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ABSTRACT

Role of Prooxidant on DNA Damage of Human
Fibrosarcoma Cells by Pycnogenol (PYC)

Park Yeon-sun

Advisor @ Prof. Young-Gon Kim, Ph.D
Depar tment of Biology,

Graduate School of Chosun University

Flavonoids are a group of naturally occurring phenolic compounds
which are widely distributed in nature. Although, many dietary
flavonoids have been suggested to be beneficial for health as an
antioxidants against oxidative stress, however, a number of studies
show that these can also exhibit prooxidant role under certain
condition. Pycnogenol (PYC), polyphenolyic compounds with antioxidative
activity, acted as a prooxidant causing a copper and iron dependent DNA
damage in human fibrosarcoma cells (HT1080). Treatment of DNA from
plasmid pBR322 and human fibrosarcoma cells with PYC plus copper and
iron caused strand scission and the formation of
8-hydroxy-2" -deoxyguanosine (8-0HdG) in DNA. DNA strand breaks and
formation of 8-0OHJG were closely related to the metal ions and PYC
concentrations. On the contrary, PYC further did not induce apoptosis
of HT 1080 cells at higher concentrations of PYC in the presence of
transition metals in cells, but rather protected cells from
prooxidant—induced apotopsis. These results imply that intracellular

metal ions induced reactive oxygen species and may have dependent upon



the concentrations of antioxidants for protection in the oxidative

cleavage of DNA and apoptotic cell death.



ghabA (ground state triplet oxygen)Jt HILK
H, sH2UAL, SstAE, SoH=2E, 23sEts 59 43 s2ld, s, &
AX Q0 S0l 2501 A#HSA0IS 2tCIZ (superoxide radical, 0,) 8t0I&=
S4 ettlZ (hydroxyl radical, 0H), W&tsk==A (hydrogen peroxide, Hq02),
U= g akA (singlet oxygen, 10:) %t 22 BHSH0| 1R 2 444 (active

=
=
oxygen)E MECH MHYH XNHEQ MASEHS 2OI|= 2oHds XLID

Ct (Adelson, et a/., 1988; Sawyer 2t Valentine, 1981; Tolmasoff, et a/.,
1980, figure 1). OIS &ML= NERY =50 K&, WA o) DNA
SO0l CHOH BIMESX | HIOtSE X Ity AE2 E22M Late =28 €2 dl
IOt HES, D2y SS9 /EE0 MEEE, JE, sWES, LIREE,
A 2E, 83, J|OEIA, JIHAEE S99 A4S 2EsS 22l A2
LA UCH (Afanas'ev, et a/., 1989; Halliwell, 1987). &t 0|S &AL
Ol 28 X&EAS 20 MH5 = XNENMSSE BIZ0H0H 0l JtA XMW 2t
MSIESE NZO 8 &S Moz QIst 2AE JISEWME OIEZN =35
o Yol 20|l &% StCt (Yun, et a/., 1996, figure 2, 3). &tH, H4&
HOl MIZ0AME HAFHY & O dCo Z2|2iCiz2t JIE E4atA & fat

St20] MAED JA2LE M W= 0l=0 et ZHII*2 M superoxide
dismutase (SOD) (Lushchak, 2006), catalase (Cui, et a/., 2006), peroxidase
(Manzoori, et al/., 2006) &2 &gt A2 &M vitamin E (Cemek, et a/.,
2006; Sampayo-Reyes %t Zakharyan, 2006), vitamin C (Szeto, et a/., 2006),
glutathione (Kaszycki, et a/., 2006), ubiquinone(Bauerova, et a/., 2005)
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ML HI 0 OlA0l =HEAHLE 25 22l&, sted QS0 2ot
MOl MA0l MAHEHAHS ZEF=2 ZAUoHH 2 EdFR MIE AE

(oxidative stress)Jt OFJIEICH. [MetA 012 22 Z2|2lCIZdsS AHE £
= MA HUIA oA MAI|IEES figure 10 2= it 20| CHs

A L ErSol 2siA OIF0Xle S&d=Z20IC.
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etM Oolefst 2dataol HMAHE A8 SMSME Sdol =38 (Guymer 2%

Chong, 2006) ¥ =2t Z&o| AM (lto, et a/., 2006; Inatsu, et a/., 2006)
L= X2H (Attri, et a/., 2006; Arnott, 1997; Halliwell, et a/., 1989)=2
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OtLIM, et o=z HE oo Atotitdel £EE ARMGHH == SZO0ILt

(
2005; Li, et a/., 2005). EHAHSIMIE AtstLE S ASHO o8t Atz
22 FAGHKICH Barry Halliwel |2 “Atgtd =& HIHAE ote &2 s
(e} (@]

N EB23l MBI NSAIIHU 201E + A= ol 22" 0/2

i) 2O
Aol el JUCH (Halliwell 2 Hoult, 1988). L&t ME&X AWM =AM
Mot Srdtstile MM LHOIA &tstd AEAZ QoK MAE= &tstSE 2
E7s & AF AH JIsS /I L0ole 22 L= s4ctd AEXNE = U
Ct (Das, 1994; Ueda 2t Armstrong, 1996). EA&tStHISl HEES XIS R &
JI0A Z2letCIZ0ILt peroxy-radical 0l hydroperoxideE M4ot=e £EE
SWHNoz AHotn HNSH S22 MBAZLZM ASHE AHMSHCH L&t
SHASEMIE hydroperoxidedt 2oHE 0 X ASHES0Q! carbonyl SHEI29 MAS
AHMSt= SO A0 &SI Mgl AEME MEHMM=E 2D SUE JIUHE =
eiCt
2282 phenold2 SIEF=0| T2 0l

oStz HMeEtsE EXAIDIE =
ZCH. Olgiet getat=do /S 28 R Asdtetel dd
a

ZeletClZe dMerEs AMSHCH (Noda, ef a/., 1997). Ol &&EHHeE =
cletCIZ0l SIXe Bluwd otE st phenolll SEREE #E=

Mot 2% AHIEE, £ Asetetel AMS0l AIFECH 2
KNlotE 20l OtLld, AtsHoll OIZ2DIMtKISl |REIIE HAFAIT

ROO + AH — ROOH + A

tol

_iV_



£ St peroxy-radical M4 &ol, = JIZ& (RH)Ol E4AC0 Z2|ciCi20]
A =0 ol MAE ZeltClZol &&tsHMIDJF hydroxy radical (OH)
O 2 A radical HMEIESS A HEHLH.

