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ABSTRACT

Phytochemical investigation of the ethanol extract from Cleyera japonica
Thunb. stem resulted in the isolation of twelve constituents; catechin (1),
catechin 3-0O-a-L-rhamnopyranoside (2), epi-catechin (3), taxifolin (4),
taxifolin 3-0O-a-L-arabinopyranoside (5), taxifolin 3-0-a-L
-rhamnopyranoside (6), proanthocyanidin A-1 (7), 3,5,7
—-trihydroxylchromone 3-O-a-L-rhamnopyranoside (8), aviculin (9), 3,3'-di
-O-methylellagic acid (10), 3,3'-di—-O-methylellagic acid 4'-O-B-D
-xylopyranoside (11) and betulinic acid (12). The structures of these
compounds were confirmed by comparing their spectroscopic data to
those in the literature. As far as we know, all of the compounds 1-12
were isolated for the first time from this plant.

In order to study the skin-related properties for the isolated compounds,
bioactivity screenings on  anti-oxidation, anti-tyrosinase, anti
-melanogenesis in B16F10 melanoma cells and anti-elastase were
conducted.

For the anti-oxidation tests, the compound 1, 2, 3, 4, 5, 6 and 7 showed
strong DPPH radical scavenging activities with SCso of 5.02 pg/mL, 10.00
ng/mL, 6.64 pg/mL, 6.25 pg/mL, 13.22 pg/mL, 8.59 pg/mL and 5.38 ng/mL
respectively, whose activities were comparable to a positive control
vitamin C (SCso 4.05 pg/mL). In addition, compound 1, 3, 4 and 7 showed
strong hydroxyl radical scaveging activities with SCso of 614.91 pg/mlL,
625.42 pg/ml, 395.81 pg/ml. and 173.87 pg/ml respectively, whose
activities were comparable to a positive control vitamin C (SCso 151.40
g/mL).

On the tyrosinase inhibition studies, the compound 11 (ICsy 36.33 pg/mL)

showed stronger activity than arbutin (ICs0 67.20 pg/mL), a positive

- viii -
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control. Moreover, when tested in B16F10 melanoma cells, extract and
n-butanol fraction inhibited the cellular melanogenesis as effectively as
arbutin.

On the elastase inhibition studies, the compound 12 (ICsy 17.96 pg/mL)
showed stronger activity than oleanolic acid (ICso 29.62 pg/mlL), a positive
control.

Based on these results, C. japonica stem extract could be potentially

applicable as anti-—oxiant and/or cosmeceutical ingredient.

_ix_
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3 a4a=2HN M4 AM¥EAd A tyrosines  L-3,4-dihydroxyphenylalanine
(DOPA)So. 2 Wetstal @AA Abst wkgol] &% w7 713 dopaquinone,
dopachrome©. 2 W33leo] melaning At AEZ W melanin®] 7<)
AbEE 71m), F2A, A, AW 5o A F o] doju R ws 2 &S
et 3 Feke] fteE wojsls Ao w delA gl

g FuS QA= tyrosined AFstE E13}E tyrosinase®] #FHES o A5

0

I~

© EA(d, arbutin, kojic acid, WY FHE, HUF FEE, FER FEE),
DOPA®] 4FstE A etE= EA(d, ascorbic acid), ZFEAEE B Ao
melanin M4&E AASE Z4(d, AHA), melanin AIXZ ZA & AME =
A, hydroquinone), #eJAdE Apdste= E4(d, TiOy) ol AREHaL St
(Figure 2).¥ 181} arbutin, kojic acid, ascorbic acid, hydroquinone < <F
AR BAE T EAR ARRol AFHI JeBE HT spE JAdAE
FAFE st HALAERY v gt AstE V)sA sEEd diS

OH
OH
o)
OH
oH ‘ ‘
o HO
HO o
HO 0
OH OH
Arbuin Kojic acid Hydroquinone

Figure 2. Structures of whitening ingredients.
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Figure 3. Structures of anti-wrinkle ingredients.
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L AleF 5 7)7]

A5 F%, &g B o AREE W& Merck % Juseid AluEs
AFE3F Y. Vacuum liquid chromatography(VLC)el+= silica gel(0.002-0.025
mm, Sigma), normal-phase column chromatography(CC)ell&= silica gel 60
(0.04-0.063 mm, Merck)o] AF&= AT}, Gel filtration chromatography(GFC)
ol = Sephadex " LH-20(0.1-0.025 mm)& AH&3atqicth. #2 #AHolx A4
thin layer chromatography(TLC)% precoated silica gel aluminium sheet
(Silica gel 60 Fa54, 2.0 mm, Merck)E A3}ttt TLC oA spot?] &2l
2 UV lamp(254 nm)E AF&3tAY, visualizing agentoll A A7l 3 heat
guns o|&3sle] AZAIFTY. Visualizing agentZ% 3% KMnO., 20% KoCOs
2 0.25% NaOHE =33t +8& 95 AMEshaith

¥ ESR(electron spin resonance spectrometer)<-
JES-FA200(JEOL)S A}g83}3 2™, tyrosinase 2 Elastase A3 &4 7 Ao
AF8-¥l UV-visible spectrophotometer(ELISA reader)s= Thermo Electron-
labsystems Multiskan EXZ A}F&3} ST},
TZEA 9 o]&%¥ NMR(nuclear magnetic resonance spectrometer)<
JNM-ECX 400(FT-NMR system, JEOL)< ©]&383ith. NMR =74 &= CIL
°] NMR %4 &#l& CDs;OD, pyridine-ds, DMSO-ds & AH&-3}%th.
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Ao AFgH HFRZIUF AR EHE 0 124)F 20099 9€d A5 gkt
ol A AP ARG HFEIIE ThAE Ae % gAelA ke A
7

Az sien, EHsko] Abgsh i th(Figure 4).

2

Figure 4. Picture of Cleyera japonica Thunb.
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Dried stem of Cleyera japonica 1.14 kg

70% EtOH, stirring, 24hr, 3times

Extract 116.6 g (10.2%)

Extract 14.2 g

Suspended with water

n-hexane Ethyl acetate n-Butanol Water

05¢ 4049 43¢ 369

Figure 5. Procedure of extraction and solvent fractionation from

C. japonica.
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3-2. Ethyl acetate fraction® A A& Fg

SjEE 3 Adojxl 7} B3 FE T ethyl acetate fraction 3.92 g2 F83d}7]
#13ke]d  vacuum liquid chromatography(VLC)E S 33t3lth.  Hex-EtOAc
(0~100%), EtOAc-MeOH(0~50%)°] &viE =45 5%% £°l= X
300 mL¥ €%3 ¥, 7} fractiond TLCE #<2l3le] spot dj®o
S Fol F 18709 fractions FATHFr. V1~18).

