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Abstract

Identification of Anti-oxidative, Anti-wrinkle,
Skin—-whitening and Anti-bacterial Constituents

from the Ishige okamurae

Hyeong Min Kim
Department of Chemistry, Graduate School

Jeju National University, Korea

Supervised by Professor Nam Ho Lee

Ishige okamurae, a brown algae, was investigated to identify the constituents
posessing anti-oxidative, anti-wrinkle, skin-whitening and anti—bacterial activities.
The dried Ishige okamurae (1 kg) was extracted three times for 24 hours using
70 % ethanol. The obtained extract was successively partitioned into -hexane
(mHex), ethyl acetate (EtOAc), mbutanol (7-BuOH) and water (H,O) fractions.
For the anti-oxidation test, EtOAc fraction has good DPPH and ABTS' radical
scavenging activities. Moreover, EtOAc fraction has good skin—whitening,
anti-wrinkle and anti-bacterial activities. Therefore, further phytochemical studies
were conducted for the EtOAc fraction, which led to isolation of six constituents
such as di-phlorethohydroxycarmalol (1), epi-loliolide (2), y-linolenic acid (3),
pyromeconic acid (4), phloroglucinol (5) and linoleic acid (6).

Based on the results, it 1s suggested that [shige okamurae EtOAc fraction could
be potentially applicable in the cosmetical and/or phamaceutical industries, especially

as anti-oxidant, anti-wrinkle, skin—-whitening and anti—bacterial ingredient.

_ix_



I A&

zel

o
mE

o)
B

NE

ki3

& 2 =AY o)

Al
o

ol = 3

3

A&
A

el A Hefut 71gle )
walo] 23, Ay 20134

o] i

A

100

5Y RAYA Ao 2@ Bl

RN

9]

b, © ol molv] 9

2 7

by, B

-
.

TE7HA

¢}

2 4

Bl
)

—
fite)

3

A

g &7 ngoR AR

C-oll

=
=

o}

[e)

b

2]

sk

o3

o]i

A
of

fuy

el

Aqr

o

NF

I3} (Anti-oxidative)

2. At

it =3l

33

ole] 7EA7F AAARE 2 Fol A ofe 7hA

SRS

<

5% 15}

7114 (enviromental etiology)®]

53 bt Aol

h=d]
=

wo alP@Eo] X2 vy 9t}

<4
)
T

e

A

ﬂo

J_HO
B

o1& thApRES-l

ki3

5?4

kel
=

=

Ho

-02),

A3} 2 (hydrogen  peroxide;

2} t] ZH(super oxide radical;

o S o] =

radical;

B

xr
Tor

oy

HO-),

2} t] ZHhydroxy

sho] =)

free radical=

2~ (singlet oxygen; 'O») %}t

g

H,0.), 4%



DPPH radical

-

R

-l A

=

WG 7k gk

=

=

7

s

SHAl = ¥ =3} HHR|
#} ABTS radical cation 27

s
3. FE 71 (Anti-wrinkle)

—_—

% 3}(intrinsic aging) ¢} €]¢

e} )l

-

o

o Tz AelH ]

T

=]

wah 9

14

L=,

(extrinsic aging)® -4

to

A AT As) el 3Rt

S

NHow Hx 1 A Ansb e

7}
&

=

[¢}

A Aol

)
=

Fooluer, J)v), 2

9% wsrl QY Wl 4ol

2EF 2of ¢

H

elastin,

collagen,

=y

o] 7+43Fal type-1 collagenase

0]
yul

]_q'll)

oF713%

[e)

=

R

of o

=
=

—_L

=

3} matrix metalloproteinases (MMPs) 9]

S

7}

A1) 90% o] 4E A

of 9RERrHe &

=

o

R

7g °]

LA

=

3}
Collagen

F71 o
o collagen?] ZAE R w3 @ FEAAT ofj$ 2

hyaluronic acid & +&% ©

o 4

°



4. 1] (Skin-whitening)

= RSP orNEH we Hosted, 959 x93 E melanocyte™
melaning Aoz dHoZHY & HEsa, AxEE d7E S
Melanin< A EAo] g8 EXHo] d+= MAE melanin® &, 2 181 %
of 9slte] FEe ¥, Wz, & 5o Mol AAFH™ o]# 3 melanino]
g kel HW 7w FLA, AWMA 59 Aa FFo] dojuf ¥ H =3}

% &g 2eshe] wneke

ARHE AL

dopachrome tautomerase)”’} o}

ol =

Melanin©]

3 Tyrosinase : TyrosineZt 55 & M0 oist Msidts -

o

0j5t

rir

COLH CO,H
/@Ar stWase m T)fmqr‘ace DA[/

L-Tyrosine

D

5,6-Dihydroxyindole

£act | Tyrosinase
ast ;
and/or Peroxidase

L-DOPA \

L-DOPA chrome

lTF!F'-E-' CT)

LeucoDOPA chrome

o k=
A H ™ tyrosinase?t TRP-1, TRP-2 (DCT;

Fas Agsts AL B %

Sor‘ar‘em.s

Ao oA ALk

ATt

HO COH
MNH
HCJI;/_\‘/2
Glutathione S
or cysteine
L-DOPA guinone HoN

Snon*arcm.s

5-CysteinylDOPA

l

Pheo-Melanin

(yellow-brown)

0]
O
o i

Indole-5,6-quinone

|

Eu-Melanin

HO
N
HO N

5,6-Dihydroxyindole- 2-carboxylic acid(DHICA)

TF-‘F- 1

- m

(brown-black)

« L-Tyrosine + 12 03 —> L-DOPA
* L-DOPA + 1/2 O3

« L-DOPA guinone —= LeucoDOPA chrome

» LeucoDOPA chrome + L-DOPA guinone

—> L-DOPA quinone + H;O

—> |L-DOPA chromej+ L-DOPA

Indole-5,6-guinone carboxylic acid

Figure 1. Melanin synthesis
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2 Ao A Az F& SujEE 2 Fdd AFEE EulE2 Merck, Junseil
A ES AFg3t T VLC (vacuum liquid chromatography)ell:= ODS (octa decyl silica
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chromatography)oll+= silica gel (95-110 pm, Merck Co.), 2 o3} FAZn}E 1gujo=
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Figure 2. Ishige Okamurae.
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layer & & 3719 &v] 38 F& AAHScheme 1).

Ishige okamurae 1 kg

70% EtOH, stirring, 24 h, 3 times

Extract 256.6¢(25.66 %
Extract 60.0 g
| Separated each 3 times

i

Ethylacetate layer
13.02(23.0%)

n-Butanol layer Water layer
6.0g(10.1%) 40.0 2(66.7%)

Scheme 1. Procedure of extraction and fractionation from

I. okamurae.



e

AzH 3 200 g& w3 F o]F 70% olehE 20 Lol @i AolA 24 A

gEekith JEA ARE S o3 FAE ol&ste] ofdnt FHaploen, o

=
g} &3 o g HE35te] p-hexane layer, ethyl acetate layer, m-butanol layer,

water layer & % 4719 &0 &8 & AAJATHScheme 2).

Ishige okamurae 200 g

l 70% EtOH, stirring, 24 h, 3 times
Extract 46.8 ¢ (23.4 %)

Extract 46.0 g
‘ Separated each 3 times

h J
n-hexane layer
7.52(16.2%)

h 4
Ethyl acetatelayer
6.02(13.0%)

¥ Y
n-Butanol layer Water layer
4.5 2(9.8%) 25.2g(54.8%)

Scheme 2. Procedure of extraction and fractionation from

[. okamurae.



