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Anti-oxidative activity of water-ethanol fractions from Spiraea prunifolia
var. simpliciflora ethanol extract
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Abstract

The purpose of this study was to examine the anti-oxidative activities of water-ethanol fractions (SP 0, SP 30, SP
60, SP 80, SP 100, respectively) obtained from 70% ethanol extract of Spiraea prunifolia var. Simpliciflora (SP). To
determine antioxidant activities of each fraction, total polyphenol content, DPPH and ABTS radicals scavenging activities,
and ferric reducing antioxidant power (FRAP) value were measured. Next, we established the inhibitory effects of
SP fractions on H202-induced oxidative stress in B16F10 cells. The total polyphenol contents of the SP fractions
were significantly higher in SP 30, 60, and 80, respectively, than in SP 0 and 100, and DPPH or ABTS radicals
scavenging activities and FRAP values of SP 30, 60, and 80, respectively, were higher than those of SP 0. In particular,
the total polyphenol content of the SP 60 was 304.77+0.31 mgGAE/g and DPPH radical scavenging activity was 0.03+
0.00 mg/mL, similar to that of the ascorbic acid, and the ABTS radical scavenging activity was at a level of 1/4-1/5
of the ascorbic acid. The FRAP value was 1269.88 + 12.01 mg ISHE/g. As a result, the SP 60 showed a significantly
higher antioxidant capacity compared to other fractions. All of the fractions showed no cytotoxicity up to 125 pg/mL
in the B16F10 cells. The SP fractions showed strong cytoprotective effects in H202-treated BI6F10 cells by reducing
the ROS production and DNA damage (p<0.05) and increasing the enzyme activities of SOD and catalase (p<0.05).
The anti-oxidant activities were highest at SP 60, followed by SP 80 and SP 30, respectively. Aside from the above
results, SP is expected to be used as a functional food and cosmetic material with excellent antioxidant capacity.
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1. A& 2o =Zd o] 7919 s wEA vk 84
AH=Z(reactive oxygen species, ROS)S 235, ROS

B = 2 A, B4 WA S FEE 59 o ~EY superoxide anion(O,"), hydroxyl radicals (-OH), Z1&]
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2 sH=EmEs|X| H|283 63 2019

3l non radical hydrogen peroxide(H,0,)9} & free
radical-S X33t} o]= 3l8tH o 2 wkg3le] DNA, o
ELEIS el Al
ROS7} AlE2] WoAAIE FU=e|A] =HH 418t gkl &
S HBIAA AsHE] AEEAE fHksit) o]g v
3 Absl ~EdaE AIDS, 971, dxslo|nel
2 Q7ke] B Agke] Fa3k fFalos dHA
sl 53] Reste] MA7|do R deA
ATHZAI7], 2009). A= 2kt ~EG 20 tigh e
7102 thekek ksl WolAl2ElS Hfskal Fdho|
ofgt o7 A v EAA Wofr]do R ety B4
HAA A o= 3ak3l & 4¢l superoxide dismutase
(SOD), glutathione peroxidase(GPx), catalase(CAT),
thirodoxin reductase 5] <1 oA 283l lor
ol AAEL s HYste SNAEE AAY 7 Ut
(Curtin et al., 2002). H| 5474 HAAAZE 3213} B2
of oJgt A o= o]52 ksl Fhd o) A|AA &
= 2ES AAE  ATHE<IY ¢, 2006). AW
o &dakae] FETF AUAA =AY Wof7]so] At
=

Fegt

e &% A 3l

0

ol HlEAZ st =dEL oFeM &
T fARE 35S Holr] uieel H st

2006).

HE 4% akskAlE=  a-tocopherol, L-ascorbicacid,
carotenoids, flavonoids S-o| ¢Jt}. o] flavonoid: &
4 St R Aol Bol ghHrEo] SlaL, 53] dF A=
2= FAkslso] a-tocopherolo]uy L-ascorbic acid 2}
vk A7E Baso] JokEbed, 1997). ol Akl
HshHola 8 AFA] HZo] AH] Edlso] ot
flavonoide} 22 thefgt < A o83 7164 2%
I dAsPEe] A Aol s QItHAAL 2,
2019; Shim et al., 2017).

