] 3
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FPMKO . phenylalanine-ammonia lyase  8.00E-3
15 SBK  gi4808126 [Citrus sp.] 4

* WFB : winter flower bud; SBK : summer bark

E£3] FPMKO12, 013, 014 E% terpene WAtet @AV de FAAEF FAF
7 w$ Btk 2 3jolet ¢y oA AR ‘An(¥) Yo'E 9

= o, olglst Ao BostE 3133 RS terpeneF 9 phenolFE A A A
o2& (Magnolia kobus), (R}22)M. liliflora®l A0 (3E5)= terpeneF 7t 5 <
AR Aecw FANJL FIE AL FEEN(M. oficinalis) % 4ESH
(M. obovata)®] 7$E eudesmols 9 triterpen® 2 magnolol#  honokiols
biphenol® 71 & AEZAERQ Fez dd A it

terpenoid SA BEAAESH o7 A7y Ho e ELS w9 F(Mentha)
9} #Eo|}(Joost Lucker %,2002). 7F3 ®o] Eed vor%i }= limonene
synthase©] I, B-pinene® y-terpene Ao #Bod:= the {FHAI HEo
21th. ©] %= limonene synthaseS < fAz} Az 7)ES o] &3ty F7|HEY o
FAA oj8d F dFo] BaEo gltH(Tamer, 2002).

& (Magnolia kobus)W A4 Eof, 3, £, dudA Folx o
&AM, olFdAM FolGER)Y FHdA Folxow &
3 A Folst FHM Holdor wEHE FAA Z

ol% 10747 ¢dAgE fAR MEH FIF FAEE
ZASA ;,191‘:} °]-°ﬂ A RAE FAR F 4aNE VY FEae 2 aAE &
AA, U A = chalcone synthaseth dol A &4 " FH2 5/l 25
ol xtthAtet #HEA Aol YA 107 A FAAEH FAF FAEE
Holz gkth ¢y Sojxoz go] dPHE FHA 5/E olAHALY 7]
EARZ 349 PALYE 4707 EF terpene thAteh &) gl ZolquTh 9
R ‘U 207 Z2W] A Ady F BEsis ddgtn d2dHY, o /4
ZHE 9 W hEAel F& dAlE R dth

=
=L
o &
tlo
i
P,L
bach
j:l
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L.

S v\ A (Schisandra chinensis)® %3, Wivt, 4® J8ja I A= A
AT BAE TE= G8S 2o Jdy AuHAX R doh I S
Ne 32 98 SAMEE), s, @S F1H), A%@ER), T4, =
A(FE) Sl FAZ ALgstn gk VA A AFAHE Fo FHHdELR
= citrol, schizandrin, schizandrol, r-schizandrin, gomisin A-~H, gomisin ],
gomisin K, gomisin O, angeoylgomisin Q, pregomisin 5°] o™, o|&& &
st A A RE, dordg FERg, adn FFAFAC A
A4g 3= Aoz ¥eA L Urk(Hancke et al, 1999).

thekdt FAAN Ved EARESH 7)Y, AEXAWEIIETS
AQA B2 HE aistx e FlEA S AAdsHE ﬁ?@@??_ Aejsdol of&
A 7]&e =AU dAHA FUFAEEF FAA £ 4 J&wnt
o} e} A& 3 (biotransformation) & 3 54 EF Y QCO]L} 2gx3 A
AE dFo ARG AH T Hgsle Hugog uRI7bx FHEAS
AASWE Adsr|utr| &2 N Aol . Agrobacterium rhizogenes
= E°k°ﬂ AR ee 2RSAMNTOR AT 2ET or AR EA 9 A
pHEE §A4xE xdstE T-DNAS S$FA 29 AUz HeAA BAI(YL
B RAZolEl BE2)S $%dtE ALE g#A . JHChilton et al, 1982
Brillanceau et al, 1989). A. rhizogenes®l ¢l&] F2H&H FHZ L AX W &
2R AFAFY :‘Zhﬂ Z7t2 98 PR u¢ s A #
3] o2 EAL HAFT ojgzo] A4 Wl v wE HEEE

5

A
=

= A adA ﬁHﬂ-*]Zj(doubhng time)& #AEA 9 AIIA B EE
Azt $ARA Aol FAHL o ARPAIE R BFAET £¢ BEsE
SFAFE vls] e E7] HEl QF%X} YAEZRY FEEEL ded 4y

go5o)zxn  uh(Chilton et al, 1982, Hamill et al, 1987,
Maldonado-Mendoza et al, 1993; Arellano et al, 1996). €2 d g5 #eo
de E3 HdfuliaAe AL gi3E AHNEZRAS o8 v E
AU BHEZELS Al o= gAT EFo AL T s A8
e 7l12R oz st E3stdel wIEzdE 78, WA E, 7] pH, <
T2, awEs AAEgt a8y FRHd o ZEI gt

B dro e Fye AAse vt i@ gAAEE Fid A
f25a, ol wIsly FErHrt 4FH delE2E gomosin Jo BE
AAggozN onAZREH AYALHE 54 FeliaAY dFAEE AT 7]

o?L rd
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Agg dza skt

2. A8 2 Yy

b dddg

71 (in vitro)ol A Fitgol ¥ 8F AT Ay PRK(S. chinensis Baill)9l
FEY A4 FHE HIHH T AAFSEuANA 24AT 53 wiER
Agrobacterium rhizogenes ATCC15834¢9F 36A17F 4A4(2521T)olA T2
stHth ol TEE ZAAHPLE FasodAM 23 AH F 300 mgl-1 cefotaxime
sodium(Claforan, Handok Pharm. Korea)o] FH7td 1/2MSujzlo] X4+ 3t}
(Hwang et al, 2002).

TR AFACZYY frld FATL FHdA FrEY wEE A
wro g 29 1/2MSHiA o] 300 mgl! cefotaxime sodiumo] H7bak 7] Eu) =] o)
A G F 4F T SSAAN g FA3] AAT F AGFEYERE 15 cm
7hES A3 A EARAFEZAEA Hrte R 82 MS(Murashige and Skoog,

e
=2
196228 MAZ &7 54 AZAD #H, £7489 2R 2NH {719

T,

4
»R2e) e YAAR FFE opine¥ A7 PCR WHE o fate] Blahginh

i

oo 49 B AMAS Szt & F UeE iexds #
71 A 7R AZE MSHIA], 1/2MSHIR], MSHRA] 2] v ZFA42E Bsel A 2
AEe=z  3AZ MBSH A, WPM(Lloyd and McCown:, 1980)u]#}, Bs
(Gamberg et al, 1968)81#], Z18]3 N6 X (Chu et al, 1972)& AL&3tdod,
AW g2 FEe 1%3H 7%71A A8 stdoh =¢ 2713 F FEd 9
3 Fgg s Y5t AARAE FAl0F 01,05 1, 2 g FW)S 747
HHste] 40 ml A7} So9lE 100 ml Erlenmyer flaskel HE3tgch. =E
Hi ok 80, 100, 120, 140 rpm £E2 A &rufEr](2621T) ol A adtg o,
0FNACE 1/3 712 NE2$ W2 a2t
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et A2 4FES 54

AES AFEL 8F T widd FFABIE (A NN 2443 25 AR
H Z4% *ch—o(F.W)PqL WEAZNAAM 48AZ Azt F FAT JEFTTF

(D.W)o.& Jetglt.

HAANGTOZRY FHad A Y
0}0‘1 WEAZ F gxpAbgolA vpdk g 29

gl A 33 7ttt FE3 A 3
g F2ES 3000 pmeE 58 YAEYS
Asel A HPLC(Shimazu, Tyokyo, JAPAN)E ©]
gomisin J¢ FEAIEE ETFLAA GEd A&

_g tok,
o~ R

;zl = =
%3}@1 AT ol

Table 1. Operational conditions of HPLC for analysis of gomisin-] in
suspension

cell cultures of Schisandra chinensis

Instrument HPLC (Shimazu, Tokyo, Japan)
Column Cellpak C18
Mobile phase Acetinitrile : water (1:1)
Flow rate 1 ml/min
Detection UV 252 nm
Sensitivity 0.05 AUFS
vl BA A

EAX = SAS(Statistical analysis system) packageZ ©]-83< ANOVA
testE A3 T Fo5F p<0.05 HY A AFAES Ao i} FFHAE Y
B AT
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3. 43 ¢ &

AN (in vitro)d| A Zold FRE AZAZZAED HJtEA & MSH|A A 8
T wWgd v RHE AP 2719 4 FFHEH9 Ri-plasmidgE #E A
rhizogenes ATCCI58348 A stgul w39 F2uF AHE 4ATAMTH 724
DA g bEA M-S W 36A FRudd AP FeA FEZ] 771 HIA
o FEE G AJTrol 48AIZE o] FolR A AEZA 9 Ha@A o] AFA vEY
AAE-9 AAAFEHe] A AEHEUS. Agrobacterium spp.ol % FAAEE
Sy, SeEote] TR/, sFAEAY fFHA B 24 A, Iz 2
< g 2dEd g AolE YEbdh(Failla et al, 1990). Lv¥e] 2 dHo R
FEH RAZY {71€2 10% ol3t2 wfj ¢ Ftout 4" FAHIY 0% ol FelA
opine®] AHAZ T Axul T-DNAY Ay& #AF & U rh(data not shown). X3
dHoRNE {78 FAIS AAsd AEQF MLl HMHA 2L 1/2MSH
A2 &A 27] Es YAt okBE A rhizogenes T o3 FAARE FA
29 A QRE AFETI} o wan EAR} A&ReR o]Foix7] wRd
e doz e 77 Wi shed wirtAzbe] 14N 959 AR dede

£ A o] ti(Maldonado-Mendoza et al, 1993; Arellano et al, 1996). 1
Hu, erjxte FAAPE B2 A9ole ST g =dn EA3F &
walx] e wbH AR AAL | mm e v hE HolUtHFig. 1). BEAA
2o QA olxiAlEA ] A Fuldsty] i e AEe @yl g
A Y HAE v Aeo] RAHUE Q3 tH(Sakato and Misawa, 1974;
Giri et al, 1997, Giri and Narasu, 2000). Nussbaumer%(1998)2 D. candida X
D. aurea®] RAME] wFolA 3% JEMAE F FrIF F=7F MSH
Aol ws & BoEjA oA alkaloids®] AAMEH HA 4FE F=3 5 Aok
enzte] ZAe nFuAAAN dxHdoz FAH FFAHNIE 2@ FHARFH 15
cm 7FF AF o] MSHIA|, 1/2MSHj=], MB5¥IA], WPMH| |, Bs (Gamberg et
al, 1968)8lx], 283 N6Hjz| o] o] Eolde HA A 05 gFW) H& Z
Z JFATE FhelA 3FEL wAd ¥ AEFHFE A A 639 wiA
E ¥ WPMHA A flaskE 62 g(DW)2 AF&e] 7 FdthFig. 2). 2
#u, gomisin Jo FHS MSHIA 9 WPMHIR] EFo]A FAS AFHE BAF
NHFig. 3). oW, 7] FFF ol Y3 FAHIZ) AFFAH H3td w e A
FFY Aol FAs7] A3 40 ml wiA e 01 gFW)NAMEEH 2 g(FW)7HA
AFd9t 01 g€ HEY AFTE AYsln BE AFFAAN 8F ¥ AFF
o] HlZAA FRE AolE FAE 5 QA EF, 27 HF =7 EF A
el i S FA e A2 JEhwti(data not shown). Al X & EhH)
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FAME 271HF T/t AEFolv EA A 4FE vAE Bt B
S} (van Gulit et al., 1994; Zhong et al, 1993), @M= A Z71HFA
AHEEHE A2 o wix 9 o BoE AGRYE T FAZY Hold
g3 AEFTY AHolE 7tHL7|=E FH(Bhadra and Shanks, 1993).

i Xlo Fog Hrtste gade 3T AY e Axy e 22
ZBujkel] JojH FRF/ A LA FAG AFRF #FHAsy] @EA AE
9 AL BE oAYAEEY AT Ad%E FA DHDo and Cormier,
1990; Mukherjee et al., 1991; Srinivasan et al., 1995). @ujz}te] A% WPM 7| &
iz o) sucrose?] FEZ 1%HH 7%7tA HE 3} A} AEFLS 5%A
gomisin J& 7%A Z+zt 744 g A JeEbgth(Fig 4, 5). e EA] wiAo 3
7tete BadY T wdzz e AeHuv elgEA wet 1%AFE 12%7
A -2~ thoFalch(Misawa, 1985; Knobloch and Berlin, 1980; Berlin et al., 1983).
Nussbaumers(1998)2 D. candida X D. aurea®) HZ AT v FoA 5% F=
2 sucrose® A BE 3% H 7o wE AEBFIFo] Fueld FHUIE
gHou, 289 A doME FefHA Aolg FAstA EFH. Nins
(1997)2 Artemisia absinthium®] A AT wjgeolA 4% sucrose A7t B
AR AP HAHYS &3 v A2 Y, sucrosed] FEE 3% oY =
HAe W 2318 FAAEZY AT AsHAY BEX s/t AA HEA A3t
He @S Hole A$% JrhHamill et al, 1986, Nguyen et al., 1992).

HAuf ool Ao AWMEEE A9 FHEHS YA e AMExHY 4%
S FAANAEFE EE AESY vFE7] Abold] mbE(shear stress)el] &3 A2
2 oxAEAY AFAHE 22 A EH3E FAYH (Zhong et al, 1992).
Wus(2003)2 Axe] @gujdas 4 BAEs A3 150 mpm7tA ditE=E
42 dart dvkn & u vk enjAte] A AR FAI gomisin J9
AL 140 rpmo] oA it ¢S RAFHoH, 27AEE AdME
80-100 rpme] £= 2 fAstn A9 Y-S Eol7] Al 130 rpm 7HA HA
£5 & FoAFEA EA ¥ Aoz B (Fig. 6, 7).
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Fig. 1. Transformed root cultures of S. chinensis cultured on hormone-free WPM

medium

D.W (g/flask)

MS 1/2MS WPM BS N6

Culture media

Fig. 2. Effects of culture media on growth of transformed root in shake flask

cultures of S. chinensis
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25t

Gomisin J (X10-3 ug/g DW)

!

MS 1/2MS WPM B5 N6
Culture Media

Fig. 3. Effects of culture media on gomisin ] contents in shake flask cultures of
S. chinensis roots

D.W (g/flask)

1 3 5 7
Sucrose concentration (%)

Fig. 4. Effects of sucrose concentration on transformed root growth in shake flask
cultures of S. chinensis
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Fig. 5. Effects of culture media on gomisin ] contents in shake flask cultures

of S. chinensis roots

D.W (g/flask)

100 120 140
Shaking speeds (rpm)

Fig. 6. Effects of shaking speeds on transformed root growth in shake flask cultures
of S. chinensis
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Gomisin J (X10-3 ug/g DW)

80 100 120 140
Shaking speeds (rpm)

Fig. 7. Effects of shaking speeds on gomisin ] contents in shake flask cultures of
S. chinensis roots
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A6d Axujkel] &3 FREF HFAN

(A28 & A5, sH)

1. A&
AFHA AAAX R 2 A & 30000 FF ol MAEAE F 80%
7F AN ERRE Fdste o9 (Phillipson, 1990; Balandrin and Klocke,
; Fowler and Scragg, 1988), ¢132] 75%7} o]}z AAAE FH HAE
2PFe dHog olfdn Qth Y, AYAEZRE FEPEFS
AAERY 54 doAAM AR A HF AHE AV =X A Al
APAQ WA nRIEA e kg E A RN 2 AP3E 8

2
22

N S )
fc e e e

Acker gejadiol dm itk sha, A FRBAY Ast] wet B
4 A Aolg moly] MEel FAN olPm, 54 B YUYS =
o7] 9% APAHe 24 £ TG D B+ 7] BEolth
AB2ANF 71Ee Ajd BASRNN ARALY 24, AL HFY F
97) WP AQzA ZA FSHE s)Ee) AuptAel @ 2R @
AR FBY ¢ e 42 Fu9 7e2 BorEdAn UrhBrain, 1976

DiCosmo et al. 1989; DiCosmo and Towers, 1984; Fontanel and Tabata, 1987;
Morris et al. 1986). dutd o2 7IW(in vitro)ol A Wlg=H = 883" AAEx
ol BAEA A HE] o AtfALEE ] kAol wl§ WA YEhUE A FH ol
A &Y (Endress, 1994; Dornenburg and Knorr, 1995), #j | ¥ w3} o}t
AEAFZEEALY Ao, pHY W3}, &xzx79 Wi wusx AAEY, 2
2o FxAN 22 g B3Ed 2AES HAHS FoEN 238 2
AEAETY B9 AMAE 59 A$E Zrh(Matsubara et al, 1989; Ulbrich
et al., 1985, DiCosmo and Towers, 1984).

