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Abstract

In this study, we investigated identification of skin-related bioactive
constituents from Acanthopanax koreanum fruits, Rhododendron weyrichil
leaves, Daucus carota var. sativa areal parts and Ulva pertusa. The
chemical structures of the isolated compounds were elucidated based on
the spectroscopic data including NMR spectra, as well as comparison of

the data to the literature values.

Five constituents were isolated from the ethanol extract of A. koreanum
fruis; ent-kaurenoic acid (1), 3a-hydroxylup—20(29)-en-23,28-dioic acid
(2), 3a—hydroxylup—20(29)-en-23,28-dioic acid 3-O-B-D-glucopyranoside
(3), impressic acid (4) and 3a,11a,23-trihydroxylup—20(29)-en-28-o0ic acid
(5). As far as we know, compound 3 was isolated for the first time from
this plant. All of the compounds showed anti—inflammatory and
anti—-bacterial activities. On the tyrosinase inhibition studies, compound 1,

3 and 5 showed stronger activities than arbutin, a positive control.

Five phytochemicals were isolated from the ethanol extract of &
weyrichii leaves; ursolic acid (1), corosolic acid (2), asiatic acid (3),
astragalin (4) and isoquercetin (5). As far as we know, these compounds
were isolated for the first time from this plant. Among the isolated
compounds, compound 2 and 3 showed anti-inflammatory activities and

compound 3 showed strong anti—-bacterial activity.

From the ethanol extract of Daucus carota var. sativa, three bio—active

constituents were isolated; diosmetin (1), diosmin (2) and cynaroside (3).

- xii -



All of the compounds showed strong anti—inflammatory activities.

Phytochemical investigation of the ethanol extract from U. pertusa
resulted in the isolation of five constituents; loliolide (1), epi~loliolide (2),
dehydrovomifoliol (3), 3-hydroxy-4,7-megastigmadien-9-one (4) and
4-hydroxy-2,3-dimethyl-2-nonen-4-olide (5). As far as we know, all of
the compounds 1-5 were isolated for the first time from this seaweed.
Among the isolated compounds, compound 1, 4 and 5 showed

anti—inflammatory activities.
Based on these results, extract of A. koreanum fruits, R weyrichii

leaves, D. carota var. sativa areal parts and U. pertusa could be

potentially applicable as cosmeceutical ingredients.
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HO © H,CO OH
OCHj; OCHj, 3
Curcumin Paeonol

Figure 1. Chemical structures of anti—inflammatory agents.
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oJ=F(acne vulgaris)< 7 T@sls yHF 3oz TgiroZ s ofAY
(acne)ebal abal, i HAEZ=EQ F=EA(androgen)®] #H[7F 7HE A A
stAl F7teke AbE7IolA 80%7F A Sk, d] x| Mol Hol Xt A, VM
ol Wol yehdth 264 kel AgoleM = HART ool Wi, 245 W
| st SYAEY 5249 BlFo] & ARl TANETF Fopa delA

9\)\]_4’-31’32

o

AEFe - AdoA B st AFdeo R, oA A EH| 7}
Ve Ao Bgo] FolAEA] wE A X 7F wiEE A KSkel wEk Al
ol A8kl 5ol A= Aol AFET] delol EH|E7] AFtete =R
A FHE FAA7IAL, #2399 Hsts dor|H, o]x Qg A9 &
H] S7kel 9] Hzpste Rd-u Aol A 9| 7F AA|E o] mde] whglo
W57V Propionibacterium acnese V33$H 714 Alto]l Z A 4 Q&
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I. As % =

O
i)

3] w
2]

=

glo] AFgE &=L Merck ¥ Juseid AEFES

M
i

Az =, &)
ARSI Y. Vacuum  liquid  chromatography  (VLC)ol+&=  silica  gel
(0.002-0.025 mm, Sigma), normal-phase column chromatography (CC)ell+
silica gel 60 (0.04-0.063 mm, Merck)e] AFE%AT. Gel filtration
chromatography (GFC)ell+ Sephadex™ LH-20 (0.1-0.025 mm)< AF&3+%
t}. MPLC (medium pressure liquid chromatography, Biotage Co.)ol+
KP-C18-HS (Biotage Co.) HHS& A& &2l Aol AH&® thin
layer chromatography (TLC)+ precoated silica gel aluminium sheet (Silica
gel 60 Foss, 2.0 mm, Merck)E AH&stith. TLC ZollA spote] <1 UV
lamp (254 nm)E AF&3FAY, visualizing agentoll A A7l & heat gune ©]
§38ko] AFEAIZT Visualizing agentZ+ 3% KMnO,, 20% KyCO3 2 0.25%
NaOHE =% 8 94& AHgskaltt

g AAS A% F4 = SN Sunrise™ (Tecan Co)E AFESAL Fx2
Ao A8-¥ NMR (nuclear magnetic resonance spectrometer)< AVANCE
II (FT-NMR system, Bruker Co.)& °l&3&t3om, NMR 54 &vii= CILY
NMR A& &vl2 CD;0D, CDCls, pyridine-ds& AH-&3kh.
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(1) RAW 264.7 M3 wj<k

Murine macrophage cell lineQl RAW 264.7 cell2 ATCC (American Type
Cell Culture, USA)=ZHE E<F wol 100 U/mL penicillin, 100 pg/mL
streptomycin 2 10% FBS (fetal bovine serum, GIBCO Inc., USA)7} &f%
DMEM (Dulbecco’s modified Eagle’s medium, GIBCO Inc., USA) ®jX| & A}
g3kl 37C, 5% CO, 27104 wlgslglon, 2-3de] & WA AdudS
Al EFl .

(2) Nitric oxide (NO) A A4 &4

24 well plated] 2x10° cells/well& A EZE EF3ta 37C, 5% COy X738}
A 18A1ZF i 5 XS A ASSATE 1 pg/mLe LPSE ¥dshs HiAZ Wl
®
[e)

& 5, samples FE=HERE ZHZ) HUbsto] 2443 wjeFsl ik, o] & Al w4

ol
12

100 uLe} Griess A 9F(1% sulfanilamide, 0.1% naphylethylenediamine
in 2.5% phosphoric acid) 100 uLE &3%3}e] 96 well plateol]A 10% <t
HhE A7l % 540 nmellA F3EE SA4sT AAFE NOY & Griess Al
oS o] &3t AlxZujgd Fo EAstE NO., ¢ FElE 54333, sodium

nitrite (NaNO9)E standard® AFg3}e] A =s19c)

(3) PGE,, TNF-q, IL-18 ¥ IL-6 A4 A4 €4

24 well plateo] 2x10° cells/well® AFEE EF3a 37C, 5% CO, 73}



A 1847 W F wAE AARG 1 pg/mLe) LPSE L@ wAE W
3, sample® wEWE 247 Wrbele] 24417k widaolT. o % AT

SN cytokine A 3

off

< sandwich enzyme-linked immunosorbent assay
(ELISA) kitZ o]-&3sto] A=l om, standardel] thdt T&=r49] r?3t& 0.99
o] /ol ATt

(4) Western blot analysis

600 disholl 6x10° cells/dish& MEE BF3ta 37T, 5% CO, Z718}A]
18417 Wi & WA= A ATk 1 pg/mlLe LPSE E3tsts= wix =2 wsh
=
[e)

ERE 72y HTbsto] 24413 wisditt. ol 5 wix|E A7 8t

%, samples
PBSZ A& 3k & lysis buffer (1XRIPA, 10 mM Tris-HCl (pH 7.5), 150
mM NaCl, 1% Nonidet P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVOs, 10
mM NaF, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride)E ©¢]-&
3] 4T, overnight® & lysis A7l & AAEZ (15000 rpm, 15 min, 4TC)3s}
g A dnt et @wE FX= bovine serum albumin (BSA)S
¥+ 2% Bradford A k& AH&Ske] A sttt
AeFsl Gz S 8§~12%°] SDS-polyacrylamide gele]l A7) 535}

poly—-vinylidene difluoride (PVDF) membrane®] Ho|A|Ft}. walzdo] 7ol

i R

membranes 5% skim milkE 2% TTBS (0.1% Tween 20, Tris-buffered
saline)oll ¥il oAl 2412t blocking A1Z1 $, 12k A<} vESA|ZTE 14}
gHA Hk-8-2 {NOS antibody (1:1000, SantaCruze), COX-2 antibody (1:1000,
BD), B-actin antibody clone AC-74 (1:20000, Sigma)Z ©]&3}o] 4Tl A
overnight W8 A FH T} 12} &A WES-o] £ membrane TTBS €407 3
3] A& ¥, peroxidase-conjugated® 22} &A(1:5000 === 1:20000,
SantaCruze) ¢} 7=l A 1AIZF ¥h3- A7l 5, TTBS &No® 33| A|Hsk3it
gz e WEST-ZOL (western blot detection system, iNtRON) £ H-S- o]-&

sl ECL 71d¥ wk3g A7l %, Chemidoc (Fusion solo, VILBER LOURMAT,

|

_10_



Germany)& ©]-&3te] Z4z4o] il ug HJrg 48kl

2) AXxSA H7F - MTT assay

MTT assay:= RAW 264.7 ¥ B16F10 melanoma cell2 well platecl] A&
Z7ol| gHA EF8kal 37C, 5% CO, Z7stelA dujk ¥, LPS E+= a-MSH
¢} samples §&=E= FAo Agste] w3t o]F 500 pg/mLe] &%=

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)E& =
7bste] 37TColA 3-4A12F &<F WHEAIZ] 3 MTT &4 AAsIAT. 7]
DMSOE 7fste] 4olfl= AMEZet vhg-ste] A7 formazan FAEE &3AI7]

t}S, o] 96 well plateo] %71 % ELISA readerE ©]&3] 570 nmolA &3

A AEELS OG5 22 Al o = ALTEAT

Cell viability (%)
= [ (Abscontrol - Abssample) / Abscontrol ] <100

AbScomrol : A]g_% ;;(317]'6 X] o\%'% ]?__%%OJIJQ] %%E
Abssample : /\]—‘EJ— ]ﬂ'%%o—qg] %%E

FY XA Staphylococcus epidermidis (CCARM 3709, 3710, 3711)¢}f
o] =542 Propionibacterium acnes (CCARM 0081, 9009, 9010, 9089)& 34

N
=
oX
=y
N

2-3)(Culture Collection of Antimicrobial Resistant Microbes) 2 &= 5

_1‘]_



B Ebol ANESIST. S epidermidis?l 73-%-, BlUHiA]|E TSB (tryptic soy
broth)2 o] 37CellA wjFstdom, at5o 3 WA A wjdsldct. P acnes
Al A, WA E GAM broth® ke 37T, @714 =3lAM wigetion, 2
Aol gk A A vt

(2) Paper disc diffusion method

59 FHEAdE SA37] 98l paper disc diffusion method® A5 A&
2 gk
S. epidermidis (CCARM 3709, 3710, 3711)% 0.5 McFarland standard= &
TE z4d3s o] 1.5x10° CFU/mLE 2+ %, 0.8% agars ¥83t= TSB Hi
Joll ol st=uix(1.5 % agar) ol =tk viA7E 2o Als &9 £
= 274 8 mm paper discE &|al 37TolA 24417 &<k v Fe 5 P4

A9 W5 AN 278 FHSA

N

ol
rr

P. acnes (CCARM 0081, 9009, 9010, 9089)%= 0.5 McFarland standard®

Bxg zdste] 1.5x10° CFU/mL=E 2% ¥, 0.8% agars X3t GAM
Hi Aol go] SF=riA|(1.5 % agar) #lo Z=vh HiAIZE 2o AR &S F
skl 217 8 mm paper discE =8|l 37TCollA 48A1FF &<t 7] w3t &
FAE A IS AXge] A5 SAHSA

fF O 2 erythromycing ARESFS T}

(3) MIC (minimum inhibitory concentration)

B
B>

A& = (MIC, minimum inhibitory concentration)™ H| &9 A %S wt
= FAEA HATER, nAEo gk MICEte] oW IGS&4=E AsEde
I mAEe digk Aol Evia @ 4 9tk MIC SA2 AAEA] 8] A

(broth dilution method)< ¥

[e:

ot Hir



96 well plate°] two-fold-dilutionHo & A5 FTEE F ¥ H3|WA A
25 X3 WAE 100 uL Yol §, ¢ @8 s=5 2x10° CFU/mL
7V HEE FAste] 100 ulA YolsEt}l. S epidermidis 37ColA 24413+ Hj
Fatelom, P oacnes= 37C, @714 7oA 48A1%F wigstAATt. o] F 9
=X

sAol YA &= HAvRs elsgith

5}

(4) MBC (minimum bactericidal concentration)

MICHko] strbar siA 1 s IeollA] sto] E5F AFEFE A2 ofyw, Alge] 3
o® o S Walste] to] AEkA| Yol 2 AAH B F A7 wiEel
A8 = (MBC, minimum bactericidal concentration)= MICgko] ERE
T o) FEY AR wWYAES FEMA(.5% agar)oll At colonyE
PAst=A Felsh= Aot

WA sl=ulX](1.5% agar) plateE H|sFaL MICE F &3t 96 well plateol A
loopEs ol&stol Alm wiYfHS HoulA plateo] streakings ST S
epidermidis< 37TColA 24A13F vj&FstR o™, P acnes 37T, 8714 =3

oA 48417t Wi kste, colony7F BAHA B HAAasEE stk

4) w9

(1) Tyrosinase inhibition activity test

0.1 M potassium phosphate buffer (pH 6.8), 2 mM L-tyrosine, 2500 unit
o] tyrosinase, 18]l Z} A5ES FEHEHE FH|gt
B Ao = 96 well plateol buffer 105 ul, L-tyrosine 70 ul, tyrosinase
5 pL, 183 AEE9 20 uLE Yar 37CelA 1087k weA171 -, ELISA
readerg ©]&3te] 480 nmollA FF=E SAH



Al aS o3 Fe 2o & = AAEAIL, o]= v O 2 tyrosinase?
295 50% AsiA7l=H 223 A5 sE(C)E Artsit.

