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> The name N-nitrosamine is related to compounds that present

the NNO characteristic group. N-nitrosamines are formed in
food as a result of natural chemical interactions, but
mainly through food processing activity. Many volatile N-
nitrosamines are potent carcinogens, and their rapid
detection and adverse health effects assessment are of
great importance. This proposal contains five projects. In
order to characterize/quantify the nitrosamines in food, we
developed high-throughput screening assays (Project 1 and
2) for 9 common N-nitrosamines. Project 1 produced specific
monoclonal antibodies for immunoassays and developed rapid
gold nanoparticle immune chromatographic strips for N-
nitrosamines assay. Project 2 developed isotope-dilution
LC-MS/MS with automated solid-phase extraction for high-
throughput analysis of N-nitrosamines. Project 2 determined
the N-nitrosamines levels in various foods that are
frequently consumed by Taiwanese people to characterize the
N-nitrosamines distribution in food, and determined the
urinary N-nitrosamines levels of residents in Taiwan to
investigate the body ‘s internal exposure level of N-
nitrosamines.
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Dietary exposure to nitrates/nitrites can react with
amines in vivo to produce N-nitrosamines. Its underlying
mechanism and the possible suppression of endogenous N-
nitrosamine formation are of interest. Project 3
investigated the formation and toxicity and of the N-
nitrosamines from precursors by treating the mice with
stable isotope labeled nitrate/nitrites (15N-NO2- or 15N-
NO3-). Possible approaches to suppress the endogenous N-
nitrosamine formation are also investigated.
N-nitrosamines are able to cause damage to cellular
constituents including DNA and proteins. However, there is
limited information available in the literature. Project 4
adopted a novel DNA adductomics method using LC-MS/MS to
explore/characterize putative DNA adducts that induced by
different N-nitrosamine and to compare profiles of putative
DNA adducts that are formed by the external exposure to N-
nitrosamine. Project 5 investigated the mechanism of N-
nitrosamine-induced protein modification (nitration or
alkylation) in albumin, human liver cells and human blood.
Overall, the results obtained from this project may help
our government to establish an initiative/general standard
for N-nitrosamines in food and to conduct the risk
assessment of N-nitrosamine.

N-nitrosamines, ELISA, immunochromatographic strip,
electrochemical immunosensor, LC-MS/MS, on-line SPE,
nitrite, nitrate, DNA damage, DNA adducts, DNA adductomics,
protein adducts, proteomics
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A & A3 (N-nitrosodiphenylamine, NDPhA) % 9 f&4L% |+ I #' 7= (volatile N-nitrosamines) 7
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NDEA 0.002
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DNA adductomics # %2 7 2 > &7 > & 375 LA %91 = e DNA d& 2L 13 4F o
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h FEALAREE LR T A F % s b jfhy TR OB aFdRr BT BFE8 -

(C)RPFFPT P

Q) pFesrifseennd (247H-)-
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AFTG TR it B EHIS L A o TP F P RE 2 PN-NaNO, 4= °N-NaNO; pi-
p Cambridge Isotope Laboratories 2 7 » *°N-NaNO, fr N-NaNOjg #-# »+ 3 = £ B3 2 3 3+
%= & 9§ ) B P& X T ik o Nitrate reductase (from Aspergillus niger) 2
2,3-diaminonaphthalene (DAN) Bt p Sigma-Aldrich = @ -

(b) °N-NOy #72. i 25 % N-NAT

AEEE fEA ,;{-L 4 Misko et al. (1993) 42 4 » & & F %A T AT T34 o #-3
PN-NO, Ficit #-f8 5 % 14 82 DAN %37 CRet IR T & fi5 30 A 4 4815 40 » NaOH % 1t & Jis »
LR 15N-2,3-naphthotr|azole (N-NAT) > 4 & 8440 T Bl= 577 o

NH, N
\\ISN
+ DPNNO; ™ + Ht =——— / +2HO
NH, N

2,3-diaminonaphthalene 15N-2,3-naphthotriazole
(DAN) (1°N-NAT)

Bl= ~ PN-NAT 474 it a5 4

\\\Xr

2%

‘fr

) °N-NOs; a3 & B R+ °N-NO, & 74 v 4 & B®N-NAT

A7 7 #* nitrate reductase #- °N-NOg'# it & i & °N-NO, 2 & 4 %% Gilliam et al.
(1993) {= Verdon et al. (1995) < jx » & & F B A 47 A Tk (7 i3 47 o B BN-NO3 % i3 i 4c »
phosphate buffered saline (PBS) - flavin adenine dinucleotide (FAD) -~ nicotinamide adenine
dinucleotide phosphate (NADPH) 4 nitrate reductase » & 38 T3 % 1] pF (A2 2 & B R84
YT RIZ) 5 MR &R A BT KR 10 1 158 DAN & 7 44 F et 3 PN-NAT -

N-NO; + NADPH+ H * nitrate reductase » N-NO, + NADP* + H,0

Bl = ~ °N-NO;s = nitrate reductase & i i & = ®N-NO,

(d) @A AP FER4p K478 BT H K (on-line SPE LC-MS/MS)

AFF g A1 * coon-line SPE LC-MS/MS 4 Agilent 1100 series p #7165 ~ = 2 3§ &
% & %v (binary pump, Agilent 1100 series) 145 e API 4000 QTrap = % 3% w &% B 55 3% B ¥ &
(triple-quadrupole LC-MS/MS, Applied Biosystems) #ri = - Trap column & Inertsil ODS-3 & 4+
(33 mm x 2.1 mm, 5 pm particle size) » @ analytical column % Inertsil ODS-3 ¢ += (75 mm x 2.1
mm, 5 pm particle size) o & ¥7in#4p & FFERE AR 40T & = 47T o dpRE chA TS Ko g AT
v % ® % 8 7] Free Radical Biology and Medicine (Impact factor = 5.784) [Chao et al., 2016] -



F = ~ ON-NAT & 45 i 47 4 B 8§ 7 4538 (7

Time Eluent I (trap column) Eluent Il (analytical column) Valve Flow rate
(min) Solvent Ia® (%)  Solvent Ib® (%)  Solvent Ila® (%) Solvent IIb® (%) position  (mL/min)
0 40 60 40 60 A 0.2
2.0 40 60 40 60 B 0.2
45 40 60 40 60 A 0.2
6.0 0 100 40 60 A 0.2
7.0 0 100 0 100 A 0.2
8.0 0 100 0 100 A 0.2
9.0 40 60 0 60 A 0.2
10.0 40 60 40 60 A 0.2
12.0 40 60 40 60 A 0.2

210 % (v/v) methanol containing 1 mM ammonium acetate
® 75 % (v/v) methanol containing 1 mM ammonium acetate

(z) B% 23t
1. #* PN-NO;# DAN ##4 it 3 PN-NAT A 45 L5

N-NO, 22 DAN jiw4 it £ a5 jpe4 (v PN-NAT> # 2 5 £ 5 170; A piF* ¢ F a3
/% (electrospray ionization, ESI) » A & #03% T 3 (72 7 2 ¥4 (full scan) » m/z 171 5 &
HePa R RFREIRIAE o Mz ITLIER AT 0 e QS mEN B A4 3
B A R B S Mz 115 (e T e ) e e f TS TR TR MIZ 160 § B iR R F i
(73 A gy Mz 169 ks R A SRR [ A 2 S T UL R B4 ¥ 5 m/z 140
EH-ABBRETREAT G WRI)e A 3 ONNAT & 240 f THA T o f8kd o

80000 - 115
70000 -
60000 -
50000 -
40000 -+
30000 -

Intensity, cps

143
20000 T 171

10000 -

ok L

50 70 90 110 130 150 170 190
m/z, amu

Ble ~ PN-NAT 58 5. 4 1 3 558 7 03 485 p B2



140000

140
120000 -
100000 -
& 80000 -
=
2 60000 -
- 40000
169
20000 114
0 A T M T A T T T T
50 70 90 110 130 150 170 190
m/z, amu
BT ~ °N-NAT 52 5 4§ T 8555 T ch3 35 Fp B3
o ~ PN-NAT éhi T4 f T 5050 738 S8k
ESI mode Precursor ion, amu Product ion, amu DP? V FP°, v CES, Vv
Positive 171 115 30 150 30
Negative 169 140 -60 -200 -30

® 448 7 & (declustering potential, DP)
° % & ¢ B (focusing potential, FP)
® gisk i £ (collision energy, CE)

B2 B= A5 5 ON-NAT i R4cf T80T a0k 47 B > ON-NAT SiF R 5
86-93 A dhed W THAL I RAHAAFHAVRRENFLE  FN A Pk phig ¥ i

TR NEFEHE T o

el &R

120000 A 9.3
I5N-NAT
171-115
90000 4 (Positive mode)
g
=
= 60000 4
5
e
30000 4
0 2 4 6 8 10 12

Time, min

B~ PN-NAT 458 5 6 0 3 R0 T ek 49 B (BR 5 3.12 pM PN-NOy)



80000 1

I5N-NAT 36
169—140
60000 { (Negative mode)
&
=
g 40000 A
s
=
20000 A
0 | ]

Bl= ~ PN-NAT 28 54§ 3808 T ek 9 B3 (GEA 3 3.12 uM PN-NOy)

2. Bk ® °N-NO; ez £ H4m 5
TR~ 5 PN-NAT #t LC-MS/MS # miz 171115 s F FB #5% o 4Rl # 35 [CooH/N3 +
H"m/z171 @ $# % 2 CHN3 4 » 3 33 [CoHe + H] m/z 115 -

B~ ~ N-NAT & MS/MS Fa @ A 5 Bk el

fo- A5 ON-NOpehfs o it ® > LA B A & e )50 UNNOp R 4 15}
e ® 57 °N-NO; p #4 % & (natural abundance) » 2 7 £ 4p %4>+ “N-NO, 4 5 0.368% ; gt ¢ >
B AR e NOy & DAN 474 it a5 NAT » S ESI 233 4 H 2 jmen2 383 miz 2 170
220w NAT P BC2Hz PN2 ga &% h Fltd @b E miz 5 1712 33 5 849
#0170 9 5 12.2% o & & MS/MS 558 T £ 8l m/z 1715115 > NAT ® p &5 2 °C~2H 2
BN gt BT 4 CHNg AB > = 7 i 6 Q3 Tl P B o d #5355 miz 1715115 ¢hp
B3 R AR miz 1705115 5 5 2.2% o Ft A @ UN-NOp 472 i 3 & ch UN-NAT #8258
BN-NO, 72 i+ 45 % 1 I5N-NAT ehz € -