Zr]#H(Rosaceae)ol| &l = (Spiraea pruni-
Jolia)= FAEE ALJg shte A3} F=, d&2 Foll
oF 10F 6WF 165771 AP ollfE] Folx= o
Ao} B, B oA, dEAl, 95 XA L 2
SAR ARSBISTNAIDG 2, 2012; o]23] 2], 1996).
AP 9)(2017)2 ZF U Spiraea prunifolia Sieb. et

A% FE 20| WY

Zucc. var. simpliciflora Nakai) 2] A4 F55

Azl gkt 9 el 2hgo] 9leS Halstelal thE
ATME 2] e FEEC] ABNEE B3t
Il FF B0l Qlokal B aEIeh(AIv]E £, 2017; 921
9l 9], 2018; o]23] 2], 1996). L} o}F Zgiii-o]
7HA9}F s T3 olle-E FEEC tigh = o] Fo]
AA] gFgrovg B A= ZH N (Spiraea pruni-
folia var. simpliciflora) 7}A2} o] ERE &5 O
ste] E-olehg £95S Ao o]EY st @445

Ao gA] ilslsol

o}

2 Ao ARRE ZFUH(Spiraea Prumifolia var.
Simpliciflora)y= &8 35ollA] 2018 10l 2338+
om Fajo} AAS Aleletal 7hA|et oS ARSI
2 dFdME 2 ARES FESHE AN &

S
T2 =9 2=~ o] u}
o

A S Hdigk BAstal 288 d T A=
Ho= guljo] ujFH olgtelr] FE&& eIt =7
U Fke] 8ullr kel 70% olehe-g 7kste] 70°C ol
A 3AREESE 33] whE ugl &Skl FEAE BT
&lo] of3}x](Advantec No.3, Toyo Roshi Kaisha, Ltd,
Tokyo, Japan)& o83l oFgt - 3|HFFEZ7E
ARgEFS] F53EITE Aolzl FEE thste] Sl w
£ 285 ANEsrh #82 HO-EtOH &3H8-9s &
Zgig AR FFAZ HP20 resing ARg3he]
column chromatographyS A5t} & 570 H3&E
[SP 0; H>O-EtOH(100:0), SP 30; H,O-EtOH (70:30),
SP 60; H,O-EtOH(40:60), SP 80; H,O- EtOH(20:80),
SP 100; H,O-EtOH(0:100)]< 2lo] 3dZuleZr|2 =
=% F 20T Baaty g ARgr2E 1]

% Zg9E =2 Folin-Denis§(Folin & Denis,
1912) 2.2 Z=A3}3t)k. 2N Folin-Ciocalteu’s phenol
reagent(Sigma-Aldrich Co., St. Louis, MO, USA) A|eF
T FHAE A TR BURE 112 4ol o]

23 5 20% sodium carbonate(Na,CO;, Junsei
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ZEH }(Spiraea prunifolia var, simpliciflora) H|Ete FE2 H320| Shilst &A 3
Spiraea prunifeliavar. simpliciflora (28 UE, 6.8ke)
70% EtOH extract of SP (253.3g)
HF 20 Column Chromatography
EtOH/H,C stepwise gradient
SP O SP 30 SP 60 SP 80 SP 100
H,O-EtCH H,O-EtCH H,0-EtOH H,0-EtOH H,0-EtoH
(100:0) (70:30) (40:60) (20:80) (0:100)
[3 1] =R FE2 9 2€= A= 2y

Chemical, Chuo-ku, Japan) 150uLE 713l vhs- A]7])aL
ELISA reader(Microplate absorbance spectrophotometer,
Bio-rad Laboratories, Inc., Hercules, CA, USA)Z o]&
ske 765nmellA FFEE ST olul gallic
acid(Sigma-Aldrich Co.) A2 ARgsle] z2HAdsk

=2 w2
= =

EERUORNE 2 RYE Vol F Fells §FL 4
F5haic
3. B g &Y

7} B35 2] DPPH(1,1-diphenyl-2-picrylhydrazyl,
Sigma-Aldrich Co., St. Louis, MO, USA)el thst &}
oz 42752 BloisH(Blois, 1958)2 o]&3te] =As}
St 31.3, 62.5, 125.0, 250.0, 500.0, 1000.0pg/mL
o] v== 343 =l 0.15mM DPPH &5 4

o] ¢talo] W28 3 ELISA readers o]&3}¢]

[e)
—

517nmel| A 3 EE =43519ct. ABTS  [2,2’-anzinobis
(3-ethylbenzothiazoline-6-sulfonate)] =z A2AFS

