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ABSTRACT

For the development of functional cosmetic additives, we are continuously
undergoing research on plants in Jeju island. In this research, we have
studied FEurya emarginata and some citrus species as the potential plants
applicable in cosmetic industry. Eurva emarginata Makino is an evergreen
shrub distributed throughout Jeju island and southern part of Korea. Citrus
fruits are the most important agriculture products in Jeju island. This thesis
1s divided into three parts.

In the first part, phytochemical study was conducted on the extract of E.
emarginata, which resulted in the isolaton of 11 compounds; rengyolone (1),
cleroindicin B (9), rengyol (10), isorengyol (11) and three new glycoside
compounds (2, 3, 4).

Among the isolated compounds, rengyolone (1) was found to reduce the
tyrosinase expression and melanin  contents in @ Melan-a cells in
dose-dependent manner. In this study, we also investigated anti—inflammatory
activities of rengyolone and eutigoside C on LPS-stimulated murine
macrophage RAW 2647 cells. Treatment with rengyolone inhibited
LPS-stimulated production of NO, iNOS, IL-6, TNF-a and COX-2. Eutigoside
C inhibited LPS-stimulated production of NO, PGE: and IL-6. Furthermore
the mRNA expressions atopic chemokine (MDC and TARC) in HaCaT human
keratinocytes cells stimulated by hIEN-y were reduced in dose-dependent
manner by rengyolone or eutigoside C.

In the second part, we analyzed chemical composition and product yield for
21 species of immature citrus essential oils. Major components of oils were
limonene (55.496~91.7%), B-myrcene (2.1%~32.196), a-pinene (0.6~1.6%), B
—pinene (0.6~1.6%) and linalool (0.4% ~6.9%).

- Xiv -



Two essential oils, Citrus erythrosa (Dongjunggyul) and C aurantium
(Joadeung), showed potent free radical scavenging activities in the DPPH and
NO assays. Ten out of seventeen citrus essential oils exhibited antibacterial
activity against Propionibacterium acnes. Especially, C  obovoidea
(Geumgamja) essential oil reduced P. acnes—induced secretion of IL-8 and
TNF-a in THP-1 cell, an indication of anti-inflammatory effect.

In the third part, a method for the large—scale purification of a citrus
flavonoid from immature C grandis peel was investigated. By applying a
simple three—step procedure such as extraction, ultrafiltration, XAD-16 resin,
neohesperidin  was produced with high efficiency. This flavonoid fraction
shows anti-oxidative, anti—inflammatory, and pro-melanogenesis activities.

In summary, some metabolites from E. emarginata as well as essential oils
and a flavonoid from citrus species showed biological activities such as
anti—oxidative, whitening, anti-inflammatory, anti—atopic, anti-acne, and
pro-melanogenesis effects. This suggests that these plants might be
applicable as raw materials for the production of cosmetically useful

ingredients.
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AR oA Fe Wil Hold gjtEEE 1974 Morita 5o WS

e

=40 A chrysoeriol, hyperin, quercitring ¥, Wi 3o Ay dAd L
aE A gkt A AFE SEXAHH QoA quercitrin, eutigoside B,
eutigoside C& #8|3le] A& Wa 2hajo| A {2 sk HL-60 MEZFolA Al
Y ZAo] AAHYS S BAFALFY sk eutigoside B, eutigoside C=
TNF-q, IL-6, IL-1B %¢] pro-inflammatory cytokine®] A4 24, iNOS¢] U3
2 COX-29 AA AT/} dSS HIEATE* o] & chrysoeriol, apigenin,
(2R, 3R)-3,5,7,3",5" —pentahydroxyflavan, quercitrin,  hyperin, quryanoside,
curyamasideZ H2]sto] A mjol b a ool Farst @48 HEste] wasglch”
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Figure 2. Structures of reported compounds from E. emarginata.
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A F(citrus)vw BEUAAEY &5 ST (Rutaceae) 7ot Auranti-
dideae)°l| <3tE 2 &8 2oy, Ha2 T3 AL FE5(Citrus), 525
(Fortunella), BAY-2(Poncirus) 2 E# WY ol Clymennia)e] 4509, °l&
= A e AAe 3ot # FHE BF AERE kE sAukow v}
Aol 7kA 7 Ak

dEe QAL AEZPH FF FuTel o2 ofol UFe By
1

gt

=
Az® FERY 3 Lol #3)9 30~50%0] s

A7 5ol AAskaL Sl

r
o
1o
o
il
o
o,
X,

o
AFEe] EAFM, o] F 0% AE TEY, 73,
T 1~7% AES bioflavonoid7t A3 7]E ZFE vitamin, A&
limonoid, 0.01% AX9] #H&4 3}3E(phenolics), 0.3%2] 2 (oil) Fo] £Ag
oh e e Fol ¥3E 42 B84 RFELS 7] polysaccharides® #E
2396, hemicellulose 13% % cellulose 20~30%°.24 33 AA 18 E T 50~
60% A7t &2 &84

al
AER By S0 x3E 4¥ F ARG THE A8 E FEF Fo

T a2 & =
A4 A eWAgE, aAEE 9 D oW EFo] #r} Carotenoid ¥
HER C So] eR #Hyol wo] £ low 7| o TR/ HERle] ¥
Felo] AtH(Table 1). &3], thFst E57¢ wo]e&etr ol =7t e 3430
EZA8H(Table 2), <7, #HE 2L #A=weo F8A4F2  hesperidine] ¥,
grapefruit®] 842 naringin®] 3, Aol & naringin®} hesperidin 5 ©] H]%

3 Fow x3r]o] 9up I
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Table 1. Vitamins included in citrus peel.

A& mg/kg
Ascorbic acid 1,360
Biotin 0.05
Caratenoids 100
B-carotene 2.5
Choline 230
Folic acid 0.12
Inositol 2.570
Niacin 9
Pantothenic acid 5
Pyridoxine 1.8
Riboflavin 0.9
Thiamin 194
Table 2. Flavonoids included in citrus peel.

Grapefruit Lemon Tangerin Orange Mandarin
Apigenin Apigenin Hesperidin = Auranetin Diosmin
Eriodictyol Chrysoeriol Nobiletin Hesperidin Flavon
Hesperetin Diosmin Tangeretin  Naringin Hesperidin
Hesperidin Eriocitrin More... Neohesperidin =~ Naringin
Isorhamnetin  Hesperidin Nobiletin Naringenin
Kaempferol  Isorhamnetin Rutin Nobiletin
Naringin Limocitrin Sinensetin Quercetin
Poncirin Limocitrol Tangeretin Rutin
Quersetin Naringin Vitexin Tangeretin
Qutin Neohesperidin More... More...
More... Poncirin

Quercetin
More...

@ jeju
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narirutin, neohesperidin, sinensetin, poncirin, didymin So]®, thH & 7& 70
=4

Al Yt m@ahe] AR 88 FxAoR FEhy o]
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HO o ©/ & . e
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OH O HO —0 Y i
Naringenin Naringin
HO OH
OH
(0]
HO —O o P° O~
HO
HO HO OH OH OH O
Narirutin
HO OH OH

Ao OCH;4
OHO (0) (0] ,©/
i @;‘J
0]
OH O
o o

CHs;O O H
Sinensetin Poncirin
HO OH
OCHj3
(0]
HO —oO o O Oeg
OH
HO
HO OH OH OH O
Didymin

Figure 3. Structures of some citrus flavonoids.
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ZHE-o)l= Fo|A neohesperidine 7HdEoli= hako] wx] ko)t WA
1

A zZy Hgo| A gkl @SS &2l 3 vl vk YRR Citrus grandis)i= AlTF

oA ARBE = oFgdEH, AR Ayl oF 10 ¥ A& Z3L naringin

el

o EepEwol=rt B8 7R A7)l Fohar ¢exl etk 53]
A v (HEAE 7.7 mm W9 neohesperidin TS 33% (AX F#H 7|F)
o o2, AF/A By oW FEFHUE ¥ o= Jeurl v, 3
FAe] &4 Aol wt, e adgd o] g4 AAaTHE st
kA ol A7]e] mstels BAY e BB neohesperidine] 7] th ¥

AzxZ%F 71202 33%9 neohesperidin®]

OCHj
: L
OH O\Qi:j/ OH

HO
O
OH O
HO (0]
Neohesperidin
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Figure 4. Changes in the flavonoids of C. grandis Osbeck.
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II. AleF 2 7]7]

i)
ri

g agel S T/GF L uguls AoE

FEALA S ] FE B
wa ARSIt AR E 98 AH83F Sephadex LH-20 (bead size 25 ~
100 um)-> Pharmacia (Sweden)?] A|#-S, HPLC column< Shisheido (Japan)<2]
AES A9 e, HPLCE Hitachi (Japan)®] L-7100 pump, L-7200 UV
detectorE AF23F . HPLC €+ Baxter (Burdick & Jackson, USA) Al %5
AFEELSE Y. NMR A" EZ-LS JNM-LA 400 (FT NMR system, JEOL Co.
Japan)& ol &3ste] SAsk3Ivh shotolE @S ppm o2 YERHAAL, AR R AT
(J value)= HzzZ YeESIYE NMR A9 #7|& s=singlet, d=doublet,
t=triplet, m=multiplet o2 ¥A|3%t}. NMRE CD;OD, CDCls= CIL
(Cambridge Isotope Laboratories, Inc)Abe] A8 AF&8FSITh High resolution
I} low resolution mass spectrum< 3F 7] X 3EA| 9 (Korea basic
science institute Seoul center) A=A el o] F3lo] SA ST

g4 A8s Y3 sEAEAES 93 CO:; incubators Cellstar (USA)A|E
S AFEE oW, microplate readers= Amersham Pharmacia Biotech (NY,
USA) A& AF&3Fltl Lipopoly-saccharide (LPS, E. coli serotype 0111:B4)
+ Sigma Chemical Co. (St Louis, MO, USA)ZF-H T3t Algdtq o,
Fetal bovine serum (FBS)2} DMEM ®J%| = Gibco (Grand Island, NY, USA)=
5FH Fste] ARgsYTh IL-6 AHES 9gk ELISA kit == BD Biosciences
(San Diego, CA, USA)EHFH Tdsislon, Ax 54 HIE 3 lactate
dehydrogenase (LDH) cytotoxicity detection kit == Promega (Madison, WI,
USA)ZHE T8kl 21 9 B Alef T HAIkE TSkl A A

2313t Western blot 28-S 13 INOS, COX-2, IkB-a, p38, ERKI/2,
phospho-ERK 1/2, JNK 18]3 phospho-JNK antibody+= Cell Signaling

flo
=5

Technology (Beverly, MA, USA)=FH phospho-p38 antibody: BD
Biosciences (San Diego, USA)ZF-H Fste] A gof Ap-&3}9r).
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nas dER Ah FEEEY AR 24d 289 GC8 GC/MSDE FIDE
o]-&3 dw7|71el 600D(Korea)2t HPAFS] 5972 MSDE 2 HP 5890
GC/MSD (USA)E o] &3t A7 DB-1HT (30 m, ID:0.32 mm, Film:0.1 1
m)7F o] &E N eH, 28 AL 7] 40TA 5 &, 210C7HA 10C/min®] 7]
=712 F2ste] 210CelA 28 #3F wEXSL Adggd el Fask
spectrophotometers= Bio-tek Inc. (VT, USA)9] Power WaveZE AR&3}3 ).
FA Fls3 FEo] AFEE methanol¥t ethanole & A 2 51 8FF2) 3] AL €]
extra purew = AR&SAIL, ALRAFe] EAES AASY] A AMEE
ultrafiltration kit Millipore AF2] prep/scale TFF cartridge (USA)E AF83}5
t}. Flavonoidwhs Aeja oz 537 93] SUAEA Amberlite XAD-16<
Sigma°lA  F3Ar;. HPLC #H=9¢ standard® AF8%¥  naringin,
neohesperidin®] #5532 717} Sigma ARl A 93] AF&3FA T} Prep-HPLC
+ Waters Delta Prep 4000 (USA)S o]83l% 3, A= prep novapack HR
Cig 7.8x300 mmE ©]&3Att. A& Waters®] 2487 UV detecter (USA)E ©]
23Fe] 254 nmol 4 3% 3, MPLC+ Yamazen AFe] Pump 5403 Prep -
UV-10V Set (Japan)Z ©]-&3Ftf. MPLCS Z#E& Yamazne AF¢] ULTRA
PACK SI-40B, 26x300 mm ZA#-& AHS3iith. Gl 483 HPLC= PDA
detector Waters 2996 (USA)-S zZt= ailiance 2695 Separation Module A| =8-S

Abg3tl o AEL Waters® Sunfire 4.6 mmx250 mm(5 ym)E o] &3} ¢}
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W oA 12 SEAAA e FRAY B W
AR
o] A& Ab&3 FEALAH Y (ABEHIT: 293)3= 2006 8¢ dl= ¥ @I}
A& Zgrste] AlFoist el Al = 5] 3ke] A& AT
2. 234
2-1. MBS F& 9 &1 9
AFE AR 53 Kge Ax A glo] Adste] 100% #lee 45 LE o] &3
o 18], 70% WeE 45 LE o] &3l 13 24 A H= 2 wwk 3l F52E5S
Ak FEP &9 Whatman No. 5 filterE o] & 8o 74t o3 2 49 %
AAEAT) o] FEE F 123 g2 FH3el E 1 Lol EAAZ &
P2 18e 1 LA 7kste &d 283+ AS 7
1 tHFigure 5).

Za &
-haxane, EtOAc, n-BuOH-=
33| wHEsle] A A3
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Wet E. emarginata 5.3 kg
1) MeOH 45 L
2) 70% MeOH 45 L
MeOH Ext.

1) 12.3g, Suspensionin H,O 1 L
2) Partition with n-Hex. (1 L x 3)

n-Hex. Fr. H,O Fr.

Partition with EtOAc (1 L x 3)

EtOAc Fr.
429

H,O Fr.

Partition with n-BuOH (1 L x 3)

n-BuOH Fr. H,O Fr.

Figure 5. Procedure of extraction and solvent fraction from E. emarginata.

2-2. 33tEe B 34

2-2-1. Compound 1, 2, 3, 49 ¥ 34HA

10

E(CMe Fr.) 434 mge AU}
ol 42 CDM Fr. 1.05 g5 25x48 cm% &34
Aglo| A chloroform/methanol (6/1)¢] &wj& o]&3to] 3NPl~
FEo=z ATt o 3NP4 (69.2 mg)$t 3NP6
(29.0 mg)Eg A compound 134 compound 2& At}

SNPTR8 2 55 F W'E H7F Al =849 Fdol Ar=d o

&
4 et

P

3NP7, 3NPF 7}+#] 8719 cl

=

=

Heg

_21_
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SERE

s

3NP7-aPPTHEE oz Ad

H A~ 10
ETEE

™ 3} 31 o
A A7) dFe] A 1.5x48 ecmZ 29 &
o A1 chloroform/methanol (6/1)¢] &w& o]

o] 3NP7-aPPT+ 3 3} 3NPFE3-&
o AEgbd A9

£3Fo] 6NP13 (67.1 mg)¥} 6NP10

(481 mg) &8& der, o F 719 &2 compound 3, compound 4= 3}
% tH(Figure 6).
Et(SAc iTr. i
@29
| Pre-coat with 120 g celite
n-Hex. 1L \ CH,CL, 1L \ EtOAc 1L J MeOH 1L
CHx CDM CEA CMe
(8.7 mg) 1.05g) 2.699) (434 mg)
Silica gel CC (2.5 x48 cm), CHCI,:MeOH=6:1
3NP1 3NP2 3NP3 3NP4 3NP5 3NP6 3NP7 3NPF
(41.7 mg) (176.8 mg) (152.1 mg) (69.2 mg) (226.4 mg) (29.0 mg) (157.0 mg) (241.7 mg)
Compound 1 Compound 2 In MeOH
3NP7-PPT ’ | 3NP7-aPPT
SiELEC (0 £45 cm), Silica gel CC (1.5x48 cm),
e -OH=6:] CHCI,:MeOH=6:1
6NP10
6(617Vll)mlg? (48.1 mg)
Compound 3 Compound 4

Figure 6. Isolation of compounds 1~4 from EtOAc Fr.

2-2-2. Compound 5, 6, 7] #3344

CeliteE o] &3k EtOAc #38<2 CEA Fr. 25 g& #H3dlo] 3.0x50 cm= =724
A 7}1A AHo A chloroform/methanol (6/1)¢] &7 E o] &3} ANPl~

ANP6, ANPE 74%] 7719 &8 o= Y5t o 5 9A ANP5SE 33} ANPF +

L
s

s =% AYrhAa AdelA

&3kef 8719 LR om yERlow, o

chloroform

% BNP3 #

_22_
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3& Cig RP-HPLCE o] & CH;CN/H:0 (1/9—1/0)2] gradient elution &7 0. =

&ZA1A 5 mgd 7THP1 #3-& 9o o] compound 602 ¢dojF thFigure
7).

CEA
25¢g)

Silica gel CC (3.0%x50 cm), CHCI;:MeOH=6:1

).

4NP1 4NP2 4NP3 4NP4 4NP5 4NP6 4NPF
(11.4 mg) (22.6 mg) (27.8 mg) (77.2 mg) (672.7 mg) (162.5 mg) (452.8 mg)
Compound 5 Compound 7

Silica gel CC (1.5%50 cm), CHCI;:MeOH=3:1

5NP1, 2 5NP3 5NP4~7, F
(83.1 mg)

RP-HPLC
CH,CN:H,0, gradient

7HP1
(5.0 mg)

Compound 6

Figure 7. Isolation of compounds 5~7 from CEA Fr.
2-2-3. Compound 8, 9, 10, 119 &3] 3}A

2 HAEe Ho 9est 3] flske] &5 402 g& pre-coatdt 550 g9
celiteE ZAgo] &2 3 3 Z 2 L9 n-hexane, CH-Clo, EtOAc, McOHE %3}
AA 7Zb7F 2CHx, 2CDM, 2CEA, 2CMe #8& @91t}

o] & 2CHx Fr. 1.0 g& #3to] 3.0x35 cm= FX 8 &/ Ae7hd A7 olA
chloroform/methanol (10/1)¢] §wl & ¢] &3l F o719 28& ANew, 1 F
ANP4 ¥-38-5 313 mg 9329 o= compound 8% &l 2CDM Fr. < 15
g8 #H3E] 3.0x35 cmE =3H oA Ag7hA A" A chloroform/methanol
/D)9 &ME o83t F 1119 E8& Lo, o]F CNP4 433 mgs
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compound 9 2 @& % P, CNPI0 H3& =g 728 747 Aoz
FZ259 3= compound 10¥ compound 119 mixture FE|Z 137.8 mg Lol v}h
(Figure Q).
MeOH Ext.
(40.2 g)
Pre-coat with 550 g celite
n-Hex.2 L CH,CL, 2L EtOAc2L MeOH2 L
2CHx. 2CDM 2CEA 2CMe
(11g) (1259 | | (2099) (14 2)
1.0g, sili 1 CC, (3.0%3 -
CH%E;Z:OgI?I _ 1(’):(1 0 1.5 g, silica gel CC (3.0%35 cm)
CHCl;:MeOH=6:1
ANP1~3 ANP4 ANPF
(31.3 mg)
Compound 8 CNP1~3 CNP4 CNP5~9 CNP10 | CNPF
(43.3 mg) (137.8 mg)
Compound 9 Compounds 10, 11

Figure 8. Isolation of compounds 8~11 from 2CDM Fr.

