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ABSTRACT

The peel of Citrus fruit is rich in pectin, flavonoids, limonoids and
coumarins that are valuable and functional dietary ingredients for human
health. However, Citrus immature fruit peels produced by thinning were
mostly discarded as a waste. Therefore, utilization of this peel waste has
received much attention.

'Shiranuhi ((Citrus unshiu Marc. x C. sinensis Osbeck) x C. Reticulata
Blanco)' and ‘Hongkyool (Citrus tachibana Tanaka) immature fruit peel
(SIFP, HIFP) used in this study was collected from Jeju Citrus Research
Institute (RDA), and then extracted with 80% ethanol. After that, SIFP was
analyzed and purified using RP-C;z column equipped with MPLC. The
structures of purified compounds were confirmed by 'H and **C NMR.

Ethyl acetate fraction of SIFP (SIFP-E) and compound 3-4 showed potent
DPPH and ABTS radical scavenging activity. Anti—inflammatory activity of
SIFP-E and compound 4 were examined using RAWZ264.7 murine
macrophage cells stimulated with LPS. As a result, SIFP-E and compound 4
had inhibited a nitric oxide (NO) and pro-inflammatory cytokine (TNF-a,
IL-1B, IL-6 and PGE,) productions significantly.

Solvent fractions of HIFP were investigated for anti—oxidative and anti—
inflammatory effects. The total polyphenol content and total flavonoid
content were the highest in the butanol fraction of ‘Hongkyool (HIFP-B,
5,344 mg/g). The HIFP fractions showed the strong antioxidant activities by
DPPH method and ABTS method. The ‘Hongkyool  ethyl acetate fraction
(HIFP-E) inhibited the generation of nitric oxide, IL-6, iNOS and COX-2
protein expression. Based on these results, we suggest that ' Shiranuhi'
and ‘Hongkyool” immature fruit peel maybe has the possibility for use as an

anti—-inflammatory and anti—oxidant agent.



This study was also designed to analyze the chemical composition of
essential oil in 4 cultivars of Citrus fruit and to test their biological
activities. Essential oils were obtained by steam distillation from fruits
collected from Jeju Island and were analyzed using GC/MSD and thirteen
components were identified in the essential oil. Since acne vulgaris is the
combined result of a bacterial infection and the inflammatory response to
the infection, we examined whether citrus essential oils (CEOs) possessed
antibacterial against skin pathogens. As a result, CEOs showed good
antibacterial activities against drug-susceptible and  -resistant
Propionibacterium acnes. In this study, CEOs were examined on DPPH,
hydroxyl, alkyl radical scavenging activities by ESR spectrophotometer,
respectively. Based on these results, we suggest that essential oil of citrus

fruit could be used as an antibacterial and antioxidant agent.
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Figure 3. Oxidative stress leads to disease.
o) = o A=~ = = -y = [e) =
e 29 & db BASAE A%l O FhHe A A
o, AE 2 Sofl FHYEA FxsE TEfRRol=RE ET Al

pyrane ring < 7FAa Qo = A 67}A|(flavanols, flavones, flavonols,

flavanones, isoflavones, anthocyanidins)® T-& % t}.



MMHZHS
draoamd;.E
3R i ,
o T - mM FCCY
7EmMLw_o_uﬂH ﬁmﬂaﬁE ]
ﬂﬂ%ywﬁ w_oﬂ% R
X A O W) 2
Eow%eﬂfm e mg%mﬁdm
| o al - o < P T Do b o
z}ﬁﬂqm W : wi@ﬁﬂ mgmgﬁ
o M g P = 2 W oo R Sy g 4 T Mo
_— EE 0 _ZT FL < _— i = Hr_ o T Ee % m o ~ ~ ~ B WWAO
o i i CO i iR B
= W X - cl S S L T2 W o =
w M — X 3 S yﬂyl;ub\rjlﬂ{ mﬂ,}»_sb
of ® T = o M AR pox 5 & Do % e T o
S Jo 2 2P T 2 7 T 5 B 5 1B R i
— o i 28 N~ = ~ AW ~ ~ S = . < 50 (=) o )
mﬂmmmﬁmﬂ _M JI_H,A.‘_ _hM _ALﬂr.ﬂodr 1_150
< 5 A « " P - < io° mw hoE o % kg T
- e oo ' DY = B ¢
W %H .Zﬁﬁwd, %m%ﬂ%éz@%% %__hﬂu
- 03 _ .|.o —_ "o
o B 5 " B 3 W W F 2 m o T = L o B
ST 2 = R - = 2 _dml}oi s -
Lo > o i o b]1DﬂA x D
s % 3 A CI T e oz S w S _ .= 5
o ML = m&r ﬂ No _ oﬂL \/mvi MU% e = Hﬁa oy ol mhy
_fﬂ%gm\bAmﬂ\%pﬂo mezTawa@}mwzﬂo ML_Q
o - = 4 | = oF s = JIgeIy 2 s < )
Eu%;%wﬂﬂmg@@ zw@i_u%ﬂﬂﬂo N
C T En 3= g g " 0 oo O s N
i%m<§4%@awﬁ§§omﬂoﬁiovdle %Mg
= Esﬂ o X ~ < B 0 T = X
wimwwﬁgwwew%wzﬂummb%mmg% @m%
r _]] o T 2 aU o
A e/ NS Myﬁﬂ N o B HONM B Lwo = % o X ~ 03 o moR
dqywt @}a@ W mgﬂ%.wﬂ% : o W
TrE T E o M o 2 o X 25" - B
7m%ﬂm@7waﬁ%\hww HEliE
ES 5 - o o T
agzw_m%ﬂggm% = _d%mi%@
agL&@Hm1ﬂ¢gLﬂ - K N
701_.1_. s ° o< _‘le.mﬂqwr
L do = = R T o KT o oy
*ETE Z 5 I ~
2wz D O ° "
Vo om E,_}L_#o‘ﬂwx_] =0
= ok = do oo T I =
.*ooﬁo.lma“.:loﬂcOf
oaa_/gﬁoﬁo
N o

—
T

A A5
o] &

o1=

2s A

9] o1

A

&l A

"‘H %}\gﬂ' Qoi

9

m
Aol acrophage=
B}l ¢

10

o

-

o

[9]

il

7] ﬁo]q_'%,zg
2=
]‘*1 0]14' UJ_Q% /\_ﬂ



=252 nitric oxide (NO), prostaglandin E, (PGE,), proinflammatory
cytokines AATOEHA TF, 5, 4 59 dF vhes TEAT|L HF
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Table 1. Scientific name of Citrus varieties

No. Common name Scientific name
1 -2t Dangyuja C. grandis Osbeck
2 iRy Byungkyool C. platymamma Hort. ex Tanaka
3 Az} Jikak C. aurantium Linn
4 2} Yooja C. junos Sieb. ex Tanaka
5) K=y Jinkyool C. sunki Hort. ex Tanaka
6 Cl=3 Binkyool C. leiocarpe Hort. ex Tanaka
7 FAp LS Kamja C. benikoji Hort. ex Tanaka
3 =g Hongkyool C. tachibana Hort. ex Tanaka
9 He Pyunkyool C. tangerina Hort. ex Tanaka
10 A7 Sadookam C. pseudogulgul Hort. ex Tanaka
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D HAF m% e fE AR Hel 9 2y

A8t v&y) By fa AR #2E 9ste MPLC (Medium Pressure
Liquid Chromatography, KP-C;s—HS, Biotage Co.)E A}&3}3a, #d
Ao A AFg% TLC (Thin Layer Chromatography)i= precoated silica gel
aluminum sheet (Silica gel 60 Fy54, 2.0 mm, Merck Co.)E& A}&3}% T TLC

Aol A spot?] &9l& UV lamp (254 nm)E AF&3FA Y, visualizing agentoll

A A 7] & heat-guns o] €38Fe] AZXAF T} Visualizing agent2E KMnO,
T8 (3% KMnO,, 20% KyCOs, 0.25% NaOH) % 1% anisaldehyde-MeOHZ
doo wep AREEAT

TFZEAMo o]g&%¥ NMR (Nuclear Magnetic Resonance)< AVANCE I
(FT-NMR, Bruker Co)E °l&3t31i, NMR 54 Al &wj= Merck®] NMR

o compoundﬂ dd=dds syl 917 HPLC &4°l= HPLC
(Waters Co. 600 Pump)& ©]-&3FaL, column ¥ AZE7]% ZH2b Shimpack
VP-ODS Cig column (4.6 X 250 mm, 5 pm; Shimadzu) ¥ UV-Visible
Detector (Waters Co. 966 PDA 254.0 nm)E AH&3} 31t}
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% Fyjo} &S HElstar, B3 E 60T dry ovenollAl 12~48A13F A Z2A70
S Eafete] AbESith FAE msIue] FEE 98 dx B e Iy
1,085 goll 80%(v/v) °l&t& 20 LE Wi A-2oA 24A17F wytslgitl,
AEZAZ AEE Y A FHE o] &ale] ofdwt Hsglom, o9 T
How Ry Fate] giste] HA3 o7 33 whE AAEIQIT) o] E A
o st Ao 40Celste] FEA A 313 +%7](rotary evaporator)=
B 146.8 g2 AU ¥ 80% EtOH F+E& <+