2. P2 (Schisandra chinensis)® 949 ¢ W82 FAHAXIE AYT AT
A #Ei 200-1,600 mell AAsH, NeHovE 7, dE, ALY, HF, F
o FESh 97k @M 2uAe] dujE FHEA, AEA, AEA, 2
3, TR(AB)olY FE(EH)S Fed FE o &3t nxdA F& ¥
F8 AEOZE citrol, schizandrin, schizandrol, r-schizandrin, gomisin A-H,
gomisin J, gomisin K, gomisin O, angeoylgomisin Q, pregomisin %°] .29,
ol ¢ElEARE s, A AL, AL FHAE, 22
FFAAA N g3t ez EEA Yrh(Hancke et al, 1999).

Had SFEL QvAE v R B AYdeFY Fuu FAGANA dE
A, ojo7 e B L FAZEE HES g AYBHS 2 AR 4
A1 vH(Hancke et al, 1999; Kvasnickova et al., 2001; Sladkovsky et al.,
2001). Axujge] BF3td glad FFELS AAEeE ATFE Ipomoea

i

ot
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cairrica(Paska et al., 1999), Linum album(Smollny et al., 1998; Seidel et al,
2002; Empt et al, 2000), Callitris drummondii(Van Uden et al, 1990c),
Podophyllum hexandrum(Van Uden et al, 1989), 33X Podophyllum
peltatum(Petersen and Alfermann, 2001)%5 3 & T3k FFoA o] Fo F
on, A4 dFdgoM e gz oz RE EAEA Y v £ Fad
o] AFAAHE ATt

ArAME FHel AAeE oty ol fFREHOoZRE Py {7
HAeulFe 93 HHZAL A3, o5 dHuMIAEZEE FHEHT}
3 2ladAd EEAQ gomosin Jo NS AASFA T ob&d
ZetaanFIAZEH AEHEIIZY scale-upd T3 FTAHSANLFHLE9
18- A 7d7)1&S Rt A

N, o <o we e

‘

2. A8 2 g
7k FAbdo}

2 v 2 (Schisandra chinensis Baillon)2] Fxle FAIY Fap23 oA EoFo}
Z9E AAZ F 70% ethanol®}t 0.1% sodium hypochlorite &l A 7}z 2%
v AA A7 2, BESE 33 A ol9zte] FHAT MEd T4 B
T8 AR N FEE AAT T AEAFZEEL] HUtEHA & MSHA
(Murashige and Skoog, 1962)°} A443le &2 (FF7] 168 ; 26+1T)
Well A ol AlFTH X F71E Y3l Eol F 8F o] 7IWl(in vitro)dl Al
Hdd FE9 A7 718 HEF3Y 24-D, [AA, NAAE #7] 05, 1, 2, 3
mgl’ =2 H7He MSuEHIX (3% sucrose, pH 57 XA4sta, ghidlA
Hjk(2621TC) SRem, #7198 AHas 45 HFHo2 M2 viAZ Adus
gt FAh,

L dge

Heru kel AFRE vix]= MS (Murashige and Skoog, 1962)81%], MSu| A <]
N FALE Bl o AE o2 wA MB5# A, WPM (Lloyd and McCown,
1980)8 A], Bs (Gamberg et al, 1968)HiAI& A&t o, @AhHUY FEE
1-7%7A A 3tk fEY 2AAPFoZREY Hr18 Are 4FHEL
2 23 ol Adiul*d ¥ 01, 05 1, 2 g (FCW)E 7tz #H3st9 40 ml MB5
A7t E0JdE= 100 ml Erlenmyer flaskel HEsch ZE dEald2 60,
80, 100, 120, 140 rpm £ X2 g7 (26+1TC) WA F3q3P e, 253
Aoz 1/3 71FE N2 W2 agfFAT. dguFAEe] A E 9
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27) Ahelek Ao A stainless steel filteration chamber (pore size 50, 100 u
mE o) &3ld N2 FAE 93 27 AEF HE 33} 2L HA
2 &7 W it

% AE 4REY 27

=,
&
o

X

X,
et
flo
oo
N
offt
r,
=
o
i
ﬁﬁg
N
=
o2
x
52
i
a
Y
)
2
X
[\
Ry
>
)
.
ok
>
Y

(DCW)2. 2 Jehi St
2. AEuRg7] wik

Za sz g BRE 82 weozw FrFEYFAS5 L) AEUE7)
(EYLAR, JAPAN)SIA scale-up& 3 &t thFejdFA] ©@ahdo=
sucrose®} glucoseE Al&3lg o™, ¢z717 16/8 (light/dark regime) #5712
F2AE Gt W Atk ZE Age 271¥F v=% 15 ¢ DCW/LE
Lo 32A(26:1T)AM 857 vk F ARE 35 AU

oozt HeBANEERE gad AR EAE 3F wdd AXE £
o W EAZ F DAL A rtgd g BIAE 05 gofl WEE 70 mlg 7t
o] FaAA 33 rtdstd F&s4T 33 94 B2 wyer 42 A
& F2ES 3000 rpmo g 58z YRS AANE TableDd 2L =4
3olA]  HPLC(Shimazu, Tyokyo, JAPAN)E o|&3le EAsHct old
gomisin J9 EFAIRE ZUAYAA(T LA+ D)NM G T Ae BY
wrol AL-&-3 g}

Table 1. Operational conditions of HPLC for analysis of gomisin-] in
suspension cell cultures of Schisandra chinensis

Instrument HPLC (Shimazu, Tokyo, Japan)
Column Cellpak C18

Mobile phase Acetinitrile : water (1:1)

Flow rate 1 mli/min

Detection UV 252 nm

Sensitivity 0.05 AUFS
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5 BAAY

EA4 8]= SAS(Statistical analysis system) packageZ ©]-%3}4 ANOVA test
E N8 F fFY5F p<0.05 HYoA AE Hool dI FEHAE YE
A=

3 2% 32 &

TP

euae] 5 z’“’“%"ﬁ’i—ﬂ AYAE {7187 A8t MS 7j2ujA]el] L &AF
€ FEHEE 95 AHYUdHE 9 3 mg/l oY FEE 22AS AYULS 4+
24-D A=+, 13] [AAS] &% AT Bz {7)7F A o] Fo|AA &
gen, Frld Aygs EF 3—;— TEY Z¥syHe d48 BAFIY 25409
BAE Z@3ld Hgg Foe 22408 d502 Hrig A HuE Aol s
Beld = gldvhdata not shown). ololv]s] NAAQ A+ ofre RIUE AL
A Z7)e] ZAAANA AAst B4 HAHTable 1). Bl f71€S 1 mal’
NAAE d502 A AP T 982%= 7HF Ehont 3 mgl1 o) FAHE B
o] 23 HIx It dFY F BAEY 2AHACZRE AYLE &osd
FdxA HMANE &S W AEHor Ayrd FAL FAT £ AU BYE
o ZAHACREY BRFE Frsted YoM R Fad 82 A" o5
H AEIDY g aga wjAd drtste AEATEEELY v HEE BY
AT 28541E HjRlo] vEXed A ZAAHAAN FHZo] AHE S B
T U7l AN LHXHEEEJ ko] whet 24-DO] ¢ AMEwer AHZIF {7
H71x drh enate As At Sl A -1?45’— Z7)9] Wkl wheba] Wejro §
ol glolA ofzhe 5‘}°]7} Uetds 398 £ Aok a#d, s v A#rkste
sucrosed EE(1-5%)Y pH(52-6.0)d &= #Aeixre #7ld A L F7

e Aoz HYvHdata not shown).

. #ehulk
TR A 24" BHAE 43270H 02 23] oA AUwiLst F 2 g FW)E
3l 40 ml MSHIA 7} £} 100 ml Erlenmyer flaskol] BEs At dEn)

gde Axe FAIFE YA At HAo|A stainless steel Ailteration
chamber (pore size 50, 100 pm)E ©] &3ty M= A4 T 7Y AEL
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=)

& st Aol A& tHFig. 1), Ry Auge 22 dgugel Ax
of A Bdo Aatd F&E F= b EAHA U059 syrt wjx 9] A
#o|th(Stuatr and Street, 1969; Sakato and Misawa, 1974; Mori et al., 1994;
Sakurai and Mori, 1996). 2. vz} EEujUdA] MEe] Ay Edo A
&gk viAlE ALyl 98k 1 mg/L NAAZE H7EE MSHiA 9k MSHjx] 9] b] =%
H4E BHAlY AEoE wAg MB5##], WPMuIA], 183 B58jA| Zhzh-&
100 ml Erlenmyer flaskoll 40 ml % ¥ 12 #Aal2 05g (DW)RE HEsho] mmuk
F Gl G Ak st 8F F AFELS MSHIA Hro Fr1d9
Z4E WAzl MBoEiA|IZF b £ Aoz Ueiyten, Edo AL
WPMui A M 7bd A YebgdohFig. 2, 3). 38, 27148%F X 9% Ax
o] $4& 01 g (DW)olste] ¢& HEA 44719 ) £=7F 05 g oYL=
AMASRE W BT 1-2F T e BAFden 2 g o|4E HEY A
ol 47 F A2y Ao AAHE *AS BAFUAHFig. 4). Axe d8
g Al 271HF v2E XY 27 AT ¥ 2R AMAC gl
Aol 83 9EE rxE Roew EAn Utk van GulikE(1994)&
Catharanthus roseus®] @G| FlX 27] HEF T/t @& 2 Axe 440
aA Adsdom, Zhongs(1995)3 Su$t Lei(1993)= Perilla frutescens$t
Anchusa officinalis @8l Fol X AA 59 27] FF w7t 29 AL
FTL% a9 &S FAF vl gl

O

o gAY

rﬂﬂ
i
=
0%
Y
2!
rlr
)
N
N
o2
02
iy
oX,
o
o
oli
ol
X
2
e
=2
X,
H
o,
oX,

HEAl Hubs & 227 AtHDo and Cormier, 1990; Mukherjee et al, 1991).
Lu A AEHEAE B I 2HAW dade FEE 1%AA 7%74A &4
FHA 8F Ft wd AVE W ME A4FE 3%NM 223 g DCW , B39
APk & 5%91A 078 X 10° ug/g DCW 22 Z+7z+ 7b% A uehdth(Fig. 5).
FHAEE A D BARE Fuist 277 AshA 7%-12% 7HA] AW o
A7l A% o (Misawa, 1985; Knobloch and Berlin, 1980; Berlin et al,
1983), 4 AEFTAXE 5% ol B2 e ABLE Yepdie 43
+% )t (Sakamoto et al., 1993).
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= A
FozH APAHE A & 4 I (Zhong et al, 1992). 20| zte] HEu]EF A
100 rpmoll A M E S Ao AR 22 BIoen EF HAANS Eol7] 9
;A E 140 rpme FAEoF & Aoz AZAHAHFig. 6). ol Wu 5(2003)°]
Rhodiola sachalinensis®] M X2 dEgujd FAHGAN AETHFS HET 100
rpmoll A 283, E49 AAAELE 150 rpmell A HAHA L R <}
HE BERFEIA MY A& A aFH o ¥ ALEte

HH-2-7]1(1.5 L)l A
Fydoh. et & A7 Ade] =& Helgler, 49
AL A dad 35 F7F sAthFig. 7). 2w
AAEL] ofaFufdA] BAYL sucrose’t glucose Bt AEFTFI B ALt
Aol Z}Ao)tHTable 2). #FF7]5 16/82 Ao|A 5% sucrose’} H7Hd
MB5EI A A 8F wiF Al AEFHE 38 g/L, 283 gomisin-J& At
0.72 X10° ug/g DCW= e} tHTable 3). 28U, ole ZTdA3 wjFdAd)
g oh @ FAZ o) oig A 8% 3 Zri(Table 4).

Table 1. Callus formation on MS medium containing various auxins

concentration

Callus formation (%)

Auxins (mgl™)

leaf stem root
05 _ND _ND _ND
10 _ND _ND _ND
1AA 2.0 11.4% NP -NP
3.0 7.2% -ND -NP
NAA 05 23.1 =P -NP
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1.0 97.3 32.1 D

2.0 61.4 4823 NP
3.0 18.3% 114 -ND
05 _ND _ND _ND
1.0 _ND _ND _ND
24-D 20 _N\D _ND _ND
3.0 _ND _ND _ND

* Fach value represents the mean of three independent determinations

* -D not detectable R rooting

Fig. 1. Embryogenic cell suspention cultures of S. chinensis
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Fig. 2. Effects of various media on dry biomass accumulation in flask

cultures of S. chinensis cultures
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BS WPM MBS MS 1/2M S

Fig. 3. Effects of various media on gomisin-] contents in flask cultures of
S. chinensis
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Fig. 4. Effects of inoculum size on dry biomass accumulation in flask

cultures of S. chinensis

—i— DCW (g/flask) —e— Gomisin J {X10-3 ug/g DCW)
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4 0.6
0.5
4 04
4 03
0.2

DCW (g/flask)
P
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Fig. 5. Effects of sucrose concentration on dry biomass accumulation

and gomisin J contents in flask cultures of S. chinensis
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—3— DCW (g/flask) —e— Gomisin J (X10-3 ug/g DCW)
25 - - 0.9
4 0.8
s
2 - |
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x 406 2
] 2 [~
% 15 105 2
g . e
2 1 0s =
° ‘ o'z £
05 - 1 V4 @
1 01 g
(L)
0 * 0
60 80 100 120 140
Shaking speeds (rpm)
Fig. 6. Effects of shaking speeds on on dry biomass accumulation
and gomisin J contents in flask cultures of S. chinensis
gt DCW (g/L) Total sugar (g/L) J
4.5 60
s ¢ 50
g 38 S0
2. 3 4 5
) =~ ~—
>% 25 / 5
22~ - 130 &
.g 1 » -
S o5  — -
0 .——‘\—_——"——J_‘—‘./ I 0
0 2 4 6 8
Weeks

Fig. 7. Growth and product profiles of S. chinenesis suspension cells.
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Table 2.

Comparative values of growth and product parameters in S. chinensis

suspension cell cultures with sucrose and glucose

Carb DCW (g/L) Gomisin-J
arbo S }
n sonree g (X10™ ug/g DCW)
Sucrose 3.8 0.072
Glucose 2.7 0.061
Table 3. Comparative values of growth and product parameters in S. chinensis

suspension cell cultures under 16/8 light/dark regime and darkness

Light DCW (/L) Gomisin-]

1

i £ (X10™ ug/g DCW)
L/D regime 3.8 0.072

Dark 2.7 0.061

Table 4.

