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Studies on genetic property and useful substances
of Viscum album and Ulmus davidiana var. japonica
for the development of functional cosmetics
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SUMMARY

I. Title

Studies on genetic property and useful substances of Viscum album and Ulmus

davidiana for the development of functional cosmetics.

II. Purpose and Necessity of the Research

To facilitate forest products of high value using domestic forest resources with the
application of biotechnology is a prospective field. Recently, the research using extraction
component of forest resources is worthy of attention and to practice systematic research
1S quite necessary.

In an developed country, because of problems about safety of organic compound
product, products development of forest resources including natural plant is actively
performed.

Visum album and Ulmus davidiana var. japonica becomes known that it is highly
effective  for reinforcement, anticancer, arteriosclerosis, high blood pressure,
anti-oxidation, wrinkle exclusion, and skin whitening. Finally it is presumed that every
yvear natural products more than ten thousand ton is imported from China to use as
material for drugs and food.

Recently, cosmetics not only protect skins but also mitigate the skin conditions against
environment outside. So functional cosmetics development will be important and
competitive source in the world market. Consequently, cosmetics effective as skin
beautifier and skin safety is a field which will create valuable goods.

From forest resources important material development is quite promising and the



database construction about information of resources quite necessary to evaluate effect
and stability of such material. To provide raw materials constantly, mass—propagation

and genetic studies were carried out.

IM. Contents and Scope of the Research

1. The cosmetics development research using extracts of Viscum album and Ulmus
davidiana var. japonica.

O Barks of Viscum album (in Quercus mongolica and Castanea crenata) and Ulmus
davidiana var. japonica were extracted with 95% EtOH.

O The extracts were evaporated under reduced vacuum pressure and concentrated
successively fractionated with a series of hexane, methylene chloride, ethyl
acetate and water on a separatory funnel.

O The extracts were isolated using column chromatography (Sephadex LH-20) and
TLC (Thin Layer Chromatography).

O The structures of isolated compounds were characterized by IH, BC-NMR and
MS spectrum.

O For the development of functional cosmetics, activity tests were done such as
antioxidative activity (DPPH radical scavenging, electron donating ability, fatty
acid autoxidation inhibition, inhibition of cell damage by H:0), whitening activity
(Melanin synthesis inhibition, Tyrosinase inhibition activity), antifungal activity,
improvement in wrinkle activity (Elastase activity inhibition, Collagen synthesis
acceleration), anti-inflammatory activity (NO assay) and anticancer activity
(MTT assay).

O Stabilization test of extracts and pilot manufacturing test were carried out.

O Efficacy of functional cosmetics were evaluated using mexameter analysis,

survey, moisture—containing effect and skin irritation test.



2. Research for morphologic and ecologic characteristic of visum album and ulmus

davidiana var. japonica development in propagation and analysis of genetic variety.

O Study about morphologic, ecologic, and genetic characteristics of visum album and
ulmus davidiana var. japonica was carried out.
O Study about morphologic, ecologic, and genetic characteristics of a host plant of
visum album was carride out.
O The propagation system development of visum album and ulmus davidiana var.
Jjaponica.

O The tissue culture of visum album and ulmus davidiana var. japonica.

IV. Results of Research and Suggestion for Application

Barks of Viscum album (in Quercus mongolica and Castanea crenata) and Ulmus
davidiana var. japonica were extracted with 95% EtOH. For isolation, separation and
purification of ethyl acetate and water soluble powder, CC(column chromatography) and
TLC(thin layer chromatography) were repeatedly performed. Homoflavoyadorinin B was
isolated from V. album (in Q. mongolica) and (+)—catechin,
(+)—catechin-7-O-apiofuranoside, (+)-catechin-7-O- xylopyranoside, (+)-catechin(4a—
&)—(+)—-catechin (procyanidin B-3) were isolated from U. davidiana var. japonica bark.
Spectrometric analysis such as NMR and MS was performed to characterize the
structures of 1isolated compounds. (+)-catechin-7-O-apiofuranoside was the main
component of U. davidiana var. japonica bark.

In cytotoxicity test, the fractions of U. davidiana var. japonica bark extracts appeared a
cytotoxicity from high concentration and (+)-catechin-7-O-apiofuranoside only showed a
cytotoxicity. The cytotoxicity appeared high from above 78 ppm in V. album (in @.
mongolica) extracts. IN antioxidative activity test (DPPH radical scavenging, electron
donating ability, fatty acid autoxidation inhibition, inhibition of cell damage by H20),

most of the fractions of U. davidiana var. japonica bark extracts and V. album (in Q.



mongolica) extracts and isolated compounds showed high antioxidatives potential. In
whitening test (melanin synthesis inhibition, and tyrosinase inhibition activity),
(+)—catechin from U. davidiana var. japonica bark showed the similar inhibitory potency
for melanin synthesis compared with arbutin implying excellent whitening activity. In
antifungal activity test, the fractions of U. davidiana var. japonica bark extracts indicated
high antifungal activity than isolated compounds. In anti-wrinkle activity test (Elastase
activity inhibition and Collagen synthesis acceleration), U. davidiana var. japonica bark
solid, procyanidin B-3 and homoflavoyadorinin B showed low inhibition effect of elastase
activity. But to wrinkle improvement it was concluded with the fact that it does not
have an effect. In anti-inflammatory activity test, most of the isolated compound from
U. davidiana var. japonica bark showed the similar inhibitory potency for NO (Nitric
oxide) production to the control. particularly for (+)-catechin and (+)-catechin-7-O-
apiofuranoside, which could inhibit more than 90% of the NO production implying
excellent anti-inflammatory activity. In anticancer activity test, the ethyl acetate and
methylene chloride soluble fraction of U. davidiana var. japonica bark and (+)-catechin
showed high anticancer activity against 4 cancer cell lines. The extracts of the U.
davidiana var. japonica bark are thought to have a anticancer activity.

The essence and cream included the maximum content 0.05% (+)-catechin. In
evaluation of efficacy of functional cosmetics performed the mexameter analysis and

survey, the whitening effect was good and the skin irritation did not appear.

The altitude of visum album's distribution area appeared between 207m and 920m.
The vegetation of visum album’s distribution area was almost covered with Fagaceae.
We could not get the experiment result in the unsexual propagation and tissue culture
but haustorium occurred more 90%. We collected seeds and experimented for
germination. The experiment showed high germination ratio if seeds collected before the

seeds fell off.
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We investigated the genetic variation in Visum album using -SSR markers. The
percentage of polymorphic I-SSR amplicons was 90.6% and mean number of amplicons
per I-SSR primer was 7.25. Level of genetic diversity within 8 individual was
0.458[Shannon’s index].

Micropropagation of Ulmus davidiana Planch was established via adventitious shoot
formation from the segments of adventitious roots. Adventitious roots were produced
directly from root segments of seedlings on a 1/2 SH medium plus various
concentrations of IBA. The maximum growth of adventitious roots was observed in the
presence of 2.0 mg/L IBA. After the segments of adventitious roots were cultured on
various cytokinins (zeatin, 2-iP, BA, kinetin) and cytokinins plus auxin (IBA), formation
of adventitious shoot was investigated. Among cytokinin treated, kinetin was the most
effective on both adventitious shoot induction and number of shoots. Especially, 2.0
mg/L kinetin was the best to increase adventitious shoot induction (95.8%) and a
number of shoots (8.4). Adventitious shoots were rooted on 1/2 WPM medium and the

plantlets were acclimated 1009 on composed soil (peatmoss : vermiculite = 1 @ 1).

_11_
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D A& F4
2) Superoxide dismutase(SOD) FAFEA =4

L

3) Xanthine oxidase(XQOase) A& &4 =%
- FEE9] vwan

1) Tyrosinase A& &4 =4

2) MTT assay
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_— 7]§-%Fo]o A Homoflavoyadorinin B& @&ttt FEEIEL 53
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T 221 (2006)
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oz yEn oddvy o FURst, n¥Y, 9w, B, AW, BAF, 4UE 5 4
F Aol ol i Aow Seld JrhuaR, 1999)

LEURE U4 89 LB kol 30 mol Babd AL TP wE HAFen U
o 7] mopolal ol 3~12 m2A B WESH FUZb ATHEESR, 198). =FUF
o Gyl @gelA HIdRE) B KRR S A= o - 2UEE, B
%, %%, A%, 9% 5ol f%el 9U% Ao deln oF§ FRolthETHA, 1984)

a7t doe(Bolksma 5, 1979; Franz 5, 1981; ¥ 5, 1994) & 9 I»+
AAAT} FTEAEA dsto] AF, HPA R dSshe dAAlE 2 NKAXZS] S4S &
THNRoZH FEAEY] 4TS JASta(Hajto 5, 1989), & #Fxte] AEES TN &
27 Q= AR HuEAtHEvans 5, 1973). Mannel 5(1991)2 FHAF 7 9-2bo] g
tumor necrosis factor®] f=ol thsle] H il e Zarkovic 5(1997)2 # A 7 §-4bo]
©] BI6F10 melanoma celldll & A &aE wiste] wrgde] st 97t &S B
g vk vk A3 5(2004) F=aE Agake]l Az MeOH FEF&0°] Ab49 (M AAEH
&), SK-OV-3 (F4%5), SK-MEL-2 (FAEF), XF498 (5214 A¢5) 2 HCT-15
(A9 & 5% AAfFH AT gk MEZHE A EdE HEbAS gt AS
2ol MeOH F% &9 EtOAc 8 A oleanolic acid®} B-amyrin acetate = BuOH + & o
Al homoflavoyadorinin BE i&|sto] Hilsh= & A-Arold diste] @2 Agdido] B
BELL e Aol

AAR (19792 =FUFolA F53 Edde o] FTHSIL o] HAL glucosest
uronic acidE& EfFstx oA TR EZo = rhamnose, mannose, arabinose,
galactose, uronic acid®& -3t Ut} 3 aspartic acid, glutamic acid, alanine,
hydroxyproline, tyrosine, isoleucine, phenylalanine, serine %< o}v| =4S {3t Ut
I Husg o, Hjj o <= 5(2000)& e =3 of] A (+)—-catechin®}

(+)-catechin-7-O-xylopyranoside, (+)-catechin-7-O-apiofuranoside®} 72 (+)-catechin Hj
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FA stgE E (+)-catechin®] o] ZFAQ1 4% procyanidin B-3& &8t Fx2E A
39Tt Lee S(2001)& =Fu% =3 oA lyoniside, 5 -methoxyisolariciresinol-9’'-O-
-D—-xylopyranoside, isolariciresinol-9’-O-@3-D-xylopyranoside, rel-trans-
dihydrodehydroconiferyl alcohol 4'-O-a-rhamnoside, icariside E3 59 6709 lignan %
neolignang #]3te] B3ttt ol et F(2004)2 I H =she] oAl ddd 9]

thokst WA 717" = collagenase A A A ¢l sorbitol¥ My FEHES matrix FEIE
=

N
il

x5, dd5EA 4 Tyrosinase AN 52 AAES T F2AHEY g4 712 A
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N

2805 g, CH:.Cl&4 369 g,

il

B
e

ol

i
]

EtOAc84d 2594 g, =84 17717 g= AU

T8E 90 g, CHCLEA 13.02 g,

gH

KX
=

4 1121 ¢

oo
+

3.3 g,

0

do

A

EtOAc

g4 941 g, CHoClL84 154 g, EtOAcE

AA

4 1179 g, 787 28140 g, 1P 6581 g=
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‘4— Fractionation with hexane
+

'

<+— Fractlionation with
methylene chloride

i
! ]
_ <+— Fractlionation with
ethyl acetate

1
1

Fig. 1. & &9

e
e
o

4) 28932923939 (Column Chromatography)

FFRREY #5d GARTRS QU] P8 =FUT Fush AAUT, BT AS

=]
= T
o] o dotAH | ERAG N 84 EPEo] tie ZdAaRvtEIYYE HAAH o fE



Zele A7 45cm, 3em, 1.5em 2 lem, 2] 60em] FEZHS ALY SIEAZRE

Sephadex LH-20& AF&3tslor &&= MeOH-H0 (51, 31, 11, 1:3, 1:4, 1

1:7, 1:8, 1:9, v/v), ethanol-hexane (2:1, 3:1, 4:1, 4:3, v/v) £ N & Al ZdHoz R

H "]z &F 92 fraction collector (Gilson FC 204)& o] &3lo] =x4 o2 A3 #d

dAFS wogorn Aol BF &FF o yeof FAd YA H acetone-H0 (101, v/v)
=

Zys AHsAT

S
_Iu:

' >3 2 EY 3 (Thin Layer Chromatography)

DHgow molzl HFB FEE FUs/] 9Astel WFALTE T (TLOS

o

E22 23L& MerkAFe] DC-Alufolien cellulose F(Art.no. 5574)S A& 3}
9o ANz dEolMH O E(EtOAc) |4 HE2  H=FA4 &gl

OAc-H:0 (3:1:1, v/v/v, solvent A)S A}&3F%)

fw
&
oo
ox
4
S
rlo
44
ox
®
=

-H
6% x4 T8 9(6% HOAc, solvent B)E AF&3l T ©ddEHo g8 93 Wyo=z
= TLCH &9& AAsto dgmel AMAZ &= Ax

sFelsto] s}t A ol 5 a(Ro)= T8kt

GRCUELERIEELE

A7) g 23322 (NMR; Nuclear Magnetic Resonance)S & Zddistn 3523

215%9] Bruker Avance DPX 400Mz NMR spectrometer® ©]-&3t@omn 2A gz
MeOH-d;, DMSO-dsS A3t} 8E9 EA#ES =437 Yo Zddgn a5

>~

2539 Micromass Autospec M363 AR A 7| E ALE-3sle] FAB-MSE MALDI-TOF

= Applied Biosystems, Voyager-DE STRS AF&3le] x5S =435}

7) S 3¥E
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_%4
231, v/v) Eddog Bgsto] 749 fraction (E1~E7)e® B#egx 84 371
g& WESE(1], vv) EFHoz Egdte] 7Y fraction (WI~WT7)o&E &8}

F% 7} fraction> WS FE&AES o] §ete] @Y FFEZ T AA E wrA wE

Aol FE=2 A F2 &dlHs 18Ad =22 AU A2

o ther @At

7} 8% & 1 ((+)-catechin)

E5 fractiong WerS:&E(1:1, v/v)EFH oz Hgste] A AR gAlHA fractionel
A 483mg¥ 980mge Lo E52 fractionS WES:E(1:2, v/v)E 335l E5H24
fractionoll Al 410mgs AATh TAA o= F2Mo=z Hhgsrgom o sitEe Ry ¥
NMR datav o3 2t

Ry : 0.56(solvent A) 3 0.41(solvent B).

'"H-NMR (400 MHz, & CDsOD) : 250 (1H, dd, J=813, 16.11Hz, H.4), 2.86 (1H,
dd, J=5.45, J=16.13Hz, He—4), 3.99 (1H, m, H-3), 458 (1H, d, J=75Hz, H-2), 5.87 (1H,
d, J=2.21Hz, H-6), 599 (1H, d, J=2.24Hz, H-8), 6.69-6.88 (3H, m, H-2'5',6").

BC-NMR (100 MHz, & CDsOD) : 83.1 (C-2), 69.08 (C-3), 28.79 (C-4), 158.10 (C-5),
96.58 (C-6), 157.19 (C-7), 95.79 (C-8), 15843 (C-9), 101.09 (C-10), 132.49 (C-1'), 11553
(C-2'), 14652 (C-3"), 14650 (C-4'), 116.38 (C-5'), 120.33 (C-6").

>

) 3L 2 ((+)-catechin-7-O-apiofuranoside)
E3 fraction®l Al 5.72g,S E5 fractionS W&E:E(11, v/v)EFHoz 23t 1.24gS
At w3 FEA 2AE T UFES AAsE WH fractions 4% 2
6.98g = ettt WA o] FFES =FuF Fu o FATOE ALmETh A Ao
HeMo g nhgston o] 3§gEe Ry ¥ NMR data®™ tha3 2t}
Ry : 0.47(solvent A), 0.50(solvent B), FAB-MS : [M+H]" m/z 423.

rr
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'"H-NMR (400 MHz, & CDsOD) : 254 (1H, dd, J=8.0, 16.3Hz, Hux-4), 2.85 (1H, dd,
J=54, 16.3Hz, He-4), 3.60 (1H, d, J=12.1Hz, H.,-5"), 3.63 (1H, d, J=12.1Hz, H,-5"), 3.86
(1H, d, J=9.8Hz, H.-4"), 399 (1H, dd, j=9.5, 16.0Hz, H-3), 4.08 (1H, d, J=9.7Hz, H,-4"),
413 (1H, d, J=2.8Hz, H-2"), 460 (1H, d, J=7.3Hz, H-2), 547 (1H, d, J=2.8Hz, H-1"),
6.07 (1H, d, J=1.8Hz, H-6), 6.13 (1H, d, J=2.0Hz, H-8), 6.71 (1H, dd, J=1.2, 8.1Hz,
H-6"), 6.76 (1H, d, J=8.1Hz, H-5"), 6.83 (1H, s, H-2').

