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This study investigated the anti-oxidative and anti-inflammatory activity of unripe fruit peel solvent
fractions of the native jeju citrus ‘Hongkyool (Citrus tachibana Tanaka) and ‘Pyunkyool” (C. tangerina
Hort. ex Tanaka). The total polyphenol content and total flavonoid content were highest in the butanol
fraction of both “Hongkyool” (534.4 mg/g, 431.8 mg/g) and ‘Pyunkyool’ (342.9 mg/g, 415.7 mg/g).
In both cultivars, the butanol fraction showed the strong antioxidant activity by DPPH radical scav-
enging and ABTS radical scavenging. The DPPH radical scavenging of the butanol fraction from
‘Hongkyool’ and ‘Pyunkyool’ was 89% and 64% at a concentration of 1 mg/ml, respectively. The
ABTS radical scavenging of the butanol fraction from ‘Hongkyool” and ‘Pyunkyool” was 94% and 85%
at a concentration of 1 mg/ml, respectively. We investigated the effect of the anti-inflammatory activ-
ity of the ethyl acetate fraction from ‘Hongkyool" and ‘Pyunkyool’ on LPS-induced NO production,
IL-6, iINOS, and COX-2 protein expression in Raw 264.7 cells. At concentrations of 50 and 100 pg/ml
of the “Hongkyool’ ethyl acetate fraction, the anti-inflammatory effect was excellent. These results sug-
gest that ethyl acetate and butanol fractions from ‘Hongkyool” and “Pyunkyool” could be useful func-
tional materials, with anti-oxidative and anti-inflammatory properties.
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gen species, ROS 2 2
A3 A B, Al 1EAES FAS AEg 23
of HIZFY A S deTAY el XS 9 T
& 5= 2UsHA BOH19]. ASHHS EF Al BT
QezEd s O3 SAHE, WSAY S lip-
opolysaccharide (LPS)= Raw 264.7 macrophage®] 4 tumor
necrosis factor-alpha (INF-a), interleukin-6 (IL-6), inter-
leukin-18 (IL-18)%} 22 pro-inflammatory cytokine< %7}
Al 7)™, nitric oxide (NO), prostaglandin E, (PGE;) 54 %
MAEds Eudd. @SAHAAE  cycooxygenase-2
(COX-2)¢} NO synthase (NOS)7} =5 o] #2F9] PGE, NO
ol AR E o kA A 5 ¢ 2ol EXHE Y. 53
NOE A3t &4 NOSS thoFé prostaglandins (PGs)
o A E wAsE 842 cyclooxygenase (COX)7t E%
& A3 F4¢ MAAZ g2lA AT13].

A GAILERE AEZEFS BAS L FdEe
A8t7] 98t superoxide dismutase, glutathione perox-
idase, catalase 53 Z& 343 a4 2 Eu|dith v a4 R

2
44t E4 9= L-ascorbic acid, tocopherol®} 22 A4 3
4FshA ¢k BHT, BHASF 22 #A4 d4bstA 7} e, &4
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DPPH 2iC|Z &7s &

&4bsl 24 P E Blois 59 WH[1]S ©l-&3te] DPPH
(1,1-diphenyl-2-picrylhydrazyl) free radical®l] o g % 2%
5 (Electron donating ability, EDA)& 433t +F=9
AAgels S4E 918, NS 20 plef 02 mM DPPH &
180 & ¥ 2 1087 ¥H-&A1Zl & UV-Spectrophotometers
Abg5to] Z238)= DPPH free radical 517 nmol A =4 5}
SAth. DPPH radical 274842 A& &2 A7t F+37}
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Murine macrophage cell line$! Raw 264.7- Korean Cell
Line Bank (KCLB)ZF-E] £ ®o} 1% Penicillin-streptomy-
cin# 10% fetal bovine serum (FBS)©] &-f-¥ DMEMH| A &
;\}go}oq 37°C, 5% CO, F27]olA wfgataion, 3o &

2 Al & skt Lipopoly-saccharide (LPS, E. coli sero-
type 0111:B4)= Sigma-Aldrich (St. Louis, MO, USA)Z #-H

dsked AHgetsiH.

HESH 55

Raw 264.7 cell (1.5x10° cells/ml)% 1847 A st &
#, U] ddotAHolE &8+ LPS (1 ug/ml)E A
Agste] 24A7F Wj¥F F, 3-(4,5dimethylthiazol)-2,5-di-
phenyltetrazolium bromide (MTT, Sigma-Aldrich, St. Louis,
Missouri, USA) 100 pg< H7k8te] 4A13t &2t 371 d] 4F3tS
o 1,000 rppmol A 1027 94 Zed F WA E AAT o,
dimethylsulfoxide (DMSO, Sigma-Aldrich, St. Louis, Mis-
souri, USA) 200 nl& 7}st] MTTS] el o) AAE for-
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mazan FHAEE S A A 540 nmiAl A FHEE A A
Z- AgTe Ue He FEE #FE 7o, o
BT w3 vusty] AFGA A=E AT