R+ AH — RH + A

o
=
0H
0o

A+ H — AH (synergiste =)

SHAFSEAIO CHBE A 2= McCord®@t Fridovich (1969)0IlAl superoxide radical
2 AHolE &40 SDE 228t A2 HIIz MAUUS SHaA0 UM ME
SE4 L BHAHIF SOl 2ot A2 2 SHA 2HEoz MM JUL
(Park, et a/., 2005). =2 Al FHIISZ A9 &AtatMl JHEE s AP0 A
2 UZ A L L3 SO SAMA L DMF20| HEREQ 20102 XR
SHCh= AFAIOl SHBIRIHA SastHl 9372 Lol & 28NS HEZ A2l &t
SIHE = 32 MELD Uqse AAHOICH (Fridovich, 1983; Fridovich,

& F

1986; Challem, 1998). SJ|4 M20= EHAMALN 28 ASE =42 Y0{ot
= JIR2AM ctiz M4
antioxidant)2t OI0l MAE radical2 WEH AHSl= HAMEHE SASHA

(chain-breaking antioxidant)Jt RUCE.
& Xtol= SOD, catalase, peroxidase S22 &A4F% xanthine oxidase X ol
M, 2= chelator S0 QUCH. LEIROZ SHAGHHICH &2 XA WAGE

& ME2AsteE0letd) &2 2012 M0le 2RI 2,

). 2IM LHOIAM SatstRIZ2 A 226t

S QASHHE TS 20 (figure 4).
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Jdeld SastRIel BHoD|& s BEH HedE Jls,
st 2= QICH (figure 5).
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Figure 5. Z2|ctCIZ 0l 28t AtstA &0 tHetols ehatsh 20

= dA 22H% HlagLdz 25%g = UL Olds 2Fs AU
Oloff MAL= HME SA% SISESHQIIS X012 A=2EHC. 8AE MM U
OIAM EHROZ 2ot 2dd otsf2ASSE AMotoL O JlsS 23g =



s ZEH® RAE SH422 AFeUY, Sh= ARZFH SF e bt
gt S8 Soff d0g = UAEE ZF0A MAHOICH. 2= A2 =2 Hls
2E 1 22 FZ0les X010 ALt SASHHILE &atst §40F SO AUCH
KNSNA Leddl gatstile =SSNt NS astn, el gatst
2458 LISUHECH

=Y EASHACL bilirubing2 AFES €& =0 ¢ 520 uM 2 =0
UM /n vitro EE0lA UEILISO0l HIEg4AH gitstd Zs ASS ols
Aoz MO (Hatfield @F Barclay, 2004). Bilirubin2 Eatstd &4
a-tocopherol 2Ct X8t AA=EIN Z2 Z2H0l0A=E cliad2 GHEtE
a-tocopherol 2Ct O & <SAXMAIZICH.  Bilirubin0l & W =24
SHMSIRHIZMC 9E 2 peroxyl radical2 SEZ linoleic acide &AtsE
SUAHOZ AMSHH, albumin2 ZHA&SE AXMGHH, xanthine oxidaseZ

OHOHEIOf 20iLts 2AE &a ANMUA 2 LIEFHC.
SN ZA= HIEtES

Asdea

FSEAIR! Q=10 (Coenzyme Q-10)2 42|
g2iCt. el
ubiquinolOlet 22MH =2 &ts INF=IE N
FEIAHUSH HHXE 2=
2006). Pycnogenol (PYC)E
polyphenol2l A HZFO|Ct.
g 222 2HE0 UL

(Pinus pinaster Ait.)0lA

O|K
LI

ubiquinonelL 2 &

|.E:!2
=

—
[—

(Michalkiewicz,

C <=
o il

complexes
HHZ 4004

maritime pine bark

Z==20
S 7T —

polyphenol & &S6t0 QUCH (Blazso, et alf.,

Blazso, et a/., 1996; Blazso, et al.,
FH222AM  catechinit
285N ol
biof lavonoidsE & &=ot1l

Atst £2 0,
AIIHLE l= Jls

hydrogen-peroxide oxidoreductase)=

Ee2
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S 7T
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IE|.

H.0, J12l1d

= ALl

oo

~ peroxide,
UL 0o =

Hel 2=

=
A MAIZ

- vii -

Ubiquinone2 <2l =3
A IAIA O A e
oligomeric
Pycnogeno| 2
Pycnogeno
FEo 2E2ZAM OH2
1994;
1997;

HO et S2 =4
catalase (
=]

ubiquinone? SRS

ro

proanthocyanidins
stat=2 20| OtuLx
(PYC)= French

1995;
2004) .

procyanidine2 &

Blazso, et a/.,
Li et al.,

iu,
ot=

phenolic acid2 &

El=
= T

0%
o

fujo

hydrogen—peroxide :
S0 A

= = A



ASM, D &= HH=2 =Z2&E &2 = StUHOICH (Hassan 2t Fridovich,
1978). Catalase= M2 CIE MEZEEHO et O EM RAXIOF CGHEO 2H0ILt
AMEOl peroxisomeIAKME SAHE  Jl2 WO Z=MSkHLE microperoxi—
someOlAMME &N o &2 2J|2HH0 EMHETH. E. co// R HP I HPII
(Hydroperoxidase)2 Ecle & IH2 catalase = hydroperoxidaseE XILIL
QUCH. HP 12 242 protoheme [X ES Xll= 84 kdo =g A9
tetramer 2 catalase—peroxidase2 OlIsJIs= JHXLD ULBH, O0l= katGoll
ool LEHEAWXNLD, HPIl= 93 kD2 =2 A2 Hexamer2M 8t HHeIE
StLtel hemeE XKL= &Y JISsS Gt (Loewen 2t Switala, 1986), HPII 2
842 37.8 minOl <IXISt katE (Loewen, 1984)2 59.0 minOfl <IXISt katF
(Loewen 2+ Triggs, 1984) Ol 2loff &S Y=Ch.
ASHR AEYADL LSE HIRGHH 2

USECZMN Z2(eitld A2HEd

NZA Jtsd0l A 22210 AT

—

Johnson, et a/., 1988; Kedziora 2t

Bartosz, 1988; Kim, et a/., 1997; Koshino, et a/., 1996). J2iLt & &
84 SIS HE AU = AFAACE AEDZNH O EEIsHEE2 =0t
UFoLt, S48 L /n vivo HUAS K It SHME2Z QIGHH AgHE AEE
A0 28t Lot ¥ AT EEO =8 AAZT2Z M ALE0l SAHE XU
UCH (Kuhnau, 1976; Laughton, et a/., 1989). Olcist SHAHE 21 2 A0
Me oA 0ledg e&tatRIor /o vivo HIAMS SE /n vitro 80A HHE X
Ol 20l=XE =0olct gitstiel g4dEet 082 #8itsdE +dot

N2
A ettt OlMer d=xct= DNAS JtXd L, Ol DNASE Soff =M Sd
o PS

S 2 €. 0 SR8 S22 HME R
L

=2
Iy
=
el
N
0
Paa
2
|
0z
THO
i_'
S
I

OotH Zl= &0 et 6 /1" 2820 =201 ZJI& St

SACHOZE ME UM SA2 0IAIIE =8 RQAUSIZA HEHA9 El=
& (thiol group)l 4tStE RYSHH S0 ANMZD 012 =310 22
sS40 Jlsg &aAIID (Misra, 1974), T=SZ3H Xga N2 SHAHES
of W}AFE EBHOZ Qs Ao ENN HEO HIE ZHotM
(Halliwell 2 Gutteridge, 1984), s4tol &t5tN Zel=z (Adelman et al.,

- viii -



1988) SO0l (Storz et a/., 1987), & (Cerutti et a/., 1988), AMIZ2
Z3E L2dl= MHME && (Bradley, et a/., 1981; McBride, et al.,

2 e =otd¥s 222 240l AW, =Z& Ot
= CE Br20l dloi ectCIZ 0l
2t0ot= gr22 435t HUXDOt e &I H2e Hez M UCH A

| 2ol CSrSOHACH HAStSA0 2ol

c
=2
>
U
!
n
o
=}
(58
o
>
10
o

ctClZ (0I5t OHZ HEAl)2 M4dole HEs )t 2l 2514 240l

=& 0l xanthine oxidase?t Z&06t0 chelated xanthine oxidaseZ g13t&
OHZ2 MdstCtl 200t CH (Bradley 2F Sovitj, 1989). &tEH Z=2520|
2ol & dAdde= 222 4F6I%S M 2tCiZ20l b= & (Morel,
et al., 1993). Ml LHOIAMS et 2 Bt240l I HM =ZH0ILt AL
LHOl S0JF MEXZAZ TGS ot (Kvietys, ef a/., 1989; Hong, et
al., 1989), & XMUUHAM HMEE HHSAO0E (0)2 OHOI NMEZZAS
Itlote Aoz 2™ A=l (Aruoma, et a/., 1989; Floyd, et a/., 1986;
Floyd, 1990a), Okezie= 0,2t OHOl DNASl &I 2= =&2 =021
SOGtALCH (Diwadaroglu, et a/., 1990). 0,2t OHE =2 Fenton EtSOll
OJoiM MAZl= HOI2 ()3 &g A0 BISACZ AN PBISA2 Oftef et

2.