FEARAG A 2 =l i FAtsk @S FA8taA DPPH free

radical scavenging assay®t xanthine oxidase inhibition/superoxide radical

scavenging assayZ 2 A &9 vl
1) DPPH radical scavenging assay
gakal @A & 1,1-diphenyl-2-picrylhydrazyl (DPPH)E o] &3l A& 9 #g
_ o4 -

@ jeju



Z 2AEHE ZA5= BloisHS &4 319k DPPH free radical scavenging
assay o€ =52 77 FEe ARE 96 well plateo] 533l 0.1 mM
DPPHE AHug & d2olA 10 # W& Azl § FF%=E 517 nmollx] 43}
%t DPPH radical ~A€4e DPPH o 327 50% #Had @ vehs
A 859 F5(SCx)E EAISFATE

2) Xanthine oxidase inhibition and superoxide scavenging assay

Xanthines 7] &A=& 3}o] xanthine oxidased] 28 AAAE uric acid® &S 290
nmol A FHBEE FAs M3} 3L, superoxide?] %2 nitroblue tetrazolium
(NBT) #H9Wo2 517 nmeld A8 rh™® w89l 100 mM phosphate
buffer (pH 6.8)°] 1 mM xanthine, 0.5 mM EDTA, 59 ng/mL BSAZ o8 &
Lo Alzel H7bste] 25TCelA 10 #3F FAg ¥ 0.5 U/mL xanthine oxidase
& H7Igk & 25Tl A 10 &3 BA] Hbg Al A uric acide] A& =39,
superoxide 427 4L 1 mM NBT £ #H7Fsk & gk A ZAt} Xanthine
oxidase A 2 superoxide ~A AL Z}Z} AAE uric acid®t superoxide?]

FYEo} 50% Aad W vehbs AR SR(ICH 2 SCo2 EAFAh
2-3-2. Cell culture

oo A AR )24 A EF(murine macrophage cell line)¢l RAW 2647
cell® ATCC (Rockville, MD, USA)Z5-¥] &9k ukgtomn <17k ZtA A A%
“(human keratinocyte cell line)= Korean Cell Line Bank (KCLB)=F-& &<
Wkl Melan—a cell- C57BL6 miceol| Al A #H 3k ¥hEolWl  immortalized
melanocyte® T St. George &3] gre] Dr. D. C. Benneto. 255 #oF
Wol Al gl o A28 TE 100 units/mL penicillin-streptomycin® 109 FBS7|
& DMEM ®jA] & AR&3}o] 37T, 5% CO. & 73}l A] wjdsldlon, 7
o A 3Ll s A Akl
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2-3-3. AEEA =A

1) Melan-a cello] th3l A E =24

o

7}

HN¥E AEES =AY 8 crystal violet assayE A #3le] =A3F3c)
Melan-a cell 1.0x10° cells/mL2 ¥ EE 10% FBS (fetal bovine serum, Gibco
BRL)S X3H8ti= RPMI 1640 #i Ao 200 nM TPAE #H7lste] dgsiaiv. &
S A¥E 1 mLE 24 well plate (Falcon, Becton Dickinson)oll % 3. 5% C02-95%
7] £Ro® 3TCAA AEFAES 98] 24 A3 wjgspdh wiF 5, HiAE

0.196 crystal
violet (in 10% ethanol)-& 7} welldll 500 uL#® €31 5 8 &<k A-2oA] A A
721 &, SHFTE 438 A3 dol = crystal violets Al ASA T Aol 4

2B E crystal violete 95% ethanolS 7} welloll 1 mL® 2o] =<9 % 590 nmol

A AsaL, PBS (Phosphate buffer saline)® F ¥ A3 F

RAW 2647 A& 18 Az ¥igst & w58 A8 LPS (1 ng/mb)E &4
of Aelate] 24 A3k vkt Al & MTT §4(2 mg/mL in PBS)S 7}
st 4 Az EoF whEAIH T AE s 3] AlA Sl DMSOE 7hshe] A
EE& ¢ds] &aAlZ] - microplate readere ©]§3}o] 540 nmelA FFEE

=gstgitt 7 AREel g BE FIE Fe FIAoH, gred F3=

gt wastel 54 AmE AzhshoLt.

LDH (A4 a0)E B8 Ao HEZ clo &48s a42 93729
W oMy Bre] wit oz FAS A #vldd. LDH f2le <7}

, & Ee At TS dEdlE Aot HaCaT vl



B AAMEA = A=AZ hIFN-y (10 ng/mL)E RAW 264.7 M¥Edd= A=A
2 LPS (I pg/mb)E =98 Almel §A Agste] 24 A3F wjekstslvt. s <&
S HjRE Ao 12000 mpmolA 3 &3+ 94 EYEst. LDH assays
cytotoxicity detection kit (Promega, Madison, WI, USA)E o] &3l =43
o 96well plateo] LA 23] A2 vl wlA 50 pLet reconstituted
substrate mix& 50 uLE i, A, & 2ol 30 # ¥k A7 ¥ 50 uLY
IN HCI stop solutiong 28 & microplate readerE AF£3o] 490 nmol A &
FEE FASY 7 Algd dd H FFEE oo, dxa (LDH

o =

control) 2] F35= gkt vjadko] A

kel
i
oX
o
o
N
=
ﬁd
L

2-3-4. Melan-a cell®] melanin A4 A &4 =A

Melan-a cell®] melanin A3 A=N&E 4317 918 vhs34 2] 38t
Melan-a cell 1.0x10° cells/mLe %Z 10% FBS (fetal bovine serum, Gibco
BRL)& ¥3sl RPMI 1640 wiAlel] 200 nM TPAE #H7}3te] A€t

HAE 1 mLE 24 well plate (Falcon, Becton Dickinson)ol % 3. 5% C0.-95%
7] £Ae® 37CAA AEFAS 98] 24 A HFsESitt. Al27F A Sy
HOAER viAE wgsty AlRE wRHE 3Y EQF sdsA As & 24
AlZE Fof A4 melaning 0.85 N KOHel &33ke] 405 nmollAl §3=E =
A3 A Negative control& =& A7 S =l &H& Wola positive control

%= PTUE %ol 4% melanin F& &= el o] vlasqich

Melanin 2373 A3l &(%) = %r_/\] o] 1

2-3-5. NO assay

RAW 264.7 A 3¢l t)sle] DMEM ®j A& o] &3}e] 15 x 10° cells/mL® %2
g % 24 well plate o FE3ta, AEEAY LPS (1 ug/mLE 3 A=ZF-
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D

ok
)

mlo

H] #] ol A glske] 24 A3F wFedth. A E NOo| ¢ Griess A
o] &3] Al 3l kel | SA8k= NOz o dHi= SASA. AlEv]E A
4 100 uLet  GriessAleF  [1% (w/v) (w/v)
naphylethylenediamine in 2.5% (v/v) phosphoric acid] 100 pLE &3+sle] 96

s

o} Fof 5

sulfanilamide, 0.1%6

well platesell A 10 ¥ &9F ¥E&A]17]l & ELISA readerE ©]83F9 540 nmol A
SA AT

dilutiond}o] & ATHI~100 uMD).

THEE sodium nitrite (NaNO2)E  serial

2-3-6. Pro-inflammatory cytokines (IL-6)2] A =F
3ol A2 9}
i

=g3kech A9

=

ok

Z] A

—_

RAW 264.7 A% (15x10° cells/mL)E 1843t Gl
g/mL)E EAAE do] 2423 wjkElvh. 2447 5 Hl
(12,000 rpm, 3 min) 3F] Aol A o] IL-6 3St&s

[e]

ok

o

A

=
=

ol
ol

F
murine enzyme-linked immunosorbent assay (ELISA) kit (R&D system, Inc,
USA)E ol gate] A#3t5l o™ standarde] thah EEFA] * 7t 099 o4

o] At}

o] ©

3
PR —

2-3-7. Prostaglandin E; (PGEz) A4 %7}

ok

Z] A

—_

RAW 264.7 A¥ (15x10° cells/mL)E 1843k H]
g/mL)E sAH 2 dto] 2447k wikERATE 24413 5 )
(12,000 rpm, 3 min) 3} ot PGE:9
enzyme-linked immunosorbent assay (ELISA) kit (R&D system, Inc, USA)E

o] &3}o] AFFs v standarde] WS FE=IFA 9 ¢ FHS 099 o o).

sha A

ok

g HiA

=
=

A}

(e} of

KeN
=3

= Ao PGE: murine

1
it

g

2-3-8. ¢
TARC)S] mRNA 28 oA &3

AAGNOS, TNF-a, IL-6, COX-2)2} olE¥ 1A (MDC,

1) RNA ¢
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RAW 2647 AX+E 18 A7 A wjdslar 558 Alae LPS (1 pg/mL + 25
U/mbL)E &4 Aglste] 24 A3k wjekatlty. HaCaT A2+ 24 A3 A v kst
A F=d A RS9 hIFN-y (10 ng/mL)& &4 A 2lgto] sttt Total RNA
22 TRI-reagent (MRC)E o] &3lo] E28l9rt. Al Zo| TRI-reagentE 500
L #7hste] w3 3 & CHCLE #H7bste] A8 3ttt 5 el &=
isopropyl alcohol& #H7Fsle] dAlE2 3 RNAE HAA7]aL 75%<¢] DEPC
(diethyl pyrocarbonate) &% cthanol® A &3 & #AZFA#H DEPC 8% =
Frrel = v, 260 nmell A FFEE A8t RNAE A3,
260 nm 9 280 nm<] W&(A260/A280 nm)o] 1.7~19 W e #e 2
RNAE A%t

E{o{n
of
ki

FF

2) cDNA 34

cDNA 42 Improm-1I"McDNA kit (Promega)® ©]83}¢d, 1 ng9 total
RNAZE oligo (dT)18 primer, dNTP (0.5 uM), 1 unit RNase inhibitor Z#] il
M-MulV reverse transcriptase (2 U)= 70C 5 min, 256°C 5 min, 37C 60 min,
2283 70 Cl A 15 min heating A%l § WSS FXA|AH cDNAE A

3) PCR

9 AFA FAHE cDNAZHFE MDC, TARC, iNOS, TNF-a, IL-6 % B
—acting 53 A17]7] 938kl 2 uL c¢DNA, 4 uMe] 5 3} 3'primer, 10x buffer
(10 mM Tris-HCl, pH 8.3, 50 mM KCI, 0.12%6 Triton X-100), 250 uM MgCls,
1 unit Taq polymerase (Promega, WI, USA)E % il distilled water®= & E
¥S 25 uL® 9531 Perkin-Elmer Thermal Cycler (84 ZZ7])& o] &3}
o] PCRE& A3ttt o] w PCR Z71& 94TC/45 &= 55~60C/45 %, 72C/60
%, 35 3 o]lH, PCRo| 23l AAHHE S 1.0% ~ 1.5% agarose gels o] &

gt 771958 AAISEAL, ethidium bromide®2 A 3te] EA bandE 22133
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tHTable 3).

Table 3. The sequences of primers and fragment sizes of the investigated

genes in RT-PCR analysis.

Fragment
Gene Primer sequences
size(bp)
F 5’ -GCATGGCTCGCCTACAGACT-3’
MDC 497
R 5’ -GCAGGGAGGGAGGCAGAGGA-3’
F 5’ -ATGGCCCCACTGAAGATGCT-3'
TARC 351
R 5" -TGAACACCAACGGTGGAGGT-3'

F 5 -CCCTTCCGAAGTTTCTGGCAGCAGC-3'
INOS 496
R 5'-GGCTGTCAGAGCCTCGTGGCTTTGG-3"

F 5'-TTGACCTCAGCGCTGAGTTG-3'
TNF-a 364
R 5'-CCTGTAGCCCACGTCGTAGC-3'
F 5'-GTACTCCAGAAGACCAGAGG-3’
IL.-6 308
R 5'-TGCTGGTGACAACCACGGCC-3’
F 5" -ATGGGTCAGAAGGATTccTATG-3'
hB-actin 588
R 5'-CAGCTCGTAGCTCTTCTCCA-3'
F 5 =-GTGGGCCGCCCTAGGCACCAG-3
mf-actin 603
R 5'-GGAGGAAGAGGATGCGGCAGT-3’

2-3-9. Western blot analysis

i3
rO

AZ=fEe Aol INOSe COX-2 Zg]al ofEdA 3Rd Azdd &
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STATL QI4ts}el] W= kg Polrr] 98] @uld W3 HslE SA 5
.

RAW 2647 A¥+& 18 AF A wjFstar 58 A5 LPS (1 pg/mL + 25
U/mL)E &2 Helste] 24 AIzF w8ttt HaCaT MXEE 24 Az A v st
Iow R A ES IFN-y (10 ng/mL)& A A ste] mjeksiatt. AxE 2~3
3] PBS (phosphate buffered saline)= A2 % 1 mL9| lysis bufferE #7}3}4]
30 £ ~ 1 A7 Zor lysis Azl 3 12,000 rpmol Al 15 £7F 94 Eg3lo] A
ot AE 58 AASNY. @9 = BSA (bovine serum albumin)g i
+3}3}o] Bio-Rad Protein Assay KitE AR&3e] A #EFsrt. 20~30 nugd
lysateE 8% mini gel SDS-PAGE (Poly Acrylamide Gel Electrophoresis)® =
4 #83te ¢o]Z PVDF membrane (BIO-RAD)o| 200mA = 2 A|F &b
transferdt 91t 722] 32 membrane® blockingS- 5% skin milk7} -9 TTBS

4

o

(TBS + 0.1% Tween 20) £ A overnight 2 A3}tk INOSS] w3 ek
E3l7] 913 FAZF anti-mouse iINOS (1 @ 1000) (Santa-Cruz)E& COX-29]
ks HES Y] 93 A2 anti-rabbit COX-2 (1 @ 1000) (Santa-Cruz)E
A28t} Phosphorylation ® STAT13 total STATLS] Wd 4S8 AESHY

£
o

A 2= anti-—rabbit STAT1 (phospho-STATI, 1 : 250) (Cell signaling,

USA)3} anti-mouse STATI ( 1 : 250) (BD, USA)= A3t} ZF A&

TTBS &l 34ato] Folr 2 A7 ®Eg ARl § TTBSZ 3 3] A4 st

At 22 FA == HRP (Horse Radish Peroxidase)”} 2 3% anti-mouse H=%&

anti-rabbit IgG (Amersham Co.)E 1 : 2500 ~ 1 : 500002 3] 3lo] A2 of A

40 #3F kg AIZL & TTBS® 3 3 A3kl ECL 7]1& (Amersham Co.)¥ 1
1)

3 9kg ¥ X-ray 8o 73soh

2-3-10. Transient transfection¥} luciferase assay
M Fo NF-xkBE transfection *7]7] $13F] 50 ng ¢ NF-kB promoter—-based
luciferase reporter plasmid (Panomics, Redwood City, CA, USA) <} W HF-ixE+

E8 2 AFEEE  Renilla luciferase reporter plasmid (Promega) 10 ngs
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TransFast'™ transfection reagent (Promega)E ©]£3}9] co-transfection A # 5
St} Transfection 24 A|3ro] A & A &4 3 LPS (1 pg/m)E A ska 20
A 7He v eks] =2t Dual-Luciferase Reporter Assay Kit (Promega)ZE o] &3}
of AlEe] luciferase &73& SAHMNFA 24 A Elol 3k Hdt FAE=H

Targov, taie FRE gt vastel o B4 AEE AL,

o

2-3-11. Electrophoretic mobolity shift assay(EMSA)

A E el NF-kB-DNA binding @4 EE =A3l7] 938t gel-shift assay
system kit (Promega)E ©| &3] EMSA & A 339 vh. NF-xkB A48 233}
= double-stranded oligonucleotides & [y-"PJATP (25 uCi; Amersham
Pharmacia Biotech, Piscataway, NJ, USA)®} T4 polynucleotide kinaseZE ©]-&
sto] AojFReH, EMSA & 9% probe = o] &3tk AX=7Y F gk 3
Gl A 5 ng S gel-shift binding buffer [4% glycerol, 1 mm MgCls, 0.5 mm
EDTA, 05 mm DTT, 50 mm NaCl, 10 mm Tris—HCIl (pH 7.5), 0.05 mg/mL
poly(deoxyinosine-deoxycytosine) |2} v a1 28 E probe < H->94 20
B vk A AFAY. 2] A5 5 6% non—denaturing polyacrylamide gelE ©]

i, A7) Ee]l Eud AREEA AL F AdxEse] Xeray

3-1. SEAsd N FYE HTEY Px A4

3-1-1. Compound 1¢] +* AA

Compound 19 TFx& 3&d3}7] ¢3te] 'H-NMR (CDCls, 400MHz)%}
BC-NMR, 135° DEPT (CDCls, 100MHz)E =439 (Figure 10~14).
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Compound 1¢] 8k 'H-NMR spectrum< A ¥W & 674 (1H, dd, J=10.3,
1.5)¢F 6 559 (1H, d, J=10.3)%] F peakol| A HH cis—- FE 2] olF Ao J&

S e 5 Stk oF 6 38014 6 43 Atelel 379 Fae AVISHAETE =2

constant #t°e] W|5=38}lo] coupling #A S
PC-NMR, 135° DEPTS %3le] 1719 carbonyl carbon signal (6 197.6)%} v&
A7) A7 2 A4 A3 1719 49 carbon signal (6 75.4)& F2l1& 3o
2, '"H-NMRel A <13 nke} o] 2719 sp” carbon signal (5 1488, 1285)%
E3F 3lo] & 8709 carbon signalg <13} T}

o9 AFHAAE 3237 f3le] 2D NMRS! HMQC, COSY, HMBCE =4

3 ow, 1 A § 3969 carbon signal¥ AEE I ¢l 6§ 221 B9 F )
o] 4= 6 66.49] carbon signaldt AgHekal 9li= § 3.96 F-e) F e Fa
9} o]3lar glom o] § 66.49 carbon signale A7 SA T} H& AhAae 7
2 Hho Asla = Aow FAHAHERE -O-CIHL-CH-C-9 BEFXE 4
Aek 4 Qv wEEUERI R § 40.29] carbon signal AFA&ol AgElal gl 8
8159 ®Ae} o] 3L glo] ~-O-CH-CH:-C-9] F&& o4 3 + 3t

Figure 9. The structure of rengyolone (1) and key HMBC correlations.

ri

o] &

T-ZF HMBC spectrum= ©|83lo] AA| F+2E& oA43A oM,
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=]
-

o FzE

i

benzofuranone$! rengyolone (%% Halleridone, Cleroindicin F)& FAE
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Table 4. NMR spectroscopic data® for compound 1.

Compound 1
Position
& C 6 'H (int., multi, J Hz) DEPT
1 A C
2 148.8 6.74 (1H, dd, 10.3, 1.5) CH
3 1285 59 (1H, d, 10.3) CH
4 197.6 C
o w2 ) Bam
6 81.5 4.20 (1H, ddd 4.6, 55, 1.5) CH
T® ke modney  OF
3 6.4 4.03 (1H, ddd, 86, 85, 6.4) CH

3.89 (1H, ddd, 86, 80, 6.6)

N 1H, BC NMR spectra were recorded in CDCls solution at 400 and 100 MHz,

respectively.
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Figure 10. "H-NMR spectrum of compound 1 in CDCls (400MHz).
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Figure 11. “C-NMR and 135° DEPT spectrum of compound 1 in CDCls (100MHz).
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Figure 13. COSY spectrum of compound 1 in CDCls.
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Figure 14. HMBC spectrum of compound 1 in CDCls.
3-1-2. Compound 2, 3, 42 +x Z2A

Compound 2, 3, 4¢] Fx5 F<18}7] $13te] 11, °C, DEPT, COSY, HMBC,
HMQCe] 1D % 2D NMR& FA@0lth °]5¢] 1D NMRe Z3}E F3hate]
Ay 2% glucosedl cinnamic acid7} £%3 JH S FETEXE RS o=
sk = A}, o9 Ae FHEFFI= Eurya tigangol A olv Xile eutigosid C
of 3so] 9= FEREAY 7+ 8=} eutigoside C2] 1D NMRS Table 5¢]
H] L 3G

Compound 2014 & 172.29] carbonyl carbon signal®} HMQC &<l A}
methoxy group®.= o4 %= 8¢ 51.9 6y 3.63 (3H, s) signals &<l 3t 6
34.63% & 65.39] CH: signal®] A3 #7= COSY spectrum$ o] &3}o] o= 7}
T 9o 1D NMR#*9 =3 Z# -O-CHy-CHy-C-9] F# 725 ¢33k
v} #<E29 AA +xE= HMBC long range couplings ©]-83}¢
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Figure 15. The HMBC correlations for the compound 2.

