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Abstract

Identification of Anti—oxidative, Anti—inflammatory and Skin Whitening
Constituents from the Leaves of Corylus hallaisanensis

Yong Bum Lee
Department of Chemistry and cosmetics, Graduate School

Jeju National University, Korea

Supervised by Professor Nam Ho Lee

Corylus hallaisanensis Nakai, a deciduous shrub growing in Jeju island, was
investigated for skin whitening, anti-oxidative and anti-inflammatory
activities. In skin whitening screenings, ethanol extract, n-Hex, EtOAc and
n~BuOH layers showed melanin production inhibitory activity in a-MSH
induced B16F10 murine melanoma cell. For the anti-oxidation tests, the
ethanol extract, EtOAc, and n~BuOH layers showed good DPPH and ABTS’
radical scavenging activities. The total phenolic contents for the extract and
solvent layers (m1-Hex, EtOAc, n~BuOH, water) were estimated as 184, 64,
425, 347 and 83 pg GAE/l mg respectively. In anti-inflammatory screenings,
n—Hex and EtOAc layers showed nitric oxide production inhibitory activity in
LPS-induced RAW 264.7 cell.

Phytochemical studies were conducted for the EtOAc layer, which led to
isolation of four constituents such as gallic acid (1), kaempferol 3-O-f3
-D-xylopyranoside (2), kaempferol 3-O-a-L-rhamnopyranoside (3) and
apigenin (4).

This study demonstrated the potential of Corylus hallaisanensis extract as

the novel ingredients in functional cosmetics.
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1. Al 9 7]7]

2 AFoA Alme] F&, SulEd 9 o AEE &ulE2 Merk, Junsei
o] AES ALY MPLC (midium pump liquid chromatography)oll <=
reversed phase silica gel (CI18HS 12+M1946-3, Biotage Co.), normal-phase
column chromatography (CC)ell+= silica gel (95-110 um, Merk Co.)°] A& % %1
3, A o3 mRvlEagde]i= Sephadex LH-20 (0.1-0.025 mm, GE
Healthcare Life Sciences)©] A%t &7 Ao AFE¥  thin-layer
chromatography (TLC)+ precoated silica gel aluminium sheet (Silica gel 60
Fui, 2.0 mm, Merk Co)E AH&3EGIth TLC ZolA Z8d 2458 g5t
#3tel UV lamp (254 nm)E AF&StAUY, visualizing agentoll HAAIZ +
heat-guns ©| &3] AXA| At Visualizing agent®* KMnO, F89%(3%
KMnOg4, 20 % KCOs, 0.25% NaOH) % 1% anisaldehyde-MeOHE 2 Q.o uw}
2} AF8-3k3l

woE e=el A AT =

o -

et

Aol = Sunrise'™ (Tecan

_CH

b
ool
AN

TZEA o]8&® NMR (nuclear magnetic resonance spectrometer)<
JNM-ECX 400 (FT-NMR system, JEOL)¥} AVANCE I (Bruker Co. 500
MHz)& ©o]&3tde™, NMR 54 &v= Merk® NMR Hd-&&vi2 CD:OD,
DMSO-dss AH-8-3SAth.



AVeE WY (Corylus hallaisanensis) (A EHE : 321)S 2011

AF FerEmgel A APstach. AP WAGE e

s A Az stlem Zafste] Agskdth(Figure D).

Figure 1. Pictures of Corylus hallaisanensis.
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2ol A 24413k kel o] o] ozl
Astgon, ol e Yo Peld wael dste] FAF Ao 28

7] (rotary vacuum evaporator)® F=3}o] 710% & FEE 516 g2
)

=
AT} o] F EEE 400 g& ZTFHS 2 Lo dEA7 1

’

& SAeAd wEl e o R B E35lo] n-hexane layer, ethyl acetate layer,

n-butanol layer, water layer & % 4719 &v] 3 F& AAH(Scheme 1).

Dried leaves of C. hallaisanensis 301.0 g

\L70% EtOH, stirring, 24 hr, 3 times.

Extract 51.6 g
(17.1%)

Extract 40.0 g

lSuspend with 1 L water and add 1 L n-hexane, 3 times.

v

ntHexane layer Add 1 L ethyl acetate, 3 times.
2.8 g (7.0%)
Ethyl acetate layer Add 1 L n-butanol, 3 times.
6.4 g (16.0%)
v - v
n-Butanol layer Water layer
7.4 g (18.5%) 22.2 g (55.5%)

Scheme 1. Procedure of extraction and solvent fractionation from

C. hallarsanensis.



SRy & dojz 7zt B3 ethyl acetate layer 5.0 g= +3&3}7] 9
gl ODS (C-18) columns ©] medium pressure liquid chromatography
(MPLO)E =3 sk3ivh. MPLCS =31
FIE

=3

S O ofe #Ee oew 7+ 35 mLA
Fo] & 489 layer< A ATHMPL~MP4R).

