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Antioxidant Effect of Citri Reticulatae Pericarpium Extract on
Oxidative Stress-Mediated Cytotoxicity In Cultures

Dae-Ho Ha'

Sanbon Medical Center, Wonkwang University, Gunpo 435-040, Korea

In order to examine oxidative stress of reactive oxygen species and the antioxidant effect of Citri Reticulatae
Pericarpium (CRP) extract, human skin melanoma cells were treated with various concentrations of hydrogen peroxide
(H,0,). Antioxidant effect of CRP extract on H,O,-induced cytotoxicity, cell viability, DPPH-radical scavenging activity
and superoxide dismutase (SOD)-like activity. In this study, H,O, decreased cell viability of cultured human skin
melanoma cells in dose- and time-dependent manners, and then, midcytotoxicity value (MCV) was determined at 60 pM
after human skin melanoma cells were cultured for 5 hours in the media containing 20~60 UM of H,0,, respectively.
The H,O, was on cultured human skin melanoma cells because MCV of H,0O, was lower than 100 uM. In the
antioxidant effect of CRP extract, CRP extract increased cell viability DPPH-radical scavenging activity and SOD-like
activity. From these results, it is suggested that H,O, was very toxic on cultured human skin melanoma cells. And also,
CRP extract has the antioxidant effect on H,O,-induced cytotoxicity.
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L3t} g, -5 2 A}
2] AMg-ste] $iTh (Hah et al,
2005). 1 Biol% A Folt olga-g % AP HEFR
3 2 thekst FeldAA S VKT Qo] o]F AR
ol gisteix @& #Ale] tiido] wo] ¢4t} (Calomme
et al,, 1996). £3], 2ol olE Aol vitamin C7} &
F3] Eof o] kst swshol] @Al ofg] 28
S Aot deixWA olg Aol digh ghibshy
Fi-gtol thet A7t &s] Fes 1 Tt (Han et al,

m et al,, 2004). &, 3kt
Aol kel oa HEAo st
FrEstAY EE ps3olyt p2l WAFI,

gol| Bzt AAE HEAE AIA
—3— 35 #5}6“‘4 4§ o] Z7FE ™ (Chen et al, 1998;
Song et al., 2005), T3+ pS3-Rb |29} 22 MELFA Q|
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t} (Loft et al., 1994; Hwang, 2002). 4|57} B8]
Aol o3k AbstAE EAdo| g Ao mE Al
TR sl A BASIA A s =
BBl ol @} (Cao et al, 1988; Michikawa et al., 1994), 4| %
bl EA1st Qe 2ol AHE glutamate T
Ae AP oZAN Ay Zdegsre] Hhoy
(Mattson et al., 1993) & HXJ A5 AdA Aol #ABIaL
AE protein C (PKO)9} 2-& olabdgzte] #& 55
g3t AEE TAF WA HEA P o2 Hx AR

s ATH (Matsumoto et al., 1989).
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kst a -4 Fofol] gk X524 Hire Al
Ganther, 1980; Rosen et al., 1993; Dawdar et
3], A Eot kA FollM 53 EH
s}eHE oY flavonoid®] 3HgHe Foll 2T
Stah-8-& Ul Adio]l £8H v AAH
HA o]d] digk A7t Eks] o] AUTh (Lee and
Lee, 1994; Calomme et al,, 1996). & 38}3+2°]1} flavonoid
sibEE2 3ehy Fzo $47v dstol=r]eh 7
S QRS 7HAL glo] o)Eo] & Sl A%
ale] gabsl T3 22 GBS YEhdta Bud
v} 2t} (Duthie, 1999; Dawidar et al., 2000). 53], vitamin C
t} vitamin E$} 22 FAMLAAAEE 04 A
sha &4l distel A3k ks 371 lo] ol
ik A7) o] FofR] 2L Ut (Ganther, 1980). ~Leji} o}
A7A| B kAl Absh &4 tigk ZidqtE el =
AJ] o] FojA YA o E3] wjFAEE ARETH
oo #3t A= @Wol Ao YA FTh (Buttke and
Sandstrom, 1994). Wb B dFol| = EAak4 o] Akt
A e gt AESAEE ] fsted AR
AEM AL GdAkA0] UEQ] hydrogen peroxided: o ¢
zo] AMelste &/gaae] ke £ colorimetric
assay HOE MEYEES AFTASI o FA
AdFZEE 3 DPPH AH7]A1A% 2 superoxide
dismutase (SOD) FAIZA TS SHTOZA 4444
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1. MIZ Hi