Compound 314 6 6.72 (1H, d, J=3.2), 6§ 6.66 (1H, d, J=8.5), § 6.57 (1H, dd,
J=85, 3.2)¢] 3/1¢] sp’EA proton signalZFE § 657 FAZFEH orthost
meta YA ol 4271 €43 phenyl ring 73RS A4S 4 v} § 15433 §
146.62] carbon signalZ5F-8 F ®4&%F A7 S4E7F 22 Abaet 2o i
Agstal A5 o4dstslh

o A3 § 32.29] carbon signal® 2333 A& 6

)

= 6 71.09] carbon signal® Ags i =

oo
lo,
<
o
SV
B>
©

}l_,

rlo

rjg
b

8c 56.1° AZ3lar )& 6y 3.63 (3H, s) proton signale methoxy groupl.@
o %, ©] methoxy group?] A& &218l7] 93l NOESY spectrums ©|
£3F A3} § 6.729 proton signal® NOESY signals Mol HOE Hol §
154.39] ®ad Aststa e Aow &l HIAU.
tzte] 23 #A= 2D NMR 235 o] &3t oSatslon, HF4e HA

HMBC long range couplings ©]-&3Fo] A& %At}
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Figure 16. The HMBC and NOESY correlations for the compound 3.

Compound 4% 'H-NMR#} “C-NMRE A 39, compound 394 5-€ 3, 4

H O EA7F 9F 3ppm A% shield Ha2 gom, 98 X9 § 56.19 carbon

signale] §lojA]+= Aoz Mol compound 32 3H ¥4 methoxy group©]

hydroxy groupl. 2 X85 dejel Aoz o Aasalth
99 A3 #AE 2D NMR 232 o] &3he] Felshe] o,

A9l A7

Bl
ofN

&% HMBC long range couplings ©]-&3e] 2915 lt}.

5
5 OH
Figure 17. The HMBC correlations for the compound 4.

EgE Zdd4e 3 23 compound 2, 3, 4= A

Aol HaE R e Fxo FFEBSR FAFGOH, o FRZ WII I}

7] 918t LR-FAB-MS % HR-FAB-MSZ =7A3}3 1t} compound 23 o A5

= B2 CoHuOsE HR-FAB-MS 23 [m/z = 419.1319 (M+Na)'] (calcd. for

1. L
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CioH2:00Na, 419.1318) = F-Ak2)o] A&s] trgg ¢l shelvh. #3 &4 4
A o] BetEe HIAFE [alp = +3.7 (0.06%, MeOH)= HEFR:

Compound 39] o4 EA2L CullsOeZAl LR-FAB-MS A3 [m/z =
460.19 (MD'] (caled. for CoillzOs, 460.1733)% 291 shgich. B8t 34 Z4o]A
o] B3EL vARR [alp = -384 (0.07%, MeOH) = tHERSL

Compound 4¢] o4 EA22 CyuHxOvZ A HR-FAB-MS ZA3t [m/z =
4461577 ('] (caled. for CatlosOv, M615TNZ BAA 0] AEE wes el
sttt @8 &4 SAHoA o] FFES vAHAZE [alp = -406 (0.06%, MeOH)
= UER

Compound 29} compound 42 o] glucose ¥-& =3t 2 1 mge 3}
ol 5% HCl €< 1 mLE 713 90TelA 2 A|7F &9k
I H.0Z 7} 5 mL 7}18te] A=9 H.0 #3-8 =3} authentic D-glucose
o} vjaw3lgdcr 3-8 Fadle] CHoClaMeOH:HO = (70:27:3)9) A/M&r= A
/I ¥ anisaldehyde ZHAFOR WG Oow P JhpRez de FE Rt
0122 D-glucose®t 2 Ao vyEeElGT). webA compound 2, 3, 49 +X&

A3l 7F2ES eutigoside D, F, EZ W33t}

Figure 18. TLC of compounds 2 and 4 H2O fractions of hydrolysis products

and D-glucose.
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Table 5. NMR spectroscopic data” for compound 2 and eutigoside C.

Position . : Compound 2 . ]?utigoside C
§ °C 6 'H (int., multi, J Hz) DEPT |8 ~“C 6 'H (int., multi, J Hz)

1 172.2 C 69.2
2 34.6 242 (2H, m) CH: | 1543 6.69 (2H, d, 9.0)
3 65.3 ggg SE: Ei CH: || 127.8 6.05 (2H, d, 9.0)
4 51.9 3.63 (3H, s) CHz | 187.8
) - o - 1277 6.05 (2H, d, 9.0)
6 - - - 154.2 6.69 (2H, d, 9.0)
7 & - - 41.0 2.04 (2H, t, 5.0)
N e
1 103.1 425 (1H, d, 7.8) CH [ 104.4 433 (1H, d, 7.8)
2 741 3.16 (1H, dd, 9.0, 7.8) CH | 7534 335~339 (1H, m)
3 76.0 3.34 (2H, m) CH | 779 335~339 (2H, m)
4 70.0 3.34 (2H, m) CH || 71.7 3.22 (2H, t)
) 73.3  3.51(1H, dd, 9.0, 6.0) CH | 75.0 3.52 (1H, m)
685 1 i ag s 20 O | 845 it a0 s 2o
1 g 134.2 C 135.7
2" 1289 7.48 (2H, m) CH [ 129.9 7.76 (2H, m)
3" 128.2 7.34 (3H, m) CH [[129.2 7.40 (3H, m)
47 130.4 7.34 (3H, m) CH [ 130.8 7.40 (3H, m)
5" 128.2 7.34 (3H, m) CH [ 129.2 7.40 (3H, m)
6" 128.9 7.48 (2H, m) CH [ 1299 7.76 (2H, m)
7" 145.6 7.67 (1H, d, 16.0) CH |1465 772 (1H, d, 16.2)
8" 11756 6.45 (1H, d, 16.0) CH |[1159 6.55 (1H, d, 16.2)
9" 1674 C 168.5

4 1H, BC NMR spectra were recorded in CDCls solution at 400 and 100 MHz,

respectively.
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Table 6. NMR spectroscopic data” for compound 3 and eutigoside C.

Position—— : Compound 3 . ]f,utigoside C
§ °C 6 'H (int., multi, J Hz) DEPT & “C & "H (int., multi, J Hz)

1 127.1 C 69.2
2 1174 6.72 (1H, d, 3.2) CH 1543 6.69 (2H, d, 9.0)
3 154.3 C 127.8 6.05 (2H, d, 9.0)
4 146.6 C 187.8
o 116.7 6.66 (1H, d, 8.5) CH 127.7 6.05 (2H, d, 9.0)
6 1136 6.57 (1H, dd, 85, 3.2) CH 154.2 6.69 (2H, d, 9.0)
7 32.2 264 (CH, t, 7.4) CH: 41.0 2.04 (2H, t, 5.0)
S LI R S
9 06.1 3.63 (3H, s) CHs - i
1 104.6 425 (1H, d, 7.8) CH 1044 433 (1H, d, 7.8)
2 753 3.6 (1H, dd, 9.0, 7.8) CH 754 3.35~3.39 (1H, m)
3 77.9 3.34 (2H, m) CH 779 3.35~3.39 (2H, m)
4 1.7 3.34 (2H, m) CH 717 3.22 (2H, t)
5 75.0  351(1H, dd, 9.0, 6.0) CH 750 3.52 (1H, m)
5 619 1 g ag s 200 O 68 48 (i G i 2
g 135.6 135.7
2" 130.0 7.50 (2H, m) CH 1299 7.76 (2H, m)
3" 129.3 7.37 (3H, m) CH 129.2 7.40 (3H, m)
4" 131.5 7.37 (3H, m) CH 130.8 7.40 (3H, m)
5" 129.3 7.37 (3H, m) CH 129.2 7.40 (3H, m)
6" 130.0 7.50 (2H, m) CH 1299 7.76 (2H, m)
7" 146.6 7.66 (1H, d, 16.0) CH 1465 7.72 (1H, d, 16.2)
8" 1186 6.51 (1H, d, 16.0) CH 1159 6.55 (1H, d, 16.2)
9" 168.6 168.5

4 1H, BC NMR spectra were recorded in CDCls solution at 400 and 100 MHz,

respectively.
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Table 7. NMR spectroscopic data® for compound 4 and eutigoside C.

Position—— : Compound 4 . ]liutigoside C
§ °C 6 'H (int., multi, J Hz) DEPT 6 °C & 'H (int., multi, J Hz)

1 127.0 C 69.2
2 118.3 6.61 (1H, d, 3.0) CH 1543 6.69 (2H, d, 9.0)
3 151.1 C 1278 6.05 (2H, d, 9.0)
4 1494 C 1878
) 1169 648 (1H, dd, 85, 3.0) CH 1277 6.05 (2H, d, 9.0)
6 114.8 6.58 (1H, d, 8.5) CH 1542 6.69 (2H, d, 9.0)
7 32.1 2.88 (1H, t, 7.4) CH: 410 2.04 (2H, t, 5.0)
s ol Smagm R 89 g
1 104.6 425 (1H, d, 7.8) CH 1044 433 (1H, d, 7.8)
2 753  3.16 (1H, dd, 9.0, 7.8) CH 754 3.35~3.39 (1H, m)
i 779 3.34 (2H, m) CH 779 3.35~3.39 (2H, m)
4 1.7 3.34 (2H, m) CH 717 3.22 (2H, t)
) 75.0 3.51(1H, dd, 9.0, 6.0) CH 750 3.52 (1H, m)
669 1 i g 200 O 8 Gl (i e 11 o)
- 135.6 135.7
o 130.0 751 (2H, m) CH 1299 7.76 (2H, m)
3" 129.3 7.37 (3H, m) CH 1292 7.40 (3H, m)
4" 131.6 7.37 (3H, m) CH 130.8 7.40 (3H, m)
5" 129.3 7.37 (3H, m) CH 1292 7.40 (3H, m)
6" 130.0 751 (2H, m) CH 1299 7.76 (2H, m)
7" 146.6 7.67 (1H, d, 16.0) CH 1465 772 (1H, d, 16.2)
8" 118.6 6.52 (1H, d, 16.0) CH 1159 6.505 (1H, d, 16.2)
9" 168.5 168.5

N 1H, BC NMR spectra were recorded in CDCls solution at 400 and 100 MHz,

respectively.
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Figure 19. "H-NMR spectrum of compound 2 in CDCls (400MHz).
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Figure 20. “C-NMR and 135° DEPT spectrum of compound 2 in CDCls (100MHz).
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Figure 21. HMQC spectrum of compound 2 in CDCls.
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Figure 22. COSY spectrum of compound 2 in CDCls.
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Figure 23. HMBC spectrum of compound 2 in CDCls.
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Figure 26. “C-NMR spectrum of compound 3 in CDsOD (100MHz).
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Figure 27. HMQC spectrum of compound 3 in CDsOD.
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Figure 28. COSY spectrum of compound 3 in CDsOD.
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Figure 30. NOESY spectrum of compound 3 in CDsOD.
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Figure 31. LR-FAB-MS spectrum of compound 3.
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Figure 32. "H-NMR spectrum of compound 4 in CDsOD (400MHz).
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Figure 34. HMQC spectrum of compound 4 in CDsOD.
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Figure 35.
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Figure 37. HR-FAB-MS spectrum of compound 4.
3-1-3. Compound 5, 6, 79 +x Z2#A

Compound 5, 6, 78] T%Z 918l7] $lste] 'H-NMR (CD;OD, 400Mi) 3}
YC= NMR (CD:OD, 100M)& =43to] F25 odF8%la, #33} vzt &
AE At o]5S 77 eutigoside C (5), eutigoside B (6)°, Quecitrin (7)* o] %1
oM, o]E& oA A<= 3 uie} ol oju] FEALAH I EZFEH #e, Wil

of % &S0l

0O O
O)v\© O)v\©\
Ho&g/o Ho o)
OH OH
HO HO
eutigoside C (5) o eutigoside B (6)

quercitrin (7)

Figure 38. The Structures of eutigoside C (5), eutigoside B (6) and quercitrin (7).
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Table 8. NMR spectroscopic data® for compounds 5 and 6.

Position . Cllompound 5 . C(impound 6
§ “C & 'H (int., multi, J Hz) §°C §'H (int., multi, JHz)
1 69.2 69.2
2 154.3 6.69 (2H, d, 9.0) 154.3 6.97 (2H, dd, 10.2)
3 127.8 6.05 (2H, d, 9.0) 128.0 6.07 (2H, dd, 10.2)
4 187.8 187.8
) 127.7 6.05 (2H, d, 9.0) 127.9 6.07 (2H, dd, 10.2)
6 154.2 6.69 (2H, d, 9.0) 154.3 6.99 (2H, dd, 10.2)
7 41.0 2.04 (H, t, 5.0) 41.0 2.03 (2H, t, 6.6)
3.96 (1H, m) 3.96 (1H, m)
8 65.9 65.9
3.66 (1H, m) 3.66 (1H, m)
L 104.4 433 (1H, d, 7.8) 104.9 432 (1H, d, 7.8)
2 75.4 3.35~3.39 (1H, m) 75.5 3.18 (1H, dd, 9.0, 8.0)
3 779 3.3580.3MH i) 77.9 3.31~3.39 (2H, m)
4 717 3.22 (2H, t) 71.8 3.31~3.39 (2H, m)
5 75.0 BEE (1H, m) 75.0 3.52 (1H, m)
453 (1H, dd, 11.8, 2.2) 448 (1H, dd, 11.8, 2.2)
6 64.8 64.6
4.34 (1H, dd, 11.8, 2.2) 434 (1H, dd, 11.8, 2.2)
1a# 135.7 127.0
2" 129.9 7.76 (2H, m) 131.2 7.47 (2H, d, 8.6)
3" 129.2 7.40 (3H, m) 116.9 6.81 (2H, br, d, 8.6)
4" 130.8 7.40 (3H, m) 161.5
5" 129.2 7.40 (3H, m) 116.9 6.81 (2H, br d, 8.6)
6" 129.9 7.76 (2H, m) 184 747 (2H, d, 8.6)
7" 146.5 7.72 (1H, d, 16.2) 146.8 7.64 (1H, d, 16.2)
8" 115.9 6.55 (1H, d, 16.2) 114.9 6.35 (1H, d, 16.2)
9" 168.5 169.1

4 1H, BC NMR spectra were recorded in CDCls solution at 400 and 100 MHz,

respectively.
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Table 9. NMR spectroscopic data® for compound 7.

Compound 7
Position

6"°C §'H (int., multi, JHz)
2 159.3
3 136.2
4 179.6
5} 163.2
6 99.8 6.19 (1H, d, 2.2)
7 165.9
8 94.7 6.36 (1H, d, 2.2)
9 1585
10 1059
i’ 122.97
2 I 9 7.31 (1H, d, 2.2)
3 146.4
4’ 149.8
= 116.3 6.90 (1H, d, 8.1)
6’ 122.85 7.29 (1H, dd, 8.1, 2.2)
17 103.5 534 (1H, d, 1.7)
2" 71.9 421 (1H, dd, 34, 1.7)
3" 72.1 3.74 (1H, dd, 94, 3.4)
4" T3 3.33 (1H, dd, 94, 9.0)
5" 72.0 3.41 (1H, dq, 9.0, 6.1)
6" 17.6 0.93 (3H, d, 6.1)

4 1H, BC NMR spectra were recorded in CDCls solution at 400 and 100 MHz,

respectively.
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3-1-4. Compound 82 +x AA

"H-NMR 24 A3 75 ppm 32 5719 proton signalZ5-8 phenyl ring
o] EAZE A = gnoen § 6473 d7.819 F 549 coupling constant”}
16.0 HzSl AL 2 trans-% 9] o5 Aol &ATS o4 & F Asdh

PC-NMR 4 A} vb@7A R 6 128~6 135 Akl 9] 4719 carbon signal
3 4d-S YeERIE phenyl ringe] €415 YEo] 59, § 1172 € § 147.19
A olgAdjte] st EAFHS ol & o vk § 172.19] carbon signal Z5-F
carboxylic acid groups o338t EdH Wt o5 22 %<2l cinnamic

acid2 T4 >

Table 10. NMR spectroscopic data® for compound 8.

Position 3 Complound 2
&5 O § ‘H (int., multi, J Hz)

1 169.1

2 117.8 6.25 (1H, d, 16.0)

3 144.9 742 (1H, d, 16.0)

4 129.9

: 128.4 7.18 (3H, m)

: 1276 7.33 (2H, m)

7 133.9 7.18 (3H, m)

N 1H, BC NMR spectra were recorded in CDCls solution at 400 and 100 MHz,

respectively.
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Figure 40. “"C-NMR spectrum of compound 8 in CDsOD (100MHz).
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3-1-5. Compound 9, 10, 119 7% ZH

Compound 9% “C-NMR =4 A3} 6719 carbon signal® 9< 4 99,
intensity ztolE o]&sle] A om EAstE 279 ©AE Tt 879 ©@a
7t EATE A3t A T ©]E2 rengyolone (1) fAFSE SIRtE= o4 3o
w99 A 1elA 2913} 39 A Afole] oA Fto] #AH 1, 6 ©a7F A
ol L 9J9] BAEY ThA
7k shift 3F9v) o] 7223 7d dix 23 9% cleroindicin B2 5AF )

52

_4

Watel 9| a4 B9 R0l 1Y 2 5

oy

Compound 107 11& &9 dei= £ H%lem "C-NMR =4 431 6
712 carbon signal 2 set®] &=3Fal vl 99} vFRZFA| & intensity 2}o]E 9]
g3le] ZH7te YR ow EAs= 279 BAE rate] 72 879 Ba7F EA)8)
S A3 103 112 99 A carbonyl group©] alcohol® 3H ¥ Zo] 7}%+
& EAolu] 1 99 BAEE thazk chift AT ©]E Mx2d A gk 2

07} 112 77} rengyol 7} isorengyol® %A= ¢

_\7\_1‘

Figure 41. Structure of compounds 10 and 11.
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Table 11. NMR spectroscopic data® for compound 9.

Compound 9
Position " .
§ °C § 'H (int., multi, J Hz)
1 70.5
1.70 (2H, m)
26 36.4 206 (2H, m)
2.19 (2H, m)
35 Fot 270 (2H, m)
212.8
41.5 1.80 (2H, t, 6.6)
59.5 3.92 (2H, t, 6.6)

N 1H, BC NMR spectra were recorded in CDCls solution at 400 and 100 MHz,

respectively.

Table 12. NMR spectroscopic data® for compounds 10 and 11.

Compound 10 Compound 11
Position
6§ °C 6 'H (int, multi J Hz) |6 “C & 'H (int., multi, J Hz)
Js 70.85 72.0
2,6 361 34.3
3,5 313 30.8
4 70.80 68.5
7 45.6 43.3
8 59.2 59.0

N 1H, BC NMR spectra were recorded in CDsOD solution at 400 and 100 MHz,

respectively.
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Figure 42. "H-NMR spectrum of compound 9 in CDsOD (400MHz).
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Figure 43. “"C-NMR spectrum of compound 9 in CDsOD (100MHz).
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Figure 44. "H-NMR spectrum of compounds 10 and 11 in CD:OD (400MHz).
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Figure 45. “C-NMR spectrum of compounds 10 and 11 in CDsOD (100MHz).
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Figure 46. Structures of isolated compounds from E. emarginata.
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o9 4719 &3Eo gk 3Haksl 3% (DPPH radical scavenging activity,
xanthine oxidase inhibitory activity, superoxide radical scavenging activity)=
Y718 Table 13). 2 A3 compound 33 compound 4% R
ascorbic acidt} troloxE th= =X ZA|%k th& g3tEE vld %<& DPPH
Uz ~2A &3S JERN QYL Xanthine oxidase 9 A% 4719 & 25
3 ZE el e, superoxide A7 &3 compound 3°] ©iET
trolox®} frARSE B35 WERU AT

M 2

S

Table 13. Antioxidant activity of compounds obtained FE. emarginata.

