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%m\ﬁﬁaﬁawiﬂmﬁég £%W%@$§mMWNm&
R BR g ) p a5 8E (NO2- £N03 ) o Flpt ARk ¢ NO2-%

m3k§mgﬁﬁﬁﬁﬁ?Mkm%%ﬁﬂ°%%M)g%%m el
7z ¥ ¥ ¥ (reactive nitrogen species, RNS)# & i&m 3 S a4 i§
T H Y iEF TA RIS 4T (peroxynitrite, PN)¥ 22DNAT®* 25
= 8-nitroguanine (8-N02-G) & & F—v FF 2 =3~
nitrotyrosine (3-NTYR) % 3-nitro-4-hydroxyphenylacetic acid
(NHPA) o PN~ e B3 §4$'$*(reactive oxygen species,
ROS)i¢ = 22 (DNAZ RNA) ¥ i i £ - 8-Oxo-T7, 8-dihydro-2 ‘-
deoxyguanosine (8-oxodGuo) % 8 oxoguanosine (8-oxoGuo) 4 %
“DNAZ RNAZ ﬁ;ﬂ%fﬁﬁ FiJ@ﬁ%%Mk1W%WP§
4~ 2 ROS/RNS > NOF 2 fp p 7% P =Ll it F 8- a
BT A AN Ll AR NBEEMVET AA AR BT o B
ﬁi$r¥DNA¢%££“-%f§ » 4ralkylguanines ~ alkyladenines %
alkylthymines ; P pieiid~ ¢ 2 2ROSE <5 it i34 - »
® 7 #DNAE k2 =it * (deamination) » % CpG & + 95—
methylcytosinesk £ 524 "=it 2 § it i¥* ¥ A, = thymidine glycol
(dTg) ~ b-hydroxymethyl-2 ‘-deoxyuridine (5-hmdU) frb-
hydroxymethyl-2 ‘-deoxycytidine (5-hmdC) » #-+ 3§ & Flend
iﬁfiéiiiﬁgﬁﬂ(epigenetic mechanism) » i&£13F 5 B A2 s 2 Bk
}a B o
AFFREFHEZ E o B0 R An kAT ¢ B R (LC-MS/MS) #% e
i 4% F)4p 3 P~(on-line solid phase extraction, on-line SPE) %
% itz (isotope dilution)z * % BNOxA & 24 F= 1|/ 2%
%ﬁﬂ’?ﬁﬂ%mm%%iﬁﬁﬂgﬁﬁ%ﬁff°Bﬁ%T

» (1): & * on-line SPE LC-MS/MS#feisotope dilution® 3 fkir
ﬁ?ﬂ&ﬁ/ﬁmﬁUWZiMB) Feie ® DNA/ 3=v FAf i i 3 p ik
(8-NO2-G ~ 3-NTYR% NHPA) % JRi% /w®e @ RNA% it & & 45 #%(8-
oxoGuo)~ #7 > 2 ; (2): #&* on-line SPE LC- MS/MSigﬁolsotope
dllutlonF”f?f}ni/ ‘wre ¢ DNAZ BLiE @ 4 5 (5-mdC ~ 5-hmdC) 4 47 =

; (34 L Ap iR enfp M i o

FF o ARBN  TAR PR G RTRACEG -
LR RS CILE S

: Nitrogen oxides (NOx) is a common air pollutant that is

formed when nitrogen reacts with oxygen. In addition to
cigarette smoke and vehicle emission, high levels of NOx
emissions can be easily found in manufacturing environment
of high temperature, including coke oven, welding and
foundry work. In vivo, NOx is rapidly oxidized to nitrite
and nitrate, and thus the levels of nitrite and nitrate in
body fluids have been used as indicators of NOx exposure.
NOx exposure could increase reactive nitrogen species (RNS)
in vivo that are able to cause nitrative damage to cellular
constituents (i.e., DNA and proteins). RNS (e.g.,
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peroxynitrite, PN) can react with DNA to form nitrative
lesion 8-nitroguanine (8-N02-G) or with protein to form 3-
nitrotyrosine (3-NTYR) and 3-nitro-4-hydroxyphenylacetic
acid (NHPA). RNS can also release reactive oxygen species
(ROS) and cause oxidative damage to nucleic acids (DNA and
RNA). 8-0Oxo-7, 8-dihydro-2 ‘-deoxyguanosine (8-oxodGuo) and
8-oxoguanosine (8-oxoGuo) are the most used biomarkers for
oxidative lesion of DNA and RNA, respectively. Meanwhile,
RNS (e.g., N203) can react with secondary amines to form N-
nitrosamines, that are capable of further alkylating
nucleobase to form mutagenic lesions (e.g., alkylguanines,
alkyladenines and alkylthymines). Furthermore, N203 has
been shown to promote the nitrosative deamination of
purines and pyrimidines. Particularly,
deamination/oxidation of 5-methylcytosine in CpG
dinucleotides that results in the formation of thymidine
glycol (dTg), b-hydroxymethyl-2 ‘-deoxyuridine (5-hmdU) and
5-hydroxymethyl-2 ‘-deoxycytidine (5-hmdC), can affect
genetic and epigenetic processes.
This 1s a three-year project, which aims to develop serial
“on-line SPE LC-MS/MS” methods to quantitate various
biomarkers for assessing the potential adverse health
effect of NOx exposure. Subaims are stated as follows: (1)
To develop i1sotope dilution LC-MS/MS with on-line SPE
methods for determining nitrite/nitrate, 8-NO2-G/3-
NTYR/NHPA and 8-oxoGuo; (2) To develop isotope dilution LC-
MS/MS with on-line SPE methods for determining 5-mdC and 5-
hmdC; (3) To investigate the possible associations between
biomarkers.

Nitrogen oxides, nitrite/nitrate, N-nitrosamines, oxidative
DNA/RNA lesions, alkylated DNA lesions, nitrative lesions,
DNA methylation
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NOx e FIp i 7 g % R 1 B oh s § R Rt  GRANEBEL FRBEY §EFRERF 2
HNOX - NOX B8P o € 4675 %l e BAT(NOy 2 NOy) » FIf #% # NOy 2 NOy ik & e 8 Bl

*ETRE NOX ek B 4pih o & & NOx ¢ # #1237 § 4 [ (reactive nitrogen species, RNS)3 % i& @
gt d o B9y A I 35 (peroxynitrite, PN)# & DNA % * A = 8-nitroguanine
(8-NO»-G) & £ v F F J& 2 = 3-nitrotyrosine (3-NTYR) %2 3-nitro-4-hydroxyphenylacetic acid
(NHPA) - PN » i 8 1175127 3 4 F (reactive oxygen species, ROS):# = +%f&(DNA 2 RNA)F it § T -
8-0Ox0-7,8-dihydro-2'-deoxyguanosine (8-oxodGuo)% 8-oxoguanosine (8-oxoGuo) 4 %] = DNA % RNA
ABFMEETAP LS FTRENOX G TRHMPA A4 X E£HROS/RNS > NO v A dlp (75 it