N-NO; 2 PN-NOz 'l i=% e » iz ¥ 12 28 °N-NO; 2 N-NO3 3Lz ¥ 4 » i3 & 4o
LI
it ek kg e BN-NO, & ®N-NO3 (P & MN-NO, & MN-NO3) - ‘gimd 4 4 4
PN-NAT 2 YN-NAT « ®N-NAT m/z 171115 ¢ “N-NAT m/z 170115 cf & & f- 5
Ru (23 1) C[®N] 2 C[*N] 4 wl# & iz ® N-NO; # N-NO; ik -
9



_ m/z171-115 _ C[**N]
Ru = m/z170-115  C[1*N] 1)

it e A e @ Solk R P A p RIS PN-NOp & PN-NOg » N-NAT m/z 171115 ¢

UN-NAT m/z 170115 shff A s ffv 5 Rso 4ot 2a5 @ &% 2a 7 £ 47458 258 2bo

Rg = M/Z1712115 _ C[*>N]+C[**N];s

m/z170-115 C[*N] (2a)
Rs = Gl + Ty (20)
d o 1 2h VRENSNS A SN TEEIRS N4
Rs = Ru + C(E;::\]II]S (3)
cN=TRE @

BEONLfra N 47 EE NG 0 K E R A Y PN-NOy & PN-NO3 ek & -

R
C[™N] = C[®Nlis X o= (5)

Urine sample

| (A) Measurement of ['°N] nitrite | | (B) Quantification of [*N] nitrite |
l l — [¥N] nitrite ! l -+ [*N] nitrite
| Derivatization with DAN (37 C, 30 min) |
15N-NAT, “N-NAT I5N-NAT, “N-NAT
LC-MS/MS ﬂ | | LC-MS/MS
BN-NAT @ m/z171 — 115 BN-NAT : m/iz171 — 115
UN-NAT : m/z170 — 115 BN-NAT : m/z170 — 115

4 U

[Ru=mz 171 > 115: miz170 > 115 |

[Rs=m/iz171 > 115 : mz170 > 115 |

i 3

| [*4N] nitrite concentration |

| [*5N] nitrite concentration |

W4~ f ? 4 PN-NO, (A)# °N-NO; (B)!#J&# Ru # Rs - #ifz ki ¥ °N-NO; ¢ &

10



3. 3% on-line SPE LC-MS/MS 4 47/ & Fig ¢ N-NO; 2 *N-NO3#72 $# *N-NAT

R SR HATAA AP EE 614 ICR 5 kil &0 A Lrdle - PN-NOs 4k
G x N-NO 4 & 2 o 2573 i * on-line SPE LC-MS/MS £ = iz ¥ N-NO; 2 N-NO3’
A BT X e E ) R AR A A AE o B A E ) BRGR B A ON-NOy eh B A
Fge ol A1 A e A ON-NO, ZE® RU 2 Rs £ » b & 258 5o f g A 45 BLAR
N-NOg'P% » 3 4 nitrate reductase # i 38 & & SN-NO, 15 £ 2 DAN 474 it 4 & PN-NAT -

@ (b)

18000 1

18000 9.14
9.14 TNNAT
MN-NAT : 15000 4 170—-115
15000 1 170115 (Positive mode)
(Positive mode)
12000 12000 A
" &
8 g
: 2 9000 4
2 9000 - g
£ 1=
g =
6000 6000
3000 3000 1 Rs
0 . e ST 0 7 . eSS !
0 1 2 3 4 9 10 11 12 13 0o 1 2 3 4 9 10 11 12 13
150000
48000 1 NNAT o
9.14 1715115
15N-NAT 120000 1 (Positive mode)
40000 1 171115
(Positive mode)
32000 - & 90000 -
2
& 24000 1 g
2 £ 60000 1
2 £
£ 16000 1
30000 1
8000
0 —_— — 0 T —— ————
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 0 1 2 3 4 5 6 7 8 9 10 11 12 13

Time, min Time, min

B a8 PN-NO | BUfi% et i3S T PN-NAT J 44 B35 7 i 4 "N-NOz (A)#* °N-NOy
(B)r2 &1 Ru % Rs (4417 fite & ¢ PN-NOz ik & 5 21.7 uM)

(1) % & “N-NOy'& “N-NO, 't 24 -] B p feip & 45

Prllers i #4062 35k (0.2 mL/20 g body weight) » °N-NOz#k & 2.2 °N-NO, 4 &
f v ak a1 PN R % 0 N-NO3™ (5 mg/20 g body weight) 4+ °N-NO, (2 mg/20 g body weight)
KRR NP e g P AR A4 01 mL = & - 472 % (Antibiotic Antimycotic
Solution (100x), Sigma-Aldrich) £ jc f 24 -] g b 32 Feo (S BHE # 4% -k 2 5 Amoxicillin (0.25
mg/mL) o § 5% 34T B o

11



ICR mice treated with "'NO; or "NO,

15 -
e T R
5 mg/20g bw

AM 9:00 AM 9:00
15 5 treatment 1%

NO WAk
Control lL N
deionized water 4

Treatment
24 hr

Bl - -] B4 S NOs & NOyfsfc f 24 /] p Fi

boT Bl - AR F Y ) &% 3 PN-NO;s (5 mg/20 g body weight) - H 3 412558 4
12 PN-NO3 % i (4.38 mg/mouse) » ik~ JRA B 4 62.2% ; t&> %A PN-NO3 ¢ F ikt 4
N-NO; (0.06 pg/mice > % 0.001%) - @ % -] &* = N-NO, (2 mg/20 g body weight) » H &
A58 w3 & 12 PN-NOg % 1 (2.58 mg/mouse) » it v JR# £ £ 69.3% » iz % 7 PN-NO, 24 p
g i § it 4 & PN-NOg ;5 > 284 PN-NO; ¢ ™ & #& °N-NO; (1.98 pg/mice/day » 4 0.07%)
SR )t d PN-NOg 2 PN-NO 4k & » A7 fa¥7 | 87 4 7tk & NOy & NO3 >
PN PR A £ 2558 % 5 NOg'e Fpt i @ NOs #3540 & ¢ NO 2 NO3z i fok & it 2
P4 o

450 - 4.38
Con : deionized water

400 - BNO; : 5 mg/20 g bw
NO, : 2 mg/20 g bw

350 4 = NO;(mg/mice/day)

3.00

B 5NO,(pg/mice/day) 2.58

2.50

2.00

1.50

1.00 -

0.50 -

0.01 0.04 0.06
0.00 T
Con INOj;-treatment I5NQ, treatment

B~ ] Ba s NOg& NO 8 fjire # '°NOg 2 NO 11§ (n=3)
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(2) °N-NOg'# *N-NO, i5d Fipdt i ¢t e A § -
- HETNOE NOs e b @R E T IR > gl g4&ad 3+ K
(0.2 mL/20 g body weight) > ®N-NOs 4% 4 = 2 °N-NO, 4k & ‘.4 w|4k 4 12 °N & %5 °N-NOs”
(5 % 1mg per 20 g body weight) 4= ®N-NO, (2 ~ 1 # 0.1 mg per 20 g body weight) -k % i% {4 i&
R Rl B R ?Ei;‘?]t 40 0.1mL = & - 424 % (Antibiotic Antimycotic Solution (100x),
Sigma-Aldrich) & < & 6,12,24,48 2 72 /] FEN £k o o F BK 3 40T BATT o

ICR mice treated with "NO5 or *NO;"

Day -1 Day 0 l Day 1 Day 2 ] Day 3 Day 4
mice 9:00 it 9:00 i 15:00 21:00 9:00 9:00 9:00
arrival 4L nE Ak W A WAk ek Wi A
7:00 4L Ak
&t

WE—R JL

W

i\
Ty

® 5 mg/20g bw
® 1 mg/20g bw Urine Urine Urine Urine Urine Urine
® Control spot 1 spot 2 spot 3 spot 4 spot 5 spot 6

“Noy 0 hr 6 hr 12 hr 94 hr 48 hr 72 hr
® 2 mg/20g bw
® 1 mg20gbw
® 0.2 mg/20g bw
® Control

W+ = ) Bk S NOy & NOZ 6 fc b 72 /[ BEP 7 R R

T Bt AT REFRE LRSS PN-NOy o Hpr i a &0 PN-NOs % 24 » % ¥
A6 B PERN DG 4 A HE - 1 mg/20 g body weight 2 5 mg/20 g body weight 7 °N-NOs"
A R R AW 6 B R 2 PN-NO3 2558 £ 41 79.5% 3 71.1% v pRA| B ; &5 284 PN-NOg
gE R 2 °N-NO, » 9% 0.01~0.02%: & & 6 | Frp 1 15N-N02'113;“#E J1 o 4o L
¥ LB PN-NOy » HpE Ay v 3 & 2 PN-NOg 5 2 0 2 £ 6 1 PFP 915 4 3%
& &£ - 0.2 mg/20 g body weight ~ 1 mg/20 g body weight 2 2 mg/20 g body weight ¢ ®°N-NO,
w3 A B AR 6 Bl R 2 PN-NOg N 8 57.9% ~ 58.3%% 56.1% v PRA|E ;b mA
N-NO; (0.2~0.6%) ¢ 4 & f& °N-NO; % 6 fxa; /J~ ﬂ%p\ SR d o Fptd PN-NO3'2 N-NO;
B G (ST BT 0 AP e &7 ek B NOJ = NOg » =384 46 /| pFp 2
do A };T"Tl; ¢oena &8 % L NOj e fﬂ»“‘ };’J.\/Ti P NOgehE B9t £ ecnfd @pFRFF R (< 6 ]
FF)NO2 2 NO3 chit & @ 2 o 4t b o i @ NOehZ R 5 175 ¢ & & NOy chip ik > 78 <

$05 NO; ¢ &H § 1t NOgZ £ 2 R ¥

a4

)

Iy
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0.33 PEBREVUNOy BART SNO, g
0.60
0.50
0.40
2030
0.20
0.10
0.00 5 mg/20 g bw
) 1 mg/20 g bw
48
o5 f] (hours) 2
4711 15 - 15 - 2
N BARAE PNOy Ak PNOy $ &
5,000
4,000
~ 3,000
&b
S
2,000
1,000 6.
- ) ) . _ 5 mg/20 g bw
0 , _ /1 mg/20 g bw
con
48
o5 Fil (hours) 72

B o] Rad °NOgis 72 ) P At ® °NO; 2 NOg# 41 % i+ (n=6)

ik A B AR NOy 4 i SNOy BB
6.00
5.00
4.00
2500
2.00
1.00 2 n/llg/20 %bw
000 02 m20 s b

con
24 18
& 1] (hours) 72
1786 A B SNO, R R SNOS B B
2,000
1,500
Z 1,000
500
2 mg/20 g bw
1 mg/20 g bw
0 0.2 mg/20 g bw
24 - con
48
& 1] (hours) 72

B3 -] &4 s PNO s 72 ] B Ak ® PNOy 2 PNOy 3 ) £ % i (n=6)
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Spectrometry as Pentafluorobenzyl Derivatives. Anal Chem 2010; 86: 2585-2587.

