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ABSTRACT

Anti—oxidative, anti—inflammatory and anti—bacterial activities were
examined on the extract from Malus sieboldii branches. In addition, their
active constituents were isolated and identified. This study was designed
to evaluate the extract of M. sieboldii as the potential ingredient in

functional cosmetics.

The extract was prepared from the branches of M. sieboldii with 70%
aqueous ethanol. The ethanol extract was partitioned successively into
n—hexane, ethyl acetate (EtOAc) n—butanol, and H»O. The extract and
fractions were subjected to total phenolic contents, total flavonoid
contents tests, DPPH and ABTS" radical scavenging studies. The total
phenolic contents for the EtOAc fraction were estimated as 45.3 mg
(GAE/100 mg). In addition, the total flavonoid contents were measured
as 98.0 mg (quercetin/100 mg) for the EtOAc fraction. And very strong
DPPH and ABTS" radical scavenging activities were observed for the
EtOAc fraction. On the screening of anti—inflammatory activities, the
EtOAc fraction showed the considerable inhibition on the production of
nitric oxide for the RAW 264.7 cell without any cell toxicity. Also on
the screening of anti—bacterial activities, the n—hexane fration showed
the considerable inhibition for Propionibacterium acnes and
Staphylococcus epidermidis.

The identification of the active constituents were conducted with the
EtOAc and n—hexane fractions. Repeated column chromatography on
normal—phased silica gel and Sephadex LH—20 resulted in the isolation
of twelve compounds, B-—sitosterol (1), daucosterol (2), epi—catechin

(3), 3—0O—a —L—arabinofuranoyl—8 —methoxyquercetin (4), phlorizin (5),

_ix_



3—hydroxyphlorizin (6), avicularin (7), quercetin—4'—0—3
—D—glucopyranoside (8), chrysin—7—0—B—D—glucopyranoside (9), ethyl
linoleate (10), taraxerol (11), and lupeol (12). All of the compounds
were isolated for the first time from this plant. The elucidation of the
chemical structures of the compounds 1—12 were accomplished using
spectroscopic data including 1D and 2D NMR spectra, and by the
comparison of their data to the literature values.

The isolated compounds were also subjected to the above biological
tests. The compounds 3 (SCso 24.23 uM), 4 (SCs0 54.71 uM), 6 (SCso
72.39 uM) and 7 (SCso 39.69 uM) showed good DPPH radical
scavenging activities compared to ascorbic acid (SCso 54.22 pM) as a
positive control. The compounds 3 (SCso 5.09 uM), 4 (SCso 7.02 uM), 6
(SCs0p 9.46 uM), 7 (SCs0 6.84 pM) and 8 (SCso 11.19 uM) showed very
good ABTS" radical scavenging activities compared to ascorbic acid
(SCsp 13.36 uM) as a positive control.

On the screening of anti—flammatory activities, the compounds 8 and 9
showed the considerable inhibition on the production of nitric oxide for
the RAW 264.7 cell without any cell toxicity. And Compounds 8 and 9
dose—dependently inhibited the expressions of inflammatory mediators.
Also the protein levels of inducible nitric oxide synthase(iNOS) and
cyclooxygenase—2(COX—2) in LPS—stimulated RAW 264.7 cell were

also quantified by western blotting method respectively.

Based on the above experimental results, it is suggested that the
extract from Malus sieboldii branches could be potentially applicable in
the cosmetical and/or pharmaceutical industries, especially as

anti—oxidant, anti—inflammatory and anti—bacterial ingredients.
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Figure 1. Oxidative and anti—oxidative systems in the cells
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Figure 2. Structures of anti—oxidants.
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Figure 3. Anti—inflammatory reaction
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g HAZo A AFEF TLC(Thin Layer Chromatography)+= precoated silica
gel aluminium sheet (Silica gel 60 Fgss, 2.0 mm, Merk Co.) & A}F&-3}SIt},
TLCIM 2ld 2dse &ls7] f8k UV/Vis Lamp(254 nm)E A&
stAY TLC plate® visualizing agente] A A7l ¥ heat—guns ©] &3}
AZAIFH Y. Visualizing agentZ% KMnOs 584 (3% KMnO4, 20% K2COs,
0.25% NaOH), 1% anisaldehyde—MeOHE Qe u}e} A}-g-33it).

FEE fFadEFE FA9 AFE¥E  HPLC(High Performance Liquid
Chromatography) = e2695 Separations module (Waters, USA)<S AF&3I%
o, o]sAte AMEH £wl= Merck® AEFS AFE-EFSIT

TZ  FEAe] o]€¥  NMRWNuclear Magnetic Resonance)& JNM
ECX-400(JEOL Co. 400 MHz) < °]&3t3itt. NMR S54A &=+ Merk
°] NMR A-&&ujZA], CD;0D, CDCls, pyridine—dse A3} T},

FEEY 2EE, 29E FREY Ayl dFeA FEFE SAZdde
Sunrise ™(Tecan Co.) ©]1} UV/Vis spectrophotometer™ Thermo Electron
Corporation 2] Multiskan Ex(ELISA reader) & ZHQof wpg} AFE-3F3A )



o. AF3A

OFTMVE AR o fE AR B W 24 34

o 18 uH-(Malus  sieboldid= ™ A& 73 (Rosaceae) 2] HAEH
wEolth A Refol 2 HiE A sho opr|ujuby-sk ol o} 1wf
wWE7E Edvkar g e o W AlF o] Ak et 400—1,200 m
o] & 7PAR el Aty 1,500 m o) el E EEA Aekt 912 BEFoR
oAAolaL do] 3-5 cmoln PRl FU7F Atk 3-52 = ot dEbA =
T Tk & Wl "ol ltirk yel sl "’ QlojAr side] o fofe
Yol o} Ql=th #2 59 v 7HA] Fell 4-5%F0|7F 21 A st ot
AETH e dAAo® AF 2.5-3 cmo|th AT Aol 3 cmZFE ¥l
Hol| glow Enrdel= A "ol Qrh. L v dEoer o] 17-18
mmo] 1l Yol FA MFHIT. A= olHEAN T3 AF 6-8 mmol™
10€¥el oJ=th T4+ Bed o= do] 4 mm7tE drh

o 4, Aol g3 U, LR % g 59

olm, AL o TE ALHTH Figure 5).

bRl AL FEE WA Fas@gel nusgot?, o o
ge gy ATV AAHA @k ok fE FYYEY wesk YA
Yot o] AFE AFaA Hnk

B ATAE AZAM AL e ok A elA thepa

e B3 BYEAL 94 9 2ol BT

27

Mo



Figure 5. Picture of Malus sieboldii
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2. MRS 5% 2 FEA

M
a
©

2-1. of MR 74X 9 % W BH G 13

o

AFE gepesdol s Adsts o) UR-(KEHE ¢ 317 )E 20104
11¢ 2290 AHFsto] FoEE ARAN & SA A AAAZ Az Al
THE ZA Bete] & AR 1 kg 70% EtOH 20 Lol At A&

A 24413 wRbete] HEAZ AlRE gy AAE TS RS HIP o
HBA oA e A= A 70% EtOHS o] &3] Hd3 xHao=w 23 whE =

oAt Ao AAE Sl FEE oS AY FFsko] oty
70% EtOH FZ&= T 147.4 g= 43Utk o] F 30.0 g= S/ 1 Lol &%
Al71a, B A7 E ol g8 8-S AA ealet 2 Eufeitt 1 LA 39 Wt
& AAJsto] n—Hex fraction, EtOAc fraction, n—BuOH fraction % H.0

fraction & 4719 &wiEg 35S A (Figure 6).
Dried branch of Malus sieboldii 1 Kg

70% EtOH 20 L, stirring, 24h. 3 times

Extract 147.4 g (14.74%)

Extract 30.0 g

1 Suspend with 1 L H2Q and add 1 L n-Hex, 3times

l

n-Hex. fr. Add 1 L EtQAc, 3times
10g
(3.33%)
\
EtOAc fr. Add 1 L n-BUOH, 3times
94¢g
(31.33%)
z z
n-BuOH fr. H:0 fr.
709 106 g
(23.33%) (35.33%)

Figure 6. Procedure of extraction and solvent fraction from M. sieboldil
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2-2. oldobAlHlol= ¥ #y 4% P

2—2—1. VLCel 3 #3314

SujE-3 st Aol EtOAc fraction 4.5 g2 VLCE <4 silica gel2 &
A% glass columne °]g3st] APEIHS A AREEH S22
n—hex/EtOAc (0~ 100%), EtOAc/MeOH(0 ™ 100%) gradient -&v (300 mL)
74 ol g3t o] A F 379 BEES AU Fr.vl ~ Fr.v37).

2—2-2. VLC &8 &°lA 33+ 1, 3 #8344

2=204 Loz 379 FHE F FHFE Frv6(8.1 mg S #AsHst &
MeOHE H7Fetals o 52 931 vial vietel] 7heteh= powder7d A = Sl oh
o]5 MeOH=Z o3& A8 AZAA3sFd compound 1(3 mg)S LUt 181
Frv15(104.0 mg)S CHCl3/MeOH = 3/19] €wixdoz <A silica gell
CCE ARgstol #3393, 1 = +8E&E Frvl5-594 compound 3(18.8
mg)< 42Ut} VLC fraction %+ Fr.vl6(146.4 mg), Fr.v17(23.1 mg),
Fr.v18(17.8 mg)> TLC &< A3} Fr.vl5-59 w®lo] n]=ste] ZkzF NMR
gl A3 compound 3Z FRIslith o= AAl dy ¢z 3tEolmE ¢
ool A el A& eA Fdrh(Figure 7).