Comparative values of growth and product parameters in S. chinensis

suspension cell cultures in shake flask and in bioreactor

Cultivation t DCW (g/L) Gomisin-]
ultivati -
ation type & (X107 ug/g DCW)
Shake flask 41 0.078
Bioreactor 3.8 0.072
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A7E FAH WL AN, S50 AAEREF)

=R AgeE F4H 274 g Bl gorddl web FFA LHFE
Y AATEE iR AMAAR AgHD
Aok H2 FAAANEL FAMR 2w oo AAAEF R A TR BWo
ol &g we AEF/HEEoR 2HIF FolUEA (Y, 1996), FEAET TR
AL eHAte I vt A i e %ﬁa}M AYAsARA Y 81
o emAa, eufAEs, enAsA, ende o AAFEA A4S A9
FAR FrrAM wel e ItH(H &, 1999).
Sujte] WA AE, AN, BF, FE0], HE To8 oA gloy, ¢
ol g AHSS AEolst HRsHE Aol T4 BE dAH

2
g F = WHolvH(%F, 1996). 28 A
Al /\

_

]
A Hel gdo F& onAE @%‘M ged, Agugel BFNE 5,
1999). Aol o# AANAL FPWAo] Hste] $37]7k0] 14 AE o
Atk(H, 1988). oA T Auil ofele WE R4S
Mol AL B, 1998 o, 20000 A¥ AEH v e}, 2RI &S o
@ gEFAe w8 d7E ofF mFW Aol

N 2Age FHoE = A
]_

1

Eggov #d

FEHE0l UIA 2AHAAY a4 27 T2 8 AAZ SAHH 2 A
AZF Edeoldate A Gl o3 FLI BE gFoE T, THE Aol
7bestA dvh E A2 SA4E olFHAA AEoly BEAER o] A A4

o oW Adg adE AL: ZAuFd g% GFA FHol FE3trHel,
1996).

3, A HS AAZY Foe ANE 2244 A3 FgAeS
Agt A A Z 8 (somatic embryo)E UHA R FE3d AEZAZ AAATIE A
o7 wWFAA GHHAE M T HATso 2 F JUTHE F, 1996).

Jm

Steward 5(1958)°] F29 Wit AFIAM Fefjd AejioA AAZHE
71N ol#, BE7t ojElE BEFANE B AMAEu B o] o]FoiHoEN
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AAEE g FE9 HAd T o]&d F Ue /HedE AAH FATE
5, 1992)

H g FE&FHA 2ol oA FEAGE AEA A AME A
of &H7|x )t & wid By Ao FAAF(particle bombardment) & 2A
W (Bommineni et al, 1993), Agrobacterium3} &% ¥ %3t (Dandekar et al, 1989;
Gall et al, 1994) & HAANANE FE o}

w3 AAEIL F2 gog ojfd £ vt AlA o] Murashige(1978)¢
gair AFoR AAEA " o)F AMTue AFTEA AL T, 1994 A
5, 1996)°l AH& ol gt wtY A A EEE Fx
o] F& oJF& UFE adE ¥ £ glo
AEA G Ao T} NAE EHA P
1999).

2R, AAE fdgE g&F WA
AFTEA] M 2 FAA%
T AtkE HollA o erta] o A
Bl Az Rz Bid Edxze] A Jde FF A (bipolarity) T&
E 7HH £7], Be E3E fd Exo AENIEHEEL HEdAst 98X @
o &3 AAEue GAXZRE fHstng, JdA B23d HAEAE 795
I G A H o] 7P At A-o] A (Hanna et al., 1984; Nagmani et al., 1987).

webA, B dAre enate FA9e #ysy) 9ste dojujd, MM EnIFS
A A8t iﬂ*ﬂiﬂﬂ—% FAE ¢ ¥ wgA A8 2(embryogenic callus)®] 7]
Z1& FHEL, AAEZN 28 53 A EA AR AAE FPstuA AA
A

2. Holu o] 93t F4
7b g 2 ouy

1) A gAY dolxA

Lo HsFAet vSFEAE 20018 AE FFEPNA FYI}AG olE 4
== MY} AF}L FAE AAG ohE A5S AAFAT FHELAES
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2% AtEAMUEFLZ 1083 AL BESFTE 53 AHsAT. AL
olxAL EAE ) 93td A E galstd Alda gt MS,1/2MS$ WPME A
AHEEHIL sucrose® 3% pHE IN Na OH% ol-gsted ZH3AT

dETF AwEd S Brrstg e wiek AAHAAN 2B5LEE FA 5

= K mlm
o
At
.Jl

X

)

off rjr lo ok
ofN
>,

67 ol wolald o2 AWEZHER Tt WPMHMAR A WA
308 F16A7F 5] 2B1THA whFatich. WYsF:F FE7} 4-5ema
g zge] g vy E #Zet 28 AA 2 Agel 2 F9E 100mL
ZyYE gt~ 39 WPME| A9 sucrose 3%, 0.1-5.0mg/L BA$} NAA 0.1-1.0mg/L
Zh7y e A AR o)A Hrh wYg 1075 A&7 HAAE S A
Aol ZA AT o AEE AMEVIE AAStL A BAYE HE &
Az A2 A et o
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BA 1.0mg/1E 713 WPMHIA] 9] 7] el A 1lemeold o2 M2 E71& Fe
AT o] &34t wiAle 100mLAZGEeESaad WPMHEIAE 23 3%
glucosett 3% sucrose® A71eta 07% agarZ =3 A& ZE A=
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Luz F2AE FHET S 7| HolE AP AAE oS Zoh
Table 1. Effects of GA3 concentrations and different (1/2MS, MS and WP)

media for pre-mature seeds germination of S. chinensis.

GA3 concentration Rates of seed germination (%)
(mg/L) 1/2 MS MS WP
0.0 65+3.7 38+0.5 46 +1.7
0.1 68+ 2.0 63+ 2.0 48+ 3.5
0.5 70+£6.2 5733 74+2.2
1.0 78+ 1.3 51+ 4.8 85+3.3
2.0 55+ 0.9 31+ 0.3 66+ 1.2

Data represent mean values standard error of three experiments.

<E7|F2>

Table 2. Effects of BA concentrations on shoot multiplication from

cotyledonary nodes of S. chinensis on WP medium.

BA concentration Number of shoots after Shoot length
(mg/L) 8 weeks (cm)
0.0 NR 2.6
0.1 3409 3.7
05 84+15 45
1.0 11.6+1.8 4.2
2.0 57+£04 34
2.8 2.8+0.1 2.8

Data represent mean values standard error of three experiments. NR, no respond.
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Table 3. Effects of auxin-cytokinin combinations on shoot multiplication and

elongation of S. chinensis cotyledonary nodes

Igzmones(mi/ki\ Number of shoots after 8weeks | Shoot length(cm)
0.0 05 NR 2.1
05 05 35 + 0.7 38
1.0 0.5 63 £0.9 5.1
0.0 1.0 NR 1.8
05 1.0 31+0.2 3.0
1.0 1.0 28 £0.7 3.2

Data represent mean values standard error of three experiments. NR, no respond.

<LZFAY>

Table 4. Effects of IBA and NAA on root induction efficiency from the

micropropagated shoots of S. chinensis after 6 weeks of cultivation.

Auxins(mg/L) Rooting (%) Number of Roots| Root Length(cm)
Control 0.0 NR NR NR
IBA 05 21+ 5.3 24 2.2

1.0 25+ 5.8 2.8 2.9

NAA 05 62+ 4.4 5.6 3.7
1.0 52+4.7 4.9 2.6

2.0 4545.2 4.6 2.6

IBA 05+NAA 05 43+ 3.8 4.2 2.8
IBA 05+NAA 1.0 40+3.9 3.9 2.2
IBA 1.0+NAA 05 494+3.1 45 3.3
IBA 1.0+NAA 1.0 39+4.6 3.7 2.5

As a carbon source, 3% glucose was added to WP medium. Data represent mean

valuesstandard error of three experiments. NR, no respond.

e FAAES AQuitzRE dFFAL 9 ZnHelw, AW Uv
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Hzd F24E 01~20 mg/l GAsel 238 1/2 MS, MS, 2812 WPM iAol A
S welg s B WY mAdsd FAe ddHoR g2 Torgd YEH
o 3% FEALA, 07% agar 28T 1.0 mg/l GAsol E£3® WPM HiA oA
BCE T AHAA LolE FEFE w, en|xe] Wopgd o 85%E 7HF
F2 Ao YeyT o 65 F, 2092 WPM #iA]elA 85%, 1/2 MS i
oA 78%, 1] MS HiAelME 67%9 FA7t doldol #AHJTE FAH
wobd & wix o] FHeh WolERAA GAsY) Tk, 18l v F2e] FHEty
Aol 2A ofEH eI}

oWty Aeixg F237] 98, TANES AE T2 g WPM
AR &AA 25T, 16/8 Azt FF72 wFH AT W F 8F7F AW, #
AEAE 717t % 5~7 cm, ¥EE 3 cm, 23 4~5709 4E& ZE HEAR
AgEch Beas giREe) 2R 2P ALHJEH 53110 mg/l NAA
o 1.0 mg/19] Zeatinolt} 0.5 £+ 1.0 mg/l BAZ #7}3F WPM A& 25T, ¢
T 274N F BAHAT. Y 2A0E BEoR BH2E FAXY] & 3

< ggen, 005 £ 01 mg/l 24-D9 01 == 05 mg/!l BA7 284
WPM siAjoll A AdE Aela A BAx7] 4 #4848 gt

8F BT oA uARREH A& AFuttirt shootd] FA Ol AHEH A
1 = wiA A Agette] FEZ Mite BRHA F
%3, BAZE H7bd wiAl M= A RZE shoot7t A EHE ZoE Hol BATF AR
¥ shoot?] Ao W3¢l T2EUS ¢ F UAT MEE shoot S HF
iAol 05~2.0 mg/19] BAE A7IslH 8F ulo] ¢ 5~15719 - AZ77F ¥4
A BA 1.0 mg/18] TN 7HF B 9 3 E7) (B¢ 116 shoots) 7t
FAgo] #AEHAT} T SA(NAA; 01 and 05 mg/)F cytokinin (BA; 05
and 1.0 mg/¢] ZFAAE shootd] FE¢ Zole] AlFo] BTl v, =&
£ = (NAA 1.0 mg/l ©]4) <lA shoot?] F4& Ao o|Fojx| L, ¥
AE £719 € B9 w49 dod Aexart gAHAGT AdreidE 49
Hz9] shootg WEHo2 A oM shootd] T2 u)Fe] FPsAH

emzte] AEZV|ZHE #2 AES Tol7] A8 BE dgd 21 E
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ol &5 At Holx lem °)4 & 22 E shoots7t WiFHANA EEHo 74z &
Z& fEdV 9% AR ARG 05 mg/ll NAASH 3% 2F2e27 23
WPM #jA oA shoots®] #HZ&E&ol F 62%=2 7HF A derwx, #4749
shoot= Zo|7} ¢ 37 em, M1 56719 a7t AAHAT. 1.0 mg/l IBAS 1.0
mg/l NAAE SA H7H3& o, Zo] 35 cm, 4719 H&H7t =€ £ & A
Arh AL % dhYPoE FIAZAE FFILE GASHE, ¥2EE

ofe} Hele] £ Holx #AASA PiaEES EIrh EF, 05 mg/l NAAS
1.0 mM cyclodextrin Z& 9] shoots BA] °F 44%9] 4ZF &S el

. A AL Fol o FA(FET 4PN

« A2 2 Py

1. AEA S

B AgoA Alg3 FAANEE 20013 11€0 FFF AR Arige] A
FTEDANA enAl FXE FYste WAFUT)EASATIE 2002 58 A

A& FAE 500mL AztEetaAd Y3 Tween 2089% 3-488 ¥ o
FEEZ AR AHAAT A" FTAE FoddA 70% AdBEESd 1E
r A= T dusRE 33 "I e, 2% sodium hypochlorite(NaClO) &<l 5
o Awdlal, 3R 3-43] AFEHY gHATE Al €7tE S 2 o

FHn A sl A Asulg A3 ste wijAod xdata afFaAh

’

| ﬂ‘O

AL $EE Y3 wjx= MS(Murashige and Skoog, 1962) 71E 8} 2} MS
II(Merkle and Sommer, 1986) 7128} & AM&3lch(Table 1). MSTOHIA&
Blaydes(Witham et al., 1971)2] major salts, Brown® minor salts(Sommer and
Brown, 1980), Murashige and Skoog9] iron, Gresshoff and Doy¢] vitamins&
Z&3 WA 24, Merkle?} Sommer(1986)7F Z#d & £39 vsulE o] &3td
AANEE F=s7] A ARE" wiA otk o] =FdAE Merkle®
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Sommer(1986)7F A18-3t W v A& W “MSTHiA"et F3 e

NERAZzA A Ay 24-D(24-dichlorophenoxyacetic acid) 0.1~
40mg/L @=x7 2 24-D 01~40mg/L ¢ BAP(6-benzylaminopurine) 0.1~
10mg/LE 582 Z¥#Hestd MS sz MSO sixo zZ+zk H7slgrh
agla AEA frld nHE ABAQ AHE A A AFAAME 24D
0.1~40mg/L% ABA(Abscisic acid) 01~1.0mg/LE ¥=¥ =z MYt MS
B Aol 24zt A 7s S tH(Table 2).

Ao FEAY AzE MS 7] 2ujA o sucrose 3%E F7Fsti, MST 7]
Euf Ao casein 1g/L, sucrose 4%E FH7}8tdth pH 582 %311, agar 0.8%F
dArbstgen, 15719, 121T2 1583 ngEed ¥, 87x15mm 2719
petri-dishol 20mL# #3Fstgeh iz A e 25:2C Y SaoiA Wit

A2 22 9T dHAY AGRAFE H7F 5 4Rz =3
A 25e AEFagt 2uuF ¥ 455 HFoz 59 219 wiA
H AER) AEFE T3 T4, FAAZAG WG 85 Foll ZHAe] ATl
A YA A ey gys 2SS ZAEEY 2APYE S Aes AL &
o2 AAIGon, WENs BHEZY FAEAFE = ]7P Za FAAMEI
Aol Aol A FAAE HiE v B
5

# A2 ey ARAR Busd FEadt

3. AAxH YHFE

***HMH Fo9 Ry AHAZREH ALAEEES TR A5t HEA
ZAAN FAAHA @ MSHiAI 2 MST |l ztz AloiefEste] A A o)
o}ﬁt} YA L 25+2CY v A 2600-3,000luxe] FHA PJF
F71E= W 1672, & 8AteR stk Wd F 455 HFoes HAA
=9 ey gyas FARAY WAE Adudstd F4 R FAAZ
65 T AAE AP, WiNEE AAEu/ FFE WLy A

A+ &334k

_.u .__: 40

:{o

2 SL’ i o>’
=
o

o

4. 2ZA A A Ew 9] &

A dels2RE f8 FAEY AAETHE o) &std 2XAAEE 34
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S A=sPch #HAE MS 712uz, MS Z1E2uAd] 24-D 0.1mg/L @=H7}
2 24-D 0.1mg/L+ BAP 0.1, 05mg/LE ztzt EA7Iste ALt v 6
= Fo o)RAAZu7 HAE AAA Mo Asd ANEY AFE XA

33T

5 AEA AE3) £ 5
AATE FAAAL AH AYHos wFd ogd L AFdE AMEWE A

B3l MS 71Eu]%], MS 7128 GAz 0.2, 0.5mg/Le+ BAP 0.1, 05mg/LE

Ztzh H7bek A oA ol 2 A B9 RIS Frakdo. g 8F Fol

=2

shetel AeAm AR ANEH AFE 2ASAL
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Table 1. Composition of the culture media used in this study.