F LA TP BTN,O, T8 - BT A e e ARG ABNEC T AL AR E RF 0 2

i# = DNA *=A& it % £ » 4c alkylguanines - alkyladenines % alkylthymines ; Fo P Iy Al i it 3807 € 2 4
ROS i &% itig 2 o N,O,» ¥ 2 #%sc¥ DNA ¥ 33 =it * (deamination) > ¥ CpG § }

5-methylcytosine & # & 24 " v 2 % v {F % ¥ 25 & thymidine glycol (dTg) -
5-hydroxymethyl-2'-deoxyuridine (5-hmdU) {= 5-hydroxymethyl-2'-deoxycytidine (5-hmdC) » #-+ 4§ 7L %]
hi gLl @33 348 4 (epigenetic mechanism) » S22 3% 5 MR s 2 R B oo

AFFFFHEZ E o BT RAp k47 P BB R (LC-MS/MS)#5 fie 1 58 F]4p X P~(on-line solid
phase extraction, on-line SPE)% ¢ i % #-f# i (isotope dilution)i® = % 38 NOx % & 12 $~ i/ 7 & 3p
T UFEENOXEBEET R d S hiEE gL o piEdc™ 5 (1): 3% on-line SPE LC-MS/MS #pe
isotope dilution B % Fii ¥ I A fL B/A i B (NOy 2 NO3) ~ /R ¥ DNA/F-d FA i 5§ 3 41k
(8-NO,-G~3-NTYR 2 NHPA)% /i /m®e @ RNA F i* i T 45 1%(8-0xoGuo)# 17 j2; (2): i * on-line
SPE LC-MS/MS # fie isotope dilution B % Fi i/ km %2 ? DNA # @i @ 4 5 (5-mdC ~ 5-hmdC) 4 47 = &
(3):4F =+ & dp R enfp B4 o
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Development and application of mass spectrometry-based biomarkers for assessing

occupational exposure to nitrogen oxides

Chiung-Wen Hu

Abstract

Nitrogen oxides (NOXx) is a common air pollutant that is formed when nitrogen reacts with oxygen. In
addition to cigarette smoke and vehicle emission, high levels of NOx emissions can be easily found in
manufacturing environment of high temperature, including coke oven, welding and foundry work. In vivo,
NOx is rapidly oxidized to nitrite and nitrate, and thus the levels of nitrite and nitrate in body fluids have
been used as indicators of NOx exposure. NOx exposure could increase reactive nitrogen species (RNS) in
Vivo that are able to cause nitrative damage to cellular constituents (i.e., DNA and proteins). RNS (e.g.,
peroxynitrite, PN) can react with DNA to form nitrative lesion 8-nitroguanine (8-NO,-G) or with protein to
form 3-nitrotyrosine (3-NTYR) and 3-nitro-4-hydroxyphenylacetic acid (NHPA). RNS can also release
reactive oxygen species (ROS) and cause oxidative damage to nucleic acids (DNA and RNA).
8-0Ox0-7,8-dihydro-2'-deoxyguanosine (8-oxodGuo) and 8-oxoguanosine (8-oxoGuo) are the most used
biomarkers for oxidative lesion of DNA and RNA, respectively. Meanwhile, RNS (e.g., N,O3) can react with
secondary amines to form N-nitrosamines, that are capable of further alkylating nucleobase to form
mutagenic lesions (e.g., alkylguanines, alkyladenines and alkylthymines). Furthermore, N,Os has been
shown to promote the nitrosative deamination of purines and pyrimidines. Particularly,
deamination/oxidation of 5-methylcytosine in CpG dinucleotides that results in the formation of thymidine
glycol (dTg), 5-hydroxymethyl-2'-deoxyuridine (5-hmdU) and 5-hydroxymethyl-2'-deoxycytidine (5-hmdC),
can affect genetic and epigenetic processes.

This is a three-year project, which aims to develop serial “on-line SPE LC-MS/MS” methods to
quantitate various biomarkers for assessing the potential adverse health effect of NOx exposure. Subaims are
stated as follows: (1) To develop isotope dilution LC-MS/MS with on-line SPE methods for determining
nitrite/nitrate, 8-NO,-G/3-NTYR/NHPA and 8-oxoGuo; (2) To develop isotope dilution LC-MS/MS with
on-line SPE methods for determining 5-mdC and 5-hmdC; (3) To investigate the possible associations

between biomarkers.

Keywords: Nitrogen oxides, nitrite/nitrate, N-nitrosamines, oxidative DNA/RNA lesions, alkylated DNA

lesions, nitrative lesions, DNA methylation
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¥ 5 1 4 (nitrogen oxides, NOX) & ¥ ¥ i¥ ¥ % B ¥ 3 § 54+ F » ¢ 7 NO, NO,, NO;,

N,O, N,O,# NJO, £/ #¢ U NOZ NO, 5 £5 5 7 BRAEXH A 04 § ¢ « IR BT 4§
o2 T & #-NO & NO, £ 45 NOx» § %R RAZE 1000°C > 2§ ¢ ihi § 25 5 <27
FNO > EFALTETNOVE-#F “2NO,  FFPF} O35 Rl { 5 #H 5 NO, - NO £-
A2 i i X RF k2 LC50 @5 870 ppm/4 hrs 5 NO, 2 =43¢ & F 3¢

]

PR AP F R A BF sk LC50 5 88 ppm/4 hrs - NO 2 NO, & im A& if 5 856 4~ fwre RIET %
FRELGRAEE LEFRBIRANETAFPRAEE TERRY g ¥ RS AHD L
FEFEUMT TTRLF AR O N F L ES NOX FIFEBET RGN A i MR
o WK E ,{{g l\—t)?i}??y °

PR P NOX ch# £~ 5 M ERINOy 2 NOs 5 4> R d & S $Hp (HNOy 2 NOy™ ~ 5 F
f¢[Bryanetal,2012]- £ # $k & ¥ NOy 2 NOysh& B2 & A 54 % #f 1b & 247 2 HPLC K 173 -
PR A RFAR AR WIS AR NOy » #FF 5 % Aak =ik dp k17 8 9
B R(LC-MS/MS) s 47 = 2 & i I frik ® sHNOy 2 NO; e

NO 4 F##p ¥ p (7% 1352 NO, & N,O, » 77 &4z § I£ 313 (superoxide anion, O, )F & A

4 iEF AV EL {14 8+ (peroxynitrite, PN, ONOO™) » PN £ i&— # F )@? A4 HMNBRELF RBP4 5
p d A (hydroxyl radicals, -OH) (- ) PN £ - 5§ i # T REFFEFH LI P> T g2 L ke
BLTE A CRIEY L TSP B9 T2 F kR NOX R WP B
4 B (reactive oxygen species, ROS)% /% {+ 7 § 4 F (reaction nitrogen species, RNS)#j 4¢ -

O, NO
NO L» AN N,O,

"
o>\ - A>0N00H

2 : S‘o
O H,0 f NO,

< [-on

Fez+ Fe®*

DNA and protein damage
Altered cell function/growth

N

Other diseases Cancer

Bl- ~ROS/RNS en% 3 4 = F J

d 3> ROS/RNS 7EM % ~ 2 22 (X% mE)A7 s34 FPN hE & o F hoPifk ~ v F -
3
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z % [Roberts et al., 2010] - ROS/RNS & £ % % & 8] » 7]