EtCAc 45 g

WVLC (Wacuum liguid chromatography)
n-Hex-EtOAc (0-~1009), ETOAC-MeOH ([(0~50%)
Step gradient (5%&), 300 mL each

h 4
Fr.vli Fr.ve Fr.wis Fr.vié  Fr.wl7?  Fr.vi8 o FE W37
(2.1 mg) (104.0 mg) {146.4 mg) (23.1 mg) (17.8 mg

Recrystallization I I |
with MeOH

Silica gel CC

CHClz/MeQH = 3/1

Compound 1
(3.0 mq)
Compound 3 Compound 3
(18.8 mg) (187.3 mg)

Figure 7. Procedure of isolation of compounds 1, 3
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2—2-3. VLC +8 &4 33& 4, 5, 7 =8 HF

T Frv23(1044 mg) < €% 29, Fr.v23-M2(507.9 mg) <
CHCIs/EtOAC/MeOH = 2/2/1% €wZzAd S22 Sephadex LH—20 CCE 3
gtol EEETE 1 & EEE Fr.v23—-M2-4914 compound 4(24.0mg) <

sk 193 E8E F TLC &<l A3 Frv23-M2-73 Fr.v23-M2-89
sfedo] Hlzsto] olE #AH (294 mg = CHCI3/EtOAC/MeOH/H20 =
2/2/1/0.29] &wlx71 %2 Sephadex LH-20 CCE F3ste] sttt
Frv23—-M2-7&8—1°4 compound 5(8.9 mg)E, Fr.v23—M2-7&8—3¢]4]
compound 7(1.2 mg) & AUt U= Folgl= &, Fr.v23-M3(308.2 mg)
< CHCI3/EtOAc/MeOH = 2/2/1 ~ 2/4/1 gradient® &9 =XZHo=
Sephadex LH-20 CCE Fdsto] £33t 24& < Fr.v23-M3-109]
Al compound 4(18.0 mg)<S © d%lew, Frv23-M3-11(97.2 mg) <}
Frv23-M3-12(46.8 mg)= 717 thA] 3 Wl CHCly/EtOAC/MeOH/H:0 =
2/1/1/0.29] Ewlxz71 22 Sephadex LH—-20 CCE F3qste] &3}t
Fr.v23—-M3—11—4¢4 compound 5(42.1 mg), Fr.v23—-M3—-12—1°]A]

compound 7(1.9 mg) & ¥ A (Figure 8).

| EtOAC 4S5 g |

VLC (vacuum liquid chromatography)
I—Ex EtOAcC (0~100%), EtOAcC- MECI—‘ (0~350%5)

‘;'-.E-" radient (5%8), 300 mL each
L
Fr.vi Fruig Fr Frv24 Frv2s Frw2é Fr. w37
(1044 mg) (1447.3 mg)
| 1
Fr.v23-m2 Fr.v23-mM
(507.9 ma) (308.2 mg)
Sephadex LH-20 CC Sephadex LH-20 CC
CHCl3/EtOACc/MeOH = 2/2/1 gradient,
| | CHCI3/EtOAC/MeOH = 2/2/1 ~2/4/1
v23-M2-7 v23-M2-8 I
23-M3-11 3-M3-12
97.2 mqg) 468 mg

Sephadex LH-20 CC
CHCl/EtOAC/MeOH,/H-0=2/1,/1/0.2

Sephadex LH-20 CC
CHCl3/Et OHE ‘MWeOH/M O

=2/2/1/0.2

Sephadex LH-20 CC

= CHClz/ETOAC/MeOH/MH0=2/1/1/0.2

Compound 5
(8.2 mg) v

Compound 5

Compound 7

1.2 mg) 421 mag)

Figure 8. Procedure of isolation of compounds 4, 5, 7
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2—2—4. VLC +8 &4 3& 2, 6, 8, 9 =& 4F

Fr.v24(1447.3 mg) & MeOH= AFE3l] A4AA 3] compound 9(77.1mg) =
Ao, MeOHOl H+= Fr.v24—-M(1299.7 mg)= CHCly/MeOH = 100/0 ~
50/50 gradient® €W FHOoZ VLCE <4 silica gel® X3 glass
column= ©J]&3te] U= HAste] 779 EEES AT Fr.v24-M—-1
~ Frv24-M-7).

Frv24-M-2(33.2 mg) < A¢&sF3st & MeOHS H7bells o 54 ¢
vial vkl 7Febek= powder7t B3 AT o] & MeOH=Z 2] b A4 7 st
o] compound 2(4 mg)< LUt 183 Fr.v24-M-5& 72 MeOH/H0 =
1/1 &me] =<l ¥ CHCh= 4% F7F 5 oF 1t Ao FAuY, =a8 &
7§ol7b A ESY. olE e wHo=E oy Hd AAAS] compound
8(104.2 mg)S A}t 2 WHozE F3E Frv24-M—-4(783.4 mg) & &
= zpolel osl Zefstel MeOHel &3l L8 = Frv24-M—-4-1(362.1
mg)= CHCI3/EtOAC/MeOH/HO = 1.5/3/1/0.2¢] &z % Sephadex
LH-20 CCE st #a8ivk. 1 & ®EE Frv24-M-4-1-4 ¢

A3tk (Figure 9).

32

Frv24—M—4—1-5°4 compound 6(42.0 mg) <

| EtOAc 45 g |

VLC (Vacuum liquid chromatography
n-Hex-EtOAC (D ‘_ EtOAcC- MECI—' (0~50%5)
" Step gradient (5%), 3

Fr vl Frv24 F Fr F
(1447.3 mg)
|
Soluble in MeCH
Fr. w24-m
(12957 mq)
WVLC
CHClz/MeOH = 10040 ~ 50450, 300 mL each
-t-:J-M-z v24-M-4 v24-M-5
Recrystallization : Recrystallization
¥ calul & ¥
vL-,-,-i:r MeOH Sa bSO with CHCl
A-M-4-1
621 mg)

Sephadex LH-20 CC
CHClz/EtOAC/MeOH/H0 = 1.5/3/1/0.2

Compound 6

(42.0 mg)

Figure 9. Procedure of isolation of compounds 2, 6, 8, 9
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2-3. o1 7HA1 9 =5 9l B2 (A 22D

2104 G& ozt 7kA 9] 70% EtOH & % 2-19 &v&d A
1Apell A ARESEA] kol @ FEE(70% EtOH 117.4 g & 30.1 g AHH) =
Abgsto] 1akel e W ow 23 B Es AASIT mEbA 22k A 1
kel o] n—-Hex fraction, EtOAc fraction, n—BuOH faction % H:0

fraction & 4719 €w &8 T2 AAH(Figure 10).

Extract 30.1 g

l Suspend with 1 L Hz0 and add 1 L n-Hex, 3times

l

n-Hex. fr. Add 1 L EtQAc, 3times
12g¢g
(3.99%)
v
EtOAC fr. Add 1 L 7-BuQH, 3times
7.8g
(25.91%)
L 2 v
n-BuOH fr. Hz0 fr.
829 10.8¢
(27.24%) (35.88%)

Figure 10. Procedure of extraction and solvent fraction from M. sieboldii
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2—4—1. AEF 9 VLCo 93t E&A

2—13 2-39M &ujEE sto] dojx n—Hex fraction 2.2 g& EtOHel =
AR 71E olgste] 2719 Fo = vtk I F EtOHe] & 5 1.

mgs VLCE <4 silica gel® %3 glass columns o] §3fe] 7Heti3s

AT AFEE A2 p—Hex/EtOAc(0 ™ 100%) gradient £m1(300

mL) ZF71& o]&3Slth o] HAHFoA F 12719 FIEES AT Frvl ~
Fr.vl2).

>
?—T’

ro,

o

2—4-2. VLC +38 &4 3}3= 1, 10, 11, 12 844

2—3—1°A Lozl 12719 38
3 & EtOAcS #7189 S == Z=(71.5 mg)S n—Hex/EtOAc = 13/19]

it
ofy
M
ke
it
By
<

w
S
=~
oo
=)

%,
oF
Ly

oo

b
Frv3—2—494 compound 10(10.9 mg)= €t 183 Fr.v4(101.1 m
= "R R s SE - EtOAcs F7hstels W =4 ¢Fal vial vlH
get= powder7F A EH AT ©lE EtOAcE o8] & A2 435 compound
11(15.6 mg)= YAt Tk EtOAcel 5+ 5(85.5 mg)<= n—Hex/EtOAc =
3/1gmMzdosE <A silica gell CCE AFE3e] EFs19 1
compoundE <& t©] AAsH] Y3 n—Hex/EtOAc = 9/18wjxA )
silica gell CC& AF&35tY] Fr.vd—2—49°4 compound 12(19.7 mg) = =3

TLC &<l Ay #glo] v]<=3t Fr.vb, Fr.v6, Fr.v7& &34 (133.4 mg)
n—Hex/EtOAc = 3/1&W A2 <4 silica gell CCS AFE-3Fo] EE 31,
ol% % ©l AAE] & CHCls/MeOH = 20/19] &vwlxx1o = &7 silica
gell CC& AFE3tY Fr.vh,6,7—1-29 Fr.vb5,6,7—1—3°14] compound 1(22.0
mg) S #8339 Fr.vh,6,7-1—4°14 compound 10(12.1 mg)E ¢ A<
th(Figure 11).

zAao2 A4 silica gell CCE ARESY] ®Eegly, 1 T 3=
g)
7}

a
o

10
o

A

=
A3l
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n-Hex 2.2 g

lScILbIE in EtOH

n-Hex-EtOH 1.2 g

WLC (Vacuum liguid chromatography)

300 mL each

n-Hex-EtOAcC (0~100%), Step gradient (3%)
Fr.wvl Fr.v3 Fr.v4 Fr. w5 Er.wE Er. w7
(6.3 mg) (104.8 mg) (1011 mg) | | I
Soluble in E10AC
(1334 mg)
Recrystallization |R95|de Silica gel CC
with EtOAC A7 n-Hex/EtOAC = 3/1
h 4 {85.5 mg)
“-Df‘j-':_'m'"d 11 gilica gel CC
[13.6 mg) n-Hex/EtOAC = 3/1
1 mg) Silica gel CC
silica gel CC % CHCls/MeOH = 2041
n-Hex/EtOAC = 13/1 silica gel CC
n-Hex/EIQAC =

Compound 10
(8.1 mg)

Figure 11. Procedure of

Compound 12
197 ma)

isolation of compounds 1, 10, 11,

_17_
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3. HPLC &4

EtOAc fraction® #3HEEol oish 44 #4S HPLCE 3333t EtOAc
fraction ¥ 3FEES 2 mg/mLE 52 F 0.22 um PVDF filter (mellipore)
£ o] gsto] ost £ o] ofHE FASIITE 7} i EAeli= HPLC(Waters

Co., 2695 Separations module, USA)E ©]£3}3 1, YMC—Pack Pro Cig

o

RS AH (250 X 4.6 mm, S—=5 um, 8 nm), UV—Visible Detector(Waters
2489, USA)E AHgstlth ¢ #39 10 uL, 29 2% 40T, &89 424
acetonitrile / 0.1% acetic acidg& AH&ste] 7|71 €=A1%3, 0.6 mL/min
FEHEOE 437 FF HAEA T 9> 280 nm A& TH(Table 1).

glolg B4 S/Wx Waters?] Empower System= ©| &3} t}.

