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High-throughput direct quantification of urinary 8-oxodGuo/8-oxoGua by
isotope-dilution LC-M S/M Swith on-line solid-phase extraction

Chiung-Wen Hu, Louis W Chang and Ruey-Hong Wong

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
8-0xodGuo) 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. It was shown that part of
the lesion could be repaired by nucleotide excision repair (NER) pathway, and the resulting repair
product 8-oxodGuo in urine are not affected by diet and cell turnover. Since urine is easy and
non-invasive to collect, urinary 8-oxodGuo has been widely used as a biomarker of oxidative
stress. However, it has been shown very recently that the wurinary level of
8-oxoguanine(8-oxoGua), repair product from base excision repair (BER) pathway(the major
repair pathway), is more suitable for biomonitoring purpose since it is also not affected by diet
and is more abundant than 8-oxodGuo in urine. It is noted that little information on this repair
product 8-oxoGua in human urine, and its relationship with the level of 8-oxodGuo in DNA
(steady-state oxidatively damaged DNA). It would be interesting to know that whether urinary
8-0xodGuo or 8-oxoGua alone or combination of this two biomarker will be more effective to
reflect the oxidative DNA damage in vivo.

In the past decade, most analytical methods were established to measure urinary
8-0xodGuo rather than urinary 8-oxoGua. Several methods have been successfully applied for
analysis of urinary 8-oxodGuo, such as high performance liquid chromatography with
electrochemical detection (HPLC-ECD), gas chromatography with mass spectrometry (GC-MS),
liquid chromatography with tandem mass (LC-MS/MS), and enzyme-linked immunosorbent
assay (ELISA). Among these methods, LC-MS/MS has a high sensitivity and selectivity, and
can be applied with the isotope-dilution method, such analytical technique is the most accurate

and reliable analytical method. Therefore, the aims of this work are,

1* year: To develop an isotope dilution LC-MS/MS with on-line SPE method for simultaneous
determining 8-oxodGuo and 8-oxoGua in urine.

2" year: To study the relationship between urinary 8-oxodGuo and 8-oxoGua using this newly
developed method.

To compare the urinary 8-oxodGuo and 8-oxoGua levels in nonsmokers and smokers.

Key words: 8-0xodGuo; 8-oxoGua; Urine; LC-MS/MS; On-line SPE
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£ %5 d DNA helicase # “$ ¢ 7 T aDNA 42 o DNA polymerase 2 DNA ligase 3= 4% > 1
nucleotides # + I #-H [ M AT = = o "fTT 7 NER e % ¢b > i 8-oxodGuo » F 7 iy % p
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8-oxoGua - # i & chfp FIE F 4 F HF RI| R ? 8-oxoGua 7 2 € L X (7 7 1%
FRen)gt 8 B o F X Bk § 3 prpcenad” HRiR ¢ 8-oxoGua 7 E *—Ej&;u TR 7
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# iz i ¢ 8-0xodGuo » * Frik ¢ ¢ 8-oxodGuo &1 H - mononucleoside i A > 71
Frie @ 8-oxodGuo # = ¥ 'm¥e 5 = it T A Ap 3 b2 o(Weimann et al., 2004) < 3, & F i -
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Fi® 8-oxodGuo 2 8-oxoGua 2. Z_E & 7