Misko TP, Schilling RJ, Salvemini D, Moore WM, Currie MG. A fluorometric assay for the
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() =% 63

Bodr b g B NO2 2 NOg'is > Zp[H P NO 2 NOg' % 85t A& p 212 NOy 2 NOge+
R AL o 834 L4 on-line SPE LC-MS/MS # e DAN 474 itz & = 4% ¥ °N-NO, %
N-NOg A 4747 > 4+ 2 2 B F BAcg R 2 3 H B ¥ MR ¢ 0 PN-NO; 2
PN-NOs » T4 i Bigl fe 2 T Al i M At RN ABHE L chE & 1 8 o )b A 5 e B35 3t
%248 PN-NOg | 84fiz * “N-NOz 2 “N-NOy et 2 %L £ 2 it #274 p 2 £ 4f 1 4L - NOy
2 NOgenfs g pl = & 3na e £ F% £ & p d A48 7| Free Radical Biology and Medicine
(Impact factor = 5.784)% & K 7 3¢ ¢ < % % & Clinical Applications of Mass Spectrometry
Conference, 2014, Barcelona, Spain o ¢ F » & hF7 7 hL 573 & Fo Fenp it 2 5 5~ 47
;% ”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”** & % #7 7| Chemical Research in Toxicology (2015) -
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33 - PRI AL K

A BRI AABALBAIEZ LB 2 X AR RRIRALIRE 2 K7

(-)#%

LA (nitrosamin) £z« 8 F5 42 - > EEHF -~ 4e1 85 Ffrd Aﬂﬁ I
R @ B LR el AR YT B e R SRl AR o gt h s S5 Y s ﬁ»’&ﬁ &\F{‘)r‘r'ﬂ-’;?’é-_
Fal B Y gFIRICE a2 XL AR M a5k TR L Flh g o AR S
ERAWTEZZARBPFT2- > 2 [I;va‘ ¢ & A4S N-nitrosodimethylamine (NDMA)
% B R A% # 4 (Hultin et al., 1960) » &37 v}ﬁ‘kv’ S P AR SR P E
L RE’PF" IR Rt R MR R R S A R AR E sLas’ Lic 5=
Z = 1 4p B 7% (Eichholzer, 1998 ; Jakszyn and Gonzalez, 2006) » e £_p % :BiX 5 E #& 0§ S #c
pdp NI AR A AR RME o Fl g I A %P o N-Nitrosodimethylamine (NDMA) =
N-Nitrosomethylethylamine (NMEA) = 4% International Agency for Research on Cancer (IARC) 4
# 5 2A> @ N-Nitrosopyrrolidine (NPyr) 4 iFsg 5 2B s Mgt 7 > @ 427 7 5 = /8.5 |
£ o & @ = & %] F_ ¢ N-Nitrosonornicotine  (NNN) -~ 4-(nitrosomethylamino)
-1-(3-pytidyl)-1-butanone (NNK)4= 4-(Methylnitrosamino)-1- (3-Pyridyl)-1-Butanol (NNAL) > » #&
AR R EARY Y ARM o i Y R Ny RO Ry FE RPN £ R

R R s B E2FEE e F L ok 'k (1995; Sanchez-Echaniz et al., 2001) » F]pt

R
PR LA RO Y N AR I P B TARBAY B2 m P R 2
PR E N A Ry B3 T 0AZE 0.05 mg/kg 0 afpe? AELE S B % & 53 50 molkg -

frlp s? 2 ¥ oAz 250 molkg o A ATEERE (RFFRE) P AFAEBIEIT R
3t 4500 mo/kg, 2 BAIR T * P A2 R AL AR R AR E LA
AaA T 'LE &~ 59 5 500 ppm 2 200 ppm > @ J * T M A b B BB A B2 T A
FRLE L L0ppMe ARMAR XA LR THER G LN S AP LA
" NO, A G332 & A 70ppm 2T > e 4 FERE R S A ERKR D o F L LA RS
RFpHEE BEN S Rn5 4 Fr A a e Tz BI2AF £ a0 pH7 0% 548
& 47 & (Gas Chromatography, GC) ~ 4~ %k & % (Spectrophotometry) 12 % ;% 4p & 47 8 B3 5%
B3 % (Liquid chromatograph tandem mass spectrometry, LC MS/MS ) % ik BBl & &4 # ~
PSR s TR E 5% LATFL NI RS S ERET R oA TR
EAR it P BF - 2Rd Y R EORR S NI LR G
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(=)= 3 B en
FEOTLAURMY A MG RORL (R b PN A RIE ZAEY B e 2 kR AL
§A MGGt B B ER 8 R EHARBATE Y B A LH e T A R

d GTAieh - MHERAZ 2 3 REF - LR MRDREEZ LA AR T PP
2 AL RPRARKREEE FUED =m0 —r;ﬁt B Heid RS N

BB A0 A %A A RS 5% 2Rl R o

)=z >z
31 WH A b endy i &
d LA RBESAS TR @ A LG RRN  FR R F T B pTE S U
AR+ € RFEJHES TRE EaHTREFFEFLA > WH M-
3.1.1. 41* EDCINHS 2 4 & = NMU-BSA
7 #- N-Nitroso-N-methylurea (NMU) # & = 2 & 5 %9 F (Bovine serum albumin,
BSA) # £ 0 & g AP~ 3mg BSA 5+ 0.6 ml 0.1 M carbonate buffer pH9.6 # » %% 4c »
45 mg 1-Ethyl-3- [3-dimethylaminopropyl] carbodiimide hydrochloride (EDC) % 2.25 mg
N-hydroxysuccinimide (NHS) /4 ** DMF 3% > 28 F & 30 ~ 48 » %4 > 3 mg NMU
%% 0.3mMLDMF ¥ » 2B TS L FEFRS 3 4°C K R 16 ) BF o B8 2 0.01 M PBS i
¥z # 2 8Fn Bk -20°C ik Y o

312 f1* B # pc® (Sodium Periodate) ;= & = NMU-HRP

P~ 3mgshiiE ¥ it @ p¥% (Horseeradish peroxidase HRP);% >+ 0.6 mL doH0 » 42 3% 4 »
0.6 mL 0.1M Sodium Periodate > %% :§ & 30 » 455 > 2 2 L 0.001 M Acetate buffer % 47 =
= #F 4~ 0.05ml 0.2 M Carbonate buffer pH 9.6 » # % 4 »~ 0.5 mg NMU ;3 ** 0.05 mL
DMF ¢ » AR r@kkg? F R 4 P2 {8 £ 4 r 012 mL # 4 mg/mL Sodium
borohydeide » /8 % & 1 ] PF » &8 2L 0.01MPBS & F#45= =t -

3.1.3. 4]* EDC/NHS 2 4 ;= £ & NMU-CA(PEG),-BSA

3.1.3.1 & & NMU-CA(PEG),
# 4P 2mg 1 CA(PEG); i3> 04mLO.0LMPBS ¥ »# %4 » 6mg $7EDC f= 3
rmrﬂNHS,ﬁP“DMFmﬁa’LﬂuﬁTF@309?ﬁCA@53Mrﬁ’kfh
» 1mg % NMU 33 02mL 7 DMF 3% L2387 F s 2 B BREFLHZ
4°C ¥ F Ji 16 /| P o
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3.1.3.2. & =% NMU-CA(PEG),-BSA
H AP 2mg 1 BSA 3 & 0.3mLO0.0IMPBS # >4 %4 » 3mg # EDC = 1.5mg
e NHS 73 f23t DMF 3% » 23R 7 F g 1 [ pF o & F 4~ 18mL oo
2-mercaptoethanol (<% kA& 2 20mM) > &8¢ F i 156 44 » ¥ %
NMU-CA(PEG)s4c » it F Jig® » T ¥ L4 2 FP F g 2 B RBFLHI 4°CP &
B 16 -} FF > &is312 00LMPBS #47= = » & 7 #-F-v ?f%ﬁ%? -20°C endp B ¢ o

3.14. 41* EDCINHS 4% & & NMU-BTG-NMBA

B AP~ 8mg 2 9,1%’9:]17% 7k 3-¢ (thyroglobulin from bovine thyroid, BTG ) ;% >+ 0.8 mL
v 0.1 M carbonate buffer pH 96 > ¥ ¥ 4 » 1 mg ¢ NMU 4= 1 mg
N-Nitroso-N-methyl-4-aminobutyric Acid (NMBA) 4 %] > 0.2mL & DMSO 2% ¢ » # s
4t » 3mgEDC 4r 1.5mgNHS i3 /3> DMSO 3 &% » L4387 F g 2 | > BFL
#3 4°CP F R 16 ) FF o fi 001 MPBS #4752 =& » & 2 -3 F %33 -20°C 0
BEY o

(=1

3.1.5. 41* EDC/NHS i 47 ;2 & = NMBA-HRP

B %2 1 mg N-Nitroso-N-methyl-4-aminobutyric Acid (NMBA) 3 ** 0.05ml DMSO %
P o FmFLHr 3mgEDC 2 2mg NHS 3> DMSO 3% » 28 F & 30 #4518 > M4
»~ 3mg HRP ;2> 0.15 mL carbonate buffer # » %8 T ##a | pFis > 3t 4°C F R 16 |
o B fs)2 0.0LMPBS #47= =t » £ ¥ #-Fov B k33 -20°C sk @ o