VLC fractionE & Fr. V2(30% EtOAc in Hex) 153.6 mg< 3&FQFA 7}
E|Z compound 122 &<215 3T}

w3k Fr. V5(50~65% EtOAc in Hex) 107.4 mge we=2S AFg3) A2A*%
o] compound 10(5.8 mg)S LU}

Fr. V6(70~85% EtOAc in Hex) 138.7 mge silica gel A
(CHCI3:MeOH=5:1) 33}2] compound 4(5.9 mgZE 9dJdv}. =

o=

A

M ok
ro

_

W A

il

—1m
ot

oL

gl

s

=

compound 13 37} 4:1 X9 H|E&E A9 += fraction 55.9 mgS AUA T
o5& A e 4HF FFEo|ug f o|Ate Hal= AsHA okt
1213l Fr. V7(90~95% EtOAc in Hex) 144.5 mgs Sephadex LH-20 Z+
(CHCI;:MeOH=2.5:1)& F3&std <kA &gt l® compound 1(2.3 mg),
compound 3(2.6 mg), compound 4(3.0 mg)E © &% 2™, compound
7(11.5 mg)x A}

Fr. V8(100% EtOAc) 306.3 mg< Sephadex LH-20 ZA=(CHCl3:MeOH=3:1)
< 335t compound 5(16.3 mg)2} compound 6(39.2 mg)E LUt}

Fr. V9(5% MeOH in EtOAc) 520.9 mg X3 Sephadex LH-20 ZA¥
(CHCl3:MeOH=3:1)% 83}4 compound 5(264.5 mg)E ¢ At}

Fr. V10(10% MeOH in EtOAc) 953.1 mge  silica gel ZH#
(CHCI3:EtOAc:MeOH=2:2:1)& Zl8)sle] 5709] fraction(Fr. V10-1~5)2.2 1}
= %, Fr. V10-2 356.0 mg& Sephadex LH-20 A% (CHCl3:MeOH=3:1)&
T35t compound 5(191.9 mg)E © AAS™, compound 2(11.9 mg),
compound 11(13.0 mg)%= A

T3l Fr. V11(15% MeOH in EtOAc) 313.3 mge Sephadex LH-20 Zd#
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(CHCl3:MeOH=3:1)2 433}>] compound 2(9.6 mg), compound 5(80.5 mg)
= ¢ Y3, Fr. V12(20% MeOH in EtOAc) 279.5 mgS Sephadex

LH-20 AH(CHCl3:MeOH=4:1)& 4~33}4] compound 5(9.4 mg)E ¢

AR e

1, compound 8(6.5 mg)¥} compound 9(11.4 mg)S &2 3tG tHFigure 6).

Ethyl acetate fraction 3.92 g

VLC

Hex-EtOAc(0~100%)
EtOAc-MeQH(0~50%)
Gradient(5%), 300 mL each

A 4
FrV1 FrV2 .- Fr.V5 Fr. V6 Fr. V7 Fr. V8
(153.6 mg) (1074 mg) (1387 mg) (144.5 mg) (306.3 mg)
¢ Recrystallization

with MeOH

Compound 12 Silica gel CC Sephadex LH-20 CC

CHCl;:MeOH=5:1 sephadex LH-20 CC CHCl;:MeOH=3:1
Compound 10 (5.8 mg) CHCL:MeOH=2.5:1

Compound 4 (5.9 mg) Compound 5 (16.3 mg)
Compound 1+3 (55.9 mg) & Compound 6 (39.2 mg)

Compound 1 (2.3 mg)
Compound 3 (2.6 mg)
Compound 4 (3.0 mg)
Compound 7 (11.5 mg)

- Fr. V9 Fr. V10 Fr. V11 Fr. V12 - Fr. V18
(520.9 mg) (953.1 mg) (313.3 mg) (279.5 mg)
Sephadex LH-20 CC
CHCl;:MeOH=3:1 silica gel CC
CHClgFtOACMeOH=2:2:1
Compound 5 (264.5 mg) Sephadex LH-20 CC

CHCl;:MeOH=2:1

I | I Sephadex LH-20 CC

Fr. V10-1 Fr.V10-2 -.- Fr.V10-5 ERpound? (9.0 mg)

CHCl;:MeOH=4:1

(356.0 mg) Compound 5 (80.5 mg)
Sephadex LH-20 CC v
l CHCl3:MeOH=3:1 Eampaatid 5 ke
Compound 2 (11.9 mg) Compound 8 (6.5 mg)
Compound 5 (191.9 mg) Compound 9 (11.4 mg)

Compound 11 (13.0 mg)

Figure 6. Isolation procedure of compounds from C. japonica.
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4. 274 29

=
4-1. ESRS o] &3k gtz &4 A3

4-1-1. DPPH radical scavenging activity test

2 AFo|A = sample €9 10 pLe} DPPH &9 90 pL& A-20A 2% &<t
A7l F, ESRE o] &3 Holdle gtz & SAsith

HoZd 2AE (%) ESR signalS Aiste] ALbstd o, sample tAl &1
2 Y& controld Uz 4 100%= 3dto] sampled H7H8S W Holds
gzt s %= JErdth o] & vtEe® guZ A7Eo] 50%9 Wl AR
(SCsn) & 7AXtslelt.

=
hEF O 2= vitamin CE ARSI

* ESR spectroscopy conditions
- Frequency : 9.4375 GHz
- Magnetic field : 337 mT
- Power : 1 mW
- Modulation width : 0.8 mT
- Amplitude : 500
- Sweep width : 10 mT
- Scan time : 0.5 min

— Time constant : 0.03 sec
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4-1-2. Hydroxyl radical scavenging activity test

10 mM H.O(in potassium phosphate buffer, pH 7.4), 10 mM FeSO4(in
water), 0.3 M 5,5-dimethyl-1-pyrroline N-oxide(DMPO, in potassium
phosphate buffer, pH 7.4), 718]3 Z} N85S sEHE 1|3}

2 Ao A= sample 10 pL, DMPO 30 upL, FeSOs 30 uL, H;0., 30 pL&

93 AedA 2% 30% B WA F ESRE o83 Wolle ez

B 2A5(%)2 ESR signals A E3ste] Al4tslgl o, sample thal &)
£ 42 control9 #HZ %S 100%=Z 3le] sampled H7FS W Hold=
gz 4 %= B ol & HE o R guzt ArEe] 50%Y wWel A&
o] FE(SCs0)E AlAteraith.

J 2o C. 2+ vitamin CE AF&-3FSI T}

* ESR spectroscopy conditions
- Frequency : 9.4354 GHz
- Magnetic field : 337 mT
- Power : 1 mW
- Modulation width : 0.2 mT
- Amplitude : 200
- Sweep width : 10 mT
- Scan time : 0.5 min

— Time constant : 0.03 sec
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4-2. Tyrosinase inhibition activity test

0.1 M potassium phosphate buffer(pH 6.8), 2 mM L-tyrosine, 2500 unit¥

tyrosinase, 18|31 Z} AR 5SS wEHE $£H] g

B Ao = 96 well plateol buffer 105 ul, L-tyrosine 70 ul, tyrosinase

5 ul, 183 AlEZEY 20 uLEe Wil 37CelA 10%7F w171 F, ELISA
readerE ©]-&3t] 492 nmollA] SFEE =S435}

A& oot £ Aol o3& %= AAES AL, o]F PR Z tyrosinase?]
g5 50% AMAZI=H 2eg AR 5%=(CsoE AT

=T 0 2 arbuting A& T

Tyrosinase inhibition activity (%)

=[1- (Abssample J Absblank) / AbScontrol ] < 100

Abssamplc :
AbShlank : /\]-‘EJ—‘?_‘Q] %%E

Abscmntml : /\] _‘EJ_% %‘7}’0};(] 5 18 =

4-3. B16F10 melanoma cellS 9]