SCso (ug/mL)

Sample Diigeggiilcgal Xanthine oxidase Sugiirii};de
i inhibitory activity scavgn.ging
activity
Compound 1 >1000 335.0 >1000
Compound 2 >1000 298.9 >1000
Compound 3 23.6 242.2 211.4
Compound 4 40.4 480.4 >1000
Compound 5 246.7 205.6 >1000
Compound 8 >1000 - -
Compound 9 >1000 = -
Compounds 10, 11 >1000 - -
s N N
Ascorbic acid 4.1 - -
Trolox 79 269.6 193.2
Allopurinol NA 4.25 25.2

NA : not available method
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3-2-2. Rengyolone®] melanin A4 oA &3}

B3 4709 F3E FolA EE o] BAW rengyoloned] W3 melanin A3
I AA 245 FJdsu. 1 B3 melanin AFAANA T3 ATS b=
tyrosinase® ¥% 9E£4 o2 AAFE Fst A tHFigure 47). %3 melanin %

of el ® T& &4 A4 ENE Ho]FvHFigure 48).

Rengyolone (ug/mL) 0 0.5 1.0 2.5 5.0

Tyrosinase | — N — — | 60 kDa

B-actin |-—--I——-—|42KDa

Figure 47. Effect of rengyolone on tyrosinase production in Melan—a cells.
Melan-a cells (1x10° cells/mL) were incubated with the rengyolone for 24 hr.

Whole-cell lysates were prepared and the protein level was determined by

western blotting.
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Figure 48. Effect of rengyolone on melanin contents in Melan—-a cells. Melan
—a cells (1x10° cells/mL) were incubated with the rengyolone for 24 hr.
Melanin contents were determined by absorbance analysis at 405 nm.

3-2-3. Rengyolone®] &A= &3}

1) Rengyolone®] NO% iNOS AA o] n]x]= 3k

Rengyolone®] NO AAlo| v Xx|i= <3k diste] Lolrr] 9ste] A=A NO

F& Griess Aofa o]g3to] Axujtel Fol EA3h= NO. o] dei= A3}

o]

Gt} Figure 499 A, rengyolone®] % &40 2 LPSo o AAE NO A
FE AT Ae AT 7 U gEs AFo A G E el A INOS

Jd AHR NOE F¥ Fabd, $F B AFWEE A4 B ol o

Aol m A= FFol viske] Lobr. kvl Rengyolones A Aol A 23&
W INOS @i a3 mRNA ¥ds vk oEdoz dAshs As #dd
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4 AAr} (Figure 50~51).

120 ¢ 4 100
0 NO —— | DH
= 100
E . 80
= T
=4 *
g 807 T =
s { 60 s
?_/ -
£ B0 b
b= - 40 E
z : s
3 40 | =
E i
% 20 14
/'/’E\\“"'u_ //!—_______.
G e, i I |
0 | . T T . 0
LPS (1 #g/mL) - + + + + +
Rengyolone (uM) - 4 z5 50 100 200

Figure 49. Effect of rengyolone on the production of NO in LPS-stimulated
RAW 264.7 cells. RAW 2647 cells (1.7x10° cells/mL) were stimulated with
LPS (1 pg/mL) in the presence of rengyolone for 24 hr. Cell cytotoxicity was
determined using LDH release method. The data represent the mean £ SD of

duplicate experiments.
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LPS+1IFN-y - + + + + +
Rengyolone (nM) - ] 25 50 100 200

INOS [=—— g e 130 kDa

B-actin _— s R e e O 42kDa

120

o F ]
an -
60

an r

N ’_‘
0 L L L L

Density ratio (% of control)

Figure 50. Effect of rengyolone on the protein level of INOS in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were stimulated with LPS
(1 pg/mL) plus IFN-y (25 U/mL) in the presence of rengyolone (25, 50, 100,
and 200 uM) for 20 hr. Whole—cell lysates were prepared and the protein

level was determined by western blotting.
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LPS (1 #g/mé) N + 2 s ot +
Rengyolone (uM) - - 25 50 100 200

iNOS 496 bp

120

o0 -

a0

E0 R

a0

2 F

Density ratio (%o of control)

Figure 51. Effect of rengyolone on the mRNA expression of iNOS in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were stimulated with LPS
(1 pg/mL) in the presence of rengyolone (25, 50, 100, and 200 uM) for 18 hr.
The mRNA expression of iINOS was determined by RT-PCR.

2) Rengyolone?] 954 cytokine (IL-6, TNF-a) % COX-2 &

B

o) A 53

IL-69F TNF-a& Z7]-9%54 cytokineC. 24 dZFz ol ¢ F231A 24
3 COX-2% d5AdT ddss 59 424 prostaglanding 33 A
dstel AT o A7l F8 Blolth

Rengyolone®| 2]&] 954 cytokine (IL-6, TNF-a) % COX-2 &9 A4

o] v& oFEH oz AAHS g2l tHFigure 52~54).
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LPS (1 #g/me) - + + + + +
Rengyolone (uM) - - 25 50 100 200

IL-6

p-actin 603 bp

120

100 ¢

g0 r

g0 -

40+

2

Density ratio (%o of control)

Figure 52. Effect of rengyolone on the mRNA expression of IL-6 in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were stimulated with LPS
(1 pg/mL) in the presence of rengyolone (25, 50, 100, and 200 uM) for 18 hr.
The mRNA expression of IL-6 was determined by RT-PCR.
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LPS (1 #g/me) - + ¥ + + +
Rengyolone (nM) - - 25 50 100 200

TNF-u 394 bp

120

oo

an

ED

a0

Density ratio (%o of control)

20 F

Figure 53. Effect of rengyolone on the mRNA expression of TNF-a in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were stimulated with LPS
(1 pg/mL) in the presence of rengyolone (25, 50, 100, and 200 uM) for 18 hr.
The mRNA expression of TNF-a was determined by RT-PCR.
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LPS+IFN-y - + + + + +
Rengyolone (nM) — = 25 50 100 200

COX-2 - i —— —— S S — 72 kDa

p-actin - R O e s GO 42 kDa

120

oo

a0 r

B0t

o r

Density ratio (%o of control)

20 r

Figure 54. Effect of rengyolone on the protein level of COX-2 in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were stimulated with LPS
(1 pg/mL) plus IFN-y (25 U/mL) in the presence of rengyolone (25, 50, 100,
and 200 uM) for 20 hr. Whole—cell lysates were prepared and the protein

level was determined by western blotting.
3-2-4. Rengyolone?] ¥tol® ] &3}

I B-A ¥ (HaCaT cel)ol A o}&3 Axt& 283t chemokine A &3} o}
EuA o5 gdxeo dolola MDC (monocyte—derived chemokine)®t TARC
(thymus and activation-regulated chemokine)= B A& o w2 F7l3s #H
=° MDC¢ TARCZ} oEddd59] 23 AE= tF5 Ak
Rengyolone®] w3}e] HaCaT cell (& MXEF)oA] olEx A= LA 3
= MDC % TARC Al &4-5 =4 43} 5 942 MDC, TARC A
235 yErAtH(Figure 55, 56). o= ¥ H-¢ AzdE @ujdel STATI
1Akstol] WA= FEFe &g 23 vk &40 m STATIL likstel A oA

FIE BT e AA STATE Zo] Yehd Fo=zA STATL AAo 43k
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(o3

& Fo| Fashs Ao

e & &213 % th(Figure 57, 58).

IFN-g (10ng/ml) = + + —+ + +
Rengyolone (uM) - - 25 50 100 200
350
300 - — SR
250 ]
z
E 200
[
a8 o1s

100

I f

Figure 55. Effect of rengyolone on the mRNA expression of MDC in HaCaTl

=

human keratinocytes. Cells were pre-incubated for 18 hr, and the mRNA
expression of MDC was determined from the 24 hr culture of cells stimulated

by hIFN-y (10 ng/mL) in the presence of rengyolone (25, 50, 100, 200 uM).

_72_

@ jeju



IFN-g (10ng/ml) = + + + + +

Rengyolone (ud) - - 25 50 100 200

Density

; []

Figure 56. Effect of rengyolone on the mRNA expression of TARC in HaCa'T
human keratinocytes. Cells were pre—incubated for 18 hr, and the mRNA
expression of TARC was determined from the 24 hr culture of cells

stimulated by hIFN-y (10 ng/mL) in the presence of rengyolone (25, 50, 100,
200 pM).
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LPS (1 #8/M¢) . - " N .

Rengyolone (uM) o - 50 100 200

—— -~ 91 kDa
p-STAT1 s

surn |

Figure 57. Effect of rengyolone on the phospho STATI1 expression in
LPS-stimulated RAW 264.7 cells. The cells were stimulated with 1 ng/mL of
LPS only or LPS plus different concentration (50, 100, 200 uM) of sample for
3hr. Whole—cell lysates (30 pg) were prepared and the protein level was
subjected to 8% SDS-PAGE and expression of phospho-STAT1 was

determined by western blotting.

]IN—){(IOIlgfmg) - + k + +
Rengyolone (uM) = = 50 100 200
p-STAT1 | R p— — — | 91/84 kDa

STAT1 | S 01 /54 kDa

B-actin I- T T --| 42kDa

Figure 58. Effect of rengyolone on the phospho STATI1 expression in hIFN-y
-stimulated HaCaT human keratinocytes. The cells were stimulated with 10
ng/mL of hIFN-yY only or hIFN-y plus different concentration (50, 100, 200 u
M) of sample for 3hr. Whole—cell lysates (30 ug) were prepared and the
protein level was subjected to 8% SDS-PAGE and expression of

phospho-STATI1 was determined by western blotting.
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Eutigoside C 9] =742 LDH release WH ¥ MTT assay WHS o] &3lo] =
, Fol u
oA @tvh LDHE 25 Al Alxd Qtel A48 Z42A pyruvie
acid ¢ lactic acid 7+9] 7}94 Ao Holste] FHwj4-&& stH, LDHE HE
g o] HyE uf de} For St dF LDH/F Asdtt. A3 o &

H 25~200 uM &) B RolAME AXESAS YeRA &kt Figure 59).

Aotth. MTT assay W& ol§3to] Ax A& FAT 234

i

120 - L ILDH+—MTT - 120
:é L —_i = A & + il =
E 100 e 100 'E
o o]
5 80 1 80 ..;
g %
5 60 160 3
3 o
z =
- 40 1 40 ;
3 8
20 1 20
0 1 = 1 L i I | = | — 0
LPS {1 ugfmL) - + + + + +
Eutigoside C (uM) - _ 25 50 100 200

Figure 59. Cytotoxicity of eutigoside C in RAW 264.7 cells. The cells were
stimulated with LPS (1 pg/mlL) alone or with different concentrations of
eutigoside C (25, 50, 100, 200 uM) for 24 hr. Lactase dehydrogenase (LDH)
release is expressed as a percentage of total cellular LDH. Cell wviability is
represented as relative absorbance compared with controls. Data represent

mean * s.d. of triplicate experiments. *FP < 0.05, *x < 0.01
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3-2-6. Eutigoside C¢] 4= &3}

2 LPse oz AAde NO AdZFE AAst=E As 0 + YAk =3
eutigoside C 7} INOS &A=} 23 of
of 9ol&] AdE INOS @z U 9 mRNA s
e 4 A ATHFigure 60). ol# g A= NO A4 oA7F INOS &
g Ao m oA,
tre] o oA FEE9 FE7]AL prostagladin (PGE.)EA 2AIE e
U ol COX-29 A4 2 @A o8k Aot} Eutigoside C 7} LPS
25H 59 PGE: A4 % COX-2 T wA = Gkl tsto] &olrr] ¢
3lo] A eS Wl dvt. Eutigoside C= vk v 22 A3 23 PGE: A4
o] v oEAH R dAFH= AAE AT F Ao, ol wrtA=E
COX-2 9o wuzd iy o
(Figure 61). o]|# 3+ A3+ eutigoside C 7} COX-

)
rir
of
o
=
=
Ol
L
2
_l |
r [0
&
iin)
i
.
ae
€]

AAE F

3

RNA W&ol dAHE As 0T + U
2

24 COX-2 o auld g 9 PGE, A& Z4ste Aoz of AT
Pro-inflammatory cytokine ¢l IL-63 in vivo 2 in vitroolA A= A%

ol gl Aoz #A glon, dF WS Yo Hok A A APAG

Eutigoside C7} IL-6 A wvlA&= &S Lolrz] 913k, RAW 264.7 A%

of LPS (1 png/mL)3} eutigoside CE A& 3dle] IL-6 A thadk A &=

A L A%, BE e IL6 A4S At Ae FAT + 3

Ao, o] W ICse 304 uM o]t (Figure 62).
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C LPS (1 pg/mL) - + + + + +

Eutigoside C (UM) - - 25 50 100 200
c 0.6
E -
s
=
n 0.4 |
(o]
=
0.2 -

Figure 60. Effect of eutigoside C on the production of NO and expression of
iNOS in LPS-stimulated RAW 264.7 cells. (A) The cells were stimulated with
1 pg/mL of LPS only or LPS plus different concentrations (25, 50, 100, 200 u
M) of eutigoside C for 24 hr. The production of nitric oxide was determined
by Griess reagent method. The data represent the mean * SD of triplicate
experiments. *p<0.05, **p<0.01 compared with the LPS alone. (B) The cells
were stimulated with 1 upg/mL of LPS only or LPS plus different
concentrations (25, 50, 100, 200 uM) of eutigoside C for 20 hr. Whole—cell
lysates (30 pg) were prepared and the protein level was subjected to 109
SDS-PAGE, and expression of iINOS was determined by western blotting. B-
actin was used here as an internal control. (C) The cells were stimulated
with 1 png/mL of LPS only or LPS plus different concentrations (25, 50, 100,
200 uM) of eutigoside C for 18 hr. Total RNA was isolated and the mRNA
expression of INOS was determined by RT-PCR. B-actin was used here as

an internal control.
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C  Lps(pgmL) . + + + + +
Eutigoside C (uM) - - 25 50 100 200

COX-2 696 bp

1.2

0.8

1B

Figure 61. Effect of eutigoside C on the production of PGE: and expression of

COX-2/g-actin

COX-2 in LPS-stimulated RAW 264.7 cells. (A) The cells were stimulated
with 1 png/mL of LPS only or LPS plus different concentrations (25, 50, 100,
200 uM) of eutigoside C for 24 hr. The production of PGE: released in the
culture medium was assayed by EIA method. The data represent the mean =*
SD of triplicate experiments. *p<0.05, **p<0.01 compared with the LPS alone.
(B) The cells were stimulated with 1 pg/mL of LPS only or LPS plus
different concentrations (25, 50, 100, 200 M) of eutigoside C for 20 hr.
Whole-cell lysates (30 ng) were prepared and the protein level was subjected
to 109 SDS-PAGE, and expression of COX-2 was determined by western
blotting. B-actin was used here as an internal control. (C) The cells were
stimulated with 1 pg/mL of LPS only or LPS plus different concentrations
(25, 50, 100, 200 uM) of eutigoside C for 18 hr. Total RNA was isolated and
the mRNA expression of COX-2 was determined by RT-PCR. B-actin was

used here as an internal control.
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Figure 62. Effect of eutigoside C on the production of IL-6 in LPS-stimulated

IL-6/-actin

RAW 264.7 cells. (A) The cells were stimulated with 1 png/mL of LPS only
or LPS plus different concentrations (25, 50, 100, 200 uM) of eutigoside C for
24 hr. The production of IL-6 released in the culture medium was assayed by
ELISA method. The data represent the mean £ SD of triplicate experiments.
*p<0.05, **p<0.01 compared with the LPS alone. (B) The cells were
stimulated with 1 pg/mL of LPS only or LPS plus different concentrations
(25, 50, 100, 200 uM) of eutigoside C for 18 hr. Total RNA was isolated and
the mRNA expression of IL-6 was determined by RT-PCR. B-actin was used

here as an internal control.
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2) Eutigoside C 7} NF-kB & n|x= 33

NF-kB ¥ d=uk8ol A INOS, COX-2 28 i inflammatory cytokines 3
of FL3HA A4} Eutigoside C 7} NF-kB Ao nx= odgke <ol
B7] f13t] luciferase activity assaysE 33+ A3} eutigoside C 7} FE &
Ao NF-kB 24& A= 2e A2 & AT (Figure 63A). NF-kB
Ao A= GFF NE-kB NEAG] zHd oe) o] Fojx . A=
9] AAFERA L ARl DNAY} binding dFe.@4 2w =d % eutigosice C
7} ol#ldk NF-kB-DNA binding &4l A&FE vwA=x Lolrr] 93}
EMSA H'WS F339lt}h. Eutigoside CE A X AE39S w, LPS o ¢
fr=%+= NF-xB binding ©] ¥% f&4om AdAH= AS AT & AT
(Figure 63B). p65+= LPS ol <] &dsted 2 Mo NF-kBe F2.3F
TAL AR 284 drt. wEka], Western blotting B3-S o] &3}o] 3 chulz )
of 9l p6b wize]l weS Feola] Wkl 1 A3} eutigoside C7F LPS 9
ogl &3ty = NF-kB-p65 &S NF-kB-DNA binding &4 A9t vhzl7}
o1sk 4= 3t} (Figure 63C). U= o] AAFCIA¢] o]
2 NF-xB9 DNA binding & ©o]&¢9 oA w9l kB-a¢9 izt o

Az A= As

el

degradationo] ¢]8] ZAHA ©r}* NF-kBDNA bindinge] ©]#% IkB-a
degradation®} A#E o] JQEAE Lolny] €819, [kB-a2 cytoplasmic level S
=3 3le] Wtk LPS & 208 A& F3US u, IkB-a7} degradation ¥+ #A

S Fgoldk £ 9l e, eutigoside C & P3PS W TE FEHoR o]F g
o] 3By E A U3 ¢ Ao (Figure 63D). ©]# 3t A= LPS 2

239 RAW 264.7 A ¥ A eutigoside C o &3t A7) &2 A7}
NF-xB DNA binging &4 2 U9 o]5 AAE &3 Aoz ofAXIT]
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LPS (1 pg/mL) - + + + + +
EutigosideC(uM) - - 25 50 100 200

IKB-a T < e e e d» | 412kDa

B-actin -_ auc cEe e o= aEse» | 12kDa

Figure 63. Effects of eutigoside C on the activation of NF-xB in
LPS-stimulated RAW 264.7 cells. (A) Cells were transiently cotransfected
with NEF-«kB promoted luciferase reporter plasmid (pNF-k-Luc) and Renilla
luciferase reporter plasmid (pRL-null) as internal control for 30 h, and then
stimulated with 1 pg/mL of LPS only or LPS plus different concentrations
(25, 50, 100, 200 uM) of eutigoside C for 16 hr. The luciferase activity was
measured and data were normalized by Renilla luciferase expression vector.
The data represent the mean = SD of triplicate experiments. *p<0.05,
#kp<0.01 compared with the LPS alone. (B) The cells were stimulated with 1
ng/mL of LPS only or LPS plus different concentrations (50, 100, 200 uM) of
eutigoside C for 2 hr. Nuclear extracts (10 ng) were prepared and assayed
for nuclear NF-xB binding activity by EMSA. (C) The cells were stimulated
with 1 pg/mL of LPS only or LPS plus different concentrations (50, 100, 200
uM) of eutigoside C for 1 hr. Nuclear extracts (20 ng) were prepared and the
protein level was subjected to 10% SDS-PAGE, and expression of NF-k
B-p65 was determined by western blotting. B-actin was used here as an
internal control. (D) The cells were stimulated with 1 pg/mL of LPS only or
LPS plus different concentrations (25, 50, 100, 200 uM) of eutigoside C for 20
min. Whole—cell lysates (30 ng) were prepared and the protein level was
subjected to 122 SDS-PAGE, and expression of IxkB-a was determined by

western blotting. B-actin was used here as an internal control.
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3) Eutigoside C 7} MAPK @A 3}ol| m|x&= 3

=
A EEEE Adew A gtk o]# 3 kinase = AEARR E3F 18lar A=
of o3 FAA LR FRaA #ojshE Aom FHA YupHP wpepA,
eutigoside C 7} o]2]3F Al &2 MAP kinases Sl1Atglo] d3ks njzE=x <&
olr 7] 93le] HE-S AP A eutigoside C 7} LPSE FE% ERK 1/2,

INK % p38 14t s A= AS & = AR (Figure 64.).