2O 2= arbuting AFE3FA T

Tyrosinase inhibition activity (%)

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

Abssamplc : }\]E E‘l’%%q}g} —E%E
AbSpank * AERY] FFHE

Abscontrol : }\]a‘jj—% %47]'—3}-1] 9_6‘:.8_ ]i%_%_gl']g] S

o
O—E
H

(2) B16F10 melanoma A3 wvj<F

Murine B16F10 melanoma cell& ATCC (American Type Cell Culture,
USA)ZFE F< Hol 100 U/mL penicillin, 100 pg/mlL streptomycin %
10% FBS (fetal bovine serum, GIBCO Inc., USA)7} @f% DMEM
(Dulbecco’s modified Eagle’s medium, GIBCO Inc., USA) ®jA & A}&-3}
37C, 5% COy =7]oA wigsialom, 3ol g HA Ahujts AWt
=

(3) Melanin A4 oA &4

6 well plated] 1x10° cells/well2 MEZE EF3a 37C, 5% CO, A3}
A 24A17F Wil F A& AlASSITE 100 nM a-M

2 5, samples FEHEE ZH7F AUbste] 3Ub wldsiglh. o] wiAE AlA

SHE ¥393dh= mjA= L

3la1 PBS (phosphate buffered saline)® %3t & trypsin-EDTAES *]8] 3}
o AEE 3533 35" Al¥EE 1IN NaOH 200 yLEs #H7bstar 55CoA

_14_



2417t WA Ete] A EWS] melaning Hedvjo], 405 nmellA FHEE SA8H
=3
270 2= melasolvE AFE-33 )

(4) Intracellular tyrosinase A& &4

M

6 well plated] 1x10° cells/well2 A|XE ®F3}aL 37C, 5% CO, Z73}o
A 24N ZF g T ulAE A A TE 100 nM a-MSHE 283} A2
g ¥, samples FEHE Z}7 H7beto] 3UZE vl o] % HiAIE A7
31l PBSE A #3F & trypsin-EDTAE A g3t MEXE 3|43}, 3|44
M A+ lysis buffer (1XRIPA, 50 mM Tris—HCI (pH 7.5), 150 mM NaCl, 1%
Nonidet P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVOs 10 mM NaF, 1
mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride)E ©¢]&3] 47T,
overnight® & lysis A1Z1 & YAEZ (15000 rpm, 15 min, 4T)3}e] iz
sk Belskitt. @A FEE bovine serum albumin (BSA)S ¥Fo 2
Bradford A]%F& AR&3sto] 4 A

96 well plated] =& YE @Wd AR 25 mM L-DOPA, 67 mM
sodium phosphate buffer(pH 6.8)5 Yo 37TColA 1-2A17F ®¥k8 AJ71 3,

480 nmol A FF=E SAHISTL

RE AL 33 wrEow o|Folgon AFANE P FFAAR UE

WAtk T3 student’s ~test® EASHA Fo)AHS HEEY T
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24713 ELGTE. AEA ARE A EY 9B ol g3l ofln el

= SH 1 Lol dAgA7]a, ¥ Zd7| & ol &3] SATAd
2} &2 o2 HE33Ste] p-hexane, ethyl acetate, n—butanol, water fraction

o dglon, olep L2 Wior 93] ¢ Wy AAstY, FEE F 200 g= &

Dried fruits of Acanthopanax korearmmn 2.0 kg

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

Extract 392.5 ¢ (19.6%)

Extract 200 g

Suspended with H,O
| | | |
n-Hex Fr. EtOAc Fr. »n-BuOH Fr. H,O Fr.
21 g(1.1%) 8.6 g (4.3%) 38.8 2(19.4%) 145.8 g (72.9%)

Figure 3. Extraction and solvent fractionation of A. koreanum fruits.
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2) Ethyl acetate fraction®] &4 A& &g

S8 & dojzl ZF BEFE F ethyl acetate fraction 5.0 g= Ao u}
gt =xHow FE37] 95te] medium pressure liquid chromatography
(MPLOE F#atitt. d7le 9% Ag7HaKP-C18-HS, 40+M, Biotage
Co)& AREsIRlem, H,0-MeOH (10-100%)9] gradient o2 §F3}o]
44749 fractions PAJATHEr. MP1-44).

MPLC fraction % Fr. MP35, 36 (470.6 mg)> 3IEA 715 FEo] v 3}
=2 compound 3°o= FIEow Fr. MP37 (173.2 mg), Fr. MP39
(145.3 mg) ¥ Fr. MP43 (304.6 mg) T3 ©d 3gE= 77} compound 4,
2 2 12 FAHJY. 28 Fr. MP33 (390.5 mg)e silica gel AH
(CHCI3:MeOH=10:1)% 4383} compound 5 (90.9 mg)E +EltR e, Fr.
MP34 (455.5 mg) W& silica gel ZAF(CHCl3EtOAc=1.5:1)& 33}
compound 5 (29.2 mg)E ¢ 2 3AtHFigure 4).

EtOAcFr. 50g

MPLC (C18)
H;O-MeQH (10~100%)
Flow rate : 20 mL/ min
40 mL each

| | | ﬁ

Er MPT Fr. MP33 Fr. MP34 Fr. MP35,36
’ (390.5 mg) (455.5 mg) (470.6 mg)
Silica gel CC Silica gel CC i
CHClzMeOH=10:1 CHCIZEtOAC=1.51
Compound 3
Compound 5 (90.9 mg) Compound 5 (29.2 mg)
| [ |
Fr. MP37 Fr. MP39 Fr. MP43
(173.2 mg) Fr. MP38 (145.3 mg) o (304.6 mg) Fr. MP44
Compound 4 Compound 2 Compound 1

Figure 4. Isolation of compounds from A. koreanum fruits.
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3. o sgrEe] 2 24

L,

1) Compound 19 +% &4

Compound 1& 3C NMR spectrumolA 2070¢] carbon 3= ¢ 'H NMR
spectrumol Al 2709 singlet?] methyl groups X33l W2 HE 9 aliphatic
signal& vIE O 2 diterpene & o Astth ¥C NMR spectrumel] A& 17]¢]
carbonyl group (8¢ 184.9) % vinyl carbon (4%F carbonl &c 156.1, 2%k
carbon?l &¢ 103.2)¢] 54 A7} #HZHATH oS MESE compound 1

& 53528 E3) ent-kaurenoic aciddS <138} tH(Figure 5-7, Table 1).

12

P "QOOH

Figure 5. Chemical structure of compound 1.
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Talbe 1. 'H and ®C NMR data of compound 1 (500 and 125 MHz, CDCls)

Compound 1
No.
&y (int, mult, J Hz) 8¢

1 40.9
2 19.3
3 37.9
4 43.9
5 57.2
6 22.0
7 41.4
8 44 .4
9 55.2
10 39.8
11 18.6
12 33.3
13 2.61 (1H, brs) 44.0
14 39.9
15 156.1
16 49.1
S X 1 BT
18 1.21 (3H, s) 29.2
19 184.9

20 0.93 (3H, s) 15.8
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2) Compound 2, 39 +% &4

Compound 2% C NMR spectrumolA 3070¢] carbon 3= ¢ 'H NMR
spectrumel A 571¢] singlet?] methyl groups X33l W2 W99 aliphatic
signal& HIE O 2 triterpene 0.2 & AFstgth °C NMR spectrumol| A= 27) ]
carbonyl group (§¢ 179.3, 179.9), vinyl carbon (4=} carbonl &c 151.8, 2
2} carbon?l §¢ 110.5) 2 A7 SAE7L Z Abko] <lHEI 9H 9 spd A
carbon (§¢ 73.4)¢] 54 ¥ A7} #AZHAY. ol55 HIESE compound 2+
%5 %3] 3a-hydroxylup—20(29)-en-23,28-dioic acidydS o1&ttt
(Figure 8-10, Table 2).

3t Compound 3& ¥C NMR A EFH|A compound 20 3Ests= 313 9
of 671¢] ¥Art o #FHJeH, s 63.9-79.0°] 579 IHAL T
anomeric carbonel] aF3= A § 102.59 FIAE Hol compound 2]

o -
— <1

glucose7t AgH o] S ZAeolegt o383ty 18]al anomeric proton 333}
= 6y 4.90 (1H, d, J = 7.5 H2)¥ coupling constant #< a4 Agstar g
= 2 B-formY glucopyranosided & o 4g 4= 9t} o] nigto =z R

S %3 compound 32 3a-hydroxylup—-20(29)-en-23,28-dioic acid 3-0-8

-D-glucopyranosided-S <15t tHFigure 8, 11, 12, Table 2).

Compound 2 Compound 3

Figure 8. Chemical structures of compound 2 and 3.
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Talbe 2. 'H and *C NMR data of compound 2 and 3 (500 and 125 MHz, pyridine-d)

N Compound 2 Compound 3

© Su (int, mult, J Hz) Sc Su (int, mult, J Hz) Sc
1 33.2 33.3
2 26.7 22.0
3 4.32 (1H, brs) 73.4 4.32 (1H, brs) 80.3
4 52.4 52.0
5 45.3 45.7
6 21.5 22.2
7 35.2 34.9
8 42.2 42.1
9 51.4 51.1
10 37.9 37.7
11 22.3 21.4
12 26.5 26.3
13 2.73 (1H, m) 39.0 38.9
14 43.4 43.2
15 30.7 30.6
16 33.4 33.1
17 57.0 57.0
18 50.1 50.0
19 3.54 (1H, m) 48.2 3.52 (1H, m) 48.1
20 151.8 151.7
21 31.6 31.5
22 38.0 37.9
23 179.9 179.1
24 1.46 (3H, s) 18.4 1.43 (3H, s) 18.4
25 0.92 (3H, ) 17.2 0.89 (3H, s) 17.1
26 1.10 (3H, s) 17.2 1.08 (3H, s) 17.1
27 0.90 (3H, ) 15.2 0.76 (3H, ) 15.1
28 179.3 179.2
e i A IR R LT ¥ R 1 R A LS
30 1.76 (3H, s) 19.8 1.77 (3H, s) 19.8
1 4.90 (1H, d, 7.5) 102.5
2 3.95~3.97 75.2
3 3.95~3.97 79.0
4 4.20 (1H, m) 72.8
5 3.95~3.97 78.0
6 193 Qi 63.9
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3) Compound 4, 59 7% 4

Compound 4% C NMR spectrumolA 3070¢] carbon 3= ¢ 'H NMR
spectrumol| A 670¢] singlet?] methyl groupS ¥33e] ¥ 9 aliphatic
signal& HlE O 2 triterpene 0.2 & AFstgth ¥C NMR spectrumol| A= 17 <]
carbonyl group (&¢ 180.0), vinyl carbon (42} carbon®l &c 151.6, 23}
carbon®! 8¢ 110.7) B A7 =7t & 2bko] <1H3 929 2709 sp® A
carbon (6¢ 72.1, 76.9)9] 54 337} #ZEHL o]5S PO E compound
4= F3"E T3 impressic acid (3a,1la-dihydroxylup-20(29)-en-28-oic
acid)¥ S #2133 (Figure 13-15, Table 3).