hiEd o FE AT EEE N 4tk A P 8-0x0dGuo 7 £ 0§ 5B AR AP K
7k fie & % 1* & 1 p|(HPLC-ECD) > # #E R 7 B &R (GC-MS) 2 ¥ % & % LA M4 47
( Enzyme-link immunosorbent assay > f§ # ELISA ) (Cadet et al., 1997) o §& 2% + if & 47 > 2
it ¥ 7 LR 8-oxodGuo» A d ipd AT YR A BERE Y Bt BHRASE X BT o
|4 HPLC-ECD #* = 2 . ¥ i#h - & @ LM PRGN AF RS T A A
A E-TEN S E&ﬁ“) s Fpt 7 B LK e g8 s 2L 42 pF (Pilger et al, 2002) o X 3%
GC-MS @ 3 » g e 472 2 rﬁyiglﬁi trEEA G AR SN F AR R ZE
(Dizdaroglu et al., 2002) - ELISA kit _P = & % f§ % e04 47/% > & ELISA &~ {473 j* 7§ 7| &
HPLC-ECD 4p F eHB" 3 » 7= T4 B it %ﬁi%%?%@aﬁﬁﬁﬂoéﬁéﬁﬁﬁ
% U™ ELISAkit & /% 8-oxodGuo ¥ &7 & 7 £ 11 HPLC 2 & i fiife 3% § 2 47 e03f
2 & (Shimoi et al., 2002) -

f B 4@ % LC-MS/MS & 8-oxodGuo % #f i1 2 7K F]%
lhlﬁiﬁﬁ%FOd%“LbA}*%" ﬂf’,}_ RREMEE e B R T RERY F
=% #f# i2 (isotope dilution) » #7r4 gt = 2 ¥ FLA g W b # en T E > 2 (Ko and Swenberg,
2002) o AP EITIHETE P o LR isotope dilution LC-MS/MS ¢ ELISA kit = #8732 » ¢
PFai7@ % PAHs 1 4 2 Frige & o AP LTI G isotope dilution LC-MS/MS = &
G M FEN PIHE 5?9 8-ox0dGuo 0 & 4 23R AFF 4§ 2 @ f]* ELISA Bl
P47 PAHs B 1 A 12tk g1 4 B /R ? 8-oxodGuo 7 & 94 & (Huetal, 2004) -

Bt 2 g 5B 0 8 %
;:d_a(

¥ ¢t > LC-MS/MS ¥ 5 iz i 4 F]4p 5 B~ ;% (on-line solid phase extraction, on-line SPE) °
R &R hF ok e fih’ﬂ} v}fr%‘ a4 £ ¥ - 4 H4p X B ¢ 1(SPE column) £
- & 3 ¥ (switching valve) » $ A/ » 67 f $ 5P~ 2 @M F e » LC-MS/MS &7 4 47 o
U A L S T - 2 = 0n-11ne SPE LC-MS/MS 4 17 = & * * R &
N7-methylguanine/N7-ethylguanine enZ & > s~ 47> 2 & 5 BARRE AR 2 F R b pFFlad
REAPEBT 4 2§ A2 B e R fhaam- ﬁ% ARA LT ES
% g2k 6 % A 47 ¢ (Chao et al., 2005; Chao et al., 2006) °

d 2riEd BE2izo ol g itipd i#v":fﬁﬁ'—,-—" 5 E ff\,,’i 8-oxodGuo 7 i & & 47
e > S5 2 )Elc PO R 8-oxoGua A T iR A 5 o $HAT R N A T AR ¢
8-oxodGuo % 8-oxoGua { #_> LoH ¥ 31 & & 472 AL {|* HPLC » 3= $ &L 1 GC-MS
Aw R 0 A FTARR B3 ~ 424 PF (Gackowski et al., 2001) ¥ ¢t > Chiou et al., (2003)% 4| *
ELISA = i F P& 47 /% P #7F 8-oxodGuo 2 8-oxoGua: A g & #74| * ikl |2 A~ 7%
% p RNA #% i # $ (8-oxoguanosine)m ig = 3F-F| o FIpt 4207 Mgy ~ g ¥ v B F 2§
Fite @ 8-oxodGuo % 8-oxoGua e14 47 % i & xjff‘ > oo
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and a risk factor for cancer, atherosclerosis and diabetics. Clin Chim Acta 2004;339:1-9.