Nitric oxide (NO) &H
Raw 264.7 cell (1.5x10° cells/ml)& 18417+ A W%k &, &
Aol oldotAHolE £3 23 LPS (1 ng/ml)E &4
74174 sto] 2443t wf ksl itk A E NOO & Griess Ao
< ol &sto] AT Foll EAsH= NO; FHE 43
o Al Zf g 45 100 pl9t Griess A F [1%(w/v) sulfanila-
mide, 0.1%(w/v) nathylethylenediamine in 2.5%(v/v) phos-
phoric ac1d] 100 ulE &3t 96 well platec] A 102 &3
gL % 540 nmol A FREE SAGT

AHZM cytokine 5N

Raw 264.7 cell (1 5x10° cells/ml)< 24
1 ug/mlE A 2|3ko] cytokine 443 =
HEY dEolAHE RIEE F
g & ASAE Hstd, 44

9] mouse IL-6 ELISA kitE A}-&3}¢

AN S F, LPSE
& A58k 5/‘]°ﬂ 3E,
= EE At 44
BD BioscienceAHCA, USA)
sl

iNOS, COX-2 EHiA Wigr 8

A2 INOS 3 COX-2 @A o] Wd-s Western blot
analysisZ <18}t Raw 264.7 cell (1.0x10° cells/ml)<
1843 A W% %, LPS (1 ug/mst 32, 029 ol LobiH]
°JE EYES & HE T ATet] 1A T wj gt
%t} A ZE PBS (phosphate buffered saline)2 Al 43} 1 400
ul®] lysis buffer (Pro-prep, Intron biotechnology, Gyeonggi-
do, Korea)& 7}ste #43 & £, 14,000 rpmol A 10&7¢
dAEgste dsd& Hstith dMd == BSA (bovine
serum albumin)g EFEYOE st Bradford reagent
(Sigma-Aldrich, St. Louis, Missouri, USA)Z A% 3 ATt
YT % @A (20 ug/sample)s SDS-PAGE (polyacry-

lamide gel electrophoresis)Z 7] %9 & & ¥, gel transfer de-
vice (iBlot®, Life technologies, Carlsbad, CA, USA)= o] &3}
o] PVDF membrane® Z WA & transferdt A th. 12 FA|
?l NOS2, COX-2 ¥ B-actin®} 22+ 3¢l HRP7} 2% an-
ti-rabbit I[gGE= EF Santa Cruz BiotechnologyAte] A| &<
AE3tTth. ECL 7] (West-zol,
Gyeonggi-do, Korea)# 5Hg- A1 %, Chemidoc (Fusion solo,
VILBER LOURMAT, Deutschland, Germany)< ©] §-3}¢f 2z}
Zbol g e =5 46t

Intron  biotechnology,

H2A

T APL 33 WEOR ofFojjom APAFE SAS
package (version 9.2, Cary, NC, USA)E ©] &3} ¥ ?1134 ¥
z@a2 Uehdt. 72+ A8z 993 zo]7} 9
Duncan’s Multiple Range Testoll 9|3} p<0.05
AA e AAstA.
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Table 1. Total phenolic content and total flavonoid content of solvent fractions from Citrus peels

Total phenolic content

Total flavonoids content

Cultivar Solvent fraction
(mg/g, GAE ) (mg/g, QE )"
Hexane 186.79+0.7¢ 51.47+1.5¢7
Honekvool Ethyl acetate 470.61+1.0b 217.56+0.9b
OngEyoo Butanol 534.41+4.2a 431.85+9.6a
Water 123.63+1.5d 48.87+2.8¢
Hexane 225.09+3.5¢ 115.65+13.3b
Pyunkvool Ethyl acetate 334.33+4.1b 393.57+34.4a
yungy Butanol 342914272 415.74+0.5a
Water 60.42+0.2d 20.13+0.3¢c

UGAE; gallic acid equivalent, QE; quercetin equivalent.

JResults are mean+SD (n=3). Values followed by the same letter are not significantly different (p<0.05).
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Fig. 1. DPPH radical scavenging activity of four fractions from

"Hongkyool” (A) and "Pyunkyool” (B) peel. Results are
mean*S.D. of triplicate data.
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Fig. 2. ABTS radical scavenging activity of four fractions from
“Hongkyool” (A) and ‘Pyunkyool’ (B) peel. Results are
mean*S.D. of triplicate data.
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(Fig. 3B), & A dotAHo|E £ E ¢ 25 ug/mloﬂ A
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D

d%A cytokine &
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Fig. 3. Cell viability (A) and nitric oxide production (B) of
“Hongkyool” and ‘Pyunkyool’ ethyl acetate fraction on
Raw 264.7 macrophage. Results are mean=S.D. of tripli-
cate data.
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Fig. 4. The effect of ‘Hongkyool” and ‘Pyunkyool ethyl acetate
fraction on pro-inflammatory cytokine IL-6 level of LPS-
induced Raw 264.7 macrophage. Results are meantS.D.
of triplicate data.
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ethyl acetate fraction on iNOS and COX-2 protein ex-
pression in Raw 264.7 macrophage. (A) Western blots
of iNOS and COX-2 protein from macrophage cells, (B)
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expression in Raw 264.7 cells. Results are mean+S.D. of
triplicate data.
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iNOS, COX-2 @4 gz 54
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