3.1.6. 41* EDCINHS i 4r;2 & = NLP-KLH/BSA NLP(N-Nitroso-L-Proline)

B L2 1mg 5 N-Nitroso-L-Proline (NLP) ;3% 0.1mLDMF ¢ »i%3% 4 » 3mgEDC
2 15mgNHS 3> DMF 3% » 28 F B30 4818 > FF4e » 2mg 4ELp% My b o & v
( Keyhole-Limpet Hemocyanin, KLH) # 2 mg BSA ;3% 0.3 ml 0.1 M carbonate buffer pH
96 TR T 2/ pFE 3 4°CF i 16 ) FF > 12 00LMPBS ¢ #4572 > ¥ ¥ B3
v 3 -20°C PR BT o

3.1.7. 41* EDC/NHS 3 4% & = NLP-HRP

% &P~ 1mgNLP %3 0.1mLDMF # >3 %4 » 3mgEDC 2 15mgNHS i3 ** DMF
o R F B30 248180 #F A~ 4mg HRP %>t 0.3 ml 0.1 M carbonate buffer pH 9.6 >
BT 2R 03 4°CF s 16 > 12 001 M PBS ¢ 45z = 0 I E B-Gew B
T3 -20°C gk B ¢

ﬂ}L

/

i““ el
Rd
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3.1.8. fI* gLzapipH2 (succinic anhydride) #7# NLP, NNA
7 #- NLP 4= N-Nitroso Nipecotic Acid (NNA) ¥ =z L (hydroxide group, -OH ) #74
»9,% (carboxyl group. -COOH )» 12 fi4% & 2 §* 48 v F7 1 ’rﬂﬁ“ »H &£ &P 1mg ¢ NLP
= NNA 733t 50 pL ewtex_ (pyridine) > 3% % 4r » 0.5mg > succinic anhydride ;% >+ 120
uL pyridine # - &FE A 75 F F ORBE F s 60 P 0 I BRSO 2K
pyridine #5 “f » 2 % 250uL » DMF 4 1,4-dioxane (+* &) 5 LI1)iR & w3 o

3.1.9. 4i* EDCINHS i &r;2 & = NLP-SH-BSA, NNA-SH-BSA

% &£ A uB 1mg ¢ NLP-SH & 1mg  NNA-SH 3% 0O5mLDMF ¢ » ¥4 » 2
mgEDC 2 1.5mgNHS 7% DMF 3% 2B F & 2/ FF{Z 3 F A W4 » 4mg & 3m9
BSA 33t 0.8 ml 0.1 M carbonate buffer pH9.6 » 38 T#3 2 FFis » #31 4°CHRHE
& 16 -] pF > £ 2 0.01MPBS ¢ #4572 = » 3 2 #-Fv F 33 -20°C hRBE 7 o

3.1.10. 41* EDCI/NHS 47 & % NNA-BSA/y-globulin/HRP

B~ 1mg 1 NNAZ* 0.1mLDMF # -4 ¥+ » 3mgEDC 2 1mgNHS ;3> DMF 3
R ZEF R 30 A4S EEFA NS 1mgBSA & 1mgy £39 F (y-globulin) i3
%+ 0.15ml 0.1 M carbonate bufferpH 9.6 » A& 4°C & ¢ ~ & 16 | pF{s » £ 2 0.01 M PBS
4Tz o 3 Ed iR -20°C HuRB ¢ o

3.1.11. fi* & = 52 (Ethylenediamine, EDA) i72 BTG/BSA

FONIE: SR 3 - AL I8y F#&b g o g% EDA enig A d-Feo B ensp L d S
iefk  (amide group, -NHz) - 5 £ 2~ 50mg ¢ BTG 2 BSA /3* 2.5mL 5 dH0 ¢ >
B¥4o o~ 70mg 1 EDC> & ¥ 4r » 200 uL e 10 % EDA > & % pH @2 3 55> & %8 ¥
FJg 2/ PFis4er 80mg 7 EDC A3 87 F & 16/ FFis>2 0.01MPBS ¥ #+47= =x »
TP RFd B3t -20°C kB Y o

3.1.12. 41 * @ mgx  (Formaldehyde ) i 4 ;% & & NNK-EDA-BTG/BSA, NNK-HRP Fr
NNAL-EDA-BTG, NNAL-y-globulin

B 1 mg < Nicotine-derived nitrosamine ketone (NNK) & 1 mg <
4-(Methylnitrosamino)-1-(3-Pyridyl)-1-Butanol (NNAL) ;% ** 1 ml 0.1 M sodium acetate buffer
pH 4.4 > # %4 » 2 mg «HEDA-BTG/BSA # 6 mg HRP & 8 mg ¢ y-globulin 73+ 0.1
M sodium acetate buffer pH 4.4 ¢ > & s 4 » 100 uL 1 36.5% ¢ formaldehyde > & % 8 @
DERSRE Y K T2 [ PFtS > 1 0.0LMPBS ¢ F47= 0 3 E KRG B st -20°C
FIRE Y o
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3.1.13. fU* yLza a2 (succinic anhydride) #=# NNAL

50 % NNAL ¢ asgfiprd S8 8 w8 2 /79 Fr o> %t > g L 5 05mg
7 NNAL ;3 3% 100 pL pyridine » £ % 4c » 0.5 mg & succinic anhydride ;3 ** 200 pL
pyridine # - 2 FE A 2 75 & F HIHRET F B 48 LR I FRIESFSD 2B
pyridine # “,$ » @ % 100ul = 7 iz (Methanol) w73 o

3.1.14. 41* EDCINHS 2 47 ;% & = NNAL-SH-BTG/BSA/OVA/y-globulin

P~ 1 mg 7 NNAL-SH /33t 0.1 mL 5 DMSO *# > #& % 4 » 2mg EDC {= 1 mg NHS
%% 01mLDMSO ¥ » &3 F & 2P difsder 8mg '8 T 23R £
& 16 /Pt > 1 0.01MPBS ¥ #45= = > T ¢ #-Foo B33 -20°C R ¢ oo
3.1.15. i * H 4 - efedjx  (Carbonyldiimidazole, CDI) i 47 ;2 & == NNAL-CDI-NMU

57 @ NNAL 2 NMU £ &:ea 4 a + £ Fpt F £3 1mgNNAL ;3> 03mL
it (acetone)> & ¥4 » 2mgCDI ;3> 0.3 mLAcetone> & 37°C @ ¥ @k ik ¥ & i 3
P EFAo~ 1mgNMU 2 & 0.39 mL 0.05 M carbonate buffer pH 9.6 » A% 8 ™
FAOIRBY R R 48 PR B BRI kAT i S o

=

27

3.1.16. f1* " g2 (Formaldehyde) i 472 & = NNAL-CDI-NMU-BSA/OVA

B~ 1mg 7 NNAL-CDI-NMU ;3 ** 1 mL 0.1 M Sodium acetate buffer pH 4.4 » 3% 3% 4 » 2
mg BSA /%> 1 mL 0.1 M Sodium acetate buffer pH 4.4 » ﬁx fé4r » 0.1 mL 36.5%
formaldehyde: &% /8@ 2 @k et ? F R 72 /] P> 4°C B Y F & 16 /] pFis >
7 0.0LMPBS ® #45= =& » & 2 #-Fvd F k33 -20°C mﬁz B o

3.2. BRI T d F 5%
321 R 4 K A iz
Bedp veenfimd (2 enA 4 & § NLP-SH ~ NNA-SH {o NNAL-SH 12 B k4567 3¢
B AP EE 0 £ 02 DMSO 2 7 iR w3 it o0 B F A BREEE oL AT ok
W BLG AR A K& 47 # (normal-phase thin-layer chromatography ) *F » & ¥ #-k 47 # &
23 10ml & #ig (NKP-SH 7% B /% £_ Dichloromethane : Methanol : Acetic acid =
8:2:1> NNA-SH & B % Z_ Ethyl Acetate : Hexane : Acetic Acid = 5:5:0.1 » NNAL-SH
E B ;% 4_ Dichloromethane : Methanol = 9:1) chE B H{ ? 27473 % > FiaRu 23511
Boabamprisak B47 0 T 254nm L& e b kT R R K o

323 L - A mpaa R P F FRIREOR LA A AT ( SDS-PAGE electrophoresis assay )
P~ 10 ug & % -Fv F 72 4817 10% SDS-PAGE » # ¢ a4 k& " 48 ( stacking gel
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m 7 F d2H0 ~ 5% poly-acrylamide (Acrylaminde : Bis = 29 : 1) ~ 126 mM Tris pH 6.8 ~ 0.1%
SDS ~ 0.1% APS ~ 0.1% TEMED > @ 4 &tk %48 (separating gel) p z 3 dHO ~ 10%
poly-acrylamide (Acrylaminde : Bis =29 : 1) ~ 375 mM Tris pH 8.8 ~ 1% SDS ~ 1% APS ~ 0.04%
TEMED - 12 80-120 ik Z i Ti&{7 % 90 4 4HT ik~ 47 > #&f # SDS-PAGE &

B #r& §a % (Coomassie brilliant blue solution) # 4.8 ¢ 44 30 448 &% ﬂ’* g
2% (destain buffer) # SDS-PAGE 342 # R FREP > T¥ {1 * FHfy o7 s
FoREE o

3.3. @ # Ty #ykE (Immunization)

331 & &
1A LA L - B bR 0 T F & SRR 50 pg ok AR Al e
(nltrosamlne-conjugated carrier proteins ) § Z& % 3¢ 5 - 100 pg I A iR B-w FIR
400 pL =7 0.01 M PBS » I 4 » % W m‘?’ < %= 2 iz& (complete Freund’s adjuvant) & & =2
oA I b NS T 2 Sepidds 41F Balblc FfEen] 8o A e L2 100 pg
iy R fUR $od 13 3T 400 uL ¢ 0.01 M PBS » r2 Sy s M8 D g o
T B dREE e R g i 38 (13,000 rpm; 30 4 46 4 °C) B i i #£FJ1* cdELISA &
CIELISA RIFFEF 7 Al eh - MHMend 2 > 5 ¥ a5 e B AP » 24 T3R8 3 A

juis
B o M LR G o

g

332 AF T =0 &

SR Ed B Ay AR LTHRAE S R - M d R F % 05 mg
NNAL-y-globulin 3% 1000 uL 2 0.01 M PBS » & 4: » % 4 0% = = 2 (&4 (complete
Freund’s adjuvant) ;R £353 > TR R EH WA L1 sden> N TR B AL F FNEA L > 2
fs 1B 170 5% £ & cnds 17> B~ 0.5mg 7 NNAL-y-globulin /3 ** 1000 uL 0.01 M PBS > # “c
> MY A3 =2 2 A (incomplete Freund’s adjuvant) & £323 > d&F M A T L s
A AL I AT R T TV HLFEFRHIRERL > T CIELISA #& iRl i

vEE A A TR Rk - Pl e

34, 2L 3 B L A E @ % LA %A 72 (Competitive indirect enzyme-linked
immunosorbent assay, CIELISA)