BC-NMR (100 MHz, & CDsOD) : 2877 (C-4), 6531 (C-5"), 6898 (C-3), 75.79
(C-4"), 7864 (C-2"), 80.66 (C-3"), 83.23 (C-2), 97.23 (C-8), 9764 (C-6), 103.61 (C-10),
109.04 (C-1"), 11556 (C-2'), 11649 (C-5'), 120.35 (C-6'), 13247 (C-1'), 14659 (C-3"),
146.61 (C-4"), 157.23 (C-5), 157.92 (C-7), 158.52 (C-9).

t}) 3E 3 ((+)-catechin-7-O-xylopyranoside)

WAE AazvtEag s F3dsto] sgE 19 TR xylose’t Ad¥ 3=
3(109mg)S welstdet. o] stgt=9 k& Ry # NMR datas= tha3 2o

Rs : 0.31(solvent A), 0.55(solvent B), FAB-MS : [M+H]" m/z 423.

'H-NMR (400 MHz, & CDsOD) : 253 (1H, dd, J=8.0, 16.3Hz, H.-4), 2.85 (1H, dd,
J=5.3, 16.3Hz, He-4), 331 (IH, m, Hu-5"), 3.39 (2H, m, H-2".3"), 355 (1H, m, H-4"),
3,89 (1H, m, He-5") 4.00 (1H, m, H-3), 459 (1H, d, J=7.4Hz, H-2), 476 (1H, d, J=7.2Hz,
H-1"), 611 (1H, d, J=2.1Hz, H-6), 6.16 (1H, d, J=2.2Hz, H-8), 6.72 (1H, dd, J=1.8, 8.1Hz,
H-6'), 677 (1H, d, J=8.1Hz, H-5'), 6.84 (1H, d, J=1.72Hz, H-2").

BC-NMR (100 MHz, & CDsOD) : 2871 (C-4), 67.10 (C-5"), 6880 (C-3), 71.30
(C-4"), 7492 (C-2"), 7798 (C-3"), 83.13 (C-2), 97.19 (C-8), 97.69 (C-6), 103.03 (C-1"),
10396 (C-10), 11548 (C-2'), 11641 (C-5'), 120.29 (C-6"), 13228 (C-1"), 146.46 (C-3'),
14650 (C-4'), 157.06 (C-5), 157.76 (C-7), 158.69 (C-9).

2}) 3 E 4 ((+)-catechin(4a—8)-(+)-catechin, Procyanidin B-3)

E6, 75 EolA wg&=(1:2, v/V)E AAERvtEIHIE FPste] FFE 10] M= 4
Wit 8ol Ae stehE 4(89mg)E @Elste] 725 rHetAth o] 3E el R 3 NMR
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datatx T 2t

Ry : 0.38(solvent A), 0.50(solvent B).

(Notes: M= major rotamer, m= minor rotamer, *= changable)

'"H-NMR (400 MHz, & CD3OD) : 249 (1H, dd, J=8.0, 16.2Hz, H.-4"), 2.76 (1H, dd,
J=5.7, J=16.4Hz, He—4"), 379, 4.08 (1H, m, H-3"), 425 (1H, d, J=9.5Hz, H-4), 4.35, 4.52
(1H, ¢, J=94, 7.8, 8.6Hz, H-3), 441 (H-2, d, J=7.8Hz, H-2"), 474 (1H, d, J=7.3Hz, H-2),
578 (3/4H, d, J=2.3Hz, H-6(M)), 581 (1/4H, d, J=2.3Hz, H-6(m)), 584 (1/4H, d,
J=2.3Hz, H-8(m)), 5.89 (1/4H, d, j=2.4Hz, H-8(M)), 594 (1/4H, s, H-6"(m)), 6.07 (3/4H,
s, H-6"(M)), 6.24-6.99 (6H, br-m, H-2'2" 55" 6'6").

“C-NMR (100 MHz, & CDsOD) : 2874 (C-4"(m)), 29.03 (C-4"(M)), 38.85 (C-4),
68.83 (C-3"(m)), 69.18 (C-3"(M)), 73.97 (C-3), 82.71 (C-2"(M)), 83.19 (C-2"(m)), 84.21
(C-2(M)), 8436 (C-2(m)), 96.33 (C-8(M)), 9651 (C-8(m)), 97.14 (C-6(M)), 97.60
(C-6"(M)), 97.77 (C-6(m)), 97.83 (C-6"(m)), 100.76 (C-10"(m)), 102.51 (C-10"(M)), 107.47
(C-10), 10846 (C-8"(M)), 10862 (C-8"(m)), 11547 (C-2'(m)), 11578 (C-2"(M)), 116.21
(C-5'(m)), 11634 (C-5'(M)), 11643 (C-5"(m)), 11648 (C-5"(M)), 116.69 (C-2"), 120.12
(C-6"(M)), 120.44 (C-6"(m)), 120.90 (C-6'(M)), 121.32 (C-6'(m)), 13212 (C-1"(M)),
132.43 (C-1"(m)), 132.67 (C-1(m)), 132.89 (C-1(M)), 145.74" (C-4"(M), 145.88" (C-4"(m)),
146.06° (C-3"(m),4'(m)), 146.34" (C-3"(M),C-4""(M)), 146.39° (C-3'(M)), 146.64"
(C-3"(m)), 155.14 (C-5"(M)), 15525 (C-5"(m)), 15591 (C-5'(M)), 156.03 (C-5'(m)),
156.12° (C-77), 157.38° (C-7'(M)), 157.39" (C-9” (M)), 157.56° (C-7'(m)), 157.71"
(C-9"(m)), 15890 (C-9").

n}) 33E 5 (Homoflavoyadorinin B, luteolin 3’,7-dimethyl ether 4'-O-B-D-

apiofuranosyl-(1—2) S-D-glucopyranoside)

it
o2l
oX,
ot
e
s
o
o,
o>
Me
N M
N
il
o
ofo
ol
o
2
o2l
2
ol
o
2
Me
1
o
iin
B
=3
—+
@
o,
=
1o,
N
r
g
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'H-NMR (400Mk, & DMSO-ds) : 3.19~4.06 (11H, m, glc and api protons), 3.87,
3.89 (each 3H, s, 7, 3'-OCHa), 514 (1H, d, J=7.7Hz, H-1"), 543 (1H, s, H-1""), 6.38 (1H,
d, J=2.0Hz, H-6), 684 (1H, d, J=2.0Hz, H-8), 7.05 (1H, s, H-3), 7.22 (1H, d, J=8.7Hz,
H-5'), 763 (1H, d, J=1.6Hz, H-2'), 767 (1H, d, J=8.6Hz, H-6"), 12.84 (s, 5-OH).

BC-NMR (100Mz, & DMSO-ds) : 56.82 (7-OCHa), 56.95 (5-OCHs), 61.41 (C-6"),
65.30 (C-5""), 70.75 (C-4"), 74.82 (C-4""), 7559 (C-3"), 76.86 (C-2""), 77.87 (C-2"), 78.01
(C-5"), 80.22 (C-3""), 9369 (C-8), 98.76 (C-6), 98.93 (C-1"), 10512 (C-10), 105.62 (C-3),
109.16 (C-1""), 110.86 (C-2'), 11564 (C-5'), 12064 (C-6"), 124.77 (C-1'), 149.92 (C-4'),
150.48 (C-3'), 158.16 (C-9), 161.99 (C-5), 164.31 (C-2), 166.08 (C-7), 182.92 (C-4).

8) @ FEY 7+x24

Zzkol FAARE oeEE FEF ¥ AFARMEIYIHS AMESte] 28 AAg
Ay “HUF FyE a2 29 2ol F2 flavan-3-olA =2 A A3k ol "o}
Alele]l EEA I 84 A4S &4 & 23 s3tE 2 ((+)-catechin-7-O-apioside) 7} o &
(139g) ¥ =g 399 Fo FALAELS & F Adh

Sl Aol gk A T2 FU A lectin B FtEAol FF o 3o

7 g ATE ol FolA UA Frh wEpA 2 <
g A stgES 784 E8eA Ao
HEaadth o] shehE2 luteolin® 7]E= A 3'¢F 7TH f1A o methoxyl 717} 2] &5 o]
3l 4’9l pentose9l hexose’} glycoside 23S st e SFEZR o] sIFFELS A4

v SolHo® A= flavonoid® A EstetA o2 1 ofu 7t ok

=

o %

4
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OH

OH
HO. /O
OH OH
OH
(+)—catechin (1) (+)-catechin-7-O-apiofuranoside (2)
OH
OH

OH

(+)-catechin-7-O-xylopyranoside (3) (+)-catechin(4a—8)-(+)—catechin (4)

OH ©
Homoflavoyadorinin B (5)

Fig. 2. =§UF #3718 Aol vd & }PEY 72,

7}) (+)-Catechin (33E& 1)

Hol A 5.86
Hze} 2.3 Hzel

s ol A

12 flavan 3-ol9 tiZ A<l 3322 A Fig. 39 'H-NMR 2~

M2l doublete H-63 H-8¢ v=a=A Jgko] 2

Hoj9l&s & 4 i, Fig. 49 "C-NMR
T 7F AgkEe] 9= C-5, 7,

SHHE
ppm¥ 594 ppmoll A
Ao 2 Hol meta coupling©]
C-63 C-82 7+7zt 96.32 ppm¥} 955 3ppmell A LHERLFH
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9+= 157.61 ppm, 157.86 ppm L& 1 156.95 ppmolA YEY=1d] o] A2 phloroglucinol A3k
o] Ayl ATt Quaternary 49l C-102 & w49 yarRt 2A 100.85 ppmeoll
A YJebgd s ok Ed 'H-NMR 2~#HEH A 251ppmoll A YEFE double doublete
H-49] axial &4 %A] vicinal 49 H-3%9] coupling®® 8.1 Hze] J#3¥} geminal 4
Q1 H-49] equatorial =2l 93] 16.1 Hz9 Ja=S YEWH, 2.85 ppme double doubleta
H-49] equatorial T242A] geminal T4% H-49 axial G40 93] 16.1Hz9 Jatd
vicinal =491 H-39] &J3lA 54Hz9] Jaks WERH AL Qlt} 398 ppme H-39] F4a=2A <l
A3 H-2, H-4ax 18] H-4deqol 984 multiplete 2 Yl 9o H-2&= H-39 <
Zeoll o)A 457 ppmell A Jakol 7.5 HzQ) doublet ¥ A& Rola gtk “C-NMR A3 EH
ol A 2855 ppme ¥ == C-49 carbonyl”’] 7} X o] YA FL flavan-3-ol2] A
3ol C-33 C-2= 6884 ppm¥ 8283 ppmel YEIG=H o= flavan® 3EE
heterocyclic C3e] 544 <1 313 Fejolrh(Agrawal, 1989).

(03
iy
ro

lo

7, Bgel 'H-NMR A~ E o] H-2'2 H-6'% meta coupling®. 2 6.84 ppmol A
Jgol 1.8 Hz¢l doublet ¥ AE Yeva glew, H-5E 677 ppmelA H-6'# ortho
coupling© 2 Jzko] 81 HzSl doublet ¥ 3E Holal il 672 ppmellA YEYE double
doublete H-6'¢] ==z 2AH3 H-2'7 meta coupling, H-5'3} ortho coupling®& Jita
1.8 Hz9k 8.1 Hzolth B3] "C-NMR A E#A Fab7)7h A3 Ho] A 4 C-2/,
5, 6" ¥YAZEL 11528 ppm, 116.12 ppm, 120.08 ppmel A vey™ C-3'3} 4" 3252
27178 AekE o] Slo] 146.26 ppm¥} 146.28 ppmoll A UERUAL fl=H], o] A2 o] 513 E 9
Bgto] catechol @EHIE 7FAIL &S KT Ut

o|A¢] A Ham 5(1995)0] Populus albaglandulosa®l 43 ZH-E @3 3g%
o] NMR#t % ®a# datast dAskdvh. whebA o] 3}gHE 2 (+)-catechin®2 25
WAt (+)-catechin® A & (hemostatic), *|AH(antidiarrheal), 7] % (antiulcer)s 2] 2Fz]

2397 Qo 7+% ASk(hepatic disorders) X84 T o & AMgE I QL2 2003).
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Fig. 3. (+)-catechin® 'H-NMR spectrum.

_37_




KLE 33233 Crystal

e ——

e'ge —

ok er
Egg'ar
LE8"Ar

060°6r
£92°6¢
9Lk GF
68960

mwe'e ——
168°28 ——

OEE'66 —
OIE'96 —
6v8 008 ——

182 G~
Bl —""

080" 02—
e e l—
1529}

ww—

Gr 94l

us'm}
198" (61

wod

o

ppa
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) (+)-catechin-7-O-apiofuranoside (3% 2)

3132 2% (+)-catechin®] 7% 2ol apiose’} ZA§3 TXE Fig. 59 'H-NMRO| A
5.47ppm?] doublet apiose?] anomeric proton?] ¥ A& JFko] 278 Hzo 2 UEY Ao
Kol furan® T%E o1l oS ¢ F doH, H-2"S I8 H-1"9 9F 2= 413 ppm
14 doubleto.2 thEbuFP] 279 Hzel Jgk& 7Rtk H-4"9] F/0e] 2% 386 ppmel Al
H-4a"7} 4.08 ppmol A H-4b"7} z+z} doublete. @ YERLFIL J3He 98 Hzeb 9.7 Hzlo,
Ho5e) /el 4= Ho5a"el 360 ppm, H-5b"0] 363 pomel A k7 doubleto= /gt
121 Hz= st vtk U 459 9aE (+)-catechin®] 329} sdatA
EFt .

Fig. 6] "C-NMR 2= =804 109.04 ppmol A tebd 2= apiosed] 1W &A
pyran@ o] 1% X2t} °F 2 ppm downfield ® A o= o] 3}3t=9] apiose’t furand %<
9 o % glou] A apiose®] BAS9l C-27, 3, 4%, 5& 7864 ppm, 8066 ppm,
75.79 ppm, 65.31 ppmel Al el ) th(Imperato, 1996). A%ke] C-79| apiose’} 2 g3t <
Fo= C63 82 (+)-catechin® ¥l o 2 ppm¥} 1 ppm downfield ¥°] 97.64 ppm}
97.23 ppmol A YEYY C-99 10 9A] °F 2 ppm 3 ppm downfield o] 15852 ppm¥}
103.61 ppmollAl YE L= 2to] & Holar vk v Al BAEL (+)-catechin®] A9 &
AstA EbdTh wEka] o] #FEL (+)-catechin® 7TH $IX el apiose’t AEE ol =

bR s THskTh

L
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Fig. 6. (+)-catechin-7-O-apiofuranoside®] *C-NMR spectrum.
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t}) (+)-catechin-7-O-xylopyranoside (33& 3)

832 32 (+)-catechin®] 79 €0l xylose’} 2338 L2 Fig. 79 'H-NMRoI A
3.31~3.89 ppm Alelel ¥ AEL 58rE<l xylopyranose? H-2"~H-5"¢] +4AE9 signals
Hol Fa g1om 476 ppmol A UERD doublete Jatol 7.2 Hz=AM H-17¢] ¥ =7} vehyd
t}. Fig. 8¢ BC-NMR ~#FEZHo|AE= 6717 ppmolA YEY signale xylopyranose]
C-5"¢ YeY a3 9 xylopyranose 72%olE 62 ppm AEolA YeuA Ho T3
103.03 ppm¢ ¥ == C-1"2 24 C-1"°] hemiacetal 23S 3= B39 xylopyranose? &
& 4 ok 7492 ppm, 77.98 ppm, 71.30 ppm<e] I EL C-2", 37, 479 I3 HAE
2 Agrawal (1989), Mizuno %S (1991)3} Ishii 5(1990)¢] Hugk AFH g
-D-xylopyranose?] 3= e} FAFS HFET}

71E} 9] ZE5S aglyconedl (+)-catechin® wi-$- A4S FejE vebdlon 'H-NMR
2~HAEH A H-63 H-8& (+)-catechin®.t} 22 ¢F 0.2 ppm B =2 downfieldZ ©] &5
of Yty glew PC-NMR ~=HEfdME C-63 C-82 27 1 ppm¥ 14 ppm
downfield®2 o] %% o] Yerwtth =3 C-7& ¢ 0.6 ppm Z % downfield2 o] 5 o] el
o} o] Z & C-7° xylopyranose’t A& o JS YEldT. o]de Az g3E2 32
(+)-catechin® 7H $ A9 xylopyranose’} A% o] J& SFEZ F+2E THE AT
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Fig. 7. (+)-catechin-7-O-xylopyranoside® H-NMR spectrum.
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2}) (+)-catechin(4a—8)-(+)-catechin (3 FE 4)

3} E 4+ (+)-catechin 2 unit®] 4¥ €49 8H ¥4V A4S sl s FERE
NMR ol 4 procyanidin ©] =3 3&EE5LS free rotation®l] 2olste] 242 F
a2 Yetyy A3 G AE ATz SA Alole] Agta el wel C-2¢F C-3

o gata ol% ghEo]l SAMoE AolB YHyn Jomi o Hugony FEE 4

ot

A 4 vk Fig. 991 'H-NMR = Eo]A bottom unit®] C-4"dl A F Fai
2.49 ppm¥ 2.76 ppmel A Z+Z+ double doublete 2 UElYa o jzhe Z+z; 803 16.2
Hz 183 573 164 Hz=ZH (+)-catechin® 54& e vt Top unit®] H-4+
4.25 ppmel A doubleteZ YE 9low jzkd 95 HzZA ad3HEo A& YERL
Top unit®] H-32 free rotation®] 2]3}¢] 3.79 ppm3} 4.08 ppmol Al triplet® & YElF o2
C-47} bottom unite} ZA3tE o] JdS & 4 AT} Bottom unit®] H-6"2 594 ppm¥} 6.07
ppmol A YElU L 9lon H-8"39] meta coupling®] $1E singlet® 2 UEFSTH