T3t compound 5% compound 4% ®$ A F oy, 'H NMR
spectrumo A 570¢] singlet methyl group @ 3C NMR spectrumolA] #7]&
AE7E & Akl AA3 A9 sp? A carbon (6¢ 72.1)°] vt o
t}. 'H NMR spectrumolA] 7 Elxo] Ay o] glomA 3letxow =
A e F 709 proton signal (65 3.51 (1H, d, /= 11.0 Hz), 3.54 (1H, d, J
= 11.0 Hz)= Ho}, 231 #A]°] OH groupe] A=l Aess odsiieon,
A6 E B o] 3§HE-E 3a,11a,23-trihydroxylup-20(29)-en-28-oic acid

o1& slelslyd th(Figure 13, 16, 17, Table 3).

3
)

<y
ol
ol

Compound 4 Compound 5

Figure 13. Chemical structures of compound 4 and 5.
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Talbe 3. 'H and *C NMR data of compound 4 and 5 (500 and 125 MHz, CDs;0D)

Compound 4 Compound 5

No- Sy (int, mult, J Hz) Sc y (int, mult, J Hz) Sc

1 36.6 36.3
2 26.7 27.1
3 3.30 (1H, brs) 76.9 3.95 (1H, brs) 76.7
4 38.9 41.7
5 50.2 44.5
6 17.9 18.3
7 36.6 36.2
8 43.6 43.8
9 56.5 56.7
10 40.4 40.3
11 3.86 (1H, m) 71.2 3.95 (1H, m) 71.2
12 38.6 38.7
13 38.4 38.2
14 43.9 43.6
15 30.8 30.8
16 33.5 33.5
17 57.5 57.6
18 50.2 50.2
19 48.4 3.55 (1H, m) 48.5
20 151.6 151.7
21 31.9 31.9
22 38.1 38.5
23 0.86 (3H, s) 29.6 521 83 ¢ 110 72.1
24 0.93 (3H, s) 23.1 0.73 (3H, s) 19.0
25 0.97 (3H, s) 19.3 1.30 (3H, s) 17.9
26 1.07 (3H, s) 17.1 1.18 (3H, s) 17.3
27 1.07 (3H, s) 15.1 1.06 (3H, s) 15.1
28 180.0 180.2
20 IRy 17 1RGNy 107
30 1.73 (3H, s) 19.8 1.71 (3H, s) 19.8
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Figure 18. Effects of extract and solvent fractions from A. koreanum on
NO production in LPS-induced RAW 264.7 cells. The cells were
stimulated with 1 pg/mL of LPS only, or with LPS plus A. koreanum
extract and solvent fractions for 24 h. NO production was determined by
the Griess reagent method. Cell viability was determined after 24 h
culture of cells stimulated with LPS (1 pg/mL) in the presence of A.
koreanum. ‘The data represent the mean * SD of triplicate experiments.

*p < 0.05; *xp <0.01

_32_



120

100

*%

*%

(==
=

60

*&

40

NO production (%)

20
%
0 | mem |

LPS - + + + + +
EtQAc (pg/mL) - - 12.5 25 50 100

120

IDD I I I
1]
+ +

LPS - + N +
FtOAc (pg/ml) - . 12.5 25 50 100

A (=] oo
= L= =

Cell viability (%)

(=]
=

Figure 19. Effects of EtOAc fraction from A. koreanum on NO production
in LPS-induced RAW 264.7 cells. The cells were stimulated with 1 pg/mL
of LPS only, or with LPS plus A. koreanum EtOAc fraction for 24 h. NO
production was determined by the Griess reagent method. Cell viability
was determined after 24 h culture of cells stimulated with LPS (1 pg/mL)
in the presence of A. koreanum EtOAc fraction. The data represent the

mean *+ SD of triplicate experiments. *p < 0.05; *xp <0.01
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(1) Paper disc diffusion

Aezs dul 70% EtOH F&& 9 8 &Ed digt & 48 4517 9
& I§ #w| #5290 S epidermidis (CCARM 3709, 3710, 3711) ¥ P. acnes
(CCARM 0081, 9009, 9010, 9089)& ©o]&3}e paper disc diffusion method
2 clear zoneg Aty 1 Ay Hozy duf F=&5E 9 n-Hex, EtOAc

gEoM & Fol U= Al th(Table 4).

A

Table 4. Anti—bacterial activities of A. koreanum fruits

Clear zone (mm)

S. epidermidis P. acnes
CCARM CCARM CCARM : CCARM CCARM CCARM CCARM
3709 3710 3711 0081 9009 9010 9089

Extract 13 11 12 12 10 10 9
n—Hex 17 14 10 18 15 16 11
EtOAc 14 13 12 15 16 16 10
n—-BuOH nd nd 9 nd nd nd nd
H-0 nd nd nd nd nd nd nd
Erythromycin 22 nd 31 50 nd nd 30

*

Sample : 100 pg/mL (20 pL)
* Positive control : erythromycin (1 mg/mL, 20 uL)

* Disc size : 8 mm

*

nd : not detected
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(2) MIC % MBC

o

Paper disc diffusions &3l & &Ado] gl gon=z Heozdy duf 70%
A

NEFE: =5 2 EIE fis] F7F o2 HA9AFE(minimum inhibitory
concentration, MIC) % ] AA}H % %=(minimum bactericidal concentration,
MBO)E SAssit. Ad2 7P 2 =5 1000 pg/mL=z 5}
two-fold-dilution®| .2 A|59] FEE F w|¥ F3|WA HAAste] 7 w2
%70 1.0 pg/mL7b H%=% &lch o A3 ey g 70% s FEE
2 n-Hex, EtOAc &8 =X &+ &Aool yetten, 53] n-Hex % EtOAc
. acnes (CCARM 0081,
9009, 9010, 9089) =l wisl &/do] §-F3& & sF3Ath(Table 5).
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Table 5. MIC and MBC values of A. koreanum fruits

S. epidermidis

P. acnes

CCARM 3709 CCARM 3710

CCARM 3711

CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC

MIC

MBC

MIC MBC MIC MBC MIC MBC MIC MBC

Extract 500 1000  >1000 >1000

n-Hex 31.3 62.5 250 500

EtOAc 125 500 500 500

n~BuOH >1000 >1000 >1000 >1000

H,0 >1000 >1000 >1000 >1000

Erythromycin = <1.0 <1.0 >1000 >1000

>1000

>1000

1000

>1000

>1000

<1.0

>1000

>1000

1000

>1000

>1000

<1.0

1000 >1000 1000 >1000 1000 >1000 >1000 >1000

31.3 62.5 125 125 125 125 62.5 62.5

125 125 250 500 250 250 125 125

>1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

>1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

<1.0 <1.0 >1000 >1000 >1000 >1000 <1.0 <1.0

* Sample concentration : ug/mL
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3) Tyrosinase #3] &A

Aezy drf 70% EtOH F=+& % w8&d dig v 2485 4817 9
8l tyrosinase A3 &S gl A3 500, 200, 100, 50, 25 pg/mL
o FxE AgPstgomr, 1 A3} p-Hex % EtOAc EEE9 1Csy Zho] ZHz+
141.6, 358.4 ug/mLE tyrosinase A3 Aol ¢&S I

(Figure 20, Table 6).
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.l;.;’ 0 100 pg/mL
_E W 50 pg/mlL
o

E " 25 pg/mL
=]
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= 40
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(7)1

o

-“51 20

e

)

0 T T
Extract Hex EtOAc BuOH H20 Arbutin
FigureZ20. Tyrosinase inhibition activities of A. koreanum fruits.
Table 6. ICso values of tyrosinase inhibition activities
Extract Hex EtOAc BuOH H20 Arbutin

ICs0 (ng/mL) >500 141.6 358.4 >500 >500 52.1
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]
Act A& 7t FgEo] thal 100, 50, 25 uM9 FEE Mg on, 1 4
I} compound 1-5 E5F AXe] thdlk JAo] gl % oA 53 NO A

AA| &Ao]l A gl tH(Figure 21).
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Figure 21. Effects of isolated compounds 1-5 from A. koreanum on NO production in LPS—-induced RAW 264.7

cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS plus isolated compounds 1-5 for 24 h.

NO production was determined by the Griess reagent method. Cell viability was determined after 24 h culture of

cells stimulated with LPS (1 pg/mL) in the presence of isolated compounds 1-5. The data represent the mean *

SD of triplicate experiments. *p < 0.05; **p <0.01
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(2) Compound 3¢
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Figure 22. Effects of isolated compound 3 from A. koreanum on NO
production in LPS-induced RAW 264.7 cells. The cells were stimulated
with 1 pg/mL of LPS only, or with LPS plus isolated compound 3 for 24
h. NO production was determined by the Griess reagent method. Cell
viability was determined after 24 h culture of cells stimulated with LPS
(1 pg/mL) in the presence of isolated compound 3. The data represent

the mean = SD of triplicate experiments. *p < 0.05; *xp <0.01
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Figure 23. Effects of isolated compound 3 from A. koreanum on levels of
INOS protein in LPS-induced RAW 264.7 cells. The cells were stimulated
with 1 pg/mL of LPS only, or with LPS plus compound 3 for 24 h. Whole
cell lysates (20 pg) were prepared and the protein was subjected to 10%
SDS-PAGE; expression of INOS and P-actin were determined by western

blotting. B-action served as a loading control.

@ PGE, A4 2 COX-2 9d oA g4

Aoy dujoA B89 §gE2 compound 3o thdl F71A <l &
S A7) 218 RAW264.7 cells o]&3ste] PGE, A4 % COX-2 whulz 9

& A FAS =A3sY . Sandwich ELISA kit % Western blot analysisZ

ul%s

IS
=

23 238 A3 compound 3 PGE; AA % COX-2 vz whad oz 7] Ao

= 9SS U HA] Gt AS E2ls v (Figure 24, 25).
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Figure 24. Effects of isolated compound 3 from A. koreanum on
production of PGE,; in LPS-induced RAW 264.7 cells. The cells were
stimulated with 1 pg/mL of LPS only, or with LPS plus compound 3 for
24 h. PGE,; produced and released into the culture medium was assayed
using the ELISA method. The data represent the mean £SD of triplicate

experiments. *p < 0.05; #xp <0.01

cox2 - a» o & @
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Figure 25. Effects of isolated compound 3 from A. koreanum on levels of
COX-2 protein in LPS-induced RAW 264.7 cells. The cells were
stimulated with 1 pg/mL of LPS only, or with LPS plus compound 3 for
24 h. Whole cell lysates (20 pg) were prepared and the protein was
subjected to 10% SDS-PAGE; expression of COX-2 and PB-actin were

determined by western blotting. B—action served as a loading control.
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@ AA=A cytokines (TNF-a, IL-18, IL-6) A4 A &4

Ao zky dufjo A )% 3852 compound 3o Wil & A 7 HA

-

T3k7] 918l RAW264.7 cell o] &35t dHSA cytokine?l tumor necrosis

S o
= LA

factor (TNF)-a, interleukin (IL)-18 % IL-6 AA A A S sandwich
ELISA kit2 =A3st9ct. 248 23 compound 3& TNF-a, IL-18 ¥ I1L-69

AARS s oEXoR A Al7|= AL g2t = Atk (Figure 26).
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Figure 26. Effects of isolated compound 3 from A. koreanum on
production of TNF-a, IL-18 and IL-6 in LPS-induced RAW 264.7 cells.
The cells were stimulated with 1 pg/mL of LPS only, or with LPS plus
compound 3 for 24 h. TNF-a, IL-1B and IL-6 produced and released into the
culture medium was assayed using the ELISA method. The data represent the

mean £SD of triplicate experiments. *p < 0.05; *xp <0.01
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Aoy AnjeA Feld steEel WE dt S-S SRl e 97
A 7721 S. epidermidis (CCARM 3709, 3710, 3711) ¥ P. acnes (CCARM
0081, 9009, 9010, 9089)%F ol&ste]l HAAlE E(minimum inhibitory
concentration, MIC) % ] AA}E%%=(minimum bactericidal concentration,
MBOE SAsY. ddL: M w2 §xE 10000 pME 8}

two—fold-dilution§ .2 A|59 F%=&E F wi® F3|WA AAste 7 w&

F%7F 1.0 pMe] H %= 39t 1 23 compound 1-5 EF &t &AJo] 1}
Elto 53] compound 1 % 29 4 Aol 43S &<l s tH(Table
7).
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Table 7. MIC and MBC values of isolated compounds 1-5 from A. koreanum fruits

