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8 oF 1 2 dFeAe AxE FAE T0% oehE FEE 2 odoMHOlE £8ES AXst,
=9 RsS Brtekld fAREE 25 9 £29E29 &2 247 5.1 2 0.9%E UETh
1,1-Phenyl-2-picrylhydrazyl (DPPH) 2tz AldHoll A A etz 47 B4 FSCsp)> 70% ofe-=
FEE oHoMEHelE EEE0] 247t 512.1 ¥ 5140 pg/mLE UECh goZd AAZAHL (H)-
a —tocopherol(9.0 yg/mL)EthH= H|WA 2ottt Fe*'-EDTAAIES o|&35t & 4ehs HrlolA G2
AEF 0% ogtE FEE H olEoMElo]lE #2519 OSCsp> 242.9 9 86.5 ug/mLo|drt. FAH#H}
offdotAHo|E EE2 T0% oehE FE8 Htt ¥ T PAEsE BHARE, diE2}] L-ascorbic
acid (1.7 pg/mL)Ec WA dephgdch 10,2 f=H AE 4o tigt Be G3H(1 5ol A, 70% oflet
& FEE2 5,10, 25, 50 pg/mL oA Fx & M TS ZILE Hoh f2FAE o 2otAlE|
OlE B32 5 yg/mL oA 39.8 min® 2 (+)-a -tocopherol (36.1 min)dt FAISH Al RS S
UeRtth T1eu 10 pg/mL ool FE7F FTiete] whet W Ax e s uEilch 2A
Sz, FAAHE o HotAlEo|E 850l Bt Aol ofd F tet B4 Fo B2 skolA

+ AEZ 2o aiE Uegloy 52 FRolMe Al S it Bk olEXoR UehtA] Adth

o]
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Abstract : In the present study, 70% ethanol extract, the ethyl acetate fraction were prepared
from citron (Citrus junos)seed and their antioxidative ability was evaluated. The yields of extract
and fractions were 5.1 and 0.9% per dried powder, respectively. In the 1,1-Phenyl-2-picrylhydrazyl
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(DPPH) radical test, free radical scavenging activities (FSCsp) of 70 % ethanol extract, ethyl acetate
fraction were 512.1 and 514.0 ug/ml, respectively. Evaluation of total antioxidant capacities
(OSCsp) using Fe3 + —EDTA system. Their OSCsp of ethyl acetate fraction were 86.5 ug/mlL. this
antioxidant capacities higher than that of 70% ethanol extract. but lower than that of L-—ascorbic
acid (1.72 pg/mL), known as a prominent water soluble antioxidant. The cellular protective effects

on the 'O;-induced cellular damage of rabbit erythrocytes were evaluated and the results showed
that the extract was lower than (+)—a —tocopherol and low concentration of ethyl acetate fraction
was similar to (+)—a —tocopherol. but not at high concentrations of ethtyl acetate fraction. it was

able to induce cellul
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9 % shtolth, wRs} A&HOE Ao
E5H FREYA B AF(reactive  oxygen
species, ROS)o] #Jo g2 HAlstT o] ROSE
mito] Aot AEAE o |AAM A4 E
Hl gz PSS AT olojA A
A4, DNA, &g 5o A 2asa &4
oAl ERE oofyet Alae] 7]d ThidE
EoA7]E=  matrix  metalloproteinases
MMPs)E TaAHozA Fehi 9 detad
Baje] A9 9 HRAEe 2AAge] Lo
291542 7HashAZIEH -3,

WEHE AEYAS oot BAMATORL

o we rlr

singlet oxygen(*Oy), superoxide anion radical
(O;7), hydroxyl radical( - OH), hydrogen
peroxide(H,O0y) 5ol a1 1 &]of] A-FA4teheh-g
S 5§ olx¥oez AAH  peroxyl radical
(LOO), alkioxyl radical(LO-), hypochlorous
acid(HOCI), nitric oxide(NO-) 5o It} i

ar damage at high concentration.