Fig. 109] "C-NMR == E&c|4 29.03 ppm} 38.85 ppm®] ¥ == ZH7t bottom unit
9 top unitd C-4"¢} C-424 top unit® C-47} bottom unit® 2= o] downfield= ©] &
ol d&< vEldrh 69.18 ppm, 73.97 ppm, 82.71 ppm % 8421 ppme HIAEL top
unit®} bottom unite C-29 C-32.&# (+)-catechin®} (+)-catechin®] A& procyanidin
B-39 EAZ<¢ H=zE vehhz ¢drl. Bottom unit® C-8"& ¢ 10 ppm AE7}
downfield2 o]%= 9 108.46 ppmeol A WElF o Z A C-8"9 top unit®] C-47} a2 ¥ ol ¢
5SS o 5 k. 3E 49 NMR#ELS Foo 5(1982), Karchesy 5(1980), Hemingway
5(1983) ¥ Kolodziej (1985)°] H 113t procyanidin B-33 < x| & vt wald & 4= 2
7Nel  (+)-catechin®] C-4¢ C-8'¢] A¥E st Q=  (+)-catechin(4a—8)-(+)-catechin

(procyanidin B-3)2.2 %2 F4atyr}.
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Fig. 9. (+)-catechin(4a—8)-(+)-catechin® 'H-NMR spectrum.
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v}) Homoflavoyadorinin B (&E& 5)

33+ 5& aglyconed?] velutin (luteolin 3', 7-dimethyl ether)oll 4" &2l glucose?| 2
W ®F49} apiofuranose 1 ®47F A3 & o]},

Fig. 11¢] 'H-NMR 2#E#do]A 763 ppm¢ doublet> H-2'7} H-6'3 meta
coupling (J=16Hz) Ho] vet}m H-5¢ H-6'S AE ortho coupling ol Zz 7.22
ppmI} 7.67 ppmolA doublete® YElHTH Aol H-63 H-82 A& meta coupling ¥ ¢
doublete. 2 7}Zb yEl}E=H o= Watanabe (1999)7F 23138t luteolin®] H-63} H-8 H.rt}h
= 2k 0.1 ppm, 0.3 ppm A= downfieldE o] 6.38 ppm3} 6.84 ppmol YEl Qo). FEIH
C-3’9 methoxyl 719} C-4'9l glucose®} apiose’} Z &3k Jdo 2 H-32 luteolin®] H-3
Bt} ¢F 05 ppm downfield F o] 7.05 ppmel A singlet® & e
3.87 ppm3} 3.89 ppmoll Al C-77 3'o] methoxyl 719 F4E0°] =7t YERITE Glucose
H-1" 42+ 514 ppmel A Jgkel 7.7 Hz9l A& Hol B-D-glucose 9% & + Ao
543 ppme] apiose®] H-1'"9] singlet® ® eI 3.19~4.06 ppmolA YA glucosest
apiose®] 117]1¢] $4%E9 ¥=7 vehdr) Fig. 12¢] "C-NMR ~=lEdo]A C-29 C-3
o] 164.31 ppm¥ 105.62 ppmeolA UElt= Ao g Hol o]F AT o]l C-30] X 3kHEH o] Q)

2] 2SS o 4 9o carbonyl B¢l C-47F 18292 ppmdlA FAE Holx Ao H

rr
Jm

4e wolm glom

o} flavone C&YU& ¢ & Udth(Agrawal, 1989). C-5, 6, 8 C-7°| methoxyl 7|7} A3
dgoZ luteolin® C-5& ¢F 2ppm, C-63 82 °F 1 ppm AE upfield¥ o] 161.99ppm,
98.76 ppm, 93.69 ppmelA] YEFIE C-7& 2 1 ppm A% downfield¥ o] 166.08 ppmol A
Ueldtt. C-4'2 velutin®] C-4" Bt} ¢F 2 ppm A% downfield® o] 149.92 ppmolA] E}
U ASZ Hol glucose’t A7sla oS ¢ & dN o (Harborne and Mabry, 1982)
glucose®} apiose? anomeric A<l C-1"3 C-17"% 9893 ppm# 109.16 ppmel A e}
W YA glucose BFAES C-2", 37, 47, 5", 6" 77.87 ppm, 7559 ppm, 70.75 ppm, 78.01
ppm, 61.41 ppmoll A YERFTE C-2"L apiose®t ether 29 dFo=w ZAFS 1 YA
%2 glucoseEtt ¢F 2 ppm downfield F o] WEbAT} Apiosee] YWA BAES C-27,
3", 4" 5" 76.86 ppm, 80.22 ppm, 74.82 ppm, 65.30 ppmolA YEFY™ methoxyl 712
F7hel ®a= 56.82 ppm 56.92 ppmell A SH Ao m YEldth o)) A= MA 3 =
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(2004)0] =2k A9 2rolo A E2]3F homoflavoyadorinin BS] NMR #E 3% XA sle] 3}

SHE- 4+ luteolin 3',7-dimethyl ether 4'-O-B-D-apiofuranosyl-(1—2)8-D-glucopyranoside

(homoflavoyadorinin B)2. 2 F+x%& 933tk
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Fig. 11. Homoflavoyadorinin B¢} 'H-NMR spectrum.
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o gl A3

Y AGel AETH ARE

= pul

rlo

=EU Y 2959 AU Aol sk v
Ag-ol FEE 2 =FyUF FIYdA &g ®  (+)-catechin, (+)-catechin-7-O-
apiofuranoside, (+)—catechin-7-O-xylopyranoside, (+)-catechin(4a—&)-(+)-catechin
(procyanidin B-3)¥} Al ZuF ALAoloA 2] 3+ homoflavoyadorinin BE 27 AH&-3}
AT

1) Az=4d A¥

oy FEE 293 AduFe uE Agde] FEE 29 9 dessE

=4 55 574357 9% AleF 2 human skin fibroblastE wlsl7] 9]
%] 2= MEME(Minimum Essential Medium Eagle, Sigma), Fetal bovine serum (Difco),
100xAntibiotic-Antimycotic ~ (10,000  units/m¢ penicillin G  sodium, 10,000 xg/mé
streptomycin sulfate and 25 pg/m¢ amphotericin B in 0.85% saline, Gibco), Trypsin 250
(Difco), Trypan blue solution (0.4%, Sigma), Neutral red (Sigma)E Al&3tom 7]E
CaCly, Formaldehyde, Acetic acid 5= EF A kS A3

B Ago] A}g¥ 7]7]|2E CO; incubator (Sanyo, Japan), =8dW| 74 (Leica DMI
4000B, German), Waterbath (Taitec, Japan), ¥A1¥2]7](ALC, Italy), Clean bench (Jeio
tech, Korea), Microplate reader (Bio—Rad 680, USA) 5°] AF&5 it}

7h) Al e &

BoAdgo] o]&3 CCD-986sk (Human dermal skin fibroblast):= Korean Cell Line
Bank(KCLB 21947) 258 Tt MAxEel a2 10% fetal bovine serum(FBS)Z}
100xAnitibiotic-Antimycotice. 2 243 EMEM #WXE Al&3ley, 37C, 5% CO:
incubatorell A -&A1A A wgste] A&

W) AlxEyg 43
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A& CCK-986skoll that MEE=A =AHE neutral red assays ATt =

CCK-986sk(Human dermal skin fibroblast)S 10% FBS-MEME®| #]st & o] & 3}
ATLE=E 25x10%cell/mz %4 3t A EHS ZA|3 & o] 96 well-plateo] 200 w2 F

F3}aL o] Z 37T, 5% CO; incubatorol Al 244 7+ wj 9k A] A o}
24X vk F owjAE A AF F 10% FBS-MEMEZ %A% 5529 A& 100 ule}
10% FBS-MEME 100 wZ thA] #H71ste] 5 ZAdA 747 viFA A o] ul 10%

FBS-MEME®HS AHESF A7 ti272 ARgstadvh. 7941 wdet & A 5 &35
AAsL 50 pg/ml neutral red (in 10% FBS-MEME)Z 200 @ ¥ ¥ 37C incubator

oA 2A17F WH-SAIA T Neutral red §4S #AAS F 1% CaCly, 1% Formaldehyde(in
DW) €945 1002 €al 183F 2dkAIZl & 8N S A ASEa o]dd 1% Acetic acid, 50%
EtOH (in DW)S ©A] 100 wA ¥ 1583 2¥HAIZ]l 3 microplate reader® ©] 83}

570 mel 4 EREE Z4 s

=

Be 43 23 Fig 13, 149 2o =5uyF 59 F2&° 4F 312 ppm
2 B BgEc] AlX A4S Uehlilon oeoiAH ol E
4 EEE9 A9, 78 ppmoll A e 5A4S YT mEA A2 SA4S JEWA 22 F
T 9919 100 ppm¥ 250 ppm ©] F 7HA] FEE AAsA ol i & AFS st
Rom odopAElo]ELAY =9 4g, F59 S5 APNA AL

T3 “E5UF s zRH 223 3AEESY H$, (+)-catechin-7-O-apioside= 78

=S

ppm  ©]&}ol A

ol

A YelA gkoen  (+)-catechin, (+)-catechin-7-O-xyloside,

procyanidin B-39] 7% A|2¥E 156~625 ppm Wl AEEAo] el 2 52
wolow mEhA, 99 Ans wgor FFo g% AL 100 ppm 0|5+ Fmol A g
s,

NEE

AR yR Aol 2EE I E AJRE DMSO &A1 A Zhzte]
39 ppm ~ 5000 ppm7}+A] ©@AIH o2 At 96 welld] wlSSt celloll Al A&7}
Axze] 548 Yele 55 gdstdnt. 1 43 Fig. 159 AZ4uUF A4 F

it
g
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E3Eo] 39 ppmolAl 50%

(viscous extract)d} o €olA|EH o] E&A

R

= 9F 30%

78 ppm7FA|

KN
L.

7} homoflavoyadorinin B

o

o] 7% Fig. 16°14 ¢} &

3)
AEEol 40%

=]
RN

o

-
R

ol A Al

Pl

o

UERs

&

Al 252 0] 50% ©

R
.

= %A 156 ppmel A H-E

K

ool H ol ELA HIE

Al

KN
=

78 ppm X+ Zd 100 ppm

L o)
R o = !

o)
o
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120

[ OCude [ Hexane O CH2CI2 O EtOAc O Water @ Solid
100 r
80
g
2
@ 60
>
]
O
40
20
0 L1
78 156 312 625 1,250 2,500 5,000 10,000
Concentration (ppm)
Fig. 13. =§4F &3 F2& £ AxHYEL.
O (+)-catechin @ (+)-catechin-7-O-apioside O (+)-catechin-7-O-xyloside O procyanidin B-3
120
B2
B e
9% | h £ I
g
> ]
§ 60 e
s
o
(@]
30 -
0 L
78 156 312 625 1,250 2,500 5,000 10,000
Concentration (ppm)
Fig. 14. =45 Fy oA 2 SFEY AXYES.
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OEtOAc mWater [—Viscous extract O Homoflavoyadorinin B
80 r

60 -

40 r

Cell viability (%)

20 r

39 78 156 313 625 1250 2500 5000
Concentration (ppm)

Fig. 15. A1 Z4yF A$4o] F&EE 33} homoflavoyadorinin B9 A X524 E.

OCrude MHexane [OCH2CI2 DOEtOAc [@E@Water ESolid
100 r

Cell viability (%)

39 78 156 313 625 1250 2500 5000

Fig. 16. 5 Af-do] F25 £ AXFHE.
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2) Fig e A3

7h dAaggy AU

& Aol dtstasts HES] &) AHSE Alefe 24 DPPH(-1-diphenyl
-2-picryl-hydrazyl, Sigma), SOD assay kit-WST (Dojindo), Ascorbic acid (Sigma), BHA
(Wako), BHT (Wako)ZS A}-&3}31 2™ ]9 Linoleic acid, Ammonium thiocyanate, Barium
chloride dihydrate, Ethanol (95%, v/v) 5< 53 Al2%S AF&33th

HoAdd Alg® 7]7]E= UV/Vis spectrophotometer(Shimatsu, Japan), Microplate

reader(Bio—Rad 680, USA) 55 At&3it}.

(1) DPPH radical £2A% &34
1,1-Diphenyl-2-picrylhydrazyl(DPPH)Z ©]&3t free radical &A%

o
B
2
ol

o

3

it

o
>
>,
ol
ol

b

Al

i

7] 918} UV-visible spectrophotometer (Libra S32)5 Ab-&3}o] &4t
Ak wWA 7zt 1253 3IFEES 1000 ppm(5 mg/s m)e FER WE

al
methanol§ <} 4 m(7} So1lE oAl je] Al@ el zbzt 0, 10, 20, 40, 80 u® W& T}

M
ot

S 015 mM2 DPPH 1 mlE &S 3 A2oA 303 vgA17l 5 517 nmolA &%

deld gEEse] v UVEAas Udeles 202 Gt o A& ol &3
o Axtet At
Y = AX + B
X=%Fol
V=53 = gk=1/2)x(F A7k gh)
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1=
[}

Z7ke] R EEY IFEE AAF
2 50 ppm, 100 ppm, 250 ppm<] =W A8 -gH

=2 5y

(1-1-diphenyl-2-picryl-hydrazyl) 100 x5 ¥ 1837+ vk
< microplate readers ©]-&3t4 540 nmolA &3
TE2E Y955 L-ascorbic acidg AF&3tom HAAFols Al5g§He H7bet

H7bel F3s A2E&2 YE AT (Cho 5, 2003; Ratty 5, 1988).

ARFAF(%) = (1 SabsC;bSBabs % 100
Sabs : A EEN H7HTe] FHE

Babs : DPPH t)4 AA5E A& Agg9 A7b7e F3%
Cabs : NE& THAATe] FPE

(3) SOD frAtEA =

SOD A2 thaa 3ol

AAsEAT. 4 AR

Aaggd 20 woll SOD assay kit-WST W] WST working solution 200 plS @o] nlwk

S A1 7] 3L microplate readerZ ©]-&3Fo] 450
Y FX9 L-ascorbic acidg AF&3t9 o™ SOD FAMEA &

FYE 4Aa%E i

t}A] Enzyme working solution 20 =

Yol £33t & 37T incubatorol Al 2087+
At 28 dxT=

1R 8o AT 73

nmol A FFEE

>

T 100 pg/ml, 250 pg/mle] =

H

T

rr

7}

Sabs — Babs ) x
Cabs

SOD #FAFEA (%) = (1 100

Sabs @ AN 5&d HI7MFe] FHE
Babs : Working solution WAl BA| 42 Al&s AJ5&d HArpto F3w
Cabs : NE&H FHIM9 FHE
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@ AP ABAS A £ 573
Auare] ABAE oA BaE 2487 A8 G 2ol AAHALE Test

T EFEE 1%E AT 4 AIRE 003 m ¥l

FOI'

rlo

tube] 10 mM linoleic acidE 3 mf

Cin

)

E31713 o] 5 40T incubatordl] 7€ WSAIHATHAI RS HF5% 100 ppm). ©]ZFH 20
2 # 3l microtubed] 71 & 95% Ethanol 0.94 S ¥ 1 £33t thA] 30% Al A

i

2
2
(o}

b m Gl 20 W, AFA LA gM o) WUE £AHoRE YL 5 AL 3R
Atk wkgdo g RE 1 A FH3ste] UV/Vis spectrophotometerS ©]-83Fe] 500 nm
E 43590 A9 dx27e 59 ¥ BHA %2 BHTE A&3d o A

Fie AEgA Hrptel FHUMTY FHE AR e

o7

+

oo
>

T
olo

=2
R
el
ot
k1

_11)1

2
>y
olft
2
ot
19

A

=

e
3

(5) #AirsEA g3 Ax &4 JgA 234 4
HaksbEol 9]k CCD-986sk (Human skin dermal fibroblast)e] <=8 A3}
#E FAHs7] s oSy 2ol HAFIAT. F, CCD-986sk(Human dermal skin
fibroblast) 10% FBS-MEME¢] wjat F ol& FHsled AEswE 20x10%cell/m 2 24

rr

5

3 AENS ZAI F o]Z 96 well-plated] 200 w0 EFsaL o]E 37T, 5% CO.
incubatorol Al 2417k Bl kA Z o}

24X 7 Bk F HiAE A AR F 15 mM HsO» solution in Earle’ solution (0.12 M
NaCl, 5 mM KCI, 0.83 mM MgSO, - 7TH:O, 55 mM glucose, 1.8 mM CaCl;, 1 mM
NaH:PO, - 2H20, 262 mM NaHCO; in DW)Z ZA% w2 717 &5 I &7 3}
SHE 200 wlS tA] HUEste] A Ao A 90EZF WA A o] Wl Earle’ solution®HE
Abgeto] Az APTE T2 ARl

9QOEZ w¥kg3d F oujx] W@ fANS AAFL 50 pg/ml neutral red (in 10%

FBS-MEME)Z 200 w® ¥S % 37C incubatordl A 2A17F wF$- Al At} Neutral red £

—

S AAT F 1% CaCly, 1% Formaldehyde(in D.W) £94-& 100 p02 Y¥ar 183 wdkAIZ]
T gANS A A o] 1% Acetic acid, 50% EtOH (in D.W)& thA] 100 w0 Y 15%

b WAl Z] & microplate readerE ©] &3] 570 mol A SFE=E S5}
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W) gastgy 2

(1) DPPH radical 2A%

5] oot HlERG 8 ICx ol 119 ugst 12.2

il o

ol

flavan-3-olA 3}

=4 A YEtwth =%, Table 29

HEzF e

jild

116pgo 2 F=%

Z] O
Y

S
=

49 (+)-catechin® ICsy %t

=9

s}t

Rl

O-apiofuranoside 2}

(+)-catechin—7-

wolom,

(+)-catechin-7-O-xylopyranoside % procyanidin B-3¢] 2% %< a-tocopherol®} A}

homoflavoyadorinin B

s

=]

ol &4l

[e)
4

7

W AU
o] LhebA) ersteh.