SR 2 (1) & dojd ZF B3 =L F ethyl acetate layer 4.0 g& ¥ 33}
7] fsle 94 silica gelZ2 S X3 glass filterg ©]83le] VLC (vacuum
liquid chromatography)E 33t} 30 % methanol 500 mLo| sample 4.0
gS Fo]la, 30% methanol & ZF 500 mL¥ % 971¢] fractione LA
tH(Fr.l ~ Fr.9).

VLC fraction® & Fr.2 (361 mg)& Sephadex LH-20 column chromatography &
o]gal 8wlx71S CHCl; : MeOH =1 : 12 3}9 compound 1 (40 mg)S <A
vt} 183l Fr4 2 <4 silica gel column chromatography S ©]-&3le] §wjx=4AS

CHCl; : MeOH = 9 : 1% 3} compound 2 (3 mg)S A tHScheme 3).

| Ethyl acetate layer |

ODS CC (Loading sample 4 g in 30% MeOH)
30% MeOH (each 500 mL , total4.51)

l l .. ! l l

Fr.l Fr.2 Fr.3 Fr4 Frs = oo Fr.9
(361.0mg) - .
Stlicagel CC (16 mm = 500 mm)
Sephadex IH-20 CC (20mm = 680 mm) l CHCL; :MeOH =9: 1

CHCL -MeOH =1: 1
| Compound2 (3.0 mg) ‘

| Compound1 (40.0 mg) ‘

Scheme 3. Procedure of isolation of compounds 1, 2 from /. Okamurae.

el

_—

3 =% T ethyl acetate layer 5.0 g #3351~

HE

(2) & dojx 7zt
#ste] A4 silica gel=2 =3 glass filterS o] &3te] VLCE 3 39lh
w

1096 methanol 500 mLe| sample 50 g& =o]a, = 20 %% S7HA7]

~

A
J

A1 10% methanol, 30% methanol, 50 % methanol, 70 % methanol, 90 %
methanol, 100 % methanol® % 67§19 fractiong <At}

VLC fractions < 90 % methanol fraction (1.7044 g)< Sephadex LH-20 column
chromatography S ©]-&3] €% 71< CHCl; : EtOAc : MeOH =1 : 2 : 1& &}

10709] fraction® 2 Wil o] & Fr5 ~ Fr8S 4 silica gel column chromatography

_10_



£ olg3lo] SRS nHexane : BtOAc = 5 : 22 % 5 719] fractionoZ Vroih
(VA1 ~ V45). 18]al V445 Ay} 5L3sk 0= =4 dilica gel column chromatography

= o]-83}] compound 3 (464 mg)S AATKSchenre 4).

Ethyl acetate layer

ODS CC (Loading sample 5 g in 10% MeOH)

| ] | i

10%MeOH 30%MeOH  350%MeOH  70%MeOH  90%MeOH 100% MeOH
(1.7074¢g

Sephadex LH-20 CC (28 mm x 430 mm)
CHCL; - EtOAc - MeOH=1:2:1

llllllllll

Silicagel CC (28 mm = 490 mm)
n-hex :EfQAc=5:2

oo b

V1 V2 V3 V4 V35

Silicagel CC (28 mm x 490 mm)
n-hex :EtQAc=5:2

VoY o4 b

V4.1 V4.2 V43 V44 V45

Stlica gel CC (15 mm = 670 mm)
n-hex i EtQAc=35:2

Compound3
(46.4mg)

Scheme 4. Procedure of isolation of compounds 3 from /. okamurae.
SR E(2) T Ao Z+ B3 FE T ethyl acetate layer 50 g2 =83}7]
#1eted MPLC ©o]&3tey MeOH/H;O, 10~100 %= &mixzdo= F 30 719
fraction® = A HMP1 ~ MP30).

o] & MP2 ~ 4 (3945 mg)S Sephadex LH-20 column chromatographyZ ©]
&3t Sulx=1& CHCl; - MeOH = 1 @ 12 3} 6 719 fractiono2 Y+Q S
H(V1~V6), 17|14 compound 4 (9.8 mg)s LAt 28]l V3E Sephadex
LH-20 column chromatography& ©|-8-3sto] &wjz71S CHCl; © MeOH = 5 @ 1
2 3}9] compound 5 (10.6 mg)S AU}

I8]3 MP26 ~ 30 (800 mg)S Sephadex LH-20 column chromatography =
o] g&3te] &z CHCl; - MeOH = 15 : 1& 3}o] 3 719 fraction® & UF

AIL(V1 ~ V3), oJ7]4 V2= silica gel column chromatography S ©]-&3lo] &

_1‘]_



v %

= ©«

S A AHScheme 5).

7S CHCl3 : MeOH = 15 : 12 3}o] 2 7H¢] fraction® & W%, V1S

THA] silica gel column chromatography S ©]-&3le] €wlZ7S chloroform o &

3}o] compound 6 (177.0 mg)
Flow rate : 20 mL/min
Ethyl acetate layer ‘ Time (;f'un} Solven.tcondmon
| 1~3 10% MeOH
MPLC (ODS) 550 10~ 100% MeOH
(MeOH/H,0.10-~100%) | s0~60 100% MeOH
MP1 | MP2 MP3  MP4 froemeeee MP24 MP25 |[MP26 MP27 MP2§ MP29 MP30|
(304 Smg) (L0g) e )
S 1m0 sqina0cE om0
AN S S H S |
Vi1 v2 V3 Compound4 | V5 V6 W w2 R
Silica gel CC (28 mm 300
(9.8 mg) L}iélfmoé :3:;1: 1 )
Sephader LH-20 CC (16 mm x 490 ma)
CHCL-MeOH = 51
Compound 5 vi _ ) \_/2
Silica gel CC (15 mm 485 mm)
(10.6 mg) CHCL:M=0H = 15:1
Vi V2
Compound 6
(177.0mg)

of compounds 4, 5, 6 from /. okamurae.

Scheme 5. Procedure of isolation
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4-1-1. % polyphenolic compounds FH#F =4

e
S
i)
o

¥ shet © Folin-DenisH'"S oFzF W& sto] AAaqitt WA
gallic acid EF8 45 AHEste] ZElvls stgEe] AFS 9 ZEdoR o
3kt TS #ZAE7] Yell gallic acid 1 mgeS DMSO @ EtOH =1 @ 1

&N 1 mLel| 9] stock solutions A|Z&3kal, o] & 0, 31.25, 62.5, 125, 250 2 500

I

-
oo
12
—
o
(@]
=
—
i
:
Q
=]
o
¢)
=
N
ol
Ol
k]
ol\
o
_‘
O
o
(@]
=
—
N
=
o
Ol
&
=
Q
S
2,
<
o,
g
)
—

345t oA 1 A BAF 5, FEAS Askel fisk FAT PHOE 700

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical &4 &4 A3 A59] free
radical &7 solv 4 ¥ 85 Hrkste WH Foll svtolt tiF
] radical #gtEs2 WAool 71A wig E<HAHEA W, DPPH radical2 ¢+
3 free radical® 7F EZZA 515 nmolA A3 FFE UeEllE HEk o
stgt=oltt. AR free radicals &2AE F = FASAEREH F4HE T
Hro}l 2 2-diphenyl-1-picrylhydrazine (DPPH-H)©] W »=#Alo 2 H3}x o]
515 nmoll A ¢ FA=7t HAaHBER ofYdt duE o|&sto] A5 Fikst &

= 54 + v (Figure 3).

r—iu:

o,
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O on £ on
H

N—N NO, + HA N—-N NO, + A-
) o S o
DPPH radical Diphenylpicrylhydrazine
(Violet) (Yellow)

Figure 3. Scavenging of the DPPH radical by an anti—oxidant.