Table 1. Elution conditions of MPLC.

zA kLS
10~100% MeOH 110 min

10096 MeOH 15 min
Flow rate 15 mL/min

MPLC layergs % Fr. MP3~5 1345 mgeol|l A+ CHCl3MeOH=1:1.59] &njz=7l

o 2 Sephadex LH-20 CCE <338to] compound 1 (35.3 mg)S +23FAth
(Scheme 2).

Ethyl acetate layer (5.0 g)

MPLC (ODS CQ)

10~100% MeOH : 110 min
100% MeOH : 15 min

Flow rate : 15 mL/min

v ¥ v v ooV

+ MP48

Sephadex LH-20 CC
CHCl3;: MeOH =1 :1.5
(15 mm x 650 mm) (134.5 mg)

Compound 1
35.3 mg

Scheme 2. Procedure of isolation of compound 1 from

C. hallaisanensis.



Fr. MP22~24 2319 mgeollAl&= CHCl3:MeOH=5:19] &ujz=1o =2 £/ silica
gel CCE #3839 compound 2 (9.2 mg)S #glatadch =3+ Fr. MP25~28
122 mg oA+ CHCl3MeOH=5:19] &wx7H o2& sephadex LH-20 CCE 3
ko] AolZl layer (30 mg)S o83t Al dhH CHClyMeOH=2:19] &njz=71
© 2 sephadex LH-20 CCE F33t% compound 3 (6.2 mg)g w2ttt
(Scheme 3).

Ethyl acetate layer (5.0 g)

MPLC (ODS CQ)

10~100% MeOH : 110 min
100% MeOH : 15 min
Flow rate : 15 mL/min

R R

MP1 -~ MP22 MP23 MP24  MP25 MP26 MP27 MP28 -+ MP48
Silica gel CC Sephadex LH-20 CC
CHCl3: MeOH =5 :1 CHCl;: MeOH=5:1
(18 mm x 670 mm) (231.9 mg) (20 mm x 650 mm) (122 mg)
Compound 2
9.2 mg Sephadex LH-20 CC
CHCl3: MeOH=2:1
(13 mm x 280 mm)

Compound 3
6.2 mg

Scheme 3. Procedure of isolation of compounds 2, 3 from

C. hallaisanensis.



Fr. MP295 #4553 % MeOHZE H718t3S w =% &u 7pgods
powderE A A & H2

S FE(41.8 mg)E °]839 n-Hex:EtOAc=15:19] &vzx
Ao % silica gel CCE

F33to] compound 4 (1.3 mg)S 223 tHScheme
4),

Ethyl acetate layer (5.0 g)

MPLC (ODs CQO)

10~1002% MeOH : 110 min
1002% MeOH : 15 min

Flow rate : 15 mL/min

¥ ¥

MP40 MP48

2 ) 2

MP1

He—

MP10 MP29

MeOH soluble

Silica gel CC
n-Hex: EtOAc = 1.5 : 1
(15 mm x 650 mm) (41.8 mg)

e

Compound 4
1.3 mg

Scheme 4. Procedure of isolation of compound 4 from

C. hallaisanensis.

Fr. MP40~44 1480 mgolA = CHClxMeOH=15:12] &wjizAdo = 4 silica
gel CCE 33t compound 5 (11.1 mg)E& #2389t} (Scheme 5).

_10_



Ethyl acetate layer (5.0 g)

MPLC (ODS CO)

10~1009% MeOH : 110 min
10026 MeOH : 15 min
Flow rate : 15 mL/min

R R R R/

MP1:--- MP40 MP41 MP42 MP43 MP44 - -MP48

Silica gel CC
CHCIl3z: MeOH = 15 : 1
(A5mm x 690 mm) (148 mg)

Compound 5
11.1 mg

Scheme 5. Procedure of isolation of compound 5 from

C. hallaisanensis.



4-1-1. & E9dl= & 574

1o,
o
o
rlo
o
e,
E‘) .
)
(@)
B.
107}
T
&
ftlo
12
L
e
oflt
ol
ol
s
i
>
ol
S
v
=
2

9= I E
gallic acid EFE& NS AH&ste] ZYdle 3E AFs AT ZEaHe=
ol g3ttt TEHALS FAAs] Y8l gallic acid 1 mge DMSO:EtOH=1:1 &
o 1 mLol 9] stock solutiong A Z3}lal, o]= 0, 31.25 625, 125 250 %
500 pg/mLe] Hx=% F3 FEa4d A AREeAT 24 AlEE5S 1 mg/mL
sz G = F Ao o] &ttt A FE=d A 858 100 uL
= micro tubeoll &3 FHFS 900 pL= 718ke] total volumeo] 1 mL7} %

