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e o AAEO] DNAE &A45HY & Fshet] 7IQIske AR BHejAHA SRS AASH| gt T4t
B4 L A7 AR Qiek £ Aol B71ET AUE S ofgotAdolE &S] ghalst g3t 9 AkstA
AEF A0 9J5f of7|El DNA &4 B35 a3 RARE] ol 3=t 415t 42 g1lshr| s DPPH ¥
ABTS Uiz &7 &4, 3R, Fe2+ ZHold &4 Wristylom, shilst 47 e ¥ He 2 HE C9
FFE EASt] AE SRREEE ERlstglth 41514 DNA &4 oA A3= ¢X-174 RF I plasmid DNA At &4
& o]-8sto] £33t DPPH 9 ABTS i &7 42 5k Q&5 02 Yepsitt. 327} Fe2+ Loy &4
2 200 ug/mioNA 22k 77.32 + 2.28%, 64.09 + 1.01%9] E8& Uetilth. E3h 27jEHt AUF 82 A
2EF A0 gt plasmid DNA 2% G392 29}

ZFHof : Y71EHE AR &49-8, 48} DPPH, ABTS, ¢X-174 RF I plasmid DNA

Abstract Reactive oxygen species (ROS) damage DNA and cause cancer. Therefore, the research is being
conducted on the development of antioxidants for the removal of ROS. This study was performed to
investigate antioxidant activity and protective effect against oxidative DNA damage using ethyl acetate
fractions from the cone of Pinus rigida x taeda (ERT). The antioxidant activity was evaluated using the
DPPH, ABTS radical scavenging assay, reducing power assay, and Fe2+ chelating assay. Also, the contents
of phenolic compounds and vitamin C related to antioxidant activity were analyzed to confirm
phytochemicals. The DNA protective effect against oxidative stress was confirmed by the ¢X-174 RF I
plasmid DNA cleavage assay. As a result, ERT showed DPPH and ABTS radical scavenging activities in a
concentration-dependent manner. The results of reducing power and Fe2+ chelating activities were 77.32
+ 2.28% and 64.09 + 1.01% at 200 ug/ml. Also, ERT showed a DNA protective effect against oxidative stress.
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1. M2

AAN = Atet ZXEAT} Al JAEE0] +3E=
O|F QAT &5, &, T4 H 59 o= 7HA] &
Qloj| ofsff #3go] FUAIA =W QA= ASH AEH
20 =ZHT (1,21 1A W AP Sofl HAgsh=
YA A Z(reactive oxygen species, ROS)Ol 2J3f
A AEHAZE A E, EgAASS WA
7ot A4, ol 9 A 52 S A1 4= Slth
o]& Qlsto] QA< ’\1]37‘—9} ZA9] 45 6] e
er ol o]— ‘: q.o]:—]- z] gHoL Ea o]q. [3’4] E?l‘,
c} AA AEAES FEokal
%](% %‘?z_]'* = S promotorilﬂ Z851th= Ao|
55t 5.0 IBEE QA9 &S BIs] %t
AaEY AA= e 85t QAo F2go]
oA A Bss 7H AR AAE 27 H
g A7t :2%1'5} ] X]"“ﬂ_’ At [7-9]. AL
HE A3 5 Qe I 242 AEo] A4, ¢
=45 Q]—rﬂ%'gi—r‘ﬂ H3s5l7] lsf Batste
St=49l  phytochemical2  phenolic %
flavonoid A& gtgtEo] ti#Aoltt. o] EHEL
DGAATT BEHAQl AHNESS Bl AE T
sto] 2Ht|Zz YSAA AATFCEA AU Sg4t
A Aol Z3& FE= Ao IHA 9T} [10,11]. &
R &t grlEth AUS (Pinus rigida x
taeda)y= BE E o] £A F2 ok AURE
ok AuRet WS Bl AR AUFolw, AR
I A5 A 9 gAF) a3t kel g
ookt His S8EI camphene, e-pinene, 8
-pinene 59 terpeneAY B JEES TR0l
ZAog HIFHAH [12-14].