11]‘_
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Table 1. =FY5F FY o A2UF Ao FE22 £99 FASEA ICs 3

Concentration

ICso (ug)
Fraction 50 Mg
Hexane soluble fraction 195
CH:Cl: soluble fraction 23.1
Ulmus davidiana EtOAc soluble fraction 11.9
Bark H>O soluble fraction 12.2
Crude 15.5
Solid state 17.9
Solid sate 141.1
Viscum album EtOAc soluble fraction 75.4
(in @. mongolica) H>O soluble fraction 396.6
Crude -
BHT 14.0
Control
a-tocopherol 12.0
Table 2. @233} E9 Fi43EA ICs #
Concentration
ICso (pg)
Compounds
(+)-catechin (1) 12.6
(+)—catechin-7-O-apiofuranoside (2) 14.3
Isolated . .
q (+)-catechin-7-O-xylopyranoside (3) 15.7
compounas Procyanidin B-3 (4) 14.5
Homoflavoyadorinin B (5) 1114
BHT 14.0
Control
a-tocopherol 12.0
(2) AAFAF
Fa¥ols F4 AHEEH= DPPHE s JHl2 SR8k free radical 24 171

o MEHAAE Al AR EE F2E wow FREs gadd oldd e @

PAZIAYG GAr7I= e8e] 21 =2 At 24 2 S E W RS BE ey
o]
=

et 2Adde]l Anta e = glow, 1Al WellA 2tz 9% w=3hE
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L HEZE o§¥ & Ak =FuF FEEBI A4Fels F44% Fig 173 2ol 50
L

—ascorbic acidell "] XA 3} o™, 250 ppme

TroAE 2FEEY &4 F85, 1Y E0| ascorbic acid®t frARg A#E UER O
°F 70~80 %9 HAFATS YERYAY. =5y SR 5E g o sEEse] dAA
o] 58 Fig. 184 ¢} o] (+)-catechin® 2% 10 ppme A E=du thx+2 L-ascorbic

acidit} =& AXFTAFE BJow 100 ppme A$ (+)-catechin®} procyanidin B-32]
A5 xzTe fAbe JAg o ss Hol FAastEo] 7% Ao ® ey

Ak v Aol FEE 89 Af 250 ppme] TR AATAT S
ZAstA Tk Fig. 199k Fig. 20014 ¢F o] Az Aol ] odolAH o] EEA &
I JAA (G A viscous extract) F-i2] AAFFo]l =A UElL oW 53] HAA 9

A AP EEAE AL ascorbic acid Bt & 79%¢ AATASES eI Wb

J!
i

U Aol 28 252 AAToTo] 40% vHow FAkstEAgds HolA aon
EQ

o] 37%°] dAsoea HEFHTH

i
M
ot
e
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Electron donating ability (%)

100

80 r

60 -

40

20

- ] E3

OAscorbic acid OCrude O Hexane NCH2CI2 @ EtOAc Ewater Esolid

L

Electron donating ability (%)

50 100 250
Concentration (ppm)
Fig. 17. =§4% <39 FE& 2359 AATd=
O Ascorbic acid O(+)-catechin @(+)-catechin-7-O-apioside [ (+)-catechin-7-O-xyloside @ Procyanidin B-3
100

80

60

40

20

I L

T
L

HH

Hi

H

unll

10 50 100
Concentration (ppm)

Fig. 18. =§UF +304 218 3789 ARFd%.
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Electron donating ability (%)

100

80

60

40

20

250 ppm
+ T
s
T
T
- T
.
Ascorbic acid EtOAc sol. Water sol. Viscous extract Homoflavoyadorinin
B
Samples

Fig. 19. A Z4yF A$4o] F&EE 33} homoflavoyadorinin B9 AA}F o 5.

Electron donating ability (%)

100

80

60

40

20

250 ppm

= . [] —

Ascorbic acid Crude Hexane CH2CI2 EtOAc Water
Concentration (ppm)

Solid

Fig. 20. ¥UF A$4do FEE& £359 AAT9 5.
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(3) SOD FAIEA %

SODE AAe] wl$ F313 superoxide anion radical(O; )3 WH3-3}e] hydrogen
peroxide(I,O2) & ATt TA4ZEA, AL E o83t EE AEA A5t AA ol A
ikl ek ol ZHES st tHEAR] A AsAlolth. Ao 4bshA EAS
25H AxE Holsted 8% 98S = SODY AEA S AR 243y =FuF
TY FE2E T8 Fig. 217 2] 100 ppmelA oF 80~90%9 =2 FAIEAS YEMA

Y FE(100 ppm)el YA hETQ L-ascorbic acid®] FAFZACl 20%0l wW]dle] of
4~459¢ F%S YEA L 250 ppme FEANAE A ascorbic acide] FAFEA S
60%H T =& 90% o4 &S vErdo] SODfrANEAd ] -8 3E& & + AT

Ag-ol FEE9 45 Fig. 22, 233 o] 250 ppmell A Az o Dol H o] E&
A EgE, AlAUT Al vy vgddlE 2ol =84 9 odolAHolE AR E E
Al L-ascorbic acid(584%)H.t} =& 68.7%, 71.4%, 68.6%, 81.2%°] free radical &~4 %
ettt 53 Alz2uy dadd 22 A9 A2 2 43 mechanismsS 7HX DPPH
9} SOD assay EFolA = 5 e AT

o

rlo
otk
>.
_\0;
Fol'

O100ppm E250ppm
120 © pp pp

100

(00}
o
T

SOD-like activitiy (%)
o]
o

40
20
0
Ascorbic Crude Hexane CH2CI2 EtOAc Water Solid
acid
Samples

Fig. 21. =§U% 47 2% 29 SOD $A484%
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SOD-like activity (%)

100 r 250 ppm
80
== e

60 1

40 r

20

0

Ascorbic acid EtOAc Water Viscous ex. Homoflavoyadorinin
B
Samples

Fig. 22. AZ2YF A$Ho] %5 £33 homoflavoyadorinin Be] SOD

FAEA 5
100
250 ppm
80 | T
g —+
2
R
3]
©
(0]
X
= 40 r
[a]
O
n
20
O L L L L L L I}
Ascorbic acid Crude Hexane CH2CI2 EtOAc Water Solid
Samples

Fig. 23. ¥UF Ao FE2E £8E9 SOD FAHEA=.
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(4) AR Asis 94 a3

e

o
H

—_

jr,]_}\

HA lem, oy

S},

B2 Baszdel o)

o
T

%

sh=

S % oluet A

o

0

o)

e

1}

1

3|
A

o)
=

arkskA ol o,

ze

< vitamin E, C

—

35 membrane® TAAIEC

FEo] 100
o] BHT7} e

A

Jeglen of

&=

[<3]
Sl

ppm?] FEoA F 60% <l

30% K.tk

ok
-

Nr

|

By

o

)

a}

o7

o]
2R

Ha %

RS

dl

*

et o] 9= 2 BHASH BHTO o

=2 AdAZHE
ot

ey

¥, Fig. 25, 263}

pyl

i

-

B

i

o

hul

gk 77.0%, 95.7%, 80.2%,

A<l a-tocopherol, BHAE. Tt} ¢

LHERA AT

AN &2 4%, DPPH, SOD assay,

U=

o A

95.9% 9]

LHER AT

RS

100 ppm

il

b
i

100

80

o o
© <

(%) @¥e4 uogIyu|

Hexane CH2CI2 EtOAc Water Solid BHA BHT

crude

Samples

AEs qA L,

WAt

g9 A

H
A

A
-

Fig. 24.
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100 ¢ 100 ppm
L T
80 T
T
I
g 60
(]
T
c I
.g 40 -
S E -
JE: T
20 x
0
a-tocopherol BHA EtOAc Water Viscos Extract homoflavoyadorinin
B
Samples
Fig. 25. AZ2u5F Af4o] F&2E £83 homoflavoyadorinin B9 A4t 543}
A &.
100 - 100 ppm
80 it
2 ]
L 60 |
o
c
.g —F—
o 40 r
E
£
20
o — il
a-tocopherol BHA Crude Hexane CH2CI2 EtOAc Water Solid
Samples

Fig. 26

R Aol

FEE 299 AW AT JAL.
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(5) FAgEe] A AE &4 A &

ALY A5 R st JFL Fr AAAES AR AL 48T H, ol s
GEbE AE E42 dANTELE &

ettt Fig. 2704 ¢ o] =FuiF Sy =7Y
g&o] 100 ppmell 4 #itskE 28 blankok HM]aLA] oF
Helgo] HatstE 2R Alx S dAlete A

H 311 ascorbic acid7b WEF = &3t & A& YERYATH

ME EL A4S Hol= AEE A93 homoflavoyadorinin B, A1 ZyF 7 -§-2Fo]

FEA TYE E HUF ASAe] 2FEE, AAEA 28E, dEoMEHELA] 8 E,
TEA BEE 9 1¥8E AEE Axd 545 YEUA &g 8 ppmAE FEE AE
3k Azl AdS WAt HA, AlFo] H.O.2 oxidative stressE =38k, z+zHe]
Aol FEES HA7Lslg S ), oxidative stressZ A 3dto] Al X proliferations A4l
7= ARE vwd Ay A or A XE HO.0 93 oxidative stressol] &lsiA 45%
A% M E proliferationo] #A3E ATgS HIJoHW Aol FEHES HUskA &e A
2] 7 (HoOo®F A 2ok A E proliferations Hlau g A, Wby Aol ngi 484
B =, oddotAHlESY Ed& AgTolAs AE proliferation a3 a7F Ao,
U A9 Ao 23228 84 3% homoflavoyadorinin B @ A ZuF A $2ao]
44 B EAME 27 27%, 24%, 34%, 41%¢] Al E proliferation A& 37} 1Sl tHFig

\)
oo
=
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250 100 ppm
1E
200
S
~ 150 r
c T
Qo
<
Q T
% 100 - T £ T T
oy
50
0
Blank(H202) ascorbic acid Crude Hexane CH2Cl2 Water Solid
Samples
Fig. 27. =§4%F 39 FE& £9E A Al FAAFEMH02) AT & & A2
4.
120 78 ppm
100 —
5
s 80 | i )
5
2 — e
@© 60
g L =
§
o 40
20
0
Blank(H202) ascorbic acid Qmw H CrC CrH Crg Crw Crs
Samples

(QmW : Q. mongolica Water Sol., H : homoflavoyadorinin B, CrC : C. crenata Crude, CrH : C.

crenata Hexane Sol., CrE : C. crenata EtOAc Sol.,, CrtW : C. crenata Water Sol., CrS : C. crenata
Solid)

Fig. 28. AQUE A$olsh YT ASo] 322 23 g A FA3HE(H00)
g8 &4 | AxY T8,
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3) FEE EY9 vYEAH A

nj A A]F L Tyrosinase ¥ Tyrosine, Arbutin, Theophylline2 Sigma Chemical Co.
oA FYte]  AREsIR o™, BI6FI0 wWEkwwnp WS 93 wiHEA 0 02%
Antibiotic-Antimycotic & 10% FBS-MEMEE AM&-38gith 71 9] Al ek A}
&3ttt

B Ao A}83F 7172 CO. incubator(Sanyo, Japan), =% & 1] 74 (Leica DMI 40008,

F Aok

rlo
Jm
o

German), Waterbath(Taitec, Japan), YUAI%¥2]7](ALC, Italy), Clean bench(Jeio tech,
Korea), Microplate reader(Bio-Rad 680, USA) o] AF-&5 it}

) AZEH A

(1) A= wjF
B Ao o] &3 BI6FI0 (mouse melanoma)t= Korean Cell Line Bank(KCLB
80008) =¥ FdstAth AlES w2 10% fetal bovine serum(FBS)¥  Anitibiotic-
Antimycotics 0.2%E #H7F3 MEME ®A& Al&31 o™, 37C, 5% CO: incubatore] &
SAIA A wFste]l AREeFATh

2 A=x 54 43
SR ey, AU ASdde] 3w Aol FEE 99 BI6F100] W

3 MEZEA ZHL neutral red assayE AAIEATE. =, BI6F10 (mouse melanoma)<

filo
S

10% FBS-MEME®l w43 F o] FHalo] AEFEE 5x10%cell/m =z 24 ALy
A sk & o]= 96 well-plateo] 2002 EF3}aL o]= 37T, 5% CO: incubatorol A 244
HIFAIATE 24417 8l F & A& AAT F 10% FBS-MEMEZ ZA13 200 pg/ml &
FE% 100 w3} 10% FBS-MEME 100 wE thAl #7bste 5d =
Ao 77 wlFAI AT o W 10% FBS-MEMEWHE AM&3 2345 212 ALE38%

P35 omx] 2 89S AASL 50 pg/md neutral red (in 10%



FBS-MEME)E 200 u® ¥ % 37Cincubatoroll Al 243+ Hk-g-A|ZAt}. Neutral red &<

3) 2
B16F10 mouse melanoma cello] w3t Al¥ SAS A3 A3 =FuUF 39
, MedE2gtol=84d B35 2 1Rl HF F% 100 ppmol Al AHxE

=
o] B16F10 melanoma Al E W melanin A A o= A A ZH o

545 YER
wabr “EUE ¢y 2FEEY 84 EFE9S B16F10 melanoma cell Y melanin A
A oA Ao HEstda kg EIEY vgaFEeol=gA EIE U 1y E 9

W) mE gy A3

(1) B16F10 mouse melanoma W melanin AFA 9A A&

vt~ &2 B16F10 melanoma YW melanin &AL A= 298 =As17] 9
sto] &3 o] AHS WaEPtt BI6F10 (melanoma)S 10% FBS-MEMEe®] #j ok &t
F ol FH3lo] HESEE 50x10%ell/mzE ZAT AFTNE 243 F o= = 60 mo

plated] 5 m¢® EF3F1 o]= 37C, 5% COs incubatoroll A 24417+ v kAl AT 2447+ wj
4 F wHE AAZ F 10% FBS-MEME® zA3 500 pg/ml 5% A& 1 w3 5%
Theophylline (0.05 M) in 10% FBS-MEME 4 m{E tiA] H7tste] &Y oA 72413
i FAI T o] W 109% FBS-MEMEWHS AL&§ A& dx72 AbEston A=

TE Y F=9 arbuting A&t

>
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2A 7wkt & ZF plate We] &4 Wl melaninB 3 FS F43H7] fste] &AS
1 m¢# microtubed] %713 °o]F 200 WX H3dlol 96 well plated] FF3F F microplate

readerE ©]-83lo] 405 oA FHE=E SA4sAY £ AXE U melanind FE 543}
71 f18te] A plate U U™ A WA E A AL 1xPBS(H)E 18] Al 3R ¢A] 0.85 N

KOH&& 05 mA $& F 308 ~1A27kd weA7A AX dl melaning 7 3ho]

%713 9A] 1xPBS(-) 05 ml2 ¥il #2 melaning #H3lo] 83 F o

microtubed]|
Al o] ZHE 200 WA 2 3te] 96 well plateo] =7 microplate readerZ o] &3Fo] 405 nmol
A EFAEE =AY

(2) Tyrosinase A &A =A
=42 tyrosinase®] 28§ A3 A4 ¥ = DOPA chromes H]

S = 96 well

Tyrosinase # 3l &4
Mo o] =AHstE Yagi 5(1986)¢ WS WHIFsle] =AET).
plate W 0.1 M phosphate buffer (pH6.5) 110 pfo] 1.5 mM L-Tyrosine &<(in 01 M

o 155 le) ko3

phosphate buffer. pH 65) 40 w %2 %d A58 10 WS YL T mushroom
tyrosinase (2000 unit/m¢) 10 xS H7Fsle] 37CAA 1087F HF A A whgo o] AAH

DOPA chrome$ microplate readerE ©]-83ko] 490 ol Al 743t tH(Yoo &, 2005). HETH,

Alddstel Hus gl FAUETE T T2 Arbuting AHESHAH

3) WHEy A3

(1) B16F10 mouse melanoma W melanin A 34 A
LEU I FEET MESAES UEYA g2 2FEEY 784 2859 4
3 melanin AT S A= &

I HAME]' o&"é‘:ﬂfﬁ:ll—g] arbutin (100 ppmgl %Eoﬂjﬂ 40%Q Ziﬁﬁi%)j’]' H]ﬂo s
e auA T2 E3E

