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FIFETCRF AP F RIEZ F 4 (reactive oxygen species, ROS) ¥ ac 433 = & i ~ i {2
B~ RE R FlL - o g 2 #”%%F*ﬂ/zi’éﬁ%“f ROSE I3 PRA EATHFLIFHUP E
Jg/,,\éarﬁp‘r;\ Fv B~ Fgip o Bots AR e B w BEHZ A rg e o8I §E LE
A +% 8-hydroxy-2’- deoxyguanosme (8-OHdG, socalled 8- oxodGuo) ERR =) N ETREE el A4 ;_Zt_#ﬂ

TR EELF 2 4§ pd A(OH - )5t guanineC-8 i & Eﬁﬁvg'ﬁ» quﬁ@ig : Luﬁg
FEF LG TEERGCGO-T 2 FHRF -HPAFF LG T vAGERFBHR - B L nBRRIT > @
ok A5 “f i% 44 (base excision repair, BER): ¥ 2 4g & 4= % 8-0x0-7,8-dihydroguanine (8-oxoGua) % +*
fis~» % i% 48 (nucleotide excision repair, NER): 2 248 # 4 5 8-oxodGuo - i3 + & » fRF 7 © B L
% fk 8-oxodGuo thy 5 Hp § R4 chd Ffpih o ApF DN ¥V - A R D3R AP
8-oxoGua£H;;j zr”?«'x‘ ° A& enfp FIE AR ¢ B-oxoGuaw i H B n e KR o IR A b 1T Rt
?g » R KR Y 7 #hE_8-0xoGua ¢ 8-0x0dGuo ¥ i & F_kp HEPN DNA B4R % o o ¥ 5 B
(i ﬁﬁpgﬁkﬂ; it 2 g pl(i.e. 8-oxodGuo & 8-0xoGuR) A % 7 § ki B ik e dp
2Tl i e *’»*ﬂ ofRm aAFF LT il/? |7 % 2 0% 5 TRk chdpthz w o LR EFERGHE Y
RARE LT FauE 2 2 - iR A % § B # Fl(reference range)f = -

@;F*J%r‘ %%?ﬁgﬂi tE T AP st & E 0 8-oxodGuUo shA 7 E G A 0 @ R B AR AR R AT
&kpe & T 45 1 p|(HPLC-ECD) » # 40 & 47 7 3# R (GC-MS) 2 fi¥ % if % 4 £ '~ 17 (enzyme-link
immunosorbent assay > #§ £ ELISA) o 28 @ gt A 4772 305 44 8L &2 o+ &+ & ﬁﬁ\&J; X B
St o BT RO EF B FH 4 Er LCMSMS % 8-oxodGuo £ H i A FIIF i &+
AT oo 2 AR BRI SE RV R AR Y B 2 (|sotopedllut|0n)’ AR W
Wb E T E o BT e B4 % B2 2 (on-line solid phase extraction, on-line SPE) - &
P OEIPNE AR O EVMﬁkﬁv@ﬁ@kﬁ%LCMSMSﬁﬁQﬁ’Pﬁﬁg’W@%ﬁﬁﬂmﬁ
R o

PRFEIFAMRGY PR ETE TATT G T L 20 AL ITRRS ZREE NEE
iF(1) ;0 ¢ 4% B3 Tonline SPELC-MSIMS | 4 473 ;2 > FR.ife 1 48 (8-0x0dGuo & 8-0xoGua) % 'm 2.
DNA ¢ 8-oxodGuopl% o A3+% TAFF T2 20 fer s fTHh&% > 2R $F2 NELEQ), 5
HAaE > F- 2T AFFESF Tonline SPE LCMSMS | &~ 473 22w F 2 vk v
8-oxodGuo/8-oxoGua i 2« ¢ ** = I g i =3k " European Standards Committee for the Analysis of
Urinary (DNA) Lesions (ESCULA) | sz L b S AT 5 T chfp AT g - 52 & > Ak
#7352 > ghonline SPE LC-MSIMS 4 452 2 8 (TR A 3 b A 473 2t g A7 F © 53 2
1‘@112/»\ 2o ERER A ME AN E s - A ) 8-0xodGuo % 8-oxoGua 2. A #
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Clinical-scale high-throughput analysis of oxidative DNA lesionsin various biological samples by
isotope-dilution LC-M S/M S with on-line solid-phase extraction & international cooperation (2)