Table 1. Gradient elution condition for HPLC separation

Time (min) Flow (mL/min)  0.1% acetic acid (%)  Acetonitrile (%)
0 0.6 90 10
5 0.6 75 25
30 0.6 60 40
35 0.6 0 100
43 0.6 90 10
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4-1-1. ¥ s g9 =74

Ze)dE 33859 %S Folin—Denist'™WS 7k Wdsto] AAsgch #

AN
A gallic acid 2TE NS ALE3te] ZEHE stEEQ AFS A &34 C
2 ol&3dYy. nEFAHAS HAASZ] fE gallic acid 1 mgs

DMSO:EtOH=1:1 €9 1 mLel =] stock solutiong A|F3sta, ©]& O,
31.25, 62.5, 125, 250 % 500 pug/mLo] T= H3% UV-Visible
spectrophotometer® 750 nmolA S35 A3l TF34L AAIE T
7t AMEEE 1 mg/mL 52 &l =< v, o] &9 100 pLE micro
tubeoll Hstil FH/T 900 uLE 7}sko] total volume©] 1 mLo] HEF 3|4
sFSITE 7)o 100 pL Folin—ciocalteu's phenol reagents H7}sto] 2 &3¢

3 3 Ao 3E7F #A AT o] fMof] 7% Na,COs £ 200 uLE 7}35k¢]

=3l SHS 700 ulg 7Fske] total volume©] 2 mlLo] HEE 34 3E1o]
A A 1AIZE WA S H, deHS FHste] f19k sdsE WHOE 750 nmellA

FYEE Zqsa, FE BT FFS DU

% flavonoids %S Davisf'VS wWd@ate] A& 7+ AERES 1
mg/mL%E Eujo] %< Y-S, micro tubeo] Al®E £ 15 ulL9} ethylene
glycol 150 pLE #7Fste] &%t & thA] 0.1 N NaOH 15 plL.& ¥i 37T

7Fs<et ®WES & UV-—Visible spectrophotometer® ©]-83}¢
420 nmelA FFEE SHFAY. T4 querceting o]-§-3fo] A st

o|Z2HE F flavonoid HS 3T



4—1-3. DPPH radical &7 &4

DPPH (2,2—diphenyl—1—picrylhydrazyl) radical 27 &4
free radical &7 s&olY F4 Fo 8= Frieh= WY Fol shtolnt o
A W =
A2 515 nmolA 4

BE9] radicald wWHEAo]

[e]
free radical® 7Hd &

S=olth

A9k free radical2-

Hro} 2 2—diphenyl—1—picrylhydrazine (DPPH—-H)©o| ¥
ZAEAR - RERN

o] 515 nmelA e FF=7}
g4= 54 = Aok
DPPH radical 4~A &4 2
3} 2o 96 well plated] F%

% ELISA Reader® o]€3}o] 515 nmolA 3%
= = e K S i R
0] 50% A W] AR sX(SCso)E

o)z 278 (%) &

Hm

2 vitamin CE AFE3F3i T}

Acontrol : 515 nmoﬂj\i DPPH'O/] %%E
Asample - 515 nmeoll 4] sample¥} DPPH Hh-g-
Aplank  : 515 nmollA4] sample AHA 2] FF %

2R

_20_

2ol sA %k, DPPH radical&

PN
-

olel g

g olgste] AR FAatst

mlm

32

m[ov
I-rl



4—1—4. ABTS radical cation &7 &4 23

ABTS[2,2'—azino—bis (3—ethylbenzothiazoline—6—sulfonic acid)] radical
27 B4 A8 totoal antioxidant activity (TAC) 2] S T2 3 714
= ¥ ghgE ABTS7h Abste e 54 %2 =L == ABTS' radicalo]
FAH = AL o] ge Wolrt. o] FFM ABTS' radical Arshd 4 &=

2ol A ABTSZ s 19 &3t 249 Atshrp o
AUAl Hol FFLe AT dojuA W kst e8 e 5S4 7 AUk

ABTS radical cation &7 42 Re & Pellegrin5¢ W¥'YS $8314
3, A3 e g3 2ok ABTS radical cationg 7] $3t9] 7.0 mM
ABTS(in D.W) €93} 2.45 mM potassium persulfate(in D.W) £94& 1:1
7 Zdete] 16A3bEr fAeld whEAIZIT Hbg ARL ABTS &3
ethanol& 1:60°% 3143} 700 nmelA FF%7F 0.78+£0.0027F HE5 *
Aatol Aol AT

96 well plated] FE=¥H=Z 3|43 sample €9 20 pL(in EtOH) 9 ABTS
€N 180 uLE E%sto] 1561 daelA vEgA|Zl ¥ ELISA readerg ©|&
gtel 700 nmelA FHEE ST

gz A8 (%)t Aol el ARtEIew, ZF A5e] AAgA v
5°] 50% ¥4 W AR FE(SCso)E Tatth. tiZT (positive control) ©

2+ vitamin C& AF&3FSI T

Acontrol 2 700 nmoﬂ/\i ABTS-/] »g—_'
Asample 2 700 nmoﬂ/ﬂ Sample.ﬂ]— ABTS Iﬂ—%@i?/]

Apank - 700 nmollA sample AFA| Q] &34 %

bt

3

]
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4=2. RAW 264.7 cell& o] &3 &9 &4

>
feieu)

4=2—1. MxE ¥l

=

Murine macrophage cell line?l RAW 264.7 cell® 3t= AX3F 23
(KCLB; Seoul, Korea) ©. 2 5-F o Hho} 1% Penicillin
—streptomycin(Gibco, USA)¥} 10% fetal bovine serum(FBS; Gibco,
Grand Island, USA)©| 3% Dulbecco's Modified Eagle Medium (DMEM;
Gibco, Grand Island, USA) ®jA| & AF&3slo] 37T, 5% COs incubator Z7 9

A owjekslg o, 2-3Y 7HA o ®E A wjokS AAsFS T}
4—2—-2. Nitric oxide A A H7}

24 well platec]l RAW 264.7 cell& 3.0 X 10° cel/mLZ 53] 37T,
5% COgz incubator FzlatellA 18A1FF wjekst & Ao Abgekgick A wjek
A7 cellg 1 pg/mL LPS7F 238 w2 w3 & Al8E5 7H7t 3H7iste] 24
AlZE eeksdtk. A E NOS oF2 Griess A9F(1%(w/v) sulfanilamide,
0.1% (w/v) naphylethylenediamine in 2.5% (v/v) phosphoric acid)< ©]-&3}
of AlZujeFel Fol EAsk= NOo & Jejz St AlZzueF 45 100

nL e} Griess AeF 100 uL& &3%3to] 96 well plateolA 108 F<F oFAloA

o

=
HE3-A1Z1 & ELISA readers ©]&3l9] 540 nmolA 5355 S48t A
AE NO9 92 sodium nitrite (NaNOy) & serial dilutiondte] HATFAS 2

CECE T

ME 54L& MTT assays o]&sto] Adsadnt. AEstdA tiAzr A3
A E+, AE U mitochondrial) & 4 @428 93te] =842 =kl
MTT[3—(4,5—dimethyl—thiazol—2—yl) —2,5—diphenyltetrazolium bromide]



o

= XA AFAE v= 584 formazan
RAW 264.7 cell& 24 well plateo] 3.0 x 10° cell/mL® ¥F38}aL 37T,
5% CO incubator ZZ3&}ol A 18A]7F wjjekst
LPS7h x3te wix2 w3 $ A5E 72 H7ksto] 24417 wiekeqitt. o] %
500 pg/mL %2 MTTE H7Fste] 3A17F FoF WHeAIZl & AT AS &3]
A ASHAT. o] 7]e] DMSOE ¥o] formazan
well palte]l &7 570 nmellx FFEE SHSTE 2 Al o ojgh Bt
SHE %2 Fegler, dxate S3% #Y st AEEds Hr1ekl

.

94 B

5 A wFAIT cells 1 pg/mL

o
2
(2
ol
oo
%
>
o
o
)
i
©
(@]

4—2—4. A=) 7]e1x}¢l TNF—aq, IL—6, IL-B A=
24 well plated] RAW 264.7 cell® 3.0 X 10° cell/mLz ®3F3}9] 37T,
5% COgs incubator Z3}ell A 18A1%F viokdl & A &dof A3y, 2 vk
A7l cell’& 1 pg/mL LPS7F %3te wix =2 w3 & A82S zhz H7bsie] 24
g]sto] doj AFFHS o] 51

2 mouse [L—6 ELISA kit(BD

AIZE i ekskiTt. 24413 5 XS 4R

off

TNF—q, IL-6 2 IL-1BZ A3t 4
biosciences, USA)E o] &3} t}.

4—2—-5. Western blotting

ANEE Hrbstel  wlFe]l Ed RAW 2647 cells R3] 2~33
PBS (phosphate buffered saline) ® 71%3}A] washing$t %, 100uL2] lysis
bufferg 3 7Fseto] 304t lysis Al Lysis$ 1021 94 & sto]
AT 5 AASHY. @A F% = BSA(bovine serum albumin) &
3lo] Bio—Rad Protein Assay KitE AF&-3Fo] g ZsF3ich

30ugel lysates 8 ~ 12% mini gel SDS—-PAGEZ #7|¥%Ee = o|&
Tansfer  stack(iBlot"™)&  ©]€3l  PVDF(polyvinylidene  difluoride)

=

kel
M R
LG/

membrane (Invitrogen) &%  7%¥7F  transferdtth. @@z o] transfer®d
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membrane? blockings 5% skim milk7} % TTBS(0.1% Tween 20 +
TBS) £ AFE3Fo] 2o A 2A|ZF, 4TCelA overnight 33t A Z+=
anti—rabbit NOS2(Santa cruz biotechnology INC.)E 1:1000°.=%
anti—rabbit COX—2(Santa cruz biotechnology INC.)E 1:1000.2 TTBS &
R} s|Asto] AFol A 4A7F REGAIZL & TTBSE 33] AlQsih. 23 &4
2 HRP(Horse Radish Peroxidase)”} ZA&¥ anti—rabbti IgG(Cell
signaling technology INC.)Z 1:5000°2.% 3|4 3&}o] AF2oA 1A7F ¥E-2A]7]
&, TTBSZ 33] Al43te] Opti—4CN Substrate Kit(Bio—Rad)& °]&3te] 7

Z skl
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Al FEgd

Staphylococcus epidermidis®] t™3}o] paper discHOZ ASF A4S =%

S

=311 93| Propionibacterium acnes,

st th. P acnest 0.8%% X3%sk= GAM Ao P. acnes 0.5 MacFarland
2 4o 3t 1.56%E Xk GAM viA|flel etk wiA7F =2 Als &
A7 8 mm paper discE oA 37T, 48A 7%t 7] wjek
A ghs S48kt

S. epidermidisi= 3 0.8% % X&3t= TSA ul# 8 mLell S. epidermidis
0.5 MacFarland® Yo st 1.5%% X3t TSA wx]fle] =t vi#|7}

o
ZoW Ag fgHs yo= 2AA

2L B

8 mm paper discE 27 37TCeolA 24A1%F
ok wjeksle] tAm FHle] FAAE A3 WS AX e AV)E F43
(Figure 12).

