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Abstract

Identification of Anti—oxidative, Skin—whitening, Anti-inflammatory
and Anti—bacterial Constituents from the Stems of

Acanthopanax koreanum

Seung Ri Mun
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Nam Ho Lee

In this study, anti-oxidative, whitening, anti-inflammatory and anti—bacterial activities
were screened on the extracts from the stems of Acanthopanax koreanum and

their active constituents were isolated and identified.

A. koreanum was investigated to identify the constituents possessing anti-oxidative,
whitening, anti-inflammatory and anti-bacterial activities. The dried A. koreanum (1
kg) was extracted three times for 24 hours using 70 % EtOH. The obtained ex-
tract was successively partitioned into 7-Hex, EtOAc, n~BuOH and H»O fractions.

On the anti-oxidative test, EtOAc fraction had good DPPH radical scavenging
activity. Moreover, n—-Hex and EtOAc fractions had potent whitening, anti—inflamm-
atory and anti-bacterial activities.

Therefore, further phytochemical studies were conducted for the n-Hex and
EtOAc fractions, which led to isolation of eight constituents such as 3,4-dihydrox-
ybenzoic acid (1), 3,4-dihydroxybenzoic acid methyl ester (2), caffeic acid (3),

chlorogenic acid methyl ester (4), coriolic acid (5), 16a-hydroxy-17-isovaleroyl-

- viii -



oxy-ent-kauran-19-oic acid (6), 16a-hydro-17-isovaleroyloxy—ent-kauran—-19-oic
acid (7) and kaurenoic acid (8). As far as we know, compounds 1-5 were
1solated for the first time from this plant.

In order to study the skin-related properties for the isolated compounds,
bioactivity screenings on anti-oxidative, whitening, anti-inflammatory and anti-
bacterial tests were conducted.

On anti-oxidative test, the compounds 1, 2, 3 and 4 showed good DPPH
radical scavenging activity. On the skin-whitening activities, the compounds
6, 7 and 8 inhibited the cellular melanogenesis and tyrosinase activities dose—
dependently in a-MSH-stimulated B16F10 cells. In anti-inflammatory screenings,
the compounds 2, 4, 6 and 7 significantly inhibited NO, TNF-a and IL-6 pro-
duction dose-dependently in LPS-stimulated RAW 264.7 cells. On the anti-bacterial
activities, the compounds 2, 3, 5, 6 and 8 showed the moderate anti—bacterial

activities against bacteria causing skin infection.

Based on these results, A. koreanum stem’s nHex, EtOAc fractions and/or

1solated compounds could be potentially applicable as cosmeceutical ingredients.

_ix_
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3-1. ALy 2719 5 %

Az 2 23 " 1 kgs 70%((v/v) EtOH 20 Lol ¥ A-2oA 24 AJ7F wyk

sdth. HEAQ ARE A olsk FHE ol gatel ofdw Astgov], ol

2o o R FEsh Al diste] B3 2o 23] ¢ wHE A AS U
olgAl oAt Ao AL 40T olste] 78 oAl FHA FF7](rotary
evaporator) @ &%3lo] 70% EtOH F=% 1006 g2 At Aox 70%

6
EtOH F&&E& T#5 1 Lol dgA7]a, &1 Z2u7]E o] &3] S4cAd o
gt ¢apFow B3] p-Hex, EtOAc, n~BuOH, ¥ H,O &A= & 4719 &

) 738 S5 AAH(Scheme 1).

Dried stems of Eleutherococcus nodiflorus
1.0 kg

70% EtOH, stirring, 24 h, 3 times

v

Extract
100.6 g (10.1%)

Extract
100.0 g

lSuspended with 1 L H,0 add 1 L n-hexane, 3 times

‘l’ Add 1 L EtOAc, 3 times
n-Hexane layer ¥
4.2 g (4.2%)
‘l, Add 1 L n-BuCH, 3 times
EtOAc layer v
100 g (10.0%) ) I

n-Butanol layer H,O layer
24.4 g (24.4%) 55.4 g (55.4%)

Scheme 1. Procedure of extraction and fractionation

from A. koreanum



SR s F dojx 7 B3 FE F EtOAc 8 E 50 g& FAd wet
cAA o ® Al sEet] 918kl MPLC

graphy)E& 33 th EtOAc +8 % 50 g2 MeOH 8 mLel =o]a 045
um PVDF filterE o] &3] o33 & FAstA 2™ columne 94 A2
(Cip)& AbgstTh 71271 &8s o]&3dl MeOH:H.0(10—90%, 80 min),

MeOH(90—100%, 10 min)¢] &wjxds2 IS4 H&S SAA o YUauA 7t

(medium pressure liquid chromato-

ZF 40 mLA §EAIA F 43709 fractions AT

MPLC fractions % Fr.7-92 ¥ compound 1(196.0 mg)< <At}

MPLC fractiong & Fr.11-12(100 mg)s CHCIl; : MeOH = 3 : 1¢] §wjz71o=2
Sephadex LH-20 column chromatograpysS <33}%] compound 2(11.5 mg)<
AT}

MPLC fractionE % Fr.13-152%E compound 3(100.8 mg)S A} tHScheme 2).

EtOAc layer
(509

MPLC (ODS-Cy5 CC)
MeOH:H,0{10—+100%)
Step gradient, 40 mL each

oy bbby v |

Frl eee Fr7 Fr8 Fr9 Frl0 Frll Frl2 Frl3 Frl4 Frl5 eee eee Fr43

Hrl llll,, |

Compound 1 Fr11-12 Compound 3
(196.0 mg) (100.0 mg) (100.8 mg)

Sephadex LH-20 C.C.
CHCl;:MeOH=3:1

Compound 4
(11.5 mg)

Scheme 2. Procedure of isolation of compounds 1, 2 and 3

from A. koreanum



3-2-2. VLCeoll 9J3+ #3234

SUREY = Qdojd 7 BY FZ F EtOAc BYE 48 g Ao wa

AN

sz o w2 A Egst7] ¢18te VLC(vacuum liquid chromatography)-£
normal phased silica gel® %3 glass columng ©°] &3t VLCE 43
stk 71€7] &S o83l nHexEtOAc(0—100%), EtOAc:MeOH(90—
100%)9] Sz E2 F4 HES 5 10 or 20%% =olWA ZH7ZF 300 mLA &
EA7 F 27709] fractionS AATH

VLC fractiong & Fr.2-4(150.0 mg)= nmHex : EtOAc = 1 : 19] §vjx=710 =2

normal phased silica gel column chromatograpysS <33t%] compound 4(11.5

mg)S AATHScheme 3).