T Ad AR £9120] RS &4 W iR
5, AU &304 $&3 phytoncided] FIS
a7F Ry we S0 AYgy wet A+
7 A7} F7¥skal det [15-17]. @A71A] 2718t &
U] e/l gt AR 439 PAs S
4 proanthocyanidin % E40] tigt A7} 213
HoH [18], & ATtoAe H7lHT AU S8
odotElo]|E REZ(ERT)Y A4S &4 4 4ksHA
AEF AR QS DNA &4 oA &AL IQIstA+
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2.1 A=

B Ao AH 71Eet AYUS (Pinus rigida x
taeda) EFEL FHAEEZTHYAEANA AlFtot
A E&E ARSI

B2 d3o] ARRHE ethanol, dimethyl sulfoxide
(DMSO), methanol, ethyl acetate ¥ petroleum
ether= SK chemicals (HPLC grade, Korea) A&
= ARES oﬂot’:] Uz A9k Sigma-Aldrich
(USA) A& ARESIGITt. 718 Aok & 717 H%
#715H3

22 M N2 FE Y -E—i—!

Aol AREE 27]ETh &2 2% AR A=
50.0 g= 80% methanol 30 2 72A17F AAs & 1
o8-S oH5t3 Tt methanol FEEL rotary
evaporator (N-11108S, Eyela, Japan)& 40CoA &
=% & B Z7]|E o]8319 petroleum ether,
ethyl acetate <42 33] oJA} H}iﬁ}"q g5l
2719ct £ ethyl acetate £&ZFS rotary
evaporator@ §%5t0] -27C0|| EstHa, AE A
o DMSO°| -&3fsto] A3

2.3 itefety

2.3.1 DPPH 2{C1Z0] Cfet AH &

1,1-diphenyl-2-picryl-hydrazyl (DPPH) Zttjz
of i3t &7 AL Bondet HHE Hslo] 243}
At [12]. DPPH solution 300 uM DPPHE 515
m® FFEoA 1.000] HEE ethanol& °]-83}o]
A3ttt DPPH solution 760 W< 5= 25
(0.32, 1.6, 8, 40, 200 ug/mf) 40 wE Esto] 37C
oA 208 H¥FSAZ|F, UV/Visible B33 %A
(Human Cop, Xma-3000PC, Seoul, Korea)Z 515
moll A SBEE S AEA ] %t AAZ
’d<Z DMSOE A2t tx+et Hlasto] AL,
259 DPPH 2tz tigt &7 &4 v ALt
Aoz %g Fotch

a7 B0 = {1-FE2 A9 S35/7E=
FA7Y] FRE)% 100
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2.3.2 ABTS =tCiZ0l st A &4
Al&9] ABTS 2z 474 &AL Van den Berg

5o wue Fustel ¥t (13 ABTS
solution 2.45 mM potassium persulfate®} 7
mM  3-ethylbenzthiazoline-6- sulfonic acid

(2,2'azino-bis)& EFst] 24417+ B FAARL
ABTS™S 734 mollA S8% #tol 1.000] HES S5
%2 3|4519ch ABTS solutiong 760 W<} H&H
FE2E 40 WS T3 T 2087 37T oA HRSAIA,
UV/Visible ¥ Z=AZ 734 molX FEEE &7
stoich AlEA ] 9t AAZ/4S DMSOE A%
tixet Hlwste] A4k, 559 ABTS 2t
ol gk &aA S g AL CE %E 513t

a7 BHW) = 1-GEE W7o F9w/552
A7 FHE)x100

233 s Eot

¥ Oyaizud WS Farsto] 45
[14]. v=¥ &4 100 @l 1% potassium

hexacyanoferrate (I) 250 w< 59 02 M
potassium phosphate buffer (pH 6.6)& &35t &
50ColA 2027t SHEAIAH. o] EHES 4TolA 5
B2t Y248kl trichloroacetic acid (TCA) 250 wl=
Satetnt. ¢ E3telE 2000 gollAl 587 e &
st A5 400 woll 5 SF 0.10% ferric
chloride 16 W& 718t &S UV/Visible &
FEARE 700 molA FFEE SASHSIh