4-3-1. Al vt

Murine B16F10 melanoma cell =4 Z=28(KCLB; Seoul, Korea)2. 2

By EoF wol 1% antibiotic—antimycotic®} 10% fetal bovine serum(FBS)©9]

¥ DEME ®jA|(GIBCO, Gard Island, NY, USA)E AF&3sle] 37T, 5% COq

o
o
geolA wepstglon, 3¢e] & WA Aue Alasigic

_13_
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4-3-2. Melanogenesis Aslay =4 239

H 7Y 7H2] 55 9 23825 gist AxudAe] nilgas 543817
23ste] B16F10 melanoma cellS ©]8€3}%] melanogenesis #] 3l
St}

6 well plated] 5x10* cells/mL&E AXE BF3}3L 37°C, 5% COy F713}ol A

-

kol
=)
il
||\
o
PL

24X ZF wjeF 3 wjx] = A A3t D-phosphate buffered saline(D-PBS)%. &
A&s & 1 uM a-M

wn
o
il

XS5 A2 w3 & samples sE¥EE 747

H7bete] 397 wikslodtt. 39 HoF vk & wjA = A)7skal D-PBS buffer
2 Ay F, Egder Add AEE A5at F5E ATE 1M

NaOH 500 uL& #H7bstar 55ColA 2413k Wxste] AZule] melaning I
ljI’. O]'Eé 96 well platei ‘;%‘Z_] ——[ﬁ— ELISA readere ]_Q.EH 4992 nmoﬂ 1 %%E

& 24590,

HZF O 25 arbuting A& 33T

MTT assay® B16F10 melanoma cellS 6 well plateo] 5x10* cells/mL=
F8FaL 37C, 5% COp ZZAstoll Al 2441 v <,

r-1n:

1 M a-MSH®} sample
sEHEE FAld Agste] 3A3F wjgstlth. 39 F< ik $ 500 pg/mL
S5 %2 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
MTT)E #7Fsto] 37°TCelA 34F &1t vHgAIZ 5, MTT &35 #1783
th. ol 7]el DMSOE 7heto] old= Aol whg-ate] A1 formazan I A=+
&3 A7 o, ©]& 96 well plateol] &<1

=S

o FREE ZHAT

o

ELISA readerE ©]€3f 580 nm

ol

_14_
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4-4. Elastase inhibiton activity test

A HF  elastase(Porcine  pancreatic  elastase, PPE)= 7|Z=
N-succ(Ala)s—p-nitroanilide(SANA) ¢} st/ F3333 = HS ARE3E HHo g 2]
Al = AT
0.2 M Tris-HCI buffer(pH 8.0), 0.1 mg/mL elastase, 7|&d=Z 12.5 mM
SANA, 183 Z} ARES SEHE FH[ S0
B A8 = 96 well plateol] buffer 165 pl, SANA 5 pl, elastase 10 ul,
a8]a Alggd 20 tLE Yal 25TCAA 15%37F vwH-SA]71 %, ELISA reader®
o]-g3to] 405 nmollX FFE=E SAHSAH
A& o2 22 A o %= AMNEA, o5 uY O R elastase?]
gA4E 50% AdA7I=d ask A5 FX2(C0E Attt

&S 2+ oleanolic acidE AF&3}3it

Elastase inhibition activity (%)

=[1- (Abssample T Absblank) / (AbScontrol i AbSC*blank) ] X100

Astample : /\]JEJ— ]?_%%@1494 %%E
Abspiank * AlETH] FFE
AbScontrol AEE inq 7FbA] F ]‘%‘

AbSc-prank i A FE9} elastaseS F7}s
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L shgt=o 7= 244

1-1. Compound 1, 2, 39 +% %#

Compound 13} 3% @A 9 <A stE=4, #31'YS %8 compound
1€ catechin, compound 3% epi-catechin®. = <21% 3t}

E3 compound 2% 'H NMR¥} “C NMR ~#HEHE 58, catechin ¥ 9]
% &y 3 ~ 49 AL 64 1.25 (BH, d, J = 6.2 Hz), &c 18.1¢] HEY] 7
3, 283 &y 4.29 (1H, d, J = 1.4 Hz)9 anomer proton, &¢ 102.39]
anomer carbon ¥ A2 Mo} catechin®| rhamnose’} A= o] AL FHolg} o
ekl om o] oA BB Wil glxsle] compound 2% catechin 3-O-a-L

-rhamnopyranoside s €218} th(Figures 7-9, Table 1).

o e

6 10 i, Compound 2
3 OH
OH

Compound 3
Figure 7. Chemical structures of compounds 1-3.
—_ 16 —_
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Talbe 1. 'H and C NMR data of compounds 1-3 (400 and 100 MHz, CD;OD).

Compound 1 Compound 2 Compound 3
No.
Su (int, mult, J Hz) Sc Su (int, mult, J Hz) Sc Su (int, mult, J Hz) Sc
2 456 (1H, d, 7.6) 83.0 4,62 (1H, d, 8.0) 81.3 4.82 (1H, s) 80.0
3 3.97 (1H, m) 69.0 3.93 (1H, m) 76.1 4.18 (1H, m) 67.6
2.85 (1H, dd, 5.3, 16.0) 2.38 (1H, dd, 5.5, 16.0) 2.86 (1H, dd, 4.6, 16.7)
4 28.7 28.1 29.4
2.50 (1H, dd, 8.2, 16.0) 2.64 (1H, dd, 8.5, 16.0) 2.73 (1H, dd, 2.8, 16.7)
5 157.8 157.7 158.2

6 5.92 (1H, d, 2.3) 96.4 5.94 (1H, d, 2.3) 96.5 5.94 (1H, d, 2.3) 96.5
7 157.1 157.0 157.8

8 5.85 (1H, d, 2.3) 95.6 5.86 (1H, d, 2.3) 95.6 5.91 (1H, d, 2.3) 96.0

9 158.0 158.1 157.5
10 100.9 100.8 100.2
1' 18283 132.1 132.4

2' 6.83 (1H, d, 1.8) 115.4 6.84 (1H, d, 1.8) 115.2 6.97 (1H, d, 2.1) 115.2
3' 146.4 146.4 146.1
4' 146.5 146.5 145.9
5 6.76 (1H, d, 8.2) 116.2 6.77 (1H, d, 8.0) 116.2 6.80 (1H, dd, 2.1, 8.0) 116.0
6' 6.71 (1H, dd, 1.8, 82) 120.2 6.72 (1H, dd, 1.8, 8.0) 120.0 6.76 (1H, d, 8.0) 119.5

1" 4.29 (1H, d, 1.4) 102.3

2" 351 (1H, dd, 1.8,32) 72.1

3" 357 (1H, dd, 3.2, 94) 724

4" under the MeOH 74.1

5" 3.68 (1H, m) LOF5

6" 1.25 (3H, d, 6.2) 18.1
- 17 -
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Figure 8. '"H NMR spectrum of compound 2 (CDsOD).