2 3 A3kl oy 7)o 100 pul Folin—ciocalteu’s phenol reagent® % 7}ale] =z

W e g B

radical 27 S#HolY F4 ¥ T89S FHriste WY T shuolt. giEE e
radicalsv= ®WH&Adeo]l AA wl¢ EFAHSA T, DPPH radical <Hg3gk free
radicalS 7F EZ =24 515 nmollA A3 55 YEdl= Hepd e ggtEol

th shAIRE free radicals &7 5 e FASHARTEH FLHAE T ol

At 4 St (Figure 2).
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QLK L L

| > | .
O,N NO, O,N NO,
N02 NOZ
DPPH radical Diphenylpicrylhydrazine
(Violet, 515 nm) (Yellow)

Figure 2. Scavenging of the DPPH radical by an anti—oxidant.

DPPH radical 271 @4 232 Blois WY $83893, 234
R

96 well plated] H=H=Z A3 sample €< 20 pl (in EtOH)¢ 0.2 mM
DPPH (in EtOH) €9 180 plL& 338t A2olA 2513F WAzl &
ELISA ReaderZ ©]-&3}9] 515 nmolA F3EsS 43

Fo)Zd 2AE(%)E tharel e s AxtEd o,
T80l 50 % 4 we] AR FE(SConE T3 FA

S %= vitamin CE AF&3F T}

rlo

o}

dlo

7y ANge AAEA W

= O -1

7)
) &+ (positive control)

iy

Acontrol © 515 nmellA DPPHO| &3 %

el 3 g

o -

Asample - 515 nmel A sample®} DPPH 4F-g-<l 2]

Eo{l

Apnk 515 nmell A sample AHA 9] &34 %=
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4-1-3. ABTS radical cation &7 &4 23

ABTS [2,2'-Azino-bis(3-ethyl benzothiazoline-6-sulfonic acid)] radical 4
g A& total antioxidant activity (TAC)9] SAWH T 3 7[A =2 FA1
o] #de ABTS7F Abstsd 54#<Q 545 5= ABTS” (ABTS radical
cation)o] A== A& ol &g Woltt. o] FEA ABTS & Atstd 4 gl
T B wgetd Eeo R4 ABTS®E #9s m19f whgd B9 kst
doJuAl Hol FFEe #art dojuA #HH st s9S SAY & o

(Figure 3).

S ST
\©i =N s SO3H ’

ABTS" radical
(blue green, 700nm)

+ Ae

N
on s oS0
\©iﬁ>:N S SO3H
)\H

ABTS™
(colorless)

Figure 3. Scavenging of ABTS radical cation by an anti-oxidant.
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ABTS radical cation 227 &4-& Re, Pellegrin 59 #HYS ¢43193, 2
AHE 3 2k
ABTS radical cationg W&7] $3te] 7.0 mM ABTS (in D.W) &3} 245
mM potassium persulfate (in D.W)& 4 & 1112 &35Fo] 16475 haol A
RS A ZITE Wk AIZL ABTS 8943 ethanol& 1:602.% 3]4135ke] 700 nmell 4]
F4%=7F 0.78£0.0027F H =5 Aol Aol AHEsFith
96 well plated] =92 343 sample € 20 pL (in EtOH)2} ABTS &
o 180 pLE EF3to] 157 daolA WEEAlZl % ELISA Readerg ©] &3}
700 nmel A FEE=E SASHATH
2]

Uz 2780 e

P

¢

of o ALEALH, 7t Al A2ALAE W
°o] 50% o W Al FE(SCs)E TotAth. Al Z= " (positive control)

[e]
&
O % += vitamin CE AF&3F T}

=]
RS

Aconirol - 700 nmoll A ABTSY &34 %=
Asample 2 700 nmoﬂ /\‘1 Samplelﬂr ABTS E‘_]_‘%‘@,J 94

Apank ¢ 700 nmoll Al sample #}A) 9] &3 %

Il:[o{r
o
k1
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4-2. RAW 264.7 cell& o] &3l 3

o,
>

(

i

ru {
i
o

4-2-1. Al Zvf <

np9-2 A A ¥ Al D (murine macrophage cell line)?l RAW 264.7 cellS 3h=;
MEFLSP(KCLB; Seoul, Korea)oZHE F Hol 1%  penicillin-
streptomycin® 10 % fetal bovine serum (FBS)e] $Ff%¥ Dulbecco’s Modified
Eagle Medium (DMEM, GIBCO, Grand Island, NY, USA) ¥jA] & A}83}o] 37
T, 5% COq incubator oA vjgatdon 2 HAS=E A wjigs A
s