EtOAc layer
(4849)

VLC (Silica gel C.C)
r-HexEtOAc(0—100%), EtOACMeOH(0 —100%)
Step gradient(5, 10 or 20%), each 300 mL

Vol |

Frl Fr.2 Fr3 Frd eee 0o eee Fr.27

|

v

Fr2-4
(150.0 mg)

Silica gel C.C.
-HexEtOAc=1:1
v

Compound 4
(11.5 mg)

Scheme 3. Procedure of isolation of compound 4

from A. koreanum



3-3-1. VLCell ¢J3t #8374

Sl 28 F Ao 7 28 FTE T nHex 28E 40 g5 S0 wet
sz o2 AE3sH7] fsted VLC (vacuum liquid chromatography)-£
normal phased silica gel® %13 glass columne ©]&3o VLCE 43
stttk 71€7] 88We ol &3] nHexEtOAc(0—100%)e] &mjzAaE2 F4
H &S 5 or 10%% s=olmA] ZH2E 300 mLA §&A17A % 157019 fractions A
o}

VLC fractionE & Fr2°2 2 5E compound 8(222.2 mg)S ATt

VLC fractionE % Fr.3(50.0 mg)S CHCl 100%9] Sz o2 Sephadex
LH-20 column chromatographyE <~33le] compound 7(17.0 mg)S AT
VLC fractionEs % Fr.6(180.0 mg)S CHCl3 100%9] SwizHd o= Sephadex
LH-20 column chromatographyE <~33}%] compound 5(18.3 mg) % compound

6(31.4 mg)S AAH(Scheme 4).

n-Hex layer
(4.0 g)

VLC (Silica gel C.C.)
M-Hex:EtOAc(0—100%)
Step gradient(5 or 10%), each 300 mL

! | ! | |

5 il Fr2 Fr3 [ XX ] Fr6 eee e0e Fr15
Compound 8 Fr3 Fr.6
(222.2 mg) (50.0 mg) (180.0 mg)

Sephadex LH-20 C.C. Sephadex LH-20 C.C.
CHCl; 100% CHCI; 100%

Compound 7 Compound 5
(17.0 mg) (18.3 mg)
Compound 6
(314 mg)

Scheme 4. Procedure of isolation of compounds 5, 6, 7

and 8 from A. koreanum

_10_



4. HPLC #4143

Ae7touF £7] EtOAc +8EolA el s3ts T vlud JFo s EX)
gt compound 1% 3e thet B4 2 BFEAS HPLCE F33utt stdE
o] AAEAM = 10 mg/mLE 52 EtOAc layere] #2]¥ compound 13 3<%
Ztzk A7k § 045 pm PVDF filterg o] &3 ol3st o g RAste],
compound 17 3 7/fHEZ H7H S w S7tH = I3E 7HA 3 SEE #iE
B AZHE ety stetE A= 8w compound 13 39 ZHz 3
F3el= 3,4-dihydroxybenzoic acid (Cas:99-50-3, Sigma-aldrich Co.) % caffeic
acid (Cas:331-39-5, Sigma-aldrich Co.) T8 NS AF&38te], Aozl =9 HA
A s AL 7 sgEY] ARs A HAGASE s ARSI AS

24438171 9138l 3,4-dihydroxybenzoic acid % caffeic acid =2 7+ 1,000

HlE AZ 10 pLA S 30T ZE oA #4sk=d HPLC (Waters Co.
600 Pump)E &3k, AMg® Z§E B HE7|= 47 INNO  Column
(250%4.6 mm, 5 pm) % UV-Visible Detector (Waters Co. 966 PDA 254.0 nm)
o]t &7 N acetonitrile/0.1% acetic acidS AFg3dte] th&o xAdoz 7]&
7] S8A1 A A, 1.0 mL/min®] &5 22 60 &<t 45k tH(Table 1).

Table 1. Gradient elution condition for HPLC analysis

Time (min)  Flow (mL/min) 0.1% acetic acid (%)  Acetonitrile (%)

0 1.0 90 10
15 1.0 60 40
30 1.0 30 70
42 1.0 5) 95

45 1.0 90 10

_1‘]_
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5-1. & Zedl=s IF54 4

% Z9E9 IS Folin-DenisHS ¢zt wdslo] AAEAh WA gallic
acid 28NS AHESte] ZoldlE =9 AFS A% ZEFHoR o] 8353
o} ¥4S Fdelr] 918l gallic acid 1 mgS DMSO : EtOH =1 01 €9 1
mLel| =] stock solutiong A|Z3}al, o]E 31.25, 625, 125, 250 ¥ 500 ug/mL7}
T % &3 ELISA (Enzyme-Linked ImmunoSorbent Assay) reader® 700 nmol
M FEEE SAHS] EEaAs sl 24 AlRES 1 mg/ml v== &)
00 puLE microtubedl F3til FTHF 900 uLE 713+
total volume®] 1 mLo| H %% 343t o 7] 100 ul Folin-ciocalteu’s phe-
nol reagentE F7}slo] & &3hs & Ao 3 73 WAL o] fdd 7%
NaxCOz & 200 uLE 7}s8te] &£§3tal, =75 700 uLS 718k total volume®©]
mLo] H&=5 3Aste] Ao 1 AZF BXg 5 s FHste] fok 54

gk o R 700 nmollA FEEE SA5t, EEvs s s st

2
A
rO
)
o
o
oo
2
—

5-2. DPPH radical 2424 A3

DPPH radical 27 &4 232 Blois 4" $&3%x, Ay s
I Zr) 96 well plateo] sE=E =2 3435 sample &9 20 pL (in EtOH)<} 0.2
mM DPPH (in EtOH) &< 180 uL& &&ste] d=olA 107F A7l &,
ELISA ReaderE ©]-&3le] 515 nmoll A &3 =S =4

2AE(%)E vl Ao o] Aitetsiew, Z Al27F DPPHE 50% A& a
o] FE(SCx)E Tatuth ZF Al 33 wtEAFS A st HAFgs ot

At o] W XS vlwetr] 93 s A EE vitamin CE AFE3H T

_12_



A

sample Ablrmk )

Radical scavenging activity(%) = (1— ¥ x 100

control

Acontrol - 515 nmell A DPPH<] o )
Agample © 515 nmoll A sample®} DPPH %H-$-¢f 9]

A

E[O{t

Apank 515 nmoll A sample AHA 9] &4 %=

6. B16F10 murine melanoma cellS ©] &3l njm g 213

671. A‘ﬂ _\’;L—_HH oo}:

B16F10 murine melanoma cell> S+ A5 23 (KCLB; Seoul, Korea) 2 =%
E] &< "ol 1% penicillin-streptomycin®} 10% fetal bovine serum (FBS)o] 3
¥ dulbecco’s modified eagle’s medium (DMEM, GIBCO, Grand Island, YY,
USA) WA & ARE3slo] 37T, 5% CO: incubator Z71o|A wjdstd o, 39 3H
Aoz Ad wES AP

6-2. Melanogenesis # 31 &4 2138

6 well plated] 5x10" cells/mL29] BI6F10 cells 37T, 5% CO, incubator
Astol Al 2427 A vt & wjAE A Astar PBS (phosphate buffered
saline)® A Z3FA . 28]al 100 nM9] a-MSHE ¥3%3}= wx 2 usls) s
i samples A gste] 72A17F sob wiksidth widke]l EuW wiAlE PBS
buffer® A 23+ % trypsin-EDTAZS A g]dle] AEXE 353 o] 4 A
A s Aol AAE pelletihs F g} Pelletoll sonication buffer (6.7 mM sodium

phosphate buffer containing 1% triton X-100 and 0.2 mM PMSF)Z Yo

sonicatoion 3 & THA| YAEZE Aldstth EEld A5 S L-DOPASF v
SAlA ELISA reader ©]83}4] 475 nmoll Al intracellular tyrosinase A3 &4& =

_18_



ch) 6]—2} al, pellet% 1 N NaOH= 7@,7]—5_ —-‘;Z ELISA reader O]

o=

o=

§3ko] 405 nmolA &

=243 melanin contentsE &1t} o] w A4S wwElry] 95k nju A

2= melasolv(20 uM)E AH&-3}91 T

6-3. MTT AME=A A3

= u

6 well plateo] 5x10* cells/mL<] B16F10 cell& 37C, 5% CO; incubator %71
Sholl Al 24A1%F A vl kgt

o "l%‘, HHX]%

A Askal PBS (phosphate buffered
saline) = A &3t} 18

3100 nM2] a-MSHE ¥ 3sl= A= wgheFa
samples A glsto] 72A17F FQF vt Th o] % wjFde 500 pg/mL FEE
7