Chiung-Wen Hu, Ruey-Hong Wong and Yan-Zin Chang

Abstract

Reactive oxygen species (ROS) in living cells have been suggested to be associated with the
development of aging, cancer and some degenerative diseases since they cause oxidative damage to
nucleic acids, proteins, and lipids. 8-hydroxy-2’-deoxyguanosine (8-OHdG or so called 8-oxodGuo) is
one of the most abundant DNA lesion formed by the addition of the hydroxyl radical to the C8 position
of guanine in DNA. The presence of 8-oxodGuo residues in DNA can lead to GC to TA transversion
unless repaired before DNA replication. This lesion could be repaired either by base excision repair
(BER) pathway and nucleotide excision repair (NER) pathway, and the resulting repair products were
8-oxoGua and 8-oxodGuo, respectively. In the past decade, the 8-oxodGuo level in body fluids has been
widely used as a biomarker of oxidative stress. Conversely, little information was available on the BER
repair product 8-oxoGua in body fluids that represented the major repair product of oxidative DNA
lesion due to there were pathways other than repair process could contribute to 8-oxoGua levels in body
fluids. However, it was recently demonstrated that urinary 8-oxoGua and 8-oxodGuo measurements may
be attributed entirely to DNA repair. Meanwhile, it has been suggested that the measurement of
oxidatively damaged DNA (i.e. 8-oxodGuo/8-oxoGua) has a great potential in clinical use to serve as a
biomarker of disease development risk and efficacy of therapy. There is however some problems that
need to be solved before markers could be used clinically. For example, what is the standard anal ytical
methodology and reference ranges for 8-oxodGuo and 8-oxoGua?

In the past 20 years, many methods have been successfully applied for analyzing mostly
8-oxodGuo, such as high performance liquid chromatography with electrochemical detection
(HPLC-ECD), gas chromatography with mass spectrometry (GC-MS) and enzyme-linked
immunosorbent assay (ELISA). However, they have drawbacks and could be difficult to perform in the
clinical laboratory for routine measurements, such as labor intensiveness, necessity for chemical
derivatization, low sensitivity or a limited specificity due to possible interferences arising from the
complex biological matrix (i.e. crude urine). Recently, liquid chromatography with tandem mass
spectrometry (LC-MS/MS) has become a powerful technology to overcome the sensitivity and
specificity issues in analysis of DNA lesions. With the use of isotope-dilution and on-line sample
extraction (on-line SPE), LC-MS/MS has been proved to be the most accurate methodology and would
allow for high-throughput analysisin clinica trials.

Therefore, the aims of this work are to develop a serial “on-line SPE LC-MS/MS” method for clinical
scale high-throughput 8-oxodGuo/8-oxoGua analysis in various biological samples. In the meantime, we
have been invited to participate " European Standards Committee for the Analysis of Urinary (DNA)
Lesions (ESCULA) ; . With our newly developed methods, we are going to compare a multiple methods
for analysis urinary 8-oxodGuo and 8-oxoGua, and further establish reference ranges of
8-oxodGuo/8-oxoGua in body fluids.

Key words: Oxidatively damaged DNA; LC-MS/MS; On-line SPE; Clinical scale
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N TS T2

ARG ERAR

WEFRLCREFAPMAF BT %"T(Reactlveoxygen species, ROS) ¥ i {r—g AR RS
B~ RESRFIL - o A PP HROSALT L pd AR D R o F A RN R
g!;’;fguf ROSH| €= F it B4 R TFAFMPN i & 53 4opifh ~ Foo %‘H ok il IR
e g #ar b A4 re[Dizdaroglu et d., 2002; Halliwell 2007] - 8-23 4 ¥ § L &+ 17
8—hydroxy-2’ deoxyguanosine (8-OHdG) » = i & A ¥y P PG T AF2 - o« v B R F 1L
2.&% pd AOH-) sz¥ guanine C-8 =3 PFengd & o AT EPF > LRAATFF 5T ¢ HR
G—-T 2 F@x% [Chengetal., 1992] - d ** e kippt A & 12 6,8-diketo £ 47454 5 &> #71
% #£ % 8-0x0-7,8-dihydro-2’-deoxyguanosine (8-oxodGuo) e