60 g& TF5 1 Lol dgAl7]a, £ Zu7|E ol&d 54 &Alel wet

Fard o g BE8te] p-Hex, EtOAc, n~BuOH % H,0 &A=Z & 479 &)
(e3]

Dried peels of immature 'Shiranuhi' (1,085 g)

(Citrus unshiu Marc. x C. sinensis Osbeck) x C. Reticulata Blanco

80% EtOH 20 L, stirring, 24 h, 3 times

Extract 146.8 g (14.7%)

Extract 60.0 g
Suspended with H,O
| | | |
n-Hex Fr. EtOAc Fr. n-BuOH Fr. Hy0 Fr.
(2.8 g, 4.6 %) (30.5 g, 50.9 %) (8.4 g, 14.0 %) (17.7 g, 29.5%)

Figure 5. Procedure of extraction and fractionation from SIFP.
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o
o

. MPLCE ©] EtOAc fraction®] &4 4 &

S dojr 7z} B3 =L = ethyl acetate (EtOAc) £ E 5.0 g&
S0 wgt Ao AlEststry] 91skel MPLC (Medium Pressure Liquid
Chromatography)S 33}ttt EtOAc #3+& 5.0 g& MeOH 8 mLol
=olal 0.45 um PVDF filterE o]&3] o33 % Fdsklem columns
9 AHIHAC WS ARSI V&7 &EME ol&d MeOH : H,0
(10~90%, 80 min), MeOH (90—100%, 10 min)¢] &vj] =AE=2 54 H&E&

T o2 WA 247 40 mLA &E A7 F 39709 fraction

o
ne
52
o

MPLC fractionE % Fr. 14Z%E compound 1 (28.5mg)S LAiL, Fr.
18914 MeOHS AF&3l #1243} compound 2 (133.6 mg)E <
2725¥ compound 3 (118.3 mg)S dReH, Fr. 3125%H compound 4

(126.8 mg)E AAH(Figure 6).

EtOAc Fr.5.0 g

MPLC (ODS-C;3 C.C)
MeOH : H,0 (10—100%)
Step gradient, 40 mL each

| | | | | |

Fr. 1 Fr. 14 Fr. 18 Fr. 27 Fr. 31 - Fr.39
(28.5 mg) (133.6 mg) (118.3 mg) (126.8 mg)
Recrystallization
with MeOH
Compound 1 Compound 2 Compound 3 Compound 4

Figure 6. Procedure of isolation of compounds from SIFP.
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2) AT Ade F=E AR 4

L AT AR F=, & 8 2 ZYdd AFEE EmE2 Merck B
Junsei®] AF& ARESITH AT APgE] SR molE T A e
e Bujel H58 dx2AT F 2Es sto] ARgEith 7t EF H ¥y
FEES 2 B9 1 gd 70% HEE 30 mLE 7tele 259 FEV|E

1AZF B9 &35t A5 HS 0.45 pm syringe filter2 o] 3}gk & 74t
FESA 54 AX 3 AxE BAE A Q852 AL B ALew

HPLC (High performance liquid chromatography)+ e2695 Separations
module (Waters, USA)S Al&3sl3ion, o]FAte] A18H &uli= Mercke
HPLC grade& A3 th HPLC #2428 Waters 2489 UV/visible detector,
Waters e2695 Separations module (Waters, USA)S A3t o, H4
coloum= YMC-Pack Pro C;s RS (250x4.6 mm, 5 um), F+%< 0.6
mL/min® 2 #2831, HE7] 3842 280 nmel™ 0.1% acetic acid9t

acetonitrile  &N& ARESte]l 7er] &EARAL, dHolH 4 S/We

Waters®] Empower system= ©]£3}%th. HPLC 77|84 2 &8 =4S
Table 2-3% Zth. HPLCE ol&ste] zhaERol @Wol FfHo e Ao=

¢ty zl rutin, narirutin, hesperidin, neohesperidin, neohesperidin
dihydrocalcone (NHDC), quercetin, apigenin, naringenin, hesperetin,
nobiletin, tangeretin, auraptene % 13F< tiido=z BEASAT. AAIA
48 BETE&A> 9o 13F EgExol= AEEl W8] Sigmailel

AleFS MeOH¥} DMSOe°l o zhzb 25, 50, 100, 200 ppm &%=7}F

E

=

HrE sAsie] zASAT. BE 2A9e 33 oy wEsgon Anghe
iy
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Table 2. HPLC chromatographic conditions of the control factors

Control Factor Conditions

Injection volume 10 uL

Column YMC Pro C18 s (250x 4.6 mm, 5 pm)

Mobile phase A: acetonitrile, B: 0.1% acetic acid

Flow rate 0.6 mL/min
Column o
Temperature 10C
Wavelength 280 nm
Detector Waters 2489 UV/Visible (Waters, USA)
Separation Module Waters e2695 (Waters, USA)

Table 3. Gradient elution conditions for the separation of flavonoids

0.1% acetic acid

Efnlqurrlg (mFLl;)r;lVin) Acetonitrile (%) (%)
0 10 90
5.0 25 75
30.0 0.6 40 60
35.0 100 0
43.0 10 90
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2 oAFoA AHgH &5 Merckd AEFS ARSIt FEE 4H9
AR BEAe 7890A GC system (Agilent, USA) gas chromatography mass
spectrometry detector (GC-MSD)E A&}t kst &4 Ao ARE-H
electron spin resonance spectrometer (ESR)2 JES-FA200 (JEOL)&
Abgetlon, @t &4 A ARgE WA= Difco La. (Sparks, MD.

USA)NA d8te] A&}t

7 eF, @, Sug % Adg AR %
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Figure 7. Picture of essential oil determination apparatus.
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L. GC-MS A& 4

A+ AES gas chromatography mass spectrometry detector (GC/MSD)el|
osle] HA18t9th Columne DB-1HT (0.1 mm x 30 m x 0.32 mm,
Agilent, USA), carrier gasi= HeS A3l #% 1.5 mL/min® % 3}3t}.

T 270C, &% 2232 40TCAA 5% FA8F AL, 100T7HA]
5C/min X2 52 A2 F 100CAA 523t %X]’S}S’ijl, 230C7HA]
w7 A sl GC/MSD 412 GCeoF wd¢
F3stHar, MSDe 2%+ 312TE A3k GC system 2
mass spectrometry detector= AgilentAle] 7890A % 5975C HEEE
AbgERlal GC/MSDel o8 wA" AR 71719 Wiley 138
databaseZ o] &3} 34 s}

()]
(@
~
=
=
Yo
ol
rlo
>
~Y
1o
1
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3. A& H7t

= Z94¥E g% =4S Folin-Denis®? & o]&3to] wA A 33

FZEE 100 pLel 75 900 uLE Yol total volumeo] 1 mL7} HES
slAskgltt. o 7]ol Folin-Ciocalteus' phenol reagent 100 uls % 7}sto
Zoll A oF 37k WbgA7]aL, Na,COy &< (7%, w/v) 200 uLs 7o

flot
e

& ST 700 e W@ol A2dA 1ARE WA UV-
SpectrophotometerE  ©]&3le] 720 nmmolAd STIFE SAHES  Z

BEAgon, ZF ZgdE e gallic acid® EEEHE dlo] ZHAE

Z ZgKHwol= TS Moreno 59 WHE®S o]&3le] vl Ak 3o
FZE 15 plel diethylene glycol 150 ul, 1IN NaOH 15 plLE #H7}38to]
g3 & Ao A 1AIZF WESA]Z7]aL UV-SpectrophotometersS Ah-g-3}o]

420 nmellA FFEE FSASIY. F SR o= =S quercetine

FeEdr oo AT FEAARHAE FA FEEed T oEftExol=

ksl 24 WY E Blois 59 WYL o838kl DPPH (1,1-diphenyl-
2-picrylhydrazyl) free radicalell tgt #A=}35 (Electron donating ability,
EDA)E A3t FE5=9 dAwos 58S A, Als 20 ulel 0.2 mM
DPPH €< 180 pLE ¥ i 10%3F ¥H$A|71 3 UV-Spectrophotometers

AFE-3le] &S DPPH free radicalS 517 nmolA =338t DPPH
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radical 7184 AR &4 H7b o} FHIE Abo]o] FHE AolE
g = e A

4) ABTS radical scavenging &4 74

ABTS radical 2A €L Pellegrini 59 Wi o} =A3s9t). ABTS
radical 2AZA2 7.4 mM ABTS®} 2.6 mM potassium persulfates <3
A2 gaelA 15417 St A8 radicals FAAX F o] &HE 734
nmell A FF= Fel 0.70+£0.027F =5 34si3ith. 24 E ABTS &
180 upLell F== 20 pL& 7tste] A2eA 168 5t WA w 700
nmol A FFEE SAHSAT. ABTS radical 2AEHL2 Alg &9