Fellegrini et al.(1999)2] WHo=g ZAsct. 7mM
ABTS&d3} 140mM K,S,05 (Sigma-Aldrich Co.)E
Z &3ksl 532908 abso- lute ethanol® 1:88<¢] H|
&2 o] ALgatth FEEE X3 B35 10ul
ol ABTS &£%-49 200uLE &§3lo] Halo] )3
& ELISA readerZ o] &3} 734nmol|A EZ=E =
3ttt DPPH 2tz 2753 ABTS #it)zd 47
55 TEHER AEEY ICspts Tehlal iR

235
FRAPo|| oJ3t 31Y2S Benzie®l Strain(Benzie &
Strain, 1996)° 2 =A3}%t}. 300mM Sodium acetate
buffer(pH 3.5), 10mM TPTZ(2,4,6-tris(2-pyridyl)-

ogE= HTE ascorbic acidE ARESFYITH

s-triazine)2} 20mM FeCl; « 6H,OS 22} 10:1:1(v/v/v)
o] Hl&= 4jo] FRAP reagents A|zatqrt. s=EE
3438k E3E&E 10ul 2} FRAP reagent 300uL &35
o] 37T 1087 w271 % ELISA readerZ o]
&3] 593nmelM FFEE SAsIAT A B2 F
=HE Azx3 FFEFA FeSO, - TH09| Aol
o] A%} FRAP valueE AHE3FiT)

4, B16F10 M|= vl

2 Aol aAle] Fusksol Seld A9 SE
A AT A AT dglone Agel AeH

murine melanoma A|ZF¢1 B16F10 AMZ& A&
3todct. AEE st EF23(Korean Cell Line Bank,
Seoul, Korea)ol|x] EfHtol ARSSHITE Al 10%
FBS(fetal bovine serum; Gibco, NY, USA)Z} 1%
penicillin-streptomycin(Pen ~ Strep;  Gibco)S  H7}3h
Dulbecco’s modified Eagle medium(DMEM; Gibco)<
ARg3Fe] 37C, 5% CO, incubator(BB15, Thermo Fisher

MA, USA)eIA wjekahsict.

AE=

—
L=
s e

Scientific Inc., Waltham,

5 REE9 ME =M HI}
Zt ZHUT BEEo] A¥E EXE& water soluble

tetrazolium(WST)& ©]-&3} cell proliferation assay= 2
A5ke] Hvskt. 96-well voF €719 1X10° cells/mL
o] F=2 323 BI6F10 Al 8-S BF3}e] 2417 &
Qb wiFate] 3t gl kst AR &, Y ES F=H(0,
15.6, 31.3, 62.5, 125.0, 250.0ug/mL)= =] 2]a}e] 24A17F
el ket wieke] k& EZ-Cytox WST assay
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reagent(Dogenbio Co., Ltd., Seoul, Korea)Z 7z} wellol
10uLA A7ksk 3 37°C, 5% CO, ZAdA] 3AI7F 2t
HWH3-A|# ELISA Reader(Microplate absor-bance

spectrophotometer, Bio-Rad Laboratories, Inc., Hercules,
CA, USA)E o] 83} 450nmolA] F352 =439t}

6. B16F10 AM|=E LH
species, ROS) &H

M AAF(reactive  oxygen

AlE W e FE WPt B Ash=A SAE]
2J5le] &% probez dichlorofluorescin diacetate (DFC-
DA; Sigma, USAYE °|83}9Ic). DCF-DAE: #1895
A2 AE W HOp0F 22 33IsHEo] &4 & wj ROSe
o)af 2k} 2,7-dichlorofluorescein® ol =g 3}=|o]
FF= B Jei(x153] 2, 2013). 96-well ¥ 8710l
5%10* cells/well] =2 BI6F10 A EH-S EF3}a] 24
ARE ERF 72 d kst A7 F, 125pg/ml FEe] 2
Fui £8E57 24mM H,0,5 Aeldk & 24171 g2t
wjekaldct. vk o]Fo| PBSZ AZska, DCF-DA
(Q0uM)E H7Fste] 3027 WE3A]A Beckman Coulter
DTX 800 Multimode Detector (Indianapolis, IN, USA)
E o] &3}e] excitation 485nm, emission 535nmoix]
DCF fluorescenceZ 434 ROS9| H3leks =431