B MeA ¥ A5Ae 9

MTTA kS #H7bele] 34] =

o 1=

8] A AsEA T
Cell viability:= A4 % formazans DMSOZ =9 570 nmoll 4] ELISA reader

dall Frtstaion, e Aol ofs) AatE A

. J Asa,mple
Cell viability (%) = X100

control

Acontrol : %UH% 7_4 E]?l' 3?‘ ‘c:)] A

Agample - sample2 A 83 & F A ¥ formazan® 4=
I9)

_14_



7. RAW 264.7 murine macrophage cellS ©] &3t A& 27
71 AEe)

RAW 264.7 murine macrophage cell> =M XX 23 (KCLB; Seoul, Korea)
o 7 HE EF do}l 1% penicillin-streptomycin® 10% fetal bovine serum(FBS)
o] 3Ff% dulbecco’s modified eagle’s medium (DMEM, GIBCO, Grand Island,
YY, USA) WA & AF&3ste] 37T, 5% CO: incubator 7104 wjdslsiom, 2

A HACE AU wjYgs AldstA
7-2. Nitric oxide (NO) A A A2

24 well plateol] 2x10° cells/mLe] RAW 264.7 cellS 37°C, 5% CO; incubator
ZAske A 18417 A ket ek 183 1 pg/mLe LPS7F £3d A= W
3hal 3L samples A 2lsko] 24A17F viFat Attt A E NOS 2 Greiss Al
°F(1% sulfanilamide, 0.1% naphthylethylenediamine in 2.5% phosphoric acid)
S Ab&ste]l AlEujE Fol EAE= NO2 o dHl= SAHsAh 96 well
plateol] A A Zufkd 100 pL¢t Griess A ¢F 100 pLE &3%slo] 108 F¢F v

L1171 & ELISA readerZ ©]83o] 540 nmolA EH =2 =AY A=

Nl

NO<9| %2 sodium nitrite (NaNO2)E AM&3sto] A4S #As § vlus)
At olu AL wlwelr] 93 FAFAEE 2-amino-4-picoline(10 pM) -

A3 o,

_15_



7-3. MTT Ax54d 43

24 well plateel 2x10° cells/mLe] RAW 264.7 cellS 37°C, 5% CO; incubator

Z73 ol A 1841 A el A, 183l 1 pg/mLe] LPS7F 8% wjA =2 ul
kel =31 samples Al sto] 24A17F v ksl th. o] & mjkAe] 500 ug/mL &
E2 MTTA kS H7bsko] 3AI3F &< BES-A[21

T AT AEs ] A AT
Cell viabhility= A H formazanS DMSO=Z =9 570 nmoll 4] ELISA reader®
ol g3l FAEE FAHE HUsI o, v A 93] A

As‘am'},e
Cell viability (%) = A“—”xmo

control
Acontrol : %‘UH% 7—(43]@' ‘?‘ 63}\6]'11:"]_ formazani’% %%E
Agample - samples A2 et & JAJE formazane] 3%
7-4. TNF-a % IL-6 A4 SA449

24 well platee] 2x10° cells/mLe] RAW 264.7 cell& 37C, 5% CO. incubator
st A 18A1%F A wiFstdth. 1elal 1 pug/mLe] LPS7F E3Hd A=

G AEBjIFA S 7FA a1 ELISA Kit (Life technologies Co. invitrogen)& 4=

450 nmoll A ELISA readerE ©| &3] S35 =48 A#s & v

_16_



Sample?] @& S SAsH7] 8l HF AT Staphylococcus epidermidis
(CCARM 3709, 3710, 3711), Propionibacterium acnes (CCARM 9009, 9010,
0081), Staphylococcus aureus (KCCM 11335) % Pseudomonas aeruginosa
(KCCM 11802) F 870¢] 5 3= WAERE AHERE £ ol AFE3H3]
ty. S epidermidis, S aureus % P. aeruginosa?l 73-%-, w¥ujx|E TSB
(tryptic soy broth)= 3}o] 3AI $ A&t P acnes?] 7d-%, wiSuiA]&

GAM (gifu anaerobic medium) broth® 3&lo] 34t & AR&3}Sic}
8-2. Paper disc diffusion method

Sample®] FHFAS =AH3 7] gl 849 TFFo] W3t paper disc
diffusion Moz AF AA&S FAHSAT P. acnes (CCARM 9009, 9010,
0081)= 0.5 McFarland standard® €52 z#dsto] 15x10° CFU/mL=E 23+
5 0.8% e et GAM iAol Yol 15% e E¥sh= GAM HiA]
flol Fol FAtt. o] F wjA7F =W sampleo] A2l® 274 8 mm paper disc
v A 9ol EelA 37T, 48A1%F w3t 7] wi stk g 5 8" AF
WS A A S (clear zone)d] A7 A7|E =AU S epidermidis (CCARM
3709, 3710, 3711), S. aureus (KCCM 11335) ¥ P. aeruginosa (KCCM 11802)=
05 McFarland standard® x5 Zdsto] 15x10° CFU/mLE %H+

il

o3
=
08% %S Estsl= TSB ujx|o] Yol 15% S Estsl= TSB Hlx|
of Fo] Fit}. o]& wix| 7} Zo W sampleo] A2 E 27 8 mm paper discE
w =z ol e A 37°C, 24417 ot wikstant vk & AW 98 wg A

A& (clear zone)®] 74 A& FAstAth ol wlasty] 93 dd=d=

rr

erythromycin(l mg/mL)E A}-83F T

_17_
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1. 2% 9 u%

L gtet=9 =244

1-1. Compound 1 ¥ compound 29| %34

Compound 1€ "H-NMR spectrumol Al § 7.74(1H, d, 1.9), 7.42(1H, dd, 8.1,
1.9 % 6.79(1H, d, 8.1)¢] signal ortho, meta-coupling 3} benzene ring <=
22 dqAstgd . BC-NMR spectrumol Al 6§ 170.49] signal carbonyl”] & d
ekl & 15167 146.19 signal® deshielding® Z o=z Hol 'H-NMR
spectrum®] signals I1H S w, AVSAH=7F 2 AFAa7F 23S benzene
ring &A% dAatgdrt. ol vigow Yy Hlwd A3} compound 1&
34-dihydroxybenzoic acid® 574 &} tH(Figure 3).

Compound 2= 'H-NMR#Z “C-NMR dataZ #2413 2 A3} 34-dihydroxy-
benzoic acid® FEAZ 948t th 'H-NMR spectrumeolA § 7.41(1H, dd,
84, 2.2), 740(1H, d, 2.2) ¥ 6.79(1H, d, 84)¢] signal< ortho, metacoupling
3} benzene ring 4= AR AL, § 3.82(3H, s)9 signale deshielding ¥
A AR e St A7 =7 2 AT 148 = methoxyl FAR
o 43tk "C-NMR spectrumol Al § 169.09] signal carbonyl”]| 2 o3}
I, 6 15207 146.49] signale deshielding® Ao2 ®o} 'H-NMR datag i

HaAs u A7]SAAE7 2 A7 A58 benzene ring ® AR o gsEA T =
3t § 5249 signal2 deshielding® ZHOo = Hol A7|SAE7 & A7 A

g3 sp’ B daR dgstdd. olg vgor &Yy vl A com-

pound 2% 3,4-dihydroxybenzoic acid methyl ester® & 43} tH(Figure 4).

_18_



Figure 3. Chemical structure of compound 1

Figure 4. Chemical structure of compound 2
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Table 2. '"H and ®C-NMR data of compounds 1 and 2 (400/100 and 500/125
MHZ, in CDgOD)

Compound 1 Compound 2

No.