A7 e} AT Alole] FHE AfolE wiRg 7 el
5 ME W

A= A ¥ AFg¥ murine macrophage cell line?l RAW264.73} m] =

e

g Aol ALg-¥ B16F10 murine melanoma cell Korean Cell Line Bank
(KCLB)®2HF¥ #<9 dto} 1% penicillin—streptomycin® 10% fetal bovine
serum (FBS)o] 3¥f%¥ Dulbecco’s modified Eagle’s minimal essential
medium (DMEM) ®j|A|& AR&3le] 37C, 5% CO, @27]olA wjgstalon,
3ol s WA A #wY sk Lipopoly-saccharide (LPS, E. coli
serotype 0111:B4) &= Sigma-Aldrich (St. Louis, MO, USA)Z ¥ %3}

AL-8-31 ST
6) Nitric oxide (NO) &4

24 well platee] RAW264.7 cell (1.5X10° cells/mD)< 18417 A w|%¥ %,
Az LPS (1 pg/mDE Al Agste] 24A13F wdstdtl. A ¥ nitric
oxide (NO)9 %< griess reagent (Sigma)E ©]-&3fe] AEujkel o

EA8= NOy, FHeEl2 SA3S. AxEuefY 45 100 plet griess
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reagent 100 puL& i'(?j 3o 96 well plateoﬂ/\'] 108 %9} ?_%/\]Z_]_ 5 540
melA FREE SP3r

7) Pro-inflammatory cytokine &34 &4 =4

RAW264.7 cell (1.5<10° cells/mDS 24417+ ¥WieF &, LPSE 1 pg/mlz
Agste] cytokine BAE A=t FAld AEE s& HE A
2477 vt T AT NS FHEe], 2+ mouse TNF-a (Invitrogen, USA), IL-
18 (R&D Systems, USA), IL-6 (Invitrogen, USA) % PGE, ELISA kit (R&D

Systems, USA)E AF&3}9] cytokineS A= 3} t}.
8) wjy & =4

Algel ww A4S ZA3s7] $18t9] B16F10 murine melanoma A|l¥XE
0] 83} melanogenesis A3 32 =439t 6 well plated] 5.0 x 10!
cells/mLe] HE% AMEE ®BF3taL, 37T 5% CO, 1A 24413 vk
T wjx]E A A3t} Phosphate buffered saline (PBS)2. = A% 3}ar 100
nM a-MSHE E&sh= HiA2 ek § samples w2 42 3718}
3Gz w39 < Mg F wiAE A|AStaL PBS buffer=® A&
T Efioer Agste] AxE 3o 34" AEs= 1M NaOHE
HA7Vstar 55TCAA] 2A13F #hAste] MU melanins

plate reader’] 2 475 nmolA SHFE=E FAH3A

o
ne
32
=
o,
r
=
o
=
o

9) M¥ESA H7HWST-1 assay)

A EEA H7boli= RAW264.7 murine macrophage cell, B16F10 murine

melanoma cell, HaCaT human keratinocyte cell®] A}-g % it}.

=

RAW264.7 A3EE 1.5x10° cells/mlZ 24 well plated] 18A17F A vl 3}
Algel LPS (1 pg/mhE A Agste] 24A13F st & AxEsAd
A5

o
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B16F10 AZ¥ 5.0<10* cells/mlZ 6 well plateo] 18A17F A wj%ata
AlE9t a-MSH (100 nM)= Al Agste] 3U43F wigs 5 A=
=359 2™ HaCaT human keratinocyte cell& 1.5x10° cells/mlZ 2

4
plated] 18A1ZF A wiFstar A 2E Aglsto] 2443 Wi & AEX 54=

zF AR s gE Al WST-1 reagentE 10%(v/v) FH7Fske] 30&
Fot F7F mlYdslR o tetrazolium salts (WST-1)2] 3hgloll <3 AAE

= &3AA 440 nmeld FFE=E SASAH. 7 IS
33] o] wkEEgiom Alsatel et Hdt FF

E4% 713 vasle] Alge] AE =4 An

ol

ki
=
o
o
[
=
BN
=
1o

Ll

ZAFSFA T
2E A A AMo= microplate reader (Sunrise™, Tecan Co.) T+&
UV-Spectrophotometer (Molecular devices, SpectraMax M2, Sunnyvale,

CA, USA)E A3t SA48k3lth
10) Immunoblotting (iNOS, COX-2)

MEe] INOS 2 COX-2 wide] S Western blot  analysis®
sHelalolth, RAW264.7 cell (1.5X10° cells/mD)S 18417 & wjeF &, LPS (1
ng/mhet AMEE FEEE FA APt 244%F EF wikeith AEE
PBS (phosphate buffered saline)® A& 331 400 ul®] lysis buffer (Pro-
prep, Intron biotechnology, Gyeonggi—-do, Korea)E 7}slo] 23} 3+ %,
14,000 rpmellA 1023t 94 Eelsle] s Hedirh d@id s
BSA (bovine serum albumin)E 3X+&HO= 3} Bradford reagent
(Sigma-Aldrich, St. Louis, Missouri, USA)® A&t A3+ 9o
G (20 pg/sample)= SDS-PAGE (polyacrylamide gel electrophoresis)=
A7) 4% 3 3 gel transfer device (iBlot®, Life technologies, Carlsbad, CA,
USA)E ©]83}9 PVDF membrane®.2 T A& transferstSltl. 12 &2l
NOS2, COX-2 % B-actin¥ 2z} &A1 HRP7} A3%tE anti-rabbit [gGE
R Santa Cruz BiotechnologyAte] A%< AF&-3F3ith ECL 7] & (West-zol,
!

Intron biotechnology, Gyeonggi—do, Korea)¥ WS A]7l1 3 Chemidoc
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(Fusion solo, VILBER LOURMAT, Deutschland, Germany)< ©]83}¢]

Z1zke) ol wE AEE 245

gaksl Ao thoksl W owm  =AE=d] electron spin  resonance
(ESRH S ©] AT+ ueAe Eds] HdEa o
Tl M= AE W " TEH S 2 A 24 HE AR
T 3hE o] A8
Eo]Hol A=Al WHoE Alzmeo] DPPH, superoxide anion % alkyl

radicald] W3t A2ASS =A5 ), 4

ofo
ot
o
>
)

9Jt}. ESRE free radical® &4 J= 71 wzdsla

=l
N
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7}. ESRS ©]-83F DPPH radical scavenging &4 7

Az DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging

249e Nanjo 59 We ol g3l S4sArh! 10 uL A=Fe] 90

t

pL. DPPH €9(0.2 mM)S H7}sle] 28 F<F wke-A|7]3l, quartz capillary
tube°] %71 & electron spin resonance (ESR) spectrophotometer (JEOL

Lts., Tokyo, Japan)® ZA33TE A5l tgh radical A& (%) oz

AZ o] &sto] A4be o, ESR 4] X712 Table 49F 28kt

Activity (%) = ESR signal intensity for medium containing the additives of concern % 100
ctivity (%) = ESR signal intensity for the control medium

Table 4. ESR spectroscopy conditions of the control factors of DPPH

radical scavenging activity

Control factor Condition
Frequency 9.4375 GHz
Magnetic field 337 mT
Power 1 mW
Modulation width 0.8 mT
Amplitude 500
Sweep width 10 mT
Scan time 0.5 min
Time constant 0.03 sec
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L} ESRE 0] 83} hydroxyl radical scavenging &4 A M

10 mM b5,5-dimethyl-1-pyrroline N-oxide (DMPO, in potassium
phosphate buffer, pH 7.4), 5 mM 2,6-dihydroxypurin (xanthine), 0.25 U/mL
xanthine oxidase, 18lal Z} ARES v HE FHsi AdRES
T35t} Sample 10 pL, DMPO 30 ul, xanthine 30 pL, xanthine oxidase
30 pLEs g1 25TCoA 5% Bt Wk$A|7]aL, quartz capillary tubeol] %71
< ESR spectrophotometer® 783ttt Alzo] theh radical &7AE(%)&

obefo] A& o]gste] Aibaglon, ESR 4 %31 Table 59F &3ttt

Activity (%) = ESR signal intensity for medium containing the additives of concern % 100
ctivity (%) = ESR signal intensity for the control medium

Table 5. ESR spectroscopy conditions of the control factors of Hydroxyl

radical scavenging activity

Control factor Condition
Frequency 9.4375 GHz
Magnetic field 337 mT
Power 5 mW
Modulation width 0.2mT
Amplitude 700
Sweep width 10 mT
Scan time 0.5 min
Time constant 0.03 sec
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t}. ESRS ©]&3F alkyl radical scavenging &A 734

40 mM 2,2-azobis(2-amidinopropane)hydrochloride (AAPH), 40 mM alpha
(4-pyridyl-1-oxide)-N-tert—butylnitrone (POBN)¥} 7z} A5 E5S 5% HE
x|t AFS 23899t Sample 10 pl, AAPH 45 plL, POBN 45 pL
37CAA 108 S¢F WS A7)l quartz capillary tubeo] %71 3 ESR

spectrophotometer2 A3}t Al 2ol W3k radical 2H&(%)S o2

A5 o] &3te] AALEI o, ESR ¥4 AL Table 63 gkt

ESR signal intensity for medium containing the additives of concern % 100

Activity (%) =
ctivity (%) ESR signal intensity for the control medium

Table 6. ESR spectroscopy conditions of the control factors of alkyl radical

scavenging activity

Control factor Condition
Frequency 9.4375 GHz
Magnetic field 337 mT
Power 10 mW
Modulation width 0.2mT
Amplitude 1,000
Sweep width 10 mT
Scan time 0.5 min
Time constant 0.03 sec
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12) &+ &4 B7t