wjeFg7]e 715 Zg QA9 - AFAE (SK-MEL-3)

& Michikawa 5 (1994)¢] ol wet &2 ¥
t} &, 0.5% trysin (Sigma)2 ©]-83le] ¥t Aﬂza
Dulbecco's minimum essential medium (DMEM, Gibco)©ll
10% fetal bovine serum (FBS, Gibco)o] EgHe vk 5
FAIZ) ThS 5X10° cells/well®] YER 96 HIHE7] (well
plate)ell EFakGirh £571 45E AT ES 74 Bt
g $ &2 2 "d ol A}ﬁﬁ}"ﬂoﬂ% 39 Ao A=

E Ado Alg3k hydrogen peroxide (H;O», Sigma)™ &
2 MEM (minimun essential medium,
Z F%7F 10 uM, 100 pM, 500 uM
ghEo] WAl BIsiion
L& 34 F AR&sieith XTT
[2,3-bis-[2-methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-
caboxanilide, disodium salt, Sigma]© 2% ‘g 500 pg/ml
o) AL WEo] WARBT F 4P 9D A FE
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}

_I_4

A

el
Z7)00A 24213 BeF AFRAA 2539 ETE AUk

96 HH‘%}%ﬂOﬂ %?fﬂ F- 484t FRF viYfe] gkuE
77]’*]94 hydrogen peroxide
=l njjokolof A 6A17F Eot

HeFe ¥ O QAT S AT A WA 9L

itri Reticulatae Pericarpium, CRP) F&%°] H,0,
off uXe PFE ZAFE] Hste] i AP FEA
FAEA H0,E Aglsl7] 2412 Aol CRP F&E0]
130~150 pg/mle] =2 Zzh ¥4 HHOWOM 2] gk
T ol A NENEE
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7. DPPH XtR7IMHs ¥

Blios (1958)2] el we} gk (MtOH)ol %<1 Al
32 03 mM DPPH "&-& &9 100 plE 7+éto] vortex
mixer= 1023F WAL & HLolA 3087 HA 0}

Ak vkE g8 & 517 nmol A FFEE FH5)

concentrationsp) &% LEP o tZRtel 3=l A48
o FF5E Apolol &g g 23 W
sFoict, gk akslA|Ql vitamin Eoll i3 DPPH AHR7)
ANASE FAst A5} vl ZAREFGT

Marklund®} Marklund (1974)2] ol whe} of gk&
(EtOH)ell =<1 A& 0.2 ml°ﬂ Tris-HCl buffer®} 7.2 mM
pyrogallol & gol Z 412 & 25To|A 108 B¢t w3

AlZATH ¥-2 9lg 3 [ N HCIE 98-8 AXA)7 v
420 nmoll A FFEZS FATI] AEFH7RET BV}

Table 1. The cell viability of human skin melanoma cells treated
with hydrogen peroxide (H,0,) by XTT assay