CTVEE PN

ZX(SODg} catalase

2 2oEe) AT ) P8 520 BYS
317] ¢J3le] SODS} catalase &AL =A3}t. 24-well
wjF g710 1x10° cells/mL FE= AEHS HF3}0]
2477k FQF 2k Bl kst AR F, 125pg/mL Fee
2T BE A F 2422 B9F vkt o)
ol & F PBSE AH3 |, 24mM H,0,5 3023t
A2gk & oAl AMAESEATE. Trypsink EDTA(Gibeo,
Gland Island, NY, USA)E o|&3}e] AZE 353
lysis buffer(0.1M Tris/HCI, pH 7.4, 0.5% triton X-100,
SmM (3-Me, 0.1mg/mL pheny-lmethane sulfonyl
fluoride) 200pLE 7Fet & 387 &< 223 A8ty
AEZS spfstar F2s}skedeh. BI6F104| 2] SOD &
e AEEAE 14,000g004 SEZF A F2lek F e

S o] SOD activity assay kit(Biovision Inc.,

Milpitas, CA, USA)E o] 83} =43}9)1L, catalase &4
& AR AZENE 1,000g004 1587 944 e
3 & AeAS FHSle] catalase activity colorimetric/
fluorometric assay kit(Biovision Inc., Milpitas, CA,
USA)E ol83) =433t

8. Single cell gel electrophoresis assay(comet assay)

24-well wj%F &7]ol] 5x10° cells/mL ] FEZ AEY
S Este] 2443 Eob A Bl QbAst ARl -, 125
pg/mlL F%o] 2 &S Aelste] 24A%F 51t
wjFstolct. widko] £ F PBSE AlFskal 24mM
H,0,5 1583+ A 2|g & thA] PBSZ A|Z3IaL trypsin
EDTA(Gibco, Grand Island, NY, USA)Z o]&3}o] A|E
£ IFetsnk. 3k AEE
agarose gel(LMA)3} 43¢ 0.5% normal melting agarose
gel(NMA)o] v £E8 Zefo|=o] B30k 1 5
alkaline lysis buffer(2.5M NaCl, 100mM NaEDTA,
10mM Tris, pH 10, 10% DMSO, 1% Triton X-100)c]]4]
1AIZY,  electrophoresis buffer (300mM NaOH, 1mM
Na;EDTA, pH 13)ol|A] 402 F<t Halellr AA7 =,
A7F5S AAETE 71950l Bt T 04M Tris
buffer(pH 7.5)l14 A% ¥ DNAE 20ug/mL ethidium
bromideZ FA3}e] light microscope(DM 2000, Leica
Co., Wetamar, German)2 o]|-83lo] #3514t} 42
Komet 5.5 image analyzing system(Andor Co.,
Nottingham, UK)E o]&3}o] Z} AZwlc} 50712 DNA
£ TR ddste] EA50tE DNAESY e 3
S 2RE o]F3le] HAUZt DNAS] H-&(tail-DNA, %)
7} DNA3}A 9] Zol(tail length), tail-DNAS} tail length
= #3F 3¢l tail moment2 ERYATEH

0.75% low melting

9. SAIEM

218 Aol tfgt H2]2 SPSS/Windows 24.0(Statis-
tical Package for the Social Science, SPSS Inc.,
Chicago, 1L, USA)S o]&ate] SARAS HAIBHIL
RE A= P 5UxE Ueidiich A3 23te]
7t Z3b wERke] AoleUgulx] EAHEA (one-way
ANOVA) ¥ Duncan’s multiple range testE ©]-83}¢] a
=0.05 Tl FodS AFeal
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ZELE(Spiraea prunifolia var, simpliciflora) o|EtS

m. 23 9 u3@

p=)

==

1. ZEUST 70% olshe $E80 48

=== 11 0

ZHUF 70% oehe FEE9 582 3.72%°|Uth
BuFES dtHo R FE2wT) oldTE 28 S
o] Z7VFAIRKAEE, #4832, 1990) olghE vl5H o]F
oM FFFELS AR 8l G5l JFE vAA
o A olstillA SuiFEsielth. ZRuTE 94

ZF ZEvle S A 27 SP 60(304.77+0.31
mgGAE/g)9] & Fjslle shgo] 7P #qtaL, 1 thae
2 SP 30(300.14+0.30mgGAE/g) > SP 80(217.18+0.22
mgGAE/g) > SP 100(74.22+0.07 mgGAE/g) > SP
0(23.11£0.02mgGAE/g) A2 Z2)3lls 3efo] Eghr).
£ dA7o] el fAkeh Anldtel &ahs gt
S-(Spiraea fritschiana Schneid)®] A2 wghe 13
HoME ZjdE o] 212.78ugGAE/mgo 2 =35
oj(H29 <, 2016; AX 3] <], 2007), £ <I7+2] SP 60