Ngol a4 XS SAS 7 el Propionibacterium acnes 4% thalo]
paper discHoZ AL A &S
i x]o #& 0.5 MacFarland=®

Ra, A7 2o AR gaNE TFshs A 8

ol
2 J\N'
o
0Q
o)
=
Ll
Phl
ﬂ.ﬁ
P‘L
rir
_1\1
_11_,
o
=
R
do
2,

m
o] 37TColA 24-48A17F 7] Wi o3 i~ S A% inhibition

zone? A7 (mm)S 43 H(Figure 8).
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Figure 8. Paper disc diffusion test.
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Im. 23 3 23

L 7A8 v 2220 fa AR By 2 A 24 237t

Citrus #9 ¥ Fatol= H=4 flavonoidset S ¥ E3gE S0

wol {3 doen, T HSHEY o f wWol dFIo Ago
HuEok® #HEA ZAE5S A&EAo E43 AZ2S Fostau, 3 2
el 27§ o]A+e]l phenolic hydroxyl (OH)71E 7Hx Was 33tEE5S

771, St ol =gk 'hdoe] AR o w SA Y, gt oA, delol=

gabs}, ek o b AEdgdS sk
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A3 =4 24 Atk n-BuOH SollM= g =S4l & 29
g Gol FEH yoal, Holdis & S(#HAL residue)dl M= FA 0]
w9 9, ofuAF Fol gaEe] A Bk
Gallic acid9} querceting ¥Fg&No = AL-g3 HAFAE 2HAsIe] 23}
"2k 3 (SIFP; Shiranuhi Immature Fruit Peel) 80% EtOH F&&E%}
g Ed FHE T EYdE 2 F EHEEoE IqFE S4T A=

Figure 9%} #Zt}. &5 2 359 T g I 73l A+ gallic acide}
2

quercetin® <o w2 Al Figure 109 YeERHUTE. 1 23 EtOAc
BelZo A 71 2o ZE#(915.2 mg/g GAE) ¥ Ze}x1:-0]=(202.3
[e3]

mg/g QE)E Frstal glglew, o= &bl &9 To Ay &4 4¥
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Figure 9. Total phenolic compound (A) and flavonoid (B) content of extract

and solvent layers from SIFP. Values are expressed as mean * SD (n=3).
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Figure 10. Calibration curve for quantification of total phenolic compound

content and flavonoid content (A; gallic acid, B; quercetin).
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2) DPPH radical scavenging &4 7™

AL S =A== W= oe 7Hx|7} 9oy DPPH  #lZ
A 2 SAo] 7hsst datst SAHo|
DPPHE @Yz 5 w3 <kA3 slst=E2 8 sk ofn| =4k ascorbic acid,

Hed 3gE 5o s EAZRE A 45 AlFdol DPPH-H=Z

T U= FA AEAY dits @3 E Aol ufg- =] witol] wWol
o] &9l ¢l Wolth*® A3} n<=u}t 33| (SIFP)2] 80% EtOH F&& 2

g B3 Eo| 3o DPPH radical scavenging A4S =A3 2

2315 (ICs50 > 1000 png/mL)¥ n-Hex 3 E(1Cs > 1000 pg/mL)S #|£3 80%
EtOH F=E(Cs = 858.93 pg/mL), EtOAc #8=(1ICs5 = 683.98 pg/mL) %
1~-BuOH H3E(ICy = 356.52 pg/mlL)olA HE=JEH o= DPPH radical

scavenging &4 & H S (Figure 11).

3) ABTS radical scavenging 4 7

B23} w43t 33 (SIFP)9] 80% EtOH F&& % &n] EIEd st
ABTS radical scavenging &A4S 543t 1 23 80% EtOH F=%, n-
Hex 8% % Water £8&2 SCsoske]l 1000 ng/mLEY 7] LEROH,
EtOAc w38 E(SCs0 = 800.53 pg/mL) ¥ n-BuOH #8E(SCs; = 808.16
pg/mL)ol A £& ABTS radical scavenging A8 H G tH(Figure 12).
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100 4

90
858.93 >1000 683.98 356.52 >1000 ICs, value (ug/mL)

80 -

=125 pg/mL
250 pg/mL
m500 ug/mL
= 1000 pg/mL

DPPH radical scavenging activity (%)

80%EtOH ex. Hex Fr. EtOAcFr. BuOHFr. Water Fr.

* Positive control (ICsp) : BHT (22.19 pg/mL), Quercetin (25.48 pg/mL)

Figure 11. DPPH radical scavenging activities of extract and solvent
fractions from SIFP. Data are expressed as a percentage of control and are

expressed as mean * SD (n=3).

100
90 7 >1000 >1000 800.53 808.163 >1000 ICs value (ug/mL)
80 1

70 4

W 125 ug/mL
=250 ug/mL
® 500 ug/mL
1000 pg/mL

ABTS radical scavenging activity (%)

80%EtOH ex. Hex Fr. EtOAc Fr. BuOHFr. Water Fr.

* Positive control (ICso) : BHT (23.01 pg/mL), Quercetin (22.50 ug/mL)

Figure 12. ABTS radical scavenging activities of extract and solvent
fractions from SIFP. Data are expressed as a percentage of control and are

expressed as mean * SD (n=3).
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4) Nitric oxide (NO) A €4 2 MEX 54 54

FA3 w3 3y 80% EtOH FE& 92 8Edd tia == nitric
oxide productions &RIs A3}, 80% EtOH FEEA AT nitric oxide?]
AAE FIJT F UMAT n-Hex B EtOAc w8 =olA FLEYEAO=E
o 3 =4 54 A% n-Hex

d=olA &7t FoldTE AE Ao YeEES Flsdla EtOAc
B3 Eo = 100 pg/mL FEolA 2048 =2] AX 54 H O} nitric
oxideg® 80% ol AA #AAA7IE AS st Wt EtOAc #8955
BFlew sto] fa AR Ed 3 F7HEQ 24 2dS A Psd vk (Figure

13).
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ENO production (%)  ® Cell viability (%0)
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100 o o
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20
0 I
LPS - + + + + +
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Sample concentration unit : pig/mL

Figure 13. Inhibitory effects of extract from SIFP on nitric oxide (NO)
production and cell wviability in LPS-stimulated RAW264.7 murine

macrophage cell line. The data represent the mean * SD of triplicate

Sample - - n-Hex »n-Hex »n-Hex »n-Hex EtOAc EtOAc EtOAc EtOAc »n-BuOH »n-BuOH »-BuOH »-BuOH H,0 H,0 H,0 H,0
12.5 5 50 100 12.5 25 50 100 12.5 25 50 100 12.5 25 50 100

experiments.

ENOproduction (%) = Cell viability(%)

| ] L .
1001 = 1 N
.
80 »
60 *k
40 * - "
I ok % ok
20
o L N | ||

LIPS - + + +

*

Figure 14. Inhibitory effects of solvent fraction from SIFP on nitric oxide
(NO) production and cell viability in LPS-stimulated RAW264.7 murine
macrophage cell line. The data represent the mean * SD of triplicate

experiments.
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5) Pro-inflammatory cytokine QA &4 =4

LPSE F&E% WAAEE pro-inflammatory cytokines HH|SHA =)
o] Folol A5 W ARE dotE F Uk FAF Hs3 3y EtOAc
LeEA o]lelg cytokinegS Erty AT & A=A Rl 96t
47}A]  cytokine (TNF-q, IL-1B, IL-6 % PGE,°l thHal A|3E uvjFs
o] g3ke] ELISA WHo=z A3t 1 A3 100 ug/mL %4 TNF-a
AR Fe oF 30%4 % AAHNL, IL-18 & oF 36%, IL-6% <F 23%7}

AA = AEe SAsATE 22 PGE,2l A5 oF 8% AX Al HAAT
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Sample concentration unit : pg/mL

Figure 15. TNF-a production of EtOAc fraction from SIFP. RAW264.7 cells
were stimulated with or without lipopolysaccharide (LPS) and the
supernatants were harvested for TNF-a measurements after 24 hr. The
data represent the mean * SD of triplicate experiments. *P<0.05, #*P<0.01,

versus LPS alone.
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IL-1p production (%)

100.0
80.0
e
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40.0
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0.0 |
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Sample - - 25 50 100

Sample concentration unit : pig/mL

Figure 16. IL-1B production of EtOAc fraction from SIFP. RAW264.7 cells
were stimulated with or without lipopolysaccharide (LPS) and the
supernatants were harvested for [L-10 measurements after 24 hr. The
data represent the mean * SD of triplicate experiments. *P<0.05, #*P<0.01,

versus LPS alone.
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IL-6 production (%)