OH o O
OH
OH
8-OHdG 8-oxodGuo

B - ~ 8-OHdG & 8-oxodGuo i %%fﬁ_

WL S EoF I RAfIr BoxodGuo 3 £ FL 2 gt RIFHMPN AT G T B AR
Sripbit o Wuetdl. (2004) w4~ jr o 3 I%/i)?ﬁ B(& 7 W~ TR~ TR~ ) FRR
¢ 8-0x0dGUO 717 B ¥ - X F A FHF S o AR (T K F K K TR R
%ﬁ%aggﬁwﬁﬁﬁﬁﬁixﬁmq& e3¢ 8-oxodGUO 7 BApRH ¥ B ¥ wk R
[Matsui et a., 2000; Evansetd., 2004] - # ¢ % Musarrat et . (1996) # 3 4 I3 Brops & 2 o
18-0x0dGuo 7 £ 1 . ¥ e “%‘r’v'ﬂ976 B2 5 om BV R E P RRFEATERSDL FE F
P53 #rfp A F] L » FIF|F o d 8-oxodGuo #rig e G — T 2 F % % [Basset-Sequin et al.,
1994; Wiseman and Halliwell 1996] -

Fob it ® B OR  s  B R R BT ]R8 e ¢ B Ok A <0 8-oxodGuo
[Espinosaet a., 2007; Pan et a., 2007; Kono et a., 2006] o BiT ¥t fe g4 G 1 4o & &< jp %
o i B ek A fuR R i TP 4 3 ILF 4 i e [Sato et al., 2005; Mecoce et ., 2002] ¢ i
3 ak- 3 B F] SRk 8-oxodGuo ik & £ B T B E RE(HET L E B A Xy CAFR)
= i 4p B [reviewed in Evanset al., 2004] -

E»’*’li v 2 ehig R 4

WRATF I TARRFBR LR PSRBT S 47 0 ¢ (DI AT % 2 (Base
Excision Repair, BER): # i 4 2 4~ & 8-ox0-7 8-dihydroguanine (8-oxoGua) = (2) * fix *» % i 4k
(Nucleotide Excision Repair, NER): # i2 44 & 3 5 8-0x0dGUO- iZ- - 44 i 1p 15 chiA F1§ 418 2 & 4
§UER B IR Dlest i R A o TR BT G TR R TR DR
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%/mre DNA ¢ 8-oxodGuo g & » #r i & i e X PIBUR T B4R 5 & 5T frenfd L R
(steady-statelevel) - & o #8;% ¢ & /p] 8-0xodGuo £ 8-oxoGua ik & » i~ £ 8_ F]i2 44 & % [Cooke
etd., 2005] -

(1) BER pathway (2) NER pathway
Damaged base Damagecli nucleotide
T TTEVY LR P R S SEN
I Estirotee s  nEspAngEEAE
DNA glycosylase
,E\Psitel e i
‘“Aaddd mEBEE G e o ) e
ST T TTETFTRE . M. . .l
lAF' endoiuclease l
I B & — L 555 ° Ty T
 BEnggmEEERE MALLLLLLELLLE
l DyA polymerasel l DA polymerasel
DNA ligase CrA ligase
FTETEIEE IR ' TEEEEEEEEE
LA LELLELELES JreepnemEREE
l 7

J ™
o HN —
)\ | OH
- N == ;
N \ MNHy ™ th
J\ | OH
L8 ]
- T TN
NIy ~ T OH

B-Hydroxy-guanine

* # 8-oxo0-7,8-dihydroguanine (8-oxoGua) S-Hydroxy-2'-deoxyguanosine
* # 8-ox0-7,8-dihydro-2’-deoxyguanosine (8-oxodGuo)

