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Abstract

Citrus platymamma hort. ex Tanaka is widely used in traditional Korean medicine because of its medicinal benefits
including an anti-inflammatory effect. This study aimed to evaluate changes in the flavonoid content and
anti-inflammatory activities of C. platymamma during its harvest period. Fruit peel samples were obtained between
September 2015 and February 2016. The results indicate that C. platymamma peel extract (CPE) was an effective
inhibitor of lipopolysaccharide (LPS)-induced NO production in RAW264.7 cells. The inhibitory effects of CPE
at 100 ug/mL concentration included dose-dependent decreases in the expression of iNOS and COX-2 proteins.
In addition, CPE decreased the expression of pro-inflammatory cytokines TNF-a, IL-13, and IL-6. The highest
anti-inflammatory activity and flavonoid content were observed in CPE of C. platymamma peel harvested during
the immature fruit period in September. Further, to assess the suitability of CPE for cosmetic use, we performed
MITT assays using HaCaT keratinocytes and observed that CPE did not exhibit any cytotoxicity. To test the potential
application of CPE as a cosmetic material, we also performed primary skin irritation tests on normal skin of 30
volunteers and no adverse reactions were observed. The results of this study indicate that CPE may be considered
as an anti-inflammatory candidate for inclusion in cosmetic materials.
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Ciocalteu’s phenol reagent 100 ILE 3 7}ale] Ao oF
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£ Aol A-8-¥ RAW264.7 murine macrophage cell-=
Korean Cell Line Bank(KCLB, Seoul, Korea) 2 H-E] EF1t
of vjFate] ARE-skIt Al w2 37C, 5% CO, F27]
oA 1% penicillin/streptomycin®Z} 10% fetal bovine serum
(FBS)°] &-f-3l+= Dulbecco’s modified Eagle’s minimal
essential medium(DMEM, Gifco BRL, Grand Island, NIJ,
USA) HiA| & AHg-ate] v eFalslom, 39l ghHA Althat
of & Agd A&ttt

Nitric oxide(NO) &3

Ay =% F RAW264.7 A ol - 2] NO A S &
o18t7] 918f 24 well plate©l] 1.5x10° cellymLO. & 2F I
18212t vl eFate] AL E FH|SIATE FHE A2 1 n
g/mLe] lipopolysaccharide(LPS)¢} F=E 2 FH|H A5
A ste] 24417F wF F A gt Fed S o] 85t
NO<| /45 &8ttt NO9| A2 Griess reagents
AHgste] F3 % 540 nmoll A S 8H31

Pro-inflammatory cytokine A &4 &X
RAW264.6 A|ZE 24 well plate©]] 1.5%10° cells/mL o2
okl 24413 vl ¥ LPSE 1 pg/mLE A 2|5}
cytokine®] A& A=3FA T cytokine AJ/d o] A=H Al
X0 FEHRE ARE Aste] 4A3 wid T G52
]85t cytokine®| Al 245 S 5HA T Mouse TNF-
a(Invitrogen Co., Carlsbad, CA, USA), IL-13(R&D System
Inc., Minneapolis, MN, USA), IL-6(Invitrogen Co.) ELISA
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Western blotting

Hj ko]l Bt MEE FFSte] 2~33] PBS(phosphate
buffered saline) 2 4|2 g+ & 1 mLo] lysis bufferS 3 7}
3087 €38l (lysis)A1 7] 3 12,000 rpmoll A 2083 A4 B
gate] Az AE 52 AAGL dNE s2E
BSA(bovine serum albumin)E 33}l Bio-Rad Protein
Assay KitE AHg-sto] & #ate] 20~30 pg? lysae s 8~12%
mini gel SDS-PAGEZ WA ¥g|sle], ©]Z PVDF
(polyvinylidene difluoride) membrane(BIO-RAD, Richmond,
CA, USA)°ll 200 mA=Z 2A|7F <t transfer 3F3t}. 18] 1L
membrane2] blocking> 5% skim milk”} $H+%¥ TTBS(0.1%
Tween 20+TBS) §-Hol|A] 7oA 2417t F<F AA8HA
o} iNOSe| &d kS AESH7| ¢33 &4 £+ anti-mouse
iNOS(1:1,000)(Calbiochem, La Jolla, CA, USA)S Al-&3}%]
I, COX-29] w3 kS AES | 93 A 2= anti-mouse
COX-2(1:1,000)(BD Biosciences Pharmingen, San Jose, CA,
USA)<& TTBS & oj|A] 52 3510] AF-of|A] 24|17t §H-g-A]
71 & TTBSE 33] A4 38l t} 23} 34 2 HRP(horse