100.0
|
80.0
60.0
40.0
20.0
0.0 [
- + - +

LPS -

Sample - - 25 50 100

Sample concentration unit : pg/mL

Figure 17. IL-6 production of EtOAc fraction from SIFP. RAW264.7 cells
were stimulated with or without lipopolysaccharide (LPS) and the
supernatants were harvested for IL-6 measurements after 24 hr. The data
represent the mean = SD of triplicate experiments. #F<0.05, **P<0.01,

versus LPS alone.
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Figure 18. PGE, production of EtOAc fraction from SIFP. RAWZ264.7 cells
were stimulated with or without lipopolysaccharide (LPS) and the
supernatants were harvested for PGE, measurements after 24 hr. The data
represent the mean = SD of triplicate experiments. #*F<0.05, **P<0.01,

versus LPS alone.
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6) w9 g A
a-MSH= @z}t AAo] 2% B16F10 murine melanoma cellol] A A] 5.9l
ojs) Aebd Aol Ampt AAH=A G5 80% EtOH FEEolA+=
Aebd A Zgo] YEpA] kdth(Figure 19A). &vl E8 Eod A+ n-Hex
2 EtOAc w&8EdA Had AAES dA3%] JAst= A Eelstdh
a3y p-Hex +8%E % EtOAc #8E 15%(100 pg/mL)olA MEZ 54&

B

o} EtOAc & & 50 pg/mL ©|ste sZoM= HX A4
_]
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(A)

®Melanin content(%) & Cell viability (%)
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Figure 19. Melanin contents and cell viability of extract (A) and solvent
fraction (B) from SIFP in a-MSH stimulated B16F10 murine macrophage

cell line. The data represent the mean = SD of triplicate experiments.
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17+t A A A FE(HaCaT human keratinocyte)oll Al Algol] 9|3k A 5A4S
glst7] fete] WST-1 assays HAAeATh AlX W] wEZ=gol &
Fharo] o3&l tetrazolium salt’} formazan® 2 A=W AE HEES
SAste Aotk AlRE X E HaCaT celldl A ste] 244t &
gt Alw AP o] AEAEES 100% 71Eo2 53
LeEe] A A Ax AEES SAHSH 54 49
n-Hex &8EoA s/t sobdsE Ao ok 540l yehd
g13k¢lal 100 pg/mL sElA 20%°1% 5A4S YeEbATh n-Hex £3&8%
Aelslal 80% EtOH F%+=, EtOAc, n~-BuOH ¥ H,0 w8 ZdAMe= AX

wx0] Aol 18- eletgthFigure 20).

K
o
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Figure 20. Cell viability of extract (A) and solvent fraction (B) from SIFP in
HaCaT human keratinocyte cell line. The data represent the mean = SD of

triplicate experiments.
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8) A8} w3} #y] EtOAc =3 &M &

AC)

| ggeze] 2244

MPLCE ©¢|&3%}4] compound 1,2,3 % 45 FaH(Figure 21). &84
compoundE< 1D, 2D NMRE& o] &35le] 3}3t&
g z3ste] st tH(Table 7-10).

EtOAcFr.5.0 g

MPLC (ODS-C3C.C)
MeOH : H,0 (10—100%)
Step gradient, 40 mL each

Fr. 1 Fr. 14 Fr. 18 Fr. 27 Fr. 31 = Fr.39
(28.5 mg) (133.6 mg) (118.3 mg) (126.8 mg)
Recrystallization
with MeOH

Compound 1 Compound 2 Compound 3 Compound 4

Figure 21. Procedure of isolation of compounds from SIFP.
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OH O

Table 7. NMR spectroscopic data® for compound 1

Position Sc
2 80.7
3 40.5
4 198.6
5 165.1
6 98.0
7 166.9
8 97.2
9 164.6
10 105.1
1 129.3
2' 129.2
3' 116.5
4' 159.2
5' 116.5
6' 130.9
Glu-1 102.2
Glu-2 74.7
Glu-3 77.9
Glu-4 71.3
Glu-5 7.2
Glu-6 67.4
Rhm-1 101.2
Rhm-2 72.1
Rhm-3 72.4
Rhm-4 74.2
Rhm-5 69.9
Rhm-6 18.1

@ 'H, BC NMR spectra were recorded in CD3;0D solution at 500 MHz, respectively
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CHs

0 T
OH OH

OH O

Table 8. NMR spectroscopic data® for compound 2

Position Sc
2 78.3

3 42.1
4 197.0
5 163.0
6 96.3
7 165.1
8 95.5
9 162.5
10 103.3
1 130.9
2' 114.1
3' 146.4
4' 148.0
5' 112.0
6' 117.9
Glu-1 100.6
Glu-2 73.0
Glu-3 76.3
Glu-4 69.6
Glu-5 75.5
Glu-6 66.0
Rhm-1 99.4
Rhm-2 70.3
Rhm-3 70.7
Rhm-4 72.1
Rhm-5 68.3
Rhm-6 17.8
OCHj3 55.7

Y 1, 13C NMR spectra were recorded in DMSO solution at 500 MHz, respectively
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Table 9. NMR spectroscopic data® for compound 3

Position 6C
2 160.3
3 106.4
4 175.7
5 97.3
6 139.7
7 157.4
8 151.5
9 154.0
10 111.6
1' 123.1
2' 109.1
3 149.0
4 151.7
5' 112.0
6' 119.4
6-0CHj; 55.7
7-0CHj; 61.8
8-0OCHj; 55.9
3'-OCHj 61.0
4'-OCHj 56.4

@) H, 3C NMR spectra were recorded in DMSO solution at 500 MHz, respectively.
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OCH30

Table 10. NMR spectroscopic data” for compound 4

Position Sc
2 162.1
3 106.7
4 177.0
5 154.4
6 140.3
7 157.7
8 96.2
9 152.4
10 112.6
1 123.6
2',6' 127.6
3'.5' 114.3
4' 161.4
5-CHj 62.1
6-CHjs 61.5
7-0CHj 56.2
4'-OCHj; 55.4

@1 ¥C NMR spectra were recorded in CDCls solution at 500 MHz, respectively.
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6,7,8,3",4’-pentamethoxyflavone (3)

OCHj

OCH30

5,6,7,4’ - Tetramethoxyflavone (Tetramethyl-O-scutellarein, 4)

Figure 22. Structures of isolated compounds from SIFP.
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9) 29 HEEe) Aoy B}

A8k v gyl ZeE SehE 47HA T R dEAA &
7FHA] - 3tet=(compound 3, 4)° sl &4kEl, &l 9 wwMEA HIME
T, o] F 3§E2  polymethoxyflavone (PMF)RF=Z T35 &
std=EA tedt 22 725 7P 3itk(Table 11).

Table 11. Structure of isolated compounds from SIFP

Compound 3 Compound 4

Chemical
structure
. v Tetramethyl-O-scutellarin
Chemical name  6,7,8,3",4’-pentamethoxyflavone (5.6.7 4~ Tetramethoxylavone)
Molecular
: 372.37 (CyoH500 342.34 (C1gH;50
Weight (Ca0H2007) (C19H1806)
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2439 38E compound 3, 49 thate] DPPH % ABTS radical 2784 &
543 23 F

FolEX o R 7} radicale AASE €4S HY DPPH
radical®] A% compound 45T} compound 3oA £& FAS H oM [Cy
2 2.85 mM (compound 3) 2 5.32 mM (compound 4)= YEFGH(Figure
23A). ABTS radical W= compound 32t compound 4°4 &2 24+
el o 5 31352 DPPH radical Bt} ABTS radicaldl o3 & A 73]
E£& FAHS BHIOH [Cyh #HE 0.66 mM (compound 3) % 0.30 mM

- =

(compound 4)2 1= A tH(Figure 23B).
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Figure 23. DPPH (A) and ABTS (B) radical scavenging activities of
compound 3 and 4. The data represent the mean £ SD of triplicate

experiments.

57



11) 293 ggtE9 AE EA 9 nitric oxide (NO) A3 A

2oy 32 AE =AS =457 9Ysl RAW264.7 macrophage?] A3
AEES WST-1 assay®  Z4skglth. WST-1 242 AL W9
HEZEglo} E4ihase] 93| tetrazolium salt’} formazan® = 3=
ANEZAEES SAHSE A1g WHolth, LPSE A=¥ RAW264.7 cellol
ARE F=EE AYstar 24A3F & wigsiadnt. Als FAe gz
AEZ AESEES 100% 7|FoZ 3193 compound 3 % 45 FLEHEE
Agstdle Wel AE =SS S8R 5823 compound 3 E 4ol A
100 M 5%=7bA4] M 540l YA 852 gelstilt

Nitric oxide (NO)+& free radical?l @4 & A E(Reactive Nitrogen Species:
RNS)¢] dEo=x NO synthase (NOS)o| 93] L-arginine©] citrullinel =

habd o 2= e Mg 2 AeE deA v, AR vER

b

sl NOm  AdWdAs AAA 2 welAe dg  EadwA
AAAGEAS e FEE dAets 48 24 BQAe) @ oA
3

Age] FLFI  gder FEIE Basoel Q!
Lipopolysaccharide (LPS)Z M¥XE AFA|7]3 A|RE A st NO Aol
deS A A3 compound 3 NO AA oA @37k A
. 3FA%F compound 49A FZolEHOFE NO AL Ao

He A

P
o
fu

|

rr

al

(o]

1
5 %

o

§

o
filo

100 uM sXollA AxE=A gfle] 60% ©]F NO A4S A
gkl sl i tH(Figure 24).
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® NO production (%) ® Cell viability (%)
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Figure 24. Cell viability and inhibitory effects of compound 3 and 4 from
SIFP on the production of nitric oxide (NO) in LPS-stimulated RAW264.7
murine macrophage cell line. LPS (-); saline without LPS, LPS (+);
lipopolysaccharide without extract, Cpd 3; compound 3 (6,7,8,3,4'~
pentamethoxyflavone), Cpd 4; compound 4 (tetramethyl-O-scutellarin).