W= ~ #& ¢ 8-oxoGua £ 8-oxodGuo 2. % ik T

B 0HF B T 8-oxodGuo ] Al fs ehdg AAE G B R 2 & £ BEREZ S 10 | f 7% b
248 o m NERECRIE_E F 2R F1T 1125% de 24 & [Dianov et al., 1998] - &4k i3 4p 841 51T
< AP &Y EF 0 Gackowski et d. (2003) P 4 47 fjik ¢ 8-oxodGuo % 8-oxoGua 3 3BT Fi i
¢ 8-oxoGUa (g £ B E8-0x0dGUO = 1 o K G AR i E A VR A AR ¢
8-oxodGuo & 5 & F1F it F hi Eip ke 3 £4 47 8-0xoGuac H i & hR TS B 4 F %
FII e ? 8-oxoGua 7 £ ¢ BRE X (7 7 Pipien)4 8 2 ¥ [Fraga et a., 1990; Park et a.,
1992] = ¥ AR ¥ g F H @ T i i 8-oxoGua i-ptik e 45k i RNA(MR b chig L) 2 w2 %
[Cooke et ., 2002] - #k @ Cooke et al. (2005) B 3775 ¢ 4 2l A K > LA MIRFRE AL
FIR* 1 ONs 57 chF B F 0 DNA - BJRY 3@ 14 X s & % @ Rl £ 5 ®Ns 57
8-oxoGua % 8-oxodGuo- @ &k p RNA ﬁvir%gkx MRETAT B o d NI L AP DI
% 7 782 240 RNA 1+ eh 8-oxoGuae ¥ “F %] N-glycosylic bond 4% 48 = #714 RNA & p # |2
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41 (depurination) 8-oxoGua 7+ # ~ % % [Rozalski et al., 2005] = T ** ¥ — ¥ iy i;'-};%;‘}ﬁ Yunke e =
IR IR F ARk ¥ eh8-0xoGua * 8-oxodGuad_k p w7 = drEo BIAGR ¢ 1 ¥ hE (AR
¥t F Py e A a0t 5] (B-oxodGuo/dG 2 8-0x0GUAIG) £ kmie P it bR e o I @ AR
A 75 7 2 8-0x0dGuo/dG £ 8-0xoGUA/G Hvt B L2 fmre ¥ et B AR £ Hif o EARRIAGR P D
8-oxodGuo * 8-oxoGua 2L % p m*z /¥ = [Cookeet al., 2005] -
BE VR B¢ 7 3 8-oxodGuo & 8-oxoGua s §_k p &l

% 46 4 $ 2 8-0xodGuo & 8-oxoGua A 5 H 5 B B

RRRA Lt ¥ Lot Pt & AR sl R 2 L DNA o d 3t 4 - E T
8-oxoGua (BER #1113 42 & )4 4745 4> » 11T A3k 8-0x0dGUO * 7 R Hl 2 4 47 2 3 B R
L Fs,?}i?» °

(1) Fii 8-0x0dGUO A 17: o *ticf fRR A M B > T F S G g2 L
B egx 4% o mﬁxﬁmﬁ; RIEHERE o & 472 2 ¢ 458 2Tk AP K 47 Rpe £ £ - F L RI(HPLC-ECD) ~ i%
AR R-F AP K 17 T ¥ R(LC-GC-MS) 2 % % ik % & £ » ¢~ #7 ( Enzyme-link immunosorbent
assay > AL ELISA) e A 3 > 1A 452 x g e G & R Ak 8-oxodGuo © 25 @ a4 47
B Y A RRANE X 57 4F o bl4er HPLC-ECD ¢ = 2 £ @
FREREFV XD AFRE? T2 2P RAFTRB(E I RRER S RE) FIF &L maw}%@IP’: .
2E¥ 42pF [Pilgereta., 2002] < 7 LC-GC-MS @ 3 » ptfi 453 2 £ AL 1 LC W g s £ U
GC-MS &2 47> d 3 b g et 5B F & 74 Y & o #7004 4942 5 % 3 [Poulsen 2005] - ELISA kit
AP aBifras 122 B0 Y N EaT o 2 ELISA 2457 2 i 5]22 HPLC-ECD # F¢
SRR T ER PR AR AR BRI o 5 é;’;&ég‘i’-gﬁw ELISA kit = & fk
i 8-ox0dGuO P& > E_F & g £ 12 HPLC j# 3 1 fjuige 13 3 A {7 sE & [Shimoi et al., 2002] -

LL—$/‘§

3* 1\

BoiTd 3R R %i 438 * LC-MSMS % 8-oxodGuo 2 H & A FI45 5 &+ & 47
+[Singh and Farmer 2006] - ¢+ 4~ 477 2 B R 42 St 145 ¥ e £ & * o =% ff-1§ i (isotope
dilution) » #r i 7 WA F B F T £ 2 F o AP LD T T ¢ o b gk isotope dilution
LC-MSMS £ ELISA kit & f62 2 » FPFA 178 < PAHS kB 1 4 2 JiRtk & o 4o Bl#rr - 2
a3 vy isotopedilution LC-MS/IMS = 2 v 4 £ ch i JR] Uk k& ¢ £ 8-0xodGuo > i /@ § 223™
RATF LG T o @ fl* ELISA Rliis»eA 459 PAHS k1 A 22k 1 4 B AR ¥
8-oxodGuo 7z # 17£ B [Huetd., 2004] -
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LC-MS/MS ELISA