S)i

o

b ET R CE
Sml 2] el wh o -'-_Erﬂ"l‘llh
Mo vigrd R W 9o e

il

Mlatol FWET =

A7 B2 4T AW Sw=ch
24~48A17HE<E Wil

APE AiFeo] ofW sgNol wigw E38, W¥E
¥ o g oyl clma] SEsjols M)
qge] MeEiso] A3 = 2jgo] Lot

Figure 12. Paper disc diffusion methd
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v. 23 9 uz

L stg=e 7= 5%

1-1. 3= 1 +% 573

Compound 18] %3+ 'H NMR(CDCl;, 400MHz), "“C NMR(CDCls,
100MHz) S %3to] #<lsigitt. 'H-NMR spectrum 41 A3 tf i<
signal& & 0.68 ~ 2.37¢] ®Xaor ol L3l w3lFio] sp’ EAF
Bolats Fam oastaltt o] F 6 0.68(3H, s), 1.01(3H, s)ollA 2719
singlet, & 0.82(3H, d, J = 7.1 Hz), 0.84(3H, d, J = 7.1 Hz), 0.93(3H,
d, J = 6.6 Hz)°lA4 3709 doublet, § 0.85(3H, t, J = 7.1, 7.6 Hz)olA 1
el triplet®® % 670% methyl proton signalg 2lstt). & 3.55(1H,
m) 9] signal& A7 SA T 2 a7 A U sp’ EA S Bolst=
g oAstion, 6 5.36(1H, d, J = 5.3 Hz) 9 signale X3¢ sp” &
Qe iz oastatt °C NMR spectrum 4 A3 vpxrbx =, giie
signale] 8 12.0 ~ 57.0¢] #x&glon o] '"H NMR spectrumolA o3}
gl Z3tE sp’ EA waE oAstdth. 6 72.00014 YEhdE signale 'H
NMR spectrum®|A A4S E A7 E7F & 947F Q14 35}e] deshielding
¥ waw g8k, ¢ 121.9, 6 140.99 signal& 2¥3td sp” EA €4
2 3ottt o2 ulg o2 compound 1S 2373 wlwale] tREE] 2

Eof %0 2= sterole! B-sitosterol® F A &tk (Figurel3).
1-2. 3= 2 % 573
Compound 29 F#%%= 'H NMR(pyridine—ds;, 400MHz), C

NMR (pyridine—ds;, 100MHz) & %3to] &8ttt 'HE '°C NMR datas #
28t A3} B-sitosterol® FAFSE AES VERYQ T 'H NMR spectrum 4]
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43 6 3.92 ~ 5.089 signals S8l Fo] AFH S Aol odsislon,
1 % 6 5.08(1H, d, J = 7.6 Hz)2 anomeric proton?] coupling constant
s kel pAY glucosert AFEHAE Folgk <Iddkdth. C NMR
spectrum 4 Ay § 103.1, 78.9, 78.5, 75.8, 72.2, 63.3%] 671¢] signal
= Fal A oAdEE 1719 B-glucose’t o= FJAT & QltholE bt

Bo3Z  compound 22 E§d¥m  n)

—

3}od sterol  HjEAId B

AN K

—sitosterol=3—0—-B—D—glucopyranoside =, daucosterol® -&43}3Att

(Figurel4).

Figure 13. Chemical structure of compound 1

Figure 14. Chemical structure of compound 2
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Table 2. 'H and "*C NMR data of compounds 1 and 2

Compound 1 Compound 2
No. - No. ;
Sy (int, mult, J Hz) 8c Sy (int, mult, J Hz) Sc
1 37.4 1 37.9
2 29.9 2 30.7
3 3.55(1H, m) 72.0 3 3.65(1H, m) 79.1
4 42.5 4 39.8
5 140.9 5 141.5
6 5.36(1H, d, 5.3) 121.9 6 5.37(1H, d, 4.1) 123.8
7 32.1 7 32.6
8 31.8 8 32.5
9 50.3 9 50.8
10 36.7 10 37.4
11 21.2 11 21.7
12 39.9 12 40.4
13 42.5 13 42.9
14 56.9 14 57.3
15 24.5 15 25.0
16 28.4 16 29.0
17 56.2 17 56.7
18 0.68(3H, s) 12.0 18 0.68(3H, s) 12.4
19 1.01(3H, s) 20.0 19 0.96(3H, s) 19.7
20 36.3 20 36.8
21 0.93(3H, d, 6.6) 18.9 21 1.00(3H, d, 5.5) 19.5
22 34.1 22 34.7
23 26.2 23 26.8
24 46.0 24 46.5
25 29.3 25 30.0
26 0.84(3H, d, 7.1) 19.6 26 20.4
27 08230 d 7.1) 192 | g7 O8O L7680 gy
28 23.2 28 23.8
29 0.85(3H, t, 7.6, 7.1) 12.1 29 0.88(3H, t, 7.6, 8.0) 12.6
1 5.08(1H, d, 7.6) 103.1
2 75.8
3 3.92~4.60 78.9
4 72.2
5 (6H, overlapped) 785
6' 63.3
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Figure 15. '"H NMR spectrum of isolated compound 1
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Figure 16. >C NMR spectrum of isolated compound 1
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Figure 18. >C NMR spectrum of isolated compound 2
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1-3. 3t&= 3 +x% &4

Compound 3¢ F%* 'H NMR(CD;OD, 400MHz), '"“C NMR(CD;O0D,
100MHz) & E3}o] &stglth 'H NMR spectrum ¥4 A3 § 6.75(1H, d,
J = 8.2 Hz), 6.80(1H, dd, J = 1.8, 8.2 Hz), 6.97(1H, d, / = 1.8 Hz) 9
signal W& 189 FA2YS A4S T3 coupling constant #S
of 747} Wk 119 ortho, meta $1A°14 A Z coupling 3tal 55 o
¥tk 6 5.91(1H, d, J = 2.3 Hz), 5.94(1H, d, J = 2.3 Hz) 9 signal®
=51 o] FaYE st o, meta $1X oA A E coupling 3FaL 9l
S JAFsE T, 4.17(1H, m), 4.81(1H, s)¢ signal> A7l E7F &
ol @ Yk AgEo] = FaR AAsrda, 6 2.73(1H, dd, J
= 2.8, 16.7 Hz), 2.86(1H, dd, J = 4.6, 16.7) signal& sp’&A ] &3 &

Z~olal, 4= coupling 8t A== AT

e

0.

0
A

_YE
U[o

ro,

O
i)
o
wnn
’tﬁ

|t
N
(e
o
i
Ao
<
o
=
N
ol
2
1
BN
offl
o
_O|Lt
38
H
[
(b
&
o
o
=)
o
o
c
s
o
w
Flo

epi—catechin® 2 F 743} t} (Figure 19)
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Figure 19. Chemical structure of compound 3

Table 3. 'H and C NMR data of compound 3

Compound 3
No.
&u (int, mult, J Hz) Sc
2 4.81(1H, s) 79.9
3 4.17(1H, m) 67.6
A 2.73(1H, dd, 2.8, 16.7) 99.4
2.86(1H, dd, 4.6, 16.7)

5 158.1
6 5.94(1H, d, 2.3) 96.0
7 157.7
8 5.91(1H, d, 2.3) 96.4
9 157.7
10 100.1
1 132.4
2' 6.97(1H, d, 1.8) 115.4
3' 146.0
4' 145.8
5' 6.80(1H, dd, 1.8, 8.2) 116.0
6' 6.75(1H, d, 8.2) 119.5
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Figure 20. 'H NMR spectrum of isolated compound 3
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Figure 21. >C NMR spectrum of isolated compound 3
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1-4. 385 4 % 573

Compound 4¢] F%* 'H NMR(CD;OD, 400MHz), '"*C NMR(CD;O0D,
100MHz) & E3}o] &3stglth 'H NMR spectrum 4 A3 § 6.94(1H, d,
J =83 Hz), 7.56(1H, d, J = 2.1, 8.3 Hz), 7.59(1H, d, J = 2.1 Hz) 9]
signal> W& 1Yo FAE AR @Y AAS AT #h= Fske] ortho,
meta A4 coupling= 31l =& AT 4+ AAL. 6 6.23(1H, s)=
BEE sp” 2 FS WFH 29 4R skt 6 3.88 (3H, )9
signal> A7| A E7 2 Aot a4s Qe sp” ] BAse FAE
st o, § 5.48(1H, d, J = 3.0 Hz) 9 & 3.52 ~ 4.34 ¥9 533
signal 258 o] st xstE 7% Aol oAE 9 2w, anomeric proton
o] agoz EAQT Foje} st C

o
=
NMR spectrum 4 A3 &9 JHe7E & 21 oldds &+ A,

9] coupling constants &k

DEPT—-135% &3l 42 &&47} 1170, methine”]7} 87, methylene”|7} 174,
methyl7]7F 1719 & E3A Tt § 180.09 signal carboxyl ©AZE oA} H
™, & 105.1 ~ 160.39] signal> 'H NMR datacld o3at9d Bx3te sp”
W vgle BAER o] T 6 146.5 ~ 160.39) signal> d7]&
AE7F 2 hydroxylZ]7F AgH o] & Aoz et 6 62.09 signale
'H NMR datacld odstdd #7157t & dart Qe e sp” 43
o #sl= BAE AAsF o™, 6 109.69] anomeric carbon peak® o
62.6 ~ 88.22] 4719 signalS & 58+l arabinose’} A EH o] 1S o]
g oAFstedrh 'H#t C NMR data® H|wst A3} quercetine] 8¥H 21X
methoxyl7]7} A= o] Qla, 3 $1A] arabinofuranose’} A3E o] Sl

flo

CENE

b4

SR o slen, e 2o g2 72 4= 98 2D NMR data
2 ®Asqith. '"H-'"H COSY NMR spectrums £33 A& couplingdtil &=
F4E5 FAdaa(Figure 25), HMQCE SallA= &add A4 A+l e
2% (Figure 26), HMBCE a4z 2t wh&ol di3l long—range A% 3t
£ 4 fAsgittFigure 27). o e As ngoz A3} vast 4

7} compound 4> 3—0O—a—L—arabinofuranoyl—8—methoxyquercetin® = &

_34_



A3t o (Figure 22), dA7FA o] 3}shE 9] NMR datas= proton data®t &

HA Qi ASRE, B =o)X carbon NMR data:= *5 931t

Figure 22. Chemical structure of compound 4

Table 4. 'H and "®C NMR data of compound 4

No Compound 4
' Sy (int, mult, J Hz) Sc

2 159.0
3 134.9
4 180.0
5 160.3
6 6.23(1H, s) 100.7
7 158.1
8 129.5
9 150.6
10 105.1
11 3.88(3H, s) 62.0
1 123.3
2' 7.59(1H, d, 2.1) 116.8
3' 146.5
4' 150.1
o' 6.94(1H, d, 8.3) 116.6
6' 7.56(1H, dd, 2.1, 8.3) 123.1
1" 5.48(1H, d, 3.0) 109.6
2" 4.34(1H, dd, 0.9, 3.0) 83.3
i:: 3.89~3.92(2H, overlapped) ;gg
5' 3.52(2H, m) 62.6
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Figure 24. C NMR spectrum of isolated compound 4
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Figure 26. HMQC NMR spectrum of isolated compound 4
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1-5. 3}&= 5 +% &4