8¢ Sulint, multi, / Hz) Sc Sulint, multi, / Hz)
1 123.1 122.6
2 115.9 742(1H, d, 1.9) 116.0 7.40(1H, d, 2.2)
3 146.1 146.4
4 151.6 152.0
5 117.8 6.79(1H, d, 8.1) 1175 6.79(1H, d, 84)
6 124.0 7.74(1H, dd, 8.1, 1.9) 123.7 7.41(1H, dd, 84, 2.2)
7 170.4 169.0
8 52.4 3.82(3H, s)

_20_
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Figure 5. '"H-NMR spectrum of compound 1 (in CDs;OD)
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Figure 6. "C-NMR spectrum of compound 1 (in CDs;OD)
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Figure 7. 'H-NMR spectrum of compound 2 (in CDs;OD)
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Figure 8. BC-NMR spectrum of compound 2
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1-2. Compound 3 ¥ compound 49 334

Compound 3 'H-NMR spectrumel A § 7.04(1H, d, 1.8), 6.93(1H, dd, 82,
1.8) ¥ 6.78(1H, d, 8.2)¢] signal< ortho, meta-coupling 3} benzene ring
22 dAsdd. =g § 753(1H, d, 16.00¥ 6.22(1H, d, 16.0)¢] signal<
trans—olefin 422 dAsdth. PC-NMR spectrumol Al § 171.29] signal<
carbonyl7] & o243k aL, § 149.6, 147.2 2 146.99] signal< deshielding® A
o2 Hol 'H-NMR data® 18 @S wl, A7SAH=7 2 a7 Ad8s o
A4 8a 2 o B¥3} carbonyl’] 9 BYXA s £ AR oS o
2 mygoz 2dA¥n wwst A¥ compound 3 caffeic acid® %739t}
(Figure 9).

Compound 4< 'H-NMR¥} “C-NMR data® 23] 2 Z3} caffeic acid?)
FEAZ Atk 'H-NMR spectrumdl A § 7.04(1H, d, 1.8), 6.95(1H, dd,
8.2, 1.8) ¥ 6.78(1H, d, 8.2)¢] signal< ortho, meta-coupling3}+= benzene ring
TFAa2 st § 7.53(1H, d, 16.0)3 6.22(1H, d, 16.0)2] signal< trans-
olefin A= ottt =3 § 528(1H, m), 4.14(1H, m), 3.73(1H, dd, 7.3,
32) 2 369(3H, )¢ signal& "C-NMR data® 3123 w, deshielding® %
o2 Hol HI|EAEIF Z Aavt e o sp EAC] #ojse FaR
dAstd o, 1 F 3.69(3H, s) signale AF 7S 5359 methoxyl F42 =2
o 438ttt PC-NMR spectrumel A § 175.6, 168.49] signal carbonyl”] 2 d
At § 1498, 1473 2 147.09] signale deshielding® Aoz Ho}
'H-NMR data® 2el@& wl, A7 %7 2 a7 24938 o 4 &4
2 o X3 carbonyl”] 9] BYA spf EA AR dgErh T3 § 759,
727, 723, 704 2 53.1°] signal> deshielding® HOo® Hol H7|SAHE7}
2 a7 AgE sp A daE G4 o2 uges B vla

3l A3} compound 42 chlorogenic acid methyl ester® %43} tHFigure 10).
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Figure 9. Chemical structure of compound 3

Figure 10. Chemical structure of compound 4
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Table 3. 'H and “C-NMR data of compounds 3 and 4 (400 and 100 MHz, in

CDs0D)
Compound 3 Compound 4

o Sc Su(int, multi, / Hz) 8¢ Su(int, multi, / Hz)
1 1279 127.8
2 1156 7.04(1H, d, 1.8) 115.2 7.04(1H, d, 1.8)
3 146.9 147.0
4 149.6 149.8
5 116.6 6.78(1H, d, 8.2) 116.7 6.78(1H, d, 8.2)
6 123.0 6.93(1H, dd, 8.2, 1.8) 123.1 6.95(1H, dd, 8.2, 1.8)
7 147.2 7.53(1H, d, 16.0) 147.3 7.53(1H, d, 16.0)
8 115.2 6.22(1H, d, 16.0) 115.2 6.22(1H, d, 16.0)
9 171.2 168.4
1’ 75.9
2! 38.2 2.19(2H, m)
3 70.4 4.14(1H, m)
4’ 2.7 3.73(1H, dd, 7.3, 3.2)
5 72.3 5.28(1H, m)
6’ 37.9 2.19(2H, m)
7 175.6
8’ 53.1 3.69(3H, s)
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Figure 11. "H-NMR spectrum of compound 3 (in CD;0D)
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Figure 12. ®C-NMR spectrum of compound 3 (in CD50D)
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Figure 13. 'H-NMR spectrum of compound 4 (in CDsOD)
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Figure 14. ®C-NMR spectrum of compound 4 (in CD;0D)
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1-3. Compound 5¢] %3} 4]

Compound 59 'H-NMR spectrumol A & 2.34(2H, t, 7.3), 2.17(2H, m),
1.63(2H, m), 154(2H, m) % 1.26-1.38(2H, m)ol ®¥3}+= t42] signale
methylene 42 oAstA 1, § 0.89(3H, t, 7.3)¢] signale methyl 4= d
ettt ek § 4.18(1H, dd, 6.9, 12.8)¢] signal® “C-NMR dataE 18 <
u], deshielding® HOoZ Hol A7|SAEr & aav) AHE on, o &
Ao #AAste AR st Ed § 6.49(1H, dd, 11.0, 15.1), 5.98(1H, t,
11.0), 5.66(1H, dd, 15.1, 6.9) 2 5.44(1H, m)2| signal2 cis-olefin¥ trans-olefin
a2 dstdth. PC-NMR spectrumol Al 6§ 14.3-73.19] 23X 3= signal
3 Bagaro o TA B2 dAsdoen, 1 F § 7319 signale

deshielding® Ao 2 Hol HA7|SAHE7F & AHAa7F Astst 42 o439,

el

§ 14.39] signal® 'H-NMR data® 1#8<S @ methyl”] 2 o3ttt ®38
6 17959 signale carbonyl”] & o4d3tel o § 1359, 1330, 1280 2 126.09]
signal® B3¥3} &3549 olefin B4R sttt o] ulgow EdVa
H| 18k A3} compound 5 13-hydroxy-97,11 E-octadecadienoic acid =, coriolic

acid= =73} thH(Figure 15).

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

Compound 5

o Sc Su(int, multi, / Hz)
1 179.5

2 34.2 2.34(2H, t, 7.3)

3 24.8 1.63(2H, m)

4 29.1 1.26-1.38(2H, m)

5 29.1 1.26-1.38(2H, m)

6 29.0 1.26-1.38(2H, m)

7 29.5 1.26-1.38(2H, m)

8 27.8 2.17(2H, m)

9 133.0 5.44(1H, m)

10 128.0 598(1H, t, 11.0)
11 126.0 6.49(1H, dd, 11.0, 15.1)
12 135.9 5.66(1H, dd, 15.1, 6.9)
13 73.1 4.18(1H, dd, 6.9, 12.8)
14 37.4 1.54(2H, m)

15 25.3 1.26-1.38(2H, m)
16 32.0 1.26-1.38(2H, m)
17 22.8 1.26-1.38(2H, m)
18 14.3 0.89(3H, t, 7.3)
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Figure 17. BC-NMR spectrum of compound 5 (in CDCl3)
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1-4. Compound 6 ¥ compound 7] +Z3j 4]