S. epidermidis P. acnes

CCARM 3709 CCARM 3710 CCARM 3711 | CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

1 62.5 62.5 500 500  >1000 >1000: 125 125 500 500 250 250  >1000 >1000
2 125 500 250 250 250 500 250 500 500 500 500 500 500 500

3 1000  >1000 >1000 >1000 >1000 >1000: 500 1000  >1000 >1000 >1000 >1000 >1000 >1000
4 250 1000 500 500 500 1000 250 500 1000 1000 1000 1000 1000 1000
5 500  >1000 1000 1000 500  >1000 250 250 500 500 500 1000 500 1000

Erythromycin -~ <1.0 <1.0  >1000 >1000 <1.0 <1.0 <1.0 <1.0  >1000 >1000 >1000 >1000 <1.0 <1.0

* Sample concentration @ uM
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3) Tyrosinase #3] &A

Mozv Aueyy He® sgEe dd mw @4e FAgs] 94
tyrosinase A3l €45 4353t A% 400, 200, 100, 50, 25 uMe] &%
2 AR BEE 2H FIWA AN, A7l g3 G 3 A
k. 2 23} compound 1, 3, 59 ICs %ol ZHzF 49.2, 132.8, 132.1 M=
) Z+2 arbutin (247.7 uM) Xt} B £ tyrosinase A3 Aol J&S 3

018 4= 9l tHFigure 27, Table 8).

o5 M F50puM ®100puM ®200 uM 400 pM

100 -
80 -
60 -
40 -

20

Tyrosinase inhibition activity (%)

1 2 3 4 5 Arbutin

Figure 27. Tyrosinase inhibition activities of isolated compounds 1-5 from A.

koreanum fruits.

Table 8. ICso values of tyrosinase inhibition activities

1 2 3 4 5 Arbutin

ICs0 (uM) 49.2 >400 132.8 >400 132.1 247.7
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Aoy duf 70% c¥E FE=S &vle] SA4 wet SAF R gt
n-hexnae, ethyl acetate, n-butanol, water fractions ARt} o] F ethyl
acetate fraction®] 3]l medium pressure liquid chromatography (MPLC) %
siliga gel column chromatographyES F33le] @ddEAS Eesta, 'H, °C
NMR & ©]&3 st&d=9 +x5 glsi o, £33 nluste] F 5719 3}
=5 g, T4

w2l d 3= ent—kaurenoic acid (1), 3a—hydroxylup—20(29)-en-23,28-
dioic acid (2), 3a-hydroxylup-20(29)-en-23,28-dioic acid 3-0O-B-D-

T

glucopyranoside (3), impressic acid (4), 3a,11a,23-trihydroxylup—20(29)
—en-28-oic acid (5)= &2l =3t} 89 3= F compound 1, 2, 4, 5&
Adezdue] Q) =7], Byl 9 tE B g Hid Ho] & sgtEol
Ak duje] F=A4E2 compound 3 Ay AHgow HEEHA

Aoy dujo] e oo &S5 fFAFSHA lupane-type triterpenoid &
7ol sg=Eo] thiollon, 53] AoduoA HFowm FIH IF=<
compound 3 ethyl acetate fraction 5 g & 470.6 mgo] 8 ¥ A
dujo] FAHEA Ao AT, 3 compound 3& T A Qo= &
A A gAo] glorn, 2 AFE Tl et 39 S8 ofte g &4

shelah ey,

HU
f
o

o]

o
o

0]
PR

d
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b4 A A ZEQ] RAW 264.7 cellS o] &3 Ao zn guje] 3+

e
>,
>
o

&= % compound 1, 2, 4, 5= o|n] ¢ &AJo] BiEo] 9l gl

A Al E7FIQl TNF-q, IL-1B, IL-6 59 AAS A= 71Ho=m &9

GAE vehd= Blog Baso] gluh !t

Ty o] F4EQ compound 39 A, AT A Ao Hel H

Rem, & dA fol= dyd vt glen®w, FUHAR 9 24 71 A
A8ty 71 A3, compound 32 NO AAS AAAT= AR 22 B3

OS2 INOS ¥ d o s s =X o2 AsjA|7|H, T3 AATA Al

Ll

Q&R 18y compound 32 COX-2 @8 dtd 9 PGE, A4 A9
HE 7[dol= S vAA Ees B ATE Sl g

Tk yF #AA #5720 S epidermids (CCARM 3709, 3710, 3711) % P,
acnes (CCARM 0081, 9009, 9010, 9089)& ol&sle] Hdezy dAujol it
dAS SAHsAL. A2 (paper disc diffusion method)S &3+ clear
zone &9 % FA9A)FE(minimum inhibitory concentration, MIC), & AAME

% (minimum bactericidal concentration, MBC)E &<eldtgion 1 Ay} A

o7k Au) 70% EOH %% 9 p-Hex, BtOAc B8BoA &7 24| 9
Nom, 53] n-Hex ® EtOAc #9=9] 3t &Ado] it =g deozd
3 Aol A E2E s i MIC ¥ MBCE FA3 A3, 5719 33E
R gt dAlo] gllow, E3] compound 1 % 29| &3t EAlo] ST}
e

B &9 [Cs Fho] Z47F 141.6 ¥ 3584 pg/mLE EAo] 9&S st 1
g 258 3= thdt tyrosianse A& A 2A3F A3 compound 1, 3,

H
59] 1Cso #kol Zt7} 49.2, 132.8, 132.1 pM= txw¢] arbutin (247.7 uM) =
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218 o] AFEH VY (Rhododendron weyrichin) QA EHE @ 315 2014
W 9o AT AlEYsdo A AP Y. A FEuE e AR W 5

oA AA HZx 3o, Eiste] ALE3F tHFigure 28).

Figure 28. Pictures of Rhododendron weyrichii leaves.
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Az g A AU 9 1264 g5 70% olgbE 3 Lol @i AR 24

il 1 ARE 7Y 9 AR7IE o] &ste] oAt FH3}3
2o o s FElgh thate] dete] sdd 2o RE 23] ¢ wHE
olZ@ A oji}sle] Hojx oML 40T o]dte] FEANAN AFEH

7 (rotary vacuum evaporator)® E=3to] 70% oEE FEHLE 33.2 g& 99

T SH 1 Lol dAgA7]a, ¥ Zd7| & ol &3] SATAd
2} &2 o2 HE33Ste] p-hexane, ethyl acetate, n—butanol, water fraction
= dlom, olg} e Wy o=w 23] ¢ WhHE AAste, FEE F 30 g &

nf #9 sk3l tH(Figure 29).

Dried leaves of Rhododendron weyrichii 126.4 ¢

70% EtOH, stirring, 24 h, 3 times

Extract 33.2 g (26.3%)

Extract 30 g

Suspended with H,O

| | | |
n-Hex Fr. EtOAc Fr. 1n-BuOH Fr. H,O Fr.
2.8 g(9.3%) 6.2 g (20.7%) 4.6 g (15.3%) 14.8 g (49.3%)

Figure 29. Extraction and solvent fractionation of K. weyrichii leaves.
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2) Ethyl acetate fraction®] &4 A

2]

e
e

SR8 5 dojzl 7z} H3E F ethyl acetate fraction 5.9 g& F&3l7] ¢
3t vacuum liquid chromatography (VLO)E 33}t n-Hex-EtOAc
(0-100%), EtOAc-MeOH (0-50%)2] &m& 4= 5%% %ol WHo=m 7
200 mLA &F38le] F 32719 fractions GAHFr. V1-32).

Fr. V11, 12 (50-55% EtOAc in n-Hex, 167.7 mg)+ Sephadex LH-20 A
2 (CHCl3:MeOH=20:1)& 433} compound 1 (125 mg)<S &3}t

Fr. V18, 19(85-90% EtOAc in n-Hex, 255.4 mg)+ Sephadex LH-20 A
(CHCl3:MeOH=15:1)S 33} compoud 2 (5.9 mg)E #7355t}

Fr. V25 (20% MeOH in EtOAc, 502.5 mg)+ Sephadex LH-20 Z#
(CHClI3:MeOH=12:1)& 4 33}%d compound 2 (163.5 mg)®} compound 3
(54.5 mg)S w23t

Fr. V26 (25% MeOH in EtOAc, 1055.2 mg)2 Sephadex LH-20 ZA=
(CHCl3:MeOH=6:1)5 &3t 12719] fraction (Fr. V26-1-12)2& WY+l
W, 71 % Fr. V26-112 compound 4 (123.8 mg)= <l HJAv}. =T+ Fr.
V26-5 (296.1 mg)¥ Sephadex LH-20 ZA#(CHCl3:MeOH=10:1)2 33}
compound 2 (45.9 mg)¢} compound 3 (90.4 mg)& H &l 3F3iTt.

Z1e]al Fr. V27 (30% MeOH in EtOAc, 715.3 mg)< Sephadex LH-20 A+
(CHCl3:MeOH=4:1)& 4783} compound 5 (25.9 mg)E &ls3th(Figure
30).
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EtOAcFr.59¢g

VLC

#-Hex-EtOAc (0~100%)
EtOAc-MeOH(0~50%)
Step gradient (5%, 200 mL each

Fr. V11,12

J
Fr.vi (167.7 mg)

Fr. V18,19
(255.4 mg)

Fr. V25
(502.5 mg)

Fr. V26
(1055.2 mg)

Fr.v27
(715.3 mg)

Sephadex LH-20 CC
CHC1;:MeOH=20:1

Compound 1 (125 mg)

Sephadex LH-20 CC
CHCl;: MeOH=12:1

Compound 2 (163.5 mg)
Compound 3 (54.5 mg)

Fr.v32

CHCl; MeOH=4:1

J‘SEpMdEX LH-20 CC

Compound 5 (25.9 mg)

Sephadex LH-20 CC
CHCl; MeOH=6:1

Fr.V26-1

"1(296.1 mg)

Fr.V26-5

" [(123.8 mg)

Fr.vV26-11

© | Fr.v26-12

Sephadex LH-20 CC
CHCl;MeOH=13:1

Compound 2 (5.4 mg)

Compound 2 (45.9 mg)
Compound 3 (90.4 mg)

!

Compound 4

Sephadex LH-20 CC
CHCl;MeOH=10:1

Figure 30. Isolation of compounds from X weyrichil leaves.
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g SgEe) T2 24

1) Compound 1, 2, 39 +% &4

Compound 1& 3C NMR spectrumolA 3070¢] carbon 3= ¢ 'H NMR
spectrumoll 4] 770¢] singlet?] methyl groups ¥sle] W& HE 9 aliphatic
signal& HIE O 2 triterpene o2 A3t BC NMR spectrumol A& 1719
carbonyl group (6¢ 180.4), vinyl carbon (4%} carbon?l &: 139.8, 3%k
carbon®l §c¢ 126.1) @ AVSAETF F abxo] AHs YA sp’ A
carbon (6¢ 78.6)9] 54 A7} #AHAT. o] HIFSZE compound 12
%98 E3] ursolic acid (3B-hydroxyurs—12-en-28-oic acid)S =els}
A tHFigure 31-33, Table 9).

T3 compound 2% compound 13 w®l$- fFAREE FEoly, C NMR

spectrumol Al A7|SA =7 2 Ak A3 99 2709 sp® A carbon

s

(6c 69.0, 84.3) ¥ 'H NMR spectrumolA &y 3.43 (1H, d, / = 9.5 Hz)%
413 (1H, m)e] #3 =2 Hol 28 9 3% 91X OH groupel AF = o] ASS
dstglon, A9 F3) corosolic acid (2a,3B-dihydroxyurs-12-en-28-
oic acid)® ZJ= Ak (Figure 31, 34, 35, Table 9).