N
1. &2 =3 p &8 5 PNs-8-0xodGuo & ®Ns-8-oxoGua

ARG R uRAp K AT P BT ke £ B =% ff 82 (isotope dilution LC-MS/MS
method) o #* = & % €% 11 =% ""Ns#77 2 8-oxodGuo £ 8-oxoGua (P i 5) 2. & & >
P R e e AR A 4T & ¢ 8-0x0dGuo % 8-oxoGua - # ¥ PNs-8-0x0dGuo
e FHEANATP ALY oA UNs-S-oxoGua ¥ EF EAST P A& S H L&A 22
& § % PNs-8-0x0dGuo 17 4u ik 4r £ e ;S #7H FE4E (1 M -HCI ~ 95°C ~ 60 min) ¥ ¥ o

2. # 2 on-lineSPELC-MS/MS *+ fi % ¥ 8-oxodGuo & 8-oxoGua 4 7

ARG KB R R FAD F P-4 K 47 B B F S R (on-line SPE-LC-MS/MS) 4 47 3
Fo A E PR AR Y 8-oxodGuo & 8-oxoGua 17 £ o 4] 2 Hfom 0 A FARF
P~ ;2 (on-line solid phase extraction, on-line SPE)s/miZ 1 & £ 4% A B sk 4p & 47 R e
17 F e 4o £ ¥ - L F4p X B~ ¢ 1(SPE column)¥? — #& 3 X (switching valve) #k /2 » {6 7
P RPN 4R LCMS/MS &7 47 o ks R PR 2R 820 p §5 01 5
J& Ki(autosampler) b > i & fiE FiE ~ & SfS 0 AR Eluent B % 1 F4p 3 B~ ¢ 11(SPE column)
T B o i&%‘*%ﬁ‘ﬁ @R g = 1% Eluent A #-F R F a3~

LC-MS/MS £ 45 i » B A 47 5 & 2 K 47 W3 A B350 2 % 20 34 3%
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1. % & 2 8oxoGua 2 F =% f &% 5% °Ns-8-0xoGua

PNs-8-oxoGua #1171 & §_#% ""Ns-8-oxodGuo 1 4r fik 4r # e N #7H pE4E (1 M
-HC1 ~ 95°C ~ 60 min) » -Kf#{s #7{8 2. & 3 L 11 3 35 #F $5 (Product Ion Scan)fx T 2 % %
5N;-8-0x0Gua ° EEFRAFTT P FEIZ Ns-8-0x0Gua 2. 1 & 7% & £F m/z 145 %
117 o pt s 7 AV e 8 2 8 oxoGua 2. 34 B 7 ¥ 4|V - R (4B 3 #7757 m/z140~112 > 4
B ¥ A2 & X p Guanine SRFUEEFRAL 1 B 2B —CO 7k o 257 % 2 8757 A0
70 22 Weimann % 4 (2002)4& ] 8-oxoGua &8 5.2 3 & %75 438 - 1k o i - # #- 8-0xoGua
TSR p e S 2 ’N;s-8-0x0Gua 2% 502 LC-MS/MS A 452 » % 5% 4ol 4 #F7 o
® 4-A : 4-B % 8-oxoGua i 5k 47 Bl @ B 4-C 2 4-D % 2& 5 f {7 & & 2 PNs-8-oxoGua
Foim p AR S ATE o B R F A 7 £ & 0 UNs-8-oxoGua % #7 & 3] 54 & 8-ox0Gua
- RPH LC A F FFF (retention time)» = 24Pk o SFE U B % > A7 2 p 74
& 4 PNs-8-oxoGua » & & & 3 354 98% o
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2. nFiE >
8-oxodGuo % 8-oxoGua