Compound 59 Tz 'H NMR(CD;OD, 400MHz), '"C NMR(CD;OD,
100MHz) & E3}o] &3stglth 'H NMR spectrum 4 A3 § 6.52(2H, d,
J = 85 Hz), 6.90(1H, d, J = 8.5 Hz) 9 signald W= g9 42, 4
T WS AAs A5 = S8k orthofl A olA couplings et WA TEU=
st 4 A9tk & 5.79(1H, d, J = 2.3 Hz), 6.02(1H, d, J = 2.3 Hz) 9
signale EXx 38 sp” F£4 F& WEE ygo iR JAsigdth 5 2,71
(2H, t, J = 7.6 Hz), 3.56(1H, dd, J = 5.3, 12.0), 3.73(1H, m) 2] signal<
methine 739 $4=Z otk 4.87(1H, d, J = 7.3 Hz) ¥ ¢ 3.23
~ 3.31 B9 BA3% signal 2HE glucose?} s} X&E Fxe AHolgk o
AE 9™ anomeric proton peak® coupling constants #O.ZHE R
glucose’7} &A1& Rolgt oAstgitt *C NMR spectrum 24 A7 @49
MF7F = 2170 o)l S & 4 Qth § 206.69) signale carboxyl ®AFE
™, 8 95.7 ~ 166.39) signal> 'H NMR dataolA] <J4stdxl B33
B osp” Ba Fe WFH 1o SRER o] T & 156.4, 162.4, 166.39
signal> A7 =7 & hydroxylZ|7F Ao} 3la Aoz oAdstaltt. o
30.9, 48.79] signal® 'H NMR datalA /439 % methine 7% &i=
At on, § 102.12 anomer carbon® signal® <Al 'H NMR data®l| Al
oA stA T BE L glucose7t AdHo] = Zolzt odHATt AdE F2 T
Z2 7NEow A gzt Tx A8, 1 A compound 5
dihydrochalcone &7 7% 4, 4 ‘Y, 6 ¥ Ao hydroxyl”Z|7} X%+
I, 2" fAe BHY  glucose’t  AFE  phloretin—2'-0-
—D—glucopyranosel. @ FA33tt. o]+= #LHOF phlorizinelzt HF&

(Figure 28).
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1-6. 3t&= 6 +% &4

Compound 69 Tz 'H NMR(CD;OD, 400MHz), '"C NMR(CD;OD,
100MHz) & &t elagitt. 'H3 C NMR spectrum #4 A3}
compound 5% AR Fxo FFEA Zlojgt oAAEUTh. 'H NMR
spectrum 4 A3 6 6.56(1H, dd, J = 2.0, 8.0 Hz), 6.62(1H, d, J =
8.0 Hz), 6.69(1H, d, J = 2.0 Hz) 9 signal> W= 129 F£4=2, A& &
W AA S A w2 T8 ortho, meta$liA A coupling= sk W T EY
S A9 & A9k 6 5.95(1H, d, J = 2.1 Hz), 6.17(1H, d, J = 2.1
Hz) 9] signald X319 sp” F4 & WS 189 F428 A8ttt §
2.82 (2H, t, J = 7.2 Hz), 3.44(2H, m)9 signal® methine %9 4%
Jastadct. 8 5.04(1H, d, J = 7.3 Hz) 9 ¢ 3.24 ~ 3.33 9] H3sh
signal2 %5 glucose’} 3ty X3 F2YU Folz} o4EH S ™, anomeric
proton peak® coupling constants FO.ZHE BE2 glucose’} A8 Ao

2 e gskgleh °C NMR spectrum ¥4 A¥ &2 A57h F 2170 o4

S o £ gk § 206.69 signald carboxyl BAE AAtEH §95.5 ~
167.79 signal& 'H NMR data®lA o4stgdd Exstd sp” &4 5 w3k
= 789 BAERE o] & §162.4, 166.2, 167.79] signald A7|&AAE7F &

hydroxyl717} Aol A& ZAo= stk 031.2, 48.59 signal> 'H
NMR dataollA o173t methine 729 &4A=7 oiatgion, §102.19
anomer carbon® signal® <Al 'H NMR dataollAl <143t w BE e glucose
7} AgEo]l gle Aolet dAFHIT oA RE TS JRow 2§73
jz3te] Fx T3k, 1 A3 compound 6 phlorizin %2 3 $A

o hydroxyl7]7} A¢¥ 3—hydroxyphlorizin® 2 &% 3%t} (Figure 29)
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Figure 28. Chemical structure of compound 5

Figure 29. Chemical structure of compound 6
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Table 5. 'H and >C NMR data of compounds 5 and 6

Compound 5 Compound 6
No. - No. ;
Su (int, mult, J Hz) 8c Su (int, mult, J Hz) Sc
1 134.0 1 134.8
2 6.90(1H, d, 8.5) 130.5 2 6.69(1H, d, 2.0) 116.4
3 6.52(1H, d, 8.5) 116.2 3 144.3
4 156.4 4 146.1
5 6.52(1H, d, 8.5) 116.2 5 6.62(1H, d, 8.0) 116.7
6 6.90(1H, d, 8.5) 130.5 6 6.56(1H, dd, 2.0, 8.0) 120.8
7 2.71(2H, t, 7.6) 30.9 7 2.82(2H, t, 7.2) 31.2
3.56(1H, dd, 5.3, 12.0 )
8 48.7 8 3.44(2H, m) 48.5
3.73(1H, m)
9 206.6 9 206.6
1' 106.8 1 106.8
2' 162.4 2' 162.4
3' 6.02(1H, d, 2.3) 95.7 3' 6.17(1H, d, 2.1) 95.5
4 166.3 4' 167.7
5' 5.79(1H, d, 2.3) 98.5 5' 5.95(1H, d, 2.1) 98.5
6' 167.7 6' 166.2
1" 5.03(1H, d, 7.3) 102.1 1" 5.05(1H, d, 7.3) 102.1
2" 74.8 2" 74.8
3" 78.6 3" 3.24~3.33 78.5
4" 3.23~3.31 71.2 4" (4H, overlapped) 71.9
5" (6H, overlapped) 78.5 5" 78.6
3.57(1H, dd, 5.3, 9.5)
6" 62.5 " 62.5
3.91(1H, dd, 2.0, 9.5)
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Figure 31. *C NMR spectrum of isolated compound 5
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Figure 30. 'H NMR spectrum of isolated compound 5
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Figure 32. 'H NMR spectrum of isolated compound 6
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Figure 33. ®C NMR spectrum of isolated compound 6
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1-7. 3482 7 +% T4

Compound 79 Tz 'H NMR(CD;OD, 400MHz), '"C NMR(CD;OD,
100MHz) & &3tel 2Hlstgith. 'H#k C NMR spectrumelA A3 A<
quercetin® peakEo] #HAEHUT 7 5 'H NMR spectrum #4243 6
5.45(1H, d, J = 3.0) ¢ anomeric proton peak$®} coupling constants #O. %
BE o¥9 arabinose’t &A1 Zolgt oAkttt °C NMR spectrum ¥4
A3} §109.59 anomeric carbon peak®} & 62.6 ~ 88.12 5709 signal=%-
B 589 a¥ 9 arabinose’t AFE T2Y Aol HY. olF AW
¥ Blwd] ¥ A¥ compound 7+ quercetin—3—O—a—arabinofuranoside &=

EAsF o, o] AEHWOE avicularin ©|2} HE}(Figure 34).

1-8. 3t&= 8 +x% &4

Compound 8¢ T+%+ 'H NMR(CDs;0D, 400MHz), *C NMR (pyridine—ds,
100MHz) & E3to] &astgdet. 'H¥ C NMR  spectrum #4 A3
compound 78 PFRH7IR|Z AP Al quercetin® peakEs°o] #FHEHHAY. I F
'"H NMR spectrum®lA] 6 4.91(1H, d, J = 7.3)¢] anomeric proton peak}
coupling constants #FHOZHE BH glucose’} A Alole} oAt}
YC NMR spectrumeld & 109.5¢] anomeric carbon peak®} & 62.8 ~
79.08] 6709] signalZHE 6©E] BHE glucose’t A¥E T2 Zlojgt o
AE gt o]& Bd*W3 nmEl 2 A7 compound 8% quercetin—4'—0—f

—D—glucopyranoside® %743} t} (Figure 35).
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Figure 34. Chemical structure of compound 7

Figure 35. Chemical structure of compound 8
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Table 6. 'H and >C NMR data of compounds 7 and 8

Compound 7 Compound 8
No. ; No. .
&y (int, mult, J Hz) Sc &y (int, mult, J Hz) Sc
2 158.8 2 149.4
3 134.8 3 139.1
4 179.9 4 178.0
5 163.1 5 162.9
6 6.17(1H, d, 2.1) 100.5 6 6.14(1H, d, 1.8) 99.8
7 167.8 7 166.2
8 6.35(1H, d, 2.1) 95.2 8 6.31(1H, d, 1.8) 94.9
9 159.2 9 158.0
10 105.2 10 105.0
1 123.0 1 128.0
2' 7.52(1H, d, 2.1) 116.8 2' 7.70(1H, d, 2.0) 117.7
3' 146.5 3' 148.6
4' 150.1 4' 147.2
o' 6.89(1H, d, 8.3) 116.5 o' 7.23(1H, d, 8.7) 118.3
6' 7.48(1H, dd, 2.1, 8.3) 123.2 6' 7.62(1H, dd, 2.0, 8.7) 120.8
1" 5.45(1H, d, 3.0) 109.5 1" 4.91(1H, dd, 7.3) 104.0
2"  4.32(1H, dd, 0.9, 3.0) 83.4 2" 75.4
3" 3.86~3.91 78.8 3" 3.45~3.57 79.0
4" (2H, overlapped) 88.1 4" (4H, overlapped) 71.6
5" 3.50(2H, m) 62.6 5" 79.7
3.76
(1H, dd, 5.1, 12.0)
6" 62.8
3.94

(1H, dd, 1.8, 12.0)
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Figure 36. 'H NMR spectrum of isolated compound 7

50

- EiE i

Xz parts per billiion 1 130

B 2B I

i 8 51 §

Figure 37. *C NMR spectrum of isolated compound 7
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Figure 39. *C NMR spectrum of isolated compound 8
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1-9. 3t&= 9 +x &4

Compound 99 Fx+¥ 'H NMR(pyridine—ds, 400MHz), '*C
NMR (pyridine—ds, 100MHz) S F3&to] &3ttt 'H NMR spectrum 4]
A7 § 6.87 ~ 7.899] signald E¥3t¥ sp° 54 L wEgE 7o £
7 oAEglom, 7 F 6 7.44(2H, dd, J = 7.3, 7.6 Hz), 7.51(1H, t, J =
7.3 Hz), 7.89(2H, brd, J = 7.3 Hz) 9 signal> A% ¥ AAS 45 s
53t ortho #1A1°A coupling= stil &= o 4 ST 6 5.88(1H,

d, J = 7.3 Hz) 2 & 3.52 ~ 4.34 ¥ EA3 signalZ2HE] 32

1719S gelstgitt. & 180.09 signald carboxyl B4AE oJAE™, §101.1

64.59] signale 'H NMR dataolA] ostgid B2ty sp” g 52 1)
1o ®AEZ o] F §162.7, 164.49 signald #A7|SAHE7F 2