SE AlQfgk AxellA] AL lom ALE £2F7] 3 SP 30 EFE o] ZadE sk U] oS o 4 gl
ol A 7 5 AL Tkl 7HA] T AFHIE ek 22120 de] REH] gl vEA giee
HAeER ol W] FEo] HE &L B4 GARE 23} gapEe] shg, thokst Fxe) BAeks sz
BAIH o)Al thFd ko] Zhsdte] idslksol Sl 2Alel w4 228 phenolic hydroxyl 7| & 7HA= Hlek= 3}
Il xf= oJo)rt Qltkal & 4 Qo< 1> e T, AdiEzel 22 oy sgEd 44 4
gste] ksl 22 Aejgds JEhiH, &, A
2. ZELIS BB & B2l w2 ¥ sust  FW 5ol tid AP SlE o Mgk
=178, W< 9] 2004; Azuma et al., 1999). HE3|, A&A)
(2015), Kim et al.(2018)ol] 2J3}A Zajs|= ek g4k
TP wede] st WA doh] At T shgat o) uAlE AT Qo) Bl Tkl
BT AW D <k 2 A B BHES0 ggm el @4o) Brhy Buslgn) ol @y thE
(E 1) TEHUZF 70% oEe FE29 48
A= FExd ke NxFHe) &%)
Spiraea prunifolia var. simpliciflora 70% EtOH 6.8 253.3 3.72
(E 2) ZEUR REE9 & Eclul= g ¥ sits 24
2)
e 5 o ICso(mg/mL) FRAP -
(=R18 1 3)
(mgGAE/g) DPPH 2itizt 27% | ABTS 2tz 27% (melSHE/g)
SP 0 23.11+0.02*" 5.45+0.48° 34.31+8.14° 49.05+1.54°
SP 30 300.14+0.30¢ 0.060.00° 0.44+0.01°" 517.5+12.8°
SP 60 304.77+0.31° 0.030.00° 0.37+0.00° 1269.88+12.01¢
SP 80 217.18+0.22° 0.08+0.01° 0.45+0.02° 520.57+10.47°
SP 100 74.22+0.07° 0.08+0.00" 2.57+0.05" 486.23+8.88°
VGAE: Zt2t &2k,
oz 50% 24T 5 Je AR %, @9E mg/mL.

JISHE: 343 @2:(FeSO4- 7H,0).
YnE A PEEEEARZ JERA(ES=3),
DA Ha-d) B T3
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¢l 3aksl B B o]85al 9= ascorbic acid,
catechin, a-tocopherol¥} & ¢ 32k31A), butylated
hydroxyanisole(BHA), butylated hydroxy- toluene(BHT)
5o A BRI AR, 4 skl A oA
do7l= F2E Tl HAd ol Jlo] AF H olef
Folle] ARg-o] A=A E}(aﬂ*—i o, 73k, 1982). whahAl
g0 2Ale] ZhiT EYEe PAsks0] B A
o oEHER NF 2 ookEe] FusA2A 2gol

e =
gdes =

A7) Siet o

&t BA WY F dubeoes o8 DPPH, ABTS
g 27 s& 543 2, DPPH 2uz 27159

ICso7x2 SP 0(5.45+0.48mg/mL), SP 30(0.06+0.00
mg/mL), SP 60(0.03+0.00mg/mL), SP 80(0.08+0.01
mg/mL), SP 100(0.08+0.00mg/mL) > 2 SP 60<l|~] 7}

52 ek ICs#ko = 1
ERdl ABTS |z A7%2 SP 0~SP 100 744 742}
34.3148.14mg/mL, 0.44+0.01mg/mL, 0.37+0.00mg/mL,
0.45+0.02mg/mL, 2.57+0.05mg/mL © = DPPH #}tjZ:
2753 PRI SP 60To] /M e 245 1}
itk =Y 28R F Felbis 9] g B
A SP 60¢] DPPH 2}t)Z 27452 FUNZTFO 2 A
%l ascorbic acid(0.02+0.00mg/mL)2} F-Aksl3al ABTS
gtz 2758 ascorbic acid(0.08+0.00mg/mL)ol| H]&}
o] 1/4 ~1/5 i5g e Wb 2
E‘Q% = SP60-& A3 =& *c‘ﬂ—/\]—i]. FAS AU ¢
Thi ALR L o]E% $(014)e] Fvlst 2% E7]e]
A3} A dAFoA] 7 903 ksl SRS Wl 4