Citrus junos seed, reactive oxygen species, antioxidative activity, cellular protective effect
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SHAE2  superoxidedismutse
glutathione peroxidase?} $11
A= a —tocopherol,
carotenoid, ubiquinol, flavonoid G°| It} ©]
2 AHEB}IE gEgel tiste] 3ed 4AA o
223 A%S 59 singlet oxygengs TAAZ|H
HA RS Sh=OHS AATe 2 AHAteht
L& o]ojR= JRAREES ARt ERF YR
o] EdtHo|Eet -2 PAUSAEL Fenton WY
$& Euisk= Fe¥', Cu'9] HolZ&yt Agst
o224 #fodE ABPA7I= §HS dANTIVE
gt 5] 1eJe] ROS7H Aol &5t &4
A PR &3S A4S 5 deH HaELF
FAtEHA| o] 1% A ‘%E}a o Qlth mEkA
QFo|A HEAH 62}*}@'74]9] HEsr &2z
eiozRE IE AEX 25 W P} A9
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FAH(Citrus junos)= FI 2%l &=
wEHog F=ol AP, 8, A8 ¥
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HE X0 opdsty fguatol= AlgkAthel
FHoRHE Haj=lo] A Gl AA AfHy
Hol 1 Uty fA= 2 A¥gez o HE4d
gt o = AxEo] 2}, EfA AA Az
TR AMgHN fAe dEd FEeEE
caffeic acid, tannic acid 59 HEA SEEF
rutin, hesperidin, naringenin®t 72 ZaHE 10|
EX2 limonoid® ¥ vitamin C7} $-85¢] Q=
Aoz dHFrh[15-18] 53] gaFol HuH
@2 limonoide] 7% 9%, +9<¢, e Sl
ol Peradpt gy musm o
[19-20]. /219 & % & 15%°) o2& X&
RE H7] HEH= AHoltt. ol fAH Y
AR EEE Zgoto] AlE W SPFEROlA S8
AT ALY dFE FWHorR Higkt
7t A9 giot21].

mEtA 2 AFoAs fAE FE2E 9 B
BEof  ofste]  free  radical AAZA,
Fe’'~EDTA/H,O, AlolA AAHE SAJatsFo]
gt FFeEs, 10,02 4rH AE A9
gt M BRSamsE SHSFo2 A n vitrool A
A 22RO PSS 2ASHT Ges)
FE AEA S8 THsAE0l AEAE gotE
17 shict.

2,

o

21, 7171 | Alef

UV-visible  spectrophotometer=  Varian
(Australia)AFe] Cary 50, &-8Pdg7]E Berthold
(Germany)At2] 6-channel LB9505 LTS, &Y
T FEd AP AMEE Spectronic 20D&
Milton Roy Co. (USA) A& A8t pH
UEl= Hanna (Korea)Ah AlE= ARS-SHAH.

Ethylenediaminetetraacetic acid (EDTA),
luminol, heparin, FZHAZ AEH  rose
bengal, free radical 47 EAo ARSI

1,1-diphenyl-2—picrylhydrazyl (DPPH) radical
2 Sigma chemical Co. (USA)ollA Fst4ict.
71el  FeCls - 6H,O&=  Junsei Chemical Co.
(Japan) A|¥-Z, HOs= Dae Jung Chemical &
Metals (Korea)A} AZ-& AMgstoch =4
Azo] AHEH Na,HPO, - 12H,0, NaH,PO, -
2H,0, NaCl, H,S0; 12|31 ofle-&(EtOH), |

SUWAE SR8 (Citrus junos seed shell) 25 4 2859 s &4 H7 3

e-2(MeOH), ofldotAlHo]E(EtOAc), n-3ll4t
T A% 8l A" EF AS ARSIl
HWEARZ AR (+)- a —tocopherol (1,000 1U
vitamin  E/g), L-ascorbic acidt=  Sigma
Chemical Co. (USA)ollA Fdstaich. Ao A
Bt FARERS e Ao AGF)EEE  Alsdol
AMg-sHATt.

2.2, RAHMEte| E=E/28| U £8
B2 HEE 200 g
AZ12 24 h SZoF wHltste] =& Sk 70%
= =

oete 252 1 LE 40 TN A% ZRat]
222 BeUGE S1HE AT L 0%
ST 3 F

| Citron seed shell 200g |

|

| 70% EtOH extract | vield: 5.1%

/ N\

| | Aqueous fraction

EtOAc fraction
yield: 0.9 %

Fig. 1. Manufacturing process of 70% ethanol
extract and ethyl acetate fraction from
Citrus junos seed shell and their yield.