Bl = -~ Isotopedilution LC-MS/MS g2 ELISA & 453 i3 ' &

¥ ¢b > LC-MSIMS ¥ 5z i 4t F]4p 5 B~ = ;% (on-line solid phase extraction, on-line SPE) - & 32 i
EAAY Ao Ap AP RO E R T AR Y - L HAp X B¢ 1 (SPE column) & - # 3 ®
(switchingvalve) » tk 22 » (47 p 5 B2 4 8 i » LC-MSMS 274 47 o A P fiTe =

g2

(2) +Ei 8-0x0dGuO 4 17: R e B Ak AR R FF A R 0 REFEEF 5 o U E
WUIERR T B AT ¥ % o™iz [Sawamoto et al., 2005] - iz p = B >t ed 8-oxodGuo c4p B 4 47
grivt o RFl - Erkip e § 5 fa3-6 F2 8-oxodGuo F B ik Mt Ak (~ pg/mi)F & iRl o B o
M3 ag g% ELISA kit &k 2 & r&% 8-oxodGuo [Takane et al., 2002] - & @ 4o #7it » ELISA »
172 R B e § ek 8-oxodGUOo s 47 2 E v EF R F B AT 7 8 F i LC-MSIMS
e # FAp B0 A 47 8-oxodGUO s FR A d At g B S F R w T O A1 e R
Se AT 47 3 R e PR > & 2 B 2 E [Cookeet al., 20064 °

(3) s ife (s /n %ﬁ)S—oxodGuo 4 $7: 8-0xodGUO ** w7t~ edp B A 4T B /gJ% P b oo gF
u § Fa A~ fen? 4% 8-oxodGuo 7 B &M (~ pog/ml)E Z F AR o e R A TSR 3
£ L dT 0w FIP ATRE P gt L PG o P o v‘/l?et’ ek 452 0 2 & §_HPLC-ECD £
ELISA kite Aa @ fa=> 2 9rAa 47 d - LR A F 24 2 7R % £~ 100 & (HPLC-ECD: ~ 13
pg/ml; ELISA: > 1200 pg/ml) = F]pt ¢ 3 § &3k % 11* ELISAkit % & & /% 8-oxodGuo p* » & 7 &
0 HPLC j# & i w3k B & 7% Fx & [Breton et a., 2003] - F ff e > B g ¥ 2oif o R
8-oxodGuo 4 7> 2 > TRFR A o

(4) % B iwme (Ieukocyt%)/:sﬁf?ﬁ-‘; DNA 8-oxodGuo 4 #7: # Fe 3t 6 & #8648/ <1 8-oxodGuo 4
$70 B E 2 & 0 5 7k DNA 2 253 DNA ¢ 8-oxodGuo 73 & F p -8 48 p 48 2 ik (Steady-state level)
AT LG LT ARR oD PR /I?e%é‘ BT 7 it B4 o473 02 #rp chin e DNA 8-oxodGuo
1z £ £ E ¥+ 1 1000 & [reviewedin Collinset a., 2004; Gedik et al., 2005] - & & =k F]4_DNA
R v 3 Fig 20 ¥ 3 0 #7112 DNA 8-oxodGuo & RI2E¥ % 5 i idZA2R ¢ i3 DNA
A L F v Hik 8oxodGuo Z BB oo

3 #5%t > European Standards Committee on Oxidative DNA Damage (ESCODD) *+ 1997 # B 4
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Intensity, cps Intensity, cps Intensity, cps

ps

Intensity, ¢j

fRAA 5 MR RET T R AP 2 S LR R F]eESCODD - i 7 a%T 7 % % 2 3 DNA
Fpa ok dag & 4 5§ 1 ehi & KR T BEd 2ARR Scdif ¢ * chaotropic Nal-based
DNA 3B k'3 M A 5§ (a4 [Gedik et d., 2005] ° ¥ ¢t . 2§67 fr A 47> 2V R E S F R
[reviewed in ESCODD 2002; Guetens et al., 2002; Mateos and Bravo 2007] » HPLC-ECD #_# % 4 i *
L3R B R R o GC-MS Fl it it e ? ¢ =~ it 2§ 1 238 DNA R4
Bprd bz m A LC Wit o LCMSMS £ 472 & F A i~ B R 5 & KAk s L%
HPLC-ECD # » ¥ — ¥t g cha 452 % o AAm3F 5 MG 0 LC-MSMS » 472 #F I 2T “}n’f E
P+ thEAREERFESTIFPH A 5 F I A+ 473) 7 artifactual response”i& @ 5K
8-oxodGuo s Z_E [Ravanat et a., 1998; Singh et a., 2003] - F = 5 Ff# 4= ;& £_%- 8-oxodGuo £
T ¥ 2 H (dGu0) & LC eh 47 pE P 2B (>4 min) = f pEgfe UV SRk A 175 enm ¥ P30 @
*UFHRE &4 45 [Matter et al., 2006; Regulus et al., 2004] -