140 4

1z0 A

o0 4

R,

gu A

60 o

NEREE(%)
VSN VERANNRAVER V|

40 o

e e e s

Bt 27 FEEe gUZ 2752 RCsopk(DPPH:

0.47+0.03mg/mL, ABTS: 0.5240.05mg/ mL)E Hof &

AT AHET EHUT RABES FARE NS
WA A e S B9E b BEe B
F ek

53} ferric tripyridyltriazine(Fe' -TPTZ) 23471 3]
Aol 23 ferrous tripyridyltriazine(Fe” -TPTZ) o 2 3+
He Hol Se 5= FRAP 3t
(mgISHE/2) SP 0~SP 100 71%] 217} 49.05+1.54mg
ISHE/g, 517.5+12.8mg ISHE/g, 1269.88+12.01mg
ISHE/g, 520.57+10.47mg ISHE/g, 486.23+8.88mg
ISHE/g 22 9A] SP 607-2] FRAP #ho] o2 5 Hu}t
FrolatA l"‘5’>l‘:]r(l)<0-05)-

ols} e AHES FFe] B 1) EHUY RARE
o foe RS EEE A 4 Ul o] 5
SP 600l 1Y $E AE %+ A

3. ZEUTF =2E9 M=z =4 got

ZIP B B3 Eo] BIGFI0 A|Ee] A&gd nx]=
]_

IS Blsty] Astel AL MlF F AT RS
0, 15.6, 31.3, 62.5, 125.0, 250.0pg/mL S8 H7}3k 3

24 A7k ot wijoF 31 5, WST(water soluble tetrazolium
salts) assay=S 25 Ax= [29 2]9F 2} So et al
(1999)9] A-ell ofshd X3ty HlehE F5E3 RAW
264.7 MEol| 4817F 2 2JstdS wl 200 pg/ml FE7}
A ME AEE FFS PIAA Gol, Azl =

i 222e vad AT oHge 2oy 1

mzE 0
=P 30
L=l
asF a0
QsF oo
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ZEH S (Spiraea prunifolia var, simpliciflora) of| £+

to
1
u
Mo
AL
Jok
Mo
1o

03FITKSo et al., 1999). B A7 Ay}, FFy 23
RFoA 125pg/mL 74A] A AYEGol JEFS vA|
%+ As gelstglemn o] AR E nfgoR o|F
BI6F10 AIE ) ahiks}l G577l RE 2829
% 125ug/mL oA F&s}Ac)

o

=9| ROS HHls

Mol oJ3h Algla] AEgAE w3l
&l F& nAH, 53] 9Fe] w3ls &
ZIAZItKSander et al., 2002). ME7} Aksl2] ~EHAE
WA = A2 o] B4%kgol o5 ROS7F Ad=ar
A ] gHrksl 713do] 2HEEuk ROS7E #hestA] A=
o] A Ael=|A] Kt 7)) ROS7F 2241& 74417
I tApAZE Lo 7ItKFridlyand, Philipson, 2005).
H,0,2 21814 2Ef 27t S5% BIGFI0 AEfA] =
HHE £8E9] ROS AlsS 543 2= [1¢ 3]
3} k. B16F10 A32o]] 2lshAlQl 2EHAE F7] flet
of el HO8 st A3 sl 2Eg=E
kA ke AECFAET) Bl ROS Aol
16% Z7F8lict. Ho09F &4 825 SP 0, SP 30,
SP 60, SP 80, SP 1002 125ug/mL o] s = ikl o)
A3kt wf HORk A fatal -85S A st g2

(=)ol vlsl ROS AAdefo] frefsiAl #astoint

SP 100 11%, SP 307} SP 80 2] 7% 20%, 12|l
SP 60oME 21% 7HA3ll). o]F 714 A&7}
=0 Eg=2 SP 60 *2] A] ROS A% H0=2
Akela] ~EYAE FA| ke AT A 2ot gl
FroR e xR aNE Ie1g 4= 9k Alv|
% 92017y =3 ¥ele] EF FEES RAW
264.7 A Zell X 2l3hols wl 125ug/mL 9] F=olA f2f
s A ETE HThal Haste] Aol FEHH, 2
At *L% {Poﬂ x}olﬂ °1°Ur Zﬁ%ﬁ J:éPi]

VAP

= el

i_ﬁ_s}—— Hog B q.