2.3.4 Fe2+ Z0|€

A9 Fe** Adoly A4S BRI ) Hus W
HE Faste] AFSHATt [15]. 1 mM FeCl, 40
ot 5l 55 40 wWol 5575 700 wE H7letod
oF 3027t ¥H-&-53itt. o] ¥Fg-EC] 5 mM ferrozine
40 W< 718l Fe**-ferrozine complex® $-&5}
i UV/Visible &% FE=AZ 562 molA F3=5
=739t} Fe** Zgolge B(%)2 thdt T2

Hoz e

2y

Fe** Zdold S4%) = (1-FEE A7 38
E/FEE FA7HE F3E)x 100

24 & HizY sitE ¥ HIER C 2AM

241 & H=Y sE 24

Folin-Denis & #alsty & sy sbes
A [16]. AxE 27T AR E3& AR
1 g9l 1% acetic acid/diethyl ether €% 100
£ Egsto] SEIF 5 F A5 A A &
E°] 70% acetones 75t 50 m= F-E3 F, 2
AZb &b wRE FESHlth et A5HS 70%
acetone® 2 50 m) F-E3IATH FEF 50 W SF
950 w ¥ folin 500 W &3t ¥, 20% sodium
carbonate 2.5 mE ¥l 4087 A4 HAAIH
o}, AS5HE UV/Visible £ F=AZ 725 moA
BYEE £451%} Tannic acidg EEE0F oo
A A4 WA AHEste] FEsksinh

0

2.4.2 HETRIC 2 24

HIEIC 35F 242 Jagot and Dani9] HHE 2
st BT [17]. A AR 05 ¢5 10 il 557
o] Z3tsto], 4500 rpmollA] 2027 YA Ed st
ZZ519 . oISt 2EE 200 w9} trichloroacetic
acid (TCA) 800 wE &3sto] 3000 rpmo= 587F
HA Esilth A5d 500 W, 3FF 1.5 n) ¥
Folin 200 W& &%5te] 1087 =204 §HgAl7]
11, UV/Visible spectrophotometer 760 mmOllAl
TP E 24519} L-ascorbic acid LAAS &
FO = sfo] A A YA AS AREsto] Aol

]

2.5 @ X-174 RF | plasmid DNA Atatx

&4 AN 29

AEYA

2.5.1 Ferric chloride (FeCl2)2 S5t APy AEHA

o FEY 40 W 2.5 mM FeCl; 60 WS &
4 700 g EFoto] 37CNA 158 §HESkiTh
E39 20 W9} ¢X-174 RF 1 plasmid DNA 5 W&
Sgsto] 37CAA 3E7E 933t & 10X loading
buffer®} &3t0] 1% agarose gelZ A7]953%
t}. A7]19%%E DNA bandE ChemiDoc (Bio-Rad,
Hercules, CA, USA)S ©o]835}o] AMA &5ttt
Band®] density:= image] software 151K
(National Institutes of Health)E ©o]-83}o] EA35}

ALt
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2.5.2 Ferrous sulfate(FeSO4)S S5t M3l AEHA
1.5 mM FeSO42} 1.5 mM hydrogen peroxide
(H:0)F 1112 335t 89 760 < s=E 29
40 w3 &gsto] 37ToA 1587 §H3olith. &3

sto] 37Co)A 387 B3 ¥, 10X loading buffer
oF T3t 1% agarose gelz H719EsHH. 7]
955 DNA bandE® ChemiDoc (Bio-Rad,
Hercules, CA, USA)S ©o]&3d}o] AR 33l
Band9] density+= image] software 1.51K (National
Institutes of Health)E ©]-&3to] A5}t

26 A 24

£ Z3= GraphPad Prism 5.0 (GraphPad
Software, Inc.)& ARRSlo] BEAE 9o BH +
£ HAR A BE AYE 3 3] o] 3
2™ one-way analysis of variance (ANOVA)Z
A% T TukeyQ] ARE HAS AMESHo] o8 &
o] ¥#S vwPHYh I1F 7+ BlZE student's
t-test® & F94<S UEHSIT