Compound 62 'H-NMR spectrum®] A} thH-39] signale] § 0.94-2.25¢] 23
sl s Eote] ik @atrael o A Beldhs FAR ddEtgon,
1 % § 1.23(3H, s), 0.96(3H, d, 6.4), 0.96(3H, d, 6.4) 2 0.94(3H, s)¢] signal
2 methyl 42 o3t £33 § 424(1H, s), 423(1H, s)9] signale
YC-NMR data® 12213S dl, deshielding®l Ao= Wol A7|SAH=7 & 4
27 A o o TA #BostE a2 oastant. BC-NMR spectr-
umell A § 15.7-8049] EEZ&E signale E3 @352 sp’ A GAE 9
Jolgon, 1 § 80.47 68.3

7t AT ARbet 'R oA § 1841, 17359  signale

carbonyl7] 2 ottt o] & wigro =z 2373 wwst A3 compound 6

H

9] signal® deshielding® Z o2 Hol H7|&

O,>'
ol
of

o,
!
ru

jud

16a-hydroxy-17-isovaleroyloxy-ent-kauran-19-oic acid® & 7 3} tHFigure 18).
Compound 7-& 'H-NMR# “C-NMR dataZ #2413 A3} 16a-hydroxy-17-
isovaleroyloxy-ent-kauran-19-oic acid®} Aoz FAS HeFS eER S

o £ 7k #gEe "C-NMR datag M2 wasgs W, "C-NMR
spectrum®] A 16a-hydroxy—17-isovaleroyloxy-ent-kauran-19-oic acid®] § 80.4
signal?} Compound 79| § 39.8 signal®] x}o]7F @& & < At} o= £}
o 16a-hydroxy-17-isovaleroyloxy-ent-kauran-19-oic acidoll 4 #7] S =7}
2 bzt AFge pt £ B2 @ 17} compound 7olAE A9t AFEH
2 AgEo] A= FHAS A4 F Al ol & nE e
2 2873 v s 43 compound 72 16a-hydro-17-isovaleroyloxy—ent-

kauran-19-oic acid® %43} tHFigure 19).
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HOOC CH
19 18

Figure 18. Chemical structure of compound 6

HOOC CH
19

Figure 19. Chemical structure of compound 7
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Table 5. '"H and "C-NMR data of compounds 6 and 7 (400 and 100 MHz,

in CDCls)
Compound 6 Compound 7

o Sc Su(int, multi, / Hz) 8¢ Su(int, multi, / Hz)
1 40.7 41.0

2 19.2 19.3

3 37.9 38.1

4 43.9 43.9

5 56.9 57.2

6 22.2 22.6

7 41.9 41.8

8 45.0 45.1

9 55.8 55.5

10 39.8 39.8

11 18.6 19.0

12 26.4 31.4

13 46.1 2.09(1H, m) 38.8 2.09(1H, m)
14 37.2 37.4

15 52.9 45.3

16 80.4 39.8

17 68.3 4.24(1H, s), 423(1H, s) 63.6 3.87(2H, d, 7.3)
18 29.1 1.23(3H, s) 29.2 1.24(3H, s)
19 184.1 183.6

20 15.7 0.94(3H, s) 15.8 0.94(3H, s)
1’ 173.5 173.7

2! 43.6 2.25(2H, d, 6.9) 43.8 2.19(2H, d, 7.3)
3 26.0 26.0

4’ 22.6 0.96(3H, d, 6.4) 22.6 0.96(3H, d, 6.4)
5 22.6 0.96(3H, d, 6.4) 22.6 0.96(3H, d, 6.4)
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Figure 20. '"H-NMR spectrum of compound 6 (in CDCls)
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Figure 21. ®C-NMR spectrum of compound 6 (in CDCls)
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Figure 22. "H-NMR spectrum of compound 7 (in CDCls)
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Figure 23. ®C-NMR spectrum of compound 7 (in CDCls)
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1-5. Compound 8¢] %3} 4]

Compound 8¢] "H-NMR spectrumell 4] th3-+2] signale] & 0.98-2.620] # 3%
le AL Bt %3 waei o A #Boldte FaE daaiden,
I % 8§ 1.19GH,s)¢ 0.98(3H,s)¢] signal® methyl F422 o439t §
479(1H, brs), 473(1H, brs)¢] signal® "C-NMR datag &8-S ), olefine]

0
rr

[

geminal F4& o4atgdtt. "C-NMR spectrumel Al § 165-58.3¢] ¥l
signale %3} @8529 o T4 wBa2 ddsarh § 15643 104.29]
signal& '"H-NMR data® &3S o 3 % wWio] dd exoolefin B4R
A Astg o, § 181.69 signale carbonyl”] & oAttt o2 Higow F

A7} vlwe A3 compound 8 kaurenoic acid® 57 35 tH(Figure 24).

HOOC' CH,
19 18

Figure 24. Chemical structure of compound 8
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Table 6. 'H and “"C-NMR data of compound 8 (400 and 100 MHz, in CDs;OD)

Compound 8
No. 3 .
6c Sulint, multi, / Hz)

1 42.1

2 20.4

3 39.3

4 44.6

5 58.3

6 23.1

7 42.1

8 45.4

9 56.5

10 40.8

11 19.6

12 34.3

13 45.2 2.62(1H, m)
14 40.9

15 50.2

16 156.4

17 104.2 4.79(1H, brs), 4.73(1H, brs)
18 29.8 1.19(3H,s)
19 181.6

20 16.5 0.98(3H,s)
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Figure 25. '"H-NMR spectrum of compound 8 (in CD;0D)
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Figure 26. C-NMR spectrum of compound 8 (in CDs;0OD)
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A ZH(Cre ol&ste] HdertauiF =7] EtOAc w8 =0l g &3
Z vug HgFow EAEE compounds 13 3o tha}
=

& AAESAT HPLC AAdwA AdolA EtOAc #£8+& v

it

ul
vl
o
2
i
ful
o ol

7 min< compound 1%, 18 min< compound 322 &2HSA
zhzte] ARvtEHS EtOAc w8 =4, &% compounds 17 3& 7fH=E 3
o)

L Aot} (Figure 27-29).

AU

Cpd 3
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Figure 27. HPLC chromatogram of EtOAc layer
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Figure 28. HPLC chromatogram of EtOAc layer and compound 1
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Figure 29. HPLC chromatogram of EtOAc layer and compound 3
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C AHEEA Ao 34-dihydroxybenzoic acid % caffeic acid 584
S AREeE HAFAE AAdste] 9 F T (external standard method)S 71| a1
EtOAc #3&EoA 283 compounds 13 3¢ &S =A39 tHFigure 30-31).
1 A3 compounds 1% 32 EtOAc &8 &0l ZH7; 418% % 230%<% dFo=

ZAaE A B1HAT,

10000000 -
8000000 -
o
Y 5000000
L=
v = 389445x - 230906
4000000 R* =D.9999
2000000 -
o] T T T T 1
c 50 100 150 200 250
concentration (ppm)
Figure 30. Calibration curve for quantification of
3,4-dihydroxybenzoic acid
4000000
3000000 -
™
o
T y = 188096x - 262917
2000000 - R =09998
1000000 -
0

0 50 100 150 200 250
concentration (ppm)

Figure 31. Calibration curve for quantification of

caffeic acid
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Gallic acid EF& NS AHES HAB IS At HAerbauy 71 70%
EtOH F#&& % w9%9 ¥ ZgdEs TS SHs9 oM (Figure 32), =&
2 BsE % 100 mgd et U gallic acidd %(GAE; gallic acid
equivalents) 0.2 $4bste] eI 2 A3} EtOAc 2 7-BuOH &3 Eof A
Z¥7y 222, 159 mg GAE/100 mgl. & H|uZ =& Zods S e
(Figure 33). o] t& 34kst &4 AdAddete #do] gls Aolgt A EU

.