-

fo

Fe*'+ EDTA + 2H:0, — Fe®-EDTA + 0, + 2H'
Fe*-EDTA + 0, — Fe®-EDTA + 0,
Fe?*~EDTA + H,0, — Fe*-EDTA + OH + OH

=50/=201 2tz 440l DiXls g2 =50122 MotetAASH 2l
Dokt =0l A OHOILE 0.2 Mdote X2 M ULH. £8F 0= Cr
(IvV)Dt BFS3H0 OHLE OH ctCIZS MAGHA & Ch.

0, +Cr (IV) = Cr (V) + 0
Cr (V) + H0, = Cr (IV) + OH + OH

_iX_



?lo gtSAES HotH OteHet L.

05 + H0z — 0s + OH + OH
0, + H0s — 0p + OH + OH

Cr (IV)2 ntatst=A0A cHZMHEBSE SEMAIIs SMHZ AN ZESHL.
g EotH,

x
=, DatstsAs0 2t0Z M4 gBE0AM O (V)2 =izd
= ZOLAI2ICH. S£8F NADH2F NADH oxidaseOll 2loff 2tClIZ20l M4 & =0
Ol el BrSES Harber-Weiss SO0l 2o &AHECt.

MUWOHAN &%= 0= superoxide dismutaseOil 2loff ctCIZ0l AZ&E =0

1 e grse st 201 M=

Olefst ¢tstd 2HO0 CHst HA ZEL zH0l20 et ZdolE &HEZ0
OISt Eatet HES 2 U= SEO0 AE 29 dtstd &4 AMet
=Hotd ACH (Fong, et a/., 1976). Ol &&SHHE OHU 0.2 BtSd
AATHAFZ D metal ion-oxygen =& MOI CHet HA HES ot ==01=20
Ojgt o= dANg Nez2 FHEL
02 + H02 — 0, + OH + OH

0l 20| Sd4tAcCZES LUECZ MG =42 FYAIIL, 2Oz
Ao HiE vtss Sol CE grSgitacttlz, = atgiAd (H0p) 2t
S4oStetCl2 (OH)2 8 4ot=0l 0I5 E£8 M e gl =MOIt

emple, et a/., 1991; Imlay 2 Linn, 1986, 1988). EAHAtA 222

le) —

o] AHEE BIE H0 E@4C0H 1 XA HEZSZe=E A0l otulel /in vivo
MEHONA o3RGt 242 X L. OetM in vitro H0AM 25012
0I85t0 ClfIRoz ctfjzde SLSHt. MB0AH U tCIZol 2oH
SEElE ONA =42 MES &40 H=20 LUEtse ZAXNe ZNzA
METYO XHEC Hag 2o?IChs H0| RALEL SR6HCH.

2 MENAMN A2E &S HC Pycnogenl (PYC)= PYCeE AS0lA



oMoz MHLE=E 24 E2E2L0l= (Gazella, 1998)=2 &M AU
HEOEIF ZEMNY EZ& ZE 2l cranberriesiA 22l &= U
c F=38 0 ACH (Rohdewald, et a/., 1998). S XHIHXI
HARE PYCe Me|E=z2 ASH (Grimm, ef a/., 2004), CHAMME|Z=H
(Devaraj, et a/., 2002; Virgili, 1997), MIZJIsZX& (Packer, 1994, 1997;
Veurink, et a/., 2003), LDL&HSIIHI(Passwater, 1994), XI&ASHAH|
(Nelson, et a/., 1998), &&€ZE =& (0'Brien, 1997) S22 4E = ULt
PYC= &atgt S2ZEZ M2l A&l st A7 (Rong, 1995; Passwater 2t
Kandaswami, 1994)Jt XI&£HC=Z 0|2 KL= JAKXILH OFA HMIZH CHS
A& CHol M= S50t OIBIGHCH & = QUCH (Watson, et a/., 1998).

olofl et &l&0ll AtEE fibrosarcoma= soft tissue sarcomas JHE =06t
4, WS Y0 FUAHAN LAZ= ALY 2ANIEZ fibroblaste
BHZ 2201 herringbone pattern (tumor celll BHZEO0l MAIAZ2LO=Z
EChHez 2 YUx=8o HK0HMEES0 Ust AJI9 822 Add U
HRO0IME Ko 4853202 F2L0H HFHCIH #MED B4

al., 2000). Ol0Oi &&0l AtESH0d SHAIZELHOI MIZ

4o

rr

o
>

HOIJF W2CH (Miki, et
I Z0 2F0l S0IotAII0l Human fibrosarcoma cell@! HT1080AIZE
AMESHA &I ACH
2 AF0AM=E JIE0 HEEH AMSe2 RS0 A=s SAsHH S 6JHXIE
HESHH jn vitro 80U 250122 H86IH =42 22 Z2 o™ S0t
U= XNE AE oz ZW JrE ASHH DNASl =42 22721 PYCE A2z ¢
2t9| Fibrosarcoma MZUHAM 35022 S40 HE ONAY =& HZ0 HH
S e XNE AYotDXF St Te2td 2 HF2UAE HHM /n vivo 20lA
Of NIZE2 S£0/20 eatstiz A& S2HEL0E HE2 Pycnogenol
o 210, MES £4FTE DNAE F=0H(

(PYC)S &EItotod olol e vrss
ELISA 2 high performance liquid
etCh. el /n vitro &0lM= Plasmid ONAGI &H&EA
ctClZ22 E8AH, ot N HelotAS M2 DNA =& B3

electrochemical detecter (ECD)E 0l28t high performance liquid

chromatography (HPLC)E Soll =&otD A
=) =022



HdG (Floyd, 1990b)2l

chromatography (HPLC)Z2 DNAS| ASIAE £=ATXE QI 8-0
=S Soll 2LHEOCZA, 20 28 DNAZHY HE 2 =251 PYCE &
b oin vitro &2 Xt

- xii -



1) &S

2 AN AIERE AY2S E2EL0E HZO ASHMICl SigmaAtel
Bilirubin (CsgHssNaOs), Astaxanthin = (CaoHs20s), Coenzyme Q-10  (CsoHeoOs),
Butylated Hydroxytoluene (BHT=2,[6]-Di-tert-Buthl-p—cresol, CisH0) 2t
Catalase (from bovine liver)E A5}, CE &&tatHMI2l Pycnogenol
(PYC, US patent # 4,698,360)= Q&l&S GHSHA =610 IIRH EEizZz 2UHE
HES MESHUL. AMFHE =2 RI| SOHHMZ= Signa A2l DMSOE