83 compound 3 B3 compound 1, 29F FAFSE FEFo|A| Wk 13C NMR
spectrume| Al A7 7 2 Abael Ax e 9129 3719 sp® &4 carbon
(6c 66.8, 69.4, 78.6) Z 'H NMR spectrumolA &y 3.75 (1H, d, J = 10.0
Hz)¢} 4.25-4.28 (3H, overlapped)®] ¥== Hol 2¥, 3 2 23¥ 9%
OH group®] ZAdxo] 9S8-S darstglon, £301s %3 asiatic acid (2a,3
B,23-trihydroxyurs—12-en-28-oic acid)® &A% JH(Figure 31, 36, 37,
Tabel 9).
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Compound 1

Compound 2 Compound 3

Figure 31. Chemical structures of compounds 1-3.
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Talbe 9. 'H and C NMR data of compounds 1-3 (500 and 125 MHz, pyridine-d)

No. Compound 1 Compound 2 Compound 3
&y (int, mult, /J Hz)  6¢  6n (int, mult, JHz) &  6n (int, mult, / Hz)  &¢

1 39.5 48.5 48.4
2 28.6 4.13 (1H, m) 69.0 4.23-4.28 (overlapped) 69.4
3 3.28 (1H, dd, 6.0, 10.0) 78.6 3.43 (1H, d, 9.5) 84.3 4.23~4.28 78.6
4 40.0 40.3 44.2
5 56.3 56.4 48.3
6 19.2 19.3

7 34.0 34.0 33.6
8 40.4 40.5 40.5
9 48.5 48.5 48.6
10 37.9 38.9 38.8
11 24.1 24.2 24.3
12 552 (1H, t, 3.5) 126.1 5.48 (1H, t, 3.5) 126.0 5.48 (brs) 126.1
13 139.8 139.7 139.8
14 43.0 43.0 43.0
15 29.2 29.1 29.1
16 25.4 25.4 25.4
17 48.5 48.5 48.5
18 2.66 (1H, d, 11.5) 54.0 2.65 (1H, d, 11.0) 54.0 2.63 (1H, d, 11.0) 54.0
19 39.9 39.9 39.9
20 39.9 39.9 39.9
21 31.5 31.5 31.5
22 37.7 37.9 38.0
23 125 GH s 203 123 GH 9 208 570 (4 1000 Faa g
24 1.05 (3H, s) 17.1 1.07 (3H, ) 17.4 1.08 (3H, s) 15.0
25 0.90 (3H, s) 16.2 0.99 (3H, s) 18.2 1.07 (3H, s) 18.0
26 1.08 (3H, s) 17.9 1.10 (8H, s) 18.0 1.08 (3H, s) 18.0
27 1.27 (3H, ) 24.4 1.30 (3H, s) 24.4 1.15 (3H, s) 24 .4
28 180.4 180.4 180.5
29  1.02 (3H, d, 6.0) 18 1.00 (3H, d, 6.0) 17.9 0.97 (3H, s) 18.0
30 0.97 (BH, d, 6.0) 21.9 0.96 (3H, d, 6.0) 21.9 0.92 (3H, s) 21.9
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'H NMR spectrum of compound 1 (pyridine—d).

Figure 32.
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13C NMR spectrum of compound 1 (pyridine

Figure 33.
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'H NMR spectrum of compound 2 (pyridine—d).

Figure 34.
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13C NMR spectrum of compound 2 (pyridine-ds).
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'H NMR spectrum of compound 3 (pyridine—d).

Figure 36.
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13C NMR spectrum of compound 3 (pyridine-d).

Figure 37.
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2) Compound 4, 59 7% &4

i)
o
L

Compound 4+ C NMR spectrumol|A] 3¢l 271¢] carbon IS
o F 19719 a7 FFHY, I F §c 62.8-78.99] 3= 5719
§c 104.19] ¥3 = Hol 6etdS X35l ¢+= vld A= B ringe] A

o H
o

g
Bl

o

%J

flavonoid =402 A3ttt 'H NMR spectrum®l A A2 ortho-coupling<
st A<l 5 7Re] aromatic proton (65 6.93 (2H, d, J = 8.5 Hz), 8.09
(2H, d, /= 85 Hz) ¥AE = & e, 6y 6.26 (1H, d, /= 2.0 Hz) =
6.39 (1H, d, 7 = 2.0 H29Y I35 %3 flavonoid A ringolls A=
meta-couplingS 3t+= F+ 709 aromatic proton°] U+= FEE AFE 4+ 9l
t}. T3k 2o anomeric protondl] 312 &y 5.50 (1H, d, J = 7.5 Hz) 3=
2 BC NMR spectrums Z&3ste] RS of, 23y o] g G B-formY
glucopyranosided Zolg} o]ial3itt. o]& vlg o2 compound 4+ TS
23] astragalin  (kaempferol 3-0-B-D-glucopyranoside)2]S 3Helslich
(Figure 38-40, Table 10).
Compound 5+ 'H @ ¥C NMR #24 23}, compound 49} FAFsH F-%0]XA]
vk flavonoid9] B ringo] W& F+x7} old AbAe} o] AIV|SAHET E 3
717 20Y Aoz o= At 'H NMR spectrumolA &y 6.86 (1H, d, J =
8.5 Hz), &y 7.58 (1H, dd, J = 2.5, 85 Hz) ¥ &y 7.71 (1H, d, J = 2.5 Hz)
o] ¥3aE E3 ME ortho- ¥ meta-coupling= 3t A+ 3709 aromatic
protong &21d 4 glom, BC NMR spectrum®@} E3Hsle] B, flavonoid<]
B ringell 3’, 4’ #1A]°] -OH groupe| A &H o A= 752 Zolgt skl
5)

o]Z vlE o R compound

1
1

#9358 23] isoquercetin (quercetin 3-0-B

M

-D-glucopyranoside)d< <1 s} tH(Figure 38, 41, 42, Table 10).
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Compound 4 Compound 5

Figure 38. Chemical structures of compound 4 and 5.
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Talbe 10. 'H and *C NMR data of compound 4 and 5 (500 and 125 MHz, CDs0D)

Compound 4 Compound 5
No.
Sy (int, mult, J Hz) Ec Sy (int, mult, J Hz) Sc

2 158.4 159.1
3 135.5 135.7
4 179.5 179.6
5 163.3 163.2
6 6.26 (1H, d, 2.0) 100.0 6.19 (1H, d, 2.0) 100.0
7 166.2 166.1
8 6.39 (1H, d, 2.0) 95.0 6.38 (1H, d, 2.0) 94.8
9 158.7 158.6
10 105.8 105.8
r 112.8 123.2
2’ 8.09 (2H, d, 8.5) 132.5 7.71 (1H, d, 2.5) 117.7
3 6.93 (2H, d, 8.5) 116.3 146.0
4 161.8 150.0
5 6.93 (2H, d, 8.5) 116.3 6.86 (1H, d, 8.5) 116.1
6’ 8.09 (2H, d, 8.5) 132.5 7.58 (1H, dd, 2.5, 8.5) 123.3
1 5.50 (1H, d, 7.5) 104.1 5.27 (1H, d, 8.0) 104.4
2 3.33-3.82 76.0 3.21-3.86 75.9
3" 3.33-3.82 78.9 3.21-3.86 78.2
4’ 3.33-3.82 71.6 3.21-3.86 71.3
5 3.33-3.82 78.3 3.21-3.86 78.5
6 3.33-3.82 62.8 3.21-3.86 62.7
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Figure 39. 'H NMR spectrum of compound 4 (CDsOD+ pyridine—ds).
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Figure 40. *C NMR spectrum of compound 4 (CDsOD+ pyridine—ds).
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Figure 41. 'H NMR spectrum of compound 5 (CD;0D).
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Figure 42. »C NMR spectrum of compound 5 (CDs;0D).
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nitric oxide (NO) A4 oA &4 2L ME SHMTT assay)S &

10

EAN

1 3elck 94 70% EtOH &= 2 7t £8&5S 100 pg/mLe] =2 A9S %
g stgdom, 2 Ay FEUF o 70% EtOH FEEA Alxe] gk 54 glo
33.6%2] NO A4 A 245 BAtHFigure 43). n-Hex % EtOAc #3&9]
9 NO A Eo] Zo]E71= s}, Alxel ek SAE glomg =xo] Q= 1
el Al NO AAES thA &2 skt 1 43 EtOAc #3528 40, 30, 20, 10 1
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NO prodoction (%)
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Figure 43. Effects of extract and solvent fractions from K. weyrichii on
NO production in LPS-induced RAW 264.7 cells. The cells were
stimulated with 1 pg/mL of LPS only, or with LPS plus A weyrichii
extract and solvent fractions for 24 h. NO production was determined by
the Griess reagent method. Cell viability was determined after 24 h
culture of cells stimulated with LPS (1 upg/mL) in the presence of R.
weyrichil. The data represent the mean = SD of triplicate experiments.

*p < 0.05; *xp <0.01
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Figure 44. Effects of EtOAc fraction from K. weyrichii on NO production
in LPS-induced RAW 264.7 cells. The cells were stimulated with 1 ug/mL
of LPS only, or with LPS plus EtOAc fraction for 24 h. NO production
was determined by the Griess reagent method. Cell viability was
determined after 24 h culture of cells stimulated with LPS (1 pg/mL) in
the presence of EtOAc fraction. The data represent the mean = SD of

triplicate experiments. *p < 0.05; *xp <0.01
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(1) Paper disc diffusion

= =1 1l

TEE X

o

U 9l 70% EtOH
&

S ER

el e 4=

o52<1 S, epidermidis (CCARM 3709, 3710, 3711) % P acnes

=537 99

(CCARM 0081, 9009, 9010, 9089)& o]&3}o] paper disc diffusion method

2 clear zones 1353t}

1
wEEoq g B4l 98 e THTable 11).

F=E 2 p-Hex, EtOAc

Table 11. Anti—bacterial activities of K. weyrichir leaves

Clear zone (mm)

S. epidermidis

P. acnes

CCARM CCARM CCARM

CCARM CCARM CCARM CCARM

3709 3710 3711 0081 9009 9010 9089

Extract 11 nd 9 10 nd 9 nd

n—-Hex 9 nd nd 11 10 11 9
EtOAc 12 11 9 12 11 12 10
n—-BuOH nd nd nd nd nd nd nd
H20 nd nd nd nd nd nd nd
Erythromycin 22 nd 31 50 nd nd 30

# Sample @ 100 pg/mL (20 uL)

* Positive control : erythromycin (1 mg/mL, 20uL)

* Disc size : 8 mm

*

nd : not detected
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(2) MIC % MBC

Paper disc diffusions &3l 3t &Ado] gRl=Qornz Iy o 70%
dete FHE 9 BILJ o F7H3o® HAYA S E(minimum inhibitory
concentration, MIC) % X AApdE

off

S (minimum bactericidal concentration,
MBOE SAsiv. A¥L: M w2 ¥%E 1000 pg/mL= 3o
8 o HIWA Al A3 we
%27 1.0 pg/mL7b S =5 &3 1

gzo] & Aol A=s I8t (Table 12).

two—fold—dilution .2 Al89 &

i

I 70% olEtE FEFE 2 EtOAc ¢

LN
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Table 12. MIC and MBC values of K. weyrichii leaves

S. epidermidis P. acnes

CCARM 3709 CCARM 3710 CCARM 3711 | CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Extract 500 1000  >1000 >1000 >1000 >1000 1000 1000 >1000 >1000 1000 1000 >1000 >1000

n-Hex >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

EtOAc 1000 1000 1000 1000 >1000 >1000: 500 1000 1000 1000 1000 1000 >1000 >1000

n~BuOH >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

H,0 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

Erythromycin = <1.0 <1.0  >1000 >1000 <1.0 <1.0 <1.0 <1.0  >1000 >1000 >1000 >1000 <1.0 <1.0

* Sample concentration : ug/mL
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Figure 45. Effects of isolated compounds 1-5 from K. weyrichii on NO production in LPS-induced RAW 264.7
cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS plus isolated compounds 1-5 for 24 h.
NO production was determined by the Griess reagent method. Cell viability was determined after 24 h culture of
cells stimulated with LPS (1 pg/mL) in the presence of isolated compounds 1-5. The data represent the mean =+

SD of triplicate experiments. *p < 0.05; **p <0.01
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U QoA EeE shEEel Wik s 248 gjlsty]l fs 9F #-
5% S, epidermidis (CCARM 3709, 3710, 3711) ¥ P. acnes (CCARM
0081, 9009, 9010, 9089)%F ol&ste]l HAAlE E(minimum inhibitory
concentration, MIC) % ] AA}E%%=(minimum bactericidal concentration,
P e FEE 10000 uME - §he
SEE 7 oY FoWA AAste] 7HE v

1 A3} compound 39| g+ Aol 43

oot
rlo

MBOE S48 A
o7 A

Al
lo

two—fold—dilution§ 2
FEh 1.0 pMo] HES 39

gkl &} tH(Table 13).
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Table 13. MIC and MBC values of isolated compounds 1-5 from R. weyrichii leaves

S. epidermidis P. acnes

CCARM 3709 CCARM 3710 CCARM 3711 | CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

1 >1000 >1000 >1000 >1000 >1000 >1000: 1000 1000 >1000 >1000 1000 1000 >1000 >1000

2 >1000 >1000 >1000 >1000 >1000 >1000: 500 500 500 500 500 500  >1000 >1000

3 62.5 125 125 125 125 125 125 125 125 125 125 125 1000 1000

4 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

5 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000
Erythromycin -~ <1.0 <1.0 >1000 >1000 <1.0 <1.0 <1.0 <1.0  >1000 >1000 >1000 >1000 <1.0 <1.0

* Sample concentration :

uM
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AHeH {715 B (Daucus carota var.