B
A @AZ mate] AolE &dd & AT wEbM d R v

Aol By Agate]l F&E 28 7 AIEE 100 ppmo 2 Wl A o
A Ades AFsdn. AxuFe Add "Hed de 4% Ay, dduz=Ed



arbutin® o} -3 &35 Hol= AR7F glflen, Rz FHld ddde s AT

Azt AN, FANEEZEL] arbutin® ot $5¢ 945 HolE A8 §lolth

(2) Tyrosinase A 3| &A
LEUT Y FEE T e 2YEY dEdSEgo =84 B8E 2 1Y
ol 3 mushroom tyrosinased A4 AsS &) 2 4
Al grol &4 A Bt fles St 1Yy A dHETE A E arbutin® 100
ppmel Al 90%<] A &S e AT
Ag-%dol FEE dE tyrosinase S A Aol = AZUTF Ag-AolodA e
g homoflavoyadorinin B, 2125 A$-4o] 84 #95 2 v

A=
n
S o) O
5, T84 2895 ¢ 338ES 100 ppme &=

NG EEE, dEolAEHELAY 2

2 A9e APekgon FYUzED arbutin @A 100 ppme R FAA APe 7
sttt Tyrosinase @4 9A &25 S Ay, Wi Aol o dolAHo|ELA &
3 Zo] tyrosinase FAE A= THE BJdoy FANETQA arbutin® W s & uf

=
#7b m ekt 71eF A EE tyrosinase A GA Ut ¢l Aoz eyt o)Ak
u

-
o A%E FFA B w AGUTS YT AP FEE RIES v £ Fi
d4e 24 29 Aoz BuHYn,
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4) 22 g2 vREd A Y

B 2o o]&3 BI6F10 mouse melanomat= Korean Cell Line Bank(KCLB 80008)%
e FAsATh AlES wle 10% fetal bovine serum(FBS)Z}  1xAnitibiotic-
AntimycoticZ2 ZA|3F DMEM WA & A}&3F o™, 37C, 5% CO. incubatordl A -5-A]#
A vl gsto] AR-gstdtt

) H g A9

(1) B16F10 melanomaE ©] €3 melanin AFA A4 £3 &= 9 AT EA AF

EEUE A REe sgEe] BI6F109 di$ melanin B4 oA E¥ 3
MEEHNLE MTT assay® =439t BI6F10 (mouse 3] melanoma)g 10% FBS-

=t

DMEMel #j%3t ¥ o2 Falo] AXEES 2x10%cells/mz 243 A

=5

H
ftlo

A &
o] 12 well plate Z} 2 platese] 1 m¢#® E53l31 o]E 37T, 5% CO, incubatorol 4] 244]
AT 2443 vl 5 HiAIE AIAE F 10% FBS-DMEM®= 24138 1000 pg/me
o =Fuy 1 Fg ddEF 100 W 034 pg/mt a-MSH in 10% FBS-DMEM
00 uts B H7bstel & oA 9641 Wi FA Az ©f W 10% FBS-DMEMRH-
AL AYPTE dE2T, Y F59 arbuting FPUERTE ARG £ A XA
o2 UmA 3 79 plateo] HE3t] AE 54 FHEoR mFe AP

Wik ¢k= 3A1F A A AA plates AW 5 mg/mé MTT solutione 20 w2 2z}

S

wellol] @2 F A5 AI7HA] hA] wlFA T MTT solution©] 7 plate> k5 3 v ¢
oS AAZIL 1 m DMSO (dimethyl sulfoxide) & 71t 583+ 7PHA 50 & 5 9%
well plate® 200 ¢* % 7]¢] microplate readerE ©]&3}o] 570 molA EF =& =

oh ozl 2 gHS A ASI 50 pg/ml neutral red (in 10% FBS-MEME)E 200 p% 92
% 37Cincubatordll A 2417 ¥F-A T} Neutral red £98 AAZTF T 1% CaCl, 1%
| NS A7 o]

Formaldehyde (in D.W) €95 100 w0 Y 187 wukAzl &
oAl 100 w Wi 15E7F wEkAZl &

1% Acetic acid, 50% EtOH (in D.W)

microplate readerg ©|-&3}4 570 molA FFE=E FAHSIACE T3, YR 3 9] plate

o



+ BI16F10 mouse melanoma W melanin &4 oA 235 ZA317] 8] 96A 7 w

<

il

3 1xPBS(-)E 13] AlH3s 5 0.25% Trypsin +0.02% EDTA solutiong 100 x* =]
Z 587 wr$A17) 2 10% FBS-DMEM 05 m¢S o] 1.7 m¢ microtubeo] 3|53 =

iu)
(o

gAl g W FBS-DMEM 05 mlS ¥o &d3] 3|43t =E 3t 34 H microtubeE
3000 rpm x 30 m FAoZ YAFEYT FH A5HS AAS IN NaOH 02 mS 2o 1

Al ZHE <t sonicatorg o] &3t &SA AT o]& THA] 96well plated] %1 % microplate

readerE ©]&3te] 490 mmol A FHF LS =AsHSc)
(2) Tyrosinase A &Y &=A
kA A3t tyrosinase A3 s Yoz 33}

W) mggy 23

(1) B16F10 melanomaE ©]&3%F melanin A&A dA € AEZZA
A3, Fig. 2994 ¢} 7ol

ok

B16F10 mouse melanomadl ™3 A¥ A4S 54
(+)-catechin, (+)-catechin-7-O-apioside, (+)-catechin-7-O-xyloside % procyanidin B-3
T A& F%2 100 ppmol A AE 5A4ES YA gtk mebd, Y 2xow 3
Uz plateE ©]&39] A3 B16F10 melanomat]l melanin A4 oA 2gL A5

o AEEAH JF JFL WA GRS & & AUrh WA Fig. 3091415 2ol =g}

o

ool B3 (+)-catechin, (+)-catechin-7-O-apioside, (+)-catechin-7-O-xyloside,
procyanidin B-3 & (+)-catechin®] 4%, ¥ hZzF=2 A" arbutin® <€ F%=2 100
ppmol| A FAFe melanin A GA &HE RPow EIH (+)-catechin-7-O-xyloside
Al arbutin® the AR DA R melanin A A E37F dvkeE ARE YEH

Ar}. WebAl, melanin AEA oAl G3e] s14e w7 918 $4 tyrosinase 24017
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120

HH

apioside

Samples

xyloside

T
T
1 E t

90
S
2
£ 60
Ko}
8
>
©
8 30

0

arbutin (+)-catechin (+)-catechin-7-O- (+)-catechin-7-O- procyanidin B-3
apioside xyloside
Samples (100 ppm)
Fig. 29. =F4F YA £ 3FE AZREE.
100 ppm

40
<
S
3]
k3 30 T ]'_
S 1C
c
2 20
= T
o T
<
£
= 10
c
&
[}
> 0

arbutin (+)-catechin (+)-catechin-7-O-  (+)-catechin-7-O- procyanidin B-3

Fig. 30. =F4F sy £ 3 3FE melanin FFE A £,
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(2) Tyrosinase A 3| &A
ey y B8 ddEZAQ (+)-catechin,  (+)-catechin-7-O-apioside,
(+)-catechin-7-O-xyloside, procyanidin B-3¢l] ™3t tyrosinase &4 A a3 =43
Ay Fast 2YE A& F ey kA (+)-catechin 2 (+)-catechin-7-O-xylosidedl|
A YEYE melanin A A E3E tyrosinase Ao 9F Aol oldS &4 + A
o} % tyrosinase Td F Ido] #odtE mRNAC] #3 A= WA KTk

5!

il

o] Aol FdNETE AGA AHEEAY arbutin® 100 ppmell A &G e At

B L)
5) FFEA A
b ey 49
10% DMSO® stock®lo] -70Ce] HElo] Sl #F2 W02 o] &ate agar

platedl streakingsle] W A3tE &) 37CAA 48A1%F wiksitt. A HE colony st

= wWFo]Z o] &3le] brothwl A (Sabouraud-2% Dextrose broth (Merck. Germany))ol %

F3l 37ColA 200 rpm o2 484 7HE <t shaking incubatoroll A Awj<F sl Wi HE&
olgete] o NS Fw3] FFoHA T ¥, tube Bl o NS YL agar platee]

Agar WA (Sabouraud-4% Dextrose agar (Merck. Germany))ol < =43to] 587F
AAsta, ytE 8mn paper diskE ¥ ¥ §, dEd sFEH 474 2YEES 100%
DMSOe°ll &3lsted 0.05% &= AlF3te] diskel 50 pl# loading ¥tk 103+ 7 |3}
Alm7h BF Ao gatEo] FaE F o] A HA XSl 37T A 48R 3E < wi

W F do AFIAB A4S S

pul
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W) dagd 43

1) 2714 €F 63 g F4LA
=EYE e FEE 295 dd geee 2714 Tl U ddds Bt
e

&tk Table 32 A% AARS 4T 2z =Fuy 1P &0

A X5 i) e SEE 3o Aol 7+ =4 YERT =Fu I FEE
158 WA I ¢ Saureus®t S. epidermidis®l &S Hol: HAOE UE
wow E coli (WH)I P. aeruginosa (&) tstad= dadAdo] gle Aoz 1

Table 3. =FUF 3 F2& £94 2 SAFEY 3714 T g A7 JAS

(growth inhibition zone : mm)

Germ Gram (+) bacteria Gram(-) bacteria
Samples B.cereus B.subtilis S.aureus S.epidermidis E.coli P.aeruginosa
Crude extract 8.0 11.0 18.0 12.0 9.0 9.5
Hexane sol. fr. 8.0 85 9.0 9.5 8.5 8.0
) CH:Cl sol. fr. 85 10.0 12.0 12.0 8.0 8.0
Fractions
EtOAc sol. fr. 8.0 11.0 17.0 9.0 8.0 8.0
HO sol. fr. 8.0 9.0 12.0 13.0 8.0 8.0
Precipitate 95 11.0 19.0 10.0 8.0 10.0
Compound 1 8.0 85 8.0 9.0 8.0 8.0
Isolated . ound 2 8.0 9.0 11.0 8.0 8.0 9.0
compounds
Compound 3 8.0 8.0 8.0 17.0 8.0 8.0
(Compound 1 : (+)-catechin, Compound 2 : (+)-catechin-7-O-apioside, Compound 3

procyanidin B-3)
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3),

2 87148 #F 2 a5279 I+ &4
CEUR Sue) 22E RY53 v SEe @74 #re andd W
S HIIsIE Y. Table 49149 2ol 84 B8 =52 P. acnesol W3] 14 mel
g AAZE Kol grHo] e AoE YER e s3tE 3= A4S vEY &
2 M. furfu (RlE0)ol] tiste] wEdFzetol=g4 3ol 23 me A JAIS
Ho] etdAo] 7H 7 3 ASE Uy o, 35S, dYEolAHCELAY, 1Y TR
2 S et
Table 4. =FUF 9 FEE £33 o SFEY d748 ¢34 &2 o digd A%
o] ) g
(growth inhibition zone : mm)
Germ Anaerobic bacteria Yeast
Samples P.acnes S.cerevisiae M. furfur
Crude extract 11.0 9.0 14.0
Hexane sol. fr. 8.0 8.0 11.0
) CH:Cly sol. fr. 11.0 95 23.0
Fractions
EtOAc sol. fr. 8.0 8.0 11.0
H>O sol. fr. 14.0 9.0 13.0
Precipitate 8.0 85 12.0
Tsolated Compound 1 8.0 8.0 8.0
sorate Compound 2 8.0 8.0 8.0
compounds
Compound 3 12.0 8.0 8.0
(Compound 1 (+)-catechin, Compound 2 (+)-catechin-7-O-apioside, Compound 3
procyanidin B-3)
AN &3
23 #dE ddg o2 Collagen assay kit:E Biocolor Ltdoll A +43Fe] A&}
N-succinyl-L-alanyl-L-alanyl-L-alanine-p—nitroanilide+
3} Human Skin dermal Fibroblast #j oS 913+ A]

A
(Type

S o Elastase
Sigma Chemical Co.olA T3}
- 80 -



ko g2 MEME (Mninum Essential Medium Eagle), Fetal bovine serum (Difco),
Antibiotic-Antimycotic (10,000 units/m¢ penicillin G sodium, 10,000 gg/ml streptomycin
sulfate and 25 pg/m¢ amphotericin B in 0.85% saline, Gibco), Trypsin 250 (Difco), Trypan
blue solution (0.4%, Sigma), Neutral red (Sigma)E At&3ge™ 7]g  CaCly,
Formaldehyde, Acetic acid 52 5FA %S AF&3F3 T}

B A3 A}g3 7]7] 2+ CO: incubator(Sanyo, Japan), =% & "] 74 (Leica DMI 4000B,
German), Waterbath(Taitec, Japan), 94&2]7](ALC, Italy), Clean bench(Jeio tech,
Korea), Microplate reader(Bio—Rad 680, USA) 5°] AF-&% 21t}

) FEANED 2

(1) Elastase 84 94 53 A
Elastase €4 AfAddS Abgre] wWd5 dgp2~erAl )4l porcine pancreatic
elastase(PPE)E o]&3lo] A& W3t AlgdS stk PPEZF 712 N-Succ-(Ala)3—p

-nitroanilideE #3|3}H p-nitroanylnines =4 o] Aol g o g HPAMFA k) o

i)
1=

45

Ll
ol
o

Fr2 FA4ste] PPE Adl&s AAtstdnt &
=A3}7] 918} 1 pg/assay elastase in 0.2 M Tris—HCI (pH &.

2010, 0.2 M Tris—HCI buffer (pH 8.0) 10 4= Z+ZF 96 well microplated] 92 %, 25T,
158-7F pre-incubation A7l % 7]Z ¢l 125 mM N-Succ-(Ala)3-p-nitroanilide 160 pl<S F

st thA] 37T, 208 ¥ A I o] & WES & 405 molA FHFEE 49 Cho 5,

2000).
PPE-inhibiting activity (%) = (1 - B/A ) x 100

A AdA EREY ERE

B: AsAl Hrbee] FH=
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(2) Collagen B4 X &3 FH

°] A% Human skin dermal fibroblast &/del| ¢l Zetzl AAHS WIAIA F&
MAEI7E AdeA dFE FdAdss Algelrth. o] AdoA AFEE Human skin dermal
fibroblast CCD-986sk®] Wi WS =FuF 3 FEE AX 54 34 43394 5¢
A AAE e APy AulFd fibroblaste 2 1.5x10°cells/ml A E A& ZAE
o]Z 35 x 10 mm¥ platee] 2 M ¥ i CO, incubator (37C, 5% COy)ol A 2447+ vl &35}
Atk wgF F wiAE AAsIL 05% FBS-MEME A& 1 m 93 v #0d 559
ARE 1 ¥ ¥e 3 A CO; incubator(5Q ZA)olA 2447 wjekaic). wjoko] vyt
W Z}7zEo] plateZHE 05 ml® F 3 microtube® %71 T Collagen assay kit (Biocolor
Ltd) Wl DYE REAGENTE 1 m(# % il “2ol4 3023t voltex A E]sty A ZIch o
Aol it 5, 949 (15000 rpm, 301)3tal 45 el DYE REAGENTES €3] A7
71t}h. o37]9) Collagen assay kit (Biocolor Ltd) W ALKALI REAGENTZE 100 w* ¥
& AFLo| A 57 voltex gl dttl o] = 96 well microplate® 7|3 microplate reader=
o] &35l 540 mmoll A FF=E ZH3o. FHA9 %2 collagen assay kit W standard
collagens ©]&3to] FF% 540 molA #e SAHSY Fdd 4 4GS ALe A, 1

e g ko7 wASYTHKIm 5, 2004).
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W} FEAAE

(1) Elastase &84 994 &3

LEUT 53 228 B0 @ 244F9 A0 Bass 509 Ao

k%

A B At &3 SAHL fibroblastd] W3 AX=A &4 A= Fig 319 YE
=]

g pro we delseAd 4 Ads

= O
29 332 Yo a8y AR TE AL E ursolic acidyt oleanolic acidell ®] 3l
vro A4S HAS A 5 AT
S 3

-
)
o
S
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o
2
o
T
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roh
ok,
ol
d
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o
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50 r

a0 | pem
g T
L 30 r
o
c
o
= 20 +
Q
=
£
10 -
0 —— Iil —— — —/——
ursolic acid  oleanolic Crude Hexane CH2CI2 EtOAc Water Solid
acid
Samples (100 ppm)
Fig. 31. =§UF F3 FEE 259 Ag2A A A3 &,
Oursolic acid O(+)-catechin m(+)-catechin-7-O-apioside O (+)-catechin-7-O-xyloside Eprocyanidin B-3
100 r
80 r T
- T
S
[0} L
§ 60
c
o
a 40 |
<
= -
20
. e
50 500
Concentration (ppm)
Fig. 32. =§UF FHgA 283 SFE dg2gA B4 AHE.
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40
S
S 30 t
[J]
<
c
.g 20 -
o
=
k=
10 -
0 ‘ P i P e R I_i—l ‘ ‘ A
ursolic acid oleanolic Qmw H CrC CrH CrE Crw CrS
acid

Samples (100 ppm)

(QmW : Q. mongolica Water Sol.,, H : homoflavoyadorinin B, CrC : C. crenata Crude, CrH : C.
crenata Hexane Sol., CrE : C. crenata EtOAc Sol.,, CtW : C. crenata Water Sol., CrS : C. crenata
Solid)

Fig. 33. AZUF Afdolg HyF As4do] 28 £ dg28A A A L.