DPPH radical &4 &4 232 Blois #4¥e ¢854 1, Ad8He
3} 2t}

96 well plated] HE="H=Z 3143 sample €< 20 pL (in EtOH)¢ 0.2 mM
DPPH (in EtOH) €9 180 pLE Z sl A2dA 1087 d-SAIZ

o

o

ELISA ReaderE ©] &3t 515 nmolA §3=S =43

AR ofele] Al of& AxtatA o, 7+ A&7 DPPHE 50 % A& g
o] FE(SCs)E ToIh ZF ARE 5 3 A S AASte] FAHpe T
sttt o] Wl thE T (positive control) &2+ BHT (butylated hydroxytoluene)
= AH&3kal

A

sample Ablank‘ )

X
A 100

Radical scavenging activity (%) = (1—

control

Acontrol * 515 nmel A DPPHY &3 =
Agample © 515 nmol A sample?} DPPH Wh-§-<Ho] Fd &%

Apank 515 nmol A4 sample #HA 9] &3 %=

_14_



4-1-3. ABTS radical cation &7 &4 23

ABTS [2,2'-Azino-bis(3-ethyl benzothiazoline-6-sulfonic acid)] radical cation 2=
7 &4 A3 total antioxidant activity (TAC)] ZAHH F9] 3k 7[X 2 F219]

¥ ABTS7} AkstEd EAAQ HEAS = ABTS:' (ABTS radical cation)

A e o 2ok

ABTS radical cations ®FE7] 918t 7.0 mM ABTS (in D.W) &3} 245
mM potassium persulfate (in DW)& 84S 1 : 12 &35tste] 16 AlZbsd 4
oA wEEAIZITE BHE- AlZ1 ABTS &3} ethanols 24 3ke] 700 nmoll A &

L7F 0.78+0.0027F ¥ =& zdste] Al ARt

96 well plateo] sE¥ZE 3213 sample &< 20 pl (in EtOH)$ ABTS &
A 180 pLE &3tsle 15 #3F FAddAl ¥ESAIZl & ELISA ReaderE ©| &
3Fo] 700 nmoll Al &

25 (%) ot Al oal Aitetaiow, Zt Alw7F DPPHE 50 % A8 e
o] FE(SCxp)E Ttttk ZF Al8E 5 3 vtEAFS AAste] Hirghs
st th o] w = (positive control) &2+ BHT (butylated hydroxytoluene)<
AH-8-8F ATt

. . .. Asmn,ple_Abirmk
Radical scavenging activity (%) = (1—A—)x100
control
Acontrol : 700 nmoﬂ }\1 ABTSQ %’%E
Agample © 700 nmoll A sample®} ABTS HHS-ole] &34w

Apiank © 700 nmoll 4] sample AA 2] &3 %=

_15_



N
\(I =N 4<S So;H 1+ AH
N

/

ABTS

K;8,0g

’
(
P
)

(
Ho3s\©isFN,N42]©\SOGH

ABTS radical

+ HA —— HOSS\@

N
0
)N s SOH

N+ H

ABTS™

Figure 4. Scavenging of ABTS' radical by an anti-oxidant.
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fie]

4-2. TN A AF
4-2-1. Elastase A& &4 A3

H %) elastase (Porcine pancreatic elastase, PPE) Asi&A& 7]|d=
N-succinyl-ala-ala-ala-p—nitroanilide (SANA)®} &7 EFF=wHS A&
o A HHY

0.2 M Tris—HCl buffer (pH 8.0), 0.1 mg/mL elastase, 7] 2% 125 mM
SANA Z18il 2t NE5s s=EE FH3

B Ao A= 96 well plateol buffer 165 nl, SANA 5 pL, elastase 10 pL
aea AR89 20 uLE ¥a 25 CeolA 15 &3F 1Al %, ELISA reader

g olg3to] 405 nmol A FHEES Z4sart

5 3] WHEAS S AAEe] H G
T3 o] w o ZE(positive control) & Z 1= oleanolic acid®} ursolic acidE

A}g 85t

Suc ALA; - PNA + H,O —Elastase_~ Sue AT A, + PNA

Asam E‘_A an
: ple blank )><100

Elastase inhibition activity (%) = (1—
Acontrol - Ac— blank

1l B

bt
|
et
N
N
ol
ol
X
&2
rlo
r]I.
oo
ofo
2
1o
ool

Acontr()l : }\] Ry
Asample : }\]f-}_ ‘i%%qﬂg} 'E‘%E

Ablank : /\] JE‘JI_E]J'Q/] -];]—3’6]—1;3__

Acblank A58} elastaseS H7FeHA] &2 &9 FF=

_17_



R

ml
o2

4-3. w9
4-3-1. Tyrosinase A3} &4 A3
Tyrosinase A3 &4 232 mushroom tyrosinase® ©]£3 dopa chrome3?”

% sgdtel ZYat WA ARE 1 mg/mle FEE Hola o 05

mg/mL, 0.25 mg/mLe FE=Z 3Asta, Ao ALg3t 7]#H<Q L-tyrosine

2mMe] FEE Axgoh FH7F 2y 96 well plated] AEE 20 uLA ¥
L-tyrosine 70 pl. Z18] 3l potassium phosphate buffer (pH 6.8) 60 pLE %o

o

ELISA readerolA 480 nm= =743l Alwe} ALgd &vjo F3= #He +
t} o ZF wellol 2500 units®] tyrosinase 5 nlLe} potassium phosphate buffer
(pH 6.8) 45 pLE multi pipettes ©]-&3Fo] YojFa1 35 ColA 10 w3+ WA
7 ELISA readerE ©]&3] 480 nmeollA 3 =5 =H3}o] tyrosinase #3l&
(%)S o] Aol 93] Axtetgen, 72+ A E7} tyrosinaseE 50 % A 3E o
o] FE=(Cx)E T3IAH. 7} Als= 53] WHEAES AA|ste] FEghs 7313

t} o] wf thE+H(positive control) & &= arbuting A& th

>
sl

A

Ac()ntrol - A(f* blank

sample Ablank‘ )

Tyrosinase inhibition activity (%) = (1— % 100

Acontrol : /\]E% %‘17]—6‘]—X] 9%]_% I{L%%Qllq'o/] 'E‘%E
. o 5

Asample . }\]3—%’- ]3_'6‘%@49/] %%E

Ablank : }\]—‘E"—UL]:‘O/] T;l“%]—-‘;—

Acpnk - A 59} tyrosinaseEs H7FelA] @ £d9 FH =
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4-3-2. B16F10 murine melanoma cellS ©] &3t &4 2%

4-3-2-1. MEvi<F

B16F10 murine melanoma cell $t=rAl 25 23 (KCLB; Seoul, Korea)° =

FE F9F wkol 1% penicillin—streptomycin® 10 % fetal bovine serum (FBS)

o] g% dulbecco’s modified eagle’s medium (DMEM, GIBCO, Grand

Island, YY, USA) #lX]& A}&3to] 37 T, 5% CO, incubator Z31o|A] Hl &35}
wnom, 3 d tAoE Al v AlWsA

4-3-2-2. A& A

6 well plated] 5 x 10" cells/mL¢] B16F10 murine melanoma cell& 24 A
ZF okt & 9 wix|E A A3 3 PBS (phosphate buffered saline)® Al %]
AT 28] 100 nM 9 a-MSHE XE3t8}+= vlX| 2 wstsfa Al Al