343)%= 2014 1€ AT AMAXA] T4H LA Jxwg-s

sativa) AFF-A52HT
34 AR s

o A wrlEs g A Abg-ak 3l tH(Figure

Figure 46. Pictures of Daucus carota var. sativa aerial parts.
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o wa} ¢=AHor FE3IE3Y p-hexane, ethyl acetate, n-butanol, water
fractione o, o9} S WS WHE A FE5F F 173 g& &)

8 S tH(Figure 47).

Dried aerial parts of Dawcus carota var. sativa 2.5 kg

70% EtOH, stirring, 24 h, 2 times

Extract 812.2 g (32.5%)

Extract 173 g

Suspended with H,O

| | | |
n-Hex Fr. EtOAc Fr. n-BuOH Fr. H,O Fr.
8.6 g (5.0%) 6.4 g (3.7%) 22.1 g (12.8%) 114.3 g (66.1%)

Figure 47. Extraction and solvent fractionation of D. carota var. sativa

aerial parts.
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2) Ethyl acetate fraction®] &4 A& &g

==

Sty F dojxl 5 % ethyl acetate fraction 6.0 g& #&3}7]

- A4 4 FEE
8k vacuum liquid chromatography (VLO)E 483}3ith. n-Hex-EtOAc
(0~100%), EtOAc-MeOH (0~50%)°] &"i& 4= 5% %ol WHe= 7
300 mLY &=3to] F 30709 fractions AATHFr. V1-30).

Fr. V12 (107.9 mg)+ #eeS AHEs) A24S ke compound 1 (8.4 mg)
= 234

Fr. V25 (847.4 mg) =3 WS AM&3 AZ24S
(304.7 mg)E <t}

3to]  compound 3

183l Fr. V26 (630.4 mg)e Sephadex LH-20 ZAH(CHCl3:MeOH=4:1)=
838l compound 2 (40.2 mg)E E]sFA tHFigure 48).

EtOAcFr.6.0g

VLC

n-Hex-EtOAc (0~100%)
EtOAc-MeOH(0~50%)

Step gradient (5%), 300 mL each

Fr.vi2 Fr.v2s Fr.V26
Fr. V1 Fr. V30
(107.9 mg) (847.4 mg) (630.4 mg)
Recrystallization Recrystallization Sephadex LH-20 CC
with MeOH with MeOH CHCl;:MeOH=4:1

Compound 1 (8.4 mg) Compound 3 (304.7 mg) Compound 2 (40.2 mg)

Figure 48. Isolation of compounds from D. carota var. sativa aerial parts.
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2le sleEe] = B4
1) Compound 1, 29 +% &A

Compound 1& C NMR spectrumo A 1671¢] carbon ¥ =7} #F¥w, 1
T 6c 56.6 2 &y 3.84 (38H, s)9] ¥ AE F3] methoxy group®] A} U] &
A3, compound 1< flavonoid &4l 17§12 methoxy group®] A& %o U
= 7xd Zelg ddsksith 'H NMR spectrumell A &y 7.29 (1H, d, J = 8.5
Hz), 7.62 (1H, d, /= 2.2 Hz) ¥ 7.66 (1H, dd, J = 2.2, 8.5 Hz)9] A=
Ho} flavonoid®] B ringol A= ortho- % meta—couplings 3= 3719
aromatic proton®] oW, &y 6.77 (1H, d, = 2.0 Hz), 6H 6.87 (1H, d, J =
2.0 Hz)9 ¥=a® Ho} A ringdls AE meta-couplingS 3= aromatic
proton®] A& AT F vk EE &y 6.98 (1H, 99 A= sp® TS
3= carbonel] ZA3$Eal Q= proton®©]™  singleto® U2 Ao R Hol
flavonoid =A% 3% #1319 proton¥l& o & 5 Ut} o= HolHE nl®
o7 EHVS =3 compound 1€ diosmetin (luteolin 4’-methyl ether) o &
kel =i th(Figure 49-51, Table 14).
Compound 2% 'H NMR spectrumoll A &y 3.49-4.052] overlap o S+
o2 789l proton ¥ A} &y 4.72 (1H, d, /= 1.5 Hz) % 6y 5.00 (1H, d, J =
7.5 Hz)ol 93t 92 anomeric proton, 283 “C NMR spectrumoi 4]
flavonoid®} methoxy group e 127]¢] carbon A7} f #ZHE= Fo=
Kol compound 1 =24 F 7He] FEido] AFH U= 752 Aol o4
stk 6y 1.19 (BH, d, J = 6.0 H2)$F &y 4.72 (1H, d, J = 1.5 Hz) 329
coupling constant @ AHE S 53] a-form® rhamnopyranosideE 43}3]
i, &y 5.00 (1H, d, J = 7.5 Hz) 339 coupoling constant #< F3 B
-form®] glucopyranoside’} A3E o] = 722 AE o & 4 Ay ol &
dolgE nigez ¥37S %3le] compound 2% diosmin (diosmetin

7-O-rutinoside) 2.2 3l T At} (Figure 49, 52, 53, Table 14).
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Compound 2

Figure 49. Chemical structures of compound 1 and 2.
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Talbe 14. 'H and "“C NMR data of compound 1 and 2 (500 and 125 MHz)

No. Compound 1 (pyridine-d5) Compound 2 (CDsOD+ CDCls)
&y (int, mult, J Hz) Sc &y (int, mult, J Hz) Sc
2 166.4 164.3
3 6.98 (1H, s) 104.7 6.61 (1H, s) 104.4
4 183.2 183.8
5 163.7 162.7
6 6.77 (1H, d, 2.0) 100.5 6.51 (1H, d, 2.5) 100.9
7 165.0 166.4
8 6.87 (1H, d, 2.0) 95.4 6.71 (1H, d, 2.5) 96.3
9 159.1 158.5
10 105.6 107.0
1 123.1 123.2
2’ 7.62 (1H, d, 2.2) 110.8 7.41 (1H, d, 2.0) 116.7
3’ 149.5 149.1
4 152.9 151.9
5 7.29 (1H, d, 8.5) 117.4 6.95 (1H, d, 8.5) 110.4
6 7.66 (1H, dd, 2.2, 8.5) 121.8 7.49 (1H, dd, 2.0, 85) 121.8
OCHjs 3.84 (3H, s) 56.5 3.96 (3H, s) 56.7
17 5.00 (1H, d, 7.5) 101.3
2" 3.49-4.05 74.3
3" 3.49-4.05 77.5
47 3.49-4.05 70.9
57 3.49-4.05 76.9
6" 3.49-4.05 67.2
1 4.72 (1H, d, 1.5) 101.7
2" 3.49-4.05 71.7
3" 3.49-4.05 72.1
4" 3.49-4.05 73.8
57 3.49-4.05 69.4
6" 1.19 (3H, d, 6.0) 18.8
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Figure 50. 'H NMR spectrum of compound 1 (pyridine-d5).
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Figure 51. *C NMR spectrum of compound 1 (pyridine—d;).
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2) Compound 3¢ ++% A

Compound 3& C NMR spectrumo] A 21701¢] carbon 337} #ZE = Ao
Z ®o}, flavonoidel 6%Hge]l @ ol = FH2z o 4skgith. 'H NMR
spectrumell 4] &y 7.28 (1H, d, J = 8.5 Hz), 7.53 (1H, d, J = 2.0, 8.5 Hz),
792 (1H, d, /= 2.0 Hz)9 332 Ho} flavonoid B ringoll A= meta- =
ortho-couplings 3= 3709 aromatic proton®] &< oA & 4= glon §;
6.87 (1H, d, /= 2.0 Hz) ¥ 7.02 (1H, d, /= 2.0 Hz)¢ 337E &3 A ring
o= AME meta-couplings 3} 271¢] aromatic proton®] U&= FFRE dF
I U TS §c 183.3 ¥ IAE E3 1719 carbonyl group®] EAF W] &

AeS & 4 dom, F2 anomeric proton?! &y 5.86 (1H, d, J = 8.0 Hz)

ek

339 coupling constant 3 & 62.8-79.79] 5709 I3 % amomeric
carbon®l &¢ 101.19] I 3IE F3ste] B, AggHo A= T2 B-formo

o

glucopyranoside®]& o438 4= 9t} olE vl og EFHZS =3 compound
3% cynaroside (luteolin 7-O-B-D-glucopyranoside)dS &2l s} thHFigure

54-56, Table 15).

OH O

Figure 54. Chemical structure of compound 3.
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Talbe 15. 'H and ®C NMR data of compound 3 (500 and 125 MHz, pyridine-ds)

Compound 3
No.
&y (int, mult, J Hz) 8¢

2 165.7
3 6.97 (1H, s) 104.6
4 183.3
5) 163.0
6 6.87 (1H, d, 2.0) 102.2
7 164.4
8 7.02 (1H, d, 2.0) 95.7
9 158.3
10 107.0
r 123.1
2’ 7.92 (1H, d, 2.0) 115.2
3 148.3
4 152.4
5 7.28 (1H, d, 8.5) 117.3
6’ 7.53 (1H, dd, 2.0, 8.5) 120.1
17 5.86 (1H, d, 8.0) 101.1
2" 79.7
3" 75.3
47 71.5
5” 79.0
6" 62.8
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00 pg/mLe] SE= AP
A sion, 1 Ax g AR p-Hex @ EtOAc H8E9] NO AAo] o]
Eo} o]5L 100 pg/mLe Tl Ao thgt ZAdo] AATHFigure 57).
kA =40 gl 1 dellA NO A4 oAl 84S thA] gRlshr] lste] 71
o2 EtOAc 8 & tial 50, 25, 12.5, 6.25 pg/mLe] v=z 23S A3
o} 1 A¥ g 2 EtOAc 3 ES 50 pg/mL ©]dke] ol Az ol

57 flol NO9| S F= oA or AAlds 3l & & UthFigure 58).
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Figure 57. Effects of extract and solvent fractions from 0. carota var.
sativa on NO production in LPS-induced RAW 264.7 cells. The cells were
stimulated with 1 pg/mL of LPS only, or with LPS plus D. carota var.
sativa extract and solvent fractions for 24 h. NO production was
determined by the Griess reagent method. Cell viability was determined
after 24 h culture of cells stimulated with LPS (1 pg/mL) in the presence
of D. carota var. sativa. The data represent the mean £ SD of triplicate

experiments. *p < 0.05; #xp <0.01
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Figure 58. Effects of EtOAc fraction from D. carota var. sativa on NO
production in LPS-induced RAW 264.7 cells. The cells were stimulated
with 1 pg/mL of LPS only, or with LPS plus EtOAc fraction for 24 h. NO
production was determined by the Griess reagent method. Cell viability
was determined after 24 h culture of cells stimulated with LPS (1 ug/mlL)
in the presence of EtOAc fraction. The data represent the mean £ SD of

triplicate experiments. *p < 0.05; *xp <0.01
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2) @t 24

il (

(1) Paper disc diffusion

B AH 5 S epidermidis (CCARM 3709, 3710, 3711) ¥ P. acnes
(CCARM 0081
2 clear zones #2133t} Ay G AR FEE Y n-Hex, EtOAc

b
wEEolA o &0l e AlEltH(Table 16).

g A 70% EtOH FE= B 8¢ Ui o 4= SAs7] Sds

9009, 9010, 9089)% o]&3}o] paper disc diffusion method

Table 16. Anti—bacterial activities of D. carota var. sativa aerial parts

Clear zone (mm)

S. epidermidis P. acnes
CCARM CCARM CCARM : CCARM CCARM CCARM CCARM
3709 3710 3711 0081 9009 9010 9089

Extract 10 nd nd 10 9 9 9
n—Hex 16 10 11 17 14 16 11
EtOAc 14 9 10 17 16 18 10
n—BuOH nd nd nd nd nd nd nd
H-0 nd nd nd nd nd nd nd
Erythromycin 22 nd 31 50 nd nd 30

*

Sample @ 100 pg/mL (20 ul)
* Positive control : erythromycin (1 mg/mL, 20 uL)

* Disc size : 8 mm

*

nd : not detected
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(2) MIC % MBC

Paper disc diffusions E3l sty &Alo] 3l HFJorm=w It X5 70%
NEFE: =5 2 EIE fis] F7F o2 HA9AFE(minimum inhibitory

concentration, MIC) % & AAPEs%(minimum bactericidal concentration,

MBOE =43ttt d4¥e 3 we FEE

= 1000 pg/mL= 3}
two-fold-dilution® o2 AlR9 FTEE F ul¥ HEH3|HA AAste] 71 Wt

F%7F 1.0 pg/mL7F H%=5 3t 1 23 p-Hex % EtOAc #+8=9] S
epidermidis (CCARM 3709)¢} P. acnes (CCARM 0081, 9009, 9010, 9089)
T s}

ol s gAdo]l s €l It (Table 17).