3. 97 Zn ¥ 1F

13
HUAFE A W Ag o= BYE L, of
PYALTL £ WAL 7HIT ofefat 54

A 43t 8 DNA &4 50
AoHY AEHAE UOA 9%, U ¥ =B

32 24517] 93] DPPH 2 ABTS =]z o
o &7 BE SActgoH, w2 AR 24 U
El&= L-ascorbic acid® HRFCE ARE3IQich
[27,28]. ERTS] DPPH &tz &7 &/ 200 ug/ml
oA 86.12 + 1.05%O. Ljehton] wxr oj=xo
2 278t (Fig  1A). ICsy  (Inhibitory
Concentration 50%) &2 43.8 yg/mO2 LERGES
o 27O F AREH L-ascorbic acid2 5.0 ug/mE
e ERTO ABTS &tz 2AGAHL & &
Ao =g F7Fet9o™ 200 ug/mlolA 88.59 + 2.67%
2 Yephdd (Fig 1B). 53], 1.6, 8 ug/mloIA iz

02 AEH L-ascorbic acid2tt &2 AAEAHS
Btk ICso #F2 10.6 ug/ml2Z L-ascorbic acid
(10.5 ug/md)2t v oI W FASE AASYE U
Wit DPPHSF ABTS A 7242l AHAE
ZEA4t DPPHE free 2ttjZo]il ABTSE cation 2t
tdE Akt 24 wet §hgof Zjol7t it [29,
30]. L-ascorbic acid®} &7 €/44-& v s o
ERTE ABTS gtjZofA] 4450l © EHARl A0
2 ZRI=EAh

Y Wik A S44E 7 E4do] AAE
A O ZHN LMo SlekEo] PO E AE =
71202 st B4 SAct= AEE olgHTh
L-ascorbic acid (200 ug/ml)2] LS 100%2.2
St9S o ERTY L8 200 wg/mlolA 77.32 +
2.28%9] &< UElon & 9EH 0w F7I6IS
HFig. 10).
KA el el oA E (Iron, Fe)ol9] 7o)
hydrogen peroxide2t9] Fenton ¥F-3-& U071 0]
2 Q18] hydroxyl 2tZo] AAE}. Hydroxyl 2t
22 Ak AEYAS {H5to] DNA /4441714 A
I 2o} AE APEo] elo] "ot [31,32]. Fe** 2
ol AL Fe¥9} ferronzine©] 2sH E24&
w7 Eed], Fe**ol tis) 2oy ads 74 B4
o] ZA5}H Fe®" - ferrozine EZA Y FA4S W5t
of, Z7tA 0 & HAllo] As=1l 1 FFEE S5t
Zdold avE eIttt} [33]. 2w & o]2o] I
tt 249 oA AREEE deferoxamined ol
Sto] BASIT [34]. ERTO Fe’* Zdolg TS
sk 9o FIstelom, 200 ug/miolA R
deferoxamine (95.5 + 0.08%)3} H]w3}o] ERT=
64.09 + 1.01%9] &< Yetdlt} (Fig. 1D).
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Fig 1. DPPH radical scavenging assay (A), ABTS
radical scavenging assay (B), Reducing
power assay (C), and Fe* chelating assay
(D) of ethyl acetate fractions from Cone of
Pinus rigida x taeda. Values are expressed
as the meanstSD of three independent
experiments. 'p{0.05 vs. L-ascorbic acid.
*X0.05 vs. deferoxamine. ERT : Ethyl
acetate fraction from the cone of Pinus
rigida x taeda. LAA : L-ascorbic acid.

32 Z H=Y s 3 HIERIC S 24
AEE Hs, HEdl EEkolE Z2 Eou
sletEo] S5 01910l phenolic hydroxyl7]7} 4
£ JolstAY s 18] 29 39 HHIE L2
Ak} 448 yepditt [22]. IHEE HE SRMES
3} et 9 et 3 o] MEjgA T o)
om HE dtE ol w2 s A Ak
A= Ut 36, 371, & HleA 3RtE ©
2 tannin acidE EF ZAOE o]g5lo] SA5Y
o™, tannin acid®] EF JAHLZ y = 0.0127x +
0. 1012§ Uehtth ol2 E3) ERTY % w4 515
2 P20 1081 + 079 ng/g 02 BAEGI. Hehl
%]' L L-ascorbic acid® EF T4 = 0]&351%
o, ERT| HIEH] C T2 0.26 £ 0.04 mg/gl=
BAEc} ol dTto] w2, 745t A SAS
Uetile olduRe] He4d stk 2 HlEl .o o
o] 17.03 + 0.3 mg/g, 5.35 £ 0.19 mg/g= EIl &
QomE T ATHATF v dsittal Hld [38].