28 A shel 72 MBS Wt

4-3-2-3. Melanogenesis A3 &A =3 23

ko]l £y wiA|E PBS buffer2 M2t ¥ trypsin-EDTAE 300 pl. # 2|3}
o cell&& Aol DMEMHIA] 700 plL& ¥ ©] microtubedl AXEE 3|53}t
AL pellets YAEHAA A5HS AASFAL, pelletoll sonication buffer (6.7
mM sodium phosphate buffer containing 1% triton X-100 and 0.2 mM PMSF)
= 500 ulL¥ ¥o] voltexingS alF2ltt 28] a2vb4 hand sonicator® cellS F
HAE 7l F, 30 8% 7 A HARYE Attt 2 Sl Aol

2 intracellular tyrosinase A3l &S SA3IA AL, pelleta melanogenesis # 3]

_19_



4-3-2-4. Intracellular tyrosinase #3f} &4 =4 A&

96 well plated] A=HS 80 plA ¥ir 25 mM L-Dopa®t 67 mM sodium

M

phosphate buffer (pH 6.8)& 1 : 39 H]&=2 T §9& 160 plL2 23t

Foll 1042, 20+, 304, 40, 50i, 60+, 90, 120+l 475 nmollA F3=E =

)

Asle] negative control (-)9} positive control (+)7} 7} ®o] jo]y= A|7H

S v T3 dAAES Tl F3E ge Akl A& (%)= ALtst

_20_



4-3-2-5. Al A B}
4-3-2-5-1. MTT assay
MTT [3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphenyl tetrazolium bromide] assay

= BI6F10 murine melanoma cellS& 6 well plateo] 5x10? cells/mL=Z &5 35}

3L 377C, 5% CO; Z1etollA 24 AF wi < -, AEE Astdnh 72 A3F

H
i

e 5 uiekel 200 pLE HAStar v A ujkede] 500 pg/mL F
MTTE #H7bske] 37 CellA 3 Az & WA 5, FE A4S Al AT
o 7)ol DMSOE 7}sle] 2ol AL} wkg-3le] A7 formazan F A ES
S A7 g, o] F 96 well plated] &% § 570 nmdlA FFEE S5t

At Cell viabilitys= 52 Aol ofsf A4k At

sample

Cell viability (%) = * 100

A

control

Acontrol - 570 nmoll 4 &wlE A2 3k controle] &3 %=

/N‘N mitochondrial _NH
N reductase N
N +ﬁiN - @/LI\N',N Il
S. 7
B TF s{

=]

yellow MTT purple formazan

Figure 5. Principle of MTT assay.
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4-3-2-5-2. LDH (lactate dehydrogenase) assay

o~

A5/ 2 plasma membrane 79 <Foll ]3] H7leth LDH (lactate
dehydrogenase)= AEZo| EA5l+= E42E B4 AEYUS 5334 &
o Aazute]l EHW A o5 S A Tor WEdHn WEd LDH
= B 44385 E03] pyruvatest NADHE A4 3t} o] NADHE
diapholase?] Zujo] 93] HEZEZZEAANT)S HUA|

7t

o] AZEAS 713k (Figure 6).%

LDH assay: US3 Zt}l B16F10 murine melanoma cellS 6 well plate©l
5x10" cells/mL& #5331 37 C, 5% CO, A3kl A 24 A7+ wjF & A8
S Agstdrh 72 AIZE 8w F vt 200 pLE F 8kl LDH-cytotoxicity
detection Kit. (TaKaRa BIO INC.)& o|&3}o] H7}e}l o™ cytotoxicity &=
o] Aol ofsf A

)
I
O
(@)
=

=

1o,
EI (
A

il
rr

A9 formazan Mg P EHH ©] formazan®] F3:EE FA45

H

A

AHigh control ALow control

LDH
Lactic acid / \ Pyruvic acid

sample ALaw control

Cytotoxicity (%) =

> 100

NAD™ NADH + H
Formazan « ‘\ / Tetrazolium
(Red) Dial)llorase (&.’6110\\;)

Figure 6. Principle of LDH assay.
Asamplc : }\]E% 7‘4‘—5'@‘ Samle-‘ﬂ ‘g‘%]_l;——

Alow control - & "E A2 3 control® FF%=

Anigh control - 19 1% triton X-1002 * 23+ control®] &%
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Aze FdddaAS =SAHs7 98l Staphyiococcus epidermidis (CCARM 3709,
3710, 3711)¢} Propionibacterium acnes (CCARM 9009, 9010, 0081) & 670¢]
TE AESATE. S epidermidis?] 745-, WAl & T.S.B (Tryptic soy broth)
2 &to] 3 A 3 AFEESITE P.oacnes?] 7%, HIFHIAE GAM broth® &l
3 AW F AFEEATE A WHOEE o stocks Eitrd A viA| 10 mLol
Ao A7 & 100 uL 91, o9k e oz 3 W Aush

4-4-2. Paper disc diffusion method

Algel &8-S =AY 8l Propionibacterium acnes, Staphylococcus
epidermidis®] ™3] paper disc diffusion Ho 2 A% AA&S A3
P. acnes= 08 %% X3= GAM WiA|el P. acnes 0.5 MacFarland= 4
H 15%5 s GAM HiA|9fol Stk wiA7F 2o AR SiE £
ksl 27 8 mm paper discE &84 37 C, 48 AHs<t @7] wjgs &
FAE AY T AAe] AVE SAHEA

S. epidermidis= 33 08 %E XE3tsl= T.SB 8lA 8 mLol S epidermidis
05 MacFarland® ¥l &3 15%%5 X¥st= T.S.B wjA9lel] =t wix7}
Zom A7 g9

&2t wjFato] dis

£3+3l= 217 8 mm paper discE = 37 ColA 24 A7t

z
TRl F4E 47 25 AAFe A7)E FH5ATh

@}
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4-4-3. MIC (minimum inhibitory concentration) 2 &

= i MIC#ke]

=
@
rr
3
oz
il
Lo
2
Y
o
2
als
ot
oz
il
i)
Lo
e
B>
off
H
il
=)
oz

gom USSE AgEde O uAEd gE #ggAde] =va & 4 ) 3
A3k 7S 0D (optical density)zke] 0.2 ~ 0.3°] H == 085% A A

1

g3to] 34 3H0.DF 02 ~ 0.3°] oF 10° CFU/mL). ZLthS OD#S =

mlm
Olt

F 1F 1 mLE 085 % A d4s o4t S epidermidis= 10° CFU/mL

T aT =

f

P. acnes= 10" CFU/mL7}#] 324319
23 96 well plate Z welloll 8]#] 150 plLA €olFa, A WHA welld =
H] 3k sample 150 pL& Yo+ ¥ pipettingslte] &3hsic). 2
st A2 samples ¥H4 8| 3st= BAH S AAad =, ZF welloll 3]4 gk

TS 15 L4 A 7 7o GRAoR s AR Bastd.
4-4-4. MBC (minimum bactericidal concentration) 2%

MIC7ko] Stba si4 1 FEoA #& BE %ol e ohth ARe 3
o g o AE Walste] o] AekA ol & AAH B F 7] Wi
of MBCx= MIC#kel Wetd L o]iel =9 AHRES plateo] #2]std]
colonys @Agste=A gelete] o] AMES HAwEE At

WA agar plateE +H|3FaL plate F A FES o] FAE F, MICE #
&35k 96 well platedll Al loopE o] &3] A 85E HojWA FEHEE scrachings
ATt

32

dhol 7} o] wldzEA o Wgslel AT Bele
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i