PadpE o MR N R G

2
St A 47 ROS/RNS & 4P & & A3 557, cnig A% > L3205 NOX f 5 2 2 #74 s i i cndy 15

2 F§FaBHPNIFE DA%

7 A 3% (N-nitrosamines) § £ 75 A3 B 7 - 5 41956 & i}wﬁ AR - AT AR
(N-nitrosodimethylamine, NDMA) € {%_i¢ 558 4 & » pb (5 p % = ¢ & T g 45(N-nitrodiethylamine,
NDEA)Z% #; # 2k %5 &(N-nitrosomorpholine, NMOR) 7 ¢ i w&# #5 6> 4» & 4 * % [Garland et al., 1986] °
(AR T ET LM G F PRETNOT S 5 LA N0, 0§ - s R NOy LA i 2
A5 = N-nitrosamines [Jourd'heuil et al., 1997] -

BN LA F R aveRkiRe 322 ha o N3 B KRG N A2 5 SR (40
= 7 7 %% dimethylamine, DMA £ = ¢ %< diethylamine, DEA); *t 2 2 kR A 8 & 2 § /5 % 4 (b4

=

MOR) % - B2 2R & 3= 9 % B AR R T A AN TR 4 nE & F]F 2

—o e FRFETHER N AENOX BB AP A R R i o

9 NOx %

“,/]E. NDMA - NDEA % NMOR ¢ » % L ey g 3 i & $ (N-nitroso compounds, NOC):i §
N-nitrosomethylethylamine (NMEA) ~ N-nitrosodi-n-propylamine (NDPA) ~ N-nitrosopyrrolidine (NPYR) ~
N-nitrosopiperidine (NPIP) ~ N-nitrosodi-n-butylamine (NDBA) ~ N-nitrosodiphenylamine (NDPHA) %
N-Nitroso-L-proline (NPRO)% - =i ¢ 5 #2741 * § 48 & 7 &k (gas chromatography, GC)45 fie & ¥ 1 7]
% (mass spectrometry) 2% #t it 4 17 & (thermal energy analyzer, TEA)A 7 fii% ¢ 8 48 37 & %[ Abdel

R e TR vRanA 7k o

() LA =i 3 DNA % & 3§ (Alkylated DNA damage)
I A% (40 NDMA -~ NDEA) = %8 p 238718 ¥ i3 & DNA = A * 35 o 4 N7-alkylguanine -

N3-alkyladenine ~ O°-alkylguanine 2 O'-alkylthylmine % » $82ik & ¥ en§ & § R+ 142 7 % e s
Fla A hig drdg A o d 2 N7

ABFLHFRXLE FR B AT L A% Fuk ¥ éhNT-methylguanine § P 223 % [Chao etal.,
2005; Ichiba et al., 2006]; BT~  ~ &2t N7 {3 IPJR"\E‘._'%Z it ? N7-methylguanine £2 ¥ -{'_ai;'g

9% B b & 740 B [Loft et al., 2007] ¢ ¢ 7b > AT BfFA DA HR LRI R TER AT H KR

N7-methylguanine > & % % B2 /e @ 3 % ¥ 8 ¥ 0 N7-methylguanine [Chao et al., 2008] < % 7 #* 7 45

IR E e TR F ¢ ARk R AT ] },Lg/m3 A PP ERAB T I AZE S ot 3 E D
N7-methylguanine » ¥ 5 # 7 & PP ERTEE R F ¢ ONOx Bk &R X A 47-53 ppm 2 @ [Tsai et al.,

2007] 5 Tt A it ip] NOX & & ¥ o g g p 74 2% = 40 pd 3(4e N-nitrosodimethylamine) @ i& @ 13 =

DNA'=# 45 i ; Lifih B FAE T FFEA TP T2 L DNA L it ed ey kEmd -
4




4 F3FiFgaPrps 2 piv i 2 (Oxidative/ nitrative damage to nucleic acids)

# % NOx #Hp O, - F #77; = :7ONOO™ (PN)E £ &£ e RNS» H Zsppl it ® e prs H i3 it
| o 4o Bl = #7or » PN 22 DNA i% * 352 8-nitroguanine (8-NO,-G)H_i & el Flpl' it i & A $ 2 - PN
A Eded 2§ BT A S 8-0x0-7,8-dihydroguanine (8-oxoGua) [Chen et al., 2001] -

P

0 O O

0
I H N N
Further oxidized HN N PN HN N\ PN. *NO2 HN X , HN | \>—N02
products (_H S | N>'=O < J§ | N> > HZNJ%N N> HzNJ\N \
2 N \ 2 \ \R R
R . R
G 8-NO,-G

8-0x0-G

Bl= -~ RNS#73; = cnDNAM i* 2 ¥ it & $ [Ohshima et al., 2006]

RNA § it i3 3
TEKRNAF 32 B4 BT -ROSH 4t *enRNAF “ 3218 A5 5 8554

& *&r4 % 8-hydroxyguanosine (8-OHGuo ¢ 8-oxoguanosine, 8-oxoGuo > 4- ] = #7717 ) 3§ 3 7 7 # L%
Fofp & i @ 8-oxoGuo 7k & 4% § # £ ) 3 7 % 4% i< [Broedback et al., 2011] = %% § £ RI{rpa§
% % % 2 DNA & 4 (7% % 8-0x0-7,8-dihydro-2'-deoxyguanosine, 8-oxodGuo) > @ RNA e it & T & 4
Ap¥E> o 8-0xoGuo 4 47> j# 12 HPLC # e 7 i & 14 ;p] B (electrochemical detection, ECD) % i » e 8
£ 4 [Hofer et al., 2006] ; 1T+ & #4275 § 38 * LC-MS/MS R 4 4~ 17# [Malayappan et al., 2007] > #*

HN N\ HN | X s
HEN)\\/?IN> : OH s Hzﬂk&N ">I:

Cd
HOHZﬁ HOH2C 9
HO OH HO OH
Guanosine 8-oxoguanosine

= ~RNA 7Gx 4 § p d Asz# 252 8-OHGuo (7 - 8-oxoGuo)

DNA # i i %
8-NO»-G P # 43 s L4 P A F1A V45 § 0 E & 45> 8-NO,-G & DNA I 24 7 & % (half-life: 4

hr at 37°C) » %% % p # -3 eLe4 (depurination) = DNA _} 2 = 3% d& & (> (abasic sites) » & @ i3 =

GCoTAF#EZXR(Bz)-



8-Nitrodeoxy- G:C
O guanosine :

\y NO,
8-Nitroguanine : C

Depurination l
Depurination
7\ Apurinic site Apurlnlc site: C
—0
Released DNA replu:ahon
Apurinic sﬂe A

DNA repl\catlonl

Nitrative stress
(ONOO-)

wN\ u T:A

8-Nitroguanine ¢
G : C—T: A transversion

Bz ~ 8-NO,-G 77 = i8¢ £ F] R % % 4|[Kawanishi and Hiraku, 2006]