Figure 9. "®C NMR spectrum of compound 2 (CDs;0D).
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1-2. Compound 4, 5, 69 +% &4

Compound 4= 238 E39 taxifoline 2 291%™, compound 5, 6

'H NMR 2=#E&S %3, taxifolin I3 &Jell% 6y 3 ~ 49 AAERE Hol
taxifolindl] o] AjtE o] &= Fx2A Aolgt o3ttt 2 5 compound 5
= &1 3.84 (1H, d, J = 3.9 Hz)9] anomer proton ¥32} §c 102.42] anomer
carbon T3, 18] C NMR A#HEH A carbon I A7} & 207]¢ Aoz
Ho}, taxifolino] 589l arabinoselt} xyloseZ} AdEo] o1& Holgt 4=5
dom, P8 =g o] 3Eo] taxifolin 3-O-a-L-arabinopyranoside <
grol1etglrr. 38 compound 6= 'H NMR AHEH|A] §; 1.19 (3H, d, J =

Hz), 8¢ 18.09 wWl€r] ¥4, 218]la &y 4.05 (1H, d, J = 1.4 Hz)<]
anomer proton, ¢ 102.3¢] anomer carbon ¥ I = HOo} taxifolin®l] 2% o]
9l @] rhamnosed Aolgt ddsidon, o] A #A'MS Ea o] 3=
o] astilbin®]2} &8+ taxifolin 3-O-a-L-rhamnopyranoside]S #2189t}

(Figures 10-16, Table 2).

14
i)

xo

o

Compound 5 Compound 6
Figure 10. Chemical structures of compounds 4-6.
—_ 19 —_
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Talbe 2. 'H and "C NMR data of compounds 4-6 (400 and 100 MHz, CD;OD).

Compound 4 Compound 5 Compound 6
No.

Sy (int, mult, J Hz) Sc Sy (int, mult, J Hz) Sc Sy (int, mult, J Hz) Sc

2 491 (14, d, 11.5) 85.3 5.13 (1H, d, 10.5) 83.9 5.07 (1H, d, 10.5) 84.1
3 4.50 (1H, d, 11.5) 73.8 4.80 (1H, d, 10.5) 76.4 4.57 (1H, d, 10.5) 78.7
4 198.6 196.1 196.1
5 168.9 165.6 165.7
6 592 (1H, d, 2.1 97.4 5.92 (1H, d, 2.1 97.6 5.92 (1H, d, 2.1 97.6
7 165.5 169.6 169.0

8 5.88 (1H, d, 2.1) 96.4 5.90 (1H, d, 2.1) 96.7 5.90 (1H, d, 2.1) 96.5

9 164.7 164.4 164.2
10 102.0 101.5 102.6
™ 130.0 129.1 129.3

2' 6.96 (1H, d, 1.8) 116.0 6.97 (1H, d, 2.1) 115.8 6.96 (1H, d, 1.8) 115.6
3' 147.3 146.7 146.7
4' 146.5 147.6 147.5
5' 6.80 (1H, d, 8.0) 116.2 6.79 (1H, d, 8.2) 116.4 6.81 (1H, d, 8.2) 116.4
6' 6.85 (1H, dd, 1.8, 80) 121.0 6.85 (1H, dd, 2.1, 8.2) 120.9 6.84 (1H, dd, 1.8, 82) 120.6

1" 3.84 (1H, d, 3.9) 102.4 4.05 (1H, d, 1.4) 102.3
2" 3.59 (1H, dd, 3.9, 6.0) ~ 73.2 under the MeOH 71.9
3" 355 (1H, dd, 3.2, 6.0) 66.9 354 (IH, dd, 1.6, 3.2) 72.3
4" 3.80 (1H, m) 71.2 366 (1H, dd, 3.2, 9.6) 73.9

3.92 (1H, dd, 7.6, 11.7) 3
5" 63.5 4.25 (1H, m) 70.6
3.38 (1H, dd, 3.7, 11.7)

6" 1.19 (3H, d, 6.2) 18.0

_20_
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Figure 11. 'H NMR spectrum of compound 4 (CD;0D).
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Figure 12. >C NMR spectrum of compound 4 (CDs;0D).
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Figure 13. 'H NMR spectrum of compound 5 (CDsOD).
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Figure 14. C NMR spectrum of compound 5 (CDs;0D).
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Figure 16. C NMR spectrum of compound 6 (CDs;0D).
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1-3. Compound 79 +% A

Compound 7S 'H NMR#} YC NMR A#HEHA AFAQ catechind}
epi-catechin ¥ I 50| #ZEHUY. I F catechin 7+FoA 2 YA A 1}
Bbs 93920 §¢ 80 A9 ¥ A7t skt YEbaL, §¢ 100.59 | A7F v
Ao Kol E3& AH7} obd 7 sigEC] 28 9AE AR Ads shaL
= Fud Aolg Adatdlen, & o AAs] 2 fxE st 9
DEPT(135°) NMR3} 2D(COSY, HMQC, HMBC) NMRS S 43} t}.
DEPT(135°) NMR< &&f &c 29.49 3= 3% carbon, §¢ 100.5¢F 8¢
104.29] ¥=+ 43 carbono.Z &l E it}

w3 '"H NMR 2= EdA sy 4.07 (1H, d, J = 3.4 Hz)3 6y 4.23 (1H, d,

pass

f

ol

J = 3.4 Hz)9 I3, meta couplingS 3}+= aromatic proton? &y 5.96 (1H,
d, J =23 Hz)¥} &y 6.07 (1H, d, J = 2.3 Hz)¥ A, 223 singlet?]
aromatic proton¢! &y 6.09 (1H, s)¢] =7} #zF A}

oldE vtEom Feted & w o] =S A EFYS proanthocyanidin®
olg} dgE e, HMBC correlations &3l #EH S 2 proanthocyanidin
-1ol8} E¥ = epi—catechin—(2B—0—7, 4B—8)-catechin®. = 3}2l il
78] NMR dlolelgtx A2 218} h(Figures 17-23, Table 3).

2,

:l>

Figure 17. Chemical structure of compound 7.
—_ 24 —_
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Talbe 3. 'H and C NMR data of compound 7 (400 and 100 MHz, CD;0D).

Compound 7
No. .
Sy (int, mult, J Hz) Sc
2 100.5
3 4.07 (1H, d, 3.4) 68.0
4 4.23 (1H, d, 3.4) 29.4
5 156.9
6 5.96 (1H, d, 2.3) 98.3
1 158.3
3 6.07 (1H, d, 2.3) 96.7
9 154.4
10 106.9
11 132.4
12 7.13 (1H, d, 2.1) 115.8
13 146.9
14 145.8
15 6.81 (1H, overlapped) 116.5
16 7.02 (1H, dd, 2.1, 8.2) 120.0
2! 4.73 (1H, d, 7.8) 84.7
3 IS S TR 68.3
P .57 (1H, ddy'8.5,"16.5)
4! 29.2
2.94 (1H, dd, 5.5, 16.5)
5' 156.3
6' 6.09 (1H, s) 96.7
7 152.4
8' 104.2
9’ %, W6
10' 103.3
11' 130.7
12' 6.92 (1H, d, 2.0) 115.9
13’ 146.9
14' 146.5
15' 6.81 (1H, overlapped) 115.8
16' 6.81 (1H, overlapped) 120.8
—_ 25 —_
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Figure 18. 'H NMR spectrum of compound 7 (CDsOD).
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Figure 19. C NMR spectrum of compound 7 (CDs;OD).
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Figure 20. DEPT(135°) NMR spectrum of compound 7 (CD30D).
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Figure 21. 'H-'"H COSY NMR spectrum of compound 7 (CD;0D).
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Figure 22. HMQC NMR spectrum of compound 7 (CDs;0D).
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Figure 23. HMBC NMR spectrum of compound 7 (CDs;0D).
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1-4. Compound 8¢ ++% %#A