1. 23 2

L ggt=9 7= 24

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

Compound 1€ 'H-NMR spectrum®| 4] proton peak £©] 6 ppm 3ol A 5t

of

UL Aoz Hol compound 12 ZZFolA &
oligomerz} o4stdivt. =g § 595 (2H, s), 587 (2H, d, 1.83 Hz)7} #z

integral gto] 22 M2 hAFEE z2tE protonol gt o AFsll AL, 5.87 ppme

1 YA %3+= phloroglucinol

peakt coupling constant #te] 1.83 Hz ©]7]e] o o]W A meta-coupling= 3}
i 9% aromatic ring®] YtFi oAFstd Tt PC-NMR spectrume £3) 2471
9] carbon®] AS<E AEd oW, chemical shift gto] § 95 ~ 160 Afeleol]
& AoR Kol gp EAS 2= carbonO EWF o] Fojz %9 aromatic ring
o] 4701 Fxd Zolek oAt th 1gjal DEPT-135& &3l 6§ 95 ~ 100 A}
o] 9] carbon peakE<S aromatic proton®] &%+ carbone]gt dgstAT =
gk A peakEe] YA il deshielding ¥ HOo@ Mol 4 3 ghho]n,
hydroxyl 715 %zt F&x2F o435 o]& E3 phloroglucinol tetramerzh
g Aal i, o] & nieo 2 'H-NMR# “C-NMR spectrum & #3123} H)w g
A3 compound 1& di-phlorethohydroxycarmalol (DPHC)®lS &Helsk 4= 2
tH(Figure 7).

w3 'H, “C 3 DEPT-135 NMR data®lel 2D-NMR?! COSY, HMBC,
HMQC spectrum®] datag &3] DPHCS & 13t
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Figure 7. Chemical structure of compound 1.
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Table 1. 'H and C—NMR data of compound 1 (400 and 100 MHz,
CD30D).

Compound 1
No.
Sc O w(int, multi, J Hz)

1 136.2
2 127.6
3 136.0
4 95.1 6.14 (1H, s)
4a 144.2
5a 147.1

140.7

140.7

126.2

95.8 5.97 (1H, s)
9a 128.2
10a 132.2
1 125.8
2 152.4
3' 9614 5.95 (1H, s)
4! 156.5
5' 96.4 5.95 (1H, s)
6' 152.4
1" 161.7
2" 95.4 5.90 (1H, d, 1.83 Hz)
3" 160.1
4" 97.4 5.89 (1H, s)
5" 160.1
6" 95.4 5.87 (1H, d, 1.83 Hz)
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i aed aed wed acd aed wcd acs

Figure 9. "C-NMR spectrum of compound 1 in CDsOD.
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L TTY VN
70 160 150 140 130 120 110 100 90 g0 70 80 ppm
! 5l B ! ! {7 S I AR ! I I
170 60 150 140 30 20 0 100 9 8o o 60 ppm

Figure 10. DEPT-135 spectrum of compound 1 in CDsOD.
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N pPmM

57T

58

5.0

6.0

6.5

6.5 6.4 6.3 6.2 6.1 6.0 5.9 5.8 5T Ppm

a5

100

105

115

120

—- 125

130

135

140

145

150

155

SRR 1 160

165

6.25 6.20 5.15 6.10 &.05 6.00 5.95 5.90 5.85 ppm

Figure 12. HMBC spectrum of compound 1 in CDsOD.
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Figure 13. HMQC spectrum of compound 1 in CD3OD.
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1-2. Compound 2¢] %34

Compound 2+ H-NMR spectrumel 4] § 1.28 (3H, s), 1.31 (3H, s), 1.60 (3H,

s)9] peaki= 3709] methyl groupe] U AT & Ao § 1.27 (m), 2.00

(ddd, J = 2 Hz, 4 Hz, 11.7 Hz), 1.43 (1H, m), 247 (ddd, J = 2 Hz, 4 Hz, 11.7

Hz), 410014 &+l carbinol proton® 1o 2183 5 7§ methylene peak”}

ASS oAt sk § 5799014 & A o]F Ao #olst= proton©] UL
a3l 6

S gaE £ gk BC-NMR spectrums & 113.9, 1742, 1841 & o p-&

I3} ZRdo] ddeEE EA A peakES Feldd S Ada, o] Hiygow
'H-NMR¥#} PBC-NMR spectrum? w33 #®wd ZA3 compound 2+

epi-loliolide$} & 22135} 33t}

Figure 14. Chemical structure of compound 2.
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Table 2. 'H and C—NMR data of compound 2 (500 and 125 MHz,
CD30D).

Compound 2
No.
Sc 8 y(int, multi, J Hz)

1

2 174.2

3 113.9 5.79 (1H, s)

3a 184.1

4 36.4

1.27 (m), 2.00 (ddd, 2

5 50.8

Hz, 4 Hz, 11.7 Hz)
6 65.4 4.10 (1H, m)
1.43 (1H, m), 2.47 (ddd,

’ °0.0 2Hz, 4 Hz, 11.7 Hz)
7a 88.7

8 30.5 1.60 (3H, s)

9 25.9 1.31 (3H, s)

10 25.4 1.28 (3H, s)
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Figure 16. ®*C-NMR spectrum of compound 2 in CDsOD.
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1-3. Compound 3¢] %3} 4]

facs

Compound 3¢ 'H-NMR spectrumol 4] § 5.31¢] peak® H.o} o]F ZA3lo]
S Aolgt ddstaar, § 2.74, 2009 peakE-> °Fzt deshielding ¥ HOo=E
o &< z8]9] protoneldt o dstA T 1Elal § 1.60 ~ 1.269 peakE2 AW
A& 9] methylene proton®] 2t |43, § 0.859] peak= AW Al&o] wekel
methyl protone]2} ¢lAaladth BC-NMR spectrum< Z3&} 187H¢] carbon®] 4l
AL el ar, § 18059 peaki= carboxylic acid®] carbon®] 2} |43
, 6 1281 ~ 6 13049 peakE Sl olT Aol 3707k S Aelet <38

. o] nlgto g2 'H-NMR¥Z} “C-NMR spectrum< &3} v wsla#]stgd ot}

fx

rr

£ M
)

F3lo] &3+ o} y-linolenic acid ZFEZES FYste] nvlwd Ay

compound 3 y-linolenic acid¥ & <135t}

O

Figure 17. Chemical structure of compound 3.
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Table 3. 'H and C—NMR data of compound 3 (500 and 125 MHz,
CDCl3).

Compound 3

No.

Sc S u(int, multi, J Hz)
1 180.5
2 34.4 2.31(m)
3 25.8 1.60(m)
4 29.3 1.26 (m)
5 27.4 2.00(m)
6 128.1 to 130.4 5.31(m)
7 128.1 to 130.4 5.31(m)
8 25.0 2.74 (m)
9 128.1 to 130.4 5.31(m)
10 128.1 to 130.4 5.31(m)
11 25.0 2.74 (m)
12 128.1 to 130.4 5.31(m)
13 128.1 to 130.4 5.31(m)
14 27.4 2.00(m)
15 29.6 1.26 (m)
16 31.7 1.26 (m)
17 22.9 1.26 (m)
18 14.3 0.85(3H, t)
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Figure 18. '"H-NMR spectrum of compound 3 in CDCls.
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Figure 19. "> C—NMR spectrum of compound 3 in CDCls.
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1-4. Compound 4¢] %3} 4]

Compound 49 'H-NMR spectrumo] 4] proton peakE< 6 ~ 8 ppm -0l
A Y2 Ao 2 Ko} aromatic proton®] 2} ol A k. 3 § 650 (1H, d, 5.50
Hz)¥} 7.80 (1H, dd, 0.92, 550 Hz)9] peake= &3t coupling constant #o =
Hol A= coupling st AL o3t th sy 9421 coupling constant &t
el 49 ortho= 6 ~ 10 Hz, meta= 1 ~ 4 HzolA| Wtk o] A%+ 550 Hz ©]7]
o benzene ring®] ortho coupling®] ©}d hetero ring®] ortho coupling¥ # ©]
g} oAt deh. 44 0 7 hetero ring?! pyridine®] ortho coupling #+< 4.9
~ 5.7 Hzolt}. BC-NMR spectrumol A & 173.8 ¢ peak™ carbonyl group?]
peake} oldstl o o2 nigom 'H-NMR¥ “C-NMR spectrume &%

7} vl sk A3} compound 4% pyromeconic acid¥ S #2135t

Figure 20. Chemical structure of compound 4.
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Table 4. 'H and "C—NMR data of compound 4 (400 and 100 MHz,
CDCl3).