AtEotd 2
=3

N
=
10
o

2
o

HEN AE dol 3 BSF+==2 S AoHH
O

0|22 2= SigmaAt2l Copper Chloride (CuClz), lon Chloride
DE ANA2 A2 MOl ZH (ADVANTEC, Inc., Dublin,

2) NE B 2 ==

ONAZ BufferOll S0{2t Al2fE2 DNA ¥ ==0122 S0HMZ AmbionAtel 20X
tris-bufferE ALZoIUCH. Buffer2l 3SIA&2 Mili-Q2 ZF& 33X SIS
Z'Ee (ADVANTEC, Inc. Dublin. CA. USA)E AIE3SI0I 0IE ZEHGHLD autoclavezZ
120 COIM 15 min 2t ZZ2& ZF/F == 1X2 Tris-buffer (Ambion, USA)=
BrE0 AtEot3d, &0 AtEE Plasmid DNAE pBR3220| S & AMEE E. co//
(DH 50 -pGem R-eawy, hGMCSF[Hind IlI], Chunnam National University)dlA
QIAGEN2! DNA plasmid purification, plasmid midi kit (QIAGEN, USA)E
Olgotod =&, 1X2 Tris-buffer (Ambion, USA)E =0 &&SIRACH. HT1080
(human fibrosarcoma cell, Dr. Lee at Medical Centre of Chunnam National

University)2 A&l 3¢ & MHEAN MEZOJUE FF=E LS &

0
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&8 ™ cell counterZ cell counting (MTTQt XTT20l= 5X10° AIZE AL,
HPLC2t ELISAZOIE 1X10° MIES AFR)5t0I AM2GHRACH. HT108021 HHS €O,
incubatorOilA 37 C, 18AIZ2t BHEAIZICH. OIIH AtEE HHFHMES GeminiAte
HEZ BHSE Ui, serum, antibiotics, NaHCOs (cell culture grade, Sigma),
Culture flask or dishes, PBS (cell culture grade, Gemini), Trypsin &2
Trypsin-EDTA (BRLAFSl trypsin—-EDTA= 0.5 % trypsin, 5.3 mM EDTASZ2
HOHSIH OIE PBSZ 10HH 3IAGHO! 1X trypsin-EDTAZ AtESHCH.), HHE
MIZ &= Hemocytometer % cell counter2 =&EFUCH. HT10802 ONAU F=2
Protease K (QIAGEN, USA), RNase A (Sigma, USA), Nuclease P1 (Sigma, USA),
Alkaline phosphatase (Takara kit, Japan), ONase 1 (Sigma, USA), Lysis
buffer (mixture)S ALESt0d  Freshney (1987)2 &0l ek =2IoHALCEH.

DNASl H&F2 DNA concentrater (promega, USA)E Ao L.

3) HPLC2t ELISA

HPLCZ 8-0HdGE <=43lJ] I8 202 20 %2 mobile phase2t 5 %2
methanol 2l running bufferE& AtEGIRLCE. HPLCSl mobile phase= SigmaAtel 23
mMel citric acid, 42 mM2 sodium acetate, 50 mM& sodium hydroxide, 1
ml/LSl acetic acide XH2=2 QSUA2M, AldrichAtel  Methanol S

MESIACH. 8-0HIG =& Al EthanolE AME58IH colum=2 AUHE F,
8-0H-2-dG standard0il Rnase A (50 #g/ml), Nuclease P1 (1,800 unit/ml)E
HOtotod BHLDIOA  TAIZESQE BESAIZI 242 Aot 8-0HdG2 JIE=2
SULL. BufferE St M AMEE SF== Mili-Q S8 ML EXZ2 €2

3xt EFE AE, ZE (ADVANTEC, Inc., Dublin, CA, USA) =, autoclaveZ
120 CUHM 15 mindt 226t AEolRUCH. Ol AFEE column2 ultrasphere
00S column (4.6 mm X 25 cm, BeckmanAt)ES OI&otRUCE. High Performance
Liquid Chromatography (HPLC)= waters breeze (lc-10vp, Waters Co. Ltd.)E
MESIR2M, electrochemical detection (ECD)=  L-ECD-6A (Shimazu Co.
Ltd.)E Al=0olALCtH.
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8-0HdG2l =F 0l AFtE& ELISA= COSMOBIOAFSl Highly Sensitive 8-0HdG
Check kitE AtSotRULCEH.

2. 250/=21 SASHHI0 2/ DNA &4
2201201 M2 ONAQ =40 SASHO 20l SHE RYSI 25H0]
PBR322 Z2tADISE AFZSHACE. Ol plasnidl 3JIE 3.4 kbOICH.

DNAOI BFS A2 Al22 220/22 Cu®" (Copper Chloride, CuCl,)nt Fe®
(lon Chloride, FeClz,)2 AIZ5IRACEH. 0l 25022 11X tris-bufferdl =0
212 1 mMel RS SN AIEot[A D, SaStHICl PYCE 1 48/ml, 10 48/ml,
100 4g/mIE OMSOE AIE30tH Moo=z UHSOK AESHJUCH. el Bilirubin,
Astaxanthin, Coenzyme Q-10, Butylated Hydroxytoluene (BHT)2t Catalase=
OMSOE AFZGHH 1 mM2l M= 2HS0 ALESHULEH.

2 0 wOlA Plasmid DNA= 1 zg/ml2 HEGIH Ws 22
5 ug/ml& AFSSED (¥ 0.5 #4), 2501202 CuClp, FeCl= 11X
tris— buffer®il =0 22 1 mM/mlQ Moz B2 JS 200 uM/ml2 s
oF &5 ArEFCH (4 #£). Pycnogenol (PYC)2 1, 10, 100 4g/ml2 2Hs ot
=0 =1 1, 3, 5, 10, 20, 50, 100 #g/ml. 12l Bilirubin, Astaxanthin,
Coenzyme Q-10, BHT= 1 mM/ml 2l & o 2k2F 200 pM/mIAS Xel (4
#2), Catalase= 1,000 unit/ml2 &M =1 200 unit/mlA AtESUCH
(4 pe), ZUXOZ 1.5 ml EP tubell SHS 20 #2= G0 ANSSS HE

LHH Xl 22 autoclave & filteration (ADVANTEC, Inc., Dublin, CA, USA)
A EF+2 DML

i

[m]

—

i
S

o M

oF

—

min
2

]

3

y

o

TubeOll AIZ2 D.W.E €10 37 T incubatorOl €0 1AI2t SO BFSA|
0.8 % agarose gel0ll 2022t MJ| H=56t EtBr (ethidium bromide)2 52

HAMGHO image master (Pharmacia Biotech, USA)2 =ASUL.
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3. Pycnogenol 2 FibrosarcomaOl A2 HMZMEE =&

1. Animal cell culture

1) B HIE

HY AN AISZesE BHYHS Harrison (1989)2 YRS WMHRCH HHYH2
GeminiAt2l FBS (Fetal Bovine Sera)E ArZoHRUCH. HHLHES DMEM powder 1
pack, Sodiun Biocarbonate powder (NaHCOs), Antibiotics (BRL), Fetal calf
serum (FCS), 1.0 N NaOH & 1.0 N HClI (MIXE HiZ=)S 4 0{, Bottle top
filter2 ZHYES =, BAFS 500 ml bottlell EO0t 4 CTO

S&3CH. DJIEF A
2ol LE MU=

HHQFOH HIAZHES DMEM 1 packS 3.7 g2 NaHCO:2F &Ml 4XF &% 1 liter
Ol wWEtot 2AMSI = = NaOHt HCIZ 0I&0ct0 pH 7.22 2DEIMCEH.
S XlotH A
clean benchOllA Stirring o0 &2&3| =@l pH 7.22] DMEMZ filterotRACt.
Filtering & HHLMS Z 2o =2 bottle 2JH0 450 ml2 LI+, &2 100
m 2l M= BASH cornical tubelil Z22otACHIE transfection S serum
free BHLHOl ZRE @Ol AZSIACH. 450 mlGl FCS 50 ml, antibiotic
antimicotics. (AA; Gibco.BRL)Z 5 mIE &DJiot HIISH S 4 CTOH 2256tH
A ESHLCH

cell culture gradel MISS AIZ3FUCH.