P A ife (100 pl) i e ’N;-8-oxoGua %
LC-MS/MS A #5 » ﬁ B A7 Bl 4o S -

on-lineSPELC-MSMS gz &

=k R RS 1T R

"N;s-8-0x0dGuo p % 5.7 5 2 on-line SPE

400
A 8-0x0dG 6.39 C  8-oxoGua
miz284 - 168 300 - ’ miz168 - 140
g
=
2200
53
=
100
0 :
o 1 2 3 4 5 6 7 8 9 10 1 12
4000 -
598 6.37
B 1y, 8-oxodG D \.8oxoGua
miz289 - 173 3000 mz173 - 145
g
>
£ 2000
151
E
1000 1
o ALttty o ‘V\ML“ Mttt Al 0
1 2 3 4 5 6 7 8 9 10 11U 12 0 1 2 3 4 5 6 7 8 9 10
Time, min
B 5. Fi# 8-oxodGuo & 8-oxoGua A 5 W+
. A 15
¥t 8-oxodGuo # 4% # 5 P m/z 284-168 (°Ns-8-oxodGuo p -2 5P| 5 m/z 289-173)

@ 8-oxoGua &% B m/z 168-140 (15N5 8 oxoGua N AL m/z 173-145) - d B] 5 4o it
8-0x0dGuo ¥? 8-oxoGua j# F PF R 4 %W A 598 min 3 639 min ° )k &4 A 7P 5 12 min °
=& bl > A e £ #iE 2 on-line SPE LC-MS/MS % 45 > % ic Ip P& & 47 F i @ 8-oxodGuo

ﬂ‘r'

& 8-oxoGuac A k /R * F Eiw T AJL I T E #73 ~ on-line SPE LC-MS/MS E & {7401
Stz 2 g o

18 p4#&*2 (Limit of Detection » LOD)% # ¥ &

RS T —
8-0xodGuo #LOD % 0.0057 ng/ ml (= 100 pl ;1

% 0.35ng/ml (% 100 pl ;x &84 2z 200 fmol)

PRI 2 E Mk R 0 FFd g3t (Singal-to-Noise Ratio) 5 3
#4845 7 2.0 fimol) ; 8-oxoGua 7 LOD

GUEME R IS0 BRI A EREP B F BRALAHELITZ X0 B R
% 1 - 8-0xoGua 2 (intra-day) PliF2 THELE R L o 9 5 4.06£0.06 ~ 14.3+1.54 ~
14.84+0.70 ng/mg creatinine > 2 % 2 k& (CV) ~ & i 1.48 ~10.8 ~4.739% ; 8-oxodGuo 2. T
PELE R A o w5 8.11+£0.37+2.55+0.27~8.49+0.98 ng/mg creatinine’ # CV &4 %] 5 4.56~
10.6 ~ 11.6% ° & B Fiplyr e ph P12E > CV B Y A4HE 15% o
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Intra-day variation Urine 1 Urine 2 Urine 3
8-oxoGua (ng/mg creatinine) 4.06+0.06 14.3£1.54 14.8+0.70
(CV,%) (1.48) (10.8) (4.73)
8-o0xodGuo (ng/mg creatinine) 8.11+0.37 2.55+0.27 8.49+0.98
(CV,%) (4.56) (10.6) (11.6)

3. A MRR A AR R

RFT - #2243 1 Tonline SPE-LC-MS/MS | A 457 j# % *+ 8 8 4 4k & 4
oo dFEL L 50 RER A E A AR 0 RBE 2L AT BRI (THELTS
BMI &) % fki%? 8-oxoGua % 8-oxodGuo 2 i %] 7 £ 5 creatinine B 1L {83553 4 2 o
Ao Bk E IR 2B R ? 8-oxoGua 2 8-oxodGuo 2 7 &4 N F 13.94736 - 4.3%
1.49 (ng/mg creatinine) > ® fki% ¢ 8-oxoGua 2. 7 £ ¥ 5 8-oxodGuo 7z & ¢h= o Lw /I?e
Siomek et al., (2006) r+ LC-GC-MS - I & & 7 /i ¢ 8-oxoGua % 8-oxodGuo » #7 7 ¥ it &
= # A SRR ehiE 5 8-oxoGua: 13.7+6.61 ; 8-0xodGuo: 3.80+1.29 ng/mg creatinine » 8-oxoGua
2784 93 8-oxodGuo F BNz B 0 B AT B R NG HARIT o il X R AT
BRIV HREEL AT R T RS £ 8-oxodGuo | Ak ek AAF B ML A &
4_r2 BER pathway 5 i (75%) > 2 & A& 4+ 5 8-oxoGua ; NER pathway 3z #f (25%) i & #
F % 8-oxodGuo (Dianov et al., 1998) °