LPS (1 pg/mL) - + + + * +
Eutigoside C (pM) - - 25 50 100 200
IJ'-ERK1 44 kDa
N T W—— A -—_————

p-ERK2 42 kDa

ERK2 - ‘ 42 kDa

p-JNK1 T — — — 46 kDa
JNK2 | A T S et s sl | 54 kDa

JNK1 T S —  — . e | 46 kDa

E-p TS RemmEF Tt 38 kDa

p38 e T TEEE  <aamsss  ammms> s | 33 kDa

Figure 64. Effects of eutigoside C on the phosphorylation of MAPKs in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells (1.6x10° cells/mL) were
stimulated with LPS (1 pg/mL) in the presence of Eutigoside C for 20 min.
Whole-cell lysates were prepared and the protein level was determined by

western blotting.
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3-2-7. Euticoside C¢] dolEsy F 3}

Euticoside Cell t3le] HaCaT cell (Z4& A

kel

Tl ofEd QAR hH A
9l MDC % TARC A @4& xA

TARC @& o] oA & vHFigure. 65, 66).

i

I FL oEHo= MDC ¥

IFN-y (10 ng/ml) . + +
Euticoside C (uM) - - 2 0 100

we |

300

<+
_I_

L7 ]
h

400 |

300
200
100 |

D |

Figure 65. Effect of eutigoside C on the mRNA expression of MDC in HaCaT

Density

human keratinocytes. Cells were pre-incubated for 18 hr, and the mRNA
expression of MDC was determined from the 24 hr culture of cells stimulated

by hIFN-y (10 ng/mL) in the presence of eutigoside (25, 50, 100 uM).
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IFN-y (10 ng/ml) B + +

+ +
Eutigoside C (uM) - - 25 50 100
TARC 351bp
B-actin 588bp

300

250
200

150

100 |

i
0

Figure 66. Effect of eutigoside C on the mRNA expression of TARC in

Density

HaCaT human keratinocytes. Cells were pre-incubated for 18 hr, and the
mRNA expression of TARC was determined from the 24 hr culture of cells

stimulated by hIFN-y (10 ng/mL) in the presence of eutigoside C (25, 50, 100
uM).
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4. A&

A~ E o 25 F 11719 &35S 8 $AHJTE o5 F eutigoside
C (5), eutigoside B (6), Quecitrin (7)2 o|n| ¢EALAH Y 2EE £, By
o]z &Ho]n, rengyolone (1)& ¥3%3F cleroindicin B (9), rengyol (10),
isorengyol (11)2 F&EAREH I A= A Fo=2 ATk 12 al 3719 new
compounds (compound 2, 3, 4)E ], A5 A}

B2 stgEe dis 4kl v W (tyrosinase inhibition assay), & (elastase
inhibition assay) &35 <213 A3} new compound®! compound 3 (SCsp =
23.6 ng/mL)¥ compound 4 (SCsp = 404 ug/ml)+= tZE7-2 ascorbic acid
(SCso = 4.1 pg/mL)y} trolox (SCsp = 7.9 ug/mL)K. U= =1 &x|w o2 53
EE0 Mg %2 DPPH &g 2AEHE Yebd el Tyrosinase ¥ elastase
T UEbA @kt B o] Bk¥ rengyoloneol| thel ofe A &
s}

A 23 9E-S dlE tyrosinaseE TR oEHo = AA S B2l
melanin ¥l %= % &4 AAst= a94E HAFS]

ol @A 8+ele 98] Al A E2 RAW 264.7 celloll rengyoloned} eutigoside

E HY3de W v=gE4< NO, iNOS =& A velhdidey, 954
cytokine (IL-6, TNF-a, PGE;) ¥ COX-2 &4 AR T5 JEHdoz oA
At} eutiguside C8l A 5wl A INOS, COX-2 Z1g] 3 inflammatory
cytokines Walol| Q34 RS 3= NF-kBe 4SS ¥& oFH oz o4
stlem, NF-kBo] Fo3g FH8x9 pbo @uze] dads st Zdx
eutigoside C7} LPS o &3 #&A3%+= NF-kB-p65 2@d-S NF-kB-DNA
binding A GA e vlzVIR 2 AT AS FAe £ At =3 NF-x
B-DNA binding©] ©]# 3% IkB-a degradation®} €135 o] QlE=xE 2olr 7] 9
3te, IkB-a9] cytoplasmic levels A3l HY 2 23 IkB-a’)

degradation ¥+ A-S AT 4 Ao, eutigoside C & HE3AS v 5%
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ot
B ZFA M Z(HaCaT cel)o A olEx aAx=2 283l chemokine 9 A &

¥2

o)A o7 olg 3 WHo] Y= AL T F
= olEuA A= dxo ddoa] MDC (monocyte—derived chemokine)<}
TARC (thymus and activation-regulated chemokine)”} V] AAA o2 F7}3 2
= FH+ Eo] MDCS TARC7F ol=dAd 159 T8% AxZ tF5 30k
Rengyolone® eutigoside Coll thale] HaCaT cell (Z+28 M EF)oA otEy <]
A 2 ¢#A 9= MDC % TARC oAl 2A4& A A3 w% oE4<
MDC, TARC A& %5 eI Rengyolonedl tls] ofExA 35 A%
Ag @A el STATL ¢l4tstel] miA= FFe A0 29 s& gEdo=
STATI1 SIgkstel A oAl ayts Bl

Ao AE n"oR YA s Ay i ded Vx A(EE

THAY, FF FFE 2ABAY BE F5YS FaAstgnh
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1. A%

Aol AbgE aEe AMAXA stEE Ko Ik w7t AFA sehE o
el w7k LElal A EAC AT dAFEHATE dEATAE FA A
Table 140 F7|8k 24749 A 7] F&3}3th

T A5 Ly E 4~-8Fwote] WAW HHE -20CYFLe Ba s o

Figure 67. Immature citrus species.
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Table 14. Traditional names of Jeju endemic citrus species.

e s} AF AY A A
> Citrus unshiu Markovich A=A 10. 8.
Az C. sunki Hort. ex Tanaka AadTta 10. 30.
7FAF C. benikoji Hort. ex Tanaka HeEdATAa 10. 30.
Pipas C. aurantium L. HeEd A 10. 30.

} C. paradisi Mac. x "
RUET _

Seminole C. tangerina Hort. ex Tanaka 1 ] 10.8

C. obovoidea Hort. ex

= 7L XA EAR )

& A} Takahash 17 32 A 10. 8
SR C. natsudaidai Hayata A EA] 10. 8
A4 C. unshiu x C. sinensis A EA] 10. 8
S22t C. hassaku Hort. ex Y. Tan. AT 10. 30.

A7) C. pseudogulgul Hort. ex a7 10. 30.

Tanaka

A of )= C. natsudaidai Hayata A T 3EA] 10. 8
=S C. aurantium L. Al A 10. 8
W 2 C. platymamma Hort. ex RE BT 10. 10

Tanaka

o &3} C. tamurana Hort. ex Tanaka A& d T4 10. 30.
A= C. erythrosa Hort. ex Tanaka =314 10. 30.
He C. tangerina Hort. ex Tanaka H=Ed7T4 10. 30.

. (C. unshiu x C. sinensis) 3
pa KA EA _

A x C. reticulata 191 ] 10. 10
QA= HeEdATAa 10. 30.
A 7+3) C. natsudaidai Hayata A EA 10. 10
wela C. natsudaidai Hayata AT A 10. 30.
- AF C. grandis Osheck BA 10. 15

@ jeju
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FEH AF AES A4 GCE BA89c GCY A#HS DB-1HT (30 m,
[D:0.32 mm, Film:0.1 um) 7} o] &H3Aom, o8 @& x7] 40T 5 &,
210C7HA] 10C/min®] 7172 <8ke] 210TCeA 28 #3F WER Y Injector
= 230C, FID detectori= 250C ol A %18} % o},

GC/MSD #2412 GCeo sdgt =7ddA 3o} bt MSDe &=
312CE A8kt GO/MSDel o&] #4€ g A& 71719 Wiley 138
databased| =A13l= A EF 71 717FE mass spetrum patterng Hol 5

Ao g FAT P oW 70% Wwro 2 Ao match’t 9A 2& AL AAs T
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2-3. A= g A

AEF AR FEEES kst @4 e A3z A DPPH  free radical
scavenging assay®} superoxide radical scavenging assay, NO radical

=

scavenging assayZ 2 A&}tk
1) DPPH radical scavenging assay

TEEE 4% AREE 96 well plated] ¥53F3L 0.1 mM DPPHE A el3t &
Ae-oaA 10 ¥ vrEA AL ¥ 3 517 nmollA TR EE =439 o DPPH
radical A~A A& DPPHY S3%7F 50% #H4ae u Uelus A8 &%

(SCan) = A3 T
2) Superoxide scavenging assay

Superoxide®] <& NBT @9 oz =43¢k gk& o8l 100 mM phosphate
buffer (pH 6.8)°] 1

mM xanthine, 0.5 mM EDTA, 59 ng/mL BSA, ImM NBT
E FUFe 3 oy wxef AFEe H7Fske] 25CelA 10 +xF WA sk 05

U/mL xanthine oxidaseZ #7}3t & 25ColA 10 7 ¥+8 3 S3 %= 560
nmell A A3t} superoxide 24 248 superoxide®] S#H %7} 50% AT

W U AR T EOCo)E A BT

3) NO radical scavenging assay

10mM SNP &9 100 pLol] A 88 =x¥z H7s & 25T A 2-3 Az

b WS A AT ol v F wkgels $UF el Griess A OH25%(v/v)

1o

_\7\_1‘

phosphoric acid, 1% (w/v) sulfanilamide, 0.1% (w/v) naphyethylenediamine) =
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A7Fsto] 25TCelA 10 &3F ¥kg A1zl & 540 nmol A FFE=E FA3ATE NO

2ABES FREIT 0% Ao 9 UEyE AR FE(SCa)E ST

HaF A FEEEY 7 SHolA gelay, B arzlEo sk oA+
Gram YA (+)o =2 IdHZ Bacillus subtillisit¥} Bacillus cereus-a o
Z 2059 essential oil®] I EIE SASAT ofFe] HFAA AEEES

dodl= Aor & Propionibacterium acnes (ATCC 6919)¢ 33 ¥ &2

o

il (

Trro g A Staphylococcus epidermidis (KCTC 3958)-& thdo = et
S AT Ade AFEd T FE2> American Type Culture Collectin

(ATCC)oN A - 3ske] A&t SlHt
2) Paper disc diffusion method

Gram ¥t (+) 0.2 4¥ 2 Bacillus subtillis® Bacillus cereuss WOz 2
20 T #HE AF FEEEY FErAE SAHSAT

NaCl 10 g, Yeast extract 5 g, Tryptone 10 g, =+ 1000 mLE &7]o] 2L
7tdste] S83] &3A713, 5 N NaOHE &% H7bste] pHE 702 StEch
o|A& 100 mL &9 AHzSebs=o] 20 mLA o] ¥al JishE ]
1,055 g/ere] 71983 % 121C= 156 & &< 2idlte] LBuA & 51|k
Alzgh RAWIA] el agar 15 g& F7bslar 7bdele] S&s] &alA7]aL, pH
£ 700 HA HE k!

petri disholl #F3te] LB A WA & ZF4) sk}

Ampicilling 3% S&FF9 =9 05 mg/mLe =& A X3 ampicillin

rO
N
—_
2

¥, 121TCelA 15 & &

stock solutiong 1] 3k},

AMEs 58 dAE A glo] Ao o]t EvlE

HN
o
>
=
o
M
o
£
ki
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A2 o] &dte] 2Asty AHFEZ 1~9x10° ©F Y31 vortex mixerE o] &3f
o g &3 & dHFAeR o] g} FulE HETHE U3t twisterE

ol g3lo] wjx] A LEA wralar, wjx| A9 stdke] W UAAE ST

gk,
BAAANE chgsh dol Ashsich.

W=(T-D)/2
o714, W = AAd ] ZF(mm)
T = A&t AAe] dA A& (mm)

D = Ax9 A&F(mm)

AL 1 318 AAstgen 7F 39 2 plateE HAlske] H-g WSl
AT AFAAZIAE FA37] A8 AE LI} HEFEEES A=
F7tQ  Propionibacterium acnes < ¥3 XXXl Staphylococcus

J3tsich olw P,

F7lw el S

2,
o
o
B

X

epidermis ol ™3lo] paper discHOo = AH

el

(_)_1-]
acnest= GAM #]A| o)Al anaerobic jarE ©]-§3}
epidermist™ TSB WX A 7] #jkstgt) A 0.7%E ¥ &= GAM
A 8 mLel #FE 50 uLA& Fol (10" ) A 1.5%E EFshE GAM ¥lA
of &=t} dd 0.7%E X&3= GAM w7} ZoH Alx £948 ¥Ise=
7 8 mm paper discE =dA] w]&ste] #A7)A (Gar) 37ColA 24 A 7F 48 A

F o daa Fued JdAdE 99 2 A g AV|E SATAT

LA ()

B
jud)
_
O

ol ERTFoRE FA=F EHUt T Aow 4y E EP L2 YUltea tree
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3) Minimum Inhibitory Concentration

oflt
_O|L
£

HAGA T E=MIC)SA S HA A 8] 4 (broth  dilution method)& ®3
BT e 7H7he] wlkulAl e} A A e & ot dEdls TRt
°F 10°~10° CFU/mLE 343ste], HE5 =7} 10° CFU/mLo]l JE= 24349
o g vRe ARE AU A7 #F AN MF F, F 54

o] el & JorvEE MICE A3
2-3-3. Cell culture
Human fibroblast cell (A} AfFolA¥)LS  ®ElH Y (F)lA  murine

macrophage cell line ("F-%2 w2 A ¥)0 RAW 26478 Korean Cell Line
& of| AbE3E Y. 100 units/mL

(it

Bank (KCLB)ZF¥  &gol
penicillin-streptomycin® 10% FBS¢] 3ti-%¥ DMEM #®IA|& A}&3fe] 37T,
5% CO: & xAstelA] vl o, A viekS 3Ll s 4 Al g3kl

Human monocytic cell line (At @& 5+ A ¥)= Korean Cell Line Bank
(KCLB)Z5-H = FEot el AbE-3F ol 100 units/mL
penicillin-streptomycin®} 10% FBSo| 7% RPMIL640 vl X & AR&38lo] 37T,
5% CO: &= zxstel A wjkation], At] s Fe 2 Lol s 2 A Psk3
.

2-3-4. M'TT assay for cell viability

1) Human fibroblast cell®} THP-1 celle] 3l A =4 Hr}

%
microplate readerE ©]&3F9] 540 nmolA THE=E A3 24 AlmTol U
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=
BN
M
lo
E{o{n
o
o
24
X
=
]=J‘
E
A
oX,
o
o
(ld

of Aelste] 24 A zk wjeFat. wEF &

2-3-5. WAA LA AFA Aol 271 AAe] 1A= 4G

alksl THP-1 A2 x 10° cells/mL)E 6well plateo] #F3te] wjk3t &,
serum free WX = WA, A=F 7% 752 Propionibacterium acnes (100
ng/ml)¢t NEE sRHE A A este] 48 AZF HfksIth vk & Al )
A Z #8]E IL-83% TNF-a& ELISA (enzyme-linked immunosorbent assay)

Kit (Bio source, Camarillo, CA)Z o]-&3}o] =43t}

2-3-6. NO assay

RAW 2647 M%Z DMEM A& o]&&to] 1.5 x 10° celly/mLz 2H3 3
24 well plate o HEsla, =¥ A= LPS (1 pg/mL)E 3 Q=2 )
A5 FAl Agsto] 24 AZE wiFEdTE A E NOo| 2 Griess A 9F& ]
£3fo] Az Fo EA3= nitrite (NO2 )] FE|l= AT AXvlk
A 100 pLet Griess Al [1% (W/V)  sulfanilamide, 0.1% (w/v)
naphylethylenediamine in 2.5% (v/v) phosphoric acid] 100 LS &3} 96

well plateoll /] 10 ¥ &<k ¥+g A7l & microplate readergE ©|-&3Fe] 540 nm
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(sodium nitrite) S

NaNO-

[
Fe

standardZ W] w3} 3 ¢},

3. 43

to] 80 & water distillation HH-&

SHolTh 12 A7HS

(Table 15)3 2t} 21

oF
vzl

X

s

~H

~N

o}

(o3
1=

o]
4 > A

—
o

27

o
d& A

tol dldld e

0§

—

seminole > 2

o e T

=
[€)

UHER AT

34
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Table 15. Yield of essential oils in citrus species peel.