Compound 4

No.

Sc O n(int, multi, J Hz)
1
2 138.7 7.88 (1H, s)
3 146.8
4 173.8
5 113.8 6.50 (1H, d, 5.50 Hz)
6 155.8 7.80 (1H, dd, 0.92, 5.50 Hz)
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Figure 21. 'H-NMR

spectrum of compound 4 in CDCls.
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Figure 22. BC-NMR spectrum of compound 4 in CDCls.
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1-5. Compound 5¢] %3} 4]

Compound 59 'H-NMR#} “C-NMR spectrumol| 4] peakES zhzh 2714 gt
U2 oz Hol A2 oiF FxY Zolz dAsidth ®=3 'H-NMR
spectrum®] Al peakEo°] desheiding ¥ ZHoE Hol gp EAE ztE= F X9
protone| 2} o4&ttt o] & nigo = 'H-NMR# “C-NMR spectrum< &3

¥} vladk A3} compound 5% phloroglucinol¥ & 2213}t

Figure 23. Chemical structure of compound 5.

Table 5. 'H and *C—NMR data of compound 5 (400 and 100 MHz,
DMSO—dj).

Compound 5
No. . .
dc¢ O ulint, multi, J Hz)
1,3,5 158.9 8.95 (3H, s)
2,4,6 94.0 5.65 (3H, s)
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Figure 25. “C-NMR spectrum of compound 5 in DMSO.
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1-5. Compound 6¢] %34

Compound 6¢] 'H-NMR spectrumel 4] § 5.32¢] peak® Ko} o] Z3 o] gl
S Aolg AL, § 2.33, 2.009] peakE °F7t deshielding ¥ Ao & H
o} &< z8]9] protonelgt o FstA T 2Elal § 1.60 ~ 1.279] peakE2 AW
A} 9] methylene protone] @t dlAetA 1L, § 0.869] peak:s AW AL o] wWekel
methyl protone]2} ¢lAaladth BC-NMR spectrum< Z3&} 187H¢] carbon®] 4l

AL AL, 6§ 180.19 peaki= carboxylic acid®] carbono]#} <l/d3} %

rr

a6 1304, 130.2, 1299, 128.12] peaks E3& o] Aol 277F A2 Aol
g AEg. o2 nlgroez 'H-NMR¥ “C-NMR spectrums E&3} w]u st

A3} compound 62 linoleic acid¥l S <13}t

HO

Figure 26. Chemical structure of compound 6.
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Table 6. 'H and C—NMR data of compound 6 (500 and 125 MHz,
CDCl3).

Compound 6

No.

Se O n(int, multi, J Hz)
1 180.1
2 34.2 2.77 (m)
3 25.8 1.60 ~ 1.27 (m)
4 29.4 1.60 ~ 1.27 (m)
5 29.6 1.60 ~ 1.27 (m)
6 29.9 1.60 ~ 1.27 (m)
7 29.9 1.60 ~ 1.27 (m)
8 27.4 2.00 (m)
9 130.4 5.32 (m)
10 129.9 5.32 (m)
11 24.9 2.33 (m)
12 128.1 5.32 (m)
13 130.2 5.32 (m)
14 29.3 2.00 (m)
15 20 & 1.60 ~ 1.27 (m)
16 32.1 1.60 ~ 1.27 (m)
17 22.9 1.60 ~ 1.27 (m)
18 14.3 0.86 (3H, m)
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BC-NMR spectrum of compound 6 in CDCls.
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2. s B9 49 A3

o =2 =

2-1. % polyphenolic compounds % =74 A3}

Polyphenolic compounds= 2} &Alo da] x5 A= 2 2 A= sty=
ohFe FxRe ARSI g 2 Ul 2 7l ©]/de] phenolic hydroxyl”]

ZEA 7] wgell ed 5l Ve A 2AEd Agete AEs HHY &

Wl

g 5 9] & polyphenolic compounds %<
=% 1 mg § 738t = gallic acid ¢ % (GAE; gallic acid equivalents) 2.
= ghikste] yepddeh A3 Ad, FEEA 9 ng GAE/1 mg, +9= 5
EtOAc ¥ »7-BuOH layerol A Z+z} 200, 128 ng GAE/1 mgo. = WluZ% H=&
polyphenolic compounds &S YERUSAT o= v & il A3 Aielx
Hdo] s Aolgt odE At

05
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g 03
ﬁ 3
£
=
202 y = 0.0008x - 0.0074

R? = 0.9995
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Figure 29. Calibration curve for quantification of total polyphenolic compounds.
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Figure 30. Total polyphenolic compounds of extract and solvent layers.
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2-2. DPPH radical &7 €4 A3 A%

=

2-2-1. &5 % E3E9 DPPH radical 27 &4 A3 Az

i

3B 70% oetE FE=F 2 w8E9 DPPH radical 24 45 =4

of diate] 25, 50, 100 pg/mLe] &

5223} Z7te 29
of

=
SCso#ks ZA2tsk At

Q‘L
30
o

k1
fru
1t
o
ftlo
1
>,
ol
ol

DPPH radical scavenging activity (%)

Extract #-Hex EtOAc n-BuOH Water

B 25 pg/mL 50 pg/mL EI00 pg/mL

BHT

Figure 31. DPPH radical scavenging activities of extract and solvent layers.

1 A3}, DPPH SCszkel EtOAc layeroll Al 49.81 pg/mL= o)z BHT (32.30
pg/mL) %FFeo] £& DPPH radical &7 A4S el g3 3tg&E9 &

AL oln] ol delx] Y] white] AsEA ekhrh
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2-3. ABTS radical cation 27 &4 23 Ay}

2-3-1. F=& 4 B3 E9 ABTS radical cation &7 &4 A3 Az

e

3} 70 % olgks F

)

=5 #3592 ABTS radical cation &7 A4S =4
stk FEE U A Fg = diste] 25, 50, 100 ng/mLe FE=2 A3

A A8 tH(Figure 32). 7L % Extract, EtOAc, n~BuOH layero A & &4S

[4.1

fx

of F7HH o w FEE 3125 6.25 125, 25, 50, 100 ng/mLe] s== ¢ Y=
Ads APt thFigure 33). 2 A3, FEENA SCsatel 299 upg/mL,
EtOAc, m~BuOHoll A 2tz 14.8, 27.0 yg/mL=E tix=w*<l BHT (85 pg/mL)wt
¥ ¥ ABTS radical cation &7 @45 Jetlde. g =9 24
& oln] wol deElA ¢l7] Wit WaEA g keh

ABTS' radical scav enging activ ity (%o)

Extract n-Hex EtOAC n-BuOH Water BHT

H 25 pg/mL M 50 pg/mL & 100 pg/mL

Figure 32 . ABTS' radical scavenging activities of extract and solvent layers.
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Figure 33. ABTS" radical scavenging activities of extract and solvent layers.