Trhe] Bgol| wE xjolE WMEEE X
ak3HAIQ) ascorbic acidell Wlgk SOD FAMEAE S8}

o) Ame} )i 2B,
9. 71 %2

dETd AP Alle EASA feld A
Student's t-test® B33 o p7} 0.05 o]5}el A
o3t Zlo & ek

2
Ho rlo

Ao B-ENEAEE Hank's
balanced salt solution (HBSS Gibco)o. 2 33] A3t &
H,0,7} 20 pMellA 60 pM7HA| 9 5527} 2H2E Z3He bl
Fdol A 6A1ZF Ft HikS the AZAEES HET
v 2ARSRSITE 20 uM H,0,9 A eellA ti 2l
100% (4.85%£0.32)°] H]s}o] 68.9% (3.34£0.27)= YEFRL
o, 40 pM2] A% 62.7% (3.041021)E YEbdt) w3
60 UM H,0,9] A elollAi= 51.3% (249%0.17)2 e}
ol dlEud Blgte] folshA HdAag AoR YE
o} (P<0.05). ©] 79 XTTs % 60 uMol A el
(Table 1).

(2) AZHoll Q8 MIZHES

Al g Aol mE NEAEES
XTTs %8 60 M H,0,8] FX=olA wj A9 5
MFALE 2~6A7F 5 22 A T AZAEE
_i_xh‘s]. @jq_ 2/\]7}. Eo]- BHO]:oﬂ 010-]A1 /\ﬂﬁ/\g}_%
272 100% (5.24£047)0) HIBF] 61.8% (3.24£0.3
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Table 2. The cell viability in time-response relationship of hydro-
gen peroxide (H>O,) on cultured human skin melanoma cells

Exposure XTT assay Exposure XTT assay
Coﬁig:r(ﬁl\%l of Mean * S.D. (% of control) Incgl;glzo&(t)xg;)e of Mean = S.D. (% of control)
Control 4.85+0.32 100  Control 5.24%0.47 100
20 3.34+0.27 68.9 2 3.2410.31 61.8
40 3.0410.21 62.7 4 2.8810.17 55.0
60 2.4910.17 51.3 6 2.571+0.20 490

The XTT values of cultured human skin melanoma cells treated
with concentrations of 20~60 uM H,O, for 6 hours. The results
mean the mean + SD for triplicate experiments. Significantly
different from the control. *P<0.05

The human skin melanoma cells were treated in the media
containning 60 pM H,O, for 2, 4 and 6 hours, respectively. The
results mean the mean &= SD for triplicate experiments. Signi-
ficantly different from the control. *P<0.05
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Table 3. The cell viability of Citri Reticulatae Pericarpium (CRP)
extract on human skin melanoma cells treated with hydrogen
peroxide (H,0,) by XTT assay

Table 4. The DPPH-radical scavenging activity of Citri Reticulatae
Pericarpium (CRP) extract on cultured human skin melanoma
cells

Exposure XTT assay . DPPH radical scavenging activity
Concentration of Concentration of (517 nm)
CRP (ug/ml) Mean £ S.D. (% of control) CRP (pg/MtOH) % of control
Control 4.6410.37 100 190 71.41523"
60H,0, 0.98+0.07 21.1 220 79.7+£6.38"
130 2.8640.13 61.6" 100Vit E 88.3+8.15"
150 3.36£0.29 7247 DPPH-radical scavenging activity of CRP extract with methanol

The XTT values of cultured human skin melanoma cells pretreated
with concentrations of 130~150 pug/ml CRP extract for 2 hours.
The results mean the mean + SD for triplicate experiments. Signi-
ficantly different from H,O,-treated group. **P<0.01

2 Ul o 4A17ke] vl A= 55.0% (2.8810.17)=
Uebth 3, 6A17E wgell A= AIZAEEC] 49.0%
(2.571£020)2 YeElton o] dizatol u|gte] #23t
Al 7% Ao 2 et (P<0.05) (Table 2).