B 9634 ¢ 4 w4 r 100Ul 7 F ﬁﬂﬂﬁﬂ’ﬂze‘v’ﬁwﬁ F=v F (nitrosamine conjugated carrier
proteins )(:# 0.01 M PBS ##:1:1,000)>** 4°C 3% ¢ F & 16 -] p# i - 12 washing buffer (0.05
% Tween 20 in 0.01 M PBS) it A F Jgede B > 4% 4 » 170 uL &7 blocking solution (0.1 %
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BSAiIn0.01MPBS): %> 37°CIB® & i 30 4 453 > 2 washing buffer 23 X & & ed
BodE b0 SOuL chi; Al veiR o 8 e ph4c » 50 L 3 A vechdaay (2 0.01 MPBS ﬁfﬁ’fﬁ
FA )3 37°CHER F R 1 o] pF{s > 2 washing buffer 22 & & X@;E’iﬁ%%‘r VAR F e
~ 100 uL = 448 (2 0.01 M PBS ﬁrﬁ 1:20,000) > B> 37°CHHE? F B 1 | i »
11 washing buffer i£2 x5 Jgende B > #&% 4 » 100 pL < TMB substrate » &% f & % %
B F R 30 A48 04~ 100 L I NHCI # ok & &> & {6 41* ELISAreader 7| € & & 450

nm f- 650 nm &Rk E o

35, P EHL AL G S LA A 172 (Competitive direct enzyme-linked immunosorbent
assay, CdELISA)

B AR 96344 ¢ 4~ 100 uL anti mouse Fc 448 (™ 0.01 M PBS ﬁﬁi 1:2,000) » »*
37°CHHE " & 5 2 /| PFis > 2 washing buffer 22 X F g4 > £ 4 » 100 pL T A =ehdn
4 (12 0.01 M PBS ﬁr%) '3 37T°CHRBY F R 1 ) FF{s > 2 washing buffer 23 X 5 i en
B > #&F 4o~ 170 uL < blocking solution » % 37 °C &% ¢ * Ji& 30 ~ 44t » 14 washing
buffer it A & feende B3 F 40 » 50 pL endy pf veenif i 5(k & 1 ng/mL ~1,000 ng/mL) >
M2 e pEAe ~ 50 ul e Il -HRP (02 0.01 M PBS ﬁh@) 3T CHREY F R L1 |
v washing buffer ;23 A & et 5 > 34 » 100 uL <7 TMB substrate » %% i ¥ ¥ £ gk
B¢ F B 30 44808 > 4 100 uL I NHCI % 2 F s 0 (s §1* ELISAreader | it £ 450

nm f- 650 nm Rk E oo

(2 )&% 23t

d % NDMA v NMEA A3 & > a2 2 EF 4Rt e P 290 g § avp s g
Wid FRE > Ft A PEE NDMA i izs» NMU f= NMBA 1212 NPyr sh/g st
g NLP 2 NNA £ 5 P4 5 & LAFR > 1582 R %3 00% > AR ER 02 7 F
Bk 0 # 7 NMU-BSA » NMU-KLH ~ NMU-y-globulin ~ NMU-CA(PEG),-BSA %
NMU-CA(PEG)s-y-globulin » 2 ¢ ¥ 4 NMU-BSA (1:1) LR ¥ & ¥ KA 4 fafl » e £4 2
Z P A Y BT k% 2 4o Fut e NMU 2 {8 3oy et bl 2 i & 0 &
e NMU &2 90 39 B ong 500 3 12 2 135 4r i § 4o i 2%k mxut gL ok S g
SoF sl B enfpiesg i £ 4 NLP-NNA 2 NMBA #l# £ ik > % NLP-BSA-
NLP-y-globulin ~ NLP-KLH, NLP-suc-BSA ( NLP-SH-BSA ) - NNA-BSA - NNA-y-gIobuIin .
NNA-suc-BSA (NNA-SH-BSA) 4 NMU-BSA-NMBA - {23} SDS-PAGE (Fl- o= )m£
%87 B4k NLP-BSA - NLP-suc-BSA ¥ & itk # 4 » 428 F1 5 BSA 22 NLP # 4
B -5 BREFS FPEXA] T - 0 FLAPRIAARABEZER S o a
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NMU-BSA-NMB 7 SDS-PAGE 135 % # chihs 4 % # 4 P &5 » NNA-BSA B r1d5 £ % % 1
GG RERE Eg o TN AT RE S AR LA R P R TS ]
WAcenI g > FIMRFEFERLAL > THREEX RS g A1* ELISA feiRl#itg & 2 afin
ELISA (W= fr@lm )enss % 4581 B 35 NLP - NNA # & 39 712 2 ¥ 3% NMU-BSA-NMBA %

AR ERZFURREY A P R R Tk IR o

Fla b e pdih @iz it € B A 2 RAE T DR > Flet A dER R F]¥ a0 5 NMU »
NMBA ~ NLP 4= NNA 4 3 & = /[ e T FIP 4 F 2000 8 @80 3 £ i+ anf - NNK
%2 NNAL ¥ 7 Fﬁﬁﬂi‘%ﬁ}é FRE ¥¥ LRXE “f T 2R EE S NE EE NNK &
NNAL # & 3§98 3= F 2 7b > A ips F5#41* succinic anhydride = % #x% NNAL i F
AR E TR T o ¥ b e 1% Carbonyldiimidazole i & 2 # NNAL %
NMU & t— 42> ¢ 5344 F £ ehp o € TLC (B 7 )i % # 5= NNAL-CDI-NMU
gt 2 i A0 NNAL fo NMU 5 2 & > Flpt sV ipdapet 472 3 2 =% > @ j& SDS-PAGE
% (B ) 7% NNAL-CDI-NMU # & E'Ji"a‘g}é Bie o i ;‘%"}é Bk + 2 A2
P F PP ELE T RS LR T &R 0 AP NNK-EDA-BTG ~ NNK-EDA-BSA -
NNAL-SH-BTG ~ NNAL-SH-BSA ~ NNAL-SH-y-globulin ~ NNAL-y-globulin ~ NNAL-EDA-BTG
& NNAL-CDI-NMU-BSA %~ w|4&4# 3 € & ¢ > & ELISA (B - B~ ) g 5% ¢ F4
NNK-EDA-BTG ~ NNK-EDA-BSA ~ NNAL-y-globulin ~ NNAL-EDA-BTG % 7 #4282 2 » & &_
ALK A X RA LMY BT T AT R G e LA R Gy e
P AEE 3 o by TR A S Ak o R R DA A o CELISA (RN ) i
% ¢ &7 NNAL-y-globulin ¥ 12 i¢ £ & & # 35 2% 1L 47 hFull > T N B2k R ¥4
Fi AR & R ELISA iRl % 0 A g R4 35 NNAL-y-globulin #k i 282 §

e nr S R I NS S 0 S i S E s SR O B
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Bl --~ i SDS-PAGE 554 NMU %6k
i -

M * marker ~ Lance 1 - BSA 15:€ 0% ~
Lanc 2 ° NMU-BSA ~ Lane 3 -
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B — ~ ¥4 SDS-PAGE 4% #F NLP
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NNA-BSA -
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3 ~ NNAL-EDA-BTG 1

> 50t & NNAL-EDA-BTG 2

c

= & NNAL-CDI-NMU-BSA 1

=

£ T & NNAL-CDI-NMU-BSA 2
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I3d- PRI R Ko
T QRAREF-RIPATE BT HRPE 65 9 LA fd & 74 2

Y L
(-) %%
EECR d\r B #X 75 F Mg e N-nitrosamines> & & 4 ¢ & N-nitrosamines & & F] 4 & 4v 1
A RAA S Gl FEA R & A2 P Se 1 B 2§ % [Tricker et al.,, 1991] - % # & fiz i3
1p 5 TA®RE (NOY) I p &7 Eam f@ﬁ@‘ﬂ\%,md RN V“*z#f&” =

N-nitrosamines - N-nitrosamines g 4] % &0 A F &M A 8 &5 g4 FREAc 1 &7 3
2 M4 N-nitrosamines *24] &% % 10 pug/kg 5 » R P *LH4] 4 é;?ﬁlr%v’ NDMA g 43+ 7g/kg o F
oo A AT E 8 5 N-nitrosamines g 1R > B 5 A F oL T e ARl R
# % 10 ppb e gt ¢k > &% -k @ g N-nitrosamines iT# kX FliE+ 91 F 0 £ 2 £_NDMA -
- 4B AR Rk AT 72 72 N-nitrosamines e Bokigd & (8o 4 kP T L NDMA B ¥
=3 o ﬁxr‘s ¥ Pl 65 ng/L (# W4 * -k NDMA # % % 10 ng/L) [Nawrocki and Andrzejewski,
2011] » ARk A EY 2 W AR a EWARY g F T4k o A% ok ¢ N-nitrosamines sk
?%4@%§°
B2 7% @ 4+ ¢ e N-nitrosamines f&#g % % - 1970 £ 3 £ 5 # “ 4R ¥ a4 7 N-nitrosamines jk
Rene e wf £ § NDMA - NDEA ~ NPyr % NPip 4k p\war P A RSB FED FRAS
& N-nitrosamines 4 45 = ;% iz 282 3 & [Crew, 2010] - P = B"% + & & ¢ 7 N-nitrosamines
47 E L F AR Rt Eue A 47 R (GC-TEA) 2 f a7 H s ik (GC-MS) & 1 izt~ 47
CEFRIEFREE GRAT L n Il AR ER SR
THAROEBRRT AP ERBEEHP 25 % E%E‘%“,% TP W dren g g
N-nitrosamines *t » 3 # £ % ~ LB &2 B EF A (WHBEUAE) B 64 kTR
N-nitrosamines % #& -t 7 p 2 1+ N-nitrosamines % & xd >t A $g/5d a3 2 &% K & & PIAf e
WAL ARE > U AR T BN g et 4 2 N-nitrosamines o F]t £ R A B (40
it 2% 5 /,z) ¢ N-nitrosamines » #7 % £ (8 F & & & 2 4 2 N-nitrosamines 7%, & o # %)
E