P4 47 DNA ¥ 618-NO»-G Ak ¥ b A4 Al AR B d 2 54> v PRev At o
8-NO»G» e v £ R R 2 5% o 2 jpbd & A5G ¥ B TR 8-NO»G e 477 32 o

(5) # § 433 = DNA 2 #&i (deamination)i& A *+ 3 DNA ? A it

AR RARRSOT A BERTFAFNLRE AT T M B Fwie s i
enit F 31T o DNA F cytosine 7 5Lpt =% 57 A4 22 DNA methyltransferase (DNMT)A) = e
5-methyl-2'-deoxycytidine (5-mdC)&_i & 7% it 2 4 > f A gz P 5-mdC «h& ik 5 DNA 7 1%
[Muller and Widschwendter, 2003]° &7 ¥ e 8 NO ¥ #& 5 5 L #V i 4 7 N,O, > 2 ¥ 2 &7 ¥ DNA
¥ 52 4 »=i¥ * (deamination) [Grisham et al., 2000]> N,O, ¥ 4 %] i#_i# cytosine ~ 5-methylcytosine ~ adenine
% guanine 4 "%t > 7 ¥ B A4 5 uracil ~ thymine ~ hypoxanthine 2 xanthine e NOx % & ¥ % ‘gd 3 =
A B AP i DNA °

e g

“ﬁfE‘*;ﬂ"—la LR f{’ﬁ*" DNA ¢ %IL % {4 -35[Hu et al., 2012b]  fr pF 2% i e — 45 28 30, S—mC—%i’ﬁjplz ¢
DNA 5 i"F 3 M TR I OBER AR BATE Ay (VRS L F o al4eggp @

£

methyl radicals) > 7

6) % 5§ “$ &%y FA "G T (Protein nltratlon)

§F ek RHR AN ROS/RNS Hrim & Fov P AN B4 B0 v i fokpt
(3-nitrotyrosine, 3-NTYR) & # A3t 3h o 4- ™ BT #7157 » R 3= 3-NTYR e0F EEJZF & f&[Sunetal,
2007] 1 ¥ - 85 NO £ Oy F 35+ ONOO™ » £ &= 5 it g(CO,)iE 7~ B3> NO,- » - H g =
tyrosine £ & _F-v A A (residue) < tyrosine A4 NO, -4 ¢ % = AT NO 5§ it F B2+ L o ik
% (nitrite, NO,) > % % i Z (hydroperoxide, H,0,)1 % & ,fﬁ d ¥ £ § 1t fF (myeloperoxidase,
MPO)fE 4 it (£% 2 4 NO, - -



Peroxynitrite

Superoxide ONOO~ + Tyrosine
o \

3NT
NO

3-Nitrotyrosine
Nitric oxide

\ . MPO + Tyrosine
Autooxidation NO, + H,0,

Nitrite

B ~#p 3 f82) = 3-Nitrotyrosine 15 J&i# i< [Sun et al., 2007]

B-NTYR™ AR 3 4 U F s~ g =~ EERFEEN QIR R SR F AR E
et Moo AT ER v Fop LR A Y L7 §RPI3-NTYR: 4 Fl £.10-100 pmol/mg - 4p §
*+ & 10000 # tyrosine® F 1-5i3-NTYR [Shishehbor et al., 2003] -

=

% % BB PN 3-NTYR = j2

B AR o BNTYREGM P 7 48— ) 9 1 & K p
3-nitro-4-hydroxyphenylacetic acid (NHPA):: d AR £ o gt b > F 8P p d f& ehtyrosine i P2 =

NHPA~- # st & A A fp pl it R4 2

375 A% LC-MS/MSH 4 %87% ¢ NHPA /4 453 2 o



~F B iR

#3348 * on-line SPE LC-MS/MS e F =% #-f# 2 (isotope dilution)& = £ 5 § ¥ I+ & @
4 f §pldp e TE Y NOX(E 2 PN 23k BB B RF B d fp fehif * 122 H 21 - W]
e AR NOX kT Reni 2 4 W pldp ik

External exposure: NOy

! ' ! }

RNS ROS N-nitrosamines <+~ NO,/NO;

1 Il —_— / | Amines

Protein DNA DNA/RNA rd DNA

[ |

3-NTYR 5-mdC  8.NO,-G 8-0xodGuo  Alkylated DNA lesions

NHPA  5-hmdC 8-oxoGuo N7-methylguanine
5-hmduU N7-ethylguanine
dTg

(DNA methylation/ N3-methyladenine
deamination) v | | OS-methylguanine

L
L, Mutation and genomic instability * ©*-methyithymine

|

Carcinogenesis

DERS R RS Y R LR R ISR SV

APRTFRHZE2F P22 PR BENRRRBERRATIFAL ) IVREREZE > P R
L
(1) i&* on-line SPE LC-MS/MS #5 i isotope dilution B % fike @ I A AL B /A AL B (NO2 2 NO3) »
Fiite ® DNA/F—d B i % 45 48(8-NO,-G ~ 3-NTYR 2 NHPA)Z fijk/im*s # RNA § i 6 % 4
1% (8-0x0Guo) 4 7 > % ;
(2) i * on-line SPE LC-MS/MS # iz isotope dilution B 3 it /m? ¢ DNA % jLid @ 4 " 5-mdC
2 5-hmdC A 45 = #;
(3) ¥t & dp R/ cdp B 12

BNV

) RTF=FHFEE

R AT G I 2% 4182 (isotope dilution) % & 7 3 4 47 o "N-NaNO, and "N-NaNO; p-f
Cambridge Isotope Laboratories = #'; B,-’N-8-NO,G - d3-3-NTYR ~ PC-*N,-8-0x0Guo ~ d3-5-mdC
{r d3-5-hmdC p g Toronto Research Chemicals 2 # - '’N-8-oxodGuo Fp Sigma-Aldrich 2 & o

8



d-NHPA £ 7 ¥ 2 & > AP 54 Lw = Lﬁ’e[Ohshima et al., 1990]p 7 & = » (a4 * - FApe§ (- p=
(L-amino acid oxidase) -k f# d;-3-NTYR 12 4 = d3-NHPA ° #74 = ¢1d;-NHPA 2 HPLC % it ~ £ 4|
* NHPA “MER mfppe TR T2 T8 -
(2) B RFAPF Bk 40 & 17 8 B F 3 R (on-line SPE LC-MS/MS)

AF7 3 #-4 * on-line SPE LC-MS/MS(R]- )2 & & = 8% ¥ & X NOx ke & 2 »ojlpcnd - 1 pldy
ez mdqid o phvb > d WHFEF Y 7 NOx 2 LA LY 7 i § F 3 ddpih - Flt
e HE % e 2z 2 LC-MS/MS 2 i & 47 fi ¥ inicotine 2 cotinine [Hu et al., 2010a] » 4 3% &

Rt BT B .