2.3.1. DPPH A@¥<& o83t A =g

A5 2z k8 55] mRiste] gl
A2 7FE gty e 2250 25
Oz A4 @42 DPPH A@He |85t
gotgict. 0.2 mMe] DPPH Alof, ofgk& 1
1 EAY TR FEE e BEES 101
o] "2 EFsle] 10 min B A =T
UV/Vis #38=AE o845t 517 nmolAl<l
TREE S5 oA 58 4 2IE

. n A T pn

2 flo
B
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o Afelz 27 @4 A=t DPPH Aok
g7 e AL blank, ABE WA ¥ AL
)& (control) © 2 &lo] Attt

Radical Scavenging (%) =
(A A

experiment 4 sample bl(mk)

A

> 100

—_——
—_

control

Acxperimen: = HETY] S FE(absorbance), Aplank
+ blank®] FF%E, A control®] FFEE
ojmgttt, kol wet Zkzt Al 14 SA sk e
9, A gdzd &7 242 DPPHY F&7t
50% A=l 9ast Algo Fx(free radical
scavenging concentration, FSCsy, #g/mL)E

Sto] Hlwsht.

23.2. Rl WEHE o83t
Fe**-EDTA/H,0; A4 BA&tA
&A B (FI4ES)
Fe*'-EDTA/H,0, 7= 0,7, «OH 181
H,09} 72 S445e AAYAZIH Holuy
T Ze Holg%e E3| ¥eAdol & -OHE
A7 Fatt 9T gt o] AddAE
ditae] o5 Frlo] Wgshs @42 ol§

=
sfo] Bt Ao L 575

24g FHo| 5% 178 mLE 91 5%
o) AN 252 EL BH2S 50 4L A

N

et & 2.5 mM EDTA 40 xL,5 mM FeCls *
6H,O 10 xL, 35 mM FulE 80 xLE& ¥
EFgAZ H 5 min B FRAFALE 1 F
Fenton ¥Hg-& &% 44T A4S <l
150 mM H,O, 40 #LE H7I5FE 2™, 25 min
¢ P AxE SHskArh g
(control)> F2& W4 FTHFE Hristala,
%*l@(blank)—% F6C13' 6H209} H,0, EH/]‘_] —%—
$48 Aot shgoR 239 gre o
& Ag 5o ANES ANSICD], BAL
27 B4 7= AsiEe] 50%7t He=d 2
8% Alg9 -sIk(reactive oxygen species
scavenging activity, OSCsp, #g/mL)Z ZE7]|5}

o}

TR LR
ROS scavenging (%) =
(CPA/[(’I)HfT()I - CPA/[eXpHrinmm,)
— < <100
( OPanfrol - CPAfb{ank)

2.4. Photohemolysisi2 0|28t MEHEHS

st 53

24.1. T dgY Az

Ao AMgH HEH= A%e golozy
A& & T heparine] H7HE AlFH
Co] Yo B3 ofal 12 h ofjo] Ago
2519t o] 3,000 rpmOE 5 min B ¥4
woste] Aot @S Eeoty, @42 AA
gt H 92 HEFE 0.9% saline phosphate
buffer (pH 7.4, Na,HPO4- 12H,0 9.6 mM,
NaH,PO, - 2H,O 1.6 mM)Z 33] ¥hEstoe] A
2ot BE A2 A F 12 h oJye]
stk Aol AFEH AET 2 700 nm
oA O.D. kel 0.60] =& A|xstgoH, o]
o AEF $£= oF 1.5 X 107 cells/mLE ©|¥

ct.

olfL,
2

1=
4
o]

242, 73 225 9 289 AEx HZ
a9 54

Zd4 del] 35 mLE moldA AY
(No. 9820)e] ¥ &, FEE1 #e& 89
TR Z47F 50 pLA FrbeRGiTh gaolx
30 min 59 pre-incubationA|Z] ¥, FEAAR
rose bengal (14 uM) 0.5 mLE 7F5lal et
o= YFE T F 15 min 3¢ F =
stk FEAR= 50 cm X 20 cm X 25 cm
=719 WHE AA A AR <tell 20 W 3%
= Aok, PFSeERE 5 cm A A
a7 @Efdlo] &3 mpold A Ald¥e FFTH
Bo] HEE dhR vjge & ZARSHIC &
ZA7E B¢ 3 WES(post—incubation) At
mE FE@4 AP E AT AR 700
nmo| A 9] £33 & (transmittance, %)& =3 H7}
sttt A+ 5 F3xo e AdA
S vl S A 55 9 HeE
o] F&del A= A= dHRE AxM &
Aoz 4% 2dz=RY HEF79 50%7F &
g He AR s Fote] HWSHIH iz
42 75°] 30.1 min 22 2z HY + 0.1
min oJH&2 RE -0 AN AAFe] &=

-

tlo i

—_

2
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SHAl Uebdth & S4aAE AR8E rose bengal
= A7ietal FERAE s 2 -9k rose
bengale H7bshA] a1 FxARE RE A¢, B2
T oMkS 120 min 744 A9 £8o] doji}x
et BE AW A2old AYsielon 33
RFEske] Hatshalt.