Compound 82 'H NMR =#ERA sy 6.21 (1H, d, J = 2.1), 6u 6.33
(1H, d, J = 2.1)¢ 932 HO} meta coupling® 3= F 719 aromatic
proton®] AL & F AU &y 8.14 (1H, s)9 deshielding ¥ singlet 3
T ASEAT =S sn 3 ~ 4 Abole] JAER Kol Fo] AfHo & A

ojg} o= At

“C NMR 2 EddME F 14709 carbon =27k #EHJ oW, 71 F &
65 ~ 75 Ako]l 47019 3 A9} §c 104.62] anomer carbonlZ dFEH & AR
Hol 5Eel arabinoseYt xolose’t A¥Ho v Fx2Y Aol 44T F
A}t olE 5 & dIAE ALsHH, §¢ 178.79 carbonyl groupS ¥ s
= 99 ¥3+= ZgH 0]=2] quercetind] B-ringe] v TFERE HAHA
3 Aol Fo] AFH ] & Aolgt dSste], A thxd A} o
sH5-& 3,5,7-trihydroxylchromone 3-O-a-L-arabinopyranosideS &-21%}9

tHFigures 24-26, Table 4).

;‘u"ﬁlﬂdﬂ_'

Figure 24. Chemical structure of compound 8.
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Talbe 4. 'H and C NMR data of compound 8 (400 and 100 MHz, CD;0D).

Compound 8
No.
&u (int, mult, J Hz) Sc

2 8.14 (1H, s) 147.9
3 141.2
4 .7
5) 163.5
6 6.21 (1H, d, 2.1 100.3
7 166.5
8 6.33 (1H, d, 2.1) 95.1
9 159.5
10 106.4
1 4.74 (1H, d, 6.9) 104.6
2' 3.83 (1H, dd, 6.9, 8,9) 72.2
3 3.62~3.69 (1H, overlapped) 73.8
4' 3.86 (1H, m) 69.4

3.62~3.69 (1H, overlapped)
5' 67.3
3.95 (1H, dd, 3.2, 12.4)
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Figure 25. 'H NMR spectrum of compound 8 (CDsOD).

Figure 26. >C NMR spectrum of compound 8 (CDs;OD).
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1-5. Compound 99 ++% A

Compound 9 'H NMR A~ EZA §y 6.16 (1H, s), &y 6.76 (1H, d, J =
8.0 Hz), Z18]aL &y 6.64 ~ 6.67 (3H, overlapped)oll 39 3st= 571¢] aromatic
proton®] #TFFACE E3F &y 3.79 (38H, s), &y 3.81 (3H, s)2] FAZ Ko}l 2
7Bl methoxyl groupe] $t& ZAeolzt 5=, &1 1.19 BH, d, J = 6.49)¢] "
g87] 93¢ 64 4.58 (1H, d, J = 1.4)%] anomer proton 33, & 3 ~ 42 I
AEE Ko}, rhamnose’} ZAgEo] A& Aolgt o dHATH

adga PC NMR ~FEZHAAM & 26709 carbon =7} #EHoH,
DEPT(135°) NMR< &3, 6¢ 33.7, 65.5, 68.09] 3=+ 22} carbon, &c 39.6
I 6c 45.39] ¥ == 34 carbon¥e FUSATE EFF & 129 ~ 1500 T
&t 778e] ¥]=+= DEPT(135°) NMR< &8 43} carbon¥l& &lsiion, o1
% 6c 145.4, 146.2, 147.3, 149.39] ¥ A+ deshielding ¥ ASE Hol A7
SAE7E 2 A9t 9138k carbon® ® methoxyl group®]4
o Xgtx o] & Aolgt odstit.

°ol5 dHoleg wgor FA*3 tixste] compound 9= #d AGe] g
1

=

ydroxyl group

=9l aviculine]g} &8+ (+)-isolariciresinol 9'-0O-a-L-rhamnopyranoside

o] & 3ol sl th(Figures 27-29, Table 5).

I

[T

Figure 27. Chemical structure of compound 9.
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Talbe 5. 'H and C NMR data of compound 9 (400 and 100 MHz, CD;0D).

No. Compound 9
Su (int, mult, J Hz) Sc
1 129.0
2 6.64 ~ 6.67 (1H, overlapped) 112.6
3 147.3
3-0OCHj3 3.81 (3H, ) 56.6
4 145.4
5 6.16 (1H, s) Fi§ge
6 134.4
7 2.83 (2H, d, 7.3) 33.7
3 1.96 (1H, m) 39.6
9 3.36 ~ 3.89 (overlapped) 65.5
1 138.2
2! 6.64 ~ 6.67 (1H, overlapped) 113.9
3' 149.3
3'-OCHs 3.79 (3H, s) 56.5
4' 146.2
5' 6.76 (1H, d, 8.0) 117.3
6' 6.64 ~ 6.67 (1H, overlapped) 123.6
7' 3.36 ~ 3.89 (overlapped) 48.6
8' 1.88 (1H, m) 45.3
9! 3.36 ~ 3.89 (overlapped) 68.0
1% 4.58 (1H, d, 1.4) 102.4
2" 3.36 ~ 3.89 (overlapped) 72.5
3" 3.36 ~ 3.89 (overlapped) 72.8
4" 3.36 ~ 3.89 (overlapped) 74.0
5" 3.36 ~ 3.89 (overlapped) 70.1
6" 1.19 (8H, d, 6.4) 18.0
_ 33 -
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Figure 28. 'H NMR

spectrum

of compound 9 (CDs;0D).
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Figure 29. C NMR spectrum of compound 9 (CDs;0OD).
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1-6. Compound 10, 119 +% %A

Compound 10& #32Y8 =3 3,3'-di- O-methylellagic acid® 151,
compound 11 T3 231223 t)x3}o] 3,3'-di-O-methylellagic acid 4'-O-B
-D-xylopyranoside® €15 1 th(Figures 30-34, Table 6).

Compound 11

Figure 30. Chemical structures of compounds 10 and 11.

_35_

Collection @ jeju



Table 6. 'H and >C NMR data of compounds 10 and 11 (400 and 100 MHz DVMSO-).