U

=] -
=] Q

=]
n

¥ = 0.0201x- 0.0121
R* = 0.9993

Absorbance (700 nm)
=1
g

o
b

Q@
Q

[:} 10 20 30 40 50 50
Gallic acid concentration (ug/mL)

Figure 32. Calibration curve for quantification of

total polyphenolic compounds

25.0 222

20.0

15.9

9.7

100 -

Phenolic compounds
[mg GAE/100 mg)

50 4l7 3.5

L] | L

Extract n-Hex EtOAc n-BuOH H,0

Figure 33. Total polyphenolic compounds of

extract and solvent layers
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3-2. DPPH radical 2724 29

3-2-1. &5 ¥ ¥3E9 DPPH radical 24 &4 239

Ao 7 UE =7] 70 % EtOH F&& 23 & o] DPPH radical &7 A
S SAs Y H(Figure 34). F&=3 2 B3 &4 tiste 3125, 6.25, 12.5, 25, 50,
100 pg/mLe] =2 AdS Arste SCyats AlLtstti(Table 7). =1 A3}
DPPH SCs#ke] EtOAc #3 &4 346 ng/mLE Hlu4 £ DPPH radical

a7 gAdol

Jﬁ We,

100

60

DPPH radical scavenging activity (%)

20

Extract n-Hex EtOAc n-BuOH H:O Vit.C

3.125pug/mL  E6.25 pug/mL 125 pg/mL E25pg/mL ESOpg/mL 100 pg/mL

Figure 34. DPPH radical scavenging activity of extract and solvent layers

Table 7. SCs values of DPPH radical scavenging activity of extract and

solvent layers

SCs (ug/mL)

Extract >100
n-Hex >100
EtOAc 34.6
n-BuOH 88.7
H>0O >100
Vitamin C 9.1
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3-2-2. ¥ ¥ 33E°] DPPH radical 2443 ¥

A7t uy 271258 89 3§Eo tis) DPPH radical &7 &4&
AR H(Figure 35). ZH7+e] gksh=Eo diske] 25, 50, 100, 300, 500 puM<]
ThE APE AAste SChaks AlLtsttH(Table 7). 1 23, DPPH SCso#k
o] compounds 1, 2, 3, 44 Z}Z} 361.8, 275.8, 276.0, 165.8 yM=Z H| L% F

Fo1a 5 ek

N
o

DPPH radical &7 &Alo] U=

100

]
=]

3

DPPH radical scavenging activity (%)
&

N
=]

Cpd 1 Cpd 2 Cpd 3 Cpd 4 Cpd5 Cpd 6 Cpd 7 Cpd 8 Vit.C

W25uM  @50pM  E@100pM @ 300uM  E500 uM

Figure 35. DPPH radical scavenging activity of

1solated compounds

Table 8. SCs values of DPPH radical scavenging activity of isolated compounds

Compound Compound name S50
No. (uM)
1 3,4-Dihydroxybenzoic acid 361.8
2 3,4-Dihydroxybenzoic acid methyl ester 275.8
3 Caffeic acid 276.0
4 Chlorogenic acid methyl ester 165.8
5 Coriolic acid >100
5 16a—Hydroxy—17—isov.alero'yloxy—ent—kauran— 5100
19-oic acid
16a-Hydro-17-1sovaleroyloxy-ent-kauran—

7 o >100
19-oic acid

3 Kaurenoic acid >100
Vitamin C 44.6
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4. B16F10 murine melanoma cellS o] &3+ njw gl A s A}

4-1. Melanin contents =423

=

4-1-1. F=E& 9 B3 &9 melanin contents =4 2 AT =A 27

Aot us £7] 70% EtOH &= % &9 =] Wt 100 pg/mLe &

=2 melanin contentsE 3213 A3}, p-Hex 2 EtOAc #EEo|A zHZ]

A

—~

79.71%, 637% st s GRISA L o] wf, AESAHo] YEUE AS &

4 AR (Figure 36). °1 = E3}

AN FAon FEE Wie 49 AdsAr,

Melanin contents (%)

Cell viability (%)

il

elanin contents’} 743 n-Hex % EtOAc

=)

140 5
1165
120 - 110.5
100.0 1035
100 -
30 -
60 1
s~ 3L5 v 563
: 20.3
N . -
o
a-MSH - + + + + + + +
Sample - - Melasolv Extract n-Hex EtOAc n-BuOH H,O
Sample concentration : 100 pg/mL (Melasolv : 20 pM)
120 4 111.4 1117
T
100.6 100.0 100.9 59.3
100 - T
80 | 73.0 —
60 -
a0 -
20 -
o -
a-MSH + + + + + + +
Sample - - Melasolv Extract n-Hex EtOAc n-BuOH H,O

Sample concentration : 100 pg/mL (Melasclv : 20 pM)

Figure 36. Melanin contents($]) and cell viability(o}2])

of extract and solvent layers
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N
X

Melanin contents’} 743+ n-Hex % EtOAc 3 ES 7MA]11 Fr7HH o
FEE UFo] AdS A3 A3 sample FE 100 pg/mL o]t A = A
=

%7} Z7}8be]l we} melanin contents7} A dtE AL el

120

100.0 1053 100.5
— 100 4
ES
e 77.3
£ 804 70.2
]
=
s 60
v
£
& O g 23.3 812
. o
a-MSH - + + + + + + + +
Sample - - Melasolv n-Hex n-Hex n-Hex EtOAC EtOAC EtOAc
25 50 100 25 50 100
Sample concentration unit : pg/mL (Melasolv : 20 pM)
140
212 1154
120 - 1104 S
99.5 100.0 = 102.3
— 100 85.4
g 78.5 |
£ 80 g 712
=
=
3w
[
a0
20 -|
o
a-MSH + + + + + + + +
Sample - - Melasolw n-Hex n-Hex n-Hex EtOAc EtOAc EtOAc
25 50 100 25 50 100

Sample concentration unit : pg/mL (Melasolv : 20 pM)

Figure 37. Melanin contents($]) and cell viability(e}2l)
of n—Hex, EtOAc layers
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4-1-2. 2835 3¢5 2] melanin contents =74 % AL EA A

i

22
o

Ao 7 7|25 B3 33559 melanin contentsS =74 &}

Zyzyol slgtEo] tiste] 100 pMel F%== melanin contentsE 2H<1sH

)
o

compounds 6, 7, 84 & AMESFA §lo] 247} 73.7%, 52.6%, 42.7% 2 dl+=
AL Fegd = AAHFigure 3R8). °]= %3} compounds 6, 7, 82 1A 1L

= = & O
FhHow sRE Wi 49 A

)

shi e,

100.0
100 93.3
B8 86.5
ES 80.7
g
E
¢ 58.2 57.3
P oo -
c 47.4
.E »
3 31.2
]
3 275 23.4 26.3
20
o
a-MSH + + + + + + + + + +
Sample - - Melasolv Cpd 1 Cpd 2 Cpd 3 Cpd 4 Cpd 5 Cpd 6 Cpd7 Cpd 8
Sample concentration : 100 pM (Melasolv : 20 pM)
140
120 4 122
103.4 100.0 102.2 105.4 103.4
~ 100 = 50.4 91.2
g 82.2 = =
z 80 - 75.2 2
3 63.4
o ]
> 60
3
]
a0 -
20 4
o -
a-MSH - + + + + + + + + + +
Sample - - Melasolv Cpd1 Cpd 2 Cpd 3 Cpd 4 Cpd 5 Cpd 6 Cpd7 Cpd 8

Sample concentration : 100 uM (Melasolv : 20 pM)