Filtering &XIE culture bench 20|l settingdot)l &I XA

nio

2) Serum inactivation
Serum& AtE0otI| MOl HIZ243tel MXelE otJIfIoHA SerumsS 56 COIA
302 =0t JtZEotK serum =01 EMct=s &Ml ¥ 24 222 243 A
2 AEUHA 0lZst HT1080 MIZSl S <ol serums HIZA3S A2

M, Serum= 50 ml % cornical tubelfl L= =1 -20 CTOH 22t S A

w

HAY USAEHS serums BN A20 A 283 =0/, water bathe= 56 C



= 212 &2 I E84+E 500 ml
0l 5% Y1 serum bottlesS &M wate

= ZF/=0F 56 CE M=H 3022 water bathOll &XIGHH ALER

3) Cell Plating

HT1080 MIXZ= ATCC (American type culture collection) OlA P LSIA2H,
SEUX (serum, SHAH, BHLH)E HMESHD ALESHI| 302 &0 0l2] 37 C
water bathOl &It SO HIZHS 2EE 37 TIH A &Hl. &2 cell
storage vial & floating rackOl N<SHU & BES &22 &1 37 C
water bathOll & Al &It =QICH. =J| AI&GIH =Al JHWH cell culture bench
OlA 10 cm culture dishOll HHZHES 10 ml £, Pasteur pipette OILt blue
tip & 20| ®=st pipette= 0IZotH vial 2 LHE=Z2 =11 suspension
HCH. Culture flaskE AI2E B2 S22 &5 ZIOXN &£, F2= 24
SOt BHD|l LHOIA CO, w0l ZBEEF ZHICE CO, BHLIINA I = 24
AZ2HOI & MIEZE ZZGHH MZEIF HIE0 20 40tASS =elctn MZ=2 i

HIEO E0A= NMESES =22 ot0 AMAol d&6tH =01, Ol AlZe
S0 2eet SLA E UL S22 tHEHZ2RH S5 E222, 2 WX

oH SHASHRIZE 25012
o e MESA s 2| | XTI MTTE Yot A&otRIC. 018 <
o cell counting2 Sal 5X10°2 MIZEAIb TIE= XEG510{ 96 well2 growth
dishOll HCHEHZS AI&HIMCH. 2l HPLC2t ELISAN AFESE HT1080 MIE=
well2l growth dishOl 1X10°2 cell counting Gt01 HICHHHS AIBHZICH.
HX AF=E PBS (phosphate buffered saline)®t BHFH, el 1X trypsin-
EDTA £ 37 T water bathOl &It =0t AF2 & 37 TIHt &5 ZFGIRUCH. DI
H

Eo s HedHs 25 22lotH HHoll W2 PBSE 5 mlE JtotALtH.
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dishE &% =50 ZRE %ol PBSIt HAIES Gt 0l PBSE =
A[CH. HOotJA= BIYH & serumE 25 HAHGHL X PBS MIEHS
stet  Bt=otRACH. 37 C 2 trypsin-EDTA solutiong 1 mlE Jtotd dish&l
SOIA SHACH (10 cm dish 21&E, 0.5 - 1 ml).

15t = dishel &S E10 ST «42te
< OFRALCt. trypsin—EDTA solution22 Al
5-10m 23 welll HIE2 A =04
2

S &S =, 50 ml cornical tube &

4N
In
u

8o
N

r

oo o

up and down ot0d NIl HLNESZE & SHE
£ ol 2 200
AN 28 & «4otH |AI2CE g =, AS2 HigHES 2ot H
& El

ANZACH O

1
30

2
_Orﬂ
9
O o
e
Hel
M
Ftl
@
A
H0
=]l
=
0R0
ron
<
©
w
=
o
=
X

><
@
0

A ZE= Z4oltEHA 37 T2 Co B0 €10 18AI2-= 0 HHEGHRALCY.

NES b= 23 & 96 wel 0l HCHBHZS ol over-nightst dishOl MTT2F XTT
ZOtACH. MTT assayll Al&Rele €54 &

JIEQlI MTT tetrazolium2 EAME %= Hl

—( dimethylthiazol-2-yl)-2,5-dipheny|-tetraz-
= O0IE2Eel0te =82 0/8dt= S AHEOICEH.
MTT formazan2 E& == 540 nme IMEOUAM ZCHOF @04, O IHEWHAM SEE
EZT = A0ALD AL S48t HES &5 BIESICH. XTTe &dlels

=

otod dANESl 2= =Fdote Y, XTT0H SHItE= PMS

u
=
10

@ 4 W

= om o

=
_‘

o
,5—

=
c
3
=3
(@]
=
o
N
|0
tu
ro
0
>
E
Ir

dehydrogenaseE

~—

(phenazine methosulfate)= =9 electron coupling agent2A  biore-
duction® SIHAIZIAH S0 MAHZENH XTT2F PMSE EIIotH MAHIES

cC
i

%
=

mitocondrial dehydrogenase®l <2IaH XTTSl tetrazolium ring0l 2

formazan crystal= MAHGIH Z04, formazan crystal® =S M =0 L&l
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ol HH MTT= 96 well dishl 2 s=2 25012, PYC2H tHX
Gt 24AI12F HH = 5 mg/mol 2 MTT [3-(4,5-dimethylthia—
—-dephenyltetrazolium bromide] AI2ES wellE 25 wE FHOlol 4

A2t O HHZ8H = ELISA reader (Mac. USA)Ol 2210 450 nmOllAl EZEE =&

XTT= 96 well dish0l 2t &2 25012, PYCR HIXl EEHS
AlZH B = 0/el 37 COHAM 28 o=l E2HS 1 mle XTT EENH
Kit)Dt 20 #£2] PMS 2 (JBI XTT kit)2= E&3t0H At = 14AI12b&2F COp
BHZEDI0IA BtSAIZI = ELISA readerOl €0 450 nmOllA S&EE =ZEEHL.
Ol MTT2t XTT 25 S &€= ZFR 24 U2X & =22 240
RULCH. S=012¢2! CuCl2t FeClo= 1 mM/miel FMS BHS0 =10, 200 uM/ml &l
sC2 YHF=0 MTT2 XTTE 96 wel 12 dishOlA &ot22 0.2 mlJF EX &
= AMGIACH. PYC= 1, 10, 100 #g/mlS RAMS HH SO =21, 1, 3,

5, 10, 20, 50, 100 xg/ml2 s==2 XNclULCt.