5C; [llgf ml.)

8.5

Extract EtQAc n-BuOH BHT

Figure 34. SCs value of ABTS' radical scavenging activities of extract and

solvent layers.
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3. FEMA & AF A

3-1. Elastase A3 &4 23 Az}

i}
i

3-1-1. F=&5 4 B3I E9 elastase A3 A A Ay

g 70% ANEL FEE 2 EIE elastase A FAE =AU =&
B3 Uz £33 5 diste] 25 50, 100 ng/mLe] FEZ AdS AA s
71 ¥ water layers A 9|3 Y] FoA £ A4S Ho FrHHoR FE

£ 15625, 3.125, 6.25, 125 ng/mLe =2 23 AdS Wt

Elastase inhibition activity (%)

Extract n-Hex EtOAc n-BuOH Water Oleanolic  Ursolic
acid acid

B 25 pg/mL B 50 pg/mL W 100 pg/mL
Figure 35. Elastase inhibition activities of extract and solvent layers.
1 A3 EtOAc layerdl A Z+zt 331, 63.0, 82.1, 86.2% A3 &S e

Ao ICsike]l 4.78 ng/mL= thZ*2 oleanolic acid (4.16 ng/mL), ursolic
acid (7.10 pg/mL)WHF £& elastase A& A2 YEeERASIT
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Extract n-Hex EtOAc n-BuOH Water

M 1.5625 pg/mL M 3.125 pg/mL M 6.25 ug/mL

Oleanolic Ursolic
acid acid
H 125 pg/mL

Figure 36. Elastase inhibition activities of extract and solvent layers.
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Figure 37.
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3-1-2. 289 3}3E 9] elastase A8 &4 A8 24

A=

H2HEy 83t FEE9 elastase A3 FAHS SH5A . 429 FEHE

d

ol tatel 6.25, 125, 25, 50, 100 uMe] w2 APE Aaete] ICpats AL
st

3 38

-~
(=]

3

ul
=]

I
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w
=]
|

Elastase inhibition activity (%)
=)
(=)

=
(=]

(=]
|

Compoundl Compound2 Compound3d Compound4 CompoundS Compound6 Oleanclic acid Ursolic acid

625 uM 125 M @25 M H 50 pM 100 pM

Figure 38. Elastase inhibition activities of isolated compounds.

1 A3}, compound 1, 3, 69 ICsate] 22F 24.66, 74.13, 31.69 yM=Z )z
¢l oleanolic acid (16.18 pM)e} ursolic acid (10.83 pM)WHE =& elastase A

A 24 5 HS FAT + Ak

Table 7. IC5) value of elastase inhibition activities of isolated compounds.

Compound
Compound name IC50 (uM)
No.
1 diphlorethohydroxycarmalol (DPHC) 24.66
2 epi-loliolide >100
3 y-linolenic acid 74.13
4 pyromeconic acid >100
5 phloroglucinol >100
6 linoleic acid 31.69
. Oleanolic acid 16.18
Positive control Ursolic acid 10.83
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4. mw} 2 dd Ay

4-1. Tyrosinase A3 &4 A3 Az}

i}
iz

4-1-1. FE& %2 2 FE9 tyrosinase A3 A A3 Az

B 70% oS FEE L B E9 tyrosinase As A4S ZHsAE F
ZE53 Uy x B E thate] 25 50, 100 pg/mLe FE= AHS AA s
ICsoks Aarsldct. 1 A3} ICsgke] EtOAc layerol A 62.29 pg/mLE %
2l arbutin (70.32 pg/mL)E.t} £& tyrosinase A3 A4S YEFN AT

70

Mushroom tyrosinaseinhibition activity (%)

Extract n-Hex EtQAc #-BuOH Arbutin

35 pg/mL 50 pg/mL i 100 pg/mL

Figure 39. Tyrosinase inhibition activities of extract and solvent layers.
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4-1-2. 8158 3+3E 9 tyrosinase A3 A4 A3 Azt

HERE wEd SdESe tyrosinase As BYE FASAT Azl g
el diske] 125, 250, 500 uM o] wEZ dEE A ste] ICoaks Artst
. Compound 2, 3, 4, 5, 6 = &4°] FA &} M= WERA &kt

o

90 45
x
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|
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a0
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3
e
= 5
E 10 -
=

o -

Compound 1 Arbutin
B 125 i 250 M & 500 pM

Figure 40. Tyrosinase inhibition activities of compound 1.

2 A3 compound 19] ICsake] 21024 yM= W22 arbutin (286.94 pM) X

2
t F2 tyrosinase Ad] 24 eHS 7HHE AT = AU

Table 8. ICs value of tyrosinase inhibition activities of isolated compounds.

Compound
Compound name IC50 (uM)

No.
1 diphlorethohydroxycarmalol (DPHC) 210.24
2 epi—loliolide >500
3 y-linolenic acid >500
4 pyromeconic acid >500
5 phloroglucinol >500
6 linoleic acid >500

Positive control Arbutin 286.94
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4-2. Melanogenesis A3 &4 =4 A3 A3}

L

4-2-1. &% 2 B3I E9 melanogenesis A3 A =4 A3 =L MTT,
=
|

B 70% detE FEE 2 8 & dis] 100 pg/mLel FEZ melanin
contentsS <13 A3} p-Hex layerdl A= Al X5 A 8l°] melanin contents”}
AL AL F21s9d 1L, EtOAc layerol A= melanin contents”} 40 %7 = o],

°F 20% A& AEEC] EFolE AL FATd & AT WA 2-BuOH

layer$} water layeroll A= &/do] FA &3kth Hg sampleol] o3 AlEE0]
A gEA ela] 8 FhH AEE4EYoR LDH 29 AP
ot
Sample concentration - 100 pg'mL
(Melasolv - 20 uhD
120
100 hd sel

o%o

a0 7
60

40

o |

a-MSH -

Sample - - Melasolv  Extract n-Hex EtOAc n-BuOH Water

H Melanin contents (%) & Cell viability (98)

Figure 41. Melanin contents and cell viability of extract and solvent layers.
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Sample concentration - 100 pg/ml

(MMelasolv - 20 phd)
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o-MSH + =+ “+
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Figure 42. LDH cytotoxicity activities of extract and solvent layers.

% B FHHoE ¥EE B 29S Ak 1 Ak, FE 4
A2 B # 5 990w, LDH AZ54%571

of wz} melanin® o] 743
=

AN FA& YERA &skt

Sample concentration : pgmL

{Melasoly : 20 uM)
140

120

100

80

60
40
20 +
0 -
o-MSH - + + + - + + + + + + +
Sample = = Melasolv  Exwact2s  Extract30  Eatract100  n-Hex25 #-Hex30  n-Hex100  EtOAc23  EtOAc30  EtQAc 100

B Melanin contents (%) & Cell viability (%)

Figure 43. Melanin contents and cell viability of extract and

solvent layers of various concentration.

_57_



Cytotoxicity (%)

Sample concentration : pgmL
(Melasolv : 20 pM)

100

S

@
=]

=~
(=]

3

w
=]

B
=]

wa
=]

%1
=]

io

o -

o-MSH + + + + + + + ™= F * =

Sample - Melasalv Extract23 Extract 50 Extract 100 n-Hex 25 n-Hex 50 n-Hex 100 EtOAc 25 EtOAc 50 EtOAc 100

Figure 44. LDH cytotoxicity activities of extract and

solvent layers of various concentration.
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Figure 46. LDH cytotoxicity activities of isolated compounds.
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Figure 47. Melanin contents and cell viability of isolated compounds

of various concentration.
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Figure 48. LDH cytotoxicity activities of isolated compounds

of various concentration.