0

2. HO-01 thet MuFE=2 &E

H,0,°l W%k 3] (Citri Reticulatae Pericarpium, CRP)
FEEY AFS 2AE] fte] s AR
A3zl 130~150 pg/mle] CRP7} Z+2; E3he ufjoklof A
2417 St e thy AEAEES I 2
A7 60 yM H,0,7H A3 A5 MEAEES xS
1 100% (4.64+0.37)0 H]3ke] 21.1% (0.98+0.07)5 L}E}
W] W)3ke] 130 pg/mle] CRP Aol A& 61.6% (2.861
0.13)= Yebdth (P<0.05). =3 150 pg/mle] A elo A=
AZTAEEL gzl vH3te] 724% (3.3610.29)= LE}
U 2% f98tA 2718tk (P<0.01) (Table 3).
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3. ©m| (CRP) £&=2 DPPH AtR7|MAS

CRPFZEE°] 190~220 pg/MtOHZE Z}7Z} L35 A&
o digte] DPPH AH77]1AA%S & A 27 190 py
MtOH CRPFEE 2] He|olA= 714%= YR o™ 220
pg/MtOH Aol A= 79.7% =2 YEh} ol BF tl&d
o vlsle] FolshAl & A2 YEETE (P<0.01). B
3l 100 pg/MIOH vitamin E2] A|Z |4 DPPH AH-714]
A5 o] 88.3%%= LEFRTE (P<0.01) (Table 4).

4. ¥1| (CRP) &&2°| SOD RAEES

SOD A S ZAMH] 918k CRP F35E 300~
350 pg/EtOH Al &of diste] 45 #4% A3 CRP F
ZE 300 pg/EtOH AlEA A= 21.3%%E YEsen

(MtOH) compared with vitamin E (Vit E). The data indicate the
mean * SD for triplicate experiments. Significantly different from
the control. **P<0.01

Table 5. The superoxide dismutase (SOD)-like activity of Citri
Reticulatae Pericarpium (CRP) extract on cultured human skin
melanoma cells

Concentration of SOD-like activity (420 nm)

CRP (ug/EtOH) % of control
300 213+1.62"

350 21.8+1.53"
30ASC 2374145

SOD-like activity of CRP extract with ethanol (EtOH) compared
with ascorbic acid (ASC). The data indicate the mean + SD for
triplicate experiments. Significantly different from the control.
*P<0.05

350 ug/EtOH Al ZX 2ol A= 21.8%2 YERY o= tix
ol mlate] RF o3l A YERR T (P<0.05).
3l 30 pg/EtOHS] ascorbic acid®] A 2]oll 4= SOD FAH
o] 23.7%= YEFRTE (P<0.05) (Table 5).
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Il

AT A Fov A 2 9Fed 29l
o o]&alo] WABIA T (Song et al, 2005), 1A A4t
2l At 22 WA 2ol ofstoiA e Ay
Hed 53], Txe dAWe] ghaksl a4l superoxide
dimutase (SOD)U} catalaseol] 2]3te] A=A =2}
A9 A RA o= AXEEYS ZUSHA Y (Loft
et al, 1994; Park et al, 1996). $lolAe} Zo] ZAdilse
AL AW AMEAS] ARG A P
ot ole] AELE QA9 AASAVL FAEaL vk
(Sugano et al., 1974; Duthie, 1999). 53], Ed1t4AE AX
ShAuel BASLE viEee] Eash wuae] Bad
2 Aitel WA T& FETeRA NEENE 2
(Chen et al.,, 1995; Song et al,, 2005). WEHx] 2 A-FA A&

By A g o ALEYE =AY
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At QAR ZHFAZ
hydrogen peroxide (H,0,)7F 247t E3hgl ujekolol x| 64]
b o wldE & olEo] AEATE vAE TS
XTT assayoll &Jsted R8I0 2 23 HO0,v ¢
A FEEMFAF g FEe Hlgste] AEAEE
fo] 74, 53] 60 pMe] Aol M= el HIE]
AEZBEGo] oA #asielth 2 Ad47+= H0,