Concentration(mg/L)
Components
MS MSI
Murashige and Skoog  Merkle and Sommer
References
(1962) {1986)
Macroelements
NH:NOs 1,650 1,000
Ca(N03)4 - 4H20 - 347
KZSO4 - -
KNOs3 1,900 1,000
CaCl; . 2H50 440 -
MgS0;4 - TH:0 370 35
KH>PO4 170 300
FeSO,. THO 2738 27.8
Na-EDTA 37.3 37.3
KCI - 65
Microelements
KI 0.85 06
NazMoO - 2H,0O 0.25 0.025
H3BO3 6.2 2
MnSQO; . H20 - 6.06
MnSOy - 4H0 22.3 -
ZnS04- THO 86 40
NazH-POy . H.O - -
CuS0y4.5H0 0.025 0.025
CoCls. 6H0 0.025 0.025
Vitamins
Nicotinic acid 05 0.1
Pyridoxine HCl 05 0.1
Thiamin HCI 0.1 1.0
Myo-Inositol 100 1.0
Others
Glycine 2 -
Casein(enzymatic CHy) - 1,000
Sucrose 30,000 30,000
Agar 8,000 8,000
pH 5.8 5.8
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Table 2. Various combinations and concentrations of plant growth regulators

used for culture medium.

MS and MSII medium MS medium
Plant growth regualtors(mg/L) Plant growth regualtors(mg/L)
2,4-D BAP 2,4-D ABA
0.1 0.0 0.1 0.1
01 0.25
0.25 05
05 1.0
1.0
05 0.0 05 - 01
0.1 0.25
0.25 0.5
05 1.0
1.0
1.0 0.0 1.0 0.1
0.1 0.25
0.25 05
05 1.0
1.0
2.0 0.0 2.0 0.1
0.1 0.25
0.25 05
05 1.0
1.0
4.0 0.0 4.0 0.1
0.1 0.25
0.25 05
05 1.0
1.0
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V. 23 2 1%
1. 282 F &

LrAtel A&ElE MS uixI9F MST sjx|o] x3ste Aejx 2 sfEdag
2 f71e mAE AF=HEL 24-D9 BAPY E¥ S AN A3E Table 3,
49} o}

BHae JSE I3 25752 I REALEWA
Ao Me MSHiA o] 24-D9} BAP &Mt E @8 )
Aol gla, MSIeiAel 24-D9} BAP &3 tel e S343 oty £F
MSHIR| o] 24-D} ABA EFH el e wale] Aejxvte] WA WEd 2
gl M2 2 Gy wddag g

A A FEE 24-D @Ex29 B9 MSHiAAME 24-D9 =7 20mg/LY
o f=g& 25%, MSOujAME 24-D9] 527t 05, 1.0mg/LYd = ZHzh 45%, 40%
o FE&2 7PY Eth 24-De} BAPY xgAHEle ZA$ MSuAAME 24-D
05mg/L¢t BAP 0.25mg/L, 24-D 20mg/L$ BAP 0.1lmg/LE ETZH7Is wiA ol A
7zt 6% Fe&z o& Ao s} FIsA JERa, MSOHEfACdAM =
24-D 10mg/L$+ BAP 0.25mg/L, 24-D 20mg/L$} BAP 0.1mg/LE A7t Hf
AN 7 55%S) FEER G A@ 3o H&) F3dA dewth AFEEE
o] HYFx AME 24-D9 w7t BoldSFE Aels F2&2 A,
£3] 24-D 40mg/L9 BAP 00~10mg/LE &3/ AgFolyes BH27F &
HA ggieh Hl F(1996) AvEtele dsujzA oz e R AL F
2FEQ smg/LaME Aes FE7 dAHE Ao Yegtin Husigien,
(199N R HAEgAERY wiwa) Aels fF2A 24-DY 557 &
olAFE Aejx FEH|ES AXIYTL SHEd ol B APF dXIAT. =
3 BAPS F=o| gloiNE  24-DolA 9} nldskx 2 BAPY Aswrt wobds
E g dese fE2&e Zasgoh u 519922 wtAd ds fxEA
24-D 05mg/L @58, £ 24-D9 BAP 0.1mg/L7t &2 siAeA 7P &0l
FAFHUTG T Bt £ F (19942 wEA Asx {2 Y3 24-D
1.0mg/Le] BAP 0.lmg/L& AH7ste] ARgdtg o™ Merkle et al(1990)% 24-D
20mg/L9l BAP 0.25mg/LE d7}ste] AL&sisch webA emzte) Hetapu e R
A2 f718 A% AF2PEAY Agskd oMe 24-DY FE7F #ET

HAH7 AlAe L,
A0

N
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£ 221 BAPY FE7} @&E AR Aoz Azdn

Al Ao FAEA o)A, 4 MSHAAME 24-D 05mg/Let BAP
0.1~10mg/L, 24-D 10mg/L$+ BAP 01~05mg/L 2183 24-D 2.0mg/L%
BAP 01mg/LE EgH7Ie wANA f=Hdsd, 2594 24-D 05mg/Lel
BAP 0.25mg/LE #7138 sixelA 20%2 fr=&2 ohE Mg Tl v 7 &
39tk MSO#AAAE 24-D 05mg/L$t BAP 0.mg/L, 24-D 1.0mg/L%t
BAP 0.1~10mg/L, 18l 24-D 20mg/L$ BAP 0.1, 0.25mg/LE ZZ &3
74 WX SEHQOH, 1FAAM 24-D 20mg/Lll BAP 0.1lmg/LE E7H
AN 5% FEeE e Ao v s ZFHeAT. 23, 24-D
05~40mg/Le @EA Tl A Af2rt f71HA FA

aE s, wEA Bela fuld plRlE AllEF|U(BAP)S EFHE 2ANY 2
24-D ©EATFANE Iy Bart §71HRA @ken, &4 24-D9 BAP
o) EFATAMT WLy B2V FU1HAT 2R Wy BHAE
717171 M E 24-De) @EH7 BriE BAPe EFA/ME ¢ g3H ol
o dgdr.

enzte}l A&ujE MS wjA o MAste] Al R owpda Ags frld v
= ARzHEEA 24-D9 ABAY ¥ A ZAAE Table 59 2
g Aels f7)d oxE ABAY ZdE 24-D 40mg/Lel ABA 1.0mg/L
A BE AYTFNM B2 FEFHALH, BrI7 g FHAT] AT
Aol wuLA Aexvto] 4r1HAT wWeld, ABAXEE 29kl A=)
By g Ard %4 BEdHedeh olge g, ogt 2£(1993)=
g AAE fEaieEd oA 24-D 10mg/Le) ©@EAHIEERT 24-D
10mg/Lol  ABA 05mg/LE H7He 497t o d3sigdoe Bis 2 434
A=) 3kA) e ekch

a2, euzte] ALz RE wjag Aeisd §rldE 24-D ©EHL
24-D9t  ABASS E@FHstEcE 24-D9t BAPSHS £/ o &
W MS ZJEuAETE MST 71EujAe Frhss Aol o addde % &
At =3 AFZAEA AFkd YoM Le=RUE AFEAAM 9
EHHYE & F ANk TG g AH s 4L B HER YERS
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W ool= Aoz e dHoE ALYy WREOE FAHAY
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Table 3. Effects of plant growth regulators on callus induction from mature
zygotic embryos of Schizandra chinensis on MS solid medium
containing 2,4-D with BAP in various combinations after 8 weeks of

‘culture.

Plant growth

regulators No. of No. of No. of No. of Callus
(mg/L) inoculated induced embryogenic non-embryogenic color’
24-D BAP explants callus (%) callus (%) callus

05 0.0 20 3 ( 150 ab* ) 0 3 LY
0.1 20 3 (150 ab) 3 (15.0) 0 Y, LY
0.25 20 5(250a ) 4 (20.0) 1 W, LY

0.5 20 2 (100 ab ) 1 (5.0) 1 Y

1.0 20 1( 50ab) 1 6.0 0 Y

1.0 0.0 20 2 (100 ab ) 0 2 LY
0.1 20 4 (200 ab ) 2 (10.0) 2 W, Y
0.25 20 4 ( 200 ab ) 1 (5.0) 3 LYY

05 20 1( 50ab) 1 (5.0) 1 Y

1.0 20 0 0 0 -

2.0 0.0 20 5(250a ) 0 5 w

0.1 20 5(250a ) 1 (5.0) 4 Y

0.25 20 0 0 0 -

0.5 20 2 (100 ab ) 0 2 LY

1.0 20 2 (100 ab ) 0 2 Y

4.0 0.0 20 4 (200 ab ) 0 4 w

0.1 20 0 0 0 -

0.25 20 0 0 0 -

0.5 20 0 0 0 -

1.0 20 0 0 0 -

*, Mean separation within columns by Duncan’ multiple range test,
significant at the 5% level

Y. W: White , Y : Yellow, LY : Light yellow

_.188_



Table 4. Effects of plant growth regulators on callus induction from mature
zygotic embryos of Schizandra chinensis on MSII solid medium
containing 2,4-D with BAP in various combinations after 8 weeks of

culture.

Plant growth

regulators ~ No. of No. of No. of No. of Callus
(mg/L)  noculated induced embryogenic non-embryogenic olor’
explants callus (%) callus (%) callus
24-D BAP
05 00 20 9 ( 45.0 ab" 0 9 LY
0.1 20 7 (350 abc) 3 (15.0) 4 Y, LY
0.25 20 1( 50e ) 0 1 LY
05 20 2 (10.0 de ) 0 2 Y
1.0 20 0 0 0 -
1.0 00 20 8 (40.0 ab ) 0 8 LY
0.1 20 9 (450 ab) 5 (250) 4 Y
0.25 20 11 (550a ) 5250 6 LYY
05 20 6 (. 30.0 bed) 3 (15.0) 3 Y
1.0 20 3 (150 cde) 2 (10.0) 1 Y
20 00 20 3 ( 150 cde) 0 3 LY
0.1 20 11 (550a ) 9 (45.0) 2 Y
0.25 20 5(250 bede) 1 (5.0) 4 Y
05 20 0 0 0 -
1.0 20 0 0 0 -
40 00 20 1( 50e ) 0 1 LY
0.1 20 0 0 0 -
0.25 20 0 0 0 -
05 20 0 0 0 -
1.0 20 0 0 0 -

*. Mean separation within columns by Duncan’ multiple range test,
significant at the 5% level
Y. Y : Yellow, LY : Light vellow
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Table 5. Effects of plant growth regulators on callus induction from mature
zygotic embryos of Schizandra chinensis on MS solid medium
containing 24-D with ABA in various combinations after 8 weeks

of culture.

Plant growth

regulators No. of No. of No. of No. of Callus
(mg/L) inoculated induced embryogenic non-embryogenic color’
24D ABA explants  callus (%) callus callus
05 01 20 3 (150 ab") 0 3 W
0.25 20 2 (100 ab ) 0 2 W
05 20 1( 50 ab) 0 1 W
1.0 20 1( 50ab) 0 1 W
10 01 20 5(250 ab) 0 5 W
0.25 20 2 (100 ab) 0 2 W
05 20 3 (150 ab) 0 3 W
10 20 2 (100 ab ) 0 2 W
20 01 20 3 (150 ab ) 0 3 'Y
0.25 20 6 (300a ) 0 6 W
05 20 5(250 ab ) 0 5 W
1.0 20 3 (150 ab) 0 3 W
40 01 20 1(C 50ab) 0 1 W
0.25 20 2 (100 ab ) 0 2 W
05 20 1( 50ab) 0 1 W
1.0 20 0 0 0 -

*. Mean separation within columns by Duncan’ multiple range test,
not significant at the 5% level
Y. W: White
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Callus induction(%

Concentrations(mg/L)

Figure 1. Effects of MS medium containing 2,4-D with BAP in various

combinations on callus induction from mature zygotic embryos of

Schizandra chinensis after 8 weeks of culture.
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Figure 2. Effects of MSI medium containing 24-D with BAP in various

combinations on callus induction from mature zygotic embryos of

Schizandra chinensis after 8 weeks of culture.
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| Zdos wegln, Ao =& AzzRE AAxurt 4089, 1 9
o #Hie AAZHL FAHA G gy Aefxwie] FAHAT AMEH
T Aie FRet ujA] HE TN FAE AMxwrt FAHAT A
e 2-3704 e A% JeH ez R Ao 4HE A: AU+

A A AE MST 7] 2R oA jFd F¢e F2rt e 5402
Heta, &% dejsgiy AANEwrL FAHReH, 2 99 Aegxe AA
Zol7t AEA G el AAE Bt gskrh AAxuie HEis wiA
sbe] HE FAelA 2o 7Y AAMERIT S AT

AAER] FHES MS 7| 2uA AN fEE F5 85.7%9] F=&
o, MST 71 2u A A wjdd F5 107%=2 MS 71E2ufA] ol vjaf v
BT
A B AE A EY FufAld AdujFd 657 Fol MM Euje T
A F=HjA 9 234 2AE A MSO 7| EujAld] wigsd gy Aes Fo
A AARZE SAHA] G2 AYEE AEstd MS Z2ujA 9 MST 7] 24l
Aol Al Al g 2= Table 73 ),

MS 712l s Adidad 2573 gejze] AFF-ob wix] HEF-H A
T8 AMAZesE LA v, MST 7|2 A A e AAZu7t P4 A
Fet AAEuie FAHELS MS 7| RujA oM wj g B 222%9 FEEE
BRon, MST 712w oA BjFe B AAZE7E Fr=dA @t

aHeg, erAe JsulREE fr]dE e B2 AMEHE #=
¥ 3% MS 7| 2ujA 7 MST 712ufA BT of astdelztn & + o

euzte] e RE f71E BYzdA Az TAYELS Figure 3%
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Aago] wgt AAEE AAE(Figure 3D)2 AA o & ¥ (Figure 3E)2.2 ¥
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A g F87)9 AAMEul(Figure 4A), ¥ MY AFE Ze A A Ew (Figure
4B)7 #EH e, &y Age M Eu(Figure 40)= #EEHAG 281 A
AEuje] HolaH o= AR 7 Zr| gt A wjFo] LEIFA ¥
ek waslE A (Figure 4D), #jEo] vth A8 A3t= A(Figure 4E), 233 %
7] dotdAC Qe AAMENY fFopollA 23 AMAMEsf7F TAHE= RA(Figure
4F)o] #AANTY. 1 T(1997)& AAE= 2Z FHAAA 1-3/49 AEE e
AMMAE vje} JBRge] AAXur BFHAYUDT BT £33} FFUHFY
AAZe 2 FAHANNE BEgPAHol} YEY 5 713 (abnormal type)o] B
o] JEIRTHE %, 1999). :.E] Z7] AMAE ] wi&Feoly el 23, 3
b AAZEZE FAHE B Qluet F, 1993), AAEH ] LopAAPAA A
ol v GRAY wFol NFeA Rite A+E JUTHE 5, 1994).