Figure 38. Melanin contents($]) and cell viability(o}l)

of isolated compounds
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[e) = = = & O =N 5
Compounds 6, 7, 8% 7HAil F7H4 02 & W50 AyHS s 2y,
=] A = S
sample &% 100 uM ©]&loll A 2 AXx5A glo] w%7F S71sel Wl mela-
. ES R o 3 S 2= :
nin contents’} #Aashs A& FUd = AATHFigure 39).
120
106.1 106.1
100.0
el 95.3 95.3
3 815
o= ;
8 63.3
£
8 60 - 53.3
E 421
T 40 321 -
= 265 : 231
20
)
a-MSH + + + + + +. + + + + +
Sample - Melasalv Cpd6 Cpdé Cpd6 Cpd7 Cpd7 Cpd7 Cpd8 Cpd8 Cpd8
25 50 100 25 50 100 25 50 100
Sample concentration unit : pM (Melasolv : 20 uM)
120
110;,3 10e.4 103.2
i 100.0 100.1 S
100 { - 94.6 - 90.2 343 913
85.4
- 79.2
i 80
z
o  e0
=
s
& w0
20
o 4
a-MSH + + + * # + + + - + +
Sample Melasolv Cpd6 Cpd 6 Cpde Cpd7 Cpd7 Cpd7 Cpd8 Cpds Cpd8
25 50 100 25 50 100 25 50 100

Sample concentration unit : pM (Melasolv : 20 pM)

Figure 39. Melanin contents(¥]) and cell viability(¢}2l)

of compounds 6, 7 and 8
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4-2. Intracellular tyrosinase #3j &4 23

4-2-1. n-Hex, EtOAc +3¥

Asi g 29

==t

=W E melanin A4 Y

I

3}, n-Hex, EtOAc +8 &

=

Al

=1

A8S 283 n-Hex, EtOAc
6, 7, 8 thdlo] intracellular tyrosinase A& &4 23S

2 compounds 6, 7, 81 4

E i

6, 7, 89 intracellular tyrosinase

B 3]
T’:

SEET-L

=0

3T

B

m o

o

o) ._1__7]‘ ]’ET——, ll’ltl‘a—

. = = > = e .
cellular tyrosinase &/do] #Haste AS gQlEd = At (Figure 40).
120
£ 100.0 58.2 w2
z 100
=
)
E 80 733 721
£
g o
z a8 412
5 o« s
=
2
I 204
i
o J
a-MSH - + + + + + * *
Sample = n-Hex n-Hex n-Hex EtOAC EtOAC EtOAc
25 50 100 25 50 100
Sample concentration unit : pg/mL
120
100.0

100

896

Intracellular tyrosinase activity (%)

94.3

+ + + + + + + +
Sample Cpd6 Cpd6 Cpd 6 Cpd7 Cpd7 Cpd7 Cpd8 Cpd8 Cpd8
25 50 100 25 50 100 25 50 100
Sample concentration unit : pM
Figure 40. Intracellular tyrosinase activity of n~Hex, EtOAc

layers($]) and compounds 6, 7, 8(c}&)
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5. RAW 264.7 murine macrophage cellS ©]-&3F 3t sA 2343

5-1. Nitric oxide (NO) A A & 23

5-1-1. F=& 2 B3 E9 nitric oxide A A &4 L ME=A AF

i)

Ao U £7] 70% EtOH F&= 2 9 & dial 100 pg/mLe] %
2 nitric oxide productions <13 23 np-Hex ¥ EtOAc T EZolA AHE
54 glel Z2+7F 89.2%, 87.7% st AS & 4 A th(Figure 41). ©]
=2 %3}9] nitric oxide production®] 7F4A 3 n-Hex @ EtOAc £33 &S 714

A FH R wrEE AdS Wdsi).

120 110.5

100

65.5

NO production (%)
&

40
20 153 10.8 12.3
3.7 i -
0 |
LPS - + + + + + + +
Sample - - 2-Amino- Extract n-Hex EtOAc n-BuOH H;O
4-picoline

Sample concentration unit : 100 pg/mL (2-Amino-4-picoline : 10 pM)

140 o
120.7
120 4 1005 110.5
100.0 T 103.0 104.6 104.6
E‘ 100
E w0
H
m
£ -
3
L=
20 A
o -
LPS - + + + + + + +
Sample - - 2-Amino- Extract n-Hex EtOAc n-BuOH H,O

4-picoline

Sample concentration unit : 100 pg/mL (2-Amino-4-picoline : 10 pM)

Figure 41. NO production($]) and cell viability(e}2l)

of extract and solvent layers
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Nitric oxide production®] 74

RS - = =) —
o2 FTEHE AFS MY A} sample % 200 pg/ olslol| A M EE=
.. . . o =
A glo] T} ol dol whel nitric oxide production®] Wl &3 o=
=] - [e) = = < .
2k A FAF & A H(Figure 42).
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Sample concentration unit : pg/mL (2-Amino-4-picoline : 10 pM)

Figure 42. NO production($]) and cell viability(e}2})

of mHex, EtOAc layers
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5-1-2. 8% 3= 9] nitric oxide A A A LD AE=A 2

i

Ae7ta vy 27|258H 283 g33EE9] nitric oxide productione 74
sttt Zb7+e] shgkEe] diste] 100 uMe] w2 AdS st 1 4
I BE e EOA AMES

o

A 9lo] nitric oxide production®] #AdlE A

Cell viability (%)

= S . = B) 0 =2 o) - -
golsk 4= Il th(Figure 43). ©] % compounds 17, 37, 5", 8 o v+ &4
S [e) = & ©
gido] BwaEo] 9o} compounds 2, 4, 6, 7% 7HA I FrtHow A¥E A
st
120 -
100.0
= 100 901
?3_ B0.4 BO.1
£ R 703
T 614
5 B0 50.6
o
e ol 383 401
E
s 16.2
= |
o | s
LPS - + + + + + + + + + +
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40 |
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Sample concentration : 100 pM (2-Amino-4-picoline : 10 pM)
Figure 43. NO production(9]) and cell viability(o}#})

of isolated compounds
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NO production (%)

Cell viability (%)

ddgdAdo] HaEo] YA &2 compounds 2, 4, 6, 7S 7IA 3 FrlHo =
AHe 3e A3}, sample 5% 100 pM oldtoll A & AE5A §lo] s&=7t

=
7}&tell whel nitric oxide production®] FFAFHE AL e £ ddrt

(Figure 44).
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Sample concentration unit : pM (2-Amino-4-picoline : 10 pM)
Figure 44. NO production($]) and cell viability(e}2})

of compounds 2, 4, 6 and 7
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5-2. TNF-a % IL-6 B39 2443

5-2-1. n~Hex¥} EtOAc #£3 &9 TNF-a % IL-6 A A 443

FEHE nitric oxide A A AES Fd n-Hex ¥ EtOAc 8 E9
sto] Alx=Ado] gle FEwWel WA TNF-a % IL-6 A9 &4

APt 1 A3, p-Hex % EtOAc ¥ 38 Eo|A4 TNF-a production©]
kA & v IL-6 productione ¥ =7} Z7}8bo] wig} wj$ EyHo=w
=] - [e) = = < .
st S g 4 A (Figure 45).
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Sample concentration unit : pg/mL

Figure 45. TNF-a($]) and IL-6(o}#]) production
of n—Hex, EtOAc layers
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TNF-a production (%)

IL-6 production (%)

5-2-2. 3}3= 2, 4, 6, 72] TNF-a ¥ IL-6 A A A2 ¢
FLEHEE nitric oxide A HHS DA s1E 2, 4, 6, 7ol diste] Al
E=Aol §ls TEWS WolA TNF-a 3 IL-6 A4A 244dS 1yst
gtk 1 A3} compounds 2, 4, 6, 7914 X7} S71ste] wtgl TNF-a pro—
duction®] Za* #A3stal IL-6 production= w-$- &34 o7 7A4d=

gkelak = QA (Figure 46).
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Figure 46. TNF-a($]) and IL-6(¢}2) production

of compounds 2, 4, 6 and 7
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23}

k)

6-1. Paper disc diffusion 2 &

(@]
|
0
A
iy
o
)

13 E 9] paper disc diffusion A&

A7ty £7] 710% EtOH F&5& % #3959 3 45 54857 ¢
a ¥ X AATF  Staphylococcus epidermidis (CCARM 3709, 3710, 3711),
Propionibacterium acnes (CCARM 9009, 9010, 0081), Staphylococcus aureus
(KCCM 11335) % Pseudomonas aeruginosa (KCCM 11802)¢] &= 87/ =
AREEEATE 1 A3 A S A A Z(clear zone)2] A7 Z7|7F n-Hex &3

ANA 89 EE T, EtOAc &Y EAA 4719 5o diste] & &t

1
=
d7dol sl AL #AT = AU tH(Table 9).

