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Antioxidant Activity and Inhibitory Effect on Oxidative DNA Damage of
Ethyl Acetate Fractions Extracted from Cone of Red Pine (Pinus densiflora)

Tae Won Jangl, Su Hwan Nam’ and Jae Ho Park'*

'Department of Medicinal Plant Science, Jungwon University, Goesan 28024, Korea
2Chollipo Arboretum, Taean 32121, Korea

Abstract - Antioxidant activity and inhibitory effect on oxidative DNA damage of ethyl acetate fractions extracted from
Cone of Red Pine (Pinus densiflora) were investigated to find utilization of Cone, by-product of Red Pine, thrown out after
berry shatter, as a new natural plant resource. Cone from P. densiflora was extracted with methanol (MeOH) and separated
to petroleum ether, ethyl acetate and water fraction. Among them, ethyl acetate fraction was used. The antioxidant activity
was conducted by the 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical, 2, 2'-Azino-bis (3-ethylbenzothiazoline-6 sulfonic
acid) diammonium salt (ABTS) radical scavenging assay, Fe* chelating assay and reducing power assay. The inhibitory
effect on oxidative DNA damage was determined by DNA cleavage assay using ¢X-174 RF I plasmid. The results of DPPH
and ABTS radical scavenging activity at 200 xg/ml of extracts were 86.50% and 95.80% respectively, which were similar
figures compared with L-ascorbic acid as control. Fe** chelating activity was 77.96% and reducing power was 0.77 at 200
pg/ml. Total phenolic component was 27.29+0.3 mg/g and Vitamin C content was 1.84+0.1 mg/g. Also ethyl acetate fraction
from Cone has inhibitory effect, using X-174 RF I plasmid on DNA cleavage assay. In conclusion, Cone, by-product of P.
densiflora, showed high antioxidant activity and inhibitory effect on oxidative DNA damage. Therefore this study suggests
Cone, useless by-product, can be developed as a new natural plant resource with lots of utilization such as an effective

antioxidant, natural medicine, food, cosmetics and so on.
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H317} ik (Marnett, 2000), |, AJAEAZE olet
& W ook MAeE o] diste] thefgt At
o, IS B850 A7 AL Qe

off thafsh= 1ol 7182 IAIA 4= ik 2 714
FAFSHA| (synthetic antioxidants) 7} AW Q] o} 2| &
JerE| ot o590 thefRt #akg-a =4
th. ojof whsf A S, 551 AlE AdES dukA
QbdsiaL Hrokso] 2| HL & (Hwan,
and Miinzel, 2000), M4 W@WH % R
Ast7] flsto] AA FaleAlz A2 = e AlEe] kst
30| sl "%"o‘r‘ﬁ A7} OITC’WJ—

A A A Q= fi} ER= AR polyphenols 9 flavonoid
|52 2lgte %3474 =8 S} AlEo] polyphenol
AH o] 8+55]0] QItHChoe and Yang, 1982). o] EAEL S
SHES 2 AMukS-S E3f alkyl radical T alkylperoxy
radicalof| =AE F0Io= H-5-S 3L ] A3} radical-S 9HY
SN A AATOZN ABHE Aok 5 HItHLee et
al., 2006). °|2|gt 4ke} Wkg-o] A Faf QAo ot
radical®] W52 R &3t}
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Z ok, Ui, T T Aol AMskn &4 2%7}
W2 okg El 1803 AMEEITHLee, 2003). &
pinene, 3—pinene, camphene S & ZAJH terpenes 7;_
BAJ B polyphenol#} flavonoids, 7] U S7|AJE B]ek
5 TRt Ado] S o] O‘%Eﬂ, o] % terpenes 1|
E a70E el AR BUEACHKuk ef al, 1997), 5
$910) 4 Folle el A0l 484 The) sl &
thal B %o]Q)th(Chung ef al,, 1996).