The data represent the mean £ SD of triplicate experiments.
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12) Compound 49] pro-inflammatory cytokine #]3f&4d

LPSE f%3 thAAEE pro-inflammatory cytokines H]|&HA ¥ =4
o] &3l dF WY ALRE dolE F v BHE dgE 7 UM T
nitric oxide (NO) A& &4do] =39 compound 4914 TNF-a, [L-183, IL-6
3 PGE,E vty Asiet=x &S] flste] AE vigA S o] &35t
ELISA W o g 433

RAW264.7 cellol Al compound 4% TNF-q, IL-18, IL-6 ¥ PGE.% A&
FEOEA R AAsiy £ S vEWlen, 53 % 100 uM 5=l A
IL-6% ¢ 80%, PGE;= ¢ 90% ol frelAezm oAsts 24%

YER At (Figure 25-28).
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Figure 25. TNF-a production of compound 4 (tetramethyl-O-scutellarin)
from SIFP in LPS-stimulated RAWZ264.7 murine macrophage cell line. The
data represent the mean * SD of triplicate experiments. #*P<0.05, *+P<0.01,

versus LPS alone.
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Figure 26. IL-1B production of compound 4 (tetramethyl-O-scutellarin)
from SIFP in LPS-stimulated RAWZ264.7 murine macrophage cell line. The
data represent the mean * SD of triplicate experiments. *P<0.05, *+P<0.01,

versus LPS alone.
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Figure 27. IL-6 production of compound 4 (tetramethyl-O-scutellarin) from
SIFP in LPS-stimulated RAW264.7 murine macrophage cell line. The data
represent the mean £ SD of triplicate experiments. *P<0.05, *#P<0.01,

versus LPS alone.
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Figure 28. PGE, production of compound 4 (tetramethyl-O-scutellarin)
from SIFP in LPS-stimulated RAWZ264.7 murine macrophage cell line. The
data represent the mean * SD of triplicate experiments. *P<0.05, #*P<0.01,

versus LPS alone.

64



X 5A4E& 54357l 98 B16F10 murine melanoma
celll A 9] AgF% ¥ A¥X AEE&ES WST-1 assay® #43F31th WST-1
AL AE e vEZEgel "geiaidd s tetrazolium  salt7}
formazan® = UM ME AEES SAst= AP otk a-MSH=
B16F10 melanoma cellol melanin B3-S FEA17]2 Al5E sEH=E
Agete] 3UZE wiFsdT. AR FAY dxae] AFERAEES 100%
7o 2 393 compound 3 ¥ compound 4= FEEHE A HsES wo
ME AEES SA3AY. =H AT compound 3 & 100 pM FE7FA] A E
A &FAATE compound 49 A-F 100 M FEAA oF 40%

A 570 0]
2 compound 4°] "H 35 E1str] st
a-MSHZ #ehd o] f=%H B16F10 murine melanoma cell®l compound
3%} compound 4= Z}7} 25, 50, 100 pMZ &3} 3L 7F wjoksldc}. wjok
T A=A gk depd Y ZFS SAS A% compound 4904
TEEHOR melanin S JAEAL 50 uMelAME oF 60% ©]4d9
debd As 24E gelskdth. AW 100 pM =AM = AE HA 0]
T HeelA w gEo] dvkar

ettt ®g compound 39 AF sX7F SRS dod Aol
S7tete Ao Hol dAme] WA AARAe && ThsAdo] e o=
daEy F5 VAATFE F3] compound 3, 40 Wi #&F FHF9]

g @ 3ttt Al s E tH(Figure 29).

%
#3249 33E compound 3
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Figure 29. Melanin contents and cell viability of compound 3 and 4. a-
MSH(-); saline without a-MSH, a-MSH(+); a-melanocyte stimulating
hormone  without extract, Cpd 3; compound 3 (6,7,8,3,4 -
pentamethoxyflavone), Cpd 4; compound 4 (tetramethyl-O-scutellarin).
The data represent the mean = SD of triplicate experiments. *F<0.05,
#*xP<0.01, versus a—-MSH alone.
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Figure 30. HPLC chromatogram of standard flavonoids. (1; rutin, 2;
narirutin, 3; naringin, 4; hesperidin, 5; neohesperidin, 6; NHDC
(neohesperidin dihydrochalcone), 7; quercetin, 8; apigenin, 9; naringenin,

10; hesperetin, 11; nobiletin, 12; tangeretin, 13; auraptene)
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Table 12. Flavonoid contents (ng/g) of citrus extract identified by HPLC

No. Total Rutin Narirutin Naringin Hesperidin Neoh” NHDC? Quercetin Apigenin Naringenin Hesperetin Nobiletin Tangeretin
| Dangyua Peel | 2117.3+63.97 50.0£6.2 54.84+3.8 895.9+47.9 91.5+1.2 982.3+23.3 4.3+0.2 3.5%£0.6 N.D.” N.D. 1.240.1 21.0+0.7 12.7£0.5
Flesh | 2293.4+131.8 34.8+£2.5 85.3£10.5 1104.2+65.5 90.7£9.3 977.5+45.4 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
3 | Byungkyool Peel 1330.6%+90.9 451.7+£90.9 | 183.0+13.3 10.8£2.9 429.4+13.5 45.6+£9.3 8.6£1.7 N.D. N.D. N.D. N.D. 135.2£29.8 66.4+17.0
Flesh 470.9147.5 108.6+£12.8 | 238.3%£17.9 4.01+0.2 103.9£17.0 6.5£0.6 N.D. N.D. N.D. N.D. N.D. 6.4%+1.4 3.31£0.8
) Peel 1254.1£73.9 41.9+£4.6 86.9+8.8 1065.3+54.8 3.9£0.5 14.6+2.1 13.8£5.2 7.67+0.4 1.2+0.1 0.2+0.1 1.4+0.2 10.9+1.4 6.2%+1.0
! Hikalk Flesh | 1289.5+£32.4 23.5+1.7 24.4%+1.1 800.9+25.3 9.2+4.7 431.6+9.2 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
. Yooja Peel 589.1+14.4 21.7+0.9 164.7£5.5 123.8+3.2 242.8+7.1 6.4£0.5 23.8+0.2 5.2%0.1 N.D. N.D. N.D. 0.7£0.1 N.D.
Flesh 364.7+31.9 8.2%+1.6 142.9+£14.7 86.5+£8.4 84.5+6.9 40.0£2.6 2.5%0.2 N.D. N.D. N.D. N.D. N.D. N.D.
- Jinkyool Peel 422.51+52.4 100.7+£3.3 16.6%£0.9 1.4%0.1 132.4£31.8 4.0£0.1 2.5%14 9.1£3.0 3.3%£0.1 N.D. N.D. 86.1+8.6 66.4+£10.3
Flesh 94.416.6 11.1£0.9 2.9%£0.5 2.2%0.1 58.5+4.3 4.7+0.3 N.D. N.D. N.D. N.D. N.D. 7.1£0.3 7.9%£0.5
) Peel 367.0+5.5 113.4+4.2 20.5+0.8 5.4%0.8 98.1%£14.4 3.7x1.1 3.3+0.2 9.7+4.2 3.7£0.1 2.2%0.3 1.2%0.1 66.3+5.0 39.5+£3.4
Pl Bl oo | 15eaz62 7.941.2 204+13 | 10947.0 | 82.245.1 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
. Kamia Peel 621.7+57.9 110.2+£11.4 | 194.3£19.0 6.0£1.2 243.6+32.2 6.9+£0.4 2.2+0.1 6.8+1.4 5.240.2 1.6%0.1 1.5+0.1 24.6+0.9 28.8+1.1
Flesh 137.8+7.7 39.3£1.8 91.4+6.4 3.6+0.1 3.4£0.2 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
8 | Hongkyool Peel 604.3140.4 111.0+2.6 10.2+0.2 4.04+0.3 177.4+£20.2 8.1£0.2 4.1+0.2 16.7£0.5 3.5+0.1 1.5+0.2 1.4+0.4 173.2£10.8 93.1+£7.3
Flesh 95.5+2.7 10.8%1.1 15.2%0.6 6.1%£1.1 57.8+4.6 1.1+0.1 N.D. N.D. N.D. N.D. N.D. 2.5%0.1 2.0£0.1
Peel 1069.9+46.4 21.6+£9.4 16.3%+5.3 430.4+27.8 15.3%+5.3 453.8+22.3 5.8%£1.8 26.3+10.5 14.8%£5.7 N.D. N.D. 38.3+0.9 47.312.4
I | Pyunkyool Flesh 243.7%£19.0 12.3£2.7 13.3+1.7 137.5%£12.9 4.8%+0.9 75.7£5.6 N.D. N.D. N.D. N.D. N.D. N.D. N.D.
A Peel 1012.8+£75.4 49.3£5.1 785.7+£18.1 4.4+1.6 165.1£57.4 1.84+0.3 N.D. N.D. N.D. N.D. N.D. 6.5%+0.5 N.D.
LS | 890.9£349 | 547222 | 7520286 | 41203 | 99.2%86 N.D. N.D. N.D. N.D. ND. N.D. N.D. N.D.