A

o

zEe 252

SIAlE Asld ~EYAE QI 279 —fi‘@}% B33}
7] $1gk B AARA st AAE 7HAL
AAE ZH-3EH7] 931e] SOD, catalase, glutath1one—o—9]
FAsl @AE Zhetizded], ol%d, 2009). SOD=
superoxide aniong hydrogen peroxide=Z X|&A|7]aL, o]
+ catalase®} glutathione peroxidase(GSH-Px)ol| ]3] &
S Ect. Ba = x] ko SHAdAka= hydroxyl radical 2 A
gh=]o] DNA, Az e, AlaekEo ok7]st
o] =35 Sslth(7AAE €], 2008; Fridovich, 1978;
1991).

>~

[e:

o
=3s

Guemouri et al.,

(p<0.05). Z+ 2g& A 2 a3+= 234 gd=2A v ZIPE B &9 3algl a4 B4S 3elslr] 95
W], tizol] HIske] ROSAdFo] SP 02 13%, H,0.& AEste] 4kela ~Ed2~E f43 BI6F10 A
120
Z
100
g
‘g 80
¥
fio
o 60
=
% 40
s
=
& 20
=
v A s SP 30 SP 60 SP 80 SP 100
I— 126 sa./ 10l g
H,0, (24mM) - - + + + + +

[3%! 3] H2022 A3l AERAS

=
07 100) Xalol| ot &

Al Ziofl= xfo|7} gles

HHRH a-dE SFst=

Sast B16F10 MZoM Z=ELF 2EIS(SP

SIMAIAZ(ROS) A2t
LIEFE(p €0.05).
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o] T 85 22| $ SOD¢} catalase 245
Ag A= <i 3>} v} SOD &AL =43 A},
H,0.%+ A28t tjz=72] SOD &4J(13.66+4.78U/mL)-<
A2(17.53£1.63U/mL)e] Blate] oF 22% 7hAdtglo
(p<0.05), BIEEL 125ug/mLe] =2 H0,8 3
Al A2lgk FE2] SOD &ALtz vlste] #2J5Hl
7Vl A Bk oF 5% B2 - YERIIh
(SP 0, SP 30, SP 60, SP 80, SP 100 7 Z}Z} 16.20+1.59
U/mL, 16.27£2.65U/mL, 16.27+1.53U/mL, 16.13+2.59
U/mL, 15.60+2.63U/mL).

Catalase &S =733+ 2}, 0.0 A elsh tizae]
catalase &4& 60.14+4.52nmol/min/mLE XA+
(181.4048.43nmol/min/mL)<]| H]3}e] °F 67% 7+A3}
ot 28y H0.0 s 2 #8958 AEs &5
9] catalase &AL 111.71 ~135.58nmol/min/mL. & =%
o] Hjgte] BT fofsHAl kol G2 e 70%
TEOE sl S7Fsk itk 9 EE 5 240 7
=7 A9 B8E2e SP 30 o]glal 1 the-2 SP 809}
SP 600|¢ ot F= Al 1Fe] frofgt Afol& Kol
2| gkt

w2k B16F10 AlZol H,0,A4 22 <l
3} 2EG 2 hS3hs 4TS Bo] SRS 2
o= 715 Bl U BEEES sk 2Ed|
25 g8 r
4 -3 \=

e o8
A 4

6. DNA A3ty £4of Chst 25 g}

Comet assay= A|XEF<FolA 2] DNA €24 gl =
SRIE AR AT U= WS E DNA 41shA
Aol ol AH8-HEtH(Ostling &
Johanson, 1984; Wasson et al., 2008). =35 £d&
o] BI16F10 AlXoAN H,0.x8|2 fE¥ DNA 21314
£} oA ga9E golstaA} single cell gel electro-
phoresis assay(Comet assay)E A3t AI= <3 4>}
2t B16F10 AlEol H,0.5 x| glsle] Aksls ~2Ed 2
E FEA 2T ZATel Blske] tail DNA
(78.6%), tail length(87%), tail moment(96%)7} =F
ofsiA 2 Fom F7IsFATHp<0.05). Ho0.9k 37 A2
125pg/mL oA i A3
9] #E ¥Rk B3] HhOuh A Elgl tztol vlsle
SP 60:2] tail DNA= 67.6%, tail lengthi= 80.9%, tail
moment:= 91.4% 7+A3Fe] DNA fragmentationo] 4
T e FFEOR FAEATHp<0.05). o=
&) At gitsl 71502 DNA 48 A8l
AxE BHosh= a7t sl ZloE Alsdnh