4. St HIS] HPLC2H ELISAE S8t 8-0HdG e &2l

1. HPLC

A M AU of =2 6 well2 dish=0l HT1080MIZ0 Z=0/2¢!
CuClo2t FeCl= 1 mii/miel BMGIA 2 tube &, JA LML 200 ul/ml ol
st SI&=E E0=ACE. Bilirubin, Astaxanthin, Q-10, BHT= 1 mM/ml&l
MM 200 uM/mle s&=E €10, Pycnogenol (PYC)E 100 #g/ml2l & K0l A
10 ©g/mle s&£& <21, Catalase= 1,000 unit/ml2l 2H0A 200 unit/mlOl
CE= D0 24A2tS0H 37 T, €0, BHLDI0IA EHZSAIZACEH.

S0l 24 = HigHs 2F 2, MM = PBS 1 mlE JIotALt. SFAS

1D dishE &% == = PBSE suction@& MAHR}CH. 37 T 2 trypsin-
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d ™ (10 cm dish 2|
CEES F0 AZEIt BIEHUA &2l E=S UL

E84+E 0.1 ml O &I ot E&EGIH pipette@=Z 1.5 ml tubex =]
A2l (5,000 rpm, 2 min)E ot MEZE ZEGIH M=AS =, lysis buffer
(5 M Guanidine thiocyanate, 25 mM sodium citrate, 100 mM 2-mercap—
toethanol, 2000unit protease K, 50 ug/ml RNase A)E 0.
TAIZtS O A20A BISAIH HMEE =i, 1 = S
alcohol2 &JtotL) icedlA 1AI2ZE & 2A22] (14,000 rpm, 4
min)AlA AZSHE WAHGILD 70 % ethanol2 AMEROH, MZ2E Sl
222 Mot F=ICH. 2l ESB X tris-buffer2 =0 JIMUCH
Jlelll HT1080 MIZ2| DNA &2 gt2 0.5 ug/ml2 EEotH ALEGHRUCEH.

AMzt=l  HT10802] DONA= HPLC-ECD system (Breeze, USA)E 0OI=25t(
= Ct. 240 AF2E columne ultrasphere 00S column (4.6 mm X 25 cm,
BeckmanAt), 8-0HdG= 8-OHdG standard (Shigma)E ALEdt0 Z2E20 et
T ZOULH.

8-0HdGE Dl 18t 202 20 %2 mobile phase2t 5 %2 methanol2l
running bufferE ArE3HRUCEH. Mobile phasell Z&E& 23 mM2| citric acid, 42
mM2l sodium acetate, 50 mM2| sodium hydroxide, 1 m¢/L2| acetic acidS
AMEotR D, 2AXAHZ2 column? bath 2&= 35 C, pressurization AlZt&
15 min, £&= 1 ml/min, AIE2 22 5 wE 0|8, ZE & 8-0HIG
OHdG =& Al peakll && &

. 8- &4
gXst)l foll Al =& = 3% SF+=E Fgl colums A2 = O

EDTA solution A& JIot(H
—
=

&, 0.5-1ml), &2t

2 my €0
9]

| isopropyl

z
4%

Rl

M
~

ol

Rl

00 o

2. ELISA

M HHEHY ol =2 6 wel 12 dishS0l 250/20 PYCE €10 24A12¢ €02
BHZLDIO A BHS AIZACH. HT1080 MIZ Ol CuCl.2F FeClo= 1 mM/mlSl R HOIA 2
tube & 200 pM/mlo sE2JF SIE2 D AIZCH. Pycnogenol (PYC)= 1, 10,

- XX -



100 wg/ml2l 2H0A 1, 5, 50, 100 #g/ml2 =&=2 228 ZZUCH. el 24
A2tS0oE 37 T, CO, BHDIOA BESAIZCH BHE
2S HIASH W2 PBS 1 mlE Jt3UCH. SFAS @1 dishE
suction@& HMIAHEHCH. 37 C 2 trypsin-EDTA solutiona
OO0l 25 EO0lH 8 = (10 cm dish JI&E, 0.5 - 1 ml), &42to &
O MZEJE IS SAHXIAH L SF+2 0.1 ml O It ot0 pipette2=2
1.5 ml EP tubeZ2 |CH JAZ2| (5,000 rpm, 2 min)E ot0 NEE 22 Al
=2 ot lysis buffer (5 M Guanidine thiocyanate, 25 mM sodium citrate,
100 mM 2-mercaptoethanol, 2,000 unit protease K, 50 #&/ml RNase A)E 0.2
maA E0 (AIZES AR20A BISAIHA NZE ZHAIZCH 0l S22
cedil 1AIISCH BIEAIZI & & Eel (14,000
rom, 4 C, 20 min) AIZCI. ASHS It 70 % L2 MHAMALCH. 23S
HMOZ X2 tris-bufferE =0 ZE}UCH. HT1080 MIXE2l DNASl HEEh 2
0.5 ug/ml2 SH&ESHCH. O] H 28 DNAE ELISAZ A& 00 ELISA readerd|2 &
L.

o =
- 09
D 9
> o 2
- o

1o

o
(%]

isopropy! alcohol= &Jtot1d

gl & 0I2] primary antibody 2 the primary antibody solutiong 40
Bl B =, ZEB HTI080 ONA AIZE 50 0% 2 wel O LOIZACH =S

primary antibodyE 2t well 0l 50 @& L) SFHES 10 & S= = over
night incubateot™ primary antibody2t AIESE S=AIZFCEH. WellOl S0 Us
oz 229 well2 & A =

At=Hg HIHSH & 250 #£ washing solution
(=]

Ct. 0|2 38 bBI=3lH Y2 antibodyES &&3d| MAHGIKCEH. Secondary
antibody2t secondary antibody solution2 &l& XXM 2= 100 w2 2
= = At

wel IOl €0 & EE =, A20M 1AIESE BESAIZCH. Wel 10l S0 U=

50 #£ washing solution22 22to| wel & & A0 =RULE.
BI=old E2 antibodyE 2&3l KMHGHAUCEH. Chromatic solution
(enzyme substrate solution)2 1/10022 3|AHOl 3 &ot0d 28 wel I0 100 £
LA | 2 R0 12 a=20M 15 min2t BrSAIZLCH. Reaction
terminating solution2 100 #£2 &HIIGIH & S0 FH B89 FZS MR

Ct. &20 A 52 BtS = ELISA readerOil €10 450 nmQ E&2& =& Z&HOIUL.

o
>d
~
o
o
N

Ol

e
w
E

=)
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. 2 it

iff]
I

Ol2d &SNl 28t DNA 43 %

SAMSIHE Helotd2 el etsS 2II9l6h bilirubin, astaxanthin, Q-10,
catalase, PYC, BHTE 0.2 mM2| FeCl,2t 0.2 mM2 CuCl, & Mc2IotH 1Al2t=et
37°C2 BHYIIOIAl EHSAIZACH (Figure 6). Plasmid ONAE Fe”'t Cu™@+ X 2|5t
AUS M SHLIIEHO0IE DNADF & JIEHOZ ZBO s AS =olg £ QL. KDl

ol &&tstMIQl bilirubin, astaxanthin, Q-10, BHTE 0.2 mM =<2, catalase
= 200 unit/ml, PYC= 20 ug/mlE XeldtH DNASl &40 O diikl= A2 =
2= QUCH JIE0lsE ZASHHIIE OHE MHGHH DNA &tSl A2 =0l 2A0lets
ZIt JA/UXLH 0] AWM= SH01=201 =MD & A M2 S DNA
o =42 FH H=20 35022 MlotH O MASHZMe A0l o AKX
= AE 2 = UL