1
T
hydroxyl7]7} A&+ S Aoz o4stsltt. 6 101.99 anomeric carbon
peak® ¢k4 'H NMR datacllA] oAstd &9 glucose’}t Q& Zolet &l
3 4 glglon, ¥ a vwdt A3 chrysin FAT7%9 7d X do] A

3t¥l chrysin—7—0O—B—D—glucopyranoside &2 %739t} (Figure 40).
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Figure 40. Chemical structure of compound 9

OH O

Table 7. 'H and "’C NMR data of compound 9
No. . Compound 9
&y (int, mult, J Hz) Sc
2 164.5
3 7.13(1H, ) 106.5
4 183.1
5 162.7
6 7.01(1H, brs) 101.1
7 164.4
8 6.87(1H, brs) 95.6
9 158.2
10 106.9
1 131.7
2' 7.89(1H, brd, 7.3) 127.0
3' 7.44(1H, dd, 7.3, 7.6) 129.6
4' 7.51(1H, t, 7.3) 132.4
5' 7.44(1H, dd, 7.3, 7.6) 129.6
6' 7.89(1H, brd, 7.3) 127.0
1" 5.88(1H, d, 7.3) 101.9
2" 4.25(1H, m) 75.0
v 4.38(2H, t, 8.5) 780
4" 71.3
5" 4.36~4.40(1H, overlapped) 79.4
4.43(1H, dd, 6.3, 12.0)
6" 62.5

4.60(1H, dd, 1.8, 12.0)
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Figure 42. "*C NMR spectrum of isolated compound 9
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1-10. s}t&E 10 7= 574

Compound 109 %3+ 'H NMR(CDCls, 400MHz), *C NMR(CDCls,
100MHz) & E3}o] &8ttt 'H NMR spectrum ¥4 A3} o35 9] signal
o] § 0.87 ~ 2.77°] ®E3IFom, ol X3} w35 iel sp’ T3] ¥
3= AR AAsEATE 6 4.13(2H, m) 9] signale A7 SA RV & X377}

A3 o] 9IS Aolgt AJAHUT, § 5.30 ~ 5.41(2H, m) e B3 signale
sp” EA3te] Bolst= Faet o Astith °C NMR datacl A% vlx7bA & of
BBl gignale] & 14.2 ~ 34.69] Bxstgorn o= x3ld sp’ A ga=

Astgdom, 5 128.1, 128.2, 130.2, 130.49] signale Z¥3d sp° &4
g2 oaksldn v wa Wad 'H NMR data® 913 °C NMR datae] <
z3lo] 2820310 )24 S AA compound 10 ethyl linoleate® %743}

At} (Figure 43).

é
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16

Figure 43. Chemical structure of compound 10

Table 8. 'H and '>C NMR data of compound 10

18

Compound 10

No. Sy (int, mult, J Hz) Sc
1 174.1
2 2.28(2H, t, 7.5) 34.6
3 25.1
4 27.4
5 29.3
6 29.6
7 29.8
8 29.4
9 130.2

5.30 ~ 5.41(2H, m)

10 128.1
11 2.77 (2H, t, 7.0) 25.8
12 128.2

5.30 ~ 5.41(2H, m)

13 130.4
14 2.03 29.6
15 29.4
16 32.1
17 22.8
18 0.87(3H, t, 6.5) 14.2

-OCHz- 4.13(2H, m) 60.4

-CHj; 14.4
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Figure 45. >C NMR spectrum of isolated compound 10
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1-11. 3}3&E 11 +% =74

Compound 119 %3+ 'H NMR(CDCl;, 400MHz), '"C NMR(CDCls,
100MHz) & E3}o] &8¢t 'H NMR spectrum ¥4 A3} o35 9] signal
& 6 0.80 ~ 1.56°] B3 or ol £3 ©alFio] sp’ EAF e o)
v F4R st ¢ 3.17(1H, dd, J = 4.4, 11.2) 9 signale A7 A%
7} 2 Aavh A Y sp’ EASFl st Faw dAdstdoh £ 6
5.51(1H, dd, J = 3.6, 7.6) 9] signal2 sp” EA9 Fa= oiadc. ¥
NMR spectrum 41 Ay vp7bA R, 82 signale] 6 15.6 ~ 55.7¢]
Bzl on o]= 'H NMR spectrumeolA oJAetdd Z3ld sp’ E4 @i
AstTt 8 79.2¢14 YER}FE signale 'H NMR spectrum®] A
d A7 S =7 2 Y47 Q%3] deshielding® ©az Qe 3t 7o
hydroxyl7} A k&7 oAArstdch 6 117.1, 158.39 signald E3xE3+H
sp” EA waz Fgosgitt vz Jdast 'H NMR data® 13 C NMR
data®] 9= 3273 wlwde] compound 115  triterpene2

Taraxerol® 5743l th(Figure 46).

23 24

Figure 46. Chemical structure of compound 11
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Table 9. 'H and "’C NMR data of compound 11

Compound 11

No. &y (int, mult, J Hz) Sc
1 38.2
1.91(1H, dd, 2.7, 14.4)
2 27.3
2.03(1H, dd, 3.2, 12.5)

3 3.17(1H, dd, J = 4.4, 11.2) 79.2
4 38.9
5 55.7
6 19.0
7 35.3
8 39.1
9 48.9
10 38.0
11 17.7
12 36.0
13 37.9
14 158.3
15 5.51(1H, dd, J = 3.6, 7.6) 117.1
16 36.8
17 37.7
18 49.5
19 41.5
20 29.0
21 33.9
22 33.3
23 0.92(3H, s) 28.2
24 0.81(3H, s) 15.6
25 0.80(3H, s) 15.7
26 1.08(3H, s) 30.1
27 1.56(3H, s) 26.1
28 0.97(3H, s) 30.0
29 0.90(3H, s) 33.5
30 0.94(3H, s) 21.5
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Figure 48. >C NMR spectrum of isolated
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1-12. 3}3&E 12 +% =74

Compound 129 %3+ 'H NMR(CDCl;, 400MHz), '"C NMR(CDCls,
100MHz) & E3}o] &8¢t 'H NMR spectrum ¥4 A3} o35 9] signal
& 5 0.78 ~ 1.020] Exagon ol T3} ©5}5a sp? £ Bos)
= FAR A8tk 8 1.673H, )9 signaliE sp” A wA Aol 2o gl
= methyl7]9g oae 4 glglen, §2.36(1H, dt, 5.8, 11.0), 3.19(1H,
dd, 4.7, 11.5)9 signald A7|SAE7F 2 A4t adal = sp’ EA3
Bosts FaR AAeATt w3 6 4.56(1H, dd, 1.1, 2.4), 4.68(1H, d,
2.5)9 signald sp” A9 £z dAstett *C NMR spectrum ¥4 A3}
np A 2 O] signale] 8 14.7 ~ 55.5¢) ¥ 3o o] 'H NMR
spectrumol Al AsIAW 2349 sp’ EA wrw oAetdth. 8 48.2, 79.2
oA YeltE signal® 'H NMR spectrumell A ojAstgdd A71gA =71 &
As7F Q4] deshielding® ®AZ Q3 a, Hojm s o]
hydroxyl7} QA &&7F oAskstt. 6 109.5, 151.1¢ signale EX3HE
sp’ 4 waw #astgich vlwd Jaidk 'H NMR data® <181 °C NMR
datac] ¢l&3ste] 2381%¥ 3 vl w3l compound 12% triterpenes+2] lupeol®

=48t (Figure 49).

Figure 49. Chemical structure of compound 12
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Table 10. 'H and "*C NMR data of compound 12

Compound 12

No. X
Su (int, mult, J Hz) Sc
1 40.2
2 25.3
3 3.19(1H, dd, 4.7, 11.5) 79.2
4 38.9
5 55.5
6 18.5
7 34.5
8 41.0
9 50.6
10 37.3
11 21.1
12 27.6
13 38.2
14 43.0
15 28.2
16 35.8
17 43.2
18 48.5
19 2.36(1H, dt, 5.8, 11.0) 48.2
20 151.1
21 30.0
22 39.0
23 0.96(3H, s) 27.7
24 0.75(3H, s) 15.5
25 0.82(3H, s) 16.3
26 1.02(3H, s) 16.1
27 0.94(3H, s) 14.7
28 0.78(3H, s) 18.2
4.56(1H, dd, 1.1, 2.4)
29 109.5
4.68(1H, d, 2.5)
30 1.67(3H, s) 19.5
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Figure 51. >C NMR spectrum of isolated compound 12
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2. HPLC ¥4 A

94 AH (Ciw) = ol&sto] of1vjuy EtOAc fraction % #23F 3=
v #]lsigitt. HPLC A=2vtET1s] daE B EtOAc fraction®] ¥=
T HMEE Aol 7 #E I AE compound 3, I The AEHUE
compound 6, 4, 702 2l 5 ISTh. T U yERd d =] Fol7t AT
Ao FA YERE=u ol compound 58 8°] H|S2E AlZkoof] e} A A
el Zlow  gRlsigity. wiAge® wEE Azle] b 31 dAs
compound 9% &I ¢tt(Figure 52). Figure 52¢ Yephd 7}7e] A9 EF
< EtOAc fraction®] #2l¥ 33tE 3-95 72 H7lete] €2 A=RntETH

& vepd Aol
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Figure 52. HPLC chromatograms of EtOAc fraction and compounds
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Figure 52. HPLC chromatograms of EtOAc fraction and

compounds (continued)
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compounds (continued)
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Gallic acid EF&q& AHES A= (Figure 53)e AAJsto] of 1w
7HA 70% EtOH &+ % #8&9 T Zdils g%s S4en, 55
1 FEEo T 100 mg T Tkl S+ gallic acid®] F(GAE; Gallic
acid equivalents) &2 3FAFEto] velUgict. A3 A} FEFEA 19.1 mg
GAE/100 mg, #38E = EtOAc % n—BuOH fraction®lx z+7z+ 45.3, 36.7
mg GAE/100 mgl® w4 ¥ ZYds dFs etk (Figure 54).

ol otE FAkst AFAHetE #do] Qs Folet o)t E T

Calibration Curve(Gallic acid)

1.000
__ 0.800
E /

yv=0.064x-0007

8 e RZ=1.000
L
S 0.400
q: /

0.200

0.000 T T T T |

0 3 3 9 12 15
Concentration(pg,/mL)

Figure 53. Calibration curve for quantification of total phenolics.
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Figure 54. Total polyphenolic compounds of solvent fractions.
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Quercetin EFE& NS AHEs A 34 (Figure 55) & #Adste] ofwjuy-
7FA 70% EtOH F&& 9 #8E9 & ZFotRwolt %S SHs %o, F
mg & st Y= quercetin® ko ® $HAFEFY]
EtOAc fractionolX 7} £ ZeH o=
sheks veblon, 7 e BekS u 98.0 mg quercetin/100 mgl 2 EtOAc
fraction 718 o Z#R ol Ao stgEol s Zolgt odHdn

(Figure 56).
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Figure 55. Calibration curve for quantification of total flavonoids.
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Figure 56. Total flavonoids of solvent fractions.
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3—3. DPPH radical 24 &4
3-3-1. F¥=& 4 3£ DPPH radical &4 &4

ol 1wy 714 70% EtOH F=& % w3 &2 DPPH radical &4 45
S FEE BEEEC dstel 100, 50, 25, 12.5, 6.25 ng/mLe] §
LR AR sEE 204 FolWHA AdS AAste], SCs #t= AT 1
A3} SCso #ko] EtOAc fraction 19.63 ng/mL, n—BuOH fraction 18.32 n
g/mLE tF¢l vitamin C(7.11 pg/mL) HUthE "oz A4l o]E A £

DPPH radical &7 &4do] &S &eld 4= At (Figure 57 2 Table 11)

100

40

20

DPPH radical scavenging activity (%)
o

Vitamin C Extract f7-Hex fr. EtOAc fr. /7-BuOH fr. HzO fr.