DNA -kjz4= @ 3 £ 0 ¥ ¥4 (dGuo)L 7% » X iRg < 1% i ¥ P& » T a7 o 4ot
LB E dGUo T R AL+ 1t ruE 42 A 2 Tartifactual response” % i ik 4 fr o deBlw 7T 0 2
# k47 B AA K- DNA kfz4 ¢ 3 £ dGuo iﬁ%%“f D AT BT L hERE 2 RE
ei”artifactual response” » 4p & 10 + B E_& 4] * on-line SPE # “f % € dGuo £ &~ FE A 4T o
%P & 9 > Vartifactual response” e = 2 & o ptb > AiEL R ¥ * 3 DNA CK R 4 47 G i
R {CLERE R TN A 3 SRS T i L o T ’3’?‘]%‘?75,’]? be FR WA IRA X L
Lo FI Pt AR R AT BRI ATHTA G704 S F 1V B Red i B AP A 2k o on-line SPE
EREERE oM IFT 5537 ¥ 4 f Free Radical Biology and Medicine B ™%+ £ 8 7]
[Chao et al., 2008] -

52 57

o0l A Artifact 800 4 T
<00 B-ox0dG 004 S-oxod G
- )
L 60
500 e B s 2843168
400 ET
300 £ a0
200 £ o
100+ .| 1104y
0 ! 11t b Mot b,
0 1 2 3 4 5 [ 7 & 9 10 11 12 13 14 IS 0 1 2 3 4 H 6 7 8 s w0 11 12 13 14 15
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15, ) 2000
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5000 2893173 'y 2
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~ 150000 AG
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AEAG = 100000
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2.E+6 | E so000
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2 o B0 273157
10E+5 - = 3313
g L
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Wz - %f T 4T 54 5§ [Chaoet al., 2008]

7 2t 8-0x0dGUO eha 477 i e § o 2 gk d 430 B-oxoGua >t AR cha 472 ik e it 25 g
Lo # ¢ p % G-oxoGua A 5 PN ARtk 4 o Gackowski et al. (2003) % £.{1* HPLC 4 4t £ 12
GC-MS A 6 % £ » # 45424 $ 3 ~ J£pF - Chiouetal. (2003) % 11 ELISA = % I p¥ 2 4 fcige @
“r % 8-oxodGuo % 8-oxoGua : X @ gt F o fl* hi m 2 A FEkp RNA 3 it 2 4
(8-oxoguanosing) @ ¢ = F¥] o £ iT Malayappan et a. (2007) % 3#12 LC-MSMS [r ¥ & 47 Ji ik
8-oxodGuo + 8-oxoGua - 8-oxoguanosine % fapy-guanine e #X @ gt = j& &2 § 3l R E 4P F B
o P SR A AR SR E RS AR R S SR IR E PRI R LER 0 R RS
RAEDEZ BT ENREmE o FItE T B s L@ b pFEE L AMR Y 8oxodGuo %
8-oxoGua sk 473 2 F FE = o

N

AT LT ERTIRARFLF T

FEHHRT L CHRF PRI BARE BROFAF M oA AT G BRI F B
A EA 0 PR ART § R RE RO G iRE ERis R gk o A AAFF C T E
Bl (4 #87% 8-ox0dGuo & 8-0x0GUA) T = 2 T & fif chdp th2 o 5 & B 4L (v & 4 -[Cookeet &,
20060]:

(1) - frizi ~ Hagp A#HF J B4 F(reference range)?
BRe R kT 54 R 2 gt e PR - R LR DR FIEATR

LT EA R R R AR A E R LM
(2 WP Lfpwmed T RELTAR?

Rozalski et a. (2003) %= 3 4% F. 3| A %o % 4% 8-oxodGuo Jk & ¥_i :ch P 812 o 18 P
d 3 igimie § cng RERB B Milwmie Fa ARG KLRGHF VRS 2 AT L
T

1=

(3) % s ip EPimee(dod & T R)EFT T LB @ mknd LB
VSR AT T L S L RSN R S R P
T

%
# = ok ¢ 8-oxodGuo k& g7 H s & F o % el s 1 4p M {2 [Foksinski et al., 2000] ;
(4) 472027
4o G #ri 0 e ESCODD 2 § 3 I e chadr > i e s WA # A § &Y A 4pk o B @
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