(A)
Eluent I1
Analytical column
a0 @O =,
fo ! [Q:‘ D‘ r i
Triple-quadrupole MS
Waste

(B)

Analytical column

=

oD@ —
= “D ‘ D‘ ( ESI
) Triple-quadrupole MS

Waste

Trap column

B= ~ On-line SPE LC-MS/MS 2_ f # % St 1) 5 (A)R] 3 1k 2 RS54 E L1560 (B)R = &Rl A 454
¥ T i~ HPLC ¢ A 472 MS/MS i& i7 4 $5[Hu et al., 2010b]

LTI

(1) = ## 22 = on-line SPE LC-MS/MS #fit e =% ﬁrﬁ * %2 2,3-diaminonaphthalene(DAN) 47 2 it &

¥ ik ? EAEBNOY)

a. I f B e NO, 2 DAN 72 i £ 15754 72 i 4 2,3-naphthotriazole (NAT) (4
B ~) o NAT e 3 8 5 169 Jra# i 230 5 T a7 58 7 4k 1% > NAT 53 S v i 58
£ RS QL scan)T H AL R miz 170 - iz 170 55 33 0 85 AL
Rt A T P RMEB AN ) A B A miz 115 143 2 93 (R4 A) - R iE
R PR T T G R R T AR S M miz 168 1 miz 168 173 4t
FAFde 0 AL T BB RN 2P A NG m/z140 2 114 (K4 B)e B R A LT
B Slichod - 977 o LRI | RSN 0 B IRA BN A S T BT UG R AL o St

ERL IS EFLEHAFTESF S ZRE - B 2 LA RREXA AL THN T A4 17 R
9



FHNAT e FRFF 5 95 2 4sop AT 7 = % © 3 & & W% & % ¥ 7| Free Radical Biology and
Medicine [Chao et al., 2016] -

NH» N
AN
+ NO; + Ht ———— /N
N
NH,

2,3-diaminonaphthalene 2,3-naphthotriazole
(DAN) (NAT)

B~ ~ NAT f74 4 4 &

70000 140000 140
60000 (A) J} ;F: " 120000 4 (B) é ?_,
50000 1 100000 A
£ 40000 & 80000
g 30000 5 60000 -
£ 20000 143 170 = 40000 - 168
10000 I 20000 "
0 . A . . i | . 0 L | . I . . . .
50 70 90 110 130 150 170 190 50 70 90 110 130 150 170 190
m/z, amu m/z, amu
B4 ~NAT 472 L $H(A)F T3 33 Hp 2 B)f 25 45 iy
- ~NAT ent Torf TH T S
Models Analytes Q1 mass Q3 mass Dwell time DP* FP° CE*
(amu) (amu) (ms) V) V) V)
Positive NAT 170 115 100 30 150 30
N-NAT 171 115 100 30 150 30
Negative NAT 168 140 100 -60 -200 -30
N-NAT 169 140 100 -60 -200 -30

@ declustering potential; ° focusing potential; © collision energy

10



20000 4
NAT

170 — 115 9.2
16000 4 (Positive mode)

12000 4
[M+H]* =170

115—, +
8000 1 3 N
N
A N
4000 1 S A
TN

0 T y ’ y r v u T —y

Intensity, cps

50000 4
N-NAT 9.2
171 =115

40000 4 (Internal standard)

30000 1

20000 4

10000 4
| N

0
0 1 2 3 4 5 6 7 8 9 10 11 12
Time, min

Intensity, cps

B~ Fi? LAE#(FTA i NAT)on-line SPE LC-MS/MS A 17 )3

. NO, 2 DAN #72 v F i it it: 28775 24534 NOy & DAN 2 Bk jiv4 L F B Bt 5 A
PR-NO, R S st 2 T kR A% EARES 05-1-2uM > ¥ 7 FikAR DAN 3 37°C
TR 30 A48 5Es e » NaOH % 1k F uo B+ - 5 NOy 2 DAN 2 j74 i F Ju o UF] -
B I ORATT 247 FiER NO, & DAN Z 3| F otefoor3 DAN kR A 9 5
0.00975~0.0195 % 0.039 mM (4B -+ - A)cDAN/NO, X 5 1.95 %7 & 5| F fubefr o
BARATTG BAFRAR) 2483 FER (0.06-029 pM)sf R A F &2 625 mM
DAN 4 ¢ ZF|F uéefr (4cBl- - B) @ DAN / NO; X i1t 5 2155-10,417 o d pb & % 3
oo ik HEF ST 8 DAN F o It BARRAFTT e i 2 DAN A &
2 NOy & % 2 o weh KAtk A 245 DAN i 4e £ % 5 6.25mM «

11



s —— —d—2 ]
600000 - —+—0.5 pdM 1 p™M uM

*

500000 A

400000

Peak area

300000 #

200000

3

100000

0

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

DAN added concentration, m\I

®)

140000 ——TUrine 1 —a—Urine 2 —&—Urine 3

4

120000

*

100000

30000

Peak area

60000

40000

20000

6 8 10 12 14

=)
[
s

DAN added concentration, mM
B ~NO, 22 DAN 2 jm4 * F o S (A)11 2 45 -k 3 AF(B) fik 5 AF [Chao etal. 2016]

(2)% # 1% = on-line SPE LC-MS/MS 7 F =% #-f8:2 3 34 17 DNA & 47 § & + 8-NO»-G
a. 8-NO,-G @fr,-, T BNO-G e+ 5 196 FRHFER TS f LR THF &7 24
FHRRETFRAEA P mz195° LA PF mz195 B FFRIFHEFH L E R -
VA4 I RT RAERAA YL m/iz 17894 % 1530 £ = 4 8-NO»-G 2 Hp =% p

6.0E+05 - 195
5.0E+05 -
178
4.0E+05 -
w
(=9
5]
£'3.0E+05 -
z
£
o
2.0E+05 -
94 153
1.0E+05 - ‘ J
0.0E+00 I“ b L‘ L L . . , :
50 70 90 110 130 150 170 190 210 230 250
m/z, amu

Bl = ~ 8NO»-G ¥ &7 # 5 #Fpy

12



%= ~8NO»G 2 PCy-"N-8-NO»-G 7 3# $#icik 2

Q1 mass Q3 mass Dwell time DP* CXP* CE?
Analytes
(amu) (amu) (ms) V) V) V)
195 178" 100 -50 -11 -20
8-NO,-G b
195 153 100 -50 -11 -20
198 181 100 -50 -11 -20
1C,-"N-8-NO,»-G
198 156 100 -50 -11 - 20

@ quantifier ion; ® qualifier ion; © declustering potential; ¢ collision exit potential; ¢ collision energy

b. DNA 4 & 47: G FEie 42472 20§ ocfe® W E R R EfRp > A PRS2 2 E &

calf thymus DNA £2:i5 % LA L8 F 574 = (1 8-NOy-G o 4o B #7rom » AP aped = hp 453

ES

3000 A

13
(=3
(=3
(=]

Intensity, cps

1000 -

8-NO,-G
195 - 178
(Quantifier ion)

1200 A

800 1

Intensity, cps

400 A

300 4

Intensity, cps

2 4 6 8 10 12 14

8-NO,-G
195 — 153
(Qualifier ion)