Hor2hiz o ek (Fig) 3% N-nitrosamines %48 p <H#] £ - $3% N-nitrosamines % @ %
EE R ﬁéﬁfé”ﬁ ok engles o
(=) Fg B

AFFEFHEFAAFPE -2 AR METHFREF e S LTAREE AR R
* f 2 R &g & N-nitrosamines A 47 0 B B R BT S deip M E 0F L GRS 2
éﬁ%w’w%%%pﬂ»im%f—ifbnMeﬁELCM&MsJAﬁH,wiﬂniﬁqﬁ¢
(off-line SPE) » r1 & ] fR i @ eh I # ik o %ﬁ d g4 Fopla B ﬁﬁ;*g] A gg F\
N-nitrosamines jk & x5 » 1% 5 o8 = g 41 8 & N-nitrosamines & H = 5z 4~ (F'fL 3
ML) = xenE BE o
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(z)mg iz

(1) 2 = on-line SPE LC-MS/MS 4 45 8 % N-nitrosamines:

T A G 9L A R MSIMS B i iR iE i o

# — ~ Tandem mass spectrometry parameters for the nine N-nitrosamines

Compound Structure Q1 mass, amu Q3 mass, amu DF, v CE", Vv FPE, WV
HiCo
NDMA ~NTR=0 75 43° 30 23 120
H;C
75 58 30 18 120
DsCe_
NDMA-d6 _N—TN=0 81 46 40 25 150
DsC
“5(.:3\
NMEA ~N—TN=0 89 61 30 18 140
H;C
89 43 30 22 140
HsCon_
NMEA-d3 _~N—/N=0 92 64 35 18 160
DyC
NPYR CN—NZU 101 55 30 23 130
101 41 30 35 130
D D
D D o
//
NPYR- N—N 100 62 40 25 150
ds o D
D b
||5C3\
_N—N=0
NDEA 103 75 30 16 140
103 47 30 24 140
Dnga\\
NDEA-d10 _ANTN= 113 81 40 18 150
DsCy
NPIP N—N=0 115 69 30 22 130
115 41 30 35 130
D 3] o
D
I
NPIP-d10 . N—N=0 125 78 50 24 190
D D
o D
NMOR O N—N=—0 117 87 30 17 110
117 73 30 20 110
D
D D
D
NMOR-d8 D;—%—Nzo 125 95 45 19 165
D
D D
HiCo
NDPA /N_“_ 131 89 25 15 120
H?C_:
131 43 25 23 120
DiCin_
NDPA-d14  _ANTN=0 145 97 40 17 155
DC5
HoCun_
NDBA _ANTN=0O 159 103 30 16 120
HoCy
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Compound Structure Q1 mass, amu Q3 mass, amu DPE, WV CE5, V FPd, v

159 57 30 22 120
DoCy~ o
NDBA-d18 L~ N—N==0 177 66 45 20 160
DoCy
..’7‘\' .l'l
. N
'\.//-\-"\f
NDPhA N 199 169 25 17 120
)
\_’_H
199 66 25 40 120
k.. //\ -
L
i)
TN /
NDPhA-d6 = 205 175 40 19 160
)] "

4 Quantifier transition.
b Declustering potential.
© Collision energy.

4 Focusing potential.

d O RME ARG BAFRT L p R RAR(Hrd D) 222 2 AW < 5 B
4 v B g 3 ik jx (atmospheric pressure chemical ionisation, APCI) % 7 &+ it ;% (electrospray
ionization, ESI)** on-line SPE LC 3k 7% i <« NDMA ~ NMEA ~ NPyr 2 NMor 7% APCI ™ 5
it et B o @ NDPA ~ NDBA f= NDPhA & ESI ™ 5 # i chagg & - NDPhA F1#: 7 48 T
& APCI ¢ % Zljzgprs i plpt ¢4 NDEA v NPip & i+ A AL £ 72+ > a9 FR
NDEA 4= NPip & APCI 3+ R ™ & SR B+ £ » “72 NDEA {r NPip A % ~ 47 % & ESI
I RT o Fl- 2 Bl= 4w L 9MBL A REE R & APCl 2 ES| chp5 3R ™ 0k 45 Bl

= ~9 AL A% APCI &2 ESI 32+ /R ™ #p4&' (LOD) + #&

Compound APC] =S
LOD (ng/mL) LOD (ng/mL)
NDMA 0.32 6.51
NMEA 0.27 1.36
NPyr 0.41 1.13
NMor 0.02 0.39
NDEA 0.39 0.93
NPip 0.71 0.89
NDPA 0.29 0.17
NDBA 0.13 0.04
NDPhA ND 0.007
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# = ~ Column-switching programming and the gradients for both online SPE cleanup and LC separation for the APCI source

Eluent | (trap column) Eluent ll(analytical column)
Time Solventla®  Solvent Ib,” Solvent I1a,° Solvent I1b, Valve Flow rate Remarks
(min) (%) (%) (%) (%) position  (mL/min)
0 100 0 86 14 A 0.2 Injection and washing of sample
1.8 100 0 86 14 B 0.2 Start of elution to the analytical column
2.5 100 0 86 14 B 0.2
6.0 80 20 12 88 B 0.2
8.0 80 20 12 88 B 0.2
9.0 0 100 12 88 A 0.2 End of elution; trap column cleanup and reconditioning
11 0 100 12 88 A 0.2
13 0 100 0 100 A 0.2
16 0 100 0 100 A 0.2
17 100 0 100 A 0.2
20 100 0 0 100 A 0.2
20.1 100 0 86 14 A 0.2
22 100 0 86 14 A 0.2

5% (v/v) acetonitrile containing 0.1% (v/v) formic acid.
b 75% (v/v) acetonitrile containing 0.1% (v/v) formic acid.
¢ 10% (v/v) acetonitrile containing 0.1% (v/v) formic acid.

4.80% (v/v) acetonitrile containing 0.1% (v/v) formic acid.
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# = ~ Column-switching programming and the gradients for both online SPE cleanup and LC separation for the ESI source

Eluent I (trap column) Eluent Il (analytical column)
Time Solventla®  Solvent Ib, Solvent I1a,° Solvent I1b," Valve Flow rate Remarks
(min) (%) (%) (%) (%) position  (mL/min)
0.0 100 0 86 14 A 0.2 Injection and washing of sample
2.1 100 0 86 14 B 0.2 Start of elution to the analytical column
5.0 100 0 86 14 A 0.2 End of elution, continue washing
6.5 80 20 12 88 B 0.2 Start of elution to the analytical column
8.0 80 20 12 88 B 0.2
12 0 100 12 88 B 0.2
13 0 100 0 100 A 0.2 End of elution; trap column cleanup and reconditioning
14 0 100 0 100 A 0.2
16 100 0 0 100 A 0.2
20 100 0 100 A 0.2
20.1 100 0 86 14 A 0.2
22 100 0 86 14 A 0.2

5% (v/v) methanol containing 1 mM (v/v) ammonium acetate.
b 75% (v/v) methanol containing 1 mM (v/v) ammonium acetate.
¢ 10% (v/v) methanol containing 1 mM (v/v) ammonium acetate.

480% (v/v) methanol containing 1 mM (v/v) ammonium acetate.
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2,600 1 6.1 NDMA 2500 78 NMEA 4,500 10.3 NDPA

& 7543 g 8961 g 13189
2 1300 A (Quantifier ion) 5 1250 A (Quantifier ion) 2 2,250 (Quantifier ion)
£ 0 2 0 B e = 0 4
L 2800 - 6.1 NDMA 1,000 A NMEA 3,000 10.3 NDPA
g 7558 g 7.8 8943 g 13143
2 1,400 (Qualifier ion) 2 500 | (Qualifier ion) Z 1500 (Qualifier ion)
2 & i ..,Wh.,“.l\' AL &
8 2 £
£ 0 £ 0 £ 0 t et fhratiiay T by , formmiokiicnind
26,000 60 NDMA-d6 40,000 - 7 NMEA-d3 9,000 10.2 NDPA-d14
g 8146 g 9264 g 14597
2 13,000 (Internal standard) 2 20,000 (Internal standard) 2 4500 (Internal standard)
g £ g
< 0 £ 0 ——— E 0
L, 6000 69 NMOR L 2000 1 8.8 NDEA L, 4100 129 NDBA
S 11787 S 10375 S 159103
2 3,000 (Quantifier ion) 2 1,000 (Quantifier ion) 2 2,050 (Quantifier ion)
g g g
E 0 § 0 4 Liabobtedeteacdlobe m ™ Heidhih g 0 " & Ao e Y
L 1500 69 NMOR 200 T 8.8 NDEA 4,000 129 nNDBA
& 11773 g 10347 g 15957
2 750 (Qualifier ion) 2 100 1 (Qualifier ion) g 2,000 (Qualifier ion)
c c c
T L I o e e TR = VRN SV
46,000 &7 NMOR-d8 14,000 - 87 NDEA-d10 12,000 126 \pBA-d18
g 125595 g 11381 g 17766
2 23,000 (Internal standard) 2 7,000 A (Internal standard) ? 6,000 (Internal standard)
c c <
H
2 0 S | O 0 Ao € 0 —— s~
7.4 ~ 90
g 7000 NPYR g 7000 NPIP g 500 NDPHA
5 101—55 s 11569 8 199169
%‘ 3,500 (Quantifier ion) ‘; 3,500 - (Quantifier ion) ? 250 (Quantifier ion)
c c c
2 R ——— sty S U N N )
£ 0 £ 0 e £ 0 et ety
800 74 NPYR 1,800 NPIP 500 NDPHA
8 10141 & 11541 & 19966
2 400 (Qualifier ion) 2 900 (Qualifier ion) 2 250 (Qualifier ion)
g g g
£ 0 ferihetifulburda PP oot bt A A Lt £ 0 g T st i s syl £ 0 AN AN A~ A AN
64,000 2 NPYR-d8 25,000 NPIP-10 500 NDPHA-d6
g 10962 g 12578 g 205175
2 32,000 (Internal standard) 2 12,500 - (Internal standard) 2 250 (Internal standard)
g g s
- = -
£ 0 — S E 0 — e~ . . . R s e e e A e ]
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Time, min Time, min Time, min