. Sample Ty,
Protective effect = —————— <100
Control T,

3. #xat ¥ n¥

A

3.1. RAMME FES0| itE Y

1]

3.1.1. DPPHES ©§@ A2tz 2484
25 AAE AT sgEe oAt
B3 Begsteh ol wgAel kot AR U]
Aafze) Aehree doA A W S

A S|
of &2 4ozt oz Adgrge] 9§t A
Aibitele ORLSE 7148 A7) T8 9
o2 st gy tE SH2RE HAE
drop gtlg oz n A Atsibgo] FHdE &
At wEbA gdZs FEAZ S e Y
2 AHREgel Qg &4 AHAIA i AL
£ H3% 4 JE Fast @or. ol &
s o] g o AA 48 B9l &
AT & Aot FANE FE2E 4 28E9] #
Oz 474 4L DPPH =tz o]8sty =
Aottt Table 12 fFAHEre] 70% ogte 5
=1 oHotAEHlo|lE BEE, 283 X84 F
A2 g% (+)- a —tocopherol9] T A&
A

A &4s S8 AT Aol o &

242 50%9 #HoEe a7 A=Y sk
(FSCsp, ug/mL)= YERHSITE 70% oe-E 5
=5, ol2oMEclE £29] gozd AAgEE
247} 512.1, 5140 pg/mLE YERgTh HlR o
Z3og2 A2l (+)-a-tocopherol EHrt} =zt
AAGGo] WoreH 70% oetE FEEI o8
oftAlElo|E R ES 2tfd AAZ o] [FAFSH

Al YERGT}. (Table 1).

A GRS (Citrus junos seed shel) FE2 9 BE9| gitst &4 H7t 5

Table 1. Free Radical Scavenging Abilities of
Citrus junos Seed Shell Extract and
Fraction

Extract and Fraction FSCso (xg/mL)

70% EtOH 512.1 £ 48.7
EtOAc 514.0 = 22.0
(+)= a ~Tocopherol 9.0 £ 04

Data is indicated as the concentration required for
50% scavenging of free Radical. (70% EtOH : 70%

ethanol extract, EtOAc : ethyl acetate fraction.)

3.1.2. Rl IPFS o) §3
Fe**-EDTA/H,0; AoIA BA4tA
27 HGF F4sks)

A Yolle Fa3 Aejzhge #olste A
(Fe)Tt F2(Cu)et T2 HolF% o250 £
ghet, zkelAef o5 A E4rA S ot
TastE A (H0)€ A W o2 AEjol o5
Aol g4o] Zufjzkgof o3t Fenton W2 A5
ato] stol==A 2 Z(«OH), $HSA|E g
g0, )3 #e o8 712 ROSE AAAZ
4ty RuojEe #XA4o] o) AtSlEe] =
2 ool EE At HAokt viEAdEHE
HolZ A =HWA 3420 -450 nm)st=s EA
2 e EBdott. B AFdAE
Fe’'~EDTA/H,0, AE o]g3te] SA44E 1t
AAZIAL o|]ACR gt Fulime] sk Wy
AEE 55 Az S4e 27 58S g9l
sttt ol theFst ROS7E #ojele whgo=
I ANE F sk R gystdon FAH
doz Hel de 2E5E 9 BE5ES ROS &4
AL 50%2] BAALE 475 BHE(0SCsp)
ZA Table 20 YetlSit. §ApAEre] o dot
AHOE FEEB2 & F435(0SCs)el 86.5
pg/mLE 70% ofgtE FE5E (2429 pg/ml)
Hrt oF 288 & &S Yerhsith oz &
A= Afol7t Qe ALoE yEgth ole
otAgo|E BEof gitst Ego] & EHo]
g gheEo] Q= Aog dhE

sal el
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Table 2. ROS Scavenging Ability of Citrus junos
Seed  Extract and  Fractions  (total
antioxidant capacity)

Extract and Fraction OSCsp (g/mL)

70% EtOH 2429 + 11.7
EtOAc 86.5 + 1.8
L-Ascorbic acid 1.7 £ 0.1

Data is indicated as the concentration required for
70% scavenging of ROS. (70% EtOH: 70% ethanol
extract, EtOAc: ethyl acetate fraction.)