Table 9. Anti-bacterial activity of extract and solvent layers from A. koreanum

Sample (100 mg/mL)
Bacterial density Erythromycin
6 Extract n—Hex EtOAc  n~BuOH H>O
(1.5x10° CFU/mL) (1 mg/mL)
Clear zone (mm)
S. epidermidis .
N.D. 12 18 N.D. N.D. 30
(CCARM 3709)
S. epidermidis
N.D. 10 14 N.D. N.D. N.D.
(CCARM 3710)
S. epidermidis
N.D. 9 10 N.D. N.D. 26
(CCARM 3711)
P. acnes
N.D. 10 N.D. N.D. N.D. N.D.
(CCARM 0081)
P. acnes
N.D. 12 12 N.D. N.D. 30
(CCARM 9009)
P. acnes
N.D. 10 N.D. N.D. N.D. 28
(CCARM 9010)
S. aureus
N.D. 15 N.D. N.D. N.D. 28
(KCCM 11335)
P. aeruginosa
N.D. 14 N.D. N.D. N.D. 30
(KCCM 11802)
(N.D.” : Not Detected) (Paper disc 217 : 8 mm)
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6-1-2. & 3}3HE 9] paper disc diffusion 2

285 3} 3t paper disc diffusion 238 A3 A3 W& A A 3 (clear
zone)2] #7d =A7]7} compound 29141 17§ 5, compound 3914 3702]
=, compound 5914 3709 5=, compound 6914 5702 T compound 8l

AR e el ekl T2 b 2o = As AU 5 AAH(Table 10).

Table 10. Anti-bacterial activity of isolated compounds from A. koreanum

Sample (100 mM)
Bacterial density Cpd Cpd Cpd Cpd Cpd Cpd Cpd Cpd | Erythromycin
(15%10° CFU/mL) | 1 2 3 4 5 6 7 8 (1 mM)
Clear zone (mm)
S. epidermidis .
N.D. N.D. 14 N.D. ND. ND. ND. N.D. 22
(CCARM 3709)
S. epidermidis
N.D. N.D. 10 N.D. N.D. ND. ND. NUD. N.D.
(CCARM 3710)
S. epidermidis
N.D. N.D. 9 ND. ND. 10 ND. NUD. 19
(CCARM 3711)
P. acnes
N.D. ND. ND. NJD. 9 12 N.D. 9 N.D.
(CCARM 0081)
P. acnes
N.D. 12 N.D. NJ.D. 9 14 N.D. N.D. 24
(CCARM 9009)
P. acnes
ND. ND. ND. ND. ND. ND. ND. ND. 22
(CCARM 9010)
S. aureus
N.D. ND. ND. ND. 10 12 ND. ND. 22
(KCCM 11335)
P. aeruginosa
ND. ND. ND. ND. NUD. 11 N.D. N.D. 22
(KCCM 11802)
(N.D.” : Not Detected) (Paper disc 27 : 8 mm)
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i)

48

H =R AFox e g Ao Wi (Acanthopanax koreanum
Nakai) & o]-&3gt A &Aiksl vl &9 g Jady LAZA &8 7HAE
Eolux ATFE FAt. Al MRS A% AFHHoREE AFE AL
A by vpe
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tlo
oo
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lo
A
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M
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M
)

A7 v 7] 70% EtOH %

2383sle] p-Hex, EtOAc, n-BuOH, H.O 3 & & d& & =52 2
st shiks), w gl 9 &t g A S sl

=
Frbst S 2, F EedlE FF 4L EtOAc 238 &0lA 747 222,

=

i

159 mg GAE/100 mgl 2 Hlu7d =& Zgds =S eyt DPPH
radical 27 @A 2AHE& EtOAc B3 E oA SCxpitel 34.6 ug/mLE £& DPPH

o] e ZAyE neo® p-Hex % EtOAc ¥ 3 EZHE medium pressure
liquid chromatography (MPLC), vacuum liquid chromatography (VLC), normal
phased silica gel chromatography % Sephadex LH-20 chromatographysS 38
ato] stEs sk EdE 3gEe &£+ 1D, 2D NMR& ©] 838}
SheletA oL, ¥t vlwste] & 8709 sgt=e E8- w8t

9 slgHE-2 3 4-dihydroxybenzoic acid (1), 3,4-dihydroxybenzoic acid methyl
ester (2), caffeic acid (3), chlorogenic acid methyl ester (4), coriolic acid (5), 16a
~hydroxy—-17-isovaleroyloxy—ent—kauran—-19-oic acid (6), 16a-hydro—17-isoval—-

eroyloxy—ent-kauran-19-oic acid (7), kaurenoic acid (8)= <21 % At}
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olFA weld steE T Blud Ao r EASE compounds 13 3l ths}o]
HPLC £443S& 383 23 HPLC A484 234 EtOAc &8 = 929
HIEE AIZF = 7 ming compound 1%, 18 ming compound 3.2 &% ¢t}
w3 HPLC A ZEA A do| A compounds 1% 3& EtOAc £8 &0 zZ+7; 4.18%
g 230%9] gFoz EAst= Aol FlH ATt

w2l ¥ compounds 1-8° thato] &4ts}, wiw qel gl et SFAHIS WY

sharh

gakat A Ad Az DPPH SCsdke]l compounds 1, 2, 3, 404 Z+ZF 361.8,
275.8, 276.0, 165.8 uME H| % £& DPPH radical &7 &Ao] 9= AE g9l
BRI A=

njw g A A AT} 100 uMe compounds 6, 7, 84 Z A EEA ¢lo] melanin

Argol Zyzy 7377%, 52.6%, 42.71% st AS AT = A ol & 5o
compounds 6, 7, 8% 7FA 1L 100, 50, 25 tME FEZ yFo] F7AdS 7233k
A3} compounds 6, 7, 82 intracellular tyrosinase &4 A&t AA Al EW mela-

nin $YS FrEAEYOR FaAE AL HAT 5 AUk

A A Ay 100 Mo EE 3stEol A AESA glo] nitric oxide A4
o] IAste= A T = Y o] F dHEAo] RaFHol A ¥ com-

unds 2, 4, 6, 72 7FA a1 100, 50, 25 pMEZ 552 E yFo] F71adS AP 2
3} compounds 2, 4, 6, 7 TNF-a % IL-6 XS As|stHA A XU nitric
oxide ¥ FEEH R AN+ S AT F AU

A 2324

=

I A8 8 A A 3Hclear zone)e] # 7 = 7|7} compound 2

il

ol 4 17§18 5, compound 314l 370¢] w3, compound 504 3709 T,

compound 6°4] 570¢] =, compound 89 A 17§¢] HFol thsle] =& &t

g4l = As FAE A
ol}el A& Fstel FU¥ HAFAdE ATty =71 et g

ofef wEd Hd @bk, md, &9 H I 2ARA 9 & S FF
==
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