Bl- -~ Online SPE LC-APCI-MS/MS chromatograms of nine N-nitrosamines and their isotope internal standards from a calibration standard
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~ Online SPE LC-ESI-MS/MS chromatograms of nine N-nitrosamines and their isotope internal standards from a calibration standard
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(@)% F R % i/ - T f‘{‘? % */"*“‘ MR- g o APER ISR LY
F AR A H 7\5 g 1}‘)*E Hs I Mi@i MR R 235 EENAR SRR SHE R
bl SR o BT R i g HHE A BEMEIE2 B, ﬁﬁﬁlg A2 B %‘i’%@‘d] oy T B AT o
e iE (23 Jﬁ%ﬂ“ #FE 4 4°C «Ha 48 - Hf,lffp R o FRRIPLFF A
(2% "*/’*3 W) Aer T E AR ZFEREPNERE S (NDMA-ds, NMEA-ds, NPyr-ds,
NDEA-d1o, NPip- dlo, NMor-dg, NDPA-d14, NDBA-d15, NDPhA-dg) {5 i& {7 £ & F]4p 5 B~ o £ # 7
A EBE %4 £ Wik %A (Environmental Protection Agency, EPA 521) = j# - i * coconut

charcoal % 2~¢ (20/6 ML)A W] = & P =~ 9 FR & oK B (S0 de 2 UF) (B 2§ i/ W) i
Bofd iz & Pl o g §oR# KR T kS 0 4 & on-line SPE LC-MS/MS AH’? o

%Wﬁ( m»%ﬂﬂgﬂﬁ‘tw%

2¢4)
TPRERFRY o FHRFLHI

B12mL e Ade » 20Ul B iz B
#-12mLik A AN 5 7%= (6mL)~" a2 (12 mL)
Z -k (18 mL) g & i {8 2 coconut charcoal % 2~ 41

<

m12mL - # PlREFFRETIEFHRR
EF PR JE 4 ..#ﬁ;l_ 501mL EigA 47

Bl= ~ Rtk A 2R R

O)&RE#HE 34 F - i3 d THa iy Ahrlp F B2 & - 3 24848
f23 B4 0 AP A4 on-line SPE LC-MS/MS # e isotope-dilution = ;2 I & & 47 &
PR @ 9ﬁ§ﬁwoﬁy4%§;§w+a%ﬁ%ﬁ&ﬁ#¢’%mﬁﬁmmi¢%%oﬁ
FEAROML 4 » TR ehle 2R R 6 N RFRBEF L E FAp 5B P IR A Ao Rl - e

(CF %2 AW S : # + % A&JIL > 2 %% Sannino and Bolzoni [2013] &7 12 ¢z o 4T Blw
Ar 0 RAFEEERT-80C BN AARA T TSR 109 A 0 T 7 o fhlE iR
PR 2R {ek (NDMA-ds, NMEA-d;, NPyr-dg, NDEA-d1o, NPip-do, NMor dg, NDPA-d14,
NDBA-d;1g, NDPhA-dg) > 4r » 0.1 N NaOH ;3 /% fs > M4z 5 A B a2 b ads > £ 4 » 7 iz
B BEAE ORABIELRE LR o BB AR T Rk Dl iR g
4 (Glass Fiber Filter, 1.0 pm, 47 mm, Type AE, SKC Inc.) /g > P~ 15 mL Jgi% 4c » 5 mL
NaCl (20 g/100 mL) /% /% =v 4 ;& & » 12 ChemElut column (20 mL, Agilent technologies Inc.) i&
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ForRBe s SR 2 & 7 R FERP RIS § R IEHE > 4 on-line SPE
LC-MS/MS it {7 & 45 ©

L& g TS R A BT R

<

FB-10Qg A4 » 20Ul F 2 E p R 5
be ~ 10mL01NNaOH’I__Jhw_—':'lkqlﬁ»)af@“’5é\é’§
FAer20mL 7 FR > B ARERZHY RTIFP60 44

<

Ao AT 7R (5mL) Gk IR g MBIy

<

B~ 15mL Jgi% 4 » 5mL NaCl (20 g/100 mL)
k|3 R £ 18 B3k A :E ChemElut 3 F’*'g =R

L

FRE G20 4408 0 11 40mL - F T R R T T
FriR S Uy F V)x#"/%ﬁﬁ_i 0.1mL > &ixA47

N\

J

() B% &3t

(1) ™ on-line SPE LC-MS/MS e e =% ﬁrﬁ ié a4t iEY QT AR J N E T AR
(derf P2 28 7)) AR R LAY chgolla F ERAP ¥ 2B YIRS TRE o
AP F P EE I 2SR ”*7‘-;@7 T5H & ,,:u?"' a Sedr s % % o %”ﬁfﬁ."iﬁ S5 I
15 /7% & &9 %8 7 iRl NDMA HiER Y 5% (0.248-0.559 ng/mL) - # 41 % H = 4
NDPhA (1 ! & :80%; ND-0.026 ng/mL) ~ NPYR (# ! & :60%; ND-0.263 ng/mL) %2 NDEA
(¥ 1 %:53%; ND-0.396 ng/mL) o H i I & 3=4c NMEA ~ NPip ~ NMor ~ NDPA 2 NDBA
Bl Atk 2 (1432 LODS) © 9 f8 I pl vedh B & % X4 £ 7 o BT 2 & A jod ol o
on-line SPE LC-MS/MS & +7 Bl:# #% 7] &' NDMA 2 NDPhA % & -

31 215480 &9 EL A Rs £ (ng/ml)

Source/Sample NDMA NPyr NDEA NDPhA
Taiwan Bl 0.364 0.263 0.104 0.006
B2 0.32 ND ND 0.006
B3 0.344 0.094 ND 0.013
China B4 0.484 ND 0.106 0.006
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B5 0.403 ND 0.103 0.026

B6 0.248 ND ND 0.009
B7 0.419 ND 0.06 ND
Japan B8 0.409 0.259 0.073 0.011
B9 0.421 0.216 ND ND
B10 0.548 0.155 ND 0.014
Korea B11 0.3 0.085 0.396 0.011
Malaysia B12 0.507 ND 0.141 0.01
B13 0.448 0.23 ND 0.005
Netherlands B14 0.467 0.162 0.042 0.022
Belgium B15 0.559 0.195 ND ND
ND: Not detected
| 3.0E+03 3 3P 61
? 2.0E+03 1 (Quantifier ion)
2 LOE+03 1 ’
S (.0BH00 usms = e ety e et P e
, 36H03 4 NoMa 6.1
é 24E+03 q (Qualifier ion)
; ;i:gg Tt S \WW*AWW“W“W‘WW“‘WW‘W‘TW“W
LBE+04 1 NDMAd, 6.0
é L2E+04 7 ?IL‘:::al standard)
2 600103 ]L
E 0.0E+00
3.0E+02 17.2
5 208+02 195 1169 q w \j
%\ . (Quantifier ion) J w ’? xm
g 0.0E+00 _.MLMLMMMQSMwMﬁWI MWWM WW&&MMH&M
) 1.2E+02 - — R
L g0E+01 | 19966
= (Qualifier ion)
E  A0F+01 o
g 0.0E+00 4
. E 1 xpewa, ﬂ
;; 1.0E+03 1 ?I(::;::fslandard) \ 17.[(
% S.0E+02
E 0.0E+00 . " ; waWM ”":vawm/ o st e
0 5 10 15 20

Time, min

BT - on-line SPE LC-MS/MS #i#] 11%% jF1z NDMA ~ NDPhA

(2) r4on-line SPE LC-MS/IMS el 2 B2 b AR $ 47 OB LA 567 2 2
T B AIRERSESEEET A cRFSESFM D A B2 YRR
NDMA (0.18-0.274 ng/mL) ~ NDBA (0.013-0.178 ng/mL) % NDPhA (0.035-0.358 ng/mL) -
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H =t % NMEA 2 NPyr (¥ 2! 5 :20%) - # i 77 & %24c NDEA ~ NPip ~ NMor 2 NDPA 7|+
Ao Bl 5L A eh2 § o+ LA 9% on-line SPE LC-MS/MS & 17 Bl:# # 7 1 NDMA -
NDBA % NDPhA -

L2 547 8240 LAR;E (ng/ml)

Source/Sample NDMA NMEA NPyr NDBA NDPhA

Taiwan M1 0.18 ND ND 0.014 0.035

M2 0.226 ND ND 0.013 0.039
M3 0.274 ND ND 0.026 0.049

Germany M4 0.195 ND 0.139 0.178 0.358

Netherlands M5 0.217 0.004 ND 0.028 0.086

ND: Not detected

24E+03 ; NDMA 61
z 7543
2 L6E+03 { (Quantifier ion)
&
Z  S.0E+02 4 |
E 0.0E+00 it " ...:.«.&_J MMWWWWWMV%WW

2.4E+03 q NDMA 61

% 7558
5 L6E+03 4 (Qualifier ion)
i A Iy e
z 8.0E+02 -NMMW\w w'“
5 e, ot
E  0.0E+00 - . i .

33E+04 1 NDMA d; 6.0
K 8146
? 2.2E+04 1 (Internal standard)
£ LIE+04 A
2 |
= 0.0E+00
. 21E403 1 NDBA .
e 159103
2% LAEH03 1 (Quantifier ion)
Z
: o EAMMMMM%‘
- \/

0.0E+00 A J
o VEOI ipma ' o
% 128403 { 15957
i e M M
§  60E+02 A M \
= MU- sty Appritr

0.0E+00 £ . ] el Mg :
2 LIEH04 7 an s
5
- 8.0E+03 { 199169
F (Quantifier ion)
3 4.0E+03 o

0.0E+00 . 5 .
z 45EH03 7 (oo o
£ 3.0E+03 { 19966 7
Z (Qualifier ion)
3 1.5E+03 \

0.0E+00 . A
2 24E103 1 Nppha-dg 17.7
= LeE+3 { 205175
E (Internal standard) & J
8 8.0E+02 A

0.0E400 . . )‘U Mt i .
0 3 15 20

Time, min

B - on-line SPE LC-MS/MS #ip ! 2. % i+ 7 NDMA ~ NDBA 2 NDPhA
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(3) 14 on-line SPE LC-MS/MS 72 b =% -1 i% e P4 45
LA VRS % B e T £ 5 o2 A %?-;d:
NMor % NDPA - i #7if ch3 @& 5F b 3 5% !