3.2. '0.22 REE M= mtajof it
MZES S3}

MRS gy A= A=E 42 5, 10,
25 9 50 pg/mLe 2 AHIstaS o, Hd
T7F 50% €& Hed ZEe A ()= U
efiglch (Table 3). &7 2% oF 30.3 min
oA 50%°] AE7t sEE Aor A=)
om 0% g FEE2 HE koA Hl
E49l (+)-a-tocopherol Ht} oF7F Lo AI
Ho gis Uepfgct dEoAEHolE EEE
2 A FELEA 5 pg/mleAd (-«
—tocopherol Et} ot =2 HEZHS FIE L}
Elfigle™ 10 gg/mLolAe AR HZES
s 7M. 10% olEE FEEHT o got
AEOlE 224 o =2 AZES FI3E H
ol olfE FAXNE FEE 4 289 TLC £
g Fol Aokt ol oEotAHolE 24
oA (+)- a —tocopherol?} naringin®] Z7}of <]

I

B LR

ot Aoz Atm Hoi(data not shown). 14}
AHotAHIO|E I FXl 25, 50 pg/mLAfA
MZRS 37t ZAastdt o8 A3y glstr]
99l BAT] =292 U FrAE Addep
B FAE 2EThS Aeote] HPde] &
HEE glstthFig. 2.). AHotAEHo|E £3]
25, 50 pg/mL& A2 F 75871 Soll= Z+
7zt 65%, 86% 25 AL FRlstart

pefmL

50
10

40

m25
30
20 =
10 II =

_ _ =
——— T=& = - -

Omin 15 min 30 min A5min 60 min 75 min

| ]
@
=3

Fig. 2. Effects of EtOAc fraction from Citrus

junos seed shell on  rose—bengal
sensitized photohemolysis of
erythrocytes.

4. 2 E

D A 355 9 128 o Afetzd
AZHESCso) 54 23, 10% oe-2 5
= (5121 pg/mL), olEolAHo|E E3F
(5140 pg/mL)= Yerolflt. FAAHE
FE= 9 2892 HuEdEd (H-a
—tocopherol (9.0 upg/mlL) Hrt} W2 ZHH

v b

Table 3. Relative Cellular Protective Effects of Citrus junos Seed Shell Extract/Fraction and
(+)— a —Tocopherol on Rose—bengal Sensitized Photohemolysis of Erythrocytes

750 (Half time of hemolysis")

Concentration (zg/mL) 5 10 25 50
70% EOH Gon Gio (2 (52
EtOAc o oot ot 09
()~ @ ~Tocopherol G0 03 (05 (£09)

YControl, 75 = 30.3 + 0.3 min
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g

2) A F2EE 9 299 4 4
Y (F FAisks, 0SCs)2 70% &=
FEE (2429 pg/ml) ¥ oHotAHIO|E
28(86.5 pg/mL)= YEHolFl o od
oAH|C|E F=lo] of 2.8H] &2 A
= YeEh o= odobAEc|lE &3] 1}
AollAl EetHo|Ert gol R Ao
F5Hh

3) fAAE 228 9 289 10,02 fEH
AT Azl wpajo] gk A|EHS F}
(ts0 70% NHEFEENA FEoEF
Q1 A7t yepglolzlon HlwEHERl (+)-
a —tocopherol I} H|wste] wo ghgo] 1}
Bttt ofdotAHolE EEe A FET
el 5 ug/mLoflA (+)-a—-tocopherol Et}
ot w2 AlZET /o] UEhHth sHA
9 LUt Jefjdas e AEES §a
7F vehgton AdAto] oHotAEHolE 2
guts FEEE AYs] HS o AlZtel

Ad5E APt £ A dge BE
shiet.

2 A7 B AN F22 9 BES Y
BB Hla) AlE e Fare 2ol 99l
e salsgon AN F52 9 B
Agattd aARS Heh & Pabsisol Erh
L e Sstg. BAM4eE fuE 48T
A o] tigt B w3t otel st ofopA
dole B9 4 $E@el 5 ug/mLold (H)-

a —tocopherol Rt} =& HG
ol= A HNe] F Pitet &4

Zzd0) B35 oopEo]E

37} vrepstc
of gt Zolzt
9 25 pg/mL
P

fol

=

ot ol AAE 2EE U 2F =
AR Fole AREYA qTE sh= ARol &
o] glo] AlZut AU wIAFoRH £ 5
ToA 88e EXA7E Fgo] A gt &
24t Hoh 3AH 9AYSE A3t Zas)
Holct

o

SUWAE SR8 (Citrus junos seed shell) 25 4 2859 its &4 H7 7

| A7 20179 AeTe & Tstan WAt

H9) AU Sesgluict,

10.
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