W 6.25 pg/mL 212.5pg/mL EW25pg,/mL BW50pg/mL =100 pg/mL

Figure 57. DPPH radical scavenging activities of solvent fractions.

Table 11. DPPH radical scavenging activities (SCs0) of solvent fractions.

SCso(ug/mL)
Extract 40.32
n—Hex >100
EtOAc 19.63
n—BuOH 18.32
H>0 >100
Vitamin C 7.11
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3—-3-2. 28 % 33E&° DPPH radical 24 @A 238 Az

1ol A#ZF¥Y DPPH radical &7 @7do] U3Ad EtOAC fraction®= ¥l
E2#E  compoundEe] ta DPPH radical 474 AL =Asch
Compound 2¥& A3t BE compounde] tha] 100, 50, 25, 12.5, 6.25 u
g/mLe FEE A2 HAE, SCsotka Artstitt. 11 A3 ZetR o] =4l
compound 3, 4, 6, 79 SCsokel 747} 15.73, 25.39, 32.75, 17.23 pg/mLo]
Aot ol pM=E b AAbeE A3 compound 3, 4+ 717} 54.23, 54.71 n
M=ZE thZ+<l vitamin C(54.22 uM) W £ DPPH radical 274 @48 ®
31, compound 6 72.39 uM W Ftvitamin C(54.22 M) 52 o} A wk
ol &% %2 DPPH radical 2271 €4°] 3la& AT 5 Ao vpx=e
2 compund 7< 39.69 pM=Z W Z++9l vitamin C(54.22 pM) Bt} &4 =&

DPPH radical 224 &4do] Q&S AT o Atk (Figure 58 % Table 12).

100

BO

60 +—

20 A

DPPH radical scavenging activity [%)]

VitaminC Cpdl Cpd3 Cpd4 Cpd5 Cpdé Cpd7 Cpd8 Cpd9

W6.25pug/mL W125pg/mL M25pg/mlL ES50pg/mL  W100pg/ml

Figure 58. DPPH radical scavenging activities of isolated compounds.
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Table 12. DPPH radical scavenging activities (SCs0) of isolated
compounds.
Compound
NO Compound name SCso(ng/mL) | SCso(uM)
1 B—sitosterol >100 >241.32
2 daucosterol — —
3 epi—catechin 15.73 54.23
3—0O—a—L—arabinofuranoyl—
4 25.39 54.71
—8—methoxyquercetin
5 phlorizin 75.74 173.67
6 3—hydroxyphlorizin 32.75 72.39
quercetin—3—0—a—
7 17.23 39.69
—arabinofuranoside
quercetin—4'-0O—p3—-D—
8 58.89 126.90
—glucopyranoside
chrysin—7—0—3—-D-—
9 >100 >240.32
—glucopyranoside
Positive . .
Vitamin C 3.68 54.22
control
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3—4. ABTS" radical 274 &4

3—4—-1. &5 9 B Eo ABTS' radical &7 &4

71 % vitamin C& EtOAc fraction®] & ¢ &3t SCs #kS T317] sl =
L5 1.5625 pg/mL7bA] w3 AAE st A3 SCso kel EtOAc fraction
2.38 pg/mL 2 thFEQl vitamin C(2.14 pg/mL)WHE olF =& ABTS'

radical 2A #Ao] 9SS Fdolsk 4 gitl TSl

-

FZ%3 n—BuOH
fraction®] SCso #te] Z+Zb 4.865, 4.32 pg/mL=E vitamin CH.tFE= Eo] x| x| Hl
ol5 A £L& ABTS' radical 274 &4o] J&& FATd + AA(Figure

59 % Table 13).

ABTS' radical scavengingactivity (%)

Vitamin C Extract f1-Hex EtOAc - BuOH H,O
W 1.5625 pg/mL 3.125pug/mL W6.25pug/mL MW125pug/mL ®25ug/mL

Figure 59. ABTS" radical scavenging activities of solvent fractions.

Table 13. ABTS" radical scavenging activities (SCso) of solvent fractions.

SCso (ug/mL)
Extract 4.87
n—Hex 37.23
EtOAc 2.38
n—BuOH 4.32
H>0 23.76
Vitamin C 2.14
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3—4-2. 2% §3E29 ABTS" radical 274 A

9le] AxZRE ABTS' radical &7 &4o] AW EtOAC fractionzH-E]
28%E  compoundEe] ©dl ABTS' radical &4 AL =AY}
Compound 2¥-& A9l3t BE compoundo] ©ial] 25, 12.5, 6.25, 3.125,
1.5625, 0.78125 pg/mLe| &2 APS HASH, SCswks ARtstalvh. 1
A ZR 0] =2] compound 3, 4, 5, 6, 7, 8% SCsozke]l Z+zF 1.48, 3.26,
1.73, 4.28, 2.97, 5.19 pg/mLolith. ol& pM=E A AAksiE A3
compound 3, 4, 5, 6, 7, 8 Zt7ZF 5.09, 7.02, 3.96, 9.46, 6.84, 11.19 pM=
BE thF7¢) vitamin C(13.36 pM) Bt} o}F £& ABTS' radical 27 €4

o] A5 galgd 4= At (Figure 60 % Table 14).

L‘ﬂ”h

Vit.C Cpd1 Cpd3 Cpd 4 Cpd5 Cpdb Cpd7 Cpd8 Cpd9
W0.78125pg/mL  W15625pg/mL  MW3.125pg/mL  M6E.25ug/ml  W12.5pg/mL 25ug/mL

[ary
(]
=

oo
(=]

(=]
=]

=
(=1

P2
=]

ABTS' radical scavenging activity (%]

—

Figure 60. ABTS" radical scavenging activities of isolated compounds.
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Table 14. ABTS" radical scavenging activities (SCsp) of isolated

compounds.
Compound
NO Compound name SCso(ng/mL) | SCso(uM)
1 B—sitosterol >100 >241.32
2 daucosterol - -
3 epi—catechin 1.48 5.09
3—0O—a—L—arabinofuranoyl—
4 3.26 7.02
—8—methoxyquercetin
5 phlorizin 1.73 3.96
6 3—hydroxyphlorizin 4.28 9.46
quercetin—3—0—a—
7 2.97 6.84
—arabinofuranoside
quercetin—4'-0O—p3—-D—
8 5.19 11.19
—glucopyranoside
chrysin—7—0—3—-D-—
9 54.07 129.95
—glucopyranoside
Positive . .
Vitamin C 2.14 13.36
control

_72_



4—1. F&5 49 B35 nitric oxide A oA 2 Ax =4

RAW 264.7 cell& ©]§3dto] of1vjuH 744 70% EtOH F=E+= % #8&
o] ti&t nitric oxide(NO) A A1 9 Mx 574 F7F AP APt ¢
A 100 pg/mLe sE= APS Wdgste] Aol A=A 88k 1 A
LPSe} &mivks A st LPS(+) gk NO AAZFS vwstals w, 70% EtOH
FE=EoA 13.98 uM=Z, 45.97%7} 7FAsH 9™ n—Hex % EtOAc fraction
ol Z+z} 14.22, 12.33 pM=, 42.03, 52.35%7} #Aaste= AS st

(Figure 61). A3 54 7} A3} n—Hex fractione cellol sl k7t HA4

o] A= A& skt (Figures 62).

£ 100

E 75

=

2 50

o

= U __- T T T T T T
= = + + + + +
= + Extract s~ Hexfr. EtOAC fr. /- BuOH fr. H=0 fr.

Sample concentration : 100 pg/mL

Figure 61. NO production inhibitory activities of solvent fractios.

100
=
50
a5
o T T T T T T
- - + + + + +

E gt Extract /-Hexfr. EtOAc fr. M-BuOH fr. Hz0 fr.

Cell viability (%)

Sample concentration : 100 pg/mL

Figure 62. Cytotoxicities of solvent fractions.
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4—2. JEHolAHOE 9] FEH nitric oxide AA A W AxE =A]

9 A2 vlgo® 100 pg/mlL FEoA AEZ EAJo] oA FAlo] 9
 EtOAc fracion®] ©dl 300, 200, 100, 50, 25 pg/mLe L=z AL
W35kt (Figures 63, 64). 71 A3 BRE FToa A EAglo] % o9&

Ao NO A%E AaA7E 28 Sssr

%
[y
o
=]

|
4,

NO product (%)
o B 3

+ + + + +

25 50 100 200 300
Sample concentration : pg/mL

Figure 63. NO production inhibitory activities of EtOAc fraction.

0
- + + + + + +
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Sample concentration : pg/mL
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Figure 64. Cytotoxicities of EtOAc fraction.
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Ab Z9] 55 nitric oxide A oA 9 AM¥E SA4

ol

B~
|
w
i)

9l A3E A e® 100 ng/mL skEolA ofzte] Al HA4do] ARt &ge]
HAY n—Hex fracion®] tha] 100, 50, 25, 12.5 pg/mLe vEZ A3S ¢
A& ATt (Figures 65, 66). 1 A¥ RE sLoA 5L o&F o7

N
Fa A7 As Fsielet ol celle] et SAWE o2 &l

22
s

o
o
=]

NOproduct (%)
o B 8 &

- o 12.5 25 50 100
Sample concentration : pg/mL

Figure 65. NO production inhibitory activities of n—Hex fraction.