ARG AAEE A2 AMESE DHF FAV d=d 53, 4Ed
o] gl AAHA AL H|sled AAYE] FF3] HolXtH(Kerns et al,
1986). & F(1994)2 AAEulo AFFeo] wet AEH HJYELS A 9
3t MS 71 28R 2} 0.1lmg/L IAA, 1 mg/L BA, Img/L GA3 ¥ 05% &84&<
Zkzt MS 7jEujxo) Hrbsle v A, AEH AYELS dirHor F 7
o ARE e AAAQA wizb o] AgE ZE u, Y2 2 73719 AA
Eufol] H)ste) Edhn Rudgc B APeAx Heduge AAxuje
AN AFE e AAENE Lol (MS + GAs 02mg/L)2 Aliste wjgd
A3, HEANZ ARHA G

=

Table 6. Effects of MS and MSI basal medium without plant growth
regulators on the induction of somatic embryos from embryogenic
callus induced from mature zygotic embryos of Schizandra

chinensis after 6 weeks of culture.

No. of No. of
Basal medium Embryogenic callus Embryogenic callus
inoculated inducing somatic embryos (%)
MS 14 12 (85.7)
MSIO 23 3 (10.7)
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Table 7. Effects of MS and MSI basal medium without plant growth
regulators on the induction of somatic embryos by secondary
culture of embryogenic callus of Schizandra chinensis on the MSTI

basal medium after 6 weeks of primary culture.

No. of No. of
Basal medium Embryogenic callus Embryogenic callus
inoculated inducing somatic embryos (%)
MS 9 2 (22.2)
MS1 8 0(0)

3. 23 A A X B

AR AEH ALe A4 BAES Fostna Wy BsdA
%718 FA9e IAAAEHRZIE 2AAMLNE FEF ARE Table 83 2

v‘l

3 FHx B A%, ¢Ag MEAS 2o ATk #4E | 7
g 7]Ee) widAl A2z RE Yt fxv H
AA A E 7 A EH7 A EsEA T
22 A A Zuf ) FA el QlojA, 4 MS Z|EujAjo A wjFdt B9 ALTEA 2
TRy walo] FAY AMEule] FHOZRE 23A A EuisF HASHA T
o] Ayl FAstg oy, MzAe e FdMo 2 ¥ (Figure bA). 45
HEE dFo A |3 49 offygulE A<= HA(Figure 5B), Al
Zto] 75’54'@@] mg gy Aw3t AdFEusE dds Ao (Figure 5C). 2,4-D
2 24-D 01mg/L9 BAP 0.lmg/LE EFH I wiA]odlA
d Ag WAL W A AME FHo] BastE A WEl AEA2
ZAsQm, A2 43 =8 E i kFigure 5D). 2,4-D 0.1mg/Lel BAP
05mg/LA7He wiAlelA weed A AAEwE A4 A9 NEA2 HIH

=
)
2
2
2
=
oY
e
™o
N
ok
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AAAEw ] FHES MS 7| RBuiX A wjEFEd B 90%Y &S BHA
o5, & AN E 2z 7t 2R okt B SR E v A sl A
ZALRE A= 2ZAA A X JleE MS 7| ZuixA F 5270, B 52700

JHeE, IAAAERZRE 2AAAENE F=8 F MS7|2uiA 7} 24-D
@537 R 24-Ds} BAPY E¥AsMEGE o adAesn & &+ Ao 2
i 24-D @537 2 24-D9t BAPY EFE/tE AAEwe 2SS At
, 3] AZEGO] o]FAAHA Ay 2dtEe oz AAAT

Rl

Table 8. Effects of plant growth regulator treatments on the development of
secondary somatic embryos from primary somatic embryos of

Schizandra chinensis after 6 weeks of culture,

No. of No. of Total no. of
Media and treatment primary somatic explants developing mature secondary
(mg/L) embryos secondary somatic  somatic embryos
clutured embryos (%) (mean)
MS control 10 9 (90.0) 52 (5.20£2.15)
MS+24-D 0.1 11 0 0
MS+2,4-D 0.1+BAP 0.1 11 0 0
MS+24-D 0.1+BAP 05 10 0 0

3. 4=A AEs3}

Lrjate] v Aex2RE {719 AAZFAN Az FAFHE A
A AdAer G2 oY MMz AFE AATHE Ndstd JEA =2
o) 44¢ $EF A3} Table 99 2ot |

AEA F3¥dE MS #iAlo] BAP 0.1lmg/LE 7M1 #jAdME wj% 55%F
A A2l FrobfE oA shoot7t BAH 7] AZstArh shoot LS T X AHA
B 3 olde E717 FAR o2 A AY(Figure 6A), 2718 £717F A% H

- 196 -



= Ax ANt (Figure 6B), B9 21L& o]Foix2] gl 3H, 1/2 MS
iAol M= A FEFEAA A2 Ryt YAHASH, HaldE 170(
Figure 6C)®%& 27} (Figure 6D)o] vt 28y #32 AAHA @i,
A2l Z = £ shoot BEe] A MS iAol BAP 0.1mg/L, GAs 0.2mg/L
g A7te ATl 77 20%, 10%S HAES BT 28 By $go
oJAE F@FE WA 1/2MS iAo A 333%9 LTHEE BH.
aHER, evxte AMEMZEE AEH9 MEd e MS 7|2 R
£ WA 1/2 MS #iA 9 AFxe BAP 77 o Addd e #3d +

fass

F
A

ool o FAY FA AIFREM 9T AEAE IA EIJPoenE o]
of ¥ A77F A& ojor 3}

¥ of

k9

Table 9. Effects of various plant growth regulators supplemented to MS

medium on organ induction from somatic embryos of Schizandra

chinensis after 8 weeks of culture.

) . % of embryos regenerated
Media and treatment No. of somatic ? v &

(mg/L) embryos inoculated ) )
shoot formation root formation

MS control 3 0 0
1/2 MS control 6 0 33.3
MS + BAP 0.1 10 20.0 0
MS + BAP 05 10 0 0
MS + GAs 0.2 10 10.0 0
MS + GA3 05 10 0 0
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SHEARAI A AMEREY B art G4 A

AE A9 AFFAE VENLH ojdM Z77F Arix

FEER ARG A A HEAuE v gete] wEd A

Table 10. Effect of plant growth regulators (PGRs) on induction of
embryogenic callus from zygotic embryos of Schisandra chinensis after
8-weeks of culture on Merkle and Sommer’'s (1986) medium and, development
of primary somatic embryos from these embryogenic calluses on PGR-free
MS basal medium

Embryogeni
PGRs (uM) TYOREMC | Nature of Zygotic embryo |Somatic embryos/

callus induction
24-D |Zeatin callus response g of callus*

(%)
9.04 0.04 967 + 1.44 GWF E 46.67 + 0.72
9.04 0.09 32.00 + 1.70 GWF HE 61.67 £ 0.72
9.04 0.18 567 + 0.72 GWF E 20.00 £ 0.00

*fresh mass of embryogenic callus

Each value represents mean S.E of three replicates per treatment. GWEF:
Greenish White and Friable, HE: Highly Embryogenic, E: Embryogenic
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Table 11. EFFECT OF PLANT GROWTH REGULATORS (PGRs) ON THE
INDUCTION OF EMBRYOGENIC CALLUSES FROM ZYGOTIC EMBRYOS OF S.
CHINENSIS, AFTER 8-WEEKS OF CULTURE ON MERKLE AND SOMMERLIS
MEDIUM, AND THE DEVELOPMENT OF SOMATIC EMBRYOS FROM THESE
EMBRYOGENIC CALLUSES ON PGR-FREE MS BASAL MEDIUM

PGRs (uM) Mean no. of somatic embryos / g embryogenic
callus
Mean no.
of zygotic
ef;nrzlrﬁgs Nature of] Globul Cotyled
2-4-D | BA | Zeatin embryogen callus o_u | Heart-sha | Torpedo-shaped [onary -
ic callus stage ped stage stage shaped
o stage
(%)
0.00 - - - - - - - -
2.26 - YWLF - - - -
4.52 - YWLF - - - .
6.78 - YWLF - - - -
ef 6.7fi
904 | - - |2.3%£0.27| GWLF 0.72 - - -
11.30 - BC - - - -
13.56 - BC - - - -
2.67° % 13.67°+| 84°% c 17° +
9.04 (0.11| - 0.27 GWF 0.72 0.27 50°+0.47 027
" 183%+ | 11.5° be 34 =
9.04 {022 - |7.0°+0.00] GWF 0.72 10.27 6.7°+£0.54 027
213+ 30.0°x | 21.7 b 84° =
9.04 |0.44| - 027 GWF 0.00 ©40.27 11.65°+£0.27 0.27
c 46.7°+ | 250 b 11.7° =+
904 | - | 0.04 |9.7°+1.44 GWF 0.72 b10.47 15.0° £0.47 027
32.0°+ 61.7°+ | 334° a 184° =
904 | - | 0.09 170 GWF 072 10.72 20.0°+ 047 027
567"+ 20.0°+ |10.0%°+0.4 c 34%+
904 | - | 0.18 0.72 GWF 0.00 7 5.0°+0.00 027

Each value represents the mean® S.E of three replicates per treatment. The
data were statistically analyzed using DMRT. In the same column, significant
differences according to LSD at the P(0.05 level are indicated by different
letters. GWLF: Greenish White and Less Friable, GWF: Greenish White and
Friable, YWLF: Yellowish white and less friable, BC: Brownish Compact
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WE FeER A7 wiAe M 22 A EE et B sxd mE
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Fig. 3. Effect of L- glutamine on induction of secondary somatic embryos

(SSE) from primary somatic embryos formed on MS-PGR free basal
medium
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Fig. 4. A) Primary somatic embryos; B-D) Secondary somatic embryo
formation; E) Germinated cptyledonary somatic embryos showing
shoot and root; F) A handened plant; G) SEM photograph showing
globular stage embryos; H) TEM section of embryogenic cell; I) C.S.

of embryogenic callus
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Fig 5. J) LS. of globular embryo; K) L.S. of torpedo-shaped embryo; M) L.S
cotyledonary embryo.

5. A A Eufe] o uf g

Fig6. enate] Mg dgad2 4 dAHuFFd A3 EF7]
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Fig. 7. £017 devhokel g AAEe 54
A MG B: AeulF FAAAEN C&D:AAMA NN T A A
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Fig. 8. Axe Egaz
AT ZIAE B: 2HEZGA C: 4N EGA D:7gu] AGA

E . F <

Fig. 9. AAxvje w73y
A:Tgu] B: A% ¥u) C: F7) A3Yu DoAY vl E&F: F7] 9P
G ALY w, HitolE<Q u)
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Fig. 10. A A X uf¢] Lo}y

V. 3d&

2 a7 2AWY V1EE AAE RS Bt 283 7UFAUE 7
}57_ A oHRte] A&ulZEE wpdA AYAE $7)5 3 o5 AYAZHE
Az} = R AEA QLS vXe wiA] 2 AEAGEHEDY] &7
o] zAlSIE Y v 1 Ade eIt 2o

S

FL

1 A JFAMERE des fxo nXe AF2EdERe] JFE A3
A3 24-D @d5AHEY AS MSHIAAME= 24-D9 5%7F 20mg/LYd W
=& 5%, MST A ANME= 24-DY FE7F 05, 1.0mg/LY W ZHzh 45%,
40%9 F=&2 73 itk 24-D9} BAPY @A lef A-$ MSH|A o A

+ 24-D 05mg/Let BAP 0.25mg/L, 24-D 2.0mg/L¢ BAP 0.1lmg/LE &%

o
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A7bs wj A A Zhzb 25%9] Fx&, MSOuA A s 24-D 1.0mg/Let
BAP 0.25mg/L, 24-D 20mg/L$} BAP 0.lmg/LE EFH /I3 wizlolN 24z
55%° fre&2 & AT v by Fastdn AdxdEde] A
Frod SlojAE 24-Det BAPY FEvh weld 4R Aox fr&ol b3
At

At PRy g g Az 42 MSHiA M= 24-D
05mg/Le} BAP 0.25mg/LE EZF A7 w4 20%2 =&, MSTHA|
M= 24-D 2.0mg/Le BAP 0.1mg/LE EFA7FE wiAedM 45%2 &=
2 o0& AT wE bF aFAequrh 2y, 24-D ©EEAHE T
ol dYart 21894 gen, @A 24-Dek BAPY A
AR EEA e rt f7] 5 i

AR FrEE gy AHAE MS 2 MSH ZE28AR §A4 MAXL
el AL Axd A MS 72N wgFd Bf 867%Y FE=&S
BRoem, MSO 7|EuiAo| A wikst 2§ 107%= MS 7]2ejAe ujsf w2
< FEES Bt AMEue] wAGES MS wAdAME wiF 3FF T
dEY AMEuIL HASH L, wjFr|zbe] ArE wet AAEE AA o
FPor e T 2] AFYY AMEuz dEsFry. ik, MSIT H
AdM= FdEe] AAEuE dEE AA3E 2 oo wudA X3t

a A AT

C AAZE Y] BAE S FUistazt g gz frld TAEY 134
AEZZHE 2XAMNEIE F=d A 23 AAENS FPES MS
2ol AN 90%e fFEES HIon, O AFAME 2L F
AeA FAh A& olAA AT A MS ZEuA A F 5271, 3
+ 5278 th

N

CAAZE BAAAHS AR AAHor wadE oFHY A AFE AA
¥ 2RE AEA AR vAE 27HA AZHEHE ZANY ZH#E shoot
wge] A$ MS uiAd BAP 0.lmg/L, GAs 02mg/LE A7 X2 Tl A
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2+ 209%, 10%9] 2A8E, zea A¥e Fdd QloME EFE A
1/2MS ui=} oA 333%< &S BT

o)A M Eue] AN E L-glutamine 250mg/LAA 45%% 7}F FXnTE
wj gl 3 FA = 7HEst A

4 A2 8 FHAY(FLA )
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1) Az FH
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A A44e AFzAAA BAE st 4S54 o ASsn Hld
o] 9th zEla 8FF ¢ BAY X0l wE& FIe&d A5, AT
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AEE ; IR N EHERE)Y U2 49 423 adE oo wE ¥
< JHA T Yok gerAe A42S AANG A 25-30¥0] B3 H
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Table 12. G erjzte] A& Wy
HAA A IBAS X A oA | E 2 E Ry E 2 &%)
== 3ppm 31 24 12.6+7.6 77.0
FeteE 50ppm 11 9 11.0+4.8 82.0
=R 200ppm 3 2 125455 67.0

A 2003, 8. 20, ZAFY: 2003. 9. 20

Fig12. o=} Ar=ut
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dlate) &7 FHE 5 YOBE Yol AFHoAm YE
que ool gAT BAgde FA4el BY FAHY
o] I AL WA ek 197013 oA g?