4-3. Intracellular tyrosinase A& &4 A3 2}

=

4-3-1. FE&E 9 F 359 intracellular tyrosinase A3 &4 23 Ay}

i

3 70% degE FE2E 2 F8 = ddl 100 pg/mLe FX= intracellular
tyrosinase A3 A4S =A3 At 1 A3, FEE, n-Hex, EtOAc, n~-BuOH
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gel & 4 T
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Figure 49. Intracellular inhibition activities of extract and solvent layers.
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Figure 50. Intracellular inhibition activities of extract and solvent layers

of various concentration.
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Figure 51. Intracellular inhibition activities of isolated compounds.
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Figure 52. Intracellular inhibition activities of isolated compounds

of various concentration.
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5-1. Paper disc diffusion A& 23}

5-1-1. F=E& 2 B3 E 9] paper disc diffusion 23 A3}

Table 9. Anti—bacterial activity of extract and solvent layers from /. okamurae.

Sample concentration : 100 xg/mL

Sample Positive control
Extract mHex FtOAc nBuOH Water Erythromycin (1 mg/mL)

Clear zone(mm)

S. epidermidis

CCARM 3709 10 0 11 10 L 14
coamiano 10 9 11 10 - :
ot s 10 9 10 10 - 14
CCIZR?\ZH;Zog - - - - 27
CC};RZNL;I;ZN - - - - - 27
CCZR?\ZHZZSI B - - - 30
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5-2. MIC, MBC 23 23}

5-2-1. &% % 2389 MIC, MBC 4% 24

g 70% L FEE U B3 Eo MICY MBCE =A3tt. #5523 &
5o tste] Z+-Z;F 1000, 500, 250, 125, 62.5, 31.25, 15.63, 7.81, 3.91, 1.95
g/mLe TR AdS AU 1 A, S epidermidisol A FHEA S

BAow P acnesd|l A= g o] YEeERYRA ekt

=

Table 10. Anti-bacterial activity of extract and solvent layers from [. okamurae.

S. epidermidis S. epidermidis S. epidermidis
CCARM 3709 CCARM 3710 CCARM 3711
1. okamurae  MIC (uyg/mL) MBC (ug/mL) MIC (ng/mL) MBC (ng/mL) MIC (uyg/mL) MBC (ug/mL)
Extract 125 500 250 1000 >1000 >1000
n-Hex 125 1000 125 1000 250 >1000
EtOAc 500 1000 500 1000 500 1000
n-BuOH 500 >1000 1000 >1000 1000 >1000
H-0O >1000 >1000 >1000 >1000 >1000 >1000
Erythromycin <1.95 <1.95 62.50 500 <1.95 <1.95

Table 11. Anti-bacterial activity of extract and solvent layers from [. okamurae.

P. acnes P. acnes P. acnes
CCARM 9009 CCARM 9010 CCARM 0081

. okamurae  MIC (ug/mL) MBC (ug/mL) MIC (ug/mL) MBC (ng/mL) MIC (ug/mL) MBC (ng/mL)
Extract >1000 >1000 >1000 >1000 >1000 >1000
n-Hex >1000 >1000 >1000 >1000 >1000 >1000
EtOAc >1000 >1000 >1000 >1000 >1000 >1000
n-BuOH >1000 >1000 >1000 >1000 >1000 >1000
H>O >1000 >1000 >1000 >1000 >1000 >1000

Erythromycin - - - - - 7.81
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IV. 8¢ & 48

g 70% dEsE FE=S &) FAEA wE FAAoR F 85
n-hexane, ethyl acetate, n-butanol, water layerS 2 %lit}. o] F&5&E31 £ I &
Soll tal akst, 5204, v B @yt A4S sk dh
FEE 2 BYEE9 Fgits @448 A3, F polyphenolic compounds &
@ Z=Ho| = EtOAc layerol A 200 ng GAE/1 mg o= 7} =A vk
DPPH radical &7 A A doA+= EtOAc layerol 4 SCs#kol 49.81 pg/mL=E
)zl BHT (3230 pg/mL)9HE £& 45 Hdvh 53 ABTS radical cation

a7 2 AdeM=

FZ5 FEtOAc, mBuOH layerol A SCszrol Z+7F 29.9,
14.8, 27.0 pg/mL= thZa< BHT (85 pg/mL)wHE9 £& 84S Yeldch

g
A
o
e
al
Lo
N
|

FEE 9 B Z44% A elastase Al & Ao A =
water layerS A3 FEE, n-Hex, EtOAc, 7~BuOH layerolAd =& A&
Uetigl o ICxHake] Z+2 16.67, 33.38, 4.78, 18.83 ng/mLE thZE¢l oleanolic
acid (4.16 pg/mL)%} ursolic acid (7.10 pg/mL)HEF9] £& &A4S e
2 FYgESY v GAF A tyrosinase A3 A Aol
A= EtOAc layerol A ICske] 62.29 pg/mLE thZ+¢l arbutin (70.32

g/mL)E T £ &S YeElYth =3 melanogenesis A3l &4 4ol

il

F=

X+ FEE, n-Hex, EtOAc layerol A SviwtS A2l gk a-MSH(+)9} H] L
39S Wl melanin contents® #AA 7= AS e 4+ A, LDH Al
IEAHNE T FEE, FYE BT AXS5AH dudes AS FoAsA

t}. 18] 1 intracellular tyrosinase A3 &4 A AM = F5E, n-Hex
EtOAc, n-BuOH layerol A &vjrtS A3 o-MSH(+)H Y} intracellular
2

tyrosinase A3 &Aool =4 yH2 AES A T
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water layergE A 93t =%, n-Hex, EtOAc, n~BuOH layerol| 4 S. epidermidis

EE59 gt &A4AE A paper disc diffusion A Fo|A =
Fol tial] FgerEAde] e oz AT Eg MIC, MBC A3 2 7o A

= PRRIVA RS epidermidis el WEl datEAde] 9l Als sk

o] 2 ZA¥E vioez EOAcsoA 3HE #8E Fdska, vacuum  liquid

chromatography (VLC), <% silica gel chromatography, Sephadex LH-20 chromatography
= Fdsto] sietEs Eefsislth EelE k= 7E= NMRE ol8ste] SRlsilal, &

2} vluste] F 6719 shetEs Eel-s7gekd

29 3kME-2 di-phlorethohydroxycarmalol (1), epr-loliolide (2), y-linolenic acid (3),

pyromeconic acid (4), phloroglucinol (5) linoleic acid (6)& 1= ATk

olFA E¥ stdEscl sl Z4ze =S AP FA kst A
A2 oln] APAF7E wol Hol oA xlaskA gkt

Elastase A3l &4 A dolAE compound 1, 3, 62| ICs#kel 242t 24.66, 74.13,
31.69 pM= 221 oleanolic acid (16.18 pM)<} ursolic acid (10.83 pM)"HE2
TS S4S YEiIHh

18] 31 tyrosinase A3 A AEo| A= compound 19 ICs#ke]l 21024 pM=
thx4¢] arbutin (286.94 pM)H.t} =& A4S el tt. ®=3F melanogenesis

A &4 Ago| A= compound 1, 2, 3, 6914 AMAE=Flo] melanin contents

1

AL A Al7)E= AL Felslel o) intracellular tyrosinase A8 A A

o A% compound 1, 2, 3, 6914 £ A4S YEME= A& A3

kA 2 AT ARANE AR o R xR HE ol & WA FAsA, F

A, SR R G 2ARAY AT S FAG 5 dATh
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