2 4 6 8 10 12 14

13C,-15N-8-NO,-G
198 — 181 1.1
(Internal standard)

Time, min

B~ = ~ 8-NO,-G on-line SPE LC-MS/MS % 17 ] ¥

13
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c. DNA ! 8-NO»-G ﬁ% THPIFFE: DNA 0 8-NO»-G 224 2 2 ¢ p #1232 &b
(depurination) * %34 # & DNA  eff T4 #-5 2430 g § pliwre f 8-NO,-G o A PP ¥ § Iy
FREBE 4467 28 0 DNA F (¢ 7 8% DNA 2 #9% DNA) > B#7 FREFZ AT
8-NO,-G A1 ez & o H & % 40T B #77 > ¥ F & H 4 8-NO»-G ﬁ £ % o % DNA
HhL 3 8 A B 5 2.4 hr (37°C) ~ 16 hr (25°C) ~ 94 hr (4°C) ~ 1115 hr (-20°C) = & ¥ 3% DNA _ ¢
L3 u s 1.6hr (37°C) ~ 8.5 hr (25°C) ~ 52 hr (4°C) ~ 533 hr (-20°C) o i #i 8-NO,-G ** ¥
" DNA 2 #£9% DNA |t chf€ 2t L E 2 1 1 8-NO»G 7 fE 2ot MA T © 4045 ¢ [Hu et
al., 2016] -

(A) DS-ctDNA  EF'%% DNA

100 e o — o 100 4 A
/‘ i //‘ .
—~ 80 —~ %0
= e £ / AT
=1 2 £ '
g ed / < F 60 /
E J or ; *
= | = / £
< [ o —&— 37°C = i A 1O
£ 40-? .o"o O 25°C £ 40-‘:' a8 st 20°C
b f | &
= I o * | G
20 1 y 0 - \
p 0° t
| o &A‘Q
o : . : . : 04 . : :
0 10 20 30 10 50 0 1000 2000 3000
Time (hr) Time (hr)
‘o g
(B) $s-ctDNA  H 7% DNA
100 4 ,.r"" oo e © 100 1 h—“—*/A\*"_‘_ __ﬁa
/ PRI v £ e '
/ Lo | L
—~ 80 » Lo _ w] o
B / o e ’
< / o = 4 A —a— £°C
G | h 1 | - r 20°
E 604 | [o RN & e 0°C
2 ¢ o0 —e— 37°C z | i
= | O 25°C = |
w [ o o
E 404 ; T 40 T &
z |l A i
IS A
1* Ta
20 0] 4
’ K
0 10 20 30 40 50 0 1000 2000 3000
Time (hr) Time (hr)

B~ =~ 8-NO,-G & %1+ >+ (A) % DNA (B)¥ % DNA [Hu et al., 2016]

(3) = #2* on-line SPE LC-MS/MS # 7k =% #f§i2 # 47 fgiz ¢ 3-NTYR 2 NHPA
a. 3-NTYR 2 NHPA {52 H b = F M R &2 P 3-NTYR 2 NHPA 3 3-d &1
T A4 °3-NTYR 2 NHPA cha + &4 55 226 2 197 Faif 2k .5 f 2 N Tk e
BEFEIFIFRHTFIRINTYRES S 3T m/z225 12 33 m/z225 273 33 ik 2 #
o LR AeB LT (A)TT 0 A4 I BT RWER A A Y S m/iz 163~ 136 2 181 - NHPA &

14



FERHNTHEAER S L m/z1960 112 g m/z 196 i 73 S il B L o m L
IO 7 A4 B3 RMWERR AL S5 m/z122~135 2 152¢F =% p 2% 5 d;-3-NTYR
% d3-NHPA %75 fi;8 22 2 b8 2 R 4cB]- 7 (B 2 D)#7F o 4 = 5 3-NTYR-NHPA 3 #
FPdpr RS T# SR T - AL S % 4 ®RE5 87| Chemical Research in
Toxicology [Chao et al., 2015] °

LSE+6 1 & 3.NTYR 225

LOE+6 1 I “coon

[

SOE+5 4 T ™

163

Intensity, cps

136 181

MW, =226 Lﬂ j
0.0E+0 — hw L‘
150

50 100

200 250
LSE+6 1 B d,-3-NTYR

LOE+6 -
I'-.\. J\ 1] 166

SOE+S 1

Intensity, cps

139 184

J 228
0.0E+0 r aditi ' *

50 100 150 200 250

LSE+6 7 ¢ NHPA

122
LOE+6 1 16

135

e ‘"'\.;: 152
OH j ‘
FIPE W " .

50 100 150 200 250

SOE+S A

Intensity, cps

0.0E+0

SOE+S 7 D d,.-NHPA
40E+5 et

30E+5 | 199

125

Intensity, cps

20E+5
M.W. =200

N P T hu | ,f

00E+HD d
50 100 150 200 250

/s, amu

B+ 37 ~3-NTYR - NHPA %2 # ¢ =% p £ 28 2.5 23 ¥ p [Chao et al., 2015]

# = ~3-NTYR ~ NHPA % # | =% p 153 5038 S 80K 2

Analytes Q1 mass Q3 mass Dwell time DP¢ Fp¢ CE°
(amu) (amu) (ms) V) V) V)

3-NTYR 225 163" 100 -35 -130 -20
225 136 100 35 2130 25

d;-3-NTYR 228 166 100 -50 -190 -20

15



Intensity, ¢ps

Intensity, eps

Intensity, cps

NHPA 196 122 100 -30 -120 -15
196 135 100 -30 -120 -15
d;-NHPA 199 125 100 -40 -190 -15

500

@ quantifier ion; ® qualifier ion; © declustering potential; ¢ focusing potential; © collision energy

b. Fcite B A 4519 3¢ A ¢ 3-NTYR 2 NHPA jk & 0 fire kA {1 % £ 6 Hp 32 HPLC
{741 /4530 B 0 £ online SPELC-MS/MS 4 45 « B+ = 4 3-NTYR 2 NHPA £ |
ek K47 % o 3NTYR 2 NHPA chiF A 5] 5 13.5 % 26.6 4 4 -

250 7

A 3-NTYR D NHPA 26.6
400 225163 135 200 4 196->122
300 (Quantifier ion) ; 0 (Quantifier fon)
£
z
200 é 100 A
=
100 50 1
[ 0+
18 20 22 24 26 28 30
200 1 250 4
B 3-NTYR E NHPA 26.6
225136 200 A 196135
50 4 13.5
150 (Qualifier ion) 2 (Qualifier ion)
g 150 4
100 4 =
g 100 A
50 1 = 50 A
(U (U
0 2 4 6 8 10 12 14 16 18 18 20 22 24 26 28 30
3000 4 2000 4
C d-3-NTYR F d-NHPA 265
228166 134 1500 1 199->125
(Internal standard) 2 b {Internal standard)
2000 1 &
£ 1000 A
g
1000 1 £
J - 500 4
0 2 4 6 8 10 12 14 16 18 18 20 2 24 26 8 30