ATFIE o1 F 159%) 3o AFHA
Ao g A7 $HF olF P Tl HAdge A #Fd AFE ¥
F3 AAdge] BHEY B FFEC) o Foix 1 JEd HT BojME 20009
ol F @3 Bt 15 o4 w=BEC] EHD Yt AR Bol UG B
T 2L ArE] o|FolAL grtm B & vk

AFGN FAME EHA APl E o] 5V F3hol 43 AT
Ao Zggcte] B8 A7y AV FALGE(EFE) FASH ATFDAA
Zol 227N 488 dol 19 NS4S d7stn BEIde FE A7
HEo] SERE 9YRE o§3tE dFEE WYz v

A7 2fuR dvl 28 9% A %L Wl AN AT ZHo| WR
O FRFFAYC 3~4 £ g sty oy AR FEEA 9%
A4 ATAN FELEE, I, WdFE 5 G849 HA x0L Fed 2
53¢ Tk =23 AT FHelg o)4d WA A A7 E T U
o1& YEE ol83tq veAE ol AUFPelE B E ATE 2
o olEX Be AEYEE oEY ¥e A7 YHAL UAT SEFE o &

%E%}O% 4, 9, #g4dd, 249 A F
= = 1 EAo] g 371X sjdAE WEge A
= AAES vudigon Bod wE Aaaie)g wwsaly

O d43xs ¢ 3y

1) 4848

£ A¥dAMe ST &t % F 59, 9Ed, dEEH FHUYFY
o YA, o, £9E 20019 585 A} AAAZAN AAE AL
or dA9 ¥ o 200g, 7 350g, WAA 360g, £ 100gE BELE A
43t AE As5E AFES AL en FAE 39 15~17g22 3t
EAZE FRHAIK(SOs): - 24H:0, ¢FulamidAl), Ca(OH) (22 =l |A)),
FeSOs THO(E M G A S AHE3tH on z+zt A EF A9 5%E Ab&3te] FojdH
o2 wjdstAh
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2.9 33 25

Table 1& SW<] 2 $9)9) 42 4% A2 L, a b 9 H V/CY 3
& vehd Aotk 2t R9vt m% FAAG) Aol BANYAY 7} oy, o)
GAME BES AT, A% ot UE AL B 4 A Qe I, F9E
e =g Agde AN WY W =, 2IL AN wFe sEoz
BES Aol N Aol wYT

Al

o Ferlg AoolN BE AL 1522 B AFE vehe) T8 7
A& & AN AlfLAA Ferl@Bo2 248 BEe} HEsb gy ol
Ae Aem wol Mol JFYAm FaAE A % 5 Utk

FAEE UWRY Q% 2Ae Axt we FUL RYoH +79 A% 4
AL BE, AT 24 Fee B 5 AN AP AEE Be A4S
g ol 5P Yehkon e el e JEt 24 vebgu,
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Table 1. L, a", b and Munsell color system of silks dyed with Magnolia kobus

Dc.

L a b H V/C

Blank 88.459 -0.175 2.356 5GY 9/1
Al 78.004 -0.546 24.589 5Y 8/4
leaf Ca 69.915 0.482 19.967 5Y 7/3
Fe 59.359 0.779 12.961 5Y 6/2

Al 78.776 2.428 18.075 25Y 8/3
bark Ca 73.185 2.705 17.241 5Y 7/3
Fe 67.669 0.157 9597 10Y 7/2

Al 70.332 4767 19.342 25Y 7/35

root Ca 53.485 8.298 20.378 10YR 5/35
Fe 54.899 1.454 9.157 5Y 5/15

Al 69.391 2.683 34.447 5Y 7/55

flower Ca 56.782 5.415 29.564 25Y 6/5
Fe 48.424 0.428 13.443 75Y 5/2

Table 2% H2&e] 7 7919 G4z F4% 228 L ab 9% H
#e verd Helth 2 R BF FAALY o] HAHAA Y 2} 9]
MAxEsE Jeot G5, Aol A xpol7b b

<
® o

i
fav)

E‘ s AA pes 7‘<n’\% =
AY wd, FoE U ANud, YRS AP B9 @ =FE SFoR
w9t AR FHolg Bk BU AlNEY A A= 72 A BA F7

43¢ 2 4 Ak
A B w9 Yut 23 2n Ak v 3T
e Aol His FEsh A=t 23H ol AL B & Utk Fellde o
So AEA AR Rol olFn AAS HLE ehisc
BEE WAL, R, 9 $AL RS golAE 5
$ AR Y

!

LI FHe #9AE v
gAY AEar 2 AL 2 S Y}
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Table 2. L7, a", b” and Munsell color system of silks dyed with Magnolia

denudata Desr.

L a b H V/C

Blank 83.459 -0.175 2.356 5GY 9/1

Al 69.852 4.063 38.786 5Y 7/6
leaf Ca 60.642 8.245 26.656 10YR 6/5
Fe 53.375 -0.173 12.718 75Y 5/2

Al 78.984 2.407 13.941 5Y 8/3

bark Ca 77.213 3.261 15501 5Y 8/25
Fe 74.001 2.289 14.096 5Y 7/25
Al 53.028 12.997 1855 75YR 6/4
root Ca 51.551 12.899 21.86 75YR 5/4
Fe 46.926 4331 8.786 25Y 5/2

Al 68.608 4.066 45.238 5Y 7/7

flower Ca 57.238 5.154 31514 25Y 6/5
Fe 40.118 2.269 17.937 5Y 4/3

Table 3& YEZH 7 ¥ 9o Az A% AZEY L,a b ¢ HV/C
9] g ved Aol 7 Bl BF HFAAGY Mo] wAHJAT I F9)
d, EAEE Bxe Ax, MM el v RHE B o5 sk 22 FHFH
3 =7, o e xF, PR =, £US HAHY =FE UIE
2 3z AxA XolE BT

AlffgedA e 587 H<d AFS JERRD Carl@L dFE°] AldR

o

o BEs AT Be AL mAT £ Al AT o wA e
B PellgE £9E AN The R W= AEt B AFE e

WA

A9 AL & FFRY ¥Et e AFS o}
o2 AlddEY Camld 9 agtel &A E4E A& £ F J2x A= A4
W Hxd fre Hojrt X ¥ AT Hol u|sdd Mitolzin

L ELE gl ol widAE AxWIst 24 vEET
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Table 3. L", a", b” and Munsell color system of silks dyed with Magnolia
obovata Thunb.

* * *

L a b H V/C
Blank 38.459 -0.175 2.356 5GY 9/1
Al 62.033 6.047 31.006 25Y 6/5
leaf Ca 55.87 4.428 21.678 25Y 6/4
Fe 46.705 2.237 14.702 5Y 525
Al 75.434 4.06 15.209 2.5Y 8/3
bark Ca 63.511 4.487 17.327 25Y 1/3
Fe 65.908 1.695 10.969 5Y 7/2
Al 68.449 5.964 21.162 25Y 7/4
root Ca 55.768 6.144 18.229 25Y 6/35
Fe 47.457 1.037 6.335 75Y 5/15
Al 71.804 5.147 23.08 2.5Y 7/4
flower Ca 46.84 13.631 26.856 75YR 5/55
Fe 37.99 3.384 7.938 25Y 4/15
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Table 4. L", a", b™ and Munsell color system of silks dyed with Liriodendron

tulipifera L.
L a b* H V/C
Blank 88.459 -0.175 2.356 5GY 9/1
Al 74.403 -0.156 27.155 5Y 7/4
leaf Ca 66.619 1.52 22.228 5Y 7/35
Fe 63.848 1.425 14.827 5Y 6/2.5
Al 71.842 6.159 26.004 25Y 7/4
bark Ca 67.883 6.282 24.332 25Y 7/4
Fe 68.963 3.802 17.964 25Y 7/3
Al 62.729 10.679 19.455 75YR 6/4
root Ca 55.338 11.446 19.728 75YR 6/4
Fe 52.29 5.245 9.287 10YR 5/2
Al 80.064 -2.468 32.227 75Y &/5
flower Ca 64.763 2.907 24.667 5Y 6/4
Fe 57.426 -0.442 14.01 75Y 6/25
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Table 1. 33 $% 9 L BY 2222 448 a9 44

Species Auxiliary dyeing Mordant
agent non Al Cu Fe
Control 10YR7/3.5 2.5Y 7/3.5 2.5Y 7/4 5YR 5/3.5
M. kobus(L) Skim milk 10YR 7/4 2.5Y 7/4 2.5Y 6/3.5 5YR5/3.5
Soybean 2.5Y 7/35 2.5Y 7/4 2.5Y 6/3.5 5YR5/3.5
Chitosan 2.5Y 7/35 2.5Y 7/3.5 2.5Y 6/3.5 5YR5/3.5
Control 10YR 7/3.5 10YR 8/4 2.5Y 7/3 2.5Y 6/3.5
M. liliflora(F) Skim milk 10YR7/35 10YR7/35 2.5Y 7/3 2.5Y 6/3.5
Soybean 2.5Y 7/4 2.5Y 7/4 2.5Y 6/4 2.5Y 5/3.5
Chitosan 2.5Y 7/3 2.5Y 7/3 2.5Y 6/3.5 2.5Y 5/3.5
Control 2.5Y 7/5 25Y7/5 5Y 6/4 2.5Y 6/4
M. Skim milk 2.5Y 6/4 2.5Y 6/4 2.5Y 6/4 10RY 6/4
denudata(F) Soybean 2.5Y 6/4 10YR 6/5 2.5Y 5/35 10RY 5/3.5
Chitosan 2.5Y 6/4 2.5Y 7/5 2.5Y 6/3.5 10RY 6/4

*L : leaf | F : flower
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Table 2. 283 +% 9 2 £ F2B2 349 49 44

Species Auxiliary dyeing Mordant
agent non Al Cu Fe
Control D5Y 7/35  2.5Y 7/35  25Y 7/35  SYR5/35
Skim milk 25Y7/35 25Y7/35 25Y6/35 5YR5/35
M. kobus(L)
opus Soybean 25Y7/35 25Y7/35  25Y7/4  5YR5/35
Chitosan 10YR7/3.5 2.5Y7/35 10YR7/35  5YR5/3.5
Control 10YR7/3.5 25Y8/35  25Y7/4  25Y6/35
B Skim milk 10YR7/3.5  25Y7/3  25Y6/35  25Y6/35
M. liliflora(F.
ilitlora) o bean 2.5Y 7/4 D 5Y 7/4 25Y6/4  2.5Y5/35
Chitosan 25Y7/3  10YR7/35 25Y 635  25Y 6/35
Control 25Y 7/5 D.5Y 7/4 D5Y 7/4 2.5Y 6/4
Skim milk 2 5Y 6/4 2.5Y 6/4 2.5Y 6/4 0.5Y 6/4
M. denudata(F
enudataF) o\ eon 2.5Y 6/4 2.5Y 6/4 2.5Y 6/4 10RY 6/4
Chitosan D 5Y 6/4 D5Y 6/4 D 5Y 6/4 2.5Y 6/4

*L, ! leaf , F : flower
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Table 3. 2T} +8 43 2282 Q4% 349 4y

) Auxiliary dyeing Mordant
Species
agent non Al Cu Fe
Control 2.5Y 8/3 2.5Y 8/4 7.5Y 8/3 5Y 7/2
M. kobus Skim milk 2.5y 8/3.5 2.5Y 8/3.5 7.5Y 8/3.5 2.5GY 7/1
’ Soybean 2.5Y 8/3.5 2.5Y 8/4 10Y 7/3.5 5Y 6/2
Chitosan 2.5Y8/4 2.5Y 8/3.5 7.5Y 8/3 10Y 7/2
Control 7.5Y 8/3 2.5Y 8/3.5 2.5Y 8/3 5Y 7/2
M. Skim miik 7.5Y 8/3 7.5Y 8/3 10Y 8/3.5 5Y 7/2
denudata Soybean 2.5Y 8/4 2.5Y 8/4 7.5Y 7/3.5 7.5Y 7/3
Chitosan 2.5Y 8/3.5 2.5Y 8/3.5 7.5Y 8/3 10Y 7/2
Control 7.5Y 8/3 7.5Y 8/3 7.5Y7/35 7.5YR7/2
M. Skim milk 7.5Y 8/3 2.5Y8/3.5 5Y 6/3.5 2.5GY 5/1
obovata Soybean 2.5Y 8/3.5 2.5Y 8/3.5 5Y 6/3 10Y 5/1
Chitosan 2.5Y 8/3.5 7.5Y 8/3 5Y 7/3 7.5GY 6/2
Table 4. 593} $2 £ 222 94% &9 44
Species Atuxmary Mordant
dyeing agent non Al Cu Fe
Control 2.5Y 8/3 2.5Y 8/35 7.5Y 8/35 10y 7/2
M. kobus Skim milkk 2.5y 8/3.5 2.5Y 8/3.5 7.5Y 7/3.5 25GY 7/2
Soybean 2.5Y 8/3.5 2.5Y 8/4 7.5Y 7/35 7.5GY 6/2
Chitosan 2.5Y 8/3.5 2.5Y 8/3.5 7.5Y 8/3 10y 7/2
Control 7.5Y 8/3 7.5Y 8/3 7.5Y 8/3 5Y 7/2
M. Skim milk  2.5Y 8/3.5 2.5Y 8/3.5 10Y 8/3.5 BY 7/2
denudata Soybean  7.5Y 8/3.5 2.5Y 8/4 7.5Y 7/35 5Y 7/3
Chitosan 2.5Y 8/3.5 7.5Y 8/3 7.5Y 8/3 10y 7/2
Control 2.5Y 8/3 2.5Y 8/3.5 5Y 7/3 2.5GY 7/2
M. Skim milk 2.5Y 8/3.5 7.5Y 8/3 5Y 7/3.5 2.BGY 5/1
obovata Soybean  2.5Y 8/3.5 2.5Y 8/3.5 5Y 6/3 10Y 5/2
Chitosan 2.5Y 8/3.5 7.5Y 8/3 5Y 7/3 7.5GY 6/2
Hor, AxE 1~35 Alo]2 FajAd) Jl7he B AAe el
A9 FR mE @4 54 2AFY $£59 £9) F2EZ 4T A9
3%, 29 9 9 Y 2B GNY Feote v FUAY wxge] Fol
E A e Aoz Jegt 4Rz At 2 Addge nxe o
T ES 23 9 R BRI 222 947 399 3L dehon, waai
GHuzAY At ViR gA449 F4E HAgTh A4 B2A A
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Table 5. B3 2 4 X Y 3322 A% H4A9 Y3HAE) 2AEH
Species Auxiliary dyeing Mordant
agent non Al Cu Fe
Control - 2.77 5.69 22.52
M. kobus(L) Skim milk 4.87 6.85 8.30 25.19
Soybean 8.22 6.28 9.28 22.70
Chitosan 4.24 1.62 6.58 19.54
Control - 1.12 585 14.76
M. liliflora(F) Skim milk 2.58 0.45 8.31 19.51
Soybean 8.87 6.67 16.70 22.53
Chitosan 4.80 417 13.52 20.08
Control - 1.95 2.79 4.45
M. Skim milk 2.40 2.15 4.78 9.74
denudata(F) Soybean 4,72 7.14 12.36 12.72
Chitosan 4.50 0.91 517 7.32
*L I leaf , F : flower
Table 6. Bd% +2 o 2 %Y 382 A4% £X9 H3HAE) 242
Species Auxiliary dyeing Mordant
agent non Al Cu Fe
Control - 1.94 4.77 21.60
M. kobus(L) Skim milk 4.36 6.36 9.51 25.94
Soybean 5.40 5.07 8.59 25.31
Chitosan 5.63 3.99 8.26 19.33
Control - 2.63 10.07 14.79
M. liliflora(F) Skim milk 2.83 2.61 10.55 18.91
Soybean 6.09 519 15.37 22.62
Chitosan 3.33 3.05 11.66 17.87
Control - 3.68 417 4.29
M. Skim milk 3.26 2.56 7.32 7.27
denudata(F) Soybean 4.53 3.95 8.16 10.94
Chitosan 2.99 1.47 4.91 6.97

*], : leaf , F : flower
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Table 7. 283} +8 £33 252 A3 33X 9 AA(AE) #4247

. Auxiliary Mordant
Speciles .
dyeing agent non Al Cu Fe
Control - 8.73 426 13.57
M. kobus Skim milk 5.99 6.10 9.44 16.79
Soybean 6.55 9.81 12.85 19.02
Chitosan 7.79 5.54 5.84 13.11
Control - 2.71 2.62 12.37
M. Skim milk 4.03 0.61 6.10 15.98
denudata Soybean 7.48 9.31 12.21 9.58
Chitosan 2.22 3.76 413 13.49
Control - 1.20 3.41 9.50
M. obovata Skim milk 094 2.74 1550 27.56
Soybean 4.40 274 15.17 27.11
Chitosan 3.03 161 8.48 19.73