T2 ZAA-FEE A A23H A|7E (2016)

radish peroxidase)”’} ZA3%%¥ anti-mouse IgG(Amersham
Pharmacia Biotech, Little Chalfont, UK)E- 1:50002.Z 3]4]
ato] -2olA 308 I WEEAIZ] £, TIBS® 33] 478 ot
ECL 7]% (Amersham Biosciences, Piscataway, NJ, USA)}
1~3% 7t ¥H-8- ¥ Chemidoc(Fusion solo, VILBER LOURMAT,
Detschland, Germany)< ©]-8-5to] Thild HAH =5 &9l
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1.5%10° cellymLC& FFa}o] 24417 v £ LPSE 1 pg/mL
o} AEE Ak thA] 2487 v & A X 548 23
SF T 24412 wiek® AlEo] WST-1 reagent(Roche
Applied Science, Mannheim, Germany)E 10%(v/v)Z 7}
atod 4A17F F7F vt & 440 nmoll A FREE 538

= 298 35 o4 wEale] ol Fojfon, 49 A3
= 7} o ujet WEo EFEAAE Jehh A
o] Ao]= SAS package(Statistical Analysis Program,
version 9.1)< AF8-3}%] Duncan’s mutiple range test= %3
< Blwate] YERAIIL p<0.05 FFolA BAA foldS
EEEE)
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Fig. 1. Total polyphenol contents in the flesh and peel of SCPE,
DCPE, and FCPE.

The data represent the meantSD of triplicate experiments. *p<0.05,
**+p<0.01.
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E WiAAZE HE QAR vpg-2 A A EQ] RAW264.7
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=UTHFg. 3). T3 AN EE LPSE AH=EAI7|H ohafst
A= STt = 1 5 HEFU AR FollA
A== v e EFE 5 vheol #ost=
Aoz Azl AFA cytokineQl TNF-q, IL-6, IL-13°] A
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Fig. 2. DPPH (A) and ABTS (B) radical scaveging activitie of
SCPE, DCPE, and FCPE. Results were expressed the radical
scavenging activities as inhibition percent. Reducing power (C) of
SCPE, DCPE, and FCPE.

The data represent the meantSD of triplicate experiments. *p<0.05,
**p<0.01, versus control.
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Fig. 3. Inhibitory effects of SCPE, DCPS, and FCPE of nitric oxide
(NO) in LPS-stimulated RAW264.7 murine macrophage cell.
RAW264.7 cells were treated with extracts and LPS (1 pg/mL) for 24 hr.
NO production was determined by Griess reagent. LPS (-), PBS without
LPS; LPS (+), PBS with LPS. The data represent the mean+SD of triplicate
experiments. *p<0.05, **p<0.01, versus LPS alone.
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Fig. 4. Inhibitory effects of SCPE, DCPE, and FCPE on the
production of TNF-a (A), IL-6 (B), and IL-1B (C) in LPS-stimulated
RAW264.7 murine macrophage cell.

RAW264.7 cells were treated with extracts and LPS (1 ug/mL) for 24 hr.
The concentrations of TNF-a , IL-6, and IL-13 were measured by ELISA.
LPS(-), PBS without LPS; LPS (+), PBS with LPS. The data represent the
mean+SD of triplicate experiments. *p<0.05, **p<0.01, versus LPS alone.
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99 u F=E SCPEOﬂH gl gdAdo] 71 S5
A & & 4 Uk

iNOS % COX-2 CHHZE w3 ofH|

LPSZ dZo| F4H RAW264.7 cello| A 45
FolsteE ThlA ol iINOSSF COX-22] Wl mjx
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< dAst] AR T No9 A 9A anE
. olei gt el FA9] Aol &
50| st e AR Ao ® golr Ak HPLC
£ ol &3] W& F%E<] SCPE, DCPE, FCPES] Z2}i
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Fig. 5. Inhibitory effects of SCPE, DCPE, and FCPE on the
expression of inducible nitric oxide synthases (iNOS) and COX-2
in LPS-stimulated RAW264.7 murine macrophage cell line.