(2) Collagen A &2 77
LEUF 9 FEE BIEY B2 FgE 4T dE collagen A FH 2y
=24 A3 Human skin dermal fibroblast CCD-986skell W3} collagen A S ZZ A 7] A
Fote AR vetdth wepa W elastase &4 A &3 % collagen A3 F21 A7

gl Aor ddste] 5 el =& 74 Kok Aoz AgEA

-

AMZAUFE e} whpE AAo] 2E5E B39 collagen A4 3 23E A% Ay

e YE A el o collagen B FI a7 gle Ao Addsto] F5 A =
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350 ]JE
300
g
o 250 r
o
2200 -
7]
0]
=
S, 150 -
n
o)
100
8
©
(@] 50 |
0 L L L L L L L
Blank ascorbic Qmw H CrC CrH CrE crw
acid
Samples (100 ppm)

(QmW : Q. mongolica Water Sol., H : homoflavoyadorinin B, CrC : C. crenata Crude, CrH : C.

crenata Hexane Sol., CrE : C. crenata EtOAc Sol.,, CrtW : C. crenata Water Sol., CrS : C. crenata
Solid)

Fig. 34. 212 Y5 Af-Aolet WUy F Aol FEE 89 collagen B &
7) FEsEAR A
7H $E5EA-H 43d (NO assay)

FFAe Raw 264.7 (Mouse Macrophage) AIXE 10% FBS (fetal bovine serum),
penicillin (100 gg/ml), streptomycin (100 pg/mé)o] E3%tE DMEM ul#] (Dulbecco’s
modified Eagle’s medium)E ©]&3}o] 5% CO,, 37C d-27]ol A wj3t & 6 well plateol
welld 1x10°/me A E7E S0l AE BHo 1 mAE GolFaL 24z F7b wjFaiet, vl
& T WA E AASHAL, o] EFEA & wiAE 90 wA HIbgo dHo] xFEHA
Ee HiXE A ARES HFT % 20, 50, 100 ppme] HE%EF AHE F LPS

ol

(Lipopolysaccaride) 100 ng/mée] HEZE H#de] ot %A dz+ L-NMMA

(N“~monomethyl-L-arginin)= 50 uMeo| ¥ =2 Hglsle] Fi e zHhoz A 43
Ak 2047 F7F vl & wix]|E o] &3l NO assayE 33l NO assay= 96 well
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plateol] A|Eujokol 50 p09} Griess AloF 50 WS E3sle] 108 F<F 9r& A7 £ 540 nm

oA R ZAsA

W) 39584 29

LPSe ol A3 ® Raw 2647 A|Eoll (+)-catechin, (+)-catechin-7-O-apioside,
procyanidin B-3& Ag]sle] 20417+ vl & Griess A2 AF&3le] NO A Ad&s =
Atk NO AsAz dejx FAddz7¢ L-NMMAE 100ppm 5=l A <F 60%2 NO
Al &S YeEbdE WA 3719 g E BF 90% ©]4e NO Asl&S 2ol dd35 a5

wf - -8 3o 2 e vh(Fig. 35).

EAL-NMMA [ (+)-catechin O (+)-catechin-7-O-apioside Elprocyanidin B-3

100
—~ 80
S
2
C 60 I
c
Qo
=
= 40
£
]
z

20

0

20 50 100
Concentration (ppm)

Fig. 35. = u5F sYdA £ FE NO A <.
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8) ¥4 AA

7hH $4E84 A4F (MTT assay)

A% A £ HTI1080 (human fibrosarcoma), ¥ 4H-9HAl£<2 BI6F10, A&7 -9+
A EZQ] HeLa cell 2 FFIAME HepG2 52 SAHETE o] &3t “FUF 3 FE5&
g3 el spgteel Wd 5A497E AAET Al2ES 10% FBS7F 7k DMEM Hj

A (Dulbecco’s modified Eagle’s medium) oA 2441 7F w93l & 96 well plateol] welld

r-{n:

1x107/mee] AMEZF S0 Y= AE ZHd 100 wE Lol FI 2443 wjEct g
WAE AAST Aol ETHA Fe vIRZ 90 w H7Leth o] ¥y x| ¢Fe u)
A2 A3 AIRES HF FE 100 ppm, 200 ppm 7F HE=E A7 & 24A17F w3k}

HjeF % PBS bufferdl] 5 mg/me] %2 o]z e MTT A%S 72 welld H7HAES
%= Img/me)sFar, 4413 Fok 7)o RESAIZL - MTT A eFo] el wiAl& A A7

=

Z} welloll 100 @0 acid iso—propanol (0.04 N HCI in iso-propanol)< #7}sle] 30&37F
stod F31, ELISA readerg ©]-§3ted 570 moll A &3S Skt

b ey A%

HT1080 (A++5% <), BI6F10 (9]5-9), HeLa cell (#2749 % HepG2 (1+%h) 59
gt AEZ5ALS MTT assay® SASATE =FUF 53 o dolA g o]
HWEaFgao| =84 BEEE (+)-catechine 47}A] A EF g A =E
ZAol =& How YEFom, (+)-catechin-7-O-apiosided] ¢ 7+A|3E<Ql HepG2ES A

S5 A AEFAN ALEHES e Ao wol =FUF 539 y
2

=A

3 ]

o
ME
ot
12

_88_



1100 ppm 1200 ppm
o0 . PP pp

100

[e]
o
T

HT1080 Cell cytotoxic (%)
3

40
20
0
Crude Hexane CH2CI2 EtOAc Water C1 Cc2 C3
Samples

(C1 : (+)-catechin, C2 : (+)-catechin-7-O-apioside, C3 : procyanidin B-3)
Fig. 36. =45 3 FE2& £33 &9 HTI080 AlEo] bt =4,

0100 ppm E 200 ppm
120 - pp pp

100 r

[e]
o
T

B16F10 Cell cytotoxic (%)
S (o))
o o

N
o
T

Crude Hexane CH2CI2 EtOAc Water C1l Cc2 C3
Samples

(C1 : (+)-catechin, C2 : (+)-catechin-7-O-apioside, C3 : procyanidin B-3)
Fig. 37. 2§47 9 FEE 97 FEY BI6F10 A X izt 4.
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0100 ppm E200 ppm

100

80

60

40

20

HelLa Cell cytotoxic (%)

Crude Hexane CH2CI2 EtOAc Water C1l c2 C3
Samples

(C1 : (+)-catechin, C2 : (+)-catechin-7-O-apioside, C3 : procyanidin B-3)
Fig. 38. “§U% 43 %22 283 5§22 Hela A% 8 4.

0100 B200
100 - ppm ppm

80

60

40

20

HepG2 Cell cytotoxic (%)

Crude Hexane CH2CI2 EtOAc Water C1l c2 C3
Samples

(C1 : (+)-catechin, C2 : (+)-catechin-7-O-apioside, C3 : procyanidin B-3)
Fig. 30. “§U% +3 222 293 532 HepG2 AT & 54,
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[e)
FAtH(Table 5). Ad W <kA

Table 6, 7914 Z+

ste] olas, AgAgor 13

<]
o

.

skak 0.05% =

ke

# o

o

=
= d%s 19

boldl 7 Adel A

o]

pud

3l (+)-catechin

oA z18

¥

=
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o
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o
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Fol A& <
2 tH(Table 8).
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Table 5. <A SA ] whE 5] A3 AY

== A% 1 15 1ME 204 34
—c DPH 500 198 198 196 197
8 4= F= d= ¢ FZ
o PH 500 5.00 499 495 496
_ 8 4= d= d= ¢ FZ
ASA - o pH 500 5.00 497 4.94 4.89
A 44 9s % *¥% FE  wpaA
¢ PH 500 499 496 4.90 -
CRC I T= F= A A
pH 500 498 4.99 4.93 4.89
CYCLE 4y gs %} 35 s viw
~ DPH 55 558 560 5,62 561
CAC I T= T= ¢z Tz
s PH 555 551 558 561 561
. CRC T ¢z ¢z T=
AF A ¢ PH 55 557 5.63 5.71 5.74
B 44 9s Fz DTS R IR
¢ PH 55 558 5.70 572 5. 74
44 %E %5 ¥ ¥ w4
pH 555 5.60 5.63 5.63 5.62
CYCLE 4y as %} 35 ¥ viw
~« DpH 558 555 557 5.60 558
44 B ¥5 *¥3 ¥5 *FE
o PH 558 5.56 552 5.69 574
R % Fx owwa mwg
WA o pH 558 559 5.77 5.83 6.05
C 44 Fs A ax ER ¥
. pH 558 5.81 6.00 - -
0Ty s w2 g - -
pH 558 554 557 561 573
CYCLE 4 @s 335 dE  dwa g
~ pH 510 511 515 514 517
34 %s ¥z RIS R F¥5
o PH 510 513 516 517 5.23
o1 5 4] 7 AN AR A AR AN
g oc  PH 10 16 5.24 541 5.50
A'B 44 9= % %} FE F5
¢ PH 510 523 5.46 5.68 5.83
e I F= d= 1] v A m] A
pH 10 18 5.24 5.33 5.38
CYCLE y oz ¥z F5 *F5 I35
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Table 6. ol A= AP A

A B F FHE FX)
(+)-catechin 0.05
=R 2.0
13-7gd g2 2.0
Ze A FEF 2.0
7} 5 1.0
LEdoIFRY O E 0.1
24 30
Uy olad R tudES-HolE 2.0
S EEA AAEZ )2 0.2
o g& 3.0
Z 2] S Ao A A7 87 vp A} 1.0
& 2k3}A 0.3
Ed o ghgolul 1.0
EDTA-2Na 0.05
A R
A 5 &

Table 7. 23 AP AW

A B g B(E FX)
(+)-catechin 0.05
13-FedaaeE 3.0
=yAd 3.0
st =Z Aol E = #AIH 2.0
SHEEd 7= 5.0
Eg el 3.0
zHopg oA = L5
2ok 2.0
AEZdHold dF 2.5
Z e E 60 15
R X Bt = 2.0
o] v %] & 3.0
&2k s} A 0.3
Arerz 0.2
Eg o gkgolw 0.1
EDTA-2Na 0.05
g ki
A A 5 &
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Table 8. AFE IAE 43

Jd A

Z‘“ % %E o o) /% OJ- ()
14 149 114 2714 374
5C DES xS ¥ ¥z Fs
25T F3 43T g3 U3 e
of Al 2~ 40C 4z e 4z e w] A
50C FE I35 d= AR m] A
CYCLE F3 F% A3 R ¥
5C 3 43 ors ks ors
25T F3 43T g3 U3 e
a9 40C R * 5 R DA F5
50C F3 43T s ds ISR
CYCLE F3 F% A3 R FE

2) Pilot AlZ A%

AY A AFS Tl FRY YT AY AYS WPOE Pilot AZE A
drh. Aze oAz, Aol dstel 2 AAstdod Az MuE FFFeHEF)
CGMP A2HiH & ol §3tgith B o2 olgstel AAE L AT T B7Hg AES

gl

#27k AE W ERS ANFATAAE 23).
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ok AFS BT H7t
D AAda 44 2 AF 48

5w g9E F43t7] 98 Mexameter (MAANE o] &3l FE55 0
frek aAgAFe] v gaE FASR oM HdAErte] SRAdS T A AAdE 2AG
Atk AP F AL T AA AATIEd o 2 AFe Agsivtar A E 3047 ol A
S0AI7ZEA o] o128 249 el Al o] FojH o Z47h 129, 129 9] F 1w (A, B)o®E il A¢t
B 1% EFoA 944212 ZAA] - UVB intensity 1.0 m]/sec, ZAMAZF 782, A 29
A ZAFE 420 m] / 22 ZAFA] - UVB intensity 1.1 mJ/sec, ZARAIZF 118, AA] =LA
ZAME 726 m))9] ALAE 25 am x 25 om AV|E 23] FAFE HE S5 E FEAC

A Rejel 27t A 1 dEAES =EHon, B 1 AAES =¥

A A7 85 % 20069 10€ 99U Bl 129 197kA W5ttt A EA= A9
71 = F 53 (NE A A, 2=AF AR F, 39 A 15 A3 45 A3 85 A 95

FHE S8t en AR U AdAde] ¥ & 7 e vy A R oo,

AP PEA UV 2AE 53 58 F% 2olo] HFuE ol gdke] vwas)
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250 Ot =3 melanin value @& 8T melanin value

200

150 -

100

Melanin Index

50 -

ZALA2IH ZALAHEIZ 3 13 =
Periods

Fig. 40. =Y % F94A &8 (+)-cateching 3 34 F<9 v 7}

Aee yEz2AZFI AFAEFS =X 3 3d $ Hauz Frstsien Azte] Adas A
st Aol YElut dzAEFS =X IFRYs AEAES =X 159 melanin

A5 o @A vdEpgem 8F F AFAES Exg 152 A9 A A melanin Al
FrAREE FAE UEtlE Aeg Hol =Fuir FulolA Z#E (+)-cateching ¥
3 A AE] v FHrl 53 Ao w ey

o

2) AHE3 AE H7t

AE NG 4%, 8F Fol 47 ANGAES WAoo EAET} AAAEY A8 #

A H7E okAA HuE L A E] W 37

i
ojft
o
i
M
N
>,
o

4% A
Atk AR AF AL FRE AW PEstel AAdGor Avk 8F AGAY thEAE

I APAFE ] AHRF ZAFE Table 99 100 e AT
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Table 9. JZAFL

AeH IFY ASY 8FA AE

o = A =

AR e mmee g BT zza  gap OTEW JF0E R0
T RS P40 G S - S b b S - PP
1 Kokokok skokok skokok skskok skesksk * Skokok * -
2 skskoskok skoskoskok sk %k %k sk sk %k 8F
3 Kokokok kokok skokokok ok ok Kok Kok *
4 oKk kokok skokokok skskok skeskok ok Kok * -
5 Kokok skokok skokok skokok skskok EEE Kok * -
6 Skoskokosk skosk skeoskosk kk ko skoskok skeoskosk ksk 8F
7 kokokok skokok skokok skokok skskok KoKk * sk 8F
8 skskok sk sk skokok skokok skskok skeskok sk 6F
9 skoskoskosk koskosk skoskosk sk skoskosk sk skoskosk * koskosk kok 8F
10 koskok koskosk Skoskok sk skosk sk Kok * ksk kk 8F
11 skskoskok skokokok skeskok sk skokok skokok skskok skokok 8+
12 koskosk kokoskosk ok ok ok k% *k * -
* 0 28A @b +x 0 MR 38R QT wex 0 2 BOITh wxwx 1 T
Table 10. A @A EFS AHE&EE 2F Y AH&FH 8FA A&
AE A FE
ANAA L e wmee  sr BT mza gug SPED SFE SR
- = Adgy TR T w3l Mg AAA
1 skosksk skoskosk sk koskokok sk skosksk skoskosk koskok 6F
2 Kokokok Kok kokok skokok sk Kok kokok * -
3 skoskoskosk ksk ksk skoskosk sk skosk sk koskok koskosk koskosk 8F
4 Kokok skokok skokokok skokok skskok Kokok skokok skokok 8F
5 koskok sheoskosk skoskosk koskosk skok sk koskok kosk skoskosk 65
6 kokok ok skokokok skokok skokok sk Kokok Kok skokok 8F
7 Kokokok Skokokok skokokok skokok seskok Kokok skokok * -
8 koskok koskosk koskosk koskosk skosk sk skskskosk koskosk skoskosk 8F
9 Kokokok kokok skokokok skokok sheskoskok Kok kokok skoskokok 6F
10 koskok Skeskosk sk sheoskosk skskosk sk skosk sk skoskoskok skeoskosk kk 8F
11 skkoskosk skokosk kK skoskoskosk kskosk skksk kkosk ksksk 8F
12 skoskokok skeoskosk Skeskosk sk koskosk ko skoskok Skeskosk sk skoskosk 8F
* 0 28R Grhoxx  H2 TR QT xxx 0 2 Ho|Th xkkx 1 IFTH
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853 WA @A) Mg AE 24}

<AE 1. 957} REHARFYUA?>

ERE: 77 ot W= 34 9oy 1ax et
o) 2 A F 58.3% 41.7% 0 0
A A E 58.3% 41.7% 0 0
<AE 2. 9%} Wnad BAEUnr>
ERLE: R DI EE T T
EESTES 25.0% 66.7% 8.3% 0
A A E 25.0% 58.3% 16.7% 0
<AE 3. Id% &717 SIS AFEUA>
T2t} a9 ot We agx et A gy
EESTES 33.3% 50.0% 16.7% 0
A 8 A E 33.3% 41.7% 25.0% 0