_96_



Table 17. MIC and MBC values of D. carota var. sativa aerial parts

S. epidermidis

P. acnes

CCARM 3709 CCARM 3710 CCARM 3711 | CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Extract >1000 >1000 >1000 >1000 >1000 >1000: 1000 1000 >1000 >1000 1000 1000 >1000 >1000
n-Hex 125 500  >1000 >1000 >1000 >1000: 1000 1000 1000 1000 500 1000 500  >1000
EtOAc 500 1000  >1000 >1000 >1000 >1000 & 125 125 250 500 125 250 250 1000
n~BuOH >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000
H,0 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000
Erythromycin = <1.0 <1.0  >1000 >1000 <1.0 <1.0 <1.0 <1.0  >1000 >1000 >1000 >1000 <1.0 <1.0

* Sample concentration : ug/mL
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d D AE SAHAMTT assay) S SA8GH 23
of sl 200, 100, 50, 25 pMe =2 HPsRom, 1 A}
compound 1-3 57 Ao gt 54 §lo] NO A A &4do] 48 3
013} tH(Figure 59).
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Figure 59. Effects of isolated compounds 1-3 from D. carota var. sativa on NO production in LPS-induced RAW
264.7 cells. The cells were stimulated with 1 pg/mL of LPS only, or with LPS plus isolated compounds 1-3 for
24 h. NO production was determined by the Griess reagent method. Cell viability was determined after 24 h
culture of cells stimulated with LPS (1 pg/mlL) in the presence of isolated compounds 1-3. The data represent

the mean = SD of triplicate experiments. *p < 0.05; **p <0.01
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N—
oo
el
m (
o5,

L AGFelA EeE sEEel g v 248 gelsty]l fs 9F A
5% S, epidermidis (CCARM 3709, 3710, 3711) ¥ P. acnes (CCARM
0081, 9009, 9010, 9089)%F ol&ste] FHAAlE E(minimum inhibitory
concentration, MIC) % ] AA}E%%=(minimum bactericidal concentration,
MBOZE SAsid. A¥dL: 7 w2 FEE 10000 pM= 3o
two—fold-dilution &2 A5 9] FE& F ¥ FHa|WA Aol 7P W
FE7F 1.0 pMo] HE= 33t 1 A3 compound 3°] P acnes (CCARM
0081, 9009, 9010, 9089) ==ol sl 3+ &/do] TS &<l st
(Table 18).
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Table 18. MIC and MBC values of isolated compounds 1-3 from D. carota var. sativa aerial parts

S. epidermidis

P. acnes

CCARM 3709 CCARM 3710 CCARM 3711 | CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

1 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

2 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

3 >1000 >1000 1000 >1000 >1000 >1000: 1000 1000 500 500 250 250 500 1000
Erythromycin -~ <1.0 <1.0  >1000 >1000 <1.0 <1.0 <1.0 <1.0 >1000 >1000 >1000 >1000 <1.0 <1.0

* Sample concentration : pM



B AFME G A4E 70% dEe FEE 9 229 gdt vy #d
24s AN, 4 s gelsr] H8 FHA ddE=d i dAHE A
qste] 3ol Fx2E A 3 EelE s vy dAd 48 I
o5} FAE AAEA L o] AL dolR A FT)

G AR 70% gE FEES o A wil eRHor R

n-hexnae, ethyl acetate, n—butanol, water fractions @ATE °]& F ethyl
acetate fractiono] W3] vacuum liquid chromatography (VLC), Sephadex
LH-20 column chromatographyE <&ste] @dEAS ®asta, 'H, ¥C
NMR & ©]&3 st&=9 x5 gl on, £33 vluste] & 3719 3}
dES T, 45t SEE e diosmetin (1), diosmin  (2),
cynaroside (3)= 1At} F2¥@ $8E 5 cynaroside (3)= o|v] Gtof

B ATE Ba Y AYRAE 4P @

64.7 cellS o]&3d Tt xAJxol sl A AF

A3, EtOAc 8 =0°] 50 pg/mL o]3te] F=ollA AlxEol thdh 54 flo] NO

o]al, diosmetin (compound 1) NO % TNF-a9] A4 2 iNOS vk zo] vt
HS AAA 7= 71Hew e E37t 9Jom, ™ cynaroside (3)¥ NO, PGE,9]
d 2 INOS, COX-2 wiide] WS AAA 7= 7[He g 3 a7t U=
o] ®ilxlo] 9Jrh.”

EE g Agve g BYS 4] 98 Wy #d @57 S

ox
™

1:1

epidermids (CCARM 3709, 3710, 3711) ¥ P. acnes (CCARM 0081, 9009,
9010, 9089)E o]&sle 3t &iH(paper disc diffusion method)S &3

clear zone % HAYAFE(minimum inhibitory concentration, MIC), & ZAA}
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%% (minimum bactericidal concentration, MBC)E 3Fel3lgict. 1 A3 2

< A4E n-Hex 2 EtOAc 8 EA d++ 4ol ey, 53] EtOAc
P. acnes (CCARM 0081, 9009, 9010, 9089)¢] ujst & &A]o]

= gQlsiglth. =3k wYd steeel e MIC ¥ MBCE
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T A5 (Ulva pertusa, NEHZE @ 462)= 20120 990l A
F=goll A AFsr Y. AR Fy AT 22 L SH oA 2|
B35t ARE-SFAtH(Figure 60).
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al
Wl AEA ARE 4G FY IE ol gatel ol Astgov

al AN
oML 40T o]ste] =S4 oA RF5=7](rotary vacuum evaporator) 2 &3

F=% 50 g& T7T 1 Lol dgA7]az, 8 Z2d7| & o]&3l] F4cA ol w
g} &x1A o2 R33Ee] ethyl acetate, n—butanol, water fractions AU,

bl

of

oje} & WRlo® 3 3 ¢ wE dAste], FE= F 200 g= v =8

tHFigure 61).

Dried Ulva pertusa 100 kg

80% EtOH

Extract 5 kg (5%0)

Extract 200 ¢

Suspendedwith H,O
| |
EtOAc Fr. n-BuOH Fr. H,O Fr.
0.9 g (3.5%) 16.2 g (8.1%) 152.1 g (76.1%)

Figure 61. Extraction and solvent fractionation of U. pertasa.
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2) Ethyl acetate fraction®] &4 A& &g

LR & Adojzl 7} BE=E5 = ethyl acetate fraction 5.0 g& Ao u}
gt =xHow FE37] 95te] medium pressure liquid chromatography
(MPLO)E S8ttt HAxe 94 A27PAKP-C18-HS, 40+M, Biotage

Co)s AHgslen, H,0-MeOH (10~100%)9] gradient o2 §&3}4]
44709] fractions AATHEr. MP1~49).

MPLC fraction % Fr. MP9-12 (157.3 mg)& silica gel ZAH
(n-Hex:EtOAc=1:2)2 4=33}%] compound 1 (8.6 mg), compound 2 (24.8
mg) % compound 3 (21.4 mg)S AAr}.

L3k Fr. MP14, 15 (129.1 mg)e ©¥ 3}3t== compound 102 22l¥
=3
Fr. MP17-20 (265.3 mg)< silica gel A& (n-Hex:EtOAc=1:1)S 433}
compound 4 (21.0 mg)E At}

183l Fr. MP23 (119.6 mg)S silica gel Z 8 (n-Hex:EtOAc=1.5:1)% 43}
3t compound 5 (24.5 mg)E #2]3F¥ tH(Figure 62).
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EtOAc Fr. 65 g

MPLC (C18)
H;O-MeOH (10~1002%)
Flow rate : 10 mL/ min

35 mL each
Fr. MP9~12 Fr. MP14, 15
Fr. MP1 (157.3 mg) Fr. MP13 (129.1 mg)
Silica gel CC
M-HexEtOAc=1:2
Compound 1 (8.6 mg) Compound 1
Compound 2 (24.8 mg)
Compound 3 (214 mg)
Fr. MP17~20 L Fr. MP23
(265.3 mg) (119.6 mg) Fr. MP49
lsilca gel CC lSilica gel CC
M-HexEtOAc=1:1 A-HexEtOAc=1.51
Compound 4 (21.0 mg) Compound 5 (24.5 mg)

Figure 62. Isolation of compounds from U. pertusa.
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1) Compound 1, 29 +% &A

Compound 1& C NMR spectrumdl Al §: 172.3¢] carbonyl group®} §c
113.0, 182.99] sp? &4 <& zr= vinyl carbon @ §c 26.7, 27.2, 30.99] 3|<

3= 3709 methyl groupe] #F-HTE T3 8- 66.9 % 87.19 F 749 Has
Za) A7 2 Akavt R e sp® £A carbono] B W EAE-S

A

oA} & = gt} o]ES vlg o g 3PS E& compound 12 loliolide® &
ol ¥ tH(Figure 63-65, Table 19).
Compound 2& 'H % BC NMR #4 ZA3}, compound 19 A o] aA <l

epi-loliolide® #3%S E& 2213} th(Figure 63, 66, 67, Table 19).

Compound 1 Compound 2

Figure 63. Chemical structures of compound 1 and 2.
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Talbe 19. 'H and "*C NMR data of compound 1 and 2 (500 and 125 MHz, CDCls)

Compound 1 Compound 2
No.
&y (int, mult, J Hz) 8c &y (int, mult, J Hz) Sc

2 172.3 171.9
3 5.66 (1H, s) 113.0 5.68 (1H, s) 113.3
4 4.29 (1H, m) 36.2 4.11 (1H, m) 35.3
5186 (i ad 142 0 74 Thamm 99
6 4.29 (1H, m) 66.9 65.1
DAY s REER o
8 1.75 (3H, s) 30.9 1.55 (3H, s) 30.1
9 1.23 (3H, s) 26.7 1.23 (3H, s) 25.2
10 1.44 (3H, s) 27.2 1.28 (3H, s) 25.7
3a 182.9 181.2
7a 87.1 86.8
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Figure 64. 'H NMR spectrum of compound 1 (CDCls).
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Figure 65. *C NMR spectrum of compound 1 (CDCls).