RAW264.7 cells were treated with extracts and LPS (1 pg/mL) for 24 hr.
Total protein were resolved by SDS-PAGE and protein expressions were
determined by Western blot analysis. LPS (-), PBS without LPS; LPS (+),
PBS with LPS.
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A Hof o3t Ao 2 o AR} CPEL ZtE o= A
S

212 utin, narirutin, naringin, hesperidin, nechesperidin,
NHDC, quercetin, apignin, naringenin, hesperetin, nobilrtin,
angerctin®] S-S LA 1 A3 BAEBS E
_.01-7-" o]-_]‘ %‘63 o ]Ho ].11] 6:]01— ZXJZJ'—‘Q_—— o]—— 7—]3
2 e rutin(17)°] 2% 100 g 9 4.52 g© & 3ol
71 =9k, rutin>hesperidin>narirutin>nobiletin>tangeretin
ToE gFFe] =2 AS g9 @ 5 AU rh(Table D).
E3] 2ol o g5o] 9= polymethoxyflavonoid =
gufolH ~, &, A 5o ZAI reactive oxygen
speciesROS) £+ ASHHS o2 HE AR E Hosle o
S ol ACE LA %)= nobiletin(18-21)7} ek &4
o] & Aoz &7 tangeretin(22,23)2] &&Fe] SCPEC]]
A 247+ 1529 076 g% = =Skt e dRbd o m #pA
o] A& F F Fre o S ol S
HaskeE Aoz geA et 53] polymetoxyflavonoid
9l nobiletin} tangeretin®] o] FA=E= HAS gl g
2= glgiy_(24) o]k—c CPEJ f‘solo:l B‘J—/ﬂoﬂt: Oﬂs‘t—‘ u];<174 o)
2 A AZ T3 quercetin, nanngenm hesperetin 52| Y]
WA Eejuhzo] e gl slol Gael 9 ol
we oz wol
web g ol
o @e] e CPEE
=, SCPEAIA 71 -3 %"é% Ht} o=
o] 83} 3FAaks) T gk 3] o]
991°] THolE LA eI $og AL 2| BE
o) P Aoz oA,

Me (n

Table 1. Changes of flavonoid contents in the peel of SCPE,
DCPE, and FCPE during maturation

(unit: g%)
SCPE DCPE FCPE
Rutin 452:023" 2.17£0.12 13810.07
Narirutin 1650084 0.5920.04 0.4920.03
Naringin 0.1620.065 0.047£0.002 0.034£0,0014
Hesperidin 3.08£0.16 1642041 151008
Neohesperidin 0.5620.03 0.3420014 0.17:0.01
NHDC 0.530.02 0.038+0.001 0.11£0.0043
Quercetin 0.17+001 0.082+0.005 0.055+0.003
Apigenin 0.11£0.005 0.032+0.001 0.04£0.002
Naringenin 0.047+0.002 0.0138+0.007 1.037+0.06
Hesperetin 0.02340.001 2
Nobiletin 1.52+0.08 0.37:0.017 0.29+0.01
Tageretin 0.76£0.03 02120013 0.16£0.004

The data represent the meantSD of three determination.
No detected.
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A7 B FEE0 s e A1A R nsdt
AIZ191 9ol 7 wskem, o] A7l F EejsllE Tl
717 l—ﬂ&m £-3] rutin, hesperidin, nobiletin®] $#°] =3k
o, o]z g4 &4 dFE vAE AR AAZH.
¥d49 24 01111 © NO9 A8E dAlstlern 954
cytokine®l TNF-a2] A/ A &< 71 =t &3t
NO A& dAlste @ d = 42Xl iNOS Tl d o] g
A AAleke AS G2 & 5 Uitk I Aol Y=
n| 2 Z o2 o AX| = nobiletin =Fe] 75 12€ 0 70%
o]} Fraele Ae FAE 5 Sl of2ig A7 S
Hicole 3 EAZAE HES HA A= &8a7]
A FEAVIE gHE F S Ae® AAZ,
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