QA7 2R o FEES 0|83 ALY, PASH
o] 3k HYA dl A2E n| B T3l 3fAlS -85
o) i, 7o)l ) s 50| 71 o] ot
W17} QItk(Choi et al, 1997; Park, 1998; Sung and Kim,
2005), T2} 0] AMRE wefals A% el £
of gt 34t} gl 4kl AE Ao thgh DNA &4 24| %“é
o Tt 1 ofx) Wl v} gick

ojof & ol = EHE0] o HoMH|oE RElES
& PASHEY % A5 2= 0] ol DNA &4 Tfet
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S Rl e =M 2 A AEAd ez A9 o] Tk
12 o

i
N

n -|m
l"l" W

.ﬁ
;:

rlo

g oo

oZ

Al
&
1} O
'1:'

1905 of

ERRTE

A=

& Aol ARE S ZHIE
Oht A ZEFEYA =4 - A8 A(voucher number:
CLPOS-21)% Ao} A2 AMgHE)

E o] AR&-% methanol, petroleum ether, ethyl acetate
9 dimethylsulfoxide (DMSO)+= Sk chemicals (HPLC grade,
Korea) Al&& AN 31913, YA AJ9F2 Sigma—aldrich
(USA) AlE-& ARSI 7IebAjer 9 717]= e 3271815,

(Pinus densiflora)&

“J‘i’:-‘

1) Ethyl acetate 2%

Aol AMSE S-S AR 50,0 g& #43E 5, 80%
methanol 3 LE 3U7F 243t & oJu}s19ith methanol 55
£ 40°C o]3}e] ZEo|| A 7ot 3k WZHAFR|(N-11108, EYELA,
JAPAN) 2 %231 & B¥7Z)7|o| petroleum ether, ethyl
acetate O 2 3 3| HHE-© & QufjE3] 31T} ethyl acetate
BOEL 9 85 WHAR 55510 A3 A7) -2 Col
B39, DMSO0]| 4000 ppm .2 23l|5te] A o] AREs
ek,

2) DPPH 2tC|zt A{Etd

DPPHE o]-85t AA} 20]%-& Bondet ®H(Bondet, 1997)
2 2F315}o] 2435199t} DPPH solution-S 300 uM 1,1-diphenyl—
2—picryl hydrazyl (DPPH)L 515 nmof|A] 4= ZFo] 1,000] &
£ cthanolS o}§3to] 84| ZulsHt, 2t e 252
40 nlof] DPPH solution 760 nl& 718k & 208 71 37 Cof|A|
HE-3-A|# UV/Visible spectrophotometer (Human Cop, Xma—
3000PC)& ©]-&-3t] 515 oAl FF =5 S48I3ITh A=A
2o oJgt 2AZIE-S DMSO A7 thz-e} vl wsto] Al4kst
3, 22%0) AL g o2 %2 Fe

2AZY (R = {1-GZE= A7 FEE/5E= A7
T2 FF&)} X 100

ICso (half maximal inhibitory concentration) < Z} =¥
A=A o] ot 43| gHug/mL)E o]- &3t 2IF+E o]E-
slo] 50% AslsEE AT,
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3) ABTS 2tC|zh A&k

ABTS 2jt|Zz &7 24 528 Van den Berg 9] W
(Van den Berg et al, 1999)2 Za1ste] 243519t ABTS
solution= 7.4 mM 2, 2'—Azino—bis (3—ethylbenzothiazoline—
6—sulfonic acid) diammonium salt®} 2.6 mM potassium
persulfateS 2315}0] 24 A|7HE2t ABTS radical2 AA17]
F 2RAE o] 8510] 184 el EFE 7ho] 0,70 0] HEE
S8t ZF s =25 40 ulof] ABTS solutiong 760 1l
W 22k 7R 5 2050 3TCOIH S AIZ] 5 UV/Visible
spectrophotometer (Human Cop, Xma—3000PC)E ©|-8&5}¢]
734 ol A FF=E SAFSRITt AlEA o] ofFt AR E
& DMSO A 2o} Hjwsto] ALsIGIL, F552] 47
2 thg Aoz 98 Fosn

AT = 1-(GEE W0 FUE/5EE A}
To] FFE) X 100

100rE 2t 3128 Al Aol o1 A3} g/ ol 83t
o] 21355 o|831o] 50m AdfsES ALk,

4) F™ 2oy &4

Fe’" Za|o]e) ZHAJL- Hsu B9 (Hsu et al,, 2006)2 ZFi13}0]
Addsiolnt, £93-29] F 55 40 nlof 1 mM FeCly 40 1l
O} S5 700 IS EgFsto] of 30 27+ Aol Hh-shgith