Vo 2o Rt ReSUE RSO GRR 0 sUT U 8-oxoGua 7 B RIESRIE M
8-0xodGuo %‘Pﬁiih&"’ii‘ B o I ¥ 8-oxoGua ¥ 8-oxodGuo w17z £ 5% 5 1:1» 87— dx i
B 2o ’i‘mfﬁuﬂ PIERH A o GGG TAATLAEY JF s d o vie
ARG TR AT G ﬁ?*’%@%}&%(ﬁwr . Hi 4 NER chi3 fh) - %% ¥ - £ &
BT B R AFIR DA g ff\ui’ ¢ 8-oxoGua ¥7 8-oxodGuo 1% & o d 3t A f7
1 5 pilot study fctt < b > T KA 45 B4R A F1 3 (4o hOGGL) » & &2 $ »c i 4 T4t
%.«fﬁ,,g 7 8-0x0Gua ¥ 8-0x0dGuo e 3 o A kM3 - 4o Ttk A B P 4 B4R A F)
A A A7 e fTes 5 fE T R 8-oxoGua £ 8-oxodGuo i R A B A2 BRRAAER o

# 2~ - BgER S A KR P 8-0oxoGua % 8-oxodGuo 7 #

e ’EZ—*F{ (n=35) ’ﬁ°—*‘ (n=15)
T35 & (years) 23.1£3.00 24+2.1
T 33 BMI (kg/m?) 21.9+2.16 23.5+1.09
8-oxoGua (ng/mg creatinine) 13.9+£7.36 8.82+3.95
8-oxodGuo (ng/mg creatinine) 4.3+£1.49 7.71£2.67
8-oxoGua + 8-oxodGuo (ng/mg creatinine) 18.2+8.85 16.54+11.63
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Poster Communications

the formation of DNA adducts. Interestingly, it has been recently
suggested that there was an uncharacterized direct-acting eth-
ylating agent present in cigarette smoke [1]. Since alkylation at
the N-7 position of guanine in DNA is the predominant reac-
tion site, N7-alkylguanine represents a good biomarker for deter-
mining exposure to alkylating agents. In our previous study, N7-
ethylguanine (N7-EtG) has been detected in human urine and
was found to be highly associated with cigarette intake of smok-
ers [2]. But the source of this direct-acting ethylating agent in
tobacco smoke is still unclear. In the present study, we aimed to
investigate the characteristics of the direct-acting ethylating agent
present in cigarette smoke by measuring the formation of N7-
EtG following exposure of DNA to cigarette smoke in vitro. Cig-
arettes were smoked as specified under the Federal Trade Com-
mission (FTC) standard conditions. Both the particulate and
vapor phases of mainstream and sidestream smoke were col-
lected. After sampling, the aqueous extracts of cigarette smoke
were added to calf thymus DNA and the mixtures were incu-
bated. The levels of N7-EtG formed were then quantitated by
liquid chromatography tandem-mass spectrometry (LC-MS/MS)
with on-line solid phase extraction [3]. Our results showed that
N7-EtG was formed in vitro and was highly correlated with the
number of cigarettes treated. Moreover, this uncharacterized
direct-acting ethylating agent was found to be mainly present
in the particulate phase of mainstream smoke, indicating it poses
a greater health threat to smoker themselves than others.

Singh R et al. (2005). Chem Res Toxicol 18, 249-256.

Chao MR et al. (2006). Carcinogenesis 27, 146-151.
Chao MR et al. (2007). Biochem J 402, 483-490.
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Council, Republic of China (Grant NSC 95-2314-B-040-037-
MY2). We thank the Division of Environmental Health and
Occupational Medicine core facility of the National Health
Research Institutes for providing the LC-MS/MS and technical
assistance.