111



0.0 ppm

3.0 25 2.0 1.5 1.0 0.5

3.5

7.5 7.0 6.5 6.0 55 5.0 45 4.0

8.0

S
HEEEE
22558

==}
o
—

(3]

w3
=+
o3

Figure 66. 'H NMR spectrum of compound 2 (CDCls).
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Figure 67. *C NMR spectrum of compound 2 (CDCls).
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2) Compound 3, 49 % &4

Compound 3 C NMR spectrums E&l 6§ 197.4 ¥ 197.7 93] a3}
+ 2709 carbonyl group®] A Wl &A1 A4E 4 Jdom, 5 128.0,
130.6, 145.3, 160.7¢] signal& &3l 2719 o]lFdsto] A& AdE F 3

ek 5c 18.9, 23.1, 255, 25.69 ¥AE 3l 4719 methyl groups oI

AL, §¢ 79.59 WAE AL & AAe aHE dE spd A

{0

O

carbone]™, ol& dHolHE wygoer F3I*S Fd  compound 3
dehydrovomifoliol= {15 2l th(Figure 68-70, Table 20).

compound 4¥ 'H @ ¥C NMR spectrum< %3] compound 3% A3 +%
o] A%k, carbonyl group (§c 198.4)°] 17Ho]H, o]& dHo|HE ulgoz F&H
S %3] 3-hydroxy—-4,7-megastigmadien-9-one2. 2 &<l A} (Figure 68,

71, 72, Table 20).

Compound 3 Compound 4

Figure 68. Chemical structures of compound 3 and 4.
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Talbe 20. 'H and "*C NMR data of compound 3 and 4 (500 and 125 MHz, CDCls)

Compound 3 Compound 4
No.
&y (int, mult, J Hz) Sc &y (int, mult, J Hz) Sc

1 41.6 34.1
o BHERGTY e LG 1509 s
3 197.3 4.24 (1H, m) 65.7
4 5.96 (1H, q, 1.4) 128.0 5.60 (1H, m) 126.0
5 160.7 135.7
6 79.5 2.48 (1H, d, 10.0) 54.4
7 6.84 (1H, d, 15.8) 145.3 6.51 (1H, dd, 15.5, 10.5) 147.4
8 6.47 (1H, d, 15.8) 130.6 6.08 (1H, d, 15.5) 133.8
9 197.7 198.4
10 2.31 (3H, s) 25.6 2.24 (3H, s) 27.4
11 1.03 (8H, s) 23.1 1.00 (3H, s) 29.5
12 1.11 (38H, s) 25.5 0.86 (3H, s) 24.9
13 1.89 (3H, d, 1.4) 18.9 1.60 (3H, d, 0.5) 22.9
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Figure 69. 'H NMR spectrum of compound 3 (CDCls).
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Figure 70. *C NMR spectrum of compound 3 (CDCls).
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Figure 71. '"H NMR spectrum of compound 4 (CDCls).
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Figure 72. *C NMR spectrum of compound 4 (CDCls).
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3) Compound 59 +% A

Compound 5% C NMR spectrumdl Al §c 172.5 3= #NGste= 1719
carbonyl group? vinyl group (¢ 125.4, 158.1) 2 &4 0.85 (3H, t, /= 7.0
Hz), 1.78 (3H, d, /= 1.0 Hz), 1.91 (3H, d, J = 1.0 Hz)9 3=aE F3 370

o] methyl groups E33ta Q& F2E AT 5 9
i 7259 A4 2 g 72 545 98 carbon® AFE & T
9)E DEPT (135°) % 2D NMRSl COSY, HMQC, HMBCE %43ttt

HMQCE &3 Z7te] protond} carbon AFo]€] one bond A% A= &l 3}
GFom, HMBC #4& E3l 6c 8.7¥% 10.991 F 719 methyl group< vinyl
group®] 4%} carbon®l §c 125.49} 158.1¢l 3§9E3}+= carbonel] Ao UL

e S e - Sl

m m
&

g3l 224 ringol vinyl ¥ carbonyl group
TTEE dsklar, 6¢ 14.2-36.19] 5719 ¥a+= €d
AV&9] p-pentyl group®lS ¢l stith. 1glal §¢ 107.3 =Sl spd EA
Aof ZAE X877t o] Q= 4%k carbonl®E ©]
= HMBCE &3l g<laiaitt. o=

%S 23] compound 5

=

=

et

— =
5l A=

4z

F

[

carbon A7 S E7F &

#Aell n-pentyl groupe] ZAgH <] Sl

NMR  datas FT§ste] dA 725 <dsision,
= 4-hydroxy-2,3,dimethyl-2-nonen-4-olide )& &9l 33 th(Figure 73-79,

Table 21).

o

A

M

O~ o~ TOH°

Figure 73. Chemical structure of compound 5.
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Talbe 21. 'H and *C NMR data of compounds 5 (500 and 125 MHz, CDCls)

Compound 5
No.
Su (int, mult, J Hz) Sc
1 172.5
2 158.1
3 125.4
4 107.3
5 1.72 (1H, m) 36.1
1.96 (1H, m) )
1.23 (1H, m) :
7 1.21-1.25 (4H, m) 31.7
8 1.21-1.25 (4H, m) 22.6
9 0.85 (8H, t, 7.0) 14.2
2-CHs 1.91 (8H, d, 1.0) 10.9
3-CHj 1.78 (3H, d, 1.0) 8.7
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Figure 74. '"H NMR spectrum of compound 5 (CDCls).
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Figure 75.
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Figure 76. DEPT (135°) NMR spectrum of compound 5 (CDCls).
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Figure 77. COSY NMR spectrum of compound 5 (CDCls).

- 120 -



L P S P ppm

20

40

60

80

100

120

140

160

180

80 75 70 65 60 55 50 45 40 35 30 25 20 1.5 1.0 05 0.0 ppm

Figure 78. HMQC NMR spectrum of compound 5 (CDCl3).
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Figure 79. HMBC NMR spectrum of compound 5 (CDCls).

- 121 -



THEARY FEE 2 &l =9 39 @S SAs] fleke] RAW 264.7
cell& ©]838}4 nitric oxide (NO) A A &4 2L MXEX 5HMTT assay)S &
ol 3t 4 80% EtOH F=& % 7 #3&ES 100 pg/mlLe == 23S 2
& stlem, 1 Ay A EtOAc 8= NO Aol &5, 100 n
g/mLe] FXoll A Aol gt =Ado] A ThFigure 80).

webA] =A4do] gl W9 WelA NO A4 A &4& thA] gelshr] ffste] 571
o2 EtOAc 3= tisl 50, 25, 12.5, 6.25 ng/mLe| s== 23S 2183519
ot 2 23 79829 EtOAc #8E2 50 pg/mL °late] F=

A glol T oA R NOo XS A A7l e 29 & & AsH

(Figure 81).
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Figure 80. Effects of extract and solvent fractions from U. pertusa on NO
production in LPS-induced RAW 264.7 cells. The cells were stimulated
with 1 pg/mL of LPS only, or with LPS plus U. pertusa extract and
solvent fractions for 24 h. NO production was determined by the Griess
reagent method. Cell viability was determined after 24 h culture of cells
stimulated with LPS (1 pg/mlL) in the presence of U. pertusa. The data

represent the mean £ SD of triplicate experiments. *p < 0.05; **p <0.01
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Figure 81. Effects of EtOAc fraction from U. pertusa on NO production in
LPS-induced RAW 264.7 cells. The cells were stimulated with 1 pg/mL of
LPS only, or with LPS plus EtOAc fraction for 24 h. NO production was
determined by the Griess reagent method. Cell viability was determined
after 24 h culture of cells stimulated with LPS (1 pg/mL) in the presence
of EtOAc fraction. The data represent the mean = SD of triplicate

experiments. *p < 0.05; #xp <0.01
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2) @t 24

il (

(1) Paper disc diffusion

TEd 80% EtOH FE= R 8= izt I« 245 SAs7] 9

i BHl 75 S epidermidis (CCARM 3709, 3710, 3711) ¥ P acnes

H

(CCARM 0081, 9009, 9010, 9089)& o]&3}o] paper disc diffusion method
2 clear zones FRIsigitt. 1 A3 4w EtOAc &8 =oA =t &4

o] 8k215FS tH(Table 22).

ulfes
o

o]
A

Table 22. Anti—bacterial activities of U. pertusa.

Clear zone (mm)

S. epidermidis P. acnes
CCARM CCARM CCARM : CCARM CCARM CCARM CCARM
3709 3710 3711 0081 9009 9010 9089
Extract nd nd nd nd nd nd nd
EtOAc 11 9 9 10 10 9 9

n—-BuOH nd nd nd nd nd nd nd
H-0 nd nd nd nd nd nd nd
Erythromycin 22 nd 31 50 nd nd 30

*

Sample : 100 pg/mL (20 pL)
* Positive control : erythromycin (1 mg/mL, 20 uL)

* Disc size : & mm

*

nd ! not detected
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(2) MIC % MBC

Paper disc diffusions & s &Ao| oz Fydazy] 80% o
BE FEE 2 E2YEd dE)
concentration, MIC)

A& % (minimum inhibitory

S % (minimum bactericidal concentration,
MBOE SAsiv. dde 7M. %2 #%E 1000 pg/mLz 3o
two-fold-dilution 2.2 A5 FXE5 F wi¥ HF|WHA AArste] 7P W&
¥E7b 10 pg/ml7k HES Sl 1 dv 79asd BOAc ®HEe] S
epidermidis (CCARM 3709)¢} P. acnes (CCARM 0081, 9009, 9010, 9089)

ol tel &) e skt (Table 23).
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Table 23. MIC and MBC values of U. pertusa.

S. epidermidis P. acnes

CCARM 3709 CCARM 3710 CCARM 3711 | CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

Extract >1000 >1000 >1000 >1000 >1000 >1000: 1000 1000 1000 >1000 >1000 >1000 >1000 >1000

EtOAc 500 1000  >1000 >1000 >1000 >1000: 500 1000 1000 1000 500 1000 250 1000

n~BuOH >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

Hy0 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

Erythromycin = <1.0 <1.0  >1000 >1000 <1.0 <1.0 <1.0 <1.0 >1000 >1000 >1000 >1000 <1.0 <1.0
* Sample concentration @ pg/mL



3) v 2y

(D Fepd A4 A 24

THAvty FEE 4 &v) 2gE wW @4S SAsH] flste] BI6F10
melanoma cellS o]-&3te] dWehd A A &4 L HNE SAMTT assay)=> &
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Figure 82. Effects of extract and solvent fractions from U. pertusa on

melanin contents in a-MSH-stimulated B16F10 melanoma cells. The cells

were stimulated with 100 nM of a-MSH only, or with a-MSH plus U.

pertusa extract and solvent fractions for 72 h. Melanin contents were

determined by the absorbance at 405 nm. Cell viability was determined

after 72 h culture of cells stimulated with a-MSH (100 nM)

presence of U. pertusa.

experiments. *p < 0.05; #xp <0.01
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Figure 83. Effects of EtOAc fraction from U. pertusa on melanin contents
in a-MSH-stimulated B16F10 melanoma cells. The cells were stimulated
with 100 nM of a—-MSH only, or with a—MSH plus EtOAc fraction for 72
h. Melanin contents were determined by the absorbance at 405 nm. Cell
viability was determined after 72 h culture of cells stimulated with a
-MSH (100 nM) in the presence of EtOAc fraction. The data represent

the mean = SD of triplicate experiments. *p < 0.05; #xp <0.01
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Figure 84. Intracellular tyrosinase activity of EtOAc fraction from U. pertusa.
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Figure 85. Effects of isolated compounds 1-5 from U.pertusa on NO production in LPS-induced RAW 264.7 cells.
The cells were stimulated with 1 pg/mL of LPS only, or with LPS plus isolated compounds 1-5 for 24 h. NO
production was determined by the Griess reagent method. Cell viability was determined after 24 h culture of

cells stimulated with LPS (1 pg/mL) in the presence of isolated compounds 1-5. The data represent the mean *

SD of triplicate experiments. *p < 0.05; **p <0.01
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Table 24. MIC and MBC values of isolated compounds 1-5 from U. pertusa.

S. epidermidis P. acnes

CCARM 3709 CCARM 3710 CCARM 3711 | CCARM 0081 CCARM 9009 CCARM 9010 CCARM 9089

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

1 >1000 >1000 >1000 >1000 >1000 >1000: 500 1000 >1000 >1000 >1000 >1000 >1000 >1000

2 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000

3 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 1000 1000 >1000 >1000 >1000 >1000

4 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 1000 1000 >1000 >1000 >1000 >1000

5 >1000 >1000 >1000 >1000 >1000 >1000: >1000 >1000 >1000 >1000 >1000 >1000 >1000 >1000
Erythromycin -~ <1.0 <1.0 >1000 >1000 <1.0 <1.0 <1.0 <1.0  >1000 >1000 >1000 >1000 <1.0 <1.0

* Sample concentration @ uM
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