4-2-2. Nitric oxide A4 #] H7} 24 F

24 well plated] RAW 2647 cells® 2x10° cells/mLZ ®F38t3 37 C, 5%
CO, incubator Z7As}ollA 18A1%F, sk & Aol A3}

cellsg 1 pg/mL LPS7F X% wX 2 ud & samples T =@ 2 242 H7)s
o] 24A17F wjkatith AAE NO2 %4e Griess A 21 % sulfanilamide, 0.1 %
naphylethylenediamine in 2.5% phosphoric acid)S ©]-&3le] A XujFe] ZFof
sk NO2 o FdHl= FAsAvh. AlZul s 100 pLek Griess Al°F
100 pLE E3ste] 96 well plated Al 10+ &<F ¥HSAIZL ¥ 540 nmoll A &%

T2 =439k AAE NOY %<& sodium nitrite (NaNO»)E o] -&3Fe] A =r
A& Zdshe] vlalskSd
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4-2-3. Ax=4 H7F AF

4-2-3-1 MTT assay

MTT [3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl tetrazolium bromide] assay+<
RAW 264.7 cellS 24 well plated] 2x10° cells/mL® 533 37 C, 5% CO;
ZA3bell A 18A1ZF vk ¥, 1 ug/mL LPS®9 samples =¥ & 7H7b 3 7hs}o]
247

N

Hj Fat ATt 24A17F ¥l % 500 pg/mL §E== MTT
o A 3AIZF &
o}-2l

plated] %71 % 570 nmolA S

of sl AxkE At

il

A7¥ste] 37°C
AAATE o719 DMSOE 7tsho] 2

MAEL} H-S-3te] A7 formazan A ES E3A17 U, ©o]E 96 well

©
T
oo
>
N
ﬂ°"
2,
ofj
2
tlo

iy

[y
il
B\
oxl
ol
ol
32

th. Cell viability:= T2 2]l

sample

Cell viability (%) = TN X 100

control

Acontrol - D70 nmoll A Suwlj¢} LPSE A 2]%F controld] &%=
Agample - 570 nmol A A& LPSE 1 2] 3 sampled] &3 %=
v
_N® mitochondrial
N %N reductase N/NH
Br N =

yellow MTT
purple formazan

Figure 4. Principle of MTT assay.
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4-2-3-2 LDH assay

LDH= AlaZufe] &£445w Mg, 5 wj# Toz WEdy. LDHe 34t
G5 2gnkso] &8-S 59 pyruvate®t NADHE AJAshi=dl oldl NADH
= diapholasedti= @542 a 40 & =@k INT (2-(4-Iodophenyl)-3-(4-
nitrophenyl)-5-phenyltetrazolium chloride)S A A 490 nme FFE &
Aol formazan MAE  FAAST LDH assayve 919 HEE o] &%
cytotoxicity detection kit= SA3FA T WA RAW264.7 cell2 24 well plate®l
2x10° cells/mL® ¥F3}al 37 C, 5% CO, ZAstolA] 18412 vl F,

1 pg/mL LPS®t samples == zhzF 7bsko] 2443 vl Fakgith. 24A13F
sk -, Wikl 100 uLe} diapholase, NAD® % INT &3 100 uLE &33t
A

P ol A 53E7F WESA]A ELISA readerol Al 490 nmoll A F3 =5 43S

Asample _Acontrol
Cell cytotoxity (%) = X 100
Ahighcontrol _Acontrol

Acontrot 490 nmoﬂ }\1 %Uﬁﬂ- LPSE fq?q??l— Control-‘l] .g‘jg—gi
Asample : 490 nmoﬂ}\1 }\].%‘1_94’ LPS% j%ﬁ]é‘l— Sampleq _—g_j’al—E

Ahighcontol : 490 I'lmoﬂ /\1 tnpton XIOO‘% i} T"/] ?l’ Control_ci{ .g%]—E

,,N\N diapholase /,N\N
C. I+ —_— C
N/N N/N

Int (yellow) Formazan (red)
490 nm

Figure 5. Principle of INT reagent.
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4 A

il (

4-3. B16F10 murine melanoma cellS ©] &3k 1|

4-3-1. Al ZvfF

Murine B16F10 melanoma cell = M| =23 (KCLB; Seoul, Korea) 2. =5
B F9F wro} 19 penicillin-streptomycin® 10 % fetal bovine serum (FBS)o]
st-f-¥ Dulbecco’s Modified Eagle Medium (DMEM, GIBCO, Grand Island,
NY, USA) ujA| & A}&3te] 37 C, 5% CO: incubator 7oA wj sl om 3
d FtASE A wde A