2UHOZ plasmid DNAS| agarose gelOfl HIIPS MHEIS Fe™'ot Cu™It =X
S [ gotetMIo 2ol 2EseA Rot) &4tstMl= prooxidantsZ2 ZE& A2
£ = QUCH EASH = PYCOF JFE DNASl =401 hdtet 22|0 MASHHZ
N HE0 2432 2AD PYC ) astaxanthin ) catalase » BHT ) Q=10 »
bilirubin® &=AMZ DNA && L2 ZUE = = UULL. 0ldst AIAZ 20t
SN2 EE2E 2 MES2 250/22 BtS2=x  2Ist DNAS 3=0 23
Hoz SNgNel JIsElie MAMSHZEAN HEES 2 4+ JUJYLCH. TE gt
SHMSOHAME LIEHLIE SA0IL S3| PYCE Fe* 2 Cu™0l 20| EH25ts &

St figure 701N 2= HIQ 20l 250129 I&0l G2 PYC &€ &
BE S 2 & AUS0l 150 42 PYCOHIA IJHE SHUILEIOl DNASl &40 &%
D, PYCO sSOF ZOHE0l Matd Fe®eF cu™el ™Malol e s1E 0ls 2%
OlA Hl=8 242 2AS2 L % AACH. Plasmid DNAS =42 cu™
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Al

= s =U

ONAOI &EOtE! PYCEH ZTHoIRAS T ONASl &4&0] &

ol NE = = UL, LIS plasmidel FHZEAD
of 2=0/201 EMEY E= PYC= prooxidantZ2 A & Eot=
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Figure 6. pBR3222| plasmid DNAOI Cu® @t Fe™ol &t 2 &HasHAHICl St
© bilirubin, astaxanthin, Q-10, BHTE 0.2 mM, catalase= 200 unit/ml, PYCE= 20 48/ml
£ 0.2 mM2| FeClo2t 0.2 mM2l CuCl, 2 HMelotd 1AI2ESCE 37Tl BHLD|UHIA EtS.
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2. Pycnogenol 2l FibrosarcomaOl A2l Al 24

Iy

- =
s 54

o

MTT Z3 (Figure 8) PYCE: HMR2I3IRES M sEE2 MEIMZES0| ROtX=
A2 2 4 Q0 0l 20120 FMe G I BN HMalgo e &2 o
oA +t=

U2 242 FTO ME MES0 HO0HKs 2AS 2 £ UL Sl of
=
—

prooxidants2 ZEE&MCt= 2410 201201 Fe®'et Il EME P2 PYCs
GOIIHOR HBEIA R=lis AS L 2 JACH

XTT Z PYCEH H2lale I =2 242 2olsd, ol 23020
Fe”'2b Cu™Jt BIM H2IT0l AS F O %S =42 =0 MEMESO0
QoK 202 2 £ AT+ (Figure 9). S8l CU¥E Holsigs Me
CUBIORE e 242 FE= A2 2 4 UCH oI(0 ALK PYCS
HMelshdl = PYCO 2012001 et ZoJIRo2 =&6X %1, O %S

o

EAS == 202 Y A QL. PYCR FePIF HM2lE MEZES pPYcorE Hel

NMEZWAME 20 #g/ml2 PYC sE0AM S2HotH ME=EE0 HO0IXes 2AHds 2 %=

QICH. 0l= PYCOt prooxidants® Z=EFCt= 24D 201201 Fe*'2b U™t
= AL

ENME 32 PYCE E0IIH2z2 HEoHA E=tis A
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Figure 8. HT1080 MIZES2| MTT assayES &' MIEZo MEE =F
: Human fibrosarcoma MIZOl 0.2 mM2 Fe®*9t 0.2 mM2l Cu®9t &M PYCE 1, 3, 5, 10,
20, 50, 100 wg/mlS SE2 HM2I5t0l 24AI2tS0 B2 A2l 5 AA0A 25 o MTT
[3-(4,5-dimethy|-thiazol -2-yl)-2,5-dephenyltetrazolium bromide 12 X2l, 4AI2tS0t
BESAIZCH. 0 = 450 nmQ SZ ST 0U A ELISA reader ALE5H0 & .

3 -
lmPYC
— 2.5 | [H i = [ocu®+pPyc
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S 2
g
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Figure 9. HT1080 MIEE XTT method2 mitocondrial dehydrogenase2 S8t Al

. - =
"o 4EE =4

: Human Fibrosarcoma HIZOl 0.2 mMSl Fe**2t 0.2 mMel Cu®et &M PYCE 1, 3, 5, 10,
20, 50, 100 #2/mlS =T 2 XM2I5H0 24AI2tS 0 Bt AIZI & 2 AA 1 mlSl XTT
oM (JBI XTT kit)D 20 p 12 PMS &% (JBI XTT kit)S 40 50 u# HM2l, 14Al12HS 0ot
BESAIZCH. 0 & 450 nm2l S22 0l A ELISA reader AIEdt0 S&.
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S
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3. HPLCZt ELISAZE S8 8-0HdG o =0l

Cu”'et Fe'2 DNA JItS =ost, ZAFSHMQ bilirubin, astaxanthin,
Q-10, catalase, PYC2F BHTOl SlofAM = DNADI 2dolitlse AS & = UAT
(Figure 6). Bilirubin, astaxanthin, Q-10, catalase, PYC®? BHTS HT1080
HIZ0  Xeldtd 37COIM  24A12bS0F BESAIA  8-0HIGS MAFEE

AUCH (Figure 10). Fe™ot CU™E WIZOl Xelstde M, OH, 0, el
dhasb=A 0 28 At E AEIAN 2Ioi ONA JIE el 2ol EH= A

S A}CEH. HT1080 MIZO bilirubin Bt2 H2IS M, 8-0HIGSl A0l

Z0lE A2 2 & AUCH (Figure 10, A). 0Ol Fe”'2 CU¥E XM2lst Mo

= XclotH 8-0HdG2l ZAE O #&ol = = UL, /n vitro
A0 AME= ONAOI =42 =0 prooxidantsz XESIAE S 4&HSHOE HT1080
NZEN /n vivo &0 HEHCZ FHEY HBR0UH= antioxidantsZ2 X E6t=
AE E & UL, 0lgd Z&2 astaxanthin (Figure 10, B), Q-10 (Figure 10,

C), PYC (Figure 10, D), catalase (Figure 10, E) 2@F BHT (Figure 10, F

Joo

~

OME = = J1, bilirubindt astaxanthindt M2IEAS I =501=20 28t
Aot AEAN JHE ZHEOI2t & & JACH DHLE SASHMI0 218 M
MEE =H Al MES It 20 E A2 & = U222 (Figure 9),
SHABIRIQE 2501201 FeP 2t cu™oll 2Bt MIE2 £ Zois0l At ==
8-0HAGSl 20| ZEHHEAS = T JUCH. 012 KA et IIE Y2 BE
20l PYCE =SE2 XH2IotH 2501201 =M Ol [HE 8-0HIG2 HEE
=Z=XotACt (Figure 11). Figure 11, A 2 20| PYCS =&%It It 4T

8-0HdGSl 242 Z=0S= 202 =2 2 UL WS M2l 3 PYCE H™Malst® PYce
=SS0l @2t 8-0HdGSl 260l E0E= 242 =ols % AT+ (Figure 11, B).
Fe?'2 Helstgs 22 PYCO sZol M2t 10 #@/mlS PYC s& NXs 02
S HMel M2 M 22 MES 2oL, 50 #&/mle PYC sSERHE
8-0HdGSl &0l =Itet2 =2 £ UCH (Figure 11, C). 0l= 50 wg/mle PYC
SEZ0M Fenton reactionOl MIZO 2O LI 8-0HAGSl 20| SItICID & =

T my
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QUCEH.