A R EIE R} 1 = oﬁﬂri 7} s

il

wekst & 20~60 pM2l
7} I3y

L3

4% 7

IRAAL AAZATE By, HO,YW okadaic acid
= A} AEIAE FEEthE B
9} AX|%HS & = AUAAT} (Chen et al, 1998, Manna et
al, 1998). 3], XTTs, Zkol 60 uMol| A LiebtEd] ol&
Borenfreund®} Puerner (1984)2] A3 7)ol 2]5}e]
H,0,% QAL E M ZA 2ol =AR] Aoz Rt
e AFAEL e AEEAFTIE (mideyto-
toxicity value, MCV)©] 100 uM ©]sto]™H =4 (highly-
toxic) & WFERATIA 8192, 100~1,00001H F7HEA
(mid-toxic), 1,000~2,000 pMo1H A 573 (lowly-toxic), 2,000

pM o] 2E=A (mon-toxic) &5 F-F8it). ok

Joir
AEEAL H,0,7F AZU] DNAQ| &7folut Al
AT '3‘4 x| Akl T3 e ofg] a9l 9%
ZA#Y Aoz 5 4~ NS} (Mattson et al, 1993,

Song et al., 2005), XTT assay”} Al £27| ¢z HH e
o] 01%% n#a] & o olul: H,0,7F AEW AFEA
U d@aAgs 2o AEavve &4 A9 7t
Mol F Aoz AWZAHET} (Sugano et al, 1974; Chen et al,
1998). 3, 2 2oy} SRR RE FE2G BATOlE

Farsl ZHgopt Btatel] Holdh fEEdE T

olthar kA AU} (Dawidar et al., 2000; Hah et al., 2005).
mpeba] B AFeAE H0,o 4300 digte] xluaa
Bo] vz JFE A Hste] midEel AT
HENZA T H0,Z Helstz] 2417 Fell 130~150
pg/mle] AAFEHEE MYt & FE5E| AEPEH
a3 2ARE Ax XEgk ol vldste] AZ2AEE
o] 60 uM H,0,%H& H &gt A gdsto] v]ate]
E3), A953£29 He dXE 60 pM H,0,0HE

‘8}04 FrojhA AEAEEe) T
Eol H,0,9 ME=del o5t

EE= *ﬂ_"{*ﬁiér-"- % Ao zA AME5FS Hol

I

vk AL AAE] 3L Atk (Calomme et al., 1996;

A_,

Z7hesich

A w7
R %%%01 Ak Faksie] gl

AASFRAAY B H0,9
7}6*301 = Aoz Az}
(Chen et al., 1998). t&ud, DPPH A7
AL haterae] ARov F2E Fo IiEke

2 AR ok b AR Begor e

Kim et al, 2004). °}£2 Z23E H0F
Aol wle] Azl

A Y FE
Abet A3 190 pg/MIOHSF 220 pg/MtOHS] A &% 2ol
A g zT Hiske] 70~79% olde) AR S RS

(P<0.01), ©]= 100 pg/MtOH vitamin E A|EE &gt 4
921 88.3%2} A2 us2sAl vebgth =g SOD Ak
Gz o] AL Qlo]Ai= 300 pg/EtOH2} 350 pg/EtOH
NI 325 ABAEA &l vlste] oF 21.3%%
21.8%9] SOD FAFSALEE YePHon (P<0.05), °l&
30 pg/EtOH ascorbic acid A &S Agle 24991 23.7%%
A9 w5dHA vkt olgd Aiks J9FEE0
P ENE M T drke RAE DeFa Aok 28
\,} g_}}d)p\,] ;\}5}14 5:}&0; OBLEPE. qggl;xé ] )

& AP U AAS FRH] ke RAAEIE

_4

=
H]%z‘f} ANEAGAA L Zass T g g 5
Holl A FEAQA AF7t AAH oz o]olxof & o
2 Azt
ZAe 2
o] -2 2006 % 1 mtine] Wy ] glel] ofs)A
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