4-3-2. Melanogenesis A3lg3 =4 A3

6 well platee] 5x10* cells/mL® MEE EF3ta 37°C, 5% CO, incubator
38 | A 24A17F al g e = Ao AFEskATh A vl AR cellss 1 pg/mL

robelhe AR wg $ samples SRR 7V7F HUbste] 724 %E

Z
%

H=

PH

HiFetith wike] By wiAE  Al7star PBS  buffer®z  AHTE  F
trypsin-EDTAS Az2lst] AxEE 3gste] ddZe] AlA pellettt= FHoh
Pelletol sonication buffer (1 % triton X-100 and 0.2 mM PMSF (Phenylmethyl
sulfonyl fluoride in sodium phosphate buffer)& 23 A|3¥E sonicationd] & %
of @4Eel AlA 2% pelletl= 1 N NaOHE 300 uL 3 7Fste] ELISA
readers ©]83}e] 405 nmolA melanin contentsE #ldta, AT A
L-DOPA<} ¥FS-Al7# ELISA reader® 475 nmoll 4] celldl A% tyrosinases &
oletqdth. & 0 2= melasolvE AH&3lt
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4-3-3. Ax=4 H7F AF

4-3-3-1 MTT assay

MTT [3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl tetrazolium bromide] assay &
0] 39t} B16F10 murine melanoma cellS 6 well plated] 5x10" cells/mL=

wstal 37C, 5% CO. x7stelAl 24417 wilY % 1 pg/mL a-MSH®}

samples sX=EE2 Z47b H7pste] 72417 kst T2A1ZE afeF -, 500 n

=
oo

g/mL FE2 MTTE #H7tste] 37 CTolA 3A17F &<t A7 & ASAS A
AstA k. o7]ol DMSOE 7tste] 4oldle AMEel whg-sto] A7 formazan 3
AES A7 2, o]= 96 well plated] =71 F 570 nmol A SIS =4

shgich.

4-3-3-2 LDH assay

>

LDHE= AlaEute] &45d Mg, 5 wjx) o2 BEdy. LDHe 349
G asiibgo] Huf 28-S dto] pyruvate$} NADHE A/ st o]
NADH+= diapholasedt= 44 g 4ol o8] =g e] INT (2-(4-Iodophenyl)-3
—(4-nitrophenyl)-5-phenyltetrazolium chloride)S 39 A]1A 490 nme| FTE Z

= AA formazan MAE FA4erh LDH assayx 19 dgE o] &3

-

cytotoxicity detection kit® ZA3Fth. WA B16F10 murine melanoma cells

6 well plates] 5x10* cells/mLE #F38}3L 37 C, 5% CO, Z718koll A 24471 uj

O

F %, 1 pg/mL a-MSH®} samples s=d=Z 2bzF 3 7bsto] 72A13F vl el
o} 7241 7F ok & wjFed 100 puLet diapholase, NAD™ 2 INT &%ted 100 pL

2 &3 & Ao A 587 wreAlA ELISA readerE o] -8&3te] 490 nmol A
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. 23 4 u%

1. st&Ee +x 4

o

1-1. Compound 19] %3] 4]

Compound 1< 'H-NMR spectrum ¥4 Z3 § 7.06(2H, s)¢] signal=%-H
SPPEAS Zv= agromatic ring® WA TZ9 protong s gt BC-NMR
spectrum w4 A3 g4 = 57 oo R o ¥, 170.69 signal carbonyl
carbon® & o8, 1464, 139.6, 122.1, 110.49] signalE< aromatic ring2
signal) & #elslgdth o]2 g o compound 1& W3 nlwste] gallic

acid2 =73}t

OH

Figure 6. Chemical structure of compound 1.
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Table 2. 'H and “C NMR data of compound 1 (400 and 100 MHz,
CD;0D).