<AE 4 dFS ¥H3 A7 A SFUAT>

o Tiel dolup  Wle aElx gvp "X g
FESES 8.3% 50.0% 41.7% 0
A A F 33.3% 66.7% 0 0
<ZE 5 JYHI} FFH ARFUA?>
gt iyl fojrp  wlw adx vy aEx g
o} A 0 58.3% 41.7% 0
A A F 8.3% 58.3% 33.3% 0
<ZE 6. JF g A Hie =7AFU7?>
o) T1e] folvp  Wl® a"x gry aEA o
o} 2= A 0 33.3% 41.7% 25.0%
A A FE 16.7% 66.6% 16.7% 0
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<AE 7. 9% FHd 9@ ¥3E =ARSUAD

ar o Holrp ¥ X edyp A g
o] = A = 0 41.7% 50.0% 8.3%
A & A & 8.3% 75.0% 16.7% 0

<AF 8 W% uue] @ w7

e

A RS>

B} ERE I EE T R S B
o] 2= A % 0 16.6% 41.7% 41.7%
Al 8 A 0 38.1% 957.1% 4.8%

R P R P
150] ) 1%~ 4% 45 ~6% 67~ ol ¥

o A F 0 0 29 57

A 3 A = 0 0 37 7

N
pasa
-l
:?I:a
N
L
X
>
i)
M
al
H
e
N
NS
Apw
L
:onl_'a
ﬁ
L
XN
=2
-1n
(@)
&
_{

au}
)
o
=
)
r U
'L

e =78 sU?) RO 7 (5 FHel oi@ WEE =/ A5UY) AN s Hd H°

Fe AR Agel Y 5ol st §WE stElou HidEskel dA gkl
AQl kel Akl Aol Hakdy] wanel AlAAIEI BEAE ke ke Aeols A
g3 #datrle FEvh vk AbEHY mexameter 4SS I)N v grhel AR
(<3}

A A APAFY v Ene] YrAFue st 28 2tk

T,
ol

o
&
X0,

3) HEay
JH HEF FI9E  Corneometer CM82

5
(+)-catechin 0.05%% i3t Z@FAHe BE5EH S SAH3S

Mg A d BEEE 7298011, AlEA Y 1ARF § a2 12758, AF e 13281
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2 7h7 748%, 818% F/MSHATE ShAW, Albel Aol wheh mgee wol stopgow,

AlgZAeE 6A1F A & Ao HH5E2 1738% dx2w2 1594%0.2 Ao HE5H

of gaFuE tha FAAAL. 2o mHUF el B @ (+)-cateching I

2PART iz o) BEETe AolA = FoA4E YA 2ol AP baseo] o
=

(o

4) 9% A=A TEST
7H Al B

AgEAd Aggdd Fr7tE vg oz dto] =Fui FadA Z23 (+)-catechind]

e I AFA testE Ay A
W) AA HE AE

FEEo] dA Ao J=A oFE =Rl flete] AA HEAIYS Foto] AR
2z gostadrt ¢4 A18S 998 Finn Chambers on Scanpor(Epitest Ltd Oy, Finland)Z
ol g3l o B} A3 8 mn finn chamberell disk (7.5 mmE e F AESA A Ay
£ 7}5 A x< 500 ppmSF-H 250 ppm, 100 ppm & (+)-catechin &H4S A
zetal olE 15 wH HEFste] 5709 AR AAEA T Micropore tapeZt F-2H¥ HEE A
7 Abe] Mukiiel] 24A17F Fob Babeta, HE AA 1417 ok & A9 RE A58, 2
A HEADLS BARE FALE 5 Ak Bd=5S etk v 5FAS #A7IES Table 1190 U
ER AT
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4 2 %

3 AlF A} 207 2] MubHo] AJdYst (+)-catechind] Wt FE=W

Table 11. 725 #AF 7| &
we A= #3477
- e sl
- g Fu A
+ oFe Tk FE B P A4
- 0, 7 9 ST A
DEERE:

(+)-catechin®l ™t FT& & deX wbEoly 7|gf & =52 Ao #AFAHZA ggo
™ Table 12°] = Z3¥E yeEhRA o™ 250 ppm¥ 500 ppmol Al 24z 194 vl A3k -1l
o] AAdE AS FAstF o AlFAF] FH gig A= gl Aow Ayl
Table 12. =F4YF 9 £3 EF (+)-catechino] W3 A HEANFE A3
FE 50 ppm 250 ppm 500 ppm
24hrs / 48hrs 24hrs / 48hrs 24hrs / 48hrs
A5 =
+ R + + A - + + T At
Hk-g-A 31}
20 0 0 0 0 19 1 0 0 0 19 1 0 0 0
()
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AR R Aol =HUE FHE 95% EtOH &4 o w2 FEste] 4 wd
dEzeto]l= odolAHolE 9 F8Adow FI3 & FAAXGAT. AU Ag4e]
FeA BIEERE =@ AA o homoflavoyadorinin BE @8]t i, =FyUF 3] o
golMH ol ESA I =84 BEIFEZHFE (+)-catechin, (+)-catechin-7-O- apiofuranoside,
(+)-catechin-7-O-xylopyranoside % (+)-catechin(4a—8)-(+)-catechin (procyanidin B-3)<
dalste] 'Hy PC-NMR¥ MS ~#lE#S EAsle] g8 725 sAHh Asa
FEEC S48 FE e &Y deEAdR R EAs e =54
3 += flavan-3-ol 3322l (+)-catechin =4 g3&Eo] 2 FAGEINeH

1
il
% (+)-catechin ¥1% A 3}5&E <1 (+)-catechin-7-O-apiofuranoside’} 7}4 o] dald A

o

o8 Hol “Fuf Fy FEE F
52l procyanidin B-3% w39t}

Ax=sd F4 2% =5uF 79 FE55 592 312 ppm o] aFEdA] AXSA
S Boy dEHolAHESA EIEL 78 ppmolA 20% o] MESAS YEFHT
o] 3= A9 (+)-catechin-7-O-apiofuranosides A 23 I FEEL 625 ppme I

=

A= AZEEE delA Fdth Aol 3= £IE52 UF-& 78 ppm ©| 3+

8 AEYS & F AdAe (+)-catechin ©]HFA g}

4
o

AEZ °oF 30~40% F2&37F vebykt), o] 4k9)
Rl 2

B Aol &atst
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il
AN
o,
ol
o
N

EEEEE

3 49 2

| 913 B16F10S ©]83%F melanin A4 G A9 tyrosinase &4 A
5U oA dElg (+)-catechin®] A5 FAgETFE AMES arbutin
W FAFE melanin B oAl E3E dEhde] wEEATE e Ao® UER o
(+)-catechin-7-O-xyloside 9 A] arbutin®.thE= SR vk A A X E o] melanin A oA &
H7F vk 23E BT A AU B Aol FEE 252 nHEdSs B
Ko arbutin¥} Hlalsl] = o) & I7E v efsl i

=Eur oy FEE BYEd 9 SR o Fadd 2y Al 2= el

J’f_],

e

S. aureus®} S. epidermidis°l| 3

=
of stk FddE HeEbdllth @ e ivs FEE

FEMNA a3 E Lolry] 93 elastase A A e =FuF I 1R
procyanidin B-3 % homoflavoyadorinin B7} o

=%
292 Bk Collagen BA &3 &3 A8 4
3}

FAdTEH 4 A% =5UF T4 g @ FFE BF gxadEn 52 NO A
AeS Ho Aol $5F Aoz yYewgoen E3 100 ppmolAl  (+)-catechin®}
(+)-catechin-7-O-apiofuranoside 90% ©]4¢ NO A &1&< veErWth

HT1080 (AH5F<%), BI6F10 (%9, HelLa cell (AHg4 539 2 HepG2 (HH) 59

ofe GAZFC hF FABYL FHE A% =FUR o LotEolEgy, MPAF e
3

= F7F AdS Adste] dAT AFE T AT Pilot Az olAdls, A-e O
stol Ztzp AAlekslom Al ROAlEe] &5 WIS AlES Axste] Al &5 H7tel
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A2 A AL

I ]
L a7 =2 2 e

7hod7he 8 2 W8

Al
o

SRR AR

® AgAolF 2 =FuUFFY FuHH, A 9 Fd4 54 Y- 4 AE T
X AYE T3l oste] ZAbeta dA @Abste] dldE = A FEd 54, A
A - A G zolet FHFH Ay FAES HF EAAEE &

@ Aol 7FAEo] tslunR V| FAEY wE e, Ay 9@ F3174 549
T - Agaold oM VFA R uE Ho 7F e E 5, A - A 34 9
Apol e} FAA Ay FAES 9E EAAEE T8

® AgAolel WAS 93 V|FAEE HAWY =5y HAY Y- f - A2
Hod F el ofgk JuzAgH st

@® 7AfAolel “FuFe JUFA TE - /Fol/FA 52 o83 a3
H2A o] &g

® AW TS Tt 7ES Ut REstoE A AR dESFFY FAEY &5
el 718tz 3

U, dxd dFE 2 Exe g
5 12 %=(2005)

AFNE 1 A F 2 =5uURFe FEd 2 A 54 AL
53 2. 717 A =l W AgAele FeAH 2 AHH 5A 54
AL (el ANyl 2 AA7] 3], FA, FH, A B AAA ] AR Z

g 2L HY A DNA F& 9 $89%S 24 74
ALY Ao AAYH] AAGTE D AHEN F - BN 3] 2 3R AL
2 3} 5y T

5 221d =(2006)
AN 1 AFAel o =FUFe] 7S A 7l et (A 8 )
51 2. 71l Fa £ - T A o)t A EA ] nluw
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%, ok, TAE o] &% Vg A
T ZHA/ANAY ZIdEl S AlE > VAR e FES EE E FF 5
Ao -
Q m o | '
WS A e saza 7y
71 G f - FAARA A 3 AEA] A, FE - A v
Ao _
29 E5UST - AW, AfAbe] g7, §71, st R ZAF
=
S 37 % (2007)
1. AgAolet =Fuio 7IWEA7s/(E )L Ag-Ao] Fa |
AT | A A
=3 2. 71l F - AR o st A E A o)u]
3. =5y 9 AgAte] fFHEA
o, Fol, TAE ol &3 VUi A
S ZHA/ANAY Ul AlE > AV HoRE F53 R 2 EFF 5
%
(3_:1_ 70 vk
T e saza T
g 2 e
A §-Akol T2 HAY 7H%} Al =
7l g} - TR A o AEAY A, FEA, 14 v
gy 9 A GAe] AbA] 9 YA S fdEA] vl
AL | =FUFY f - TR, =4k
2 7} g4l TAMA g AfAo)] VA EE FHdEA
O ATFAEEy 2 AA
A4 o]
20054
7} AgARo]l AR o] AT 9 3 A
AR A o] A A Z AR 20049 62 5-E 20049 9974 EHF B oAy 7ldd &g
YFA ZAH SAkg 2 Addista A asioist B & dhedl o] 9xg ALkl A AL
At AgAolE AEZ AME3FS T
7 g-Aro] AR AAGZ L ¥ =+ Braun-Blanquet®] = (Zrich-Montpellier School)
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S mskth o] W A E AMF e T =S AA Axete AdFHA ol th(Becking, 1958
Braun-Blanquet, 1964).

ZAPRE Aot S AFARS s, wad Qg S WA e,

=714 s 20049 6€ 11Y AFA AW SAibelel gd e 13dol At

u SEEd ARl Agdels AF sk fol FEE e 1dA ek 2dA Rt AR

shel o,
AFA BAW S AnE FEE 2o Beels = 1 12 Agsidon, A¢y

of £7]9 S 45 AV F ABSAh AFEAA Al TADE @] BA
300, 500, 1,000ppm¥} NAA 300, 500, 1,000ppmo.= 7} Hgd 10714 A Fd A5t
ohome, Fase] ARE 2o A s

m 2718 A@# sde] viA] TmlE EF3 T A4l =7
7F 2/3 7v 2R UARF HEAR AAYE wEo] AEAE LAGANRATH(IE 1. ¥iA
= A8 #](1/2 MS(Murashige and Skoog, 1962) + 2% sucrose)®t A WiA](1/2 MS) +
2% sucrose + 0.3% gelrite)E AH&3tom, W% FEE 40umol/m”/secet &% 25:2°T
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Fig 41. A& £

(b w2

O AdsAuE A e

T2 AHE 20049 11€ 209
- 808m,

A0 SELE 730m
o o 1A oY T F
A AF ] FAT

AEHAE g =5

A F

b A 1074

A A e o] gt o A ul A ol A o] A2l

AAE FAT g FEolA AFAs AHgssith A

Nt

W9l SE 160°0 9tk AA T FAE 4T Ygael 3
FA4E g7 H3 ARAZ Pol LA Hgol gl ur
Atk A EAE 2ol 5E7 Awd &g 29 2L duy Al
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W) Aol fHEA

(1) NEAA
Fuel A AAEE Aol 9 AFABPR(EWNUT, AFUY, FIIE, By
b, AT, W) A A s

o

(2) DNA #3¥ % I-SSR PCR
AA Az s R A A 5 FastDNA Kits o] & total DNAE FZE3Ft}
[-SSR PCR< PCR MASTER MIXE Ap&3te] wkg-89f 25uld 15ng template DNA,
15uM I-SSR primer, 1x pcr master mix 7} £33 HEE st on FEAo AFE% primer
+ TUBC #818(5'-CACACACACACACACAG-3'), #826(5'ACACACACACACACA CC-3'),
#830(5'-TGTGTGTGTGTGTGTGG-3'), #355(5'-ACACACACACACACACYT-3)]& A&
stAth PCR 5% WHg2 UNOI -Biometrag o]-§3ke] 94T A 52 A § 94T (30
), 52T (30x), 72CA)9 #A& 453 whEd 5 72TolA 1023 HAFSFH AR

CR S3AHE2S 05uMel Ethidium bromide’} X3Hd 2.0% agarose gelolA A7 95 Al

P

o

71 3( 05xTBE, pH8.0) UV trans-illuminatoroll /] <3 DNA WA S 53] #2359
o, 100bp DNA markers 7|F2 2 574 bpelAl TFAES] f5Fdd wet 1 3 ‘0=

datas =3I}
@) ARl B4

87 71548 -SSR WolAle] vdAdS F43517] 913l POPGENE 1.31 program= ©]

£3}2] Shannon’s information IndexZ& -3F1th
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20059 39 119 9% 14 ARg AW 24 FU9E B ATATA AYEA
T AAT =FuRlA AR Azl BU A w2IAA AE FAY
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Table 13. Environmental characteristics of mistletoe native regions.

Location Altitude(m) Direction Slope(®)
Hongcheon-Gun, Bukbang 1 400 SW190 12
Hongcheon-Gun, Bukbang 2 403 NW340 25
InJe-Gun, Hyun-11 1 920 SE220 15
InJe-Gun, Hyun-1i 2 910 SW170 10
Chuncheon-City Mt. Gujeul 1 585 SE120 35
Chuncheon-City Mt. Gujeul 2 580 NE30 25
Chuncheon-City Mt. Gujeul 3 483 SW30 24
Wonju-City Oksan-ri 207 SW207 18

MEE B0 A9 AH, FE AL L A% Ag 5 Sue ASdel A4 33
=l © 150~800m, 7| 1EE= 5~10m= = A9} FAS ZyE B

O, J1FE e U, MU, e uy, 23U 9 NEgRs /58 £757 9 o
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Table 14. The dominant species and host trees of mistletoe native regions.

Location Upper layer Middle layer Lower layer Host tree
Hongcheon-Gun, Quercus Rhododendron Disporum Quercus
Bukbang-myeon 1 mongolica schlippenbachii smilacinum mongolica

Quercus Carex humilis/
Hongcheon-Gun, ) Rhododendron ) L
mongolica/ . B Disporum Betula schmidtii
Bukbang-myeon 2 ... schlippenbachii o
Betula schmidtii smilacinum
Carex
siderosticta/
. ) Quercus Lespedeza Quercus
Inje-Gun, Hyeon-11 1 ] . L Veratrum .
mongolica maximowiczii . mongolica
maackii var.
Jjaponicum
Atractylodes
. . Quercus Lespedeza Jjaponica/ Quercus
Inje-Gun, Hyeon-11 2 . . L. . .
mongolica maximowiczii Codonopsis mongolica
lanceolata
Carex
) ) Quercus Lindera siderosticta/ Quercus
Chuncheon-City, Mt. Gujeul 1 . ) .
mongolica obtusiloba Atractylodes mongolica
Jjaponica
Lindera Artemisia
. . Quercus obtusiloba/ keiskeana/ Quercus
Chuncheon-City, Mt. Gujeul 2 S o
variabilis Lespedeza Rubus variabilis
maximowiczii  crataegifolius
. . Quercus Lindera .. Quercus
Chuncheon-City, Mt. Gujeul 3 L . Carex humilis L
variabilis obtusiloba acutissima
Quercus o . Quercus
. . . L Robinia Fallopia o
Wonju-City, Oksan-ti acutissima/ . acutissima/
pseudoacacia dumetora

Quercus aliena Quercus aliena

AW TS = AEe], SN s fruEr T
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Fig 47. Al7]1¥ b3 »
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Ao AFRHE 4709 I-SSR primer(#318, 826, 830, 855)04 & 3270

RS 1 LS |
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Table 15. The characteristics of fruit and seed by collecting date.

(Unit : mm)

Fruit Seed
full
Source  Date Color - Width™ Length™ Width  seed(
%)
Jeong 408 G 117+1.07(A)  9.9+1.06(A) 46+0.68(A)  3.2£0.42 -
—seon 09
(Umus — 5/7 G 146+1.14(B) 132+1.10(B) 6 45+043(A)  3.2+0.36 -
davidiana 08
var. japonica 5/13 G, Y 152£157(C) 13.6+1.00(C) é 51+049(B)  33+036 713
NAK) 599 v No fruits available
Fruit Seed
full
Source  Date Length’ Width™ Length™ Width®  seed(
%)
57 G 144+183(AB) 83+1.18(A) 40+0.63(A) 2.8+054(AB) -
Pyeong
B 513 G 141+181(A) 85+0.71(A) 41+043(A) 26+116(A) -
chang
(Ulmus 0.7
o 522 G 149+163(B) 10.9+0.52(B) 43+072(B) 29+075(AB) -
davidiana 3
0.7
PLANCH) 508 G Y 1514161(B) 11.0+0.94(B) , A0SIB) 31032B) 477
6/3 LY No fruits available

sk

and * : Significantly different at 1% and 5% level, respectively.