Table 8. SR 42 43 2282 G4 €29 H2H(AE) £AEH

Species Auxiliary Mordant

dyeing agent non Al Cu Fe

Control - 4.05 7.05 12.48

M. kobus Skim milk 3.63 403 9.66 17.00
Soybean 5.18 8.60 10.56 17.72

Chitosan 4.34 4.63 479 9.30

Control - 0.19 2.82 13.32

M. Skim milk 2.31 1.32 6.96 1755
denudata Soybean 487 5.90 10.76 12.72
Chitosan 167 0.27 258 9.83

Control - 3.87 14.94 16.90

M. obovata Skim milk 5.67 3.03 15.81 2412
Soybean 5.65 6.65 16.64 27.02

Chitosan 3.66 2.31 9.45 18.34

Tabledl | ¢ 4 gl ubsh go] 3ol W Tad o= Yot RE 98
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Table 9. 5¥ o 222 G4 A F £49 A3t A2y

Auxiliary dyeing agent
Aging None Skim mitk Soybean Chitosan

Time Hwaseonji Sunji Hwaseonji Sunji Hwaseoniji Sunji Hwaseonii Sunji

Control 10YR 7/3.5 2.5Y7/3.5 10YR1/4 2.5Y7/3.5 2.5Y7/3.5 2.5Y7/35 25Y7/3.5 10YR1/3.5
24h  2.5Y1/3.5 2.5Y1/3.5 10YR7/4 25Y7/35 10YRT/45 25Y7/4 2.5Y1/4  2.5Y1/3.5
48h  2.5Y7/3.5 25Y8/4 1I0YRT/4 25Y7/3.5 10YR7/45 25Y7/4 2.5Y 14 25Y1/3.5
7eh  2.5Y1/3.5 2.5Y8/4 10YR 7/4.5 2.5Y7/3.6 10YR7/4.5 10VR 8/4.5 10YR 744 2.5Y7/3.5
Control 2.5Y 7/3.5 2.5Y1/3.5 25Y1/4  2.5Y7/3.5 2.5Y1/4 2.5Y7/3.5 25Y7/35 2.5Y1/3.5

Al 24h  10YR8/4 2.5Y1/4 10YR /4 10YR 7/4 2.5Y7/4.5 2.5Y1/4 2.5Y7/4  2.5Y7/

48h 10YR8/A 25Y74 2,5Y7/3.5 10YR1/4 2.5Y7/4 10YR1/4 2.5Y7/4  25Y1/4

72h  10YRB8/M  25Y1/4 10YR¥/4 10YR7/4 2.5Y1/4  10YB 8/4 10YR 7/4  10YR1/4
Control 2.5Y7/4 2.5Y7/35 25Y6/3/5 2.5Y6/3.5 2.5Y6/3.5 2.5Y71/4 2.5Y6/3.5 10YR1/3.5

cu 24h  2.5Y 74 25Y7/4 2.5Y6/3.5 2.5Y6/4 2.5Y6/4.5 2.5Y7/4.5 2.5Y6/4  10YRG/
4g8h  2.5Y 145 25Y7/4 2.5Y6/4 10YR6/4 10YR6/4.5 2.5Y 1/4.5 10YR 6/4 10YR&/4

72h  10YR 7/4.5 2.5Y1/4 2.5Y6/4 10YR7/A.5 10YR7/A  25Y7/4.5 10YR7/4.5 10YRG/H
Contml 5YR5/3.5 5YR5/3.5 5YR5/3.5 5YR 5/3.5 5YR 5/3.5 BYR5/3.5 5YR5/3.5 5YR5/35

Fe 24h  2.85Y5/2  25Y6/72 2.5Y5/2.5 2.5Y5/2.5 2.5Y5/3  2.5Y5/43 2.5Y5/3 25Y5/2.5
48h  2.5Y5/2.5 2.5Y6/2.5 2.5Y5/2.5 2,5Y5/2.5 2.5Y5/3 2.5Y5/3 2.5Y6/2.5 2.5Y5/2.5

72h  2.5Y6/2.5 2.5Y6/2.5 2.5Y5/2.5 2.5Y5/2.5 2.5Y5/3  2.5Y5/3 2.5Y6/2.5 2.5Y86/3

Mordant

None
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Table 10. AH5& 9 & 82 4% F4x 2 A9 3 HH2AH

Ausiliary dyeing agent
Aging None Skim milk Soybean Chitosan

Time Hwaseonji Sunji Hwaseoniji Sunji Hwaseonii Sunji Hwaseo nji Sunji

Control 10YR 7/3.5 10YR7/3.5 10YR /3.5 10YR 7/3.5 2.5Y7/4  2.5Y 7/ 2.5Y1/3 25Y1/43
28h  2.5Y1/3.5 2.6Y7/3.5 25Y7/4 10YRT/45 2.5Y7/4.5 10YR7/4.5 10YR7/4.5 25Y7/4
48h 10YR 8/4.5 10YR 8/4.5 10YR7/4 10YR7/8 10YR 7/45 10YR 7/ 10YR 7/4.5 10YR 7/4
2h  10YR7/4 __10YR7/4 10YR7/8  10YR 7/4 10YR7/4.5 10YR 7/ 10YR 7/4.5 10YR /4
Control 10YR8/4 2.5Y8/3.5 10YR1/3.5 2.5Y7/3 2.5Y7/4  2.5Y7/4 2.5Y7/3 10YR1/3.5
Al 24h 10YR 8/4.5 10YR8/3.5 2.5Y7/3.5 10YR7/3.5 2.5Y7/45 25Y71/4 10YR 7/4.5 10YR 7/4.5
48h  10YR8/4 10YRG/M4 10YR8/4.5 10YR7/4 10YR7/45 10YR7/4 10YR 7/4.5 10YR7/4

72h _10YR8/4 10YR S8/ 10YR8/4.5 10YR /4 10YR7/4 10YRB/4.5 10YR7/4.5 10YR7/4
Control 2.5Y7/3 25Y7/4 25Y1/3 2.5Y6/3.5 2.5Y6/4 2.5Y6/4 2.5Y6/3.5 2.5Y6/3.5

cu 24h  2.5Y /4 10YRB/4 2.5Y1/45 2.5Y1/4 10YR 6/4.5 10YR 6/4.5 10YR6/4.5 10YR6/4
4sh  10YR7/4 10YR7/4.5 10YR6/4 10YR /4.5 10YR6/5 10YR6/4.5 10YR 6/4,5 10YR6/4.5
I2h _10YR7/4 10YR6M 10YR6/4 10YB 1/4.5 10R6/5 10YR6/4.5 10YR6/4.5 10YR6/4.5
Control 2.5Y 6/3.5 2.5Y6/3.5 2.5Y6/3.5 2.5Y6/3.5 2.5Y5/3.5 2.5Y5/3.5 25Y5/3.5 25Y¢6/4

Fe 24h  10YR 6/3.5 10YR 6/3.5 10YR6/4 10YR6/3.5 10YR5/35 10YR5/3.5 10YR6/4.5 10YR6/4
48h 10YR 6/3.5 10YR6/4 10YR6/4 10YR6/4 10YR6/4 10YR6/4 10YR 6/4 10YR6/4

72h 10VB 6/3.5 10YR3.5 10YRE/4  10YR6/4 10YR6/4  10YR6/4 10YR 6/4  10YR 6/4

Mordant

None

Table 11. W¥2& £ Z2E2 AT A= L ¢A9 FXxg HHAH

Auxiliary dyeing agent

i None Skim milk Soybean Chitosan
Mordant Aging ¥b

Time Hwaseonii Sunji Hwaseonii Suni Hwaseonji Sunji Hwaseoni Sunji

Control 2.5Y7/5 25Y7/5 2.5Y6/4  2.5Y6/4 2.5Y6/4 2.5Y6/4 2.5Y6/4 2.5Y6/4
Nane 24h  10YRT/S  10YRTA 10YR6/5 10YR7/4.5 10YR6/5 10YR 6/4.5 10YR 6/5 10YR6/4.5
48h  10YRTS  10YR 15 10YR 7/5.5 10YR /4.5 10R6/5 10YR7/5 10YR 6/5 10YR 6/4.5
72h  10YR7/A5 10YRS  10YRI/AS 10YR7A45 10R7/A5 (OVRTA 10YR 6/ 10YRE/4.5

Control 2.5Y7/5 25Y7/4 25Y6/4  2.5Y6/4 10YR6/5  2.5Y6/4 2.5Y1/5 2.5Y6/

Al 24h  10YR 7/4.5 10YR7/4.5 10YR 7/4.5 10YR 7/4.5 10YR65 10YR7/5  10YR7/4.5 10YR7/5
48h 10YR 7/4.5 10YR7/4.5 10YR7/4.5 10YR 7/4.5 10YREA 10YR7/A  1OYR7/45 I10YRT/A

72h 10YR 7/4.5 10YRT/A4.5 10YR7/S 10YR74.5 10¥R7/A5 10WRIA 10YR 7/5  10YR 15

Controi  5Y 6/4 2.5Y1/4 2.5Y6/4  2.5Y6/4 2.5Y5/3.5 2.5Y6/4 2.5Y6/3.5 2.5Y6/4

cu 24h  10YR6/4 10YR6/A 10YR6/4 !0YRG/4 IGYR5/4 10YR6/4.5 10YR6/4 10YREM4
48h  1OYR6/4 10YRG/A 10YR6/4 10YRE6/4.5 10YR5/4.5 10YR6/4.5 10YR 6/4.5 10YRE/4.5
72h 10YR6/4 10YRE6A4.5 10YRG/M 10YR6M4.5 10YR5/4.5 10YR6/4.5 10YR6/4.5 10YRG/A.5

Control 2.5Y6/4  2.5Y6/4 10RY6/4 2.5Y6/4 10YR5/3.5 10RYR 6/4 10YR 6/4  2.5Y6/4

Fe 24h  10YR6/4 10YR6/3.5 10YR6/4 10YRE/3.5 10YR 6/4 10YR6/4 10YR 6/4 10YR 6/4
48h  10YR7/4 10YRT7/4 10YR 6/4 10YR6/3.5 10YR6/4 10YR6/4 10YR 6/4 10YR6/4

72h 10VRB/4 10YRE/3.5 10YRE/4 10¥R6/3.5 10YR6/4  10YR 8/4 10YR 6/4  10YR 6/4

Table 12, 13, @ 14+ 2 #HEZH o =
Zx3 XHsPE W A ARE [IAZ A 2 EHEREAY FTF
of whel A% Hojr}.
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Table 12 53 3 FE2E2 4% 43 2«49

223t X2 dx

Auxiliary dyeing agent

M
a:rtd Aging None Skim milk Soybean Chitosan
time Hwaseonjis Sunjis Hwaseonjis Sunjis Hwaseonjis Sunjis Hwaseonjis Sunjis
Control  2.5Y 8/3  2.5Y 8/3 2.5Y 8/35 2.5Y 8/3.5 2.5Y 8/3.5 2.5Y 8/35 25Y 8/4 25Y 8/35
Non 24h  25Y 8/35 25Y 8/3.5 25Y 7/45 25Y 7/35 2.5Y 7/45 2.5Y 8/4 10YR7/45 25Y7/4
e 48h 25y 8/4 25Y 8/35 10YR 7/45 2.5Y 7/35 10YR 8/4 2.5Y 8/4 10YR 7/45 10YR 7/4
72h 10YR 8/4 10YR 8/4 10YR7/4 10YR 7/4 10YR 8/4 25y 8/4 10YR 7/45 10YR 7/4
Control 2.5Y 8/4 2.5Y 8/35 25Y 8/3.5 2.5Y 8/3.5 2.5Y 8/4 25Y 8/4 2.5Y8/35 25Y 8/35
24h 25Y 7/4 25Y 7/4 25Y7/4 25Y7/45 2.5Y7/3.5 25Y7/4 25Y7/35 25Y7/4
Al 48h  10YR 7/45 10YR 7/4 10YR 7/45 10YR 7/4 10YR 7/45 10YR7/4 10YR7/4 10YR7/4
72h  10YR 7/4.5 10YR 7/4 10YR 7/45 10YR 7/4 10YR 7/45 10YR 8/4 10YR7/4 10YR 7/4
Control 7.5Y 8/3 7.5Y 8/3.5 7.5Y 8/3.5 7.5Y 7/35 10Y 7/35 7.5Y 7/35 7.5Y 8/3 7.5Y 8/3
24h  25Y 7/35 25Y 7/4 25Y 7/45 25Y 7/4 28Y 7/A5 25Y 7/4 25Y7/3 25Y7/4
Cu 48h 25Y 7/4 10YR 7/4 10YR 6/4 2.5Y 7/4 25Y 7/4 25Y 7/45 10YR7/4 10YR7/4
72h 25Y 7/4 10YR 7/45 10YR 6/4 10YR 7/4 2.5Y 7/45 2.5Y 7/45 10YR7/4 10YR7/4
Control  5Y 7/2 10Y 7/2  25GY 7/1 25GY 7/2 5Y 6/2 7.5GY 6/2 10Y 7/2 10Y 7/2
24h 5Y 6/2 5Y 6/2 5Y 6/2 5Y 6/2 25Y 6/3 2.5Y 6/3 2.5Y 6/25 2.5Y 6/25
Fe 48h 25Y 6/2 25Y 6/25 2.5Y 6/25 25Y 6/25 2.5Y 6/3 25Y 6/3 25Y 6/25 2.5Y 6/3
T2h  25Y 7/25 2.5Y 6/2.5 2.5Y 6/25 2.5Y 6/2.5 10YR 6/3 25Y 8/3 2.5Y 6/3 25 7/3
Table 13 W2 A 3 F252 A3 3tax 2 ¢4 X3 A543

Auxiliary dyeing agent

M
;rtd Aging None Skim milk Soybean Chitosan
time Hwaseonjis Sunjis Hwaseonjis Sunjis Hwaseonjis Sunjis Hwaseonjis Sunjis
Control 7.5Y 8/3  7.5Y 8/3 7.5Y 8/3 25Y 8/35 2.5Y 8/4 7.5Y 8/35 25Y 8/35 2.5Y 8/35
24h  2.5Y 7/35 25Y 7/35 25Y 7/3.5 2.5Y 7/35 10YR 7/45 2.5Y 7/45 2.5Y 7/45 2.5Y 7/4
None 4gh 25Y 7/35 25Y 7/35 25Y 7/3.5 10YR 7/3.5 10YR 7/45 10YR 7/4 10YR7/4 10YR 7/4
72h  25Y 7/35 25Y 7/35 25Y7/4 10YR7/4 10YR7/5 10YR7/4 10YR7/4 10YR 7/4
Control 2.5Y 8/35 7.5Y 8/3 7.5Y8/3 25Y 8/35 2.5Y 84 25Y8/4 25Y8/4 7.5Y8/3
24h 25Y 7/4 25Y 7/35 25Y7/4 25Y7/4 25Y7/4 25Y7/45 25Y7/4 25Y7/4
Al 48h 2.5Y 7/4 2.5Y 7/4 10YR 7/3.5 10YR 7/4 10YR 7/4.5 10YR 7/4.5 10YR 7/45 2.5Y 7/4
72h 10YR 7/4 10YR 7/4 10YR 7/4 10YR 7/4 10YR 7/45 25Y 7/4 10YR 7/45 10YR 7/4
Control 2.5Y 8/3 7.5Y 8/3 10Y 8/3.5 10Y 8/35 7.5Y 7/35 7.5Y 7/35 7.5Y 83 7.5Y 83
24h 25Y 7/3 25Y 7/35 25Y7/4 25Y7/4 25Y 6/45 25Y6/4 25Y7/4 25Y7/4
Cu 48h  2.5Y 7/35 10YR 7/4 10YR 6/4 10YR 6/4 10YR 7/45 10YR 6/4.5 10YR 6/4 10YR 7/4.5
72h 25Y 7/35 10YR 7/4 10YR 6/4.5 10YR 6/4 10YR 6/4.5 10YR 6/4.5 10YR 6/4 10YR 7/4.5
Control  5Y 7/2 5y 7/2 5Y 7/2 5Y 7/2 7.5Y 7/3 5Y 7/3 10Y 7/2 10Y 7/2
24h 5Y 6/2 5Y 6/2 5Y 6/2 2.5Y 6/25 2.5Y 6/3 25Y 6/3 25Y 6/25 2.5Y 6/25
Fe 48h SY 6/2 2.5Y 6/25 2.5Y 6/3 25Y 6/3 25Y 63 25Y6/3 25Y6/3 25Y6/3
72h  2.5Y 6/2.5 2.5Y 6/2.5 2.5Y 6/25 25Y 6/3 2.5Y 6/3 25Y 6/3 25Y6/3 25Y 6/3
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Table 14. Y25 59 282 A4 F42) 2 #2419 X3 HHdH