Compound 1
No. . .
dc 0 n(nt., multi., J Hz)
1 122.1
2 &6 110.4 7.06(2H, s)
3&5 146.4
4 139.6
—COOH 170.6 5.01(=0OH, bro)
= r
:.,:_JL A
[ B = - N
£ £ B

Figure 7. "H-NMR spectrum of compound 1 in CDsOD.

r T T
100.0 90.0 £0.0 70.0 60.0

o
o

T T T
160.0 150.0 130.0

5

;E%_E

»

—)
o
o

wn —p
5
_F

1706970
164600 ——
196428 —5
1104288
493645
491500
48,0188

Figure 8. BC-NMR spectrum of compound 1 in CD3sOD.
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1-2. Compound 2¢] %3} 4]

Compound 2% 'H-NMR spectrum 241 23 § 6.89(2H, d, J = 85 Hz)$}
802(2H, d, J = 85 Hz)9] signal< aromatic ring®] protono. = Z& gk}

n

coupling constant #< %3}lo] ortho-couplings &t A TZFAL s 4
AR, § 6.18(0H, d, J = 2 Ho)¥ § 641(1H, d, J = 2 Hz)9l signal coupling
constant #< E3+9 meta-couplingS 3H= sp” protono Z o 43ttt ES §
533(1H, d, J = 7 Hz) ¥ 6 3.0735 F+¢ H33h signal=2 58 9ol sty |3k
H Fxds ddesit

BC-NMR spectrum 224 A, 197] ©]49] carbon signal®} § 156.1(C-2),
133.1(C-3), 177.3(C-4)2] carbon peak®= ¥ flavone 3-olo] ZZA4UdS & + <
AFow, 'H# PC NMR datag H|ad A3} aglyconeS kaempferolo]™ 3 ]
Aol Fol Agd Aem o vt AgE F| signal § 101.7, 737, 75.8,
69.4, 65.9°]M anomeric proton®] coupling constant #(/ = 7 Hz)& T3l &
§?3  wlawste]  B-D-xylopyranoside] S el sgdth o]E  nigom
compound 2-& kaempferol 3-O-B-D-xylopyranoside® FA3lg 1 F33 AH

ol i,

s
o

OH

Figure 9. Chemical structure of compound 2.
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Table 3. 'H and “C NMR data of compound 2 (500 and 125 MHz,
DMSO-d;).

Compound 2
No.
Sc S u(int., multi., J Hz)
2 156.1
3 133.1
4 177.3
5 161.2
6 98.9 6.18(1H, d, 2.0)
7 164.7
8 93.8 6.41(1H, d, 2.0)
9 156.4
10 103.7
1 120.7
2" & 6° 130.8 8.01(2H, d, 8.5)
3 & 5° 115.3 6.89(2H, d, 8.5)
4° 160.1
1°° 101.7 5.33(1H, d, 7.0)
27" 73.7 3.0~3.5(sugar H)
3 75.8
4 69.4
5" 65.9
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T T T T T T
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Figure 11. BC-NMR spectrum of compound 2 in DMSO-d,
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1-3. Compound 3¢] =34

Compound 32 "H-NMR spectrum ¥4 Z3} § 693(2H, d, / = 9.0 H2)$t &
w2t
coupling constant &g %39 ortho-couplings 3= A TZIS dadd

AN, § 6.18(1H, d, J = 2 Hz)¥} § 6.36(1H, d, J = 2 Hz)2l signal2 coupling

776(2H, d, J = 9.0 Hz)9 signal2 aromatic ring®] protono. = &

L

constant S E3l9] meta-couplingS 3H= sp® protono 2 o AEt gt EE §

536(1H, d, J = 15 Hz) % 6 3.074.0 H9 E33 signal2F-8 Fo] st} A

gy Fx2YS & F AA=dH, § 091(3H, d, J = 55 Hz)ollA doublete. & Y}EF
U= 5449l methyl proton peaks E3dte] *3+¥ o] rhamnosel] HO =

of 3kt

YC-NMR spectrum #4] ZA3#}, 197] ©]%4e] carbon signal® & 158.6(C-2),
136.3(C-3), 179.5(C-4)2] carbon peak®Z%-E flavone 3-ol9] ZAAS & F+ 2
Qom 'H¥ BC NMR dataZ B3t A3} aglycone kaempferolo]™ 39 9
X ol rhamnose’} X 3txo] 9= Aoz A stgdrt. x3E F9 signale §
103.6, 72.0 73.3, 72.2, 721, 17.8°]™ anomeric proton?] coupling constant &t (J
= 15 H2)S B3te] 8P 3 nlaste] a-L-rhamnopyranoside S 891 &4 th,
o]Z Hl® o F compound 3 kaempferol 3-O-a-L-rhamnopyranoside® %4 &}t

&AL

A7t AAFL selak

s

L=,

Figure 12. Chemical structure of compound 3.
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Table 4. '"H and “C NMR data of compound 3 (500 and 125 MHz, CDsOD).