Figure 12= HT1080 MIZQt 8-0HdGSl EAO OIXl= Fe¥et cu®'el &It
ELISA kitZ O0I235t0f =X&t 240/Ct. PYCE 24AI12F M2l Al st Sotg
Z 8-0HdGSl 20| Z0IE= 2HE £ HMelstd PYeE s&d
Xelolde 3R 8- £ 2 4 Ao, DU FePfo A
L0l= PYCO sSZIF ZOH6R2 M 10 4g/ml =SSO PYCHIXI = 8-0HAGSl 2:0]
Z0EX0, O 20 22 =550 50 x@/nl £HE 8-0HIGS 20| Sotste A
2 2 QCH 0l= Fe®0il 28t Fenton reaction0l LO{LIZD Ol PYCIt 2HOi5HA
Rt =22 A 8-0HAGIH ZIHEl dol2t 2 2 UCH. PYCY sZo @2
8-0HdGSl 60| 2AGHH T Cu™el BRE PYCO SZ0l 2E5H0f 8-0HAGS &

¥ H 4> U

0 I'
ﬂJIO

A=

0l ZABES 2 4 UCH D2l Fe= PYCY STOI QEOIN &0 202
= 4 Al
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Figure 10. HPLCE =&t at&tstHI Sl 8-0HdG &t =&
© (A) Bilirubin 200 uM/ml 2 0.2 mM2l Cu?*Qt Fe?*, (B) Astaxanthin 200 pM/ml2t 0.2 mM
o] Cu™et Fe™, (C) Q-10 200 pM/mI2t 0.2 mM2l Cu™2t Fe™, (D) Pycnogenol 10 4g/ml
9 0.2 mM2l Cu™2t Fe®, (E) Catalase 200 unit/mlI2 0.2 mM2| Cu™2t Fe®, (F) BHT
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5t0 HPLCZ =5 .
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ot
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Figure 12.
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OlAl Bt = DMAS =0t ELISAE OIEd =3,
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8-0HdG standard at.
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SHASIMICl CHest Melgd g2 22XNoz 012 S4AE4Y9HsH
SHatsts 222 Il QULCH (Havesteen, 1983). 0 =UA &atstse =2
S AALQL superoxide, hydroxyl, peroxyl2 alkoxy S29 4AJ{s (Bors &

Saran, 1987; Hanasaki et a/. 1994; Husain, et a/. 1987; Robak %t
Gryglewski, 1988; Salah, et a/. 1995)1 Fe”'It Cu™ S, 301201 h&t
(Morel, et a/. 1994)0i DJICIStCH & = UCH. Ol SHAA0 OlH
ZeletCiZ0l 2/t DNA &2 23

ZUZ2A HIEXO XFHO ZURE =
MALSl Jls0ILt DNAJE KiLle &2
otd, DONASl SIS Ol=oteE

J0 o
R H1 08
A omoM
e rr o

JooE
>
A
rr

HAEES = Al H 3=

ctCIZ 2 QI5H M2 == U= Z et SHACH 0l St DNASl HES O JtAl
AStE OI0 Sof MAE = UD MSH TUHEQ HAINRE=Z Qlst
ASHE Aoz MMHE L5 QICH.  Hypoxanthine, xanthine oxidaselt
43t neutrophils, bleomycin, iron anion, Hx0., ==0l2, O0l23&
ZAHE A0z 22 ZeldbZEsS MEAZE = UAs SE S0l 2o DNA
LHel purine &= pyrimidine €212 Z&1 HEO| MIIAH SO Ol mH

AN 2ol S E= DNA2l dtobd =AY 2o MALTZ = 8-0HdG= DNAL
A HCE MAS=e M2sHA X EIb =0, Daniel (1988)2 Fenton
= DNAS] &=AMAEEE HPLC-ECD system= 0|28t 8-0HdG

o
ME2O HWE Sot0 ZZHSIA2OH, Madoka (1996)= 04 ASHA QOI0
=

o
X

=S QZHMIZO A 8-0HIGE =ZHE0ol( DNASl &AATZE E0XF L.
SHAFSEAIO 2)8F DNA 49| Bto{g 1t 9 Al 8-0HdGel ZH=E:S Sol & £
Uel LEHE OS2 Haenen (1987)2 AU M A2 thymus DNAS phorbol ester

PMA)E XI=2E AFECQl neutrophil 2 MXI=2 [ EAHE 8-0HJGIOF catalaselt
OH 2ol &QClol DMSOE HIISCZ A M= Z2UE LIEFH 2110 Susanne (2001)
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Ll

H F @0 20IX2H, e o 2dsieE Mz 2tEls
£ 0l 82 duol et € = A= A0let B0 ULH. MOl ==
2 Z=A0 2ol 20Li= LXEQ JIHSZ A metal loprotein@ 2
2H X=&8AH d2ld = AL+ (Shinenaga, et a/., 1989; Sies, 1985;
Srinivasan 2t Glauert, 1990). Ollf dfclE 35022 SJAMNEHHME Zelct
ClZe =0MEM &&Ect)l #1= A0ICH. [MetAd OotFe HMeF &
of 2 DNAOI AEHQOI Aotd £ =0 2 SAMSME F0ol=

)

i & MSHZA HEE =

QI ME0l DNA &&= 20l Fdote A=
SO0 Olciet &fEfctE A=t gdtstdl= O ONA &= R2Ee=zAN &8
g = AS AOILH. GIE =01 S22 HOI0 S==01201 20U 0/ X
7 = SIHE =58 ER0es H0l=52 it Q=0 S=352 ds
&0 2ol 0l o I OS 26t 2= € = AT U /n
vivo &0l MIZO0 &tetd =401 20 = Mot E HMelotd ME2Hel ol [

ro
HL
0z
o 0
0z
X
o
=
>
i
HL
fol
ol
=
0
2
i
(=]
T
Q.
(]
10
Z
0x

Z0l 2foi =20
01 He Aok, =
NIl PYCSl s&0 et 1O =4

of EaStMIN == Al O &8 &2 =cHotH =0 (Xiaowei, et al.,

ro

o

)
AL 0l AES SEoll /n vitro 2 in vivo H0UIAMS SASIHIZAC
[m]

!
Jlss ot Xe, 1 H&eh J&S &€ = 8l ol =Ho g&d HBss
=ol prooxidant®t antioxidantZ2t2l XtOIJF AI|=X & == QICk. &M
SASHHIZ  AIEE D U= =ES0| SestMZMe FEtts Jt& A0l
OtLicte Hg SHEM 2A2AE S, O IS =20 *HoloF & 240l

MM Sretstiel 24 X400 [HE X0IE &elotyd, 2F ehatstiel ef-
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