Ty 3l TE(%) | FeEw e TE(%)
>F C. unshiu 0.38 z5 C. aurantium 0.89
e C. sunki 2.50 Wa  C platymamma 1.90
7+ A} C. benikoji 3.50 < gk3) C. tamurana 2.10
| 2} C. aurantium 0.90 A= C. erythrosa 0.90
Seminole . p aradzsz. : 2.50 He C. tangerina 1.40
C. tangerina
(C. unshiu %
A C. obovoidea 0.89 B8 C sinensis) x 1.40
C. reticulata
3= C. natsudaidai 0.60 ol &g - 0.30
g Coushiu <G g0 ael G onatsudaidai 020
Sinensis
st C. hassaku 0.44 3vd C natsudaidai 1.20
AV C opseudogulgul — 0.70 S A C. grandis 0.77

AokdltE  C natsudaidai 0.60

o
iz

KeN
=

2

20 F9 7t 28 AfF FEEEY 28k A3 (Table 16~36) % °F
50719 Aol EAHI oW, 97% ool A AFolAt. Limonene (55.4%
to 91.7%), myrcene (2.1% to 32.1%) ©] AH FEF= A& 5 T8 AEYLE &

3o 1 o AE o= a-pinene (0.6% to 1.6%), linalool (0.4% to 6.9%), B
—pinene (0.24% to 2.0%)¥} a—terpinolene (0.07% to 0.54%) 55 3+l v}
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Table 16. Chemical composition (26) of C. unshiu peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.222 a-Thujene (CioHis) 0.151 (91)
2 3.321 a-Pinene (CioHis) 1.695 (94)
3 4.220 B-Pinene (CioHie) 0.745 (91)
4 5.032 B-Myrcene (Ciotis) 3.043 (91)
) 6.864 dl-Limonene (CioHie) 81.917 (91)
6 7.029 (E)-B-Ocimene (CioHis) 0.219 (90)
7 7.226 y-Terpinene (CioHis) 6.996 (94)
8 7.533 2-Allyltoluene (CioHiz) 0.044 (95)
9 7.654 a—Terpinolene (CioHis) 0.441 (95)
10 7.950 Linalool (CioH1z0) 1.134 (78)
11 8.042 B-Terpineol (CioHis0) 0.18 (78)
12 9.124 1=-Terpinen-4-ol (C;oH;30) 0.486 (93)
13 9.398 a-Terpineol (CioHis0) 1.437 (90)
14 9.936 &-4-Carene (CioHig) 0.064 (94)
15 10.001 dl-Carvone (CioH140) 0.032 (96)
16 10.429 Perilla aldehyde (CyoH1.0) 0.076 (95)
17 11.768 Bornylene (CioHis) 0.04 (95)
18 12.459 Elemene (CisHga) 0.243 (72)
19 13.128 a-Humulene (CisHz) 0.055 (78)

@ jeju
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Table 17. Chemical composition (%) of C. sunki peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)
1 3.316 a-Pinene (CioHis) 1.0943 (94)
2 4.282 B-Pinene (CioHus) 4.277 (91)
3 5.039 B-Myrcene (CioHis) 2.63 (90)
4 6.849 dl-limonene (CioHis) 86.514 (91)
o 7.013 (E)-B-Ocimene (CioHjs) 0.843 (91)
6 7.079 y-Terpinene (CioHis) 0.194 (94)
7 7.606 a—Terpinolene (CioHis) 0.08 (97)
8 7.935 Linalool (CioHi1z0O) 1.38 (78)
9 9.108 1-Terpinen-4-ol (Ci0H150) 0.323 (97)
10 9.339 a-Terpineol (CioHis0) 0.389 (90)
11 9.931 Cyclooctane (CgHig) 0.084 (92)
12 11.094 2,4-Mesitylenediamine (CgHisN2) 0.151 (83)
e 11.796 Terpinyl acetate (Ci2Hz02) 0.22 (87)
14 12.301 Geranyl acetate (Ci2Hz002) 0.11 (80)
15 12.465 B-Elemene (CisHz) 0.736 (95)
16 13.134 B-Selinene (CisHza) 0.117 (97)
2,5=dimethyl-3-methylene-1,5-
17 13.65 0.077 (89)
heptadiene (CioHie)

18 13.738 Elemene (CisHas) 0.107 (72)
19 14.012 &-cadinene (CisHza) 0.13 (98)
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Table 18. Chemical composition (%) of C. benikoji peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)
1 3.299 a-Pinene (CioHis) 0.886 (94)
2 4.210 B-Pinene (CioHip) 1.345 (91)
3 4,999 B-Myrcene (CioHis) 2.812 (91)
4 6.908 dl-Limonene (CioHe) 91.680 (91)
) 7.040 (E)-B-Ocimene (CioHs) 0.206 (91)
6 7117 y-Terpinene (CioHis) 0.113 (94)
7 7.281 Linalool oxide (CioHis02) 0.479 (86)
8 7.533 Linalool oxide (CioH1s05) 0.242 (78)
9 7.621 a—Terpinolene(CioHis) 0.042 (96)
10 7917 Linalool (CioHiz0O) 0.537 (83)
4-(1-Methylethenyl)cyclohex—2-
11 8.630 0.016 (86)
enone (CoHi20)

12 87501 Citronella (CioHis0) 0.16 (91)
13 9.102 1-Terpinen-4-ol (C1oHig0) 0.253 (96)
14 9.343 a-Terpineol (CioH;50) 0.4 (90)
5 9.596 P-menth-1-en-9-al (CiopH160) 0.033 (72)
16 9.991 di-Carvone (CioH1.0) 0.037 (95)
17 10.089 7-Citral (Ci1oH160) 0.028 (72)
18 10.418 Perilla aldehyde (CioH1:0) 0.03 (81)
19 10.561 E-citral (CioH160) 0.036 (91)
20 11.099 2,4-Mesitylenediamine (CoHi4N2) 0.069 (83)
21 12.042 Bornylene (CioHis) 0.03 (83)
22 12.448 Elemene (CisHz) 0.024 (83)
23 14.006 &-Cadinene (CisHza) 0.044 (98)
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Table 19. Chemical composition (%) of C. aurantium peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)
1 3.295 a-Pinene (CioHis) 0.732 (94)
2 4.206 B-Pinene ((CioHie) 0.717 (91)
3 0.018 B-Myreene (CioHis) 2613 (91)
4 6.652 dl-Limonene (CioH;e) 87.304 (94)
) 6.893 (E)-B-Ocimene (CioHis) 0.726 (91)
6 7.157 Linalool Oxide(CioH1502) 0.311 (86)
7 7.552 a—Terpinolene(CioHis) 0.055 (96)
8 7.914 Linalool (CioH1gO) 2.875 (83)
9 8.506 B-Terpineol (CioHig0) 0.161 (86)
cis—7-Methylenebicyclo[3.3.0]Joctan
10 8.605 0.043 (80)
-2-one(CoH120)

11 9.087 1-Terpinen-4-ol (Ci0H150) 0.217 (95)
12 9.351 a-Terpineol (CioH;0) 1.753 (90)
13 9.932 Cyclooctane (CsHig) 0.251 (92)
14 10.086 Z-Citral (CioH;60) 0.064 (78)
15 10.590 Linalyl acetate (Ci2HgoOs2) 0.334 (90)
16 11.095 2,4-Mesitylenediamine (CoHaN2) 0.110 (83)
17 12.049 Neryl acetate (CioH00s) 0.145 (86)
18 12.291 Geranyl acetate (Ci2Hz002) 0.387 (78)
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Table 20. Chemical composition (%) of C. paradisi x

essential oil.

C. tangerina peel

Retenti(?n time Constituent Peak area
(min) (%)

1 3.217 a-Thujene (CioHis) 0.213 (91)
2 3.316 a-Pinene (CioHis) 1.548 (94)
3 4.215 B-Pinene (CioHp) 1.055 (91)
4 0.455 B-Mycene (CioHis) 4.433 (91)
o 6.958 dl-Limonene (CioHis) 71.284 (91)
6 7.078 (E)-B-Ocimene (CioHis) 0.175 (91)
7 7.276 y—Terpinene (CioHis) 6.57 (94)
8 7.961 2-Allyltoluene (CioHiz) 0.089 (93)
9 7.682 a—Terpinolene(C1oHig) 0.538 (96)
10 8.164 Linalool (CioH;20) 6.912 (87)
11 8.603 B-Terpineol (CioH150) 0.253 (80)
12 8.790 Citronella (CioHis0) 0.096 (87)
13 9.218 1-Terpinen—-4-ol (C1oHig0) 1.641 (93)
14 9.481 a-Terpineol (CioH;50) 2.501 (90)
15 9.963 &-4-Carene (CioHig) 0.025 (91)
16 10.029 dl-Carvone (CioH1.0) 0.037 (97)
17 10.172 Methylthymylether (Ci1His0) 0.316 (90)
18 10.468 Perilla aldehyde (CioH140) 0.299 (94)
19 10.600 E-Citral (CioH160) 0.189 (94)
20 11.126 Thymol (CioH140) 0.674 (87)
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Table 21. Chemical composition (26) of C. obovoidea peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)
1 3.210 a-Thujene (CioHis) 0.198 (91)
2 3.309 a-Pinene (CioHie) 1.533 (94)
3 4,197 B-Pinene (CioHis) 0.729 (91)
4 5.009 B-Myrene (CioHies) 0.828 (81)
) 6.874 dl-Limonene (CioHis) 83.385 (94)
6 7.016 (E)-B-Ocimene (CioHis) 0.347 (91)
7 7.203 y—-Terpinene (CioHis) 6.622 (94)
8 7.291 Linalool Oxide (CioHi502) 0.181 (78)
9 7.642 a—Terpinolene (CioHis) 0.410 (97)
10 7.894 Linalool (CioHiz0) 0.322 (90)
11 8.519 B-Terpineol (CioHisO) 0.116 (83)
12 9.111 1-Terpinen—4-o0l (CigHiz0) 0.337 (95)
13 9.364 a-Terpineol (CioHiz0) 0.969 (90)
14 9.726 Decanal (CioHz200) 0.768 (78)
15 9.934 a-Terpinene (CioHis) 0.065 (94)
16 10.088 7-Citral (Ci1oH150) 0.069 (78)
8-methylene-bicyelol[5.1.0]octane
17 10.417 0.035 (80)
(CoHi2)

18 10.560 E-Citral(C10H160) 0.09 (91)
19 12.282 Neryl acetate (Ci2H200-2) 0.074 (90)
20 14.004 &-cadinene (CisHas) 0.037 (98)
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Table 22. Chemical composition (26) of C. natsudaidai (Hagyul) peel essential

oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.200 a-Thujene (CioHis) 0.207 (91)
2 3.298 a-Pinene (CioHis) 1.316 (93)
3 4,198 B-Pinene (CioHis) 0.771 (91)
4 5.229 B-Myrcene (CioHie) 3.417 (90)
) 6.830 dl-Limonene (CioHis) 82.431 (91)
6 6.995 (E)=B-Ocimene (CioHis) 0.478 (91)
% 7.182 y—Terpinene (CioHig) 6.832 (94)
8 7.269 Linalool Oxide (CioHigOz) 0.243 (78)
9 7511 Linalool Oxide (Cio0H1802) 0.111 (80)
10 7.620 a—Terpinolene (CioHig) 0.378 (97)
11 7.906 Linalool (CioH;120) 0.485 (80)
12 8.509 B-Terpineol (CioH10) 0.078 (78)
13 9.101 1-Terpinen-4-ol (CioHig0) 0.404 (96)
14 9.354 a-Terpineol (CioH;s0) 0.922 (78)
15 9.705 Decanal (CioHzgO) 0.642 (78)
16 9.924 &-4-Carene (CioHis) 0.076 (95)
17 10.089 7-Citral (Ci1oH160) 0.077 (78)
18 12.052 Neryl acetate (Ci2H00s) 0.248 (86)
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Table 23. Chemical composition (%) of C. unshiu x C. sinensis peel essential

oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.292 a-Pinene (CioHis) 0.742 (94)
2 4,181 B-Pinene (CioHis) 0.235 (91)
4 5.212 B-Myrcene (Ciotis) 2.059 (90)
) 6.792 d1-Limonene (CioHis) 91.493 (93)
6 6.956 a-Ocimene (CioHis) 0.267 (96)
7 7.044 y-Terpinene (CioHis) 0.247 (95)
8 7.362 1-Octanol (CsHiz0O) 0.013 (74)
9 7.581 a—Terpinolene (CioHis) 0.069 (96)
10 7.878 Linalool (CioHis) 0.439 (80)
11 8.503 B-Terpineol (CioH;0) 0.109 (78)
12 9.106 1-Terpinen-4-ol (Ci0H150) 0.582 (96)
13 9.336 a-Terpineol (CioHi50) 0.830 (90)
14 9.688 Decanal (CioHz200) 0.523 (72)
15 9.918 &-4-Carene (CioHis) 0.029 (96)
16 9.984 dI-Carvone (CioH1.0) 0.042 (97)
17 10.082 7-Citral (C1oH10) 0.086 (78)
18 10.554 E-Citral (CioH160) 0.120 (94)
19 12.046 Neryl acetate (Ci2HoOo) 0.165 (86)
20 16.390 a-Sinensal(CisH20) 0.081 (80)
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Table 24. Chemical composition (%6) of C. hassaku peel essential oil.

Retention time Constituent Peak area
(min) (%)
1 3.282 a-Pinene (CioHis) 0.746 (94)
2 4.182 B-Pinene (CioHis) 0.122 (90)
3 5.125 B-Myrecene (Ciotis) 2.28 (87)
4 6.749 d1-Limonene (CigHis) 94.026 (93)
5 6.935 (E)-B-Ocimene (CioHis) 0.378 (91)
6 7.835 Linalool (CigHis) 0.174 (90)
4-(1-Methylethenyl)cyclohex—2-
7 8.603 0.076 (91)
enone (CoH;20)

8 9.074 1-Terpinen—-4-ol (CioHig0) 0.082 (93)
9 9316 a-Terpineol (CioHi30) 0.349 (93)
10 9.985 dl-Carvone (CioH120) 0.173 (97)
11 12.289 Geranyl acetate (CioH200-) 0.193 (86)
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Table 25. Chemical composition (%6) of C. pseudogulgul peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)
1 3.205 a-Thujene (CioHis) 0.255 (91)
2 3.304 a-Pinene (CioHis) 1.498 (94)
3 4,192 B-Pinene (CioHis) 1.041 (9D
4 4982 B-Myrcene (CioHis) 2.859 (91)
o 6.836 d1-Limonene (CioHis) 80.145 (91)
6 7.000 (E)-B-Ocimene (CioHie) 0.562 (94)
7 7.198 y—-Terpinene (CioHig) R.028 (94)
8 1.286 Linalool Oxide (CioHigOz) 0.196 (86)
9 7.626 a-Terpinolene (CioHie) 0.321 (96)
10 7911 Linalool (CioHis) 0.755 (86)
o’ 1977 p~Mentha-1,5,8-triene (CigHis) 0.068 (94)
12 9.107 1=Terpinen-4-ol (CipH;30) 0.384 (96)
13 9.348 a—Terpineol (CipHigO) 0.785 (91)
14 9.929 &-4-Carene (CioHis) 0.166 (95)
15 9.995 dI-Carvone (CioHiz0) 0.053 (95)
16 10.094 7Z-Citral (CioH;60) 0.107 (78)
8-methylene-bicyclo[5.1.0]octane
17 10.423 0.226 (87)
(CgHus)

18 10.555 Citral (CioHi60) 0.143 (90)
19 12.035 Neryl acetate (CioH2005) 0.048 (86)
20 12.277 Geranyl acetate (Ci2Ho002) 0.081 (83)
21 13.999 S-cadinene (CisHza) 0.034 (96)
22 18.727 Tridecanoic acid (Ci3Hz02) 0.067 (90)
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Table 26. Chemical composition (%) of C. natsudaidai (Cheonyahagyul) peel

essential oil.

Retenti(?n time Constituent Peak area
(min) (%6)

1 3.194 a-Thujene (CioHis) 0.188 (91)
2 3.293 a-Pinene (CioHip) 1.12 (91)
3 4,181 B-Pinene (CioHe) 0.67 (91)
4 4,993 B-Myrcene (CioHis) 2.963 (90)
) 6.743 dl-Limonene (CioHis) 81.632 (94)
6 6.935 (E)-B-Ocimene (CioHis) 0.355 (94)
7 7121 y-Terpinene (CioHis) 6.644 (94)
8 7.373 Pentylcyclopropane (CsHig) 0.096 (78)
9 7.494 Linalool oxide (CioHi50-) 0.214 (90)
10 7.582 a-Terpinolene(CioHis) 0.3 (96)
11 7.878 Linalool (CioH;50) 0.682 (80)
12 9.085 1-Terpinen-4-ol (Cio0H150) 0.38 (93)
13 9.348 a-Terpineol (CioHigO) 1.009 (90)
14 9.918 &-4-Carene (CyoHis) 0.14 (91)
15 9.984 di-Carvone (C10H140) 0.048 (97)
16 10.083 7Z~Citral (CioH150) 0.049 (78)
17 10.423 perilla aldehyde (CioH1.0) 0.315 (93)
18 10.544 E-Citral (CyoH;60) 0.059 (91)
19 12.046 Neryl acetate (CizHz0O2) 0.251 (87)
20 12.288 Geranyl acetate (CioHz00o) 0.216 (86)
21 12.606 trans—2-Undecen—1-ol (C;1Hz:0) 0.06 (83)
22 13.637 a-Selinene (CisHaa) 0.17 (94)
23 13.922 Farnesene (CisHz) 0.154 (78)
24 13.999 &—Cadinene (CysHz.) 0.086 (97)
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Table 27. Chemical composition (%) of C. aurantium peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.287 a-Pinene (CioHis) 0.738 (93)
2 4.186 B-Pinene (CioHis) 0.691 (91)
3 4,987 B-Myrcene (CioHis) 2.817 91)
4 6.797 dl-Limonene (CioHie) 87.544 (91)
o 6.962 a-Ocimene (CioHie) 0.406 (94)
6 7.038 y—Terpinene (CioHis) 0.118 (95)
7 7.192 Linalool Oxide (CioHisOz) 0.140 (86)
8 7.368 1=Octanol (CsHizO) 0.080 (72)
9 A77 Linalool Oxide (CioHi502) 0.058 (72)
10 7.976 a-Terpinolene(CioHis) 0.075 (96)
11 7.960 Linalool (CioH;20) 3.061 (72)
12 8.508 B-Terpineol (CioIl150) 0.092 (83)
13 9.090 1-Terpinen—-4-ol (C1oHig0) 0.196 (94)
14 9.364 a-Terpineol (CioH;30) 1.533 (90)
15 9.923 Cyclooctane (CsHigp) 0.196 (92)
16 9.989 di-Carvone (CioHw1O) 0.076 (97)
17 10.088 7-Citral (C1oH160) 0.104 (78)
18 10.593 Linalyl acetate (Ci2H2002) 0.405 (90)
19 11.086 2,4-Mesitylenediamine (CoHjsN2) 0.114 (83)
20 12.041 Neryl acetate (Ci2H00s) 0.185 (86)
21 12.293 Geranyl acetate (Ci2H2002) 0.368 (86)
22 14.487 Farnesol (CisHz0) 0.099 (90)
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Table 28. Chemical composition (%) of C. platymamma peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.293 a-Pinene (CioHis) 0.649 (93)
2 4,193 B-Pinene (CioHip) 0.943 (91)
3 0.527 B-Myrcene (CioHie) 22.167 (90)
4 6.870 dl-Limonene (CioHis) 72.008 (91)
) 7.034 (E)-B-Ocimene (CioHis) 0.669 (94)
6 1.242 Linalool Oxide (CioHi502) 0.044 (86)
7 7.615 a-Terpinolene(CioHis) 0.070 (97)
8 7.945 Linalool (CioH;20) 1.325 (86)
9 8515 B-Terpineol (CioH10) 0.106 (83)
10 9.107 1-Terpinen-4-ol (CioHig0) 0.321 (96)
e 9.349 a-Terpineol (CioH150) 0.733 (90)
12 10.095 7-Citral (CioH:60) 0.260 (78)
13 10.566 E-Citral (CioH160) 0.268 (91)
14 12.036 Neryl acetate (CioHo0s) 0.040 (86)
15 12.278 Geranyl acetate (CioH200-) 0.043 (86)
16 13.451 y—Cadinene (CisHza) 0.035 (87)
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Table 29. Chemical composition (%) of C. tamurana peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.195 a-Thujene (CioHis) 0.273 (91)
2 3.294 a-Pinene (CioHis) 1.238 (94)
3 4.204 Sabinene (CigHis) 2.282 (94)
4 5.214 B-Myrecene (Ciois) 3.573 (91)
) 6.694 dl-Limonene (CyoHie) 74.477 (93)
6 7.089 y—Terpinene (CioHis) 6.552 (94)
i 7.364 1-Octanol (CgHiz0) 0.149 (78)
8 7572 a—"Terpinolene(C1oHis) 0.338 (95)
9 7.978 Linalool (CioH;120) 4.415 (87)
10 8.735 Citronella (CioHis0) 0.303 (90)
11 9.141 1-Terpinen-4-ol (C10H1g0) 1.679 (95)
12 9.349 a=Terpineol (C;oH;0) 0.982 (90)
13 9.931 cis—Ocimene (CyoHis) 0.373 (94)
14 10.095 7-Citral (CioH160) 0.228 (78)
15 10.556 E-Citral (C1oH160) 0.254 (91)
16 11.104 Carvacrol (CioH140) 1.047 (90)
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Table 30. Chemical composition (26) of C. erythrosa peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.277 a-Pinene (CioHis) 0.643 (91)
2 4,199 B-Pinene (CioHis) 2.002 (91)
3 0.362 B-Myreene (CioHis) 25.273 (90)
4 6.689 dl-Limonene (CioHis) 67.661 (93)
) 6.908 a-Ocimene (CioHie) 0.427 (94)
6 6.985 y-Terpinene (CioHis) 0.123 (95)
7 7.150 Linalool Oxide (CioH1s02) 0.130 (86)
8 7.556 a-Terpinolene(CioHis) 0.058 (97)
9 7.874 Linalool (CioH1z0) 0.866 (86)
10 8.7601 Citronella (CioHis0) 1.075 (90)
11 9.080 1-Terpinen-4-ol (CioH150) 0.233 (96)
12 9.311 a-Terpineol (CioH180) 0.384 (90)
13 10.550 E-Citral (CioH160) 0.094 (90)
14 11.077 2,4-Mesitylenediamine (CoH;4N2) 0.136 (83)
15 12.031 Neryl acetate (Ci2Hz02) 0.065 (86)
16 12.273 Geranyl acetate (CioH2002) 0.142 (86)
17 12.437 Elemene (CisHas) 0.075 (87)
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Table 31. Chemical composition (%) of C. tangerina peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.282 a-Pinene (CioHis) 0.544 (91)
2 4.203 B-Pinene (CioHis) 1.764 (91)
3 9.009 B-Myrcene (CioHig) 32.104 (90)
4 6.814 dl-Limonene (CioHis) 55.377 (91)
o 6.990 (E)-B-Ocimene (CioHis) 0.335 (91)
6 7.067 y—Terpinene (CioHis) 0.164 (95)
7 7.993 a—Terpinolene(CioHis) 0.100 (97)
3 8.010 Linalool (CioH;50) 3.284 (90)
9 9.107 1-Terpinen—-4-ol (CioHig0) 0.301 (96)
10 9.348 a-Terpineol (CioH150) 0.517 (90)
11 9.930 Cyclooctane (CsHigp) 0.123 (93)
12 10.149 7-Citral (C1oH160) 0.897 (78)
13 10.621 E-Citral (CipH160) 1.140 (91)
14 11.092 2,4-Mesitylenediamine (CoH;4N2) 0.075 (83)
15 1105 &-4-Carene (CioHis) 0.236 (95)
16 12.058 Neryl acetate (CioH200o) 0.464 (86)
17 12.343 Geranyl acetate (Ci2H200-) 1.761 (80)
18 12.453 Elemene (CisHas) 0.052 (72)
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Table 32. Chemical composition (%) of (C. unshiu x

reticulata peel essential oil.