Compound 3
No.
Sc 8 1 (int., multi., J Hz)

2 158.6

3 136.3

4 179.7

5 163.3

6 99.9 6.18(1H, d, 2.0)

7 166.0

3 94.8 6.36(1H, d, 2.0)

9 159.4

10 106.0

1° 122.7
T &6 132.0 7.76(2H, d, 9.0)
T &5 116.6 6.93(2H, d, 9.0)
4° 161.7

1°° 103.6 5.37(1H, d, 1.5)
2°° 72.0 4.0~4.5(sugar H)
37" L& L

4" e !

5" 72.2

6" 17.8 0.92(3H, d. 5.5)
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1775
1757
3317
3313
3310
3307
3304
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Figure 14. BC-NMR spectrum of compound 3 in CDsOD.
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1-4. Compound 4°] *+Zx&4
Compound 4% 'H-NMR spectrum %41 Z#} § 7852H, d, J = 87 Hz),
6.92(2H, d, J = 87 Hz), 6.44(1H, d, J = 1.83 Hz), 619(1H, d, J = 1.83 H2)¢| sp’
TAE zZ'E= protonEEFE coupling constant#ts  £3te] protonE  7He
ortho-, meta- coupling= 3til U&= 2709 aromatic ring®] U= A3 A
Tk 6.58(1H, $)¢] signals E3dte] FWe| HA7SAdE7F & AT AFs] 9

+ proton®o. 2 o4 T 5 Q3]

o

[e)
BC-NMR spectrum 24 ZA¥}, 842571 127] o)L o= 4 ddx
proton¥} carbon spectrum® @ A& Al flavoneF EH o] +Z2E AT #= AU
t}. olglst A= nlEow EFFES] NMR data®t H|udle] compound 4+

apigenin® = &4 3} ¢t}

Figure 15. Chemical structure of compound 4.
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Table 5. '"H and “C NMR data of compound 4 (400 and 100 MHz, CDsOD).

Compound 4
No.
Sc 8 1 (int., multi., J Hz)
2 167.0
3 103.8 6.58 (1H, s)
4 183.9
5 163.3
6 100.5 6.44(1H, d, 1.83)
7 166.3
8 95.3 6.19(1H, d, 1.83)
9 159.6
10 105.1
1 123.3
&6 129.5 6.92(2H, d, 8.7)
&5 117.1 7.85(2H, d, 8.7)
4° 163.0
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Figure 16. "H-NMR spectrum of compound 4 in CDs0D.
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Figure 17. BC-NMR spectrum of compound 4 in CDsOD.
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1-5. Compound 5¢] %3} 4]

Compound 5% 'H-NMR spectrum ¥4 23 § 347(1H, dd, J = 3.5, 65 Hz)
signal Z %€ sp® E4L ZtE protong o dEtg i, AEAHoZ 1~2 ppmullel
el = proton®E.th F7F deshielding ¥ A& Hol H7|&AE7F & 247}
A gEo] Sls Aolgt st HFE 2 ppmolstel A Q= signals
aliphatic &4 ZA%E protong ¥ Aeolgt o e, 71 F § 1.27(3H, s),
1.25(3H, s), 1.07(3H, s), 1.04(3H, s), 1.02(3H, d, J = 6.5 Hz), 097(3H, d, J =
6.5 Hz), 0.91(3H, s)°olA & 7 7§ methyl proton signalS 22133t

BC-NMR spectrum %41 Ay, § 180.29 carboxyl7]¢] carbon signal® &
139.6, 126.0 olefin T%9] carbon signal®]z} <38t 18]l § 784 signal
S 53 AV & Y47 AFHSEY] deshielding ¥ methine carbon® 2 1
e kel A5 g 91219 carbono]l A& olF3FATE

T3, 'H-NMR data®} w372 o372 9] signale] § 16.0, 169, 17.8, 17.8,

217, 24.2, 29.10] EE 3} o o] signal E3F sp’EA S 2= 719 methyl”] 7}

"C-NMR data® 53l 3gEo] 3070 oo eaz o]FfHee d4ssl
a1, DETP-135% %3 6719 42 ¥4, methine”] 7} 77}, methylene©] 107] A2
= skt (figure 21).

'H-NMR, “C-NMR, DEPT-135% %38 <43 B&E71x
S 93 2D NMRS 43t HMQCE F3l el Af dAZHo e F
A5, HMBCE ST = 2 el 8] long-rangeZ2 3= 3l A= T42E
geletgith. 1D NMR# 2D NMR®] data® 71# o= dtof F3YWe A 2
I} compound 5+ ofo} £e FxE AAA A S EHH IJFEL Aol
of 445} 9) thfigure 18-23).

Lo
o2l
ot
o,
-
BN
ofr

2

Y
<
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Figure 18. Chemical structure of compound 5.
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Table 6. '"H and “C NMR data of compound 5 (500 and 125 MHz,
pyridine-d5).