ERRETE]
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Sample concentration : pg/mL
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Figure 66. Cytotoxicities of n—Hex fraction.
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4—4, B3 3= nitric oxide A A U AEZ EA

M

RAW 264.7 cells o]&3sto] #2¥ EE compounde| gt nitric
oxide (NO) 4 oA 9 AxL A H7 Ads s ¢4 779
compound 100 pg/mLe FE=Z AYS st dAo] A=A &lsith
7 A¥ LPSsE $Hivke AP LPS(+) ek NO AAZS vwsile o
compound 1, 7, 8, 9 oA 15.24, 19.43, 21.01, 17.29 uM=, 50.22, 36.52,
31.36, 43.49%7F #raskSlth(Figure 66). AX 54 H7r A3 2

compoundE-< celle] thal] ZAo] gl Zoz &t (Figure 68).

=
=
=

|
L

NO product [%])
o B g

i + + + + + + + + + + + + +
- - cpdl cpd2 cpd3 cpdd cpd5 cpd6 cpd? cpd8 cpdd cpdlOcpdllcpdl2
Sample concentration : 100 pg/mL

Figure 67. NO production inhibitory activities of isolated compounds.
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Sample concentration : 100 pg/mL

Figure 68. Cytotoxicities of isolated compounds
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4—5. 3}8+E 8, 99 %9 nitric oxide A A 9 AHEL =A

=2 %¥ compounds To =¥ vlwste] ofz T A U A

e

=7
il A & compound 8, 9°) thste] HEH=E nitric oxide(NO) 2343
AA H AEZ FAS SASAT. AgAF LPSe &vivks Aelst LPS(+) ¢}
NO gA=S B wdtyS w, compound 8, 9 B5F AL AxE =Ao] gon,

B gEHoR NO AL oAs: 2e Fd & 9t (Figures 69, 70).

ol
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I

[ ] ] T T T T 1
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i Sa_mpleunncer%?ratinn :pgfsnglL A

Figure 69. NO production inhibitory activity and cytotoxicity of

Compound 8
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Figure 70. NO production inhibitory activity and cytotoxicity of

Compound 9
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4—6. oHolAEHOE &2 TNF—a % IL-6. IL—18 A A

ASA cytokineo @ &#lF TNF—a ¥ IL-6, IL-1B+ 27] €% Wk
o F oA Zg3r} EtOAc fraction® TNF—a % IL-6, IL-18%S =
sk A3, LPSeF &wints Agd LPS(+) 8 ¥lustsls o
IL-69 IL-1B EF AAo] A= AS gldd + AUtk (Figure 71).

II :
- + + + + + +

5 = 25 20 100 200 300

&

o,

% gEHoz

=
=
L=}

TNF-cproduction(%]
Y -

Sample concentration : pg/mL

3
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o

E FE

3 30

= R

o

[¥=] 0 T T T T T T

=

= - + + + + + +
- - 25 30 100 200 300

Sample concentration : pg/mL

8
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g 5

3
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o
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2'5 a0 100 200 300
Sample concentration : pg/mL

Figure 71. Inhibition of LPS—induced secretion of pro—inflammatory

cytokine TNF—a, IL—6, IL—18 by EtOAc fraction.
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4=7. 33t= 89 TNF—-a % IL-6. IL-18 A4 A

uF7EA 2 compound 89 TNF—a % IL—6, IL-1B%S 543
o} Srivks A3 LPS(+) 9 musdie o Fx oEFoz 1L-19 A4

of <}A =

= AL g3 5 9t (Figure 72).

A3, LPS

i
=]
[ ]

Fad
Ln
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Figure

72. Inhibition of LPS—induced secretion of pro—inflammatory

cytokine TNF—a, IL—6, IL—18 by compound 8.
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4—8. 3}3tE 92 TNF—a % IL-6. IL—-18 A oA
74 2 compound 99 TNF—a % IL—6, IL-18%S =43 A3}, LPS
o} Suivks HElsk LPS(+) 8 vluslis w 5% oJ&4o% IL-6 % IL-1

o
=
B o] Aol ot BF A= AE FAE F AT (Figure 73).
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Figure 73. Inhibition of LPS—induced secretion of pro—inflammatory

cytokine TNF—a, IL—6, IL—18 by compound 9.
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4—-9. oEolAH|o|E ZF9] western blotting

AEA cytokineo® 2zl IL-6 9 IL-1B= %7] 95 Whs o] T2
SHAl 23ttt o]# cytokines FZA3dk= QA= INOS W COX—27F tf3x 2 o]
t}. EtOAc fraction® iNOS 9 COX-29 2ddS =43 Ay, LPSe &)
R AZet LPS(+) 8 vlustgle o sk dEH o= INOSe Td o] &

3] 2ot A gst = ATt (Figure 74).

LPS  (pg/mL) - + + + + + +
Sample (ug/mL) - - 300 200 100 50 25
INOS » oo - ﬂ

COX-2 . S e —— — g—

B'aCtin — — — P—

Figure 74. Result of western blotting on EtOAc fraction
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4—-10. 3}3-= 8, 99 western blotting

n} 374 2 compound 8, 92 iNOS$ COX—2 wWwaoks =43t 4y
compound 82 LPS9} &wiwtS g3t LPS(+) 9} vHlu3RS w 35 &4
o % COX-2¢ #do] Adly= AS AT 4 U3, compound 9+ LPS

o} Grinks A LPS(+) ¢ vkl o iINOSe| 7ol Asfs= e &

Qlst o= gllt}. (Figures 75, 76).

LPS  (ug/mL) = + + + i
Sample (ug/mL) - - 100 50 25
INOS T — ——

COX-2 | T S SR '"""'I
—— 3 g
B-actin | __-_l

Figure 75. Result of western blotting on compound 8

LPS  (ug/mL) = + + + i
Sample (ug/mL) - - 100 50 25

o —— -
B-actin |"_ —— — -—-l

Figure 76. Result of western blotting on compound 9
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5. 37 24 A A3
5-1. F%% 2 BREAFT B4 A7

ol1uivT 74 FEE 9 FEE9] I A SHES HE ZF AAAd
P. acnes 2 S. epidermidise AFE3F3ith. of1uju 71X B8 E F5 n—Hex

F3E2 P acnes ¥ S. epidermidis®] paper disc diffusion test 27 %ko]
Z}7F 12—13 mm, 13—15mm=E %72 erythromycin®} B3RS w, th=x
TS ok F2 F4ol vk s Felshslth( Tables 15, 16).

Table 15. Antibacterial activity of solvent fractions from M. sieboldii

Posiive
Sample
control
70% EtOH | n—Hex EtOAc | n—-BuOH H>0 Erythromycin
clear zone(mm)
P. acnes
- 12 - - - 18
CCARM 0081
P. acnes
- 13 - - - 17
CCARM 9009
P. acnes
- 12 - - - 17
CCARM 9010
Table 16. Antibacterial activity of solvent fractions from M. sieboldii
Positive
Sample
control
70% EtOH | n—Hex EtOAc | n—-BuOH H>0 Erythromycin
clear zone(mm)
S. epidermidis
10 13 - 12 - 21
CCARM 3709
S. epidermidis
- 15 - 10 - -
CCARM 3710
S. epidermidis
- 14 - 10 - 19
CCARM 3711
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H

r
M

= AlFEel AdskE Aes oldste] A It Ve 3HE
= oA N Thede dotr At i ATE ST ANl e A
AT A= T oF iy ZHAFEE ol gete] B Ee

H spg=ol dhel Fatstel Ve gEor &8 rhed Aedde AANs)
Ao et

rir

A

rir

o1 uH(7HA) 70% EtOH FE&&

, n—butanols ¥ H0F o= &ujiE&sta, &= diste] dAtst Hd
(DPPH radical scavenging test), &% % I+ &4 Ads AArsido. 1
A3} gaksl A3 n—hexaned, H:05S At BE FoA £ &4
S HY F EZYdE g9 SR wolt 3= 54 A3 A3, EtOAc
oA AlE 100mg 3 F E2]9=(45.3 mg GAE/100 mg) ¥ ZH-ol=
(98.0 mg quercetin/100 mg) &Ho 2 7} =9kt et &8¢ &4 A3 43}

% EtOAc ®835M 7 £ 242 B

n—hexane%, EtOAc(Ethyl acetate)

ol

Liquid Chromatography), Sephadex LH-20 chromatography,
normal—phased silica gel chromatographyS AFg3te] 3T EES B39
ok 2 E sgES 2 1D, 2D NMRE o] &3ste] Fsigly, 1 AsE
EUjE Fdy nwd 43 F 12709 3eES B - 54

29 3}sES B-sitosterol (1), daucosterol (2), epi—catechin (3),
3—O—a—L—arabinofuranoyl—8 —methoxyquercetin  (4), phlorizin (5),
3—hydroxyphlorizin (6), avicularin (7), quercetin—4'-0—3
—D—glucopyranoside (8), chrysin—7—0—B—D—glucopyranoside (9), ethyl
linoleate (10), taraxerol (11), lupeol (12)°.% 3=t} 1 = 33E
4 (3— O—a—L—arabinofuranoyl—8 —methoxyquercetin) <= 1D, 2D NMR data
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= 23 flavonoid AG9 sgERE oAstda, AtaEdES ol C NMR

datat= ¥ =wolA A5 W3

uebd  F 12789 e sgEel dis datst A9 (DPPH  radical
scavenging test, ABTS" radical scavenging test), &% 2 3 A4 23
S FYs¥Y. 1 A3 DPPH radical &4 &4 A3do)A+=  vitamin
C(ascorbic acid, SCso = 54.22 pM) ¢} vl gS w, 3}3E 3, 4, 6, 79
SCsogkel 242y 54.23, 54.71, 72.39, 39.69 pM=Z thx+"?l vitamin CYHE9]
3k ksl Bdo] 9SS 4 4 deh Ee ABTS' radical 24 &4 4
o A= vitamin C(ascorbic acid, SCso = 13.36 pM) &} Hw S o, 3}3=
4, 6, 79 SCsotkel Z+2F 5.09, 7.02, 3.96, 9.46, 6.84, 11.19 pM=Z E5F
ZQl vitamin CHTF o} F& ABTS' radical 274 40| A5S <l

919lct.

uieu)

w

’

sk

4>;

a4 A3 4% NO A4=S vusisls o, 3FE 1, 7, 8, 9 A
15.24, 19.43, 21.01, 17.29 yM&, 50.22, 36.52, 31.36, 43.49%7} 7433
om ol ME H54 glo] 2 Aol YEES 1T 5 ST o] & ofA
g G4 2 AX sS4 & Rusx ¢k s3HE 8, 99 tiste] sEEE
Ast Aap AFE ZAGle] FEoEHOE NO A o] ZFoj5S st
EtOAc &85l el sz Aest 43 54 cytokine?! IL-6% IL-1
B AN FEEAHOE FHAhHE Z
A A3} INOSY COX—2 &3t FroEdor 7
ok w3 3EE 8, 99 M E wEERE A3 dx 3TE 8L dFA
cytokine?l IL—-1B Al s=oEHoT FaH:= Zg e + o,

7;

western blotting 23843 COX—-2 T3t FEE£X 0T ZHAryE S &geld

S AY Ay ) Z27¢ erythromycingt Bl2ER S w], tiFRLuE
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