1) Neohesperidin

2) Neohesperidin dehydrochalcone

3) Results are mean=®S.D. of triplicate data.

4) Not detected
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WA FHAbE vsn 2okl e debd A4 oA & 5 oge

gt A77F Ao 9on, A3 g4 &’ w3 gt
ol ot I vste] 3y 9} 5ol += naringin? neohesperidin®]
2l ol FH RS AAFE FUE F AT
Zo} R ol =9 Z2(2117.3 ng/g) + naringin® &S
.3%, neohesperidin®] &S 982.3 ng/gl = 2F 46.4%
241 4 AT ISR rRA R BAE F32293.4 ng/g) 5
naringin®©] 1104.2 pg/gl.= °F 48.2%, neohesperidin< 977.5 ug/go.= °f
42.6% Tl deo®m Kol Tt v 353 IIlol= naringindt

neohesperidin®] 8 A#UdS <l & 4 JAH(Figure 31).
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Figure 31. HPLC chromatogram of ‘Dangyuja’ (C. grandis Osbeck)

immature fruit. (A) peel extract, (B) flesh extract.
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W vy 3yo= rutin® hesperidin, %ol narirutin®] &
AT o g AJH FI o] Ag BAH ZoE o] =9 F%(1330.6 ng/g)
= rutin® $FeFo]l 451.7 pg/gl.® °F 34.0%, hesperidine 429.4 ug/gl =
°F 32.3% A5kl AT HFY FRAAFOZ = narirutin®] FH(470.9
ug/g)el ¢F 50.6%%1 238.3 ug/g Fr=o] AL I o = narirutine] 183.0
ug/gl = T 13.7%% AHAstaL A A tH(Figure 32).

Azt w3 e RSol = naringine] tiFES AATSE ¢ 5 AT
sl A EAE SEtE ol FRF(1254.1 ng/g)el oF 85.0%<1 1065.3
ng/gel frElol Rlar, HFol= FH(1289.5 ng/e)el °F 62.1%= 800.9
ng/g? naringin¥ UTJE9] neohesperidin®] ©¢F 33.5% (431.6 ng/g)7}
o dee & F A (Figure 33).

F-2F w43}y o= hesperidin®] 41.2%(242.8 ng/g)= 7F4 & H| &S
ZFA) Bl 91131 narirutin®} naringin®] ZF 28.0%(164.7 ng/g), 21.0%(123.8
ng/@)® ol vk #%E narirutine] °F 39.2%(142.9 ng/g)E 7HE
Wo v&S xRkl QAL naringin (23.7%, 86.5 ng/g), hesperidin (23.2%,
84.5 nug/g), neohesperidin (11.0%, 40.0 ng/g) o= 5o A Figure
34).

A msae] AR fAek mkvkAR #9lel hesperidine]  oF
39.2%(243.6 ng/g)= 7+ @ol gHrEol AL narirutine] °F 31.3%(194.3
ug/g) SrEol AT AFel= tiF-E narirutin (66.4%, 91.4 ug/g)°l

ShrE o AdeS & & AAd(Figure 35).
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Figure 32. HPLC chromatogram of ‘Byungkyool’ (C. platymamma Hort. ex

Tanaka) immature fruit. (A) peel extract, (B) flesh extract.
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Figure 33. HPLC chromatogram of ‘Jikak’ (C. aurantium Linn) immature

fruit. (A) peel extract, (B) flesh extract.
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Figure 34. HPLC chromatogram of ‘Yooja' (C. junos Sieb. ex Tanaka)

immature fruit. (A) peel extract, (B) flesh extract.
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Figure 35. HPLC chromatogram of ‘Kamja’ (C. benikoji Hort. ex Tanaka)

immature fruit. (A) peel extract, (B) flesh extract.
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A=, g 9 &2 v Hyd= rutin? hesperidin®] ¢ 50%74 %=
2HA8kl o 2 FF3 €8 polymethoxyflavone (PMF)oZ /3 &
nobiletin¥} tangeretin®] #&Fol AA 3| Wol ol A= & F UM
Nobiletin¥} tangeretin ¢ PMFx= &ksl, &9 9 3 gy 5o a59]
degA glom F2 Fhaol A fFesta g ek

g vy yjo] = rutin (100.7 ng/g, 23.8%), hesperidin (132.4 ug/g,
31.3%), nobiletin (86.1 pg/g, 20.4%), tangeretin (66.4 ng/g, 15.7%)°] tjF-&
A1 S YR, o] FRAFE O 2= naringin (40.8%) 2 hesperidin
(29.06%) 2.2 &1 = A tH(Figure 36).

Wl vy Hyo]= rutin (113.4 pg/g, 30.9%), hesperidin (98.1 ug/g,
26.7%), nobiletin (66.3 ug/g, 18.1%), tangeretin (39.5 pg/g, 10.8%)°] t]F
2pAEkaL YA, HEe] FRAF O FE nparirutin® ® FH(46.4 ng/g)el <
52.5%%1 24.4 ng/g A5 AAUTHFigure 37).
= vy F3o & rutin (111.0 pg/g, 18.4%), hesperidin (177.4 ug/g,
29.4%), nobiletin (173.2 ug/g, 28.7%), tangeretin (93.1 ug/g, 15.4%)°]
-2 ZAstar A} HEo] FRAEOZE hesperidin® ®  F3(95.5
ng/g)el °F 60.5%<1 57.8 ng/gel =l ATHFigure 38).

PMF7} t% g+ =Hol e #FF T T2Y 7ZlsAd ug d+=
superoxide anion radical, hydrogen peroxide, hydroxyl radical's &4:ts}
A% Fol Hawo]l gloy, F& W&o DPPH B ABTS radical
aAGgd, FH Dol #g A APHA Fob FIHAQ ATE

Fayshele.
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Figure 36. HPLC chromatogram of ‘Jinkyool (C. sunki Hort. ex Tanaka)

immature fruit. (A) peel extract, (B) flesh extract.
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Figure 37. HPLC chromatogram of ‘Binkyool’ (C. /eiocarpe Hort. ex Tanaka)

immature fruit. (A) peel extract, (B) flesh extract.
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Figure 38. HPLC chromatogram of ‘Hongkyool (C. tachibana Hort. ex

Tanaka) immature fruit. (A) peel extract, (B) flesh extract.
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A= v %y ¥ o= naringin (40.2%, 430.4 pg/g)¥ neohesperidin
(42.4%, 453.8 ng/g)el WHE AATE & 4 A% AFE PRIV
naringin (47.9%, 97.6 ug/mL)¥} neohesperidin (37.15%, 75.7 ug/mL)°] T=
FHrEo] 5s FIsklth(Figure 39).

A7 &3} 9I)ol= narirutin (785.7 ug/g, 78.6%), neohesperidin
(165.1 pg/g, 16.5%)°] i A8t AATE. %= vF7HA 2 narirutin
(732.9 ng/g, 82.3%), neohesperidin (99.2 ng/g, 11.1%)2.2 FA % A=

glst 4= A ATHFigure 40).
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Figure 39. HPLC chromatogram of ‘Pyunkyool’ (C. tangerina Hort. ex

Tanaka) immature fruit. (A) peel extract, (B) flesh extract.
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Figure 40. HPLC chromatogram of ‘Sadookam’ (C. pseudogulgul Hort. ex

Tanaka) immature fruit. (A) peel extract, (B) flesh extract.

83



3

%}
=

7}. %% 9] DPPH radical &7

e DPPH 2tz

7HA 7}

2 2} g olu| =2k ascorbic acid,
FE AAY 42 E AlFol DPPH-H=

3 =4

P
A Ao EajE e

R

=0

o
=

?ﬂ]—

s}

3

A

| =

2

b

o

.2:!

il

o

<l

F=29 DPPH

3} )

u) 2 7}

A= 1059

W o] e

radical

F23o)

O

FE=E=olA

A > A > AR

[e)
IT

e >

A

2 > 8E > gD

<
)

A7t >

ol A

o
E=1

UER o, ¥}

O
> A > At

244

vel Qe HPLC 4

Ho] 9l Ao ® ALFETHTable 13A, Figure 41A).