Compound 10

Compound 11

o &u (int, mult, J Hz) Sc &u (int, mult, J Hz) Sc
1 111.6 111.8
2 141.1 141.7
3 140.2 140.3

3-0OCH3 4.04 (3H, s) 60.9 4.04 (3H, s) 60.9
4 152.2 153.5
5) 7.50 (1H, s) 111.4 7.52 (1H, ) 111.8
6 112.0 112.8
( 158.4 158.5

ke 111.6 114.4
2- 141.1 140.9
3' 140.2 141.9

3'-OCH3 4.04 (3H, s) 60.9 4.07 (3H, s) 61.6

4 5 287 151.1
a 7.50 (1H, s) gl 1R 7.75 (1H, s) 111.9
6' 112.0 111.9
7' o8.4 158.5
1" 5.16 (1H, d, 7.3) 101.8
2" 73.1
3" 76.1
4" 69.3
5" 65.8
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Figure 31. 'H NMR spectrum of compound 10 (DMSO-ds).
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Figure 32. '?C NMR spectrum of compound 10 (DMSO-dy).
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Figure 33. '"H NMR spectrum of compound 11 (DMSO-d;).
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Figure 34. '>C NMR spectrum of compound 11 (DMSO-dy).
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1-7. Compound 129 +% &4

Compound 12% "C NMR spectrumolA 307H¢] carbon =9 'H NMR
spctrumoll Al 671 wWlE7]e] SdaaE ¥3ete] H2 W99 aliphatic signal
S GO = triterpenelZ & 53T}

¥C NMR spectrumel| A crboxylic acid(6c 179.2), vinyl crabon(42}
carbon®l 8¢ 151.7, 22} carbon®l &c 110.3), AFAo] <143 919 methine(s
c 78.4)¢8 54 a7t BFHAY. o5& HIF 2R S}9E 5% betulinic acid
A& dSsgon, #8*9 glzshe] 218 v (Figures 35-37, Table 7).

N T

Ty

[\

A
[\
w

Figure 35. Chemical structure of compound 12.
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Talbe 7. 'H and "C NMR data of compound 12 (400 and 100 MHz, pyridine-ds).

Compound 12

Z.
e

Sy (int, mult, J Hz) Sc
1 39.6
2 28.6
3 3.48 (1H, t, 7.6) 78.4
4 39.9
5 56.2
6 19.1
7 P9
8 41.4
9 51.2
10 37.8
11 21.5
12 26.4
13 2.75 (1H, m) 38.9
14 43.2
15 30.6
16 2.65 (1H, m) 33.2
17 17.0
18 50.0
19 3.5pgEHg g 48.1
20 151.7
21 2.26 (1H, overlapped) 31.5
22 2.26 (1H, overlapped) 37.9
23 1.24 (3H, s) 29.0
24 1.03 (3H, ) 16.7
25 0.83 (3H, s) 16.7
26 1.07 (3H, s) 16.8
27 1.08 (3H, s) 15.2
28 179.2
4.79 (1H, s)
29 110.3
4.97 (1H, s)
30 1.81 (3H, s) 19.8
—_ 40 —_
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Figure 36. 'H NMR spectrum of compound 12 (pyrydine-ds).
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2. ESR= o] &3k &itst &4 dd 23

ul

2-1. DPPH radical scavenging activity

[ A
s, =23 Ux B E diste 100, 50, 25, 12.5, 6.25, 3.125 pg/mL
o FEE ARY FEE 2v|¥ FHoWA AAS Ak, SCs #ha Al
ot 1 A¥ SCso #hel FE=9 A5 13.63 ng/mL, EtOAc fraction 13.99
ng/ml, n-BuOH fraction 10.36 pg/mLE %<l vitamin C(4.63 pg/ml) H
U= @ojx x|, o]5 HA] £& DPPH radacal &7 &4lo] LS Fale 4

) A tHFigures 38-40).

N

Mw ) ;“.‘ '\__.., L/ B

L ~\,\p, | Control N W‘ Control
IR S

X Y ' 3.125 pg/mL b 3.125 pg/mL
S SN - “\w A—

: ) - 6.25 ug/mL (. 6.25 pg/mL
[N, S, S S \\Aﬂ}\____,,

I \ - 12.5 ug/mL B 12.5 pg/mL
| | y 25 pg/mL | " 25 pg/mL

' . 50 pg/mL f : |50 ug/mL

y »\\ Lﬂw”“
b f Lt =100 pg/mL s = =100 pg/mL

Vitamin C 70% EtOH

-k I M

IR S e
LY 7 _ Control " /) . Control
P% & F— - i T

ol L 3.125 pg/mL A RS 1g/ml
. A 625 ¥ B
Wl .25 pg/mL | W/ 6.25 ug/mL

e o™ e T oy -

AR 12,5 pg/mL | 12.5 pg/mL

L_/NV\_N,\: \moseal LM NN o —

! |25 pg/mL | | 4 25 pg/mL

| . 50 pg/mL 4 A | 50 pg/mL
Lo ! ! 100 pg/mL = 4 ! 100 pg/mL

EtOAC Fr. n-BuOH Fr.

Figure 38. ESR spectrum of DPPH radical scavenging activities of extract

and solvent fractions.
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£ 70

E M 100 pug/mL
.Eﬂ 60 W50 pg/mL
[T

E 50 - W25 pg/mL
i

LA M12.5pug/mL
8 m 625 pg/ml
B 30 1

= 3.125 pg/mL
£ 20

a

10

Witamin C 70% EtOH EtOAC BuOH HZO

Figure 39. DPPH radical scavenging activities of extract and solvent

fractions.

5Cso (mgfmL)

Witamin C 70% EtOH EtOAC BuOH H2O

Figure 40. SCsy value of DPPH radical scavenging activities of extract

and solvent fractions.
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2-1-2. 99 33E9 DPPH radical scavenging activity

H|Z 71U 7F 22 228 compoundE ¢ DPPH radical &7 €48 =4
st 1 5 Aol I+ compoundEo tEfAiEF 100, 50, 25, 12.5, 6.25,
3.125 pg/mLe TEE AR FEE 2u% FI|WA S AAste], SCso
S AAbEAT 1 Ay ZgH o] =9¢l compound 1, 3, 4, 79 SCso #tol
7} 5.02, 6.64, 6.25, 5.38 pg/mL& thx¢] vitamin C(4.05 pg/mL)¢} A}

=

N

o

o2 o5 compoundE°] -3 radical 27 B4 TS 7HHS g9l
T AT EF ZE ol =9 WAl compound 2, 5, 68 SCso #h 7
10.00, 13.22, 8.59 pg/mL=E tZw %] vitamin C Hth= HolxA ¥ o|&

Al &2 DPPH radacal 224 &49] 52 A = JAtH(Figures 41-43).

12 Nop%

— Control | — Control
s S o] |
' | 3.125 ug/mL 1 ~ 3125 pg/mL
f““**'\: o \\\. w«\“"”“’"’“‘J) -~ R !
' et - 6.25 pg/mL 1 L 6.25 pg/mL
S USSR N i
\ \ L 12.5 pg/mlL T L 125 pg/mL
uww‘\.‘\ﬂww«w«wﬁ'?w»ﬁm !
) L 25 pg/mL 25 pg/mL
Mw.w\}‘w\mw“fmwa {
| d ! 50 ug/mL 50 pg/mL
o ~ w100 pg/mL L L " . 100 ug/ml
Compound 1
—— Control | Control
L3125 pg/mL 3.125 pg/mL
6.25 pg/mL L 6.25 pg/mL
—12.5 pg/mL [ - 12.5 pg/mL
\ me\\:"‘wwm,\_“v‘.wm
; - 25 pug/mL ‘ ' ' - 25 pg/mL
ey ‘ Mty Stgmesrmon }.\\M,,.M‘ "Ww,..\\,«_\‘ {MAM\/‘W‘
‘ 50 pug/mL | ' ! =50 pg/mL
L0 w100 pg/ml L Y L 100 pg/mL
Compound 4 Compound 7

Figure 41. ESR spectrum of DPPH radical scavenging activities of isolated

compounds.
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DPPH radical scavenging activity (%)

Vitamin C i 2

® 100 pg/mL
B 50 ug/mL
25 pg/mL
125 pgfml
W 6.25 pg/ml
13125 pg/ml

Figure 42.