Compound 5
No. dc DEPT—-135 0 u(int., multi., J Hz)
1 39.4 CH»
2 28.5 CH»
3 78.4 CH 3.47(1H, m)
4 39.7 C
5 56.1 CH
6 19.1 CHz
7 33.9 CHzy
8 40.3 C
9 48.4 CH
10 37.6 C
11 24.0 CHgo
12 126.0 CH 5.51(1H, s)
13 139.6 C
14 42.8 C
15 29.0 CHzy
16 25.2 CHy
17 31.4 CHo
18 53.9 CH 2.66(1H, d, 11.0)
19 39.7 CH
20 39.8 CH
21 30.3 CH:
22 37.8 CH:
23 29.1 CH3 1.27(3H, )
24 16.9 CH3 1.04(3H, s)
25 16.0 CHs 0.91(3H, s)
26 17.8 CHs 1.07(3H, )
27 24.2 CHs 1.25(3H, )
28 180.2 C
29 17.8 CHs 1.02(3H, d, 6.5)
30 21.7 CHjs 0.97(3H, d, 6.0)
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Figure 20. BC-NMR spectrum of compound 5 in pyridine-d5
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2-1. ¥ polyphenolic compounds ¥ =74

Polyphenolic compounds© 2] & Ao d8 EXHo A& 22 A=Y =
cpokel ol xS 7EA 3k B2 o 270 o] 4] phenolic hydroxyl”] &
7EA 7] wiimel dd g 7le A £ 2¥ete 4Eds A 3 H
st gabel g TEd YA 75 e Ao deA QP

Gallic acid ET8 92 AFE3 A FAS 24 sto] (Figure 18) W/l U+
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A 70% degtE FE2E 2 £8E9 F polyphenolic compounds 3%

I
=
BB ZF | mg ¥ 532 Y gallic acid 9 ¢

O

noew, FE=

e

A

(GAE)o. 2 gHitsto] Yetdiglct, 248 23, FE24 184 ug GAE/l mg,
3 & F EtOAc ¥ n-BuOH layerol Al Z+zF 425, 347 ng GAE/1 mgl & v LA

=2 polyphenolic compounds 3 &< YWEMIATHFigure 25). ol& t& &4tks)
AY Ayets #do] s Aoldt ol s Ao

0.5

0.4 y = 0.0008 x - 0.0070
) R2 = 0.9990
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Figure 24. Calibration curve for quantification of total phenolic compounds.
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9] ABTS radical cation =7 &4
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1872 pg/mL, EtOAc, n~BuOHOl Al 7Z}7} 833, 9.39 pg/mL= iz <l vitamin
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Figure 28. ABTS radical cation scavenging activities of extract and
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3. RAW 264.7 cells o] &3 & &4 43 23
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RAW 264.7 cell& ol&3sto] WAAGUT S 70% ces F55 2 +9E&
& nitric oxide(NO) A o

g/mLe w8 A& st &do] A=A Gl
iRk A2 gk LPS(+)ek NO A =S Hustds o, 70% odgs FE=2
n-BuOH layerol A= 242 312 %, 344 %7} 7

b

st o™ np-Hex % EtOAc
layeroll A Z}2} 675%, 67.2% 2 & AXSA ¢lo] NO A A A4S e
S H(Figure 30, 31).
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* sample concentration : 100 pg/mL
* 2-amino-4-picoline : 10 uM

Figure 30. NO production inhibitory activities of extract and solvent layers.
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Figure 31. Cell viabilities and cytotoxicities of extract and solvent layers in
RAW 264.7 cell.
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Figure 32. NO product inhibition activities of EtOAc layer.
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Figure 33. Cell viabilities and cytotoxicities of EtOAc layer in RAW 264.7 cell.
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Figure 34. Inhibition of LPS-induced secretion of pro-inflammatory cytokine
IL-6 of EtOAC layer.
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4. B16F10 murine melanoma cellS ©]&3F vl & A3 Ay
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4-1. =5 2 2359 melanin A A 9 Ax =4 H7}
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B16F10 murine melanoma cellS ©]&3to] WG UF 2 70% A2 FE55
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tH(Figure 35, 36).
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Figure 35. melanin contents of extract and solvent layers.
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Figure 36. Cell viabilities and cytotoxicities of extract and solvent layers in
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Figure 37. Melanin contents of EtOAc layer.
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4-2. Intracellular tyrosinase =% 23}

B16F10 murine melanoma cellg ©]-83F melanin contents A &3} Al X =4
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Figure 39. Intracellular tyrosinase inhibition of EtOAc layer.
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