g ZEuol 92l

o) 3L =R =
g U 2EES

lo
o
f

z:sl_
(2016)2] 179} Av]E 9](2017)2] AT AHE s
ks Adet & 5 Slrk

A SOD &4J(U/mL) Catalase 2HJ(nmol/min/mL)
R 17.53+1.63"7° 181.40+8.43°
= 13.66+4.78° 60.14+4.52°
SP 0 16.20+1.59" 123.43+1.20°
SP 30 16.27+2.65 135.58+30.44°
SP 60 16.27+1.53" 127.27+15.06"
SP 80 16.13+2.59" 130.46+13.56"
SP 100 15.60+2.63™ 111.71+15.97°

mE Avhe BELEEFRAL JER(HES3).

29 a-d) B B3 APT 7= 2holrl ¢le-e LR (p<0.05).
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(E 4) B16F10 M|Z0{|A{ DNA fragmentation

AT Tail DNA(%) Tail length(um) Tail moment
At 3.53+0.4392" 4.86+0.50° 0.41+0.08°
)z 16.52+1.25 38.05+2.56° 10.35+1.28°
SP 0 10.67+1.13% 30.3443.15% 7.50+1.28"
SP 30 6.68+0.68" 10.82+0.95 1.40+0.27°
SP 60 5.35£0.59" 7.24+0.73° 0.89+0.15°
SP 80 8.30+0.87% 23.83+2.64° 4.78+0.88"
SP 100 11.86+1.17° 34.04+4.13% 9.64+2.15°

V. 8¢k 4 F&
2 s 2ot sl 7158 BasheA #9¢l
Blaal 70% oErs FEES E-oeks S5tER 235

o] °é—3— 5% #Qg(s 0, SP 30, SP 60, SP 80, SP 100)
58 Wl 7 BeE
@'%k, DPPH, ABTS #Z+ 4
Som A SEolel B S5 S Al S
o] HO,2 21317 2Eg22 F53F BI6F10 A Xl ¥
&) 7] 2lala ROS A4, SOD9} catalase 42 24519
on DNAE gk Boja s S<lskiint. I++47%
ZHUIE BEEE2 & Zoldls g2 SP 02} 1009
H|&}le] SP 30, 60, 80°] {-2oJ5lA =%+kow DPPHU}:
ABTS @}tz 27%3 FRAPZEE SP 0o H]sle] th&
TYEE] BTt 53] SP 60X FEe Tl o
o] 304.77+0.31mg GAE/g 21aL DPPH &tz A7%<
0.03+0.00mg/mL = Azl ascorbic acide} A}
3913, ABTS ]zt 27152 0.37+0.00mg/mL © &
ascorbic acid®] 1/4~1/5 =2 2 JeIT) FRAP k&
1269.88+12.01mg ISHE/g 4] SP 602 T} R &
Hjgte] €953 w2 f%”ﬂ"‘ EO%—ZFQiE]' BI16F10 A
X 2P 2YES AHesids o 2% 125ug/mL
7HA] AIE F730] YERA] edstrh HoO, M= 4kshA]
2E Eﬂ/\—a =3k BI6F10 M2ZoA 23T BIEE
< I ROSE| S oAl ZAA1ZaL(p<0.05)
SODQ]- catalase®] G4 AL Fo37A &

_I
O
offe
mm
Auh
=2
il

e

}Olﬂ PS5 UERH(p<0.05).

(p<0.05) A|E7} 2ks}2 ~Ef 2o 23] DNA &%)
dofuh= 21E FoahAl JAIBH(p<0.05) ko= &
AFoM FE3 AERS F3E Btk ol2ld A
= SP 600114 7 =4 VERAL L o2 SP 803}
SP 30 <=0 & eyttt

i

opde] AIEE Vo] 2P LEE, 55| SP 60
AR o Fush A2 Fol}

27 715 A
[e)

AE5E F8&sH ARE 5 Sivh
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