Time, min Time, min

Bl - ~3-NTYR % NHPA on-line SPE LC-MS/MS #ii & +7 Bl ¥

c. it ® 3-NTYR ~ NHPA 2 DNA & 545 2 DNA ° A1 3§ 2 3 o B 12

A s 4T 65 kR A le,,"é L S %{*/Fﬂ’“ A # (3-NTYR % NHPA) - DNA A T4 & & 4
(8-oxoGua % 8-oxodGuo) ~ DNA 7 A it 355 & $*(N7-MeG 2 N3-MeA) % % R Fv Fa
At ~DNAAFF G A4 2 DNA 7 AV F G A Ryt - P TR F M » 4o £ 977 o
A A - R U ERARRM M E 2 o e T BT 0 5 WP o LS VR4 B RNS (4
ONOO )% ROS #r¢ A4 > i&m BRMP £ &4~ 38 14§ G-NTYR/NHPA) 2 3 I~ 47§
(8-oxoGua /8-oxodGuo) = ¥ — * & > RNS ¢ &8 p = % i fpie(4- dimethylamine and
N-methylurea) 2 * R 7 A it ehg 5 > ¢ 8- Hhid = DNA 7 JA4E% 4 § (N7-MeG and
N3-MeA) «

16



Fow o~ kY Fv At 2472 DNA § i 2 9 AL i35 A 4 4p B #2[Chao et al., 2015]

INTYR NHPA 8-0x0Gua 8-0xodGuo N7-MeG N3-MeA
NHPA r=0411
P = 0.001
8-ox0Gua r = 0.301 r = 0.335
P =0.015 P = 0.006
S-oxodGuo r=0.362 r = 0.515 r=0773
P = 0,003 F < 0.001 P < 0.001
N7-MeG r=0316 r=0423 r = 0.807 r=0858
P = 0,010 P < 0.001 P < 0.001 P < 0.001
N3-MeA r=0.320 r = 0376 r= 0398 r= 0435 r = 0.395
P = 0,009 P = 0002 P = 0.001 P <0001 P =0.001
NDMA r=0.043 r = 0.082 r= =0.009 r=10137 r=0192 r=0.133
P =0738 P = 0526 P = 0942 P =0289 P=0135 P = 0.302

Inflammation/ Secondary amines
[ Oxidative stress } —— Nitrative stress (C'g'TMA)

NOCs
(e.g., NDMA)
[ ROS ] [ RNS ] lMer‘aboh’sm
l l Methyldiazomium ion
Oxidatively damaged Nitratively damaged l .
DNA protein Methylated DNA lesions
' Repair and : Metabolism and : Repair/depurination
" excretion in urine | excretion in urine 1and excretion in urine
Y Y v
8-oxodGuo
8-oxoGua
*. A o
RS N | P 4 ‘

Other endogenous/dietary sources ?

Blt- ~Fd @it A2 DNAF it 2 7 LIV 35 & 4~ 4p BE 12.59F a0 #841[Chao et al., 2015]

(4) = # 3£ * on-line SPE LC-MS/MS #fe Fr i= % ﬁ{r’ﬁ i# & ¥ Fik 7 DNA (8-0xoGua ~ 8-0x0dGuo) %
RNA § it 3§ % & 4 (8-0x0Guo)

a. 8-oxoGuo ¥ 52 F =% p £ % 5 PC-N,-8-0x0Guo

L35 AL > 8-oxoGuo 4 F+ & 5 299 B HIERE R T LR THRIF EF 24

P TR TLHA YT miz 300 - #A AT - H eI AT < 0B A (A) SR 5

BAEALHIHRT FARERE L RIS L mz 1685140 2 1120 F = F p B 5

(»s.
3
Tk
4
g
N
@)
>
@)
Q
c
o
e
=
Z,
>
‘.3;
ey

BC-1N,-8-0x0Guo 2_ A + £+ 8-0x0Guo % 3-:& {7 25 Hi v F L 122 33 m/z303 -
4
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F i m/z171~143 2 115- % 7 5 8-0xoGuo # DNA % it i§ 2 a‘;] 1% (8-0xoGua % 8-0xodGuo)
RS

B.OE+04
(A) 8-ox0Guo 168
6.0E+04

300
4.0E+04 4

Intensity, cps

: 4 140
20E+04 12

WA N

D.OE+00

50 100 150 200 250 300

6OE+05
(B) C-1N,-8-0x0Guo 171

40EH0S A
303

Intensity, cps

20EHIS 4
15 143

0.0E+0) bt L, ! o

50 100 150 200 250 300
m/7, amu

B+ ~ ~ 8-0xoGuo 1% %(A)fr C-"N,-8-0xoGuo p & # 5(B) i+ 3+

% 1 ~ 8-0xoGua, 8-0xodGuo % 8-oxoGuo B # %8k &

Q1 mass Q3 mass  Dwell time DP* Ccxp? CE°

Analytes
(amu) (amu) (ms) (V) (V) (V)
168 140° 100 50 11 25
8-oxoGua b
168 112 100 50 11 30
Ns-8-0x0Gua 173 145 100 50 11 25
300 168 100 40 10 20
8-0xoGuo
300 140 100 40 10 45
B, N,-8-0x0Guo 303 171 100 40 10 20
284 168 100 30 10 15
8-0x0dGuo
284 140 100 30 10 45
N;-8-0x0dGuo 289 173 100 30 10 15

* quantifier ion; ® qualifier ion; © declustering potential; ¢ collision exit potential; ¢ collision energy

b. )’T‘"& b R ffufi’ ﬁ%‘ﬁ 2 Bis4e iz p 1S B 42 on-line SPE LC-MS/MS 4 47 - )
+4 & AR P 8-0x0Gua ~ 8-0xodGuo % 8-oxoGuo A 17.% % ° 8-oxoGua ~ 8-oxodGuo
%2 8-0x0Guo FFF TR AW 5 88-~13.0% 11844 ¥ H 2 A v N LB BT P 4p
k’ [e]

18



2000 - 3000 + \ 3500 +
8.8 s VL 13.0
1600 - 2500 | 8-0xoGuo : 3000 1 g ox0dGuo
2 8-0x0Gua F 2000 | 300168 f ‘ \ | 2500 { 284 168
o 1200 4 168 H.l‘w. Quantifierion I | 2000 | Quantifierion (
B Quantifierion J 1500 - [ ‘
z 1500 -
Z ] / \
g 1000 1000
= 500 m\\\,/ M/ 500 -
L /
0 T | 0 t T T t by
1200 5 00 10 11 12 13 500 10 11 12 13 14 15
: 1 11. ]
8 13.0
" 1000 - 8.8 300 8-0xoGuo 4 400 1 8-0xodGuo
& g0 8-0x0Gua 1 300140 J 284 140
= 168 — 112 Qualifierion 300 | Qualifierion ‘
£ 600 - Qualifierion 200 - | \
s 200 -
£ 400 /
= 100 ( ) 100
0 '*‘MMW 0 W WMA“J\JWVWWAN /f‘f\/w"w"\M DV st mrMN‘ yang 0 My
16000 3 6 7 8 10 5000 1’0 n 2 b 8000 10 " 12 1 “ 15
8.8 > 11.8 il 13.0
12000 | 15Ns-8-0x0Gua 4000 | 'C,'N,-8-oxoGuo 'UN‘ 15N;-8-0x0dGuo
2 173 > 145 | 303171 | 6000 1 589,173 \
9 Internal standard 3000 - Internal standard | Internal standard \
£ 8000 - 4000 |
z 2000 - / |
g | 1
£ 4000 J 1000 1 / \ &M 2000 ‘ \
|
\ J Mt
0 T T T T 0 0 u T T T )
6 7 8 9 10 10 11 12 13 10 11 12 13 14 15
Time, min Time, min Time, min

Bl 4 ~ fki% 8-oxoGua ~ 8-oxodGuo % 8-oxoGuo & +7 ¥

(5) = # 22 = on-line SPE LC-MS/MS # e I i~ % ﬁ“’f‘? E A };’]'\”’,‘{ ¢ 5-mdC % 5-hmdC
P HE 2 FH#&E L 5-mdC 2 5-hmdC i DNA 4 @i @

a.