0] Z8H20]| 5 mM ferrozine 40 1S A7}51] Fe™ ~ferrozine
complexE §- 8} 108 § UV/Visible spectrophotometer
(Human Cop, Xma—3000PC)Z o]-&5}o] 562 nmoj| A S-3 ==
Zaysigict, B Leolge] BH@E thewt 2o Ao 7
e

ol

Fe® Zeod BH(®) = [1-(GE2 AL BH=/5E
B BH/1Y Y X 100

G0 2 w8 Alm A 2ofl 23 A8f gh(ug/ml)2 ]85}
o] 275 083519 50% Aste=E ALsIITh

HE
A2 Oyaizu®| W1 (Oyaizu, 1986)2 3arste] S5}
gt ZF == 2291 100 plof 0,2M potassium phosphate
buffer (pH 6.6) 250 13} 1% potassium hexacyanoferrate (III)

o1
kg
Hr

riok
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S ALoAEI0IE £E9) Filst W 4181 DNA &4 oA 84

250 W& Ee &, 50Col|A] 2087 RESAI] & Fha= W2t
3+ 5 trichloroacetic acid (TCA) 250 nl& A7}tk ¢ &t
$912 2000 ol 557 4] Belalo] 4159 400 ulo] 55
4= 400 119} 0,10% ferric chloride 16 W& A7}5lo] £33t &
UV/Visible spectrophotometer (Human Cop, Xma—3000PC)
£ ol-gsto] 700 mofl A FFE=E S S 4ol =
242 @elEo] 1t Ao Hrhurh

&)

) & H=sd stefE 24

% W54 315HE 5498 Folin—Denis HH(AOAC, 1995)2
Zske] 24319t ARAIR 1 gof| 1% acetic acid/diethyl
ether 100 ml& &g}slo] 557t & & A5HS A At
XA E3} 70% acetones S35t 50 mlE Th= 3 2 AJ7E &<t
WHE=E3IT] AFSHS: filter paper® A &, 70% acetone
o2 50 ml 835kt 255 50 Wt £ 950 ul, folin
500 & &332 20% sodium carbonate 2.5 ml @17 405-7¢
Ao A WA BRES EEA] ¢ W HAIE UV/
Visible spectrophotometer (Human Cop, Xma—3000PC)<E |
£35}o] 725 nmmof| A SR E =435I} Standard: tannic
cid 4 IAPPHAS AL,

7) HIEIRIC && 24

H]EMIC &8RS Jagota and Dani (1982) 9] HHL ZFa15}o]
SA5H3Ict AxAIR 0.50 goll 74 10 ml & & 4500
rpmO] A} 20 7 A4 Eefsto] FEEIGTE FEES filter
paper (No.2) 2 AW & 200 nl} trichloroacetic acid (TCA)
800 pl& @11 3000 rpm &2 587+ YA Eelateltt, Al
500 pl} 2225 1,50 ml, folin 200 1S YT E3Fa} 3 1087
AR2o]| A HF=A]7] & UV/Visible spectrophotometer (Human
Cop, Xma—3000PC)E 0|83} 760 oA TP E =45}
QAt}, Standard+ L-ascorbic acid® & 2 A4 A S AR

Sy

8) @ X—174 RF | plasmid DNA At3}& AER|A &AL
x| 2
© X-174 RF T plasmid DNA AFSHa] AEFA £A4) o b
L Jung®} Surh®] H' (Jung and Surh, 2001) a1ske] =
skt

— Ferric chloride (FeCly)S 531 AHgtd AEF A
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7k e 220 40 19} 4.5 mM FeCly 60 1o} 222 700
15 98 & 37CA 158 Whgasict jE-of 20 nlet o
—174 RF I plasmid DNA 5 nlS @11, 37 Cof|A] 387} vR-8-3}
5 10X loading buffer®} 2315} 2 1% agarose gel = Z17|%9%

& AR5 UV sl ARzl Ze3stSitt.