=,
i

ool olN

Table 1. Total phenolic compounds and Vitamin C
content of ERT.

Total phenolic

Sample compounds (mg/g)

Vitamin C (mg/g)

ERT 10.81 + 0.79 0.26 + 0.04

Values are expressed as the means+SD of three

independent experiments. ERT : Ethyl acetate fraction

from the cone of Pinus rigida x taeda.

3.3 L5t AEYAZ QI5H DNA &4 AN &4
Al AEFH AR QIS DNAS &4 A X
o] E9iwol2 Qo "ol JfAH o T 2eatr] gu
o] DNA9| 45} &4 AqAgL sttt [39]. ¢
X-174 RF I plasmid DNAE ]85t Alsta] AEHA
o gt &4 A AL Jung WHOE HIIsIH L
o, Fenton Y302 AJAH hydroxyl Stz E=
FH o]0 Z QlIsto] £AE WO plasmid DNAE
supercoiled (S.C) @Elo|A open-circular (0.C) &
B2 A% [40]. FA42 HxE (lane 1D S.C
band densityZ 100%% 3t%-2 w], Fe?*9} hydroxyl
o X 2dolA+= DNA £42 Qs O.CEeH= A
Shel Ao &RlE et ol#et 274 ERT+= AReH
£4S JAst] O.CHEHZR S MhS AsfstAct (Fig



173 SEHE==2X| 108 H113

2A). 3] ERT &% 200 ug/mlolA 24 ZHold 2t
Lol A= 4834 + 0.46%2] JA| S UEFHL
1 hydroxyl SjZolME 94.7 + 2.29%2] A &
‘d& HERd 222 Ho} hydroxyl Zhdzo] digt 4
A /3o o aEQl Aoz I (Fig. 2B).
o]+ hydroxyl Z& AAsHs 431 F50]12S
AAs= 4ol t27] tj2el [41], hydroxyl &

I 271 00 v FolE DAolY T - 3
£ 249 ggo] ¥ o FyH.
Fe2+
A 0.C
S.C
~ 120
=
= 1004
Z 80
= 60
£
S 40
=
= 201
=
0.
- - 03216 8 40 200
Concentration (ug/ml)
OH
B 0.C
S.C
~ 1201
=
z 100+ - *
.z 801
g
& 60
S 40
=
= 201 #
=
0.

032 1.6 8 40 200
Concentration (zg/ml)

Fig 2. Protective effect of ERT on oxidative DNA
damage using @X-174 RF | plasmid DNA.
(A) Fe* ion DNA damage. (B) OH™ radical
DNA damage. Values are expressed as
means = SD of three independent

experiments. 'p { 0.05 as compared with

the non-treated control. O.C: Open circular;

S.C: Super—coiled

4, 22

2 7= JUHYG AR 20 st 84
4 Asld AEHAZ QS DNA &4 94 4L o
7et7] 93 £ =|9ick. DPPH € ABTS &)z 47
AL 200 ug/molA 22} 86.12 + 1.05%, 88.59 +
2.67%2 < UERlen, £3] ABTS iz &4
B4 1CsoZk2 tZF+ L-ascorbic acid (10.5 pg/mf)
o} Blwatad 10.6 ug/mOE £ A7 TS UER
. ST} Fer* Aeold BAL 200 ug/molA Z+
7+ 7732 + 2.28%, 64.09 + 1.01%% &A4S YER
on, w54 SHHES 10.81 + 0.79 mg/g, HIEMI C
9] k2 0.26 + 0.04 mg/go 2 EAEIL}. E3L
hydroxyl 2tHZo] 9k plasmid DNAS &4 A
A= 200 pg/mioIA 94.7%2 e B4 UERE A
<RIt ARH o R, 2 A1E Foto] 2|7]Hth
UE &2 uﬂi** SRES TRota o] =2
A &S UErilon, AshH éEi’ﬂé% %‘ﬂg’é
hydroxyl &Z& _/:\_715 O Z K
2 94 4L Ued RS %“’1*8}01‘

R

;
£
%
2
=
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T =) l-> ru
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