G - green ; Y - yellow ; L Y - light yellow
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Fig 57. @old Fa&

Table 16. The germination rate of Ulmus davidiana and Ulmus davidiana var. japonica

in petridish by collecting date.

Source Collecting Date Germination rate(%)

4/28 0
Jeong-seon 5/7 78
(Ulmus davidiana var. japonica NAK.) 5/13 84

5/22 No fruits available
4/28 0
5/7 0
Pyeong—chang 5/13 0
(Ulmus davidiana PLANCH) 5/22 34
5/28 91

6/3 No fruits available

% BEES B3 f70] 2AT AL AT Yol W ARE 2AY
o 2 ARE % 179 JEn e,

LEUTE AE o4 F 4590 AumA 70 FAs] A4HAL, 59 79 A
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Table 17. Germination percentage after transplant of germinated seed in petri-dish.

S Collecting Transplantin Transplantin ~ Survival Survival
ource
Date g Date g No. No. rate(%)
Jeong—seon 5/7 5/8 78 36 462
(Ulmus davidiana
var. japonica NAK.) — 5/13 5/14 84 79 94.1
Pyeong 5/22 5/27 34 24 70.6
—chang
(Ulmus davidiana
PLANCH) 5/28 5/30 91 91 100.0
FFUF = FE o4 F 2-3d0] XyA Wolrl AFE A, 5Y 229 A FH T

[

>

H_D}o]_/\
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Table 18. Germination percentage of direct seeding.

Source Collecting Date Germination rate(%)
5/7 66.0
Jeong—seon
(Ulmus davidiana var. japonica NAK.)
5/13 82.0
Pyeong—chan
yeong chans 5/28 83.0

(Ulmus davidiana PLANCH)

HEGU A Teld TAE EE oA A} AY FE Aue Fape] wols A
FA Folg Ao It WA RS W oyt gmE AoR (Fsy HuE FHEA
o 72 A3 BuE 243 Ade ¥ 59 YEhit =FuUEE 59 139 AFHAs]
Wet £x1o] Hart 368cmZ 7Fg A JERgon dol A4 wdk 1492 sbE 24 U
Ebyth g8 uits 59 289 A3 st Awet Ao Bavt 337cmE 7Hd A UERE

o, wotelg e 13UE /bg 2 vebdkth A AV mmel Aolx gt 15
N8 2o Bart o ZA el

ofr
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Table 19. Seedling height by treatment.

Source Collecting Date Transplanting ¥ Direct Seeding ¥
Jeongfseon** 5/7 233CH11089(A) 20 284cmi080(B) 16
(Ulmus davidiana var.
Jjaponica NAK.) 5/13 3.18cm*1.09(B) 14 3.68cm=0.83(C) 14
Pyeong—chang** 5/22 1.89cm=0.76(A) 15 No test -
(Ulmus davidiana
PLANCH) 5/28 3.26cm+0.53(B) 15 3.37cm+0.49(B) 13

% @ The number of days from germination to measurement.

" ¢ Significantly different at 1% level, respectively.
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Table 20. The germination number and rate of Ulmus davidiana var. japonica (collecting area is

Jeong-seon) and Ulmus davidiana (collecting area is Oh-dae MLt.).

Germination number rate
5/14 5/15 5/16 5/17 5/18 5/19 5/20 5/21 5/22 5/23 5/24 5/25 5/26 5/27
Ohdae Mt. 0 0 0 0 0 0 0 1 1 9 9 9 9
greenhouse /28 5/29 5/30 5/31 6/1 6/2 6/3 6/4 6/5 6/6 6/7 6/8 6/9
(Total 50) 9 22 22 22 22 22 22 23 23 23 23 23 23
5/14 5/15 5/16 5/17 5/18 5/19 5/20 5/21 5/22 5/23 5/24 5/25 5/26 5/27
Jeongseon 0 0 0 0 0 0 63 108 164 165 168 171 171
greenhouse /28 5/29 5/30 5/31 6/1 6/2 6/3 6/4 6/5 6/6 6/7 6/8 6/9
(Total 2000 171 171 171 171 171 171 171 171 171 171 171 171 171
5/23 5/24 5/25 5/26 5/27 5/28 5/29 5/30 5/31 6/1 6/2 6/3 6/4 6/5
Ohdae Mt. 0 0 0 0 1 1 61 61 61 61 61 67 67
greenhouse 6/6 6/7 6/8 6/9 6/10 6/11 6/12 6/13 6/14 6/15
(Total 1000 70 70 70 70 7 7 7 70 70 70
5/23 5/24 5/25 5/26 5/27 5/28 5/29 5/30 5/31 6/1 6/2 6/3 6/4 6/5
Jeongseon 0 0 0 0 & & 9%H 98 98 98 98 98 9B
greenhouse 6/6 6/7 6/8 6/9 6/10 6/11 6/12 6/13 6/14 6/15
(Total 100) 98 98 98 98 98 98 98 98 98 98
5/23 5/24 5/25 5/26 5/27 5/28 5/29 5/30 5/31 6/1 6/2 6/3 6/4 6/5
Ohdae Mt.
petridish 0 0 0 1 7 4 29 29 29 29 29 29 29
(Total 200)
5/23 5/24 5/25 5/26 5/27 5/27 5/29 5/30 5/31 6/1 6/2 6/3 6/4 6/5
Jeongseon
petridish 14 21 65 115 126 129 143 145 145 145 145 145 145
(Total 200)

46.0

85.5

70.0

98.0

145

72.5

22 9FS wolgo] 59 1493 59 239 ZHZolA gEFFPS of A dAWA
o] “=EUF7t Bopgol =gt (Figure 62, 63). NAA 71E=E HA
A3 FTA Wolgol A YEWT. e 59 139 AFHI FTAERG 59 229 A
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Fig 62. The germination number of Ulmus davidiana var. japonica (collecting area is Jeong-seon)
and Ulmus davidiana (collecting area is Oh-dae Mt.) in greenhouse by collecting 13. May as being
seeding by 14. May.

—— (Oh-dae Mt. —#—Jeong-seon

100
9
c 80
O
c
5 60
©
T 40
£ 20
O] 0 *~——o )
SEENER8FIYQILEerT RO - ao
N N N A 7o I % B Vo B e R %o B %o B to N e Mo B S S
6 0 0B W W W W o S & © © © ©

Fig 63. The germination number of Ulmus davidiana var. japonica (collecting area is
Jeong—seon) and Ulmus davidiana (collecting area is Oh—-dae Mt.) in greenhouse by collecting 22.

May as being seeding by 23. May.
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Fig 64. The germination number of Ulmus davidiana var. japonica (collecting area is Jeong-—seon)
and Ulmus davidiana (collecting area is Oh-dae Mt.) in petridish by collecting 22. May as being
setting by 23. May.

& Aoz At 2489 B3 FA/ Wb EJ incubatore] Hld HoiHow

7] webeli Alzto] ARAW TES ool FRIH £wd 9
=2

0825 ueErHlt. 5¢ 23l T3 HAL Uit FA= =HFFol 061,
petridish  #|7%Fo] 01458 ew, AL AW T 4§ 243Fc] 085

petridish X 4o] 05155 Y EW H(Table 22).

Table 22. The germination speed of Ulmus davidiana var. japonica (collecting area is
Jeong—seon) and Ulmus davidiana (collecting area is Oh-dae Mt.). The germination speed

calculated seeding or setting number and sprout up seeds.

Oh-dae Mt. Jeong—seon
greenhouse petridish greenhouse petridish
14. May 0.44 - 0.82 -
23. May 0.61 0.29 0.85 0.57

Table 23. The last germination rate of Ulmus davidiana var. japonica (collecting area is

Jeong—seon) and Ulmus davidiana (collecting area is Oh—dae Mt.) in greenhouse by seeding date.
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Fig 65. The survival number and Average length of Ulmus davidiana var. japonica

(collecting area is Jeong-seon) and Ulmus davidiana (collecting area is Oh-dae Mt.). This figure
checked 20. Oct.
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Table 24. Effect of IBA concentrations on adventitious root formation from root explants

after 6 weeks of culture.

Conc. of IBA (mg/L) Root number/explant Root growth(mm)
Control 2.5+0.43" 7.2+0.67%
IBA 0.1 4.6+0.25° 16.3+1.23"
IBA 0.2 5.8+0.56" 28.4+3.55"
IBA 05 13.2+1.12° 8.5+0.24°
IBA 1.0 3.7+0.45° 462037

*Values represent means*SE. Values followed by the same letter are not significantly

different at P<0.05 according to Duncan’s multiple range test.

Balol Aol 0.2 mg/L IBAA ©& A0, 0.1, 05 ¥ 1.0 mg/L IBA)S} B3] oF
uj o]de]l Aol A4S HATHTable 24). ¥ AT F% JeHj= Ao %S A ~rt 3
AERa, e 3% dudelA AR FATo] fFiEol AAtE o] oA e
ZL(lateral root) ¥ U3 FEle dnbdQl ey E et (Figure 66 b). Egh
0.1 mg/L IBACIA®= A#e] 2 Addo|r= Ae27t G, ymx] dadddas
QoA AgPd AR 2o S 4T Jue et 94 Hok(Figure 66 a). whebA

o212 0.2 mg/L IBA°Jste] s wifdu o S-S wek A7|A e Aos dddn

o

rir

N

A, AH F RAolY = 05 me/L IBAJdAE tE X80, 0.1, 0.2 ¥ 1.0 mg/L IBA)
of HlajA oF 38 AE ¥ BFAHAITE HAoy AT %= FH7F Ayt
Fa Hme Bgoln, dojAAo] AR o] FoyXA] ol HAGT FEE s 2o E A

F3hA] 2 ktH(Figure 66 c).
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Fig 66. Adventitious roots induction from roots segments of U. davidiana seedling after

6 weeks of culture. A: IBA 0.1 mg/L, B: IBA 0.2 mg/L, C: IBA 05 mg/L and D: IBA
1.0 mg/L.

kA FAT FEE 9T HHOZE 02 mg/L IBAZE A3 oz A7bE o )

Han %(2006)2 Ababe]l Byl d#H S o]g3le] 1/2 MSel NHy 7} AlAE #iAlel 0.3 mg/L

IBA°IA 91%9] =& AL FE&S HoFda, eddd g3 2ALS FE39
H

ok o] Ao AMEe 1/2 SH #iA] 9A] NHy 7 H7bsA] @& wixlo|t}, upepr] =

Furel AT fEA NH) of 932 e Aoz gzhsoii,
AT B4 W fAE PAT S0 AFF A 2AW 2Fo|AW S Festol
olef gt Azglo] Qi WMFT L& thygauFos 43t HvhHan et al, 2006). ueh
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NopRE e A Az, A4

(Bourgaud, 2001)Z4 o|x} thAlE A4k Sl A3t a2 A4 HY, &k YES

719 A Mds 3 s Ths

%
o
iy
o
¥,

h) Al fER FRE AR o] 8@ YA FE

RugUrel FAdeE Bo HER fUS ReAdA 48 $AT A6 of
Aeralo] 4714 AlolE7|Y @ 2 A3} Afol
Aol 4% A7} 2.0 mg/L kinetinol Al 7%

=]

5

Hol FEFE Ao (Table 2), ¥4k #5 Feje A4 Qay FudA 44 v
5 o &

sk =g ofE fElstE X9 =& A4S A=
2315 o H(Figure 67 a, b). I ¢ Alo]E7W o2 40 mg/L zeatinol A= 73%9] F-Ao}
Fregds AAAR A
-ip2} BAANAE 22 2.0 mg/Lol A 56% A4 Eo F-Ao}
Aol vhe &5 HOTHTable 2). 20 mg/L
Aol A= w3t

Ho
k
o
o
f
2
]
OEL
(o]
=y
lo,
i)
e
ofl B9

BAol A= & Addox B e FAolrt FAH AL
galFo]l o]FolHal, 20 mg/L 2-ip °lME Huw
(Figure 67 ¢, d, e, f). AFO]E7] A3} S209] &G
Aol 71 =2 &t AxH oz MS ujA 4

obg G b A MAGE A4S @

I 1@
i
IB

i
Hol A A 271 FA AT
AA] T ETE Aol =&
mg/L Kkineting 37} w2 A F

AR, FA I Ao BT o] 23X
g7} o] FAol fio] athA] JEFS FA4 Feve s wE F S itk

=)
LEUT B4l 4L T B Y A% R4 B @ w9

N o
2

=Y 2HEe ggko
U, F2 BAE o]&3le FEAHE FEsIT Ben & (1998)2 Dutch elm hybrid

'Commelin’ 9| A Eo]3st A= 719l &7]|(basal diameter >1 cm)2] €3¢} WIE AAS &
e, 23 AFS 23S F 2o dHs 7EA 3, MSHA el 0.1 - 5 mg/L BA & #7hs

AN Bt Fi

wro}m.e]

o™, Ann 5(1997)2 Ulmus americana® A5 o] &3k 71U

o} 719 A& B E BAC ®@7t 2715 fEste] &

ol

k
i,
N

7]

HS

A

, =71, B
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RIS 2% F 7 dHow Agste] MS wiAo] 22 mg/L BAS A7t oA 54
ol F=3F . Bolyard 5 (1991), Fenning & (1993) Z12]31 George <} Tripepi (1994)
S ol&3dte], BA @ 52 TDZe @A el wiAl A FAotE Fratith
IMe= B g vE =3 9 BAAE = B 50%8 =0 FAoF st v
< d9 & 2745 BAoH, kinetinA g Al o= W 9B%olde] & 7] =&
3

49 7 27 7 BFodn 3, S0 AolETd SR s F Aok g4 2

o
r2
-
2

(Table 25). 234 om of Aolr FAol A& M &S VA=

FTE2EL2 kinetin @5 A7 g 2@Helgta @ 4 9t

lle}
N
N,
i
o)
5

gol%= HrhH(Hubstenberger et al 1992). 3t @)ool Al B ¥ =FUF AEstol] AFEH
Ag= F2 A3 SV 22y oA Yoy 7195 duA = AgeA Hd
=24 AAE ABAA ABR ARESolof AR, HEE AR AREE A

4 +
durg AAstel 4 F AR 4¥e AR AET 5 Aok FHS AT Aek

-5 cm AES #HLF =A7]e E715 WPMHIAY] v&=E5

¥

=
T 21 cm 2 FJ o (Figure 67 a, 63), el Z ol 1/4 WPM wiA]o| A 7H Z A YEY
th E7140ol= WA A 1k 2 ztolE Ho|X & ko), BEldol= A 1F & Aol &
Atk WPMBI A & A5 A sE7F 74 & 5 5 He

W tH(Figure 69).
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Table 25. Effect of cytokinin and cytokinin + auxin on adventitious shoot formation from

the culture of root segments after 6 weeks of culture.

Frequency of

Cytqkmm and adventitious shoot or bud No. of Callus
Auxin (mg/L) formation (%) shoots/explant growth
Control 0 25.3+ 2.34%" 2.4+ 0.23% -
Zeatin 1.0 4.8+ 3,121 1.2 + 0.24™ +
2.0 125+ 1.36M 1.6+ 0.01™ +
4.0 737 + 869° 2.5+ 0.28" -
8.0 48.0+ 5.12' 2.7+ 0.35" -
2-ip 1.0 217 + 2.11° 2.3+ 0.56' ++
2.0 56.5+ 4.33% 45+ 0.23F T_—
4.0 20.8+ 3.45%" 57+ 0.37° ot
8.0 19.1+ 1.12¢ 2.1+ 0.179 bt
BA 1.0 51.5+ 2.35% 3.9+ (0.33%" +
2.0 57.9+ 3.89% 5.3+ 0.56% ++
4.0 53.3+ 4.78% 3.4+ 045" +
8.0 125+ 1.67" 2.7+ 0.121% +
Kinetin 1.0 76.9+ 5.32¢ 4.2+ (.34 +
2.0 95.8 +9.96° 8.4+ 0.76° +
4.0 87.0+ 5.78" 6.5+ 0.14° ++
8.0 63.6+ 7.76 46+ 0.34 a_—_—
IBA 7T 2.0 7.4+ 1.01" 1.5+ 0.09™ +
2-ip 2.0 20.0+ 3.33%" 2.8+ 0.13! +
BA 20 13.0+ 0.97 49+ 0.33% ++
KT 20 45+ 0.31! 2.5+ 0.37" ++

*Values represent means+SE. Values followed by the same letter are not significantly

different at P<0.05 according to Duncan’s multiple range test.
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Fig 67. Adventitious shoots formation from adventitious roots segments of U. davidiana
seedling after 6 weeks of culture. A-B: 2.0 mg/L kinetin, C-D: 2.0 mg/L BA and E-F:
8.0 mg/L 2-ip .
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Fig 68. Rooting of adventitious shoots and acclimatization in artificial soils after 4
weeks. A: Rooting of adventitious shoots on 1/2 WPM medium after 4 weeks of

culture, B: Acclimatization in pot containing vermiculite +peatmoss 1: 1.
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Fig 69. Effect of WPM medium strengths on rooting and shoot growth of adventitious

shoots after 4 weeks of culture.
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