Auxiliary dyeing agent

Mord

ant Aging None Skim milk Soybean Chitosan

time Hwaseonjis  Sunjis Hwaseonjis Sunjis Hwaseonjis  Sunjis Hwaseonjis Sunjis

Control 7.5Y 8/3 2.5Y 8/3 7.5Y8/3 25Y8/3.5 25Y 8/35 25Y 8/35 2.5Y 8/35 25Y 8/35

Non 24h 25Y7/35 25Y 8/35 25Y 7/45 25Y 7/45 25Y 7/45 25Y 8/4 2.5Y 7/45 2.5Y 7/4
e 48h  2.5Y 7/35 25Y8/35 10YR7/4 10YR7/4 25Y7/4 10YR &4 10YR 7/45 10YR 7/4
72h 10YR 7/4 25Y 7/35 10YR7/4 10YR7/4 25Y7/4 10YR &4 10YR7/4 10YR 7/4

Control  7.5Y 8/3 25Y 8/35 25Y8/35 75Y8/3 75Y8/3 25Y8/35 7.5Y83 75Y83
24h 10YR7/2 25Y7/4 25Y7/4 25Y7/35 25Y7/4 25Y7/45 25Y8/4 25Y7/4
Al 48h  25Y 7/35 25Y7/4 25Y7/4 25Y7/35 10YR7/4 10YR7/4 25Y 7/4 10YR 7/4

72h 25Y 7/4 25Y7/4 10YR7/4 10YR7/4 10YR7/4 10YR 8/4 10YR8/4 10YR 7/4

Control 7.5Y 7/3.5  5Y 7/3 5Y 6/35 5Y 7/35 5Y 6/35 5Y 6/3 5Y 7/3 5Y 7/3
24h 2.5Y 6/4 2.5Y 6/3.5 25Y 6/35 2.5Y 6/3.5 25Y 6/4 25Y 6/4 25Y 6/35 2.5Y 6/3.5
Cu  48n 10YR 6/4 10YR 6/4 2.5Y 6/4 2.5Y 6/3.5 10YR 6/4 10YR 6/4.5 10YR 6/4 10YR 6/4
72h 10YR 6/4 10YR 6/4 10YR 6/4 10YR 6/3.5 10YR 6/4.5 10YR 6/4.5 10YR 6/4 10YR 6/4
Control 7.5YR 7/2 25GY 7/2 25GY 5/1 2.5GY 5/1  10Y 5/1 10Y 5/2  7.5GY 6/2 7.5GY 6/2

24h 5Y 6/2 5y 6/2 5Y 5/2 5Y 5/2 5Y 5/2 25Y 5/25 5Y 6/2 5Y 6/2
Fe  48n  25v6/25 5Y6/2 25Y5/25 257 6/2.5 2.5Y 5/3 2.5Y5/3 25Y 6/25 2.5Y 6/25

72h 2.5Y 6/3 2.5Y 6/2 25Y 5/25 2.5Y 6/25 25Y 5/25 25Y5/3 25Y 6/25 2.5Y 6/25

Table 12 53 43 $28 g4 #x9 4% 24 vz dA4o2 9=
£ 6~82 A2 Aol w2 Wyt ggen A Ao AFFel o
% Fojdat Al Cu gL $40]4 FHA 2 Fe ujge A5 Fuoz
Metgich 53 Cu gel & wide] ma) 4wz o A7 A AEE
w3} A A7k 7-u+ou weh el Fol 4y FAYAY 2~45 A2 o
45 2@ Ag vedon, Fe Mde Axst 4 R Wl BNES
oz AAYY z} 179 A=E oo

Table 13 WEA +3 2% 94 @29 44 24 A%z ge 228
4 BA G v ARE Holw oA we Age Y MdAe FH
e g4 FA9 A4 ¥sts Cu wde) A% 2 Aoz Jehd Fe WIS
e AEs 7HE RA degon, £xxs AeA] Aol #4 N
3 Sled BY, ARBU 3 222 94 #X wss) waay,

Table 145 YRZA +3 328 94 #x9 44 B4 A%z 2aY 9=
4 $ 22E 94 BA usT A2 dehnd 233 APF BA 9
Nge AAY FFol we o 19 2 Cu g BN Fguo
2 Feulge aFdad R0z AANAT S0 A T @A 7
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T Wste Fuide] /b mka Al Wi, Cu Wi, Fe wl¥ ¢olden, Foig
FAE A2 H=rt Fasgnh

32 44 ¥A9 MHAE) 24 23

=4 9 3 Y xdoR g4 dAE Fx=3 Agsty 4A3E B4 4
3}E Table 15, 16, 179 Yeb Rt}

FARZA Ao W GaA e AYEE FAT 4% FFo2 AT
B4 FA7F FA w3 AL b 2 Reg deit 84 Xﬂ:’a’.O}] 10) A
= 54 9 989 AF 54 =347 sNA G ARG 2A vdEd vk, i s
d R ARE £d d8ge F =39 A9 A7 2A veigd 23y 3
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Table 17. £X1x3t A Fd 4 F2& 94 A AP 2443

Auxiliary dyeing agent

Mordant Aging None Skim milk Soybean Chitosan

Time Hwaseonji Sunji Hwaseoniji Sunji Hwaseonji Sunji Hwaseonii Sunji

Controt - - - - - - - -
None 24h 1.589 1.409 2.3719 3.991 2,809 3,699 3.221 1.756
48h 2.588 2.359 3.412 4,886 4,386 5.178 4,533 3.204
12h 3.100 3.011 4,264 5.454 5577 6.415 5,227 4.346

Cortrol - - - - - - - -
Al 24h 2.601 2,132 2.335 2,597 2.780 2,702 1.152 2,148
48h 3.444 2.836 5.830 3.875 4.310 3.951 2.124 3.158
72h 3.864 3.336 4.438 4.708 5.648 4,977 2.576 3.911

Control - - - - - - - -
ou 24h 1.954 1.479 1.620 2,401 3.227 1.561 2.929 3.723
48h 2.688 1.767 1.911 2,993 3.457 1.811 3.31 4,065
72h 2.807 2.043 2.118 3.287 3.574 2,004 3.332 4.063

Controf - - - - - - - -
Fe 24h 3.445 4.654 0.774 1.368 2,178 1.780 1,118 1.993
48h 4.708 5.729 2,044 2.404 2,993 3.349 1,838 1.531
72h 5.485 6.532 3.452 3,363 3.692 4.479 2,635 2,108
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Table 16. X w3 HAg A2d 29 =22 g4 3

7ol HAHAE) 242

Auxiliary dyeing agent

Mordant Aging None Skim milk Soybean Chitesan

Time Hwaseonji Sunji Hwaseoni__ Sunii Hwaseoni _ Suni Hwaseonji Sunii

Cortrol - - - - - - - -
None 24h 2.640 2.460 3.083 4.376 5.017 4,325 3.518 3.103
48h 3.516 3.313 4.467 3.838 5.610 5.018 4,126 3.965
72h 3.244 3.443 4.458 3.805 5.858 5.265 4.232 3.963

Control - - - - - - - -
Al 24h 3.404 3.078 3.031 1,753 4.345 3.477 3.338 3.036
48h 3.838 3.759 3,515 2,292 4.778 3.770 4.184 3.605
72h 3.463 3.588 3.422 2.465 5.244 4.235 4.284 3.708

Control - - - - - - - -
cu 24h 1.1585 2,614 3.601 1.468 2,113 2.466 2.975 2,938
48h 2,071 3.584 4.910 1.901 3.744 3.361 4.018 3.988
72h 2.035 3.575 5.262 1.912 3.882 3.577 4,292 4.234

Control - - - - - - - -
Fo 24h 3.060 3.482 1.907 3.290 3.553 3.207 2,003 2.101
48h 4.007 4.275 2,884 4.136 4.459 4.234 2,508 2.528
72h 4.509 4.778 3.895 4.974 5.584 5510 3.0M 3.078

Table 17. £ =3 2] ¥Ed xd 23 94 =

AHAE) €423

Auxiliary dyeing agent

Mordant Aging None Skim milk Soybean Chitosan

Time Hwaseonji Sunji Hwaseonii Sunji Hwaseornii Sunji Hwaseoniji Sunii

Cortrol - - - - - - - -

None 24h 2.047 2.328 2,728 3.288 3.959 4,244 2,388 2.381
48h 3.074 3.433 3.823 3.768 5.268 5.472 3.688 3,439
72h 3.168 3.447 4,103 3.514 5.756 5.908 3.957 3.648

Control - - - - - - - -
Al 24h 1,960 2,610 3,289 3.609 4,961 4,435 2.583 2.635
48h 3.222 3.379 3.800 4,416 6.191 5,700 2,902 3.350
T2h 2,748 3.507 3.707 4,593 6.861 6.360 2.832 3.516

Cortrol - - - - - - - -
cu 24h 0.614 3.991 3.034 0.657 2.805 1.672 2.695 1.677
48h 1,693 5.311 3.943 1.244 3.644 2,302 3.834 2,213
T2h 2,075 6.544 4,425 0.929 3.943 2,250 4,240 2.159

Control - - - - - - - -
Fe 24h 1.530 1.562 3.293 2.836 3,266 2.953 1.604 1.128
48h 2,167 2.428 4.247 3.755 4,162 3.724 2.579 1.885

72h 2.257 4,378 4,738 3. 714 5,196 1,222 2.752 4,551

o

2dy R $£3 FE2ES o] &dte HAGAT A
e ¥ Az 22 AFHE Table 18, Table 19, Table 200 EFAT.

¢

MRS FFel hE WA BAY FAwRAY @
He B3 B A%, AvHez Cwld G4 BAY A%

2 £x9) Fx=

AYEE A%
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Zast e aanzA Boh ga 2A desd
Table 18 £ =3t A2 B&d 3 FE2E G4 &9 4AHLE 2443
Auxiliary dyeing agent
Ma:rtd Aging None Skim milk Soybean Chitosan
time Hwaseonjis Sunjis Hwaseonjis Sunjis Hwaseonjis  Sunjis  Hwaseonjis  Sunjis
Control - - - - - - - -
24nh 7.922 6.739 11.910 10.338 5.838 5.221 8.039 8.137
None g 8.871 6.556 12.255  10.526 6.248 4,950 8.430 8.288
72h 9.393 6.680 12.350 10.697 6.298 4,983 8.813 7.950
Control - - - - - - - -
24h 8.035 8.501 9.203 10.844 6.388 5.467 7.524 8.306
Al 48n 8.862 8398 10243  9.198 7.010 4.938 9.115 8.145
72h 9.485 8.527 10.221 9.315 7.690 4,602 8.797 8.464
Control - - - - - - - -
24h 9.026 9.785 12.475 9.588 7.695 8.619 11.556 11.064
Cu 48h 9.408 11.507 13.976 10.238 8.475 9.671 12.145 11.685
72h 9.349 11.351 14.096 9.855 9.132 8.711 13.607 12.682
Control - - - - - - - -
24h 8.027 7.292 7.960 7.817 7.984 7.500 10.568 10.219
Fe 48h 7.830 9.062 9.796 7.842 8.843 6.923 10.520 9.583
72h 7.539 8.414 8.476 7.455 8.391 6.472 10.169 8.663
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Table 19. £33} ] HEH ¢35 FZE 4

3} X

R

o] AaH(aE) EAZATH

Auxiliary dyeing agent

Mord

ant Aging None Skim milk Soybean Chitosan
time Hwaseonjis Sunjis Hwaseonjis  Sunjis  Hwaseonjis  Sunjis  Hwaseonjis Sunjis
Control - - - - - - - -
24h 10.655 10.270 6.259 6.777 10.875 9.326 10.315 10.505
None  4gp, 11.244 10061  6.661 7.118 11.137 9.233 10.642 10.846
72h 11.697 10.112 7.075 7.077 11.663 9.035 10.973 10.900
Control - - - - - - - -
A 24h 11.681 10.543 12.309 9.984 8.187 8.661 11.489 10.221
48h 12.297 11.043 11.241 11.686 8.497 8.645 11.754 10.324
72h 13.078 11.301 13.674 11.893 9.077 7.293 13.069 11.017
Control - - - ~ - - - -
24h 10.324 13.737 13.990 12.268 16.098 9.860 15.721 14.404
Cu 48h 10.981 15.454 15.640 15.692 16.650 13.283 17.356 16.121
72h 11.239 14.401 19.491 16.212 17.519 13.484 18.071 18.155
Control - - - - - _ _ _
24h 10.207 10.744 9.293 10.161 12.661 9.770 12.789 11.919
Fe 48h 10.486 10.253 9.866 10.295 11.096 8.437 12.807 11.673
72h 10.092 9.492 10.044 9.669 9.974 7.693 12.147 10.905
Table 0. 73t 2] YREA 3] 228 G4 2o H2HAE) #4PH

Auxiliary dyeing agent

Mord

ant Aging None Skim milk Soybean Chitosan

" time  Hwaseonjls Sunjls Hwaseonjis Sunjis Hwaseonjis  Sunjis Hwaseonjis Sunjis
Control - - - - - - - -
24h 6.261 6.470 7.361 7.747 5.604 4.204 8.183 7.699

None  4gh 7298  6.981  7.645 7.884 5.212 4.393 8.243 7.479
72h 8.154 6.919 7.812 7.807 5.140 3.837 8.047 7.625
Control - - - - - - - -
24h 7.820 7.618 4.727 6.604 5.331 8.108 6.472 8.255

Al 48h 6873  7.445 6306  6.860  5.570 5.314 6.918 9.411
72h 7.743 6.729 6.280 8.301 6.370 4.497 7.496 9.461
Control - - - - - - - -
24h 9.403 5.439 3.187 2.918 7.441 7.933 8.412 8.677

Cu 48h 8.760 6.392 3.445 2.254 7.531 9.240 9.527 9.160
72h 11.41 8.017 3.996 3.437 9.430 9.514 10.001 9.956
Control - - - - - - - -
24h 10.890 7.303 6.521 6.405 6.465 7.547 7.736 7.846

Fe 48h 10.558 7.354 7.013 7.360 7.976 8.631 8.256 8.065
72h 10.473 7.373 8.172 8.153 9.073 9.525 8.631 8.325

A%} 552
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