84



. FEE9 ABTS radical &7 &4

ABTS+ Hlud <Fgd3t free radical24 4kst S48 2389 st
wo] o]&%a1 9ltd, St lipolhilic B+ hydrophilic &4ks E49 ZA <
g 7bed Wor o WRel o3k kst &AL ABTS radicals
AAGFAY A= A Y3 ol Foixitt. AHE wsy iy FEE9
ABTS radical &4 A4S FZ2dEHOSZ radicals 4&ASE 45
H3low, 125 ug/mlL sk oJst= F7} A& A Ap(dolE wlA|A])
radical& 50% 27 we] =91 1Ch= Tl 404 ug/ml=E 7 F2
S UEIYh T o ® WE(48.4 ug/mL) > AZ(57.5 ug/mL) >
A=#(76.0 ug/mL) > HAHF(90.4 ug/mL) =22 ABTS radical &7 &Alo]

B8 FEE9 ABTS radical 27 A& ICygte]l TAH7F 121.6 ug/mLE
N 2 g BAon, A7H(182.1 ug/mL) > WH(398.9 ug/mL) >
E#(462.3 ug/mL) > AFF7 (449.4 ug/mL) o= =& 3 A4S
e AT

g FASEY gujol A Akst o] Frhal IRl wpeh o] RE
FEEAA HErY 399 radical AAZAo] A3 A e,
HPLC &4 Z¥¢t Heo] Zetreol= =& % PMFRFe &3 23
#HHo] e Ao Al ETH(Table 13B, Figure 41B).
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Table 13. Inhibitory concentration (IC)s, value (ug/mL) of DPPH (A) and

ABTS (B) radical of citrus immature fruit

(A)

No. Citrus Peel Flesh
1 Dangyuja 1886.6 2046.3
2 Byungkyool 774.0 1520.4
3 Jikak 651.7 1339.1
4 Yooja 1733.9 4773.0
5 Jinkyool 624.1 1457.4
6 Binkyool 509.2 1493.4
7 Kamja 931.0 2272.7
8 Hongkyool 687.7 2046.2
9 Pyunkyool 1239.6 2914.5
10 Sadookam 3596.0 2714.0

(B)

No. Citrus Peel Flesh
1 Dangyuja 98.4 121.6
2 Byungkyool 111.0 398.9
3 Jikak 57.5 182.1
4 Yooja 174.2 720.4
5) Jinkyool 76.0 462.3
6 Binkyool 48.4 595.0
7 Kamja 132.9 729.2
8 Hongkyool 40.0 661.4
9 Pyunkyool 90.4 828.7
10 Sadookam 125.2 449.4
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Figure 41. Inhibitory concentrate (IC)so value (ng/mL) of DPPH (A) and ABTS (B) radical of citrus immature fruit.
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Dried peels of immature 'Hongkyool' (20.0 g)

(C. tachibana Hort. ex Tanaka)

70% MeOH 500 mL, sonication, 1 h, 3 times

Extract 4.5 g (22.5%)

Suspended with H,O

n-Hex Fr.
(0.1 g,2.3%)

EtOAc Fr.
(0.43 g,9.5 %)

n-BuOH Fr.
(8.5¢g,18.9%)

Hzo Fr.
0.1g,2.3 %)

Figure 42. Procedure of extraction and fractionation from HIFP.
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7F & ZEds

i)

%4 % Tehiwols 3 24

Citrus79 I3y FA o= #H =43 flavonoids®t 2 =3}
wol g ow, FAY FAHHT Hojd v Bo| i
e

A d=A EFES AEAd 559 4z

el 270 ©o]4¢] phenolic hydroxyl(OH)71E 717 HWekx 3

Zhe7H, et ol =of whdoe] FAZoR FA A, st <Al

P, gk Be o AU

e AT 7 R g @

ZodlE 2 & TR eolE IS 54 Zi= Table 149 g2t

=gdom 1 vggo® EtOAc, n-Hex, 12]al Water E3E& 0]

Table 14. Total phenolic and total flavonoid contents of solvent fractions

from HIFP
Fraction Total phenolic content Total flavonoids content
actions (mg/g, GAE) (mg/g, QE )"
n-Hex 186.7+7.1 51.4+1.5?
EtOAc 470.6£10.4 217.5x7.4
n—BuOH 534.4£4.8 431.8+£9.5
Water 123.6%x1.45 48.8+2.8

1) GAE; gallic acid equivalent, QE; quercetin equivalent

2) Results are mean *= SD (n=3).
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Figure 43. DPPH radical scavenging activities of solvent fraction from HIFP.

The data represent the mean £ SD of triplicate experiments.
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Figure 44. ABTS radical scavenging activities of solvent fraction from HIFP.

The data represent the mean £ SD of triplicate experiments.

94



olr

=
=4

o}, & EtOAc E3 &9 & 7

TF EtOAc RIZ9 Ax =4S Ay Yl RAW 2647
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=48 YEhYA] g Aoz Fsd th(Figure 45A).

Nitric oxide (NO)& free radical?l #7424 F(Reactive Nitrogen Species:
RNS)e] dEo = NO synthase (NOS)e| ¢]&] L-arginine®| citrulline® &
Abstbd ) B Y= whgAdo] vl =& AoR delA Ao, AR s=
ZAskE NOw= WA dAY Ed=A A%

AAsh= A8 & Vi gdd Viee = =

T a2 Hgse NO A
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NO
FE7h FAEEE NO AHF

] 2]&}e] nitric oxide (NO)E F% AlZ]
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Figure 45. Cell viability (A) and nitric oxide production (B) of EtOAc
fraction from HIFP on RAWZ264.7 macrophage. The data represent the

mean *£ SD of triplicate experiments.
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ASA cytokinelZ WHEE = IL-1B, IL-6 ¥ TNF-a&= 95 WSS

Nelhe BEEZ 53] 27] 95 wbsdd Zo] #osia e Aoz deA
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Figure 46. The effect of EtOAc fraction from HIFP on pro-inflammatory
cytokine IL-6 level of LPS-induced RAWZ264.7 macrophage. Results are

mean £ SD of triplicate data.
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Figure 47. The effect of EtOAc fraction from HIFP of iNOS and COX-2
protein expression in RAW264.7 macrophage. Results are mean * SD of

triplicate data.

99



e Aae= A= H9 flavedo 59 F¥(oil glands) oo ¥ A=
A 5 2

NAE, 715, FE, e

ofefE ol A7z gy o]&Har St

<4H 72 limonene©] Z+7Z} 86.64, 85.90, 86.01, 89.83%% T8 AEIS
gelek = Al =25, kg H a3 A9 AFo BF limonene o ®
y-terpene (7.02, 8.62, 7.92%), B-myrcene (2.17, 2.42, 2.30%)°] =7
el dee AT 5 AJT ARE Aozt 39)= limonene T O.®
B-mercene (2.68%), linalool (1.88%), octanal (1.88%), n—octanol (1.45%)°]
giEo]l AdeSs gsglth(Table 15). olelgh ARE B3l 54 33H4
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dl-limonene  y-terpinene  (3-myrcene linalool

Figure 48. Major constitutes of the essential oil in citrus fruit peel.
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Table 15. Chemical compositions of ‘Unshu’, ‘Natsudaidai’, ‘Hamilgam’, and

‘Shinyegam’ essential oil

RT (min) Constituents Peak area (%)
Unshu  Natsudaidai Hamilgam Shinyegam
Monoterpene hydrocarbons
7.97 B-pinene - 0.69 0.58 -
8.72 Sabinene 0.31 0.16 0.19 0.36
11.36 [Bmyrcene 2.17 2.42 2.30 2.68
13.57 dl-limonene 86.64 85.90 86.01 89.83
13.63 B-phellandrene - 0.39 0.42 0.44
15.64 y-terpinene 7.02 8.62 7.92 0.06
16.20 [B-ocimene 0.11 0.26 - 0.08
16.92 p-cymene 1.13 0.49 - -
17.54 a-terpinolene 0.44 0.49 0.45 -
97.83 99.43 97.87 93.46
Alcohols
18.35 Octanal - 0.07 0.09 1.67
27.62 linalool - 0.12 - -
34.68 Linalool 1.43 - 0.81 1.88
35.16 n-Octanol - - - 1.45
1.43 0.18 0.90 5.01

* RT, Retention time

Components were identified by comparison of their mass spectra in the

GC/MS library
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scavenging activities of citrus essential oil by ESR.
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Table 16. Antimicrobial activities of ‘Unshu’, ‘Natsudaidai’, ‘Hamilgam’, and
‘Shinyegam’ essential oils on 2. acnes

* Unit: mm, disc size: 8 mm

P. acnes P. acnes P. acnes P. acnes
CCARM CCARM CCARM CCARM
0081 9009 9010 9089
Unshu 10 9 10 N.D.
Natsudaidai 11 10 11 9
Hamilgam 11 10 11 9
Shinyegam 11 9.5 10 8.5

* N. D. : Not Detected

Figure 50. Antimicrobial activities of ‘Unshu’ (A), ‘Natsudaidai '(B),

‘Hamilgam’ (C), and ‘Shinyegam’(D) essential oils on 2. acnes.
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