DPPH radical scavenging activities of isolated compounds.
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Figure 43. SCsy value of DPPH radical scavenging activities of isolated

Collection @ jeju

compounds.

_45_




2-2. Hydroxyl radical scavenging activity
2-2-1. F=E % B3 E9 hydroxyl radical scavenging activity

HIF 7 714 70% e 55 % +29=9 hydroxyl radical &7 &4
< SA&Y. 1 F 500 pg/mL sEolA &Ao] AW n-Hex, Hz0
fractions Alelstal, =& EtOAc, n-BuOH fraction®] ©iste] 500, 250,
125, 62.5 pg/mLe] s&= AR &5 28 FH|UA AdAS A5,
SCso w2 AAFsT. L A3 SCs #el F=E9 4% 442.54 pg/mlL,
EtOAc fraction 262.41 pg/mL, n-BuOH fraction 181.26 pg/mL= thZ+-¢l
vitamin C(153.60 pg/mL) HEt= "X A9k o]5 HFA| F=L2 radical 24

Aol 5= AT = A (Figures 44-46).

mlm

1 ‘—“LJHJV%JW—*

. Control Control

—%ﬂﬂ\%ﬁ

\e 8 pg/mL

" 62.5 ug/mL
i —— —H,—W%w
‘L 125 pg/mL — 125 pg/mL
—_— ﬁ.ww—«.—\‘ﬁ V o — \
" 250 pg/mL | 250 ug/mL
‘ = — %ﬁﬁ:‘wﬁ:;
= : 500 pg/mL ™ 500 pg/mL
Vitamin C 70% EtOH
P I
| ““L ‘M ‘u ~ l . i J\ ul‘ " ) .
' "‘l L Control i | Control
[
- | ——
L 625 pg/mlL i L 62.5pg/mL
‘—*“.Ul*‘!\rﬂf‘lr".’“"r\‘“—‘i -—f“%“'r‘;“"fr‘H;‘j
| L 125 pg/mL ‘ I 125 pg/mL
A 1 A f‘\k—*”“‘
— 250 pg/mL — 250 pg/mL
— _:_;J'M__. : M . Lon |
- ™ 500 pg/mL - ™ 500 pg/mL
EtOAC Fr. n-BuOH Fr.

Figure 44. ESR spectrum of hydroxyl radical scavenging activities of

extract and solvent fractions.
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100 +

80

W 500 pg/mL
® 250 pg/mL
W125ug/mL

W62.5ug/mL

Hydroxyl radical scavenging activity (3:)

Witamin C FO%ELOH EtOAC BuOH

Figure 45. Hydroxyl radical scavenging activities of extract and solvent

fractions.

500 -
44254

400

300

5C; (pg/ml)

200

100

Vitamin C 70% EtOH EtOAC BuOH

Figure 46. SCso value of hydroxyl radical scavenging activity of extract

and solvent fractions.
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2-2-2. #8¥ 33HE 9] hydroxyl radical scavenging activity

HF 71U 712 2588 28 compoundE9 hydroxyl radical &7 A4S
43t 1 T &Ao] = compoundEel tiElARE 500, 250, 125, 62.5
ng/mLe] sr® AlgS $=E 2u¥ HolWA AdS AASY], SCs w2 Al
abstdet. 1 A3} compound 79 SCso kol 173.87 pg/mLE  thE-<l
vatamin C(151.4 pg/mL)¢} FAFSE vl-$- & hydroxyl radical 24 &4 3l
S8 A = At E3 compound 49 BF$= SCso #e] 395.81 pg/mL
2 g ZQl vitamin C b= "X A|Hh o] HA] £ A4S Holx= ZolH,

compound 17 3% Aol IS A& & AAH(Figures 47-49).

\ l‘l Mﬁﬂ "“ \
v W W ll\ ‘A" Control

i
| Control |
| — S —
Ly | 62.5 ug/mL B 62.5 ug/mL
b ———W}JAHHJJ‘mL—-ﬁ
| “h [ ) \.(‘ |
125 pg/mL 7 125 ug/mL
L g A 5 ke VFH -
BRI 1 “““!UPJW B i—
: | 250 pg/mL ‘ | 250 pg/mL
T | S
A e 1 IR
*_ 500 pg/mL - b * 500 pyg/mL
Compound 1 Compound 3
i " ” \l\“ i“
Y[ Iy \
N -
Control . Control
| S
¢ T —62.5 ug/mL —62.5 ug/mL
A TR
P I S
“— 125 pg/mL 125 ug/mL
BRI I ruy
“‘—ﬂiL"f".w"";“ R i | A “
250 pg/mL 250 pg/mL
,,,j,yl,l‘.'k"‘:ﬂu ym| i e (s a1 o o B
- - ™ 500 ug/mL - - ™-500 pg/mL
Compound 4 Compound 7

Figure 47. ESR spectrum of hydroxyl radical scavenging activities of

1solated compounds.
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100

a0 +

B 500 pg/mL
250 pg/mL
B 125 pg/mL
B62.5pg/mL

Hydroxyl radical scavenging activity (%)

Vitamin C 1 3 4 7

Figure 48. hydroxyl radical scavenging activities of isolated compounds.

800 -
700 A
61491 62642
600 A
500

400

5Csp (g /ml)

300

200

100 4

Witamin C 1 3 4 7

Figure 49. SCs value of hydroxyl radical scavenging activities of isolated

compounds.
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3. Tyrosinase inhibition activity
3-1. F=&5 % 359 tyrosinase inhibition activity

H]élx‘7]]4'l?‘ 7]'X] 70% oﬂ = —%%% ‘;—l E—Q%Q/] tyrosinase X]E;H g-}\él% é_
282 100, 50, 25 pg/mLe] FEE AR FLE 2uj¥ H3|W
on, 1 A3 FZ2E 9 EZEA tyrosinase A3l EAJo] it
PN
T

) A tH(Figure 50).

X

%,
o

B 100 pg/mL
1 50 pg/mL
W25 pg/mL

Tyrosinase inhibition activity (3:)
Ln
=

Arbutin Extract Hex EtDAC BuOH H20

Figure 50. Tyrosinase inhibition activities of extract and solvent fractions.

3-2. 2283 3}3+E 9] tyrosinase inhibition activity
H| 271U M 25 E 289 compoundE 9] tyrosinase A3 A4S =A3)
ATy, 1 F FAo] 9= compound 11 tisfAiwt 100, 50, 25, 12.5, 6.25

g/mLe T2 AR FEE 2| HIHA AFE HASA, 1Cy #h= At
sttt 1 A3 compound 119 ICso #ke]l 36.33 pug/mLE  tjxa-<l
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arbutin(67.20 pg/mlL) Bt} ] £& tyrosinase A3] &Ao] gL ol 4=

AR H(Figures 51, 52).

d

100 -
£
=
=
=
g}
b W 100 pg/mL
=
=
= 50 pg/mL
= W25 pg/ml
E W125pg/mL
=
E. W 5.25 pg/mL
=

Arbutin compound 11
Figure 51. Tyrosinase inhibition activity of compound 11.