5-mdC 2 5-hmdC & ¥ &% b i

B o 5-mdC 2 5-hmdC 4 +
I 5-mdC 2

Y S

2% 4o BIA)HR 0 A2 S AT U
WA HF L om/z 258 0 1R gt m/z 258 i 7 aS FR H AR R S % ol o L (B)Hr
m/z 142 2 124 =% p &% & d3-5-mdC % d3-5-hmdC

—\—1:/

LA ARG BT R

A B 5

N\ v
A

241 % 257« FIERR LD
Wt ar T m/z 2420 1R T m/z 242 i

v

BT 4R 0

+ M s A

5 & A8 5 m/z 126 2 109 - 5-hmdC & 7 i #iE

PR EH G ERER - R &2 L 5-mdC -~ 5-hmdC 2 # fe = F AR SR S BGR Te 30
R e & e g A B R Av 8 7] Chemical Research in Toxicology [Hu et al., 2012] »
3.0E+06 -
A 5-mdC
. 126
£ 2.0E+06 -
E  1.0E+06 243
109
0.0E+00 - at —A ‘ ‘ .
50 100 150 200 250
1.2E+06
B 5-hmdC 142
2 S.0E+05
Z 40E+05 IB“
L 258
0.0E+00 L A . N : ‘ . . ‘_}1
50 100 150 200 250
m/z, amu

)

> 5-mdC % 5-hmdC % # 5.3 2
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£ ~5-mdC ~ 5-hmdC 2 # fp =% p 28 55038 S8R 2

Analytes QI mass

(amu)

Q3 mass

(amu)

Dwell time DP¢ CE¢
(ms) V) V)

5-mdC 242
242
d3-5-mdC 245
5-hmdC 258
258
d3-5-hmdC 261

126
109
129
142
124
145

100 40 15
100 40 50
100 40 15
100 40 15
100 40 35
100 40 15

@ quantifier ion; ® qualifier ion; ¢ declustering potential; ¢ collision energy

b. Fuite & A 450 Fi fFE S 3 15 4 ~ b =F P HE15 F #207 online SPE LC-MS/MS 4 4 « ]
S - SRR RR Y 5-mdC 2 5-hmdC & 175 % © 5-mdC 2 5-hmdC i R A W) 5

10.3 2 9.0 ~ 45 -

Intensity, cps

Intensity, eps

1 12 13 14 15

1 LI 1}
3000
€ d;-5-hmdC
4000 2615145 &.£8
2 (Quantifier ion)
< 3000 A
$ 2000
E |
1000 |
. JRLYN
01 2 3 4 6 8 9 W W 12 13 14 15

Intensity, eps

Intensity, eps

Intensity, cps

A SmdC 10.30

(Quantifier ion)

@ 34 6 $ 9 1 m 12 13 14 1
C d;5-mdC 10.23
2455129 ll
Al

] 1 2 3 4 5 6 7 8 9 nw 1u 12 B M4 15

Time, min

e B I ¥ 5-mdC/5-hmdC on-line SPE LC-MS/MS k& +7 @] 3#

E e Ak K

NOX ZfE{ % benz f 5 AF > PR BURT AL A PFW - HEFF P RRT &
4

RPN 74 RBP ot BT 2 2 ROS 2 RNS i
20



ROSRNS & i ~Mitpz 5 AR EhEL R - 232 FRF= &< *#4* online SPE
LC-MS/MS &2 52 Fdpihv * M= NOX kG2 it Vi 2 enig B g (¢ P £ 8
Al VARG 2 F RG2St a2 2 R LA EE CDNA S i T
(8-NO»-G)~ 3~ el i i % 4% (3-NTYR 2 NHPA)~RNA § i i§ 7 45 #(8-0x0Guo) 2 DNA
@4 F 5-mdC/5-hmdC o > DNA § * § 252 3d B G 2 R B Fpbl it { - %
BOABR - AT BF R AREFELDTHAT 2 > HApMAT T & % 4§27 12 NOx
RFRHARY N OREEEDT 2 EFAE A F R4

SCI B8 7] 10 k& :

1.

10.

Chiung-Wen Hu, Jian-Lian Chen, Yuan-Jhe Chang, Yu-Wen Hsu, Chih-Hung Hu, Mu-Rong Chao. A
comprehensive analysis of formation and stability of peroxynitrite-derived 8-nitroguanine in vitro by
online column-switching LC-MS/MS. Summited.

Mu-Rong Chao, Ying-Ming Shih, Yu-Wen Hsu, Hung-Hsin Liu, Yuan-Jhe Chang, Bo-Huei Lin,
Chiung-Wen Hu* (Corresponding Author). Urinary nitrite/nitrate ratio measured by isotope-dilution
LC-MS/MS as a tool to screen for urinary tract infections. Free Radical Biology and Medicine, 2016, 93,
77-83. (SCI; Impact factor = 5.784, Ranking in Biochemistry & Molecular Biology = 37/289 = 12.8%).

Mu-Rong Chao, Yu-Wen Hsu, Hung-Hsin Liu, Jia-Hong Lin, Chiung-Wen Hu* (Corresponding
Author). Simultaneous detection of 3-nitrotyrosine and 3-nitro-4-hydroxyphenylacetic acid in human
urine by online SPE LC-MS/MS and their association with oxidative and methylated DNA lesions.
Chemical Research in Toxicology, 2015, 28, 997-1006. (SCI; Impact factor = 3.025, Ranking in
Chemistry, medicinal = 17/59 = 28.8%)).

Chiung-Wen Hu, Marcus S. Cooke, Yi-Hung Tsai, Mu-Rong Chao. 8-Oxo0-7,8-dihydroguanine and
8-0x0-7,8-dihydro-2-deoxyguanosine concentrations in various human body fluids: implications for
their measurement and interpretation. Archives of Toxicology, 2015, 89, 201-210. (SCI; Impact factor =
6.637, Ranking in Toxicology = 5/89 = 5.6%).

Chiung-Wen Hu, Jian-Lian Chen, Yu-Wen Hsu, Cheng-Chieh Yen, Mu-Rong Chao. Trace analysis of
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