C. sinensis) x

Retenti(?n time Constituent Peak area
(min) (%)
1 3.287 a-Pinene (CioHis) 1.041 (93)
2 4,176 B-Pinene (CioHe) 0.598 (91)
3 4,987 B-Myrcene (CioHis) 3.391 (90)
4 6.797 dl-Limonene (CioHis) 88.459 (94)
) 6.984 (E)=B-Ocimene (CioHis) 1.023 (91)
6 7.061 y-Terpinene (CioHis) 0.757 (95)
7 7.368 1-Octanol (CgHiz0) 0.018 (83)
8 7.976 a-Terpinolene(CioHip) 0.211 (97)
9 7.894 Linalool (CioH;120) 1.173 (78)
10 9.123 1-Terpinen-4-ol (CioHig0) 1.283 (96)
1% 9.331 a-Terpineol (CioHi0) 0.562 (91)
12 9.704 Decanal (CioHz0) 0.870 (78)
13 QI8 dl-Carvone (CioH120) 0.062 (96)
8-methylene-bicyclo[5.1.0]octane
14 10.406 0.082 (83)
(CoH1)

15 11.931 Citronellyl propionate (Ci3H2402) 0.021 91)
16 12.600 1,10-Decanediol (CioHz02) 0.062 (72)
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Table 33. Chemical composition (%) of Inchanggyul peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)
1 3.199 a-Thujene (CioHis) 0.138 (91)
2 3.298 a-Pinene (CioHis) 1.356 (91)
3 4,187 B-Pinene (CioHis) 0.621 (91)
4 4.987 B-Myrcene (CioHie) 3.161 (91)
) 6.907 dl-Limonene (CioHis) 80.075 (93)
6 7.039 a-Ocimene (CyioHis) 0.349 (94)
7 7.225 y—-Terpinene (CyoHie) 6.565 (94)
8 7.302 Linalool Oxide (CioHisO2) 0.270 (83)
9 7.642 a—Terpinolene(CoH;6) 0.266 (97)
10 7.916 Linalool (CioHis0) 0.684 (86)
11 8.531 B-Terpineol (C1pH;50) 0.137 (72)
cis—7-methylenebicyclo[3.3.0]
12 8.629 0.048 (80)
octane—2-one (CoH120)
13 9.101 1-Terpinen-4-ol (C1oH1g0) 0.331 (95)
14 9.364 a-Terpineol (CioH:50) 1.031 (90)
15 9.935 &-4-Carene (CioHip) 0.165 (94)
16 10.001 di-Carvone (CioH;1:0) 0.060 (97)
17 10.088 7Z=Citral (CioH150) 0.046 (78)
8-methylene-bicyelo[5.1.0]octane
18 10.417 0.199 (86)
(CoH14)

19 10.549 E-Citral (CioH;60) 0.062 (78)
20 12.052 Neryl acetate (Ci2HzOs0) 0.252 (87)
21 12.282 Geranyl acetate (Ci2H2002) 0.055 (80)
22 12.436 Elemene (CisHzy) 0.122 (86)
23 12.600 1,14-tetradecanediol (Ci4Hsz0O2) 0.035 (83)
24 13.116 Cyclofenchene (CipHis) 0.018 (72)
20 13.456 y—Cadinene (CisHaa) 0.144 (76)
26 13.928 Farnesene (CisHa) 0.204 (80)
27 14.005 &-Cadinene (CisHas) 0.078 (98)
28 18.831 Hexadecanoic acid (CigHz3202) 0.663 (86)
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Table 34. Chemical composition (%) of C natsudaidai (Singamha) peel

essential oil.

Retenti(?n time Constituent Peak area
(min) (%)
1 3.198 a-Thujene (CioHis) 0.143 (91)
2 3.297 a-Pinene (CioHip) 1.326 (91)
3 4,185 B-Pinene (CioHip) 0.684 (91)
4 5.019 B-Myrcene (CipHis) 2.933 (90)
) 6.862 dl-Limonene (CioHis) 78.528 (93)
6 7.016 (E)-B-Ocimene (CioHjs) 0.387 (91)
7 7.202 y-Terpinene (CigHis) 6.665 (94)
8 7.290 Linalool Oxide (CioH1502) 0.372 (78)
9 7.630 a-Terpinolene(CioHie) 0.227 (96)
10 7.926 Linalool (CyoH;50) 0.841 (78)
4-(1-methylethenyl)cyclohex—2-
11 8.628 0.054 (87)
enone(CgH120)
12 9.111 1-Terpinen-4-ol (CioH150) 0.377 (96)
13 9.374 a-Terpineol (CioH;0) 1.156 (90)
14 9.933 &-4-Carene (CioHis) 0.190 (93)
15 9.999 di-Carvone (CioH140) 0.072 (95)
16 10.098 Z~Citral (CyoH160) 0.069 (78)
17 10.559 E-Citral (CioH;60) 0.081 (83)
18 11.096 3-Methoxyacetophenone (Col;002) 0.093 (80)
19 12.051 Neryl acetate (Ci2H202) 0.277 (86)
20 12.237 a-Cubebene (CisHas) 0.089 (86)
21 12.292 Geranyl acetate (CiaHz002) 0.093 (86)
22 12.435 Elemene (CisHz) 0.161 (86)
23 12.610 1,14~tetradecanediol (Ci:HzpOz) 0.0564 (83)
24 13.641 a-Selinene (CisHos) 0.177 (94)
20 14.003 &—Cadinene (CyisHz.) 0.106 (98)
26 18.819 Pentadecanoic acid (CisHzoOz) 0.613 (80)
27 20.256 Methy! linolenate (CigHsz205) 0.754 (90)
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Table 35. Chemical composition (%) of C. natsudaidai (Gamhwagyul) peel

essential oil.

Retenti(?n time Constituent Peak area
(min) (%)

1 3.298 a-Pinene (CioHis) 1.340 (93)
2 4.186 B-Pinene (CioHip) 0.816 (91)
3 4,987 B-Myrcene (CioHis) 2.998 (87)
4 6.819 dl-Limonene (CioHe) 78.360 (91)
) 6.995 (E)-B-Ocimene (CioHis) 0.795 (91)
6 7.170 y—Terpinene (CioHip) 6.472 (94)
7 7.499 2-Allyltoluene (CioHiz) 0.049 (95)
8 7.609 a—Terpinolene(CioHis) 0.397 (96)
9 8.037 Linalool (CioH;20) 4.921 (90)
10 9.112 1-Terpinen-4-ol (C1oH1g0) 0.495 (95)
11 9.364 a-Terpineol (CioH150) 1.142 (90)
12 9.923 &-4-Carene (CioHig) 0.081 (95)
13 9.989 dl-Carvone (CioH120) 0.031 (95)
14 10.088 7-Citral (CioH:60) 0.042 (78)
15 10.549 E-Citral (CioHi160) 0.051 (87)
16 11.744 a-Terpinene (CioHis) 0.051 (96)
17 12.041 Neryl acetate (CiaHz00s) 0.054 (86)
18 12.282 Geranyl acetate (Ci2H2002) 0.071 (86)
19 12.436 Elemene (CisHa) 0.019 (83)
20 16.385 a-Sinensal (CisHz0) 0.108 (87)
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Table 36. Chemical composition (%) of C. grandis peel essential oil.

Retenti(?n time Constituent Peak area
(min) (%)
1 3.286 a-Pinene (CioHis) 0.754 (91)
2 4.186 B-Pinene (CioHis) 0.246 (91)
3 5.294 B-Myrcene (Ciolie) 22.645 (91)
4 6.840 dl-Limonene (CioHis) 68.076 (91)
5 7.016 (E)-B-Ocimene (CioHyp) 0.483 (91)
6 7.126 y-Terpinene (CioHis) 1.603 (94)
7 7.268 Linalool Oxide (CioH;g02) 0.642 (86)
8 7.608 a—Terpinolene(CioHis) 0.080 (95)
9 7.948 Linalool (CioHi50) 1.469 (90)
10 8.749 Citronella (Ci0H1g0) 0.205 (90)
11 9.100 1-Terpinen-4-ol (C1oH1g0) 0.219 (96)
12 9.352 a-Terpineol (CioH;50) 0.664 (90)
13 9.923 6—4-Carene (CioHip) 0.040 (90)
14 9.989 dl-Carvone (CyoH140) 0.057 (96)
15 10.098 Z—-Citral (C1oH160) 0.175 (78)
16 10.416 E-Citral (C10H160) 0.131 (94)
17 12.292 Geranyl acetate (CioHz002) 0.234 (86)
Epi-bicyclosesquiphellandrene
18 13.455 0.294 (93)
(CisHza)

19 13.993 6-Cadinene (Ci5Hzs) 0.050 (96)
20 18.753 Tetradecanoic acid (CraHzgO2) 0.181 (90)
21 20.179 (E,Z)-1,5-Cyclodecadiene (CioHis) 0.175 (83)
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3-3. @it 24 A

J

gz 2A &8s e Ay F 2019 A
a DPPH &% &7 &3E vetlided, o
F H5(SCx = 6.7 uL/mL) ¥ R E(SCy = 57 ul/mL)o] S5 &3S e
HE &8s vH(Table 37).

_l

2) Superoxide radical scavenging assay

AeEd A FE229 superoxide FUZ A7 B2 A3 Ax F 2179
A F2E T FRASCx = 109 pL/mL)9+ HeokslE(SCs = 161 pl/mL) 271
& FEE U2 AH 222 vaste] $58% 592 JEIS Fd

A THTable 37).

3) NO radical scavenging assay

Hed AF F=Ee NO stHd 27 2348 &Ad 43 F 2109 A7 F
== 3 10709 FE&°] 2 NO 2 &7 834= yehlglew, 2 7
5(SCs = 1.8 ul/mlL)3 &4 E(SCs = 2.0 uL/mL)e] 538 a34E JUeiE
F1 5 vH(Table 37).
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Table 37. Scavengings of DPPH and superoxide,

essential oils.

NO radical by citrus

Superoxide

DPPH radical : NO radical
) radical )
scavenging . scavenging
Citrus essential oils activity stavenging activity
activity
SC50(11L/1’I1L)
A ZHC. aurantium) 15.2 > 100 20.0
Seminole

(C. paradisi x C. tangerina) 116 L 4 > 100
F22ZHC. obovoidea) > 100 10.9 > 100
L2 (C. natsudaidai) > 100 97.8 > 100
AAC. unshiu x C. sinensis) 19.3 > 100 27.8
A oFstE(C natsudaidari) > 100 16.1 > 100
25 (C. aurantium) 6.7 > 100 1.8
W2 (C platymamma) 125 > 100 22.3
k3 (C tamurana) 9.96 > 100 214
A (C erythrosa) 5.7 > 100 2.0
HE(C tangerina) 196 > 100 22.3

52| &}
(C. unshiu x C. sinensis) 10.8 > 100 85
x (. reticulata

723 2(C natsudaidar) 13.0 > 100 28.7
S5 AHC grandis) 10.6 > 100 10.9
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Bacillus cereuss W3z F 20 &9 essential oil® I aH}E FAHIAC
A& 15 uLE vhola® 93lE ol &ate] AEA HEsto] e wAE 37C
oAl 24 A7 B & FHA A A9 A FL Table 333 7.
Bacillus subtilis®} Bacillus cereus w55 ©|&3 3o &4 HPoA= 43
ket Ha 7 Fol M £ 24S YEhHAL 1 o] FE) FA3) seminole,
a4, e, w4, fdskd Tol 24 YEddth
Propionibacterium acnes +% ©|&3% 3t A HAIoA = FAF7 7

T S HolH, ol F &, s TR, A4, Hokst#, A Tl T

e ol
o,
o
HI
E
-
o
o
(@8]
<
o
&
2
b
o
-
=X
r [0
%
g
g
S
8
8
~
1€))
S
&y
e
3
Sh
[€5)
3
=

Paper disci ol 93t AdA= gqr=o] &7 YEld Af FEF= digh F
A2AHEE=MIC)S A v A 34 (broth dilution method) o= A3}t =L
A3 SR} Hekskd AR FEES O AS  d=E 0 A

Propionibacterium acnes (ATCC 6919)¢} ¥y ¥Rt Staphylococcus

epidermidis (KCTC 3958)oll thal &7t Uetton £33 o=g ol
ol Propionibacterium acnes®| talx+= FHEA, AokslE 2o 9719 #= A

FEEoA dHddE HEEE SA3A T Table 40).
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Table 38. Disc diffusion assayes of the essential oils of citrus species against

Bacillus subtilis and B. cereus.

AA N E (mm)

EAS= R o
B. subtilis B. cereus
=T C. unshiu 1.0 1.0
= C. sunki 0.5 2.0
A} C. benikoji 0.0 1.0
| 7} C. aurantium 1.0 -
Seminole C. paradisi *x C. tangerina 2.0 3.0
A C. obovoidea 2.0 2.0
sl C. natsudaidai 1.0 2
E:Ksl C. unshiu x C. sinensis 2.0 3.0
Skl C. hassaku 0.0 1.0
Zlopet= C. natsudaidai 1.0 29
s C. aurantium 2.0 2.0
e C. platymamma 05 15
A 7Fst C. tamurana 2.5 4.0
A C. erythrosa 2.0 15
He C. tangerina 25 4.0

) (C. unshiu x C, sinensis)
H. oz
A s x C. reticulata 10 35

A= - 0.5 2.0

KEdas C. natsudaidai 1.0 1.0

ARy C. natsudaidai 2.0 2.5

S A C. grandis 1.0 0.5
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Table 39. Disc diffusion assayes of the essential oils of citrus species against

Propionibacterium acnes.

ey B A A o) #-(mm)
=T C. unshiu 0.0
= C. sunki 0.0
Eapss C. benikoji 0.0
Sy C. aurantium =
Seminole C. paradisi * C. tangerina 0.0
= A A} C. obovoidea 6.0
st C. natsudaidai 4.0
E:Ksl C. unshiu *x C. sinensis 6.0
3-ZA) C. hassaku 5.0
Zlopet= C. natsudaidai 6.0
= C. aurantium 4.0
e C. platymamma 2.0
A &Fst C. tamurana 7.0
A C. erythrosa 35
He C. tangerina 2.0

) (C. unshiu x C. sinensis)
H. oz
A x (. reticulata 8.5

A= - 2.0

A 23t C. natsudaidai 6.0

sk C. natsudaidai 4.0

T A C. grandis 5.0
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Table 40. Minimal inhibitory concentrations of the essential oils of citrus

species against Staphylococcus epidermidis and P. acnes.

2 5 S. pidermidis P. acnes

(uL/mL) (uL/mL)
A} C. benikoji > 50 2.0
Sy C. aurantium > 50 2.5
Seminole C. paradisi > C. tangerina > 50 10.0
= A} C. obovoidea 2.5 0.31
sk C. natsudaidai > 50 1.25
K| C. unshiu *x C. sinensis > 50 > 50
AL 7F C. pseudogulgul > 50 > 50
Zlofst= C. natsudaidai 10 0.31
= C. aurantium > 50 5.0
e C. platymamma > 50 > 50
A &Fst C. tamurana > 50 2.5
A C. erythrosa > 50 20.0
He C. tangerina > 50 > 50
v Cmm TV e
sk C. natsudaidai > 50 > 50
S A+ C. grandis > 50 5.0
Triclosan 7.8 15.6
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Cell viability (% of control)

't I i I I I i I_I_I

Essential oils (uL/ymL) control 0.01 0.05 0.1 0.01 0.05 0.1

0

C. oboveoidea (Geumgamja) C. natsudaidai (Cheonyahagyul)

Figure 68. Cell wviability of THP-1 cell treated with C  obovoidea
(Geumgamja) and C. natsudaidai (Cheonyahagyul) essential oils. MTT assay
was performed after incubation THP-1 cell treated with various concentration
of Cheonyahagyul and Geumgamja essential oils for 24h at 37C in a 5% CO-
atmosphere. MTT (2 mg/mL in phosphate-buffered saline) was added to each
well in a 1/10 volume of media. Cells were incubated at 37C for 4 h, and
dimethylsulfoxide (DMSO) was added to dissolve the formazan crystals. The
absorbance was then measured at 540 nm using a microplate reader. The
entire experiment was performed in triplicate, and results were confirmed by

three independent experiments.
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TNF-u (pg/mL)

! r z
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50 | .
Q0 a— — - — —a— PR " ¥
P. acnes + 4 ' ¢ 4 +

Essential olls (uL/mL) - - 0.01 0.05 0.1 0.01 0.05 0.1
C. obovoidea (Geumgamja) C. natsudaidai (Cheonyahagyul)

450 I-
400 r .
i 250 | '
= %00 |
g 250 -
® 20} =
= 450} L
100 }
g L L - . " A A )
P. acnes + - + + + + + +
Essential olls (nL/mL) - - 0.01 0.05 0.1 0.01 0.05 0.1

C. obovoidea (Geumgamja) C. ratsudaidai (Cheonyvahagyul)

Figure 69. C. obovoidea (Geumgamja) and C. natsudaidai (Cheonyahagyul)
essential oils inhibit P. acnes—induced seretion of pro-inflammatory cytokine
TNF-a(A) and TL-8(B). THP-1 cells were stimulated with and without P.
acnes and the supernatants were harvested after 48hr. Culture supernatants
were added to 96-well plates and then diluted biotinylated anti-IL-8 or TNF-
a was added to the sample wells. After incubation for 3h at room
temperature the sample wells were washed. Sterptavidin—-HRP was distributed
to the sample wells and the plate was then incubated for 30min at room
temperature. After incubation, all the wells were washed, and 3,3’,5'5',—
tetramethylbenzidine (TMBZ) substrate solution was added. After incubation
in the dark, absorbance was read at 450 nm for 12-14min. Data are

expressed as mean + SEM. =P < 0.05 vs. P. acens alone.
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3-7. NO AA oA &3¢

o ==[\g] ——\TT 180

60 - o - 140
—T
- 120
50 - \'—“—"1\-

40 A "

30 -

20 - \»