100

o0 -

20

70 67.20
-
T 60 -
g 50 1
L.TD a0 3633

30 1

20

10

0 1

Arbutin compound 11

Figure 52. ICso value of tyrosinase inhibition activity of compound 11.
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4. B16F10 melanoma cellS o|-&3F wjal & 2]

o2

23}

m (

B16F10 melanoma cellS ©]&3te] H|Z7|UF 7R 70% A& F==
8 E tigk MAEUIAMe wElgaE ZH3AY. 4 samples 100 1
g/mLe] FE=2 AFE st o] Jde=A Rl 1 A3 70% ol ¥

=

NE

L FZE9A 69.9%9 AsE&ES BYPom, n-Hex fraction 75.7%, n-BuOH
fraction 71.7%, H.O fraction 46.9%°. 2 tZxv-¢l arbutin(18.7%) Ht} ¢ =
L gAS Bk 18y n-Hex fraction® 2% cellol] ths] S4o] At

(Figure 53).

120 A BN Melanin contents _ 450

==l vizhility

100 -

BO

r 80

60 - r 60

Melanin contents (34)
Cell viability (36)

40 - - a0

20 20

o-MSH [+] 70% EtOH Hex EtOAC BUOH HZO Arbutin

sample concentration : 100 pg/mL

Figure 53. Effects of extract and solvent fractions on melanin contents

and cytotoxicity.

9 ARE v o= 100 pg/mL XA &Aool W samplesol ds] 100
50, 25 pg/mLe == AYS v JAYselo. 2 A3 70% ol F
n-BuOH fraction®] w™Z%a¢l arbutin Bt} ¢ £& AL wIYow, H,0
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fraction H3F ¥ H]S=3F A S Hol= AS g 4 YAt ¥
n-Hex fraction®] A%+ Ao U= AAH HIAX T celld] tj3] =

A} (Figure 54).

130 EE \ielanin contents - 120

== Cellviability

100 100

80 80

80 60

Melanin contents %)

40 40

20 +9 F 20

a-MSH 70%EROH 70% EROH 70%EtOH  Hex Hex Hex BuOH BuCH BuOH H2O H2z0 H20 Arbutin - Arbutin Arbutin
(+] 100 50 25 100 50 25 100 50 25 100 50 25 100 50 25

Sample concentration : pg/mL

Cell viability (%)

Figure 54. Effects of extract and n—-Hex, n—-BuOH, H2O fractions on

melanin contents and cytotoxicity.

5. Elastase inhibition activity

5-1. =5 2 E3E 9 clastase inhibition activity

HIF7|U 7HA] 70% dfts 55 B £8E9] elastase As E48& =

aglth AFe 100, 50, 25 pg/mLe FEE AHY FEE 2uiH 3| WA

Aetglon, 1 An FEFE L LB elastase A FAo] ot AL
o] sk ]
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100 -
90 -
BO -
70
60
50 - E W 100 pg/mL
20 - ® 50 pg/mL
30 - T W 25 pg/mL

20 A

Elstase inhibition activity (%)
-

H
H

10 A

Dleanolicacid  Extract Hex EtOAC BuOH H20

Figure 55. Elastase inhibition activities of extract and solvent fractions.

5-2. 289 33E 9 elastase inhibition activity

M

HZ 71U 725 EH 249 compoundE 9] elastase A3 S A3
o I 5 &A4o] J& compound 12 di3iAwk 100, 50, 25, 12.5, 6.25,
3.125 pg/mLe] s=2 AR s=5 204 FHolHA AT S AAlste, I1Cs #
S Aabsldd. 21 A3 compound 129 IC50 #kel 17.96 pg/mLz thx-9l
oleanolic acid(29.62 pg/mL) ¥t} ¥ £& elastase A& Ao] ASS

3t 4= A tH(Figures 56, 57).

o

-

ol
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100

a0
& 80
-2
:E 70 W 100 pg/mL
T
8 60 - B 50 pg/mL
E-g 50 7 B 25 pg/mL
s 40 - B 125 pg/ml
a
B 30 4 B 6.25 pg/mL
=
w
2 20 3.125 pug/mL

10 e

) =
0 "
Oleanolic acid Compound 12
Figure 56. Elastase inhibition activity of compound 12.
40 -
35 -
2062

30 -
T
5
g 20 17.96
f=]
F 25

10

5 -

0 A T

Oleanolic acid compound 12

Figure 57. ICso value of elastase inhibition activity of compound 12.
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HIZ7IU5 714 70% oeHeE FE2S Sule] FA4TA M weg sz

= =

glsto] n-hexane, ethyl acetate, n-butanol, water fractiong At} o5

i

ethyl acetate fraction®] W3] vacuum liquid chromatography(VLC),
Sephadex LH-20 % silica gel column chromatographyE 33t 1D, 2D
NMRE o] &af 329 755 sl =33 Hluste] & 127019 31d=
= 2954 sk

2a¥ 3T EL  catechin(l), catechin 3-0O-a-L-rhamnopyranoside(2),
epi-catechin(3), taxifolin(4), taxifolin 3-O-a-L-arabinopyranoside(5),
taxifolin 3-O-a-L-rhamnopyranoside(6), proanthocyanidin A-1(7), 3,5,7
—-trihydroxylchromone 3-0O-a-L-arabinopyranoside(8), aviculin(9), 3,3'-di
-O-methylellagic  acid(10), 3,3'-di-O-methylellagic acid 4'-0O-B-D
-xylopyranoside(11), betulinic acid(12)® 2I1FHIt} o5 & H|FE7|Y
oA AFo=m Fed ggEold.

gaksl g4 HAA A3 FEFE, ethyl acetate ® n-butanol fractiono] A F-&
DPPH radical?} hydroxyl radical 274 &4 HY. 8% 33E9 DPPH
radical 224 &4 AgAAE compound 1, 3, 4, 72 SCso #k°] 5.02 pg/mL,
6.64 pg/mL, 6.25 pg/mlL, 5.38 pg/mLE thE*¢l vitamin C(4.05 pg/ml)%}
AR o] s #Qlsklth. EE compound 2, 5, 62 SCso #kol Z44F
10.00 pg/mL, 13.22 pg/mL, 8.59 png/mL= °l& 9A] £& DPPH radical &
7 Aol ATk 183 hydroxyl radical &4 &4 A AE compound
1, 3, 4, 79 SCso #t°l Z+2} 614.91 pg/mlL, 625.42 pg/ml, 395.81 pg/mlL,

173.87 pg/mL=2 £2 A& BSon, 53] compound 7= W%l vitamin
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C(151.40 pg/mL)¢} FAFEF w9 £ hydroxyl radical &7 &4o] A}

n gy AdYdMe FEE B =] tyrosinase As &2 79 gl

o}, ®2l¥ 35E S compound 119 ICso #te] 36.33 pg/mLzZ o<l
arbutin(67.20 pg/mL) Xt ¢ £ Aol AT E3 B16F10 melanoma
cell& ©]-&3 melnogenesis A& &2} 23 ol A
o] hZ9¢l arbutin BU} ¢] £& A4S HATH
agla FENA a3E HE elastase A 4 AN FEE L £E
=9 44L& A glidoy, #8949 skgt= S compound 129] ICs #te] 17.96
pg/mLE tZa?0 oleanolic acid(29. 62pg/mL) Rt} o £ o] &S

shel a9,

Hm

=% 2 p-butanol fraction

Ay
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