Moo

— Ferrous sulfate (FeSO.)-& E3F ARG AEH A

7t s 220l 40 pl @}t 1,5 mM FeSO,2} 1.5 mM hydrogen
peroxide (H202)E 112 3513k -8l 760 nl= Z71et 5 37C
oA 1557t H-2-51 9Tt HH2-o8 20 1l @} ¢X—174 RF I plasmid
DNA 5 Ul% A1 37Co| A 38 7F 83 & 10X loading
buffere} @ Ei 5 1% agarose gel 2 Z7| 03055 AAIBFE UV

sl AV 2estoley,

2

EA%A £

LRE AF Ayl 3 o)A} 4280519 o, BAEALS SPSS
(Statistical Package for the Social Sciences 18,0)E ©|-8-5}o]
7+ A3 o] Bt R WS AASIS T, ANOVAS E31P <
0.05 $=Z=0)| 4] Duncan T} M (duncan’s multlple range

test) 0.2 AFF AA510] 2 ) SO At

ol Lk

HJE

74

21 %

% 3

——

fg-l\]—il_ g—k]

F|T AR B e} M= ofol| A of Rt o] ofsf qIxt
o} 7djsrrgol S7IsHaA, FAlol 7 et 4 &
7F8taL Qiek, AHS frEsiAY Rk 2 s 4= 9
QQlof| Rt BA vl Aleh] AE 29} BdAEAF
izt 7t AlEkE Qlok, 2/d4taE (Reactive oxygen
specific) QA W] A3, 2] Foll A thegt thaR ol A
L4 B7PAA oz AT, QA oA A= eHdAke
© Akt 22 7IAIEe] BE ol FUAaLl Aol
TAAA B, Ao AEF A7 IAEA ot TR Qls]

3}, G, HRHE D2 74 v AHE] Hllo]
(Halliwell, 1996), o1& s 23 > Qli= Aol T_E THAlo]
AEE o, §HA 3RAKSIA|Q1 BHT (butylated hydroxytoluene)
9 BHA (butylated hydroxyanisole) 52| ¢1Ao]] that E=AJo|
HyE o] g XA 7|9 %]l 9JtHSun and Fukuhara, 1997).
olof whe} 2|2, AAZONA FE3 A FAtetA ol TRt A+
7} 2dbs| o) 2ojR)| 31 Q) O W (Caillet et al., 2007; Jang et al.,
2008; Jeon et al,, 2009), A FAISIA| O] AJE-L T FE A&
off e AY FE His SRFERE 1 71sS f2 e
AL A AL TS AT RS Bo JAT 2
2A9] &S strtar A UthLee et al, 2005),

2 AFNA P densiflora A2 FASE A U
proanthocyanidins £-A10]] thgt A-L(Park et al, 2011)E =
3 & =259 7J5t aHislt 28, P densiflora Q9] 3FAKSEH
FEARo], 5 ol tiet HKwak et al., 2006), P
densiflora >3] of T35t &}AHS} 2 DNA AT Ao T gt o
(Jiang et al., 2012) 5-20] A7} XY=} P densiflora®] &8
Woliefe S 4 L

EHESof tfj5t SPALRS} W AlShAl AE| Ao 2J5 DNA 4}
e 5 e e,

b & Aol A= S ethyl acetate w222 & ¥
) S5 e wIEf O THRRS WL Ao, sl gt
X 9 DNA 23 e ol o] ke ol el 4%
020] 7132 Solu4) Tt

A

N
F{é

EHFE- ethyl acetate £ %9] 3}AS}H 242 DPPH 2]z
ABTS 2l 2t 271253k et * elol) 24 12w B91ele

w] 49510] Liehc,

£EH-8: ethyl acetate £-2)&2] DPPH radical A7 EAS =
A3t AiN(Table 1), 2229 F=7} F715H= Aol uleh 24
o] Z71IT) Eot 2259 Hk 200 1g/mlof| 4] L—ascorbic
acid (93,47%)9} v ot} E& 2552 86.50%9] 7 &
AL YEY 1AL 1Cs (Inhibitor concentration 50%)-2 13,97
pg/mls BT}, SAH R vl Aedls o, e sk

>«
)\

Table 1. DPPH radical scavenging activity (%) of ethyl acetate fractions from Cone of P. densiflora

Extracts (¢g/ml) (%)

Sample
200 40

ICsy (ug/ml
8 16 032 0 (4g/ml)

P.densiflora

L-ascorbic acid 93.47 + 0.06a 88.23 + 0.05a

86.50 + 1.73b 79.33 + 1.19b 34.81 = 0.68b 5.58 = 0.65b 1.58 + 1.11b" 13.97
76.51 + 0.11a 20.88 + 0.05a 5.32 + 0.49a 5.08