NO production (uM)
3
Cell viability (% of control)

10 - 20
0 : ; , . Lo

LPS (1 yg/mL) - + + + =F +

C. unshiu - A
essential oil (LIL/mL) L 0.013 0.025 0.050

Figure 70. Effect of C. unshiu on NO production in LPS-stimulated RAW
264.7 cells. RAW 264.7 cells were stimulated with 1 pg/mL of LPS only or
with LPS plus various concentrations of C. unshiu essential oil (0.05, 0.025,
0.013, 0.0063%) for 24 hr. NO production was determined by the Griess
reagent method. Cell viability was determined from the 24-h culture of cells
stimulated with LPS (1 pg/mL) in the presence of C. wunshiu essential oil.
The data represent the mean * SD of triplicate experiments. =P < 0.05, #*P
< 0.01 vs LPS alone.
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Figure 71. Immature Citrus grandis Osbeck
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o] 1 A3k “&¢k A shaL 2oz 23 & AFste] AFES AT F 2
3= RS 23] &SI
A4St w5 AR =T o] APl HW ofzthe HEEE HUlsie] HHo
2 FAYE mwde] 34 E 9AEZ 9,000 rpm supra 22k)3F= WH o2 AlA
stk Al AIES] Akl QlojAlE AlFd TICW e Anel F24 #4719 5%

7], w5719 @] @ aE A4AEe V] E o] &5tk
Calvarano s °| Bergamot peels®] 2F34 o] &S 91319 naringing F&E3+
WS HaslY Ed, hot waterZ F%F $ ultrafiltration 3F3L, macroporous
cross—linked polystyrene®l Amberlite XAD-16 resin®l| &&ZA|F A A= HH o)
Sk” olel XAD-16¢ 2% flavonoide] F2 % #el& A=)
ARG Alme EeSs AARY] ko] @ds] w5 A7aL FEUXE
AR G gA FAL 258 &l siFete SRl st A SRl e
A8 Adventec No 2. FEZ ultrafiltrationd] L w2  ofalglch
Ultrafiltration Kit (Cut Off 10K9} 3K)<2 Millipore®] Prep/ Scale TFF 2.5ft"
Cartridge 9} 1ft° Cartridge, Wilo AF9] #38 H3Z PM-015NMS A}83819 3,
e 99 FE A A3 AR A% W19 WSl 3~4 L/ming &40

L/hour AE9 £5x2 &=5F 9},
5
Ao = B3t Y E Fyste] wAYUTE R Fo] wolAH WolH g
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Aol wE odmo] ALeA e =AE Fla w7 9184 Yamazend
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oA G & =4 24E AR 98 4 Lo SEaE v S AlRem,
1 o]F 60% ethanol €9 2 LE F3}AA flavonoid #8-& L3l LA,
methanol 2 LE E34AA 534

AutFo R F58 WriA =

Ultrafiltration®-8 ©] & -¢, JAkste] E of 100~120g2] Al&7F 600 g9
resine]l W] F3 2 4 A3, FFEHO e+ flavonoid =8 25~30 g/13]
AE Ao} Ultrafiltrations #8317 @2 4-¢9 Hluwste], F:&55 &HE& vl
XAD-16 resin A#H-S AE3H= 4-$ 600 gol tisiA] 10 g HLw B3 A]A
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vt EHE9 neohesperidin®] #8 5o A#FE HPLCE Hal 3l 3l

3, B Ao HPLCE £33 ¥4 e AHL 7l5s), Ao 28317

olo] . AFoAE Uil EvE AIEE F JE FHARvEIHI(MPLCO)
A 3. MPLCE o] &3 A-doAx tiv9] 2&uAldAs &
ol A A &grom HEFAOE CHCl; : MeOH : HO = 26 :

14 : Solﬂ‘{“ %UH e Ej”]jgi?_ '5‘:‘3]‘% O]% T MME]'

oo
s
iy
ot
2
L&)
kol
ol
o,
N

FHANN AAG Behwwol= w3 sk @4 %9stu DPPH
free radical scavenging assay®} superoxide anion scavenging assay, xanthine
oxidase inhibition/superoxide radical scavenging assay, NO radical scavenging

assay =& A A 315 T}

1) DPPH radical scavenging assay

DPPH free radical scavenging assay+s ol &0 =<l zZ}7}e] wwo AlRE
96 well plateol] #3F3 0.1 mM DPPHE A3 & 2294 10 # ¥-5 A7
#5517 nmoll A 43490tk DPPH radical ~A €4S DPPH 9 &%
7F 509% A W yYeku= AlEe] X (SCa)E EA AT

B ok
E{o{n

2) Superoxide anion scavenging assay
Superoxide anion 2AEAHL PMS/NADH system® ©o]&3te] AAH
superoxide anion® %8 NBTE&YHOoZ 517 nmolA =A%) vreRe 7}

Azl 125 pM NADH$ 63 uMe] NBTE %3, 8 uMe PASE #H7lshd
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E

superoxide?] A4
3) Xanthine oxidase inhibition and superoxidase scavenging assay

Xanthines 7] 2= 3}o] xanthine oxidase®] 9|38 ¥ uric acid®] %S 290
nmol A FFEE FA] P393, superoxide?] %2 nitroblue tetrazolium
(NBT) gt o2 517 nmol Al A3, 8§12 100 mM phosphate buffer
(pH 6.8)°] 1mM xanthine, 0.5mM EDTA, 59 ng/mL BSA o# 5 %9 Al#|
H7bske] 25ColAl 10 ¥3F AA 3 & 0.5 U/mL xanthine oxidaseE 713 &
25Ceol A 10 £7F thA] ¥k-8 AA uric acid®] A S HF 5393, superoxide 4

A gL ImM NBT & #H7FgE & wkgA]Z v}, Xanthine oxidase A

)

N
hA

superoxide &~A &AL 27 AAE uric acid®t superoxide®] S %=7F 50%

A ol GElE A5 3E (ICHhYE SCs)= ¥ A 33

4) NO radical scavenging assay

o

10mM SNP (sodium nitroprusside)&<} 100 uLel] A|82E == 73k
25Col A 2-3 A+ &<k BSA T wH§o] #d & wkS Ry &

A

o

[e]

[e)
Griess ] 9F(25% (v/v) phosphoric acid, 1% (w/v) sulfanilamide, 0.196 (w/v)

naphyethylenediamine) & #7}slo] 25C Al 10 &3F ¥hg A7 &

al

40 nmol A
THEE A3} Nitric oxide 2ASEARE 371 50% #A4ae o e}

A7 8] FE(SCa)E EAISHATH

iy

2-3-2. Cell culture

Murine macrophage cell line (vF$2 w2 A ¥E)2l RAW 264.72F mouse
melanoma cell line?] B16/F10 A%+ Korean Cell Line Bank (KCLB)ZF-¥ &
drol Ao ALE3FA T} 100 units/mL penicillin-streptomycin¥ 10% FBS©]
FHr¥ DMEM ®lx & AMg3le] 37C, 5% CO2 && Z7Astel A wgalel o,

ol
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RAW 2647 A& 18 Az ¥igst & w58 A 59 LPS (1 ng/mb)E &4
of Agfste] 24 Azk wieFatAtt Mg F MTT §°4(2 mg/mL in PBS)& 7}
ato] 4 AIZE EoF WA AT e s $ds] A A A DMSOE 7hete] HA

microplate readergE ©]&3le] 540 nmolA FHEE

zgstglh 7 Aswel U BF FRE g TodoH, Hxrd FR=

2-3-4. NO assay

RAW 2647 M %2 DMEM A& o]&3to] 1.5 x 10° celly/mLz 2H3 3
24

well plate o] HE3ta, 5548 A5 LPS (1 pg/mL)=E
Aol Helste] 24 AIzE v sttt A E NOS| 4 Griess A oF& o] &3}
of Maujgd Fo EA8= nitrite (NOp )9 FE|E S ATE A2 F A
S8 100 pL®}  Griess AleF [1%  (W/V) sulfanilamide, 0.1% (w/v)

GSL'

ek 23 HAE

naphylethylenediamine in 2.5% (v/v) phosphoric acid] 100 pLE Z3+slo] 96
well plateol] ] 10 #-%5<F ¥+-8 AlZl & microplate readerE ©]-&3}%] 540 nmell
A TREE 2AEAT. AAE NO9 %& NaNO; (sodium nitrite)E standard

2 v skt
2-3-D. Cell tyrosinase activity assay in B16/F10 cell
Mouse melanoma cell line?] B16/F10 Al¥XZ 6well plated] 5x10" cell/mLo]
HA E8g $ 24 AZEbEQE 37C COp &27|olA] wikstar, dabd A f
.

ZEZQ a-MSH 50nM-S A sta A A &5&F(EtOH:PBS=1:11)& T %
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2 A3 72 AzZE B 37TV A w g o 36 Aol A &

RS

Wizl A e} FAN A RE YA HHsAY. AEES trypsin-EDTAE o] &3}¢]
F53ar, o]#EA 39 celld] 0.2mM phenylmethylsulfonyl fluoride (PMSF)<}
19 Triton X-1002 g3+ 67mM sodium phosphate buffer (pH 6.8)Z 500 ulL
A 2] sle] sonication 391 oH, o] FEIE 1 AZFEet d&olAl BAIIATE 1 A
54T ARG 15000 rpme 2 15 23 AAE3 & gzas 3
3lo] tyrosinase A E-2Ao] AFE3FITE. Al EUY tyrosinsae A EAE A E U9
£ 3k= tyrosinased] 28243 A E+= DOPA chromes T Aol 2o =A
g}k 120 uLe 67mM sodium phosphate buffer (pH 6.8)°l 7| d=ZA] 5 pL¢
1.5mM L-tyrosine® 40 pL¢] 25mM L-DOPAE Eg3F & oa] Ao A=l
100 ulLE At 37C 7)ol A 2 Az vh& A )

Hhgol Fo] ¥ DOPA chromes 475 nmeolAl =43¢ mushroom
tyrosinased] €/4-& 7o = St WA 1 ug® wniteE T4 2448 L ERY

AT}

3. 43

3-1. ZgHwoln 3o A=

Aol A flavonoidit & e 83t7] 98] A+ AM&EE XAD-16 F3

o] 83} 2™, naringin®} neohesperidin®] FA#<¢l flavonoid #8-2 #3143
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Figure 72. HPLC chromatogram of purified flavonoid fraction.

3-2. Neohesperidin® # A

AlFZ 2 AR 97-AF 1439 o= naringin¥ neohesperidin®] #Zo] £ A3}

o, A & FE=HY st #AH A 9] naringin hydrolate A& 2] st
neohesperidin® 2] & & A Zd o, 371Y ol AW A F/R = AAo] A

714 ek ek},
BiHE AL 80% w2 F=Hol Wl neohesperidin® &S Al %83 o).
AA] 3ME o] WAl E AAgLe AV[A &kvh. TRE chloroform¥t E¢] <

o sume] mAE Fa wAAGO ol @I A EFANA 9] BE
3
248 AgAuan 47 R dkol Rolibx 2gom, £ o FEIUAE

]_
ol 3t doz <ldle] XAD-16 column B3 A] 60% ethanol &<42] < ¥
& naringin¥} ¥ 3L neohesperidin®} TLC Ry #Fo] Y A3l AES Ko

U, HPLC® #4493 H. W (mobile phase : Water : MeOH : acetic acid = 57 : 43
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0 0.5, Flow rate:l mL/min) 7 &2 vl &Y O & # A= A 4o A&
stolar 4= vt YWk ¢l flash column chromatography &% &¥2¢l 2¢=
ol& F §I3, HPLCY ®Wioze AAAE 4 + vt add A
MPLCE °]&3l9 &&4<d ¢
MeOH @ H20 = 26 : 14 : 3 A Th 26 mmx300 mm Z#He] 20 mL/min® <

ofo
ol
o
(ld
ed
il
.
acs
%z
_EL
-
ofo
_?L
o
=)
l
O
.
a

o2 &ulE &3 oW, injection ¥ Al 7]=3d dAlEvdd 0.2 g/mLe Fx
2 52 FPH o= BEE 4 mLA FUI Y. Neohesperidin¥ naringin A}
ol oF 4 HolH Z injection?te] AL oF 16 & 2l o] tH(Figure 73).
B B F 3}, detect range 2.56°04 30%=
FEE W steE T2 FGYh ofd xmIidlel ¢ste] Sxld
neohesperidin %2 4w Eo H7 A7 & S22¥YES 718 & oF 12 A
b WAse] WA FER2XE Fo 9 vodade
filterg ©]-&s}o] filtrationdtal A=Fe] WE-EZ A3 5 343513
o] A A AR = neohesperidine Hir 214 mg/g =H wol= & o
AT}, Neohesperidin® & &<20S $3 NMR 2#FEZE  TFgure 74 ¥
Figure 751 uE; vk %% HPLCE o|&3tol A#slo, 98%= A4
H Sigma AFe] A= vl 95% = A #=E A vHFigure 76, 77).

neohesperidin
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Figure 73. MPLC chromatogram of neohesperidin.
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Figure 74. '"H NMR spectrum of neohesperidin (400MHz in DMSO-d).
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Figure 75. C NMR spectrum of neohesperidin (100MHz in DMSO-ds)
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Figure 76. HPLC chromatogram of authentic neohesperidin (1 mg/mL).
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3-3. @it 24 A

A vls oA AAG EFrxol= #89 DPPH #tHzd &7 &4

s} At SCs #< 4922 pg/mL o] e ol FAdUxaoz ALESH
AFZEHTE v Aol xuk AlFdigta TIC7F BA3ta & 30% Zehix
ol=E Sfe fEity EIFE TIC B (SCs=591.4 pg/mL)Et} FL& 2404l
tHTable 41).

2) Superoxide anion scavenging assay

PMS/NADH=Z 2% superoxide radicalel] 93] NBT+E A= 9] formazan®.
2 9. A BY superoxide radical A7 &Aool EAd= A, AlFE 7t
olel formazan® Aol AAHW FAE=IF HAAEHA Huh HFe A¥E=
superoxide dismutase (SOD)E 7}A it 2el3Fd ).

EE s AA 99 superoxide A7) A Ao g SCs %2 1406 1
g/mLo| At} o= Ao 2 ARG troloxH uf oFgF e A o|gl o) A
Fuista TIColA BEAs HaEay oded FE%ES TIC A (SCs=3290 u
g/mL) ¥ 30% ZelHxol=E 3 &2 TIC B (SCs > 1000 ng/mL)H.Th
T2 Aol AHTable 41).

3) Xanthine oxidase inhibition and superoxidase scavenging assay

Xanthine oxidase¥ AW purine thAF] #Foddl= FAE xanthine =
hypoxanthines AFSIAIA ureas H/J3kAl gt} xanthine oxidases A4 ¢
MNHAaE A FEAE o]835e] xanthined QA3FF o w 4HsElE WSS S gt
o} welA] xanthine oxidase?] A3 &3 free radicale] A& A= 3
Absl, w3t R dAgEd dAdEo AEsHoR Fod 9oE:  pxith
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superoxide 27 &4 W2 xanthine/xanthine oxidase systemo] 2] A5
+ superoxide anion radicalE A4S A7) A AT = ARE o= Adow
nitroblue tetrazolium (NBT)9] 4 AEE Edlo itdes A3t} 439
A8 T = xanthine oxidase @A AQl allopurinols 7FA 3l 183t S8l
o= AA| #FL xanthine oxidase 1A A4S HIorm ICxm # 1327 1
g/mLoZ TIC A ¥ TIC BXrt} =& Ao}l 3 xanthine oxidase Al
24 &0l superoxide A A EA e HolFA oW o= PMS/NADH®
9] 8k superoxide &7 243 YA sh= A 3o|rH(Table 41).

4) NO assay

Aeld 7oA AAFdoz NOE A= 22 sodium nitroprusside
(SNP)E AR&3Fe] 550 nmellAl FH=E S35kl 4383t

ZHE o)l AA £33 9 nitric oxide FHZ 2 AL 500 pg/mL &= A
308%=% yErton AFUSE TICHA F53 Aada] oes 5= TIC
A%} w3t 2 s ERH T (Table 41).
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Table 41. Antioxidative activities for purified flavonid fraction.

SCso and ICso (pg/mL)

Sample DPPH Supeyomde Superoxide Xar.lthme NQ
radical anion : oxidase radical
. : scavenging . . . . .
scavenging scavenging assay inhibitory scavenging
assay assay activity activity
Zaly o= o2+ 15.
AA B 4922 +14.8 1406 +54 41.9+0.07 4
TIC A NT 329.0+£4.3 * * *
TIC B 591.4+£11.0 >1000 39.3+3.3 * 367.7£29.7
BIHIA 11.1+£0.9 NT NT NT NT
Trolox 11.4+£0.1 101.8+6.2 NT NT *
L-Ascorbic
12.2+0.1 12.2+0.1 NT NT NT
acid
Queretin 6.1+£0.03 NT 5.6+0.4 * *
Curcumin NT NT 87.7+04 * 121.1+84
Allopurinol NT NT 2.91£0.1 1.5+0.1 NT
6.1+0.03 0.55+0.003
SOD NT NT NT

(U/mL) (U/mL)
o x Can't calculate the value of SCs and ICsg

e NT : Not tast
3-4. NO A A& &4 : in vitro 94 24
RAW 264.7 Ao LPS (1 pg/mL)et o8 1A %2 AaE FAd #H7)

& F 24 A B FFHAT B NOS FS Griess A ol §5te] A

ZafFe) Foll EASE nitrited] FEHE FA3 AT FHA SR )= A

Y& 125 250, 500 ng/mL A FEFH FE oEFHOE NO AHFS o
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Aghs Tl (Figure 78). 1000 pg/mL o2 sXo A= cell viability 2]

30 - =aNQ —e—MTT - 120
e = —= T

: - T _
W M * {100
S R |18 | R £
= =
Z 20 {8 8
a L)
= 5}
£
% 1578 ] 60 =
= iy
S =
8 =2
1= ) J =
10 - 0 E
> =
Z ' (3

5 1 20

I-r-| |
0 0
LPS (1 pg /mL) = + + + + + + = —+ + +
Sample (yg/mL) - - 7.8 15.6 31.2 62.5 125 250 S00 1000 2000

Figure 78. Effect of purified flavonid fraction on NO production in
LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were stimulated with 1 n
g/mL of LPS only or with LPS plus various concentrations of purified
flavonid fraction for 24 hr. NO production was determined by the Griess
reagent method. Cell viability was determined from the 24-h culture of cells
stimulated with LPS (1 pg/mL) in the presence of Citrus unshiu essential oil.
The data represent the mean * SD of triplicate experiments. *P < 0.05, #*P
< 0.01 versus LPS alone.
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3-5. AZU] Bpol 2AUbAl B EA

[e)

O

A T oz AFE3E arbutin® A& o] 50 pg/mLAlA oF 50% HAE L
!
melanogenesisE f%3t3L A o™, 100 ng/mL o3t A= F=87 24

B ekskeh.

2

th o] el Eftimoln A FE R &4

Ol

oA AE

ko
rir

o

fl

KeN
=

i

Hiol= AA B8 WydF o9 melanogenesis =842 500 ng/mlL
ol a-MSHY Hgl¥d thxaEY 6mMAdE =4 YEvil des ¢ F Ak

weba] ZelE o= AA e o-MSH H3 Fo]X7Ad A melanogenesisE

il

Frata 98-S 218k sl vh(Figure 79).

.';E‘ -
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BE

=D

v 2

= £ 2 sl

=1

o i3

=g

3 L

&)

; mﬂﬁﬂﬁﬂ
A-MSH (50ng/ml) - + + + mE + + + +
Sample (ug/ml) i = 50 EtOH/PBS 31 63 125 250 500
arbutin vehicle flavonoid fraction

Figure 79. Effect of purified flavonid fraction on tyrosinase activity mouse

B16/F10 melanoma cells.
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