Authors have confirmed where relevant, that experiments on
animals and man were conducted in accordance with national
and/or local ethical requirements.
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Determination of 8-oxo-7,8-dihydro-2’-deoxyguanosine in
human serum by isotope-dilution LC-MS/MS with
automated solid-phase extraction

C.Hul, S. Tsail, B. Lu?, C. Wang? and M. Chao?

'Department of Public Health, Chung Shan Medical University,
Taichung, 402, Taiwan, ?Department of Occupational Safety and
Health, Chung Shan Medical University, Taichung, 402, Taiwan
and 3Division of Environmental Health and Occupational
Medicine, National Health Research Institutes, Miaoli, 350, Taiwan

Level of 8-o0x0-7,8-dihydro-2’-deoxyguanosine (8-oxodGuo) in
biological fluids has been widely used as a biomarker to assess
oxidative lesions to DNA (1). Commercially available ELISA tests
could provide a fast and simple method to measure 8-oxodGuo
in human serum although the overestimations attributed to a
lack of specificity of antibodies has been frequently observed (2).

151P

Interestingly, there are little reports of mass spectrometry tech-
niques attempting to measure 8-oxodGuo in serum. Herein we
develop an isotope-dilution LC-MS/MS method coupled with
an on-line solid-phase extraction (on-line SPE) to measure serum
8-oxodGuo. Serum sample of 200l was firstly added 15N5-8-
oxodGuo as an internal standard, followed by the addition of
acetonitrile (ACN) to remove the proteins from serum. After cen-
trifugation, the supernatant was collected, dried and re-dissolved
in 5%MeOH/0.1% FA for on-line SPE LC-MS/MS analysis.
This method allows for fast and high-throughput analysis of
serum 8-oxodGuo because it does not use a column-based purifi-
cation process; it is also relatively inexpensive by using com-
mon laboratory reagents. The results showed that the overall
mean recovery of 8-oxodGuo in serum was ~97 % by our newly
developed on-line SPE LC-MS/MS with protein precipitation
method. This on-line SPE LC-MS/MS method is now ready for
comparison tests with the commercial ELISA tests using healthy
volunteer’s serum samples.

Cooke MS et al. (2006). Clin Chim Acta 365, 30-49.
Breton J et al. (2003). Anal Lett 36, 123-134.

We acknowledge financial support from the National Science
Council, Republic of China (Grant NSC 95-2314-B-040-036-
MY2). We thank the Division of Environmental Health and
Occupational Medicine core facility of the National Health
Research Institutes for providing the LC-MS/MS and technical
assistance.

Authors have confirmed where relevant, that experiments on
animals and man were conducted in accordance with national
and/or local ethical requirements.
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ADP Hunter™ Plus: an optimized assay format with
minimized compound interference for kinase primary
screening using ADP accumulation

A. Fowler!, N.W. Charter?, W. Feng?, R. Singh?, G. Perez?,
K. Olson? and S. Kumar!

Discoverx, Birmingham, UK and ?Discoverx, Fremont, CA, USA

Commonly used methods for kinase screening either reply on
antibody detection of a phospho-epitope, or monitoring ATP
depletion as the result of kinase activity in vivo. We have devel-
oped an improved, generic kinase assay format that monitors the
accumulation of ADP as the result of kinase activity. This
approach was initially developed as a very rapid, kinetic appli-
cation for assay development and compound profiling and char-
acterization. However, the assay formulation has recently been
optimized to provide features more suitable for primary screen-
ing applications. The benefits of this approach include gain-of-
signal output, high DTT tolerance, high ATP tolerance and the
ability to use whole protein substrates. The detection of ADP is
based on an enzyme-coupled reaction converting ADP to a flu-
orescent signal. This has traditionally been challenging with issues
such as compound interference and overall performance. We will
present data demonstrating assay improvements and perform-
ance with respect to compound screening.
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