“Mean separation within columns by Duncan’s multiple range test at p = 0.05.
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Table 2. ABTS radical scavenging activity (%) of ethyl acetate fractions from Cone of P. densiflora

Extracts (¢g/ml) (%) ICso
Sample
200 40 8 1.6 0.32 (1g/ml)
P.densiflora 9580 + 1.692 79.69 + 591b 56.90 = 1.68a 14.98 + 3.02a 4.68 + 2.93a° 7.80
L-ascorbic acid 9632 + 2.89a 93.04 + 1.29a 23.85 + 1.93b 928 + 32la 5.14 + 2.74a 10.49

“Mean separation within columns by Duncan’s multiple range test at p = 0.05.

Table 3. Fe’* Chelating activity (%) of ethyl acetate fractions from Cone of P. densiflora

Extracts (¢g/ml)

Sample IC g/ml

P 200 40 8 1.6 032 s0 (ugm)
P.densiflora 78.0 £ 0.0b 33.1 = 0.1b 23.7 + 0.1b 16.2 + 0.1a 9.8 + 0.2a" 52.2
Deferoxamine 95.5 £ 0.0a 943 + 0.1a 483 + 0.0a 10.6 = 0.1b 0.7 = 0.1b 8.1

“Mean separation within columns by Duncan’s multiple range test at p = 0.05.

A dupl g2 FHE L-ascorbic acid®] EAJo] Hln A &=QF
o}, ABTS 2}tz 272 2(Table 2) 355 F%7} 576k
7o) wjet BAgo| 271819 on 2EE0] w200 g/mlofA]
L—ascorbic acid (96, 32%)2} B nl o] £HR- 225295 80%
9] A7 EAS YEHRIL) 5] 259 %% 200, 1.6, 0,32
ug/mloj| A= L—ascorbic acid?} EAZ 02 8-0]4 ¢l= Hoj
¢ ans yelon], 32559 w5 8 pg/nlohe S8
ethyl acetate 259 GV} ¢ =Hojuth F3F IG5
L-ascorbic acid (10,49 pg/ml)o]| H]3}| 352 7,80 pg/ml = L}
W

& ethyl acetate £859] Fe’" A o]8 B A
o] H(Tron, Fe)ol22] #YJo2 of7|E 4= Q= hydrogen
peroxide2}2] fenton reaction®]| 2|3} Tl A Wi of st 214
2]Q1 &t Aok AEH A 57 DNA &4, A|29) =9} 5

et al , 1989; Oliveri et al,, 1994; Sonakul et al,, 1988; Barman
and Foster, 1999; Oliver and Brittenham, 1997; Benz, 2001).
Fe2t Zg|ole) AS 243t AN Table 3), Z+ 2559 =&
7t Alold Bdo] w3ton, FEE B 200 g/l
o|A] deferoxamine (95.50%)3} H|Wslo] &HRE FEEL
78.0%2] TS HAPAT 225 == 1.6, 0,32 ug/ml= SH)
£ ethyl acetate 28 &2 7} SA XS L FHoltt

BUE AR WA}, Ak 5] WA o] 5o]
L ZoJ7} 7153 BAEo] ARLE E3f] SAJARA S HhEl-
Aol et el e Baict, 4 2380 B W
3+ A1} L-ascorbic acid®} H| S E3) 700 nmof| 4] &) 4 =5
o= BT AN 5= 5 200 pg/mlo A 0,772 2 4
=9 A& HYrKTable 4),

9] Hol9] 733t &AJ A ZE(reactive oxygen spe01es ROS) =4 i}‘ﬂ'% stk B 9 bjghyl C gk B4
% hydroxyl radical2] A& I3t Fe” Ad|o]g 2 % =4 SRkE S A% A1K(Table 5),
3} Ao]ch(Sakanaka et al,, 2005; Stohs and Bagchi, 1995). 27.3%+0.3 mg/ g9 gk YERl o £ HluA 315HE S
Azt o7 A o] & Tk 2} x| 7ol A o] 2 Zeo| B3} kg 2 = 3|43} tannic acid] F2LHAL B FHERS A
L E3| AR50} £ deferoxamine 2 & H| 1 B8 tHZurlo Akstolc,
Table 4. Reducing Power of ethyl acetate fractions from Cone of P. densiflora
Extracts (1g/ml) (fold of control)
Sample .
Control” 200 200 40 8 1.6 0.32
Pinus densiflora 1 +£0.05 077 £0.13b 0.69 = 0.12c  0.12 £ 0.02d  0.01 = 0.0e  0.01 £ 0.0¢’

“Control : L-ascorbic acid

*Mean separation within columns by Duncan’s multiple range test at p = 0.05.
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Table 5. Total phenolic component and Vitamin C content of
ethyl acetate fraction from Cone of P. densiflora

Total phenolic
component

Vitamin C

Cone of Pinus

:l: z
densiflora 27.3 +£ 03" mg/g

1.8 £ 0.1 mg/g

“Each value is expressed as mean + SD (n=3).

Al B2 A SRk Srehal QlaL, 59] vt
© U SRS wol ekl QIEHKuk et al,, 1997; Chung
etal,, 1996), H=/d 32 Aeo|dE 5ol a&olRs
HIZHAIS) A7) 31 714 0 & superoxide—driven fenton reaction
I} e BdAkaFO 7H o A Sl HeES oAlsH
= k8] 2toddttHArorra et al, 1998; Rice—Evans et al.,
1997).

“’]T:L ALoA P densiflora 4ol oot 3FALE} 2l w|=A4]
BB Ao| st G5H(Patra et al,, 2015)0l|4] BxYoll A &3t
g dTollA o] wlsAd BhekeEol oF 5. 7%= LERt o, &1t
w9 0] o] gitket 2y o] thigt AH(Ku et al,
2007)A P densiflora 5304 5.1%2] ¥4 3}otES 2

"

U—ll

Fotar ek W, ol uls) A2 His/d Sk de B
ol EHEollA vl A thE FikEe] Hlef 2 HAtet At
& nodt
210 WIEPY] C RRES 1.8 + 0 1 ng/g 0.2 BAE 0],
vl C g8 T—ascorbic acid®] FF2A-S Z3 SRS A
Abs}ITHTable 5).
Cone of Pdensiflora - 200 40 8 16

Fe2* or OH- - + + + + +
o.C i

S.C
100

80

60

Activity (%)

40

20

0

(A)

Fig. 1. Inhibition effect of ethyl acetate fration from Cone of P. densiflora against oxidative DNA damage by Fe’*

hydroxyl radical (B).

Aehs AEF| Ao o3 DNA &4 oA 84

€] initiation Ao A A = DNA /-2 a8t 83%
o|49] & A& UERY = initiation B¢ A1 2] DNA
&4 A= FAEAl SlolA] Fa3h A 5*':}(Johnson
et al,, 1996), Ahn and Park (2013)2 3}41s} &4 o] nff & =2
| AU Abeliophyllum distichum) 2 &80 AHS}A £A)
o 205 DN 4 24 Tt 31 400, e
242 e 4 228
AYSH] 45 -2 NIH 3T3A| oA DNA Q4HeE: <
20 AW AR A oItk Bassichpar
al, 2011). Wb 5 Q1o A ahAKE] BhAJo] RS Supe
ethyl acetate S-21'52] AFS}4 DNA &4+ JAIZAS H7 1517
23] ¢X—174 RF I plasmid DNA cleavage assayS ©|-8-3} H]
A A28 02 Bbskck

EHE: ethyl acetate £85I O]E£4| 0 & AlS1A] AEF|
2o 9]3l DNA 24 A B8-S e Qth(Fig, 1), ARl
plasmid DNA+= supercoiled (SC) FE| 2 ZA 51 255 AT
lo] Ho0p2} A 9] fenton Wh-g-of o]l A% slo] =54 2ir]
ZH = A o] 2 slol| A= ARk AEH A ofgh &4k
VHEHE AslE R v 225 A2 &
&= A

.

>

¢

d
e

FA

oot

H

Nt

I Phaseolus angularis)

__>\i’
o r
lorlrﬁ'

6
=

Hhol gpen—circular(OC
hydroxyl radical T+= iron &A)| s}of| A= AFs}4]
5}0d open—circular(OC) Fe| 2 AZLS A8t}

o Q
2 dtoldE S M2 A AeAEezZA Y o]
200 40 8 16 032
+ + o+ + 0+ +

Activity (%)
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