(0.05-0.222 ng/mL) - Bl- =
11 NDBA % NDPhA -

Fia P OBMGA 4D L FD O
. ]L P

NDBA (0.01 -0.197 ng/mL) % NDPhA
£ ) ,ﬁr@_@ 5 g;/;a #z on-line SPE LC-MS/MS % 17 8] 3% 4 7

@7 & e NDMA-~NPip »

F- @ BN ARz & (ng/ml)

Sample NMEA NPyr NDEA NDBA NDPhA
ks Sl 0.029 0.512 ND 0.197 0.222
*’?’E&a @ S2 ND ND 0.642 0.072 0.170
fL %‘f W S3 0.016 ND ND 0.010 0.087
fL %ﬁ B S4 ND 0.787 0.192 0.167 0.050

ND: Not detected

. 4.2E+03 1 ?512)1303 ‘ 16.5

i 2.8E+03 4 (Quantifier ion) “ ﬂ Jym Jl

Z 1.4E+03 v i

E 0.0E400 e WJ/L L \J LM.‘ e

, 42E+03 1 :51;11';7 16.5

"3'_ 2.8E+03 4 (Qualifier ion)

i L4E+03 - M “ ﬂ

4 0.0E+00 WMW*M« m W"‘“w Mtttk

. 6.0E+03 - T;?f‘f;gw 16.1

; 4.0E+03 4 (Internal standard)

% 2.0E+03 - ]L

E 0.0E+00

2.1E+04 q ;91;1:':;*69 178

i_. 1.4E+04 o4 (Quantifier ion) II|

‘i_;‘: 7.0E+03 4 h

= 0.0E400 L -

i 4,0E+03 4 (Qualifier ion) | ‘ I

£ 2.0E+03 A

= oo0E+00 }k e J

6.0E+03 4 NDPhA-dg 17.6

£ 205175

; 4.0E+03 4 (Internal standard) ||‘

% 208403 1 }\

= 0.0E+00 PRYALEEN : -~ :

0 5 10 15 20

= - on-line SPE LC-MS/MS 4 ] 4 4 b
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(4)

12 on-line SPE LC-MS/MS #ge ke R B2 PR A4 p 2 AR5 91&;{;&1’9@:1&
2 AR AU S TR DA SRR R 2T £ 22 BHA o UEAN S B
kD )%y__ié 12 on-line SPE LC-MS/MS + # %% 1 NDMA, NPyr, NPIP, NDPA, NDBA - &r%« ~
Aot 0 A F 2 ¢ 2 NDMA 2 NDBA #%& 4 588 » 2=t 2 NPyr 2 NMor > NPip -~ NDPA
%2 NDPhA 5 > #icte 41 > H s a9 NDEA 2 NMEA R % A f& 41 o V% 4 9 8 I o b
BT B2 NPyrz NP|p kPN F A 1'm,T foo bldeiiHe 2 #F # 7 3 pyrrolidine
23 plperldlne BB E Y TR A F iR F R4 = NPyr 2 NPip (Herrmann et al.,
2015) o pt b ARl ERRAKRRIF TR 22 B A ¢ 3 4 Bk A nitrite &£ (> 70 mg/kg) ©

, 3:2E+02 NDMA
153 75—43
? 1.6E+02 (Quantifierion)
g
£ 0.0E+00
1.2E+03 NDMA- d6
g 8146
2 6.0E+02 (Internal standard)
g
£ 0.0E+00 . '
1.0E+04 NPyr
@
&g 10155
2 50E+03 (Quantifierion)
g
£ 0.0E+00
» 4.2E+03 NPyr-dy
& 109—62
§ 2.1E+03 (Internal standard)
S
£ 0.0E+00 T - - - .
4.0E+03 NPip
g 115569
g .0E+03 (Quantifierion)
2
5
£ 0.0E+00 SN i

8 8.0E+02 NPip-ds
125578
2 4.0E+02 (Internal standard)
2
£ it
1.6E+02 . | | [ NDPA
g 13189
2 80E+01 (Quantifierion)
2
2
£ 0.0E+00
6.0E+02 NDPA-dy,
g w M 14597
f 3.0E+02 (Internal standard)
c
£ ll.. A M acd e o .

£ 0.0E+00
2.6E+03 7 NDBA
g 159103
2 1.36+03 4 (Quantifierion)

Intens|

0.0E+00

8.0E+02 7 NDBA-d; 162
<3 17766 i
? 4.0E+02 (Internal standard)
2
2
£ 0.0E+00 T T T T

0 2 4 6 8 10 12 14 16 18 20 22

Time.min

B~ ~ ¢ NDMA ~ NPyr ~ NPip ~ NDPA 2 NDBA % 47 Bl:#
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Fon s g RS TAORS TSR

Ty % k5 (uglkg) A R A
NDMA NPyr NMor NPip NDPA NDBA NDPhA

% % 1 (Sausage 1) XE ™ B 0.07 ND ND ND ND 2.44 0.06
3 % 2 (Sausage 2) XR® B ND ND ND ND ND 1.43 0.09
%4 % 3 (Sausage 3) XX %5 E-BF4A 8RR 0.19 ND ND ND ND 1.72 0.02
L #2 1 (Ham 1) X gk 5 & b 1.24 1.35 ND 6.03 0.11 1.84 ND

L #2 2 (Ham 2) 5 % X 0.25 259 038 ND 0.15 1.79 ND
#1421 (Bacon 1) X% Bk 0.31 1.12 ND ND ND 5.42 ND
¥ 43 2 (Bacon 2) 5 % X 0.09 380 049 ND ND 3.22 ND
*8.%5 1 (Pepperoni 1) I 1.48 ND ND ND ND 2.06 ND
8,75 2 (Pepperoni 2) X H B 0.59 ND ND ND ND 2.40 ND
#1539 1 (Hotdog 1) x5 B 0.50 ND 0.04 ND ND 1.58 ND
#.J9 2 (Hot dog 2) 5 B X ND ND 0.06 ND ND 1.55 ND
#.f3 3 (Hot dog 3) X 7L FIFE R ND 048 0.13 ND ND 1.25 ND

M A 4 (Smoked salmon) X3 AT 0.41 ND ND ND 0.16 1.70 0.08 o

I A e B R[22 4K 0 Medi-Test URYXXON® Stick 10
(+) * % ** TFDA 14k & (70 mg/kg)
(-) © ®>> TFDA 24k & (70 mg/kg)
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%\'

AN AR S DRSPS

k& (ng/kg)

FE N - % ik - LA AT
NDMA  NMor NPip  NDPA  NDBA  NDPhA

4 XE P B 0.32 0.06 1.35 ND 1.72 0.02 -
b 3 WX 0.40 ND ND ND 1.33 ND -
ERT A 394 0.25 0.03 ND ND 1.74 ND -
Yk 3] 4 WX B 1.19 ND ND ND 1.50 ND -
¥ i S ND ND ND ND 3.14 ND -
oy S N T WX R 0.17 ND ND ND 2.14 ND -
ey 8 Nia i ND ND ND ND 2.56 ND -
Al ) X B B 0.56 0.02 ND ND 1.81 ND -
R RS Al ND ND ND ND 3.47 ND -

*Te A e BRI 228 5 Medi-Test URYXXON® Stick 10

(+) * % ** TFDA *14]k & (70 mg/kg)
(—) © > TFDA "4k & (70 mg/kg)

*ND: Not detected
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(5) r4 on-line SPE LC-MS/MS el =% #i2 b o 47 A AR Y O BT Al

2O fE- BEA R GAORER AT AP RS AL 112 40 & FREE
55 4 2 2wgh 4 ST 4 o SRR A S 6 FlAp F P 0 RS 14 on-line SPE LC-MS/MS
Ao B E4AeT £ 4 P77 0 QAL A %1 NDMA 2 NDPhA # &1 5 & % (~100%) » H = 3
NDEA - NPYR ~ NDBA %2 NMEA - i3 # 3 j€< & £ ] NDPhA » A5 3 5 = L_fj\,,z v +§
% 11 NDPhA ¥ & &1 532 100% - NDPhA & B%% e 7 3 ¥ (IARC)A% b 47 S_goup 3 (&
FOPUEZ T EARES) 0 2 US EPA AL E 5% i R4~ (probable human carcmogen)
[US EPA, 1986] - ##* 7 NDPhA & % % B 178~ ¥ i o

9 8 I A AR T 39k B % 0B £_NDMA (0.55-0.58 ng/mL) » # % 5 NPYR (0.27-0.3
ng/mL) ~ NDEA (0.12-0.14 ng/mL) - NMEA ~ NPIP ~ NDBA %2 NDPhA T35k g % -] 3% 0.1

ng/mL o AW AT g o

r‘]{c); »endy Bl s
S T g 23z A v f B O~ B [Streeter et al., 1990] -
BJ %7 £3%7 I (4.1-31.1 ng/cigarette - Adams et al. 1987)~ +
#® el ﬂF 7| Journal of Hazardous Materials [Hu et al., 2016]

AR 2 AT T 75 NDMA ~NMEA ~ NPIP 2 NPYR [Adams et
., 1987] » e 2 TP“F"";FIEJ&}FJ}; gzt VA#—%’Z Fie? OBGAIRE BET ko 7 iR
% iE 30% ¢ Akt D > @ B el A "kté)\'}ﬁp\ g P R AR R e B

Lob kB A FE AT E ehdy
F- fg?ﬁ S N

4 /\%ﬁqﬂ\n’?‘:‘ 97f§ I Ak B

Healthy subjects: smokers

Healthy subjects: non-smokers

(n=55) (n=57)

Mean + SD Range Mean + SD Range
Age (yr) 36 + 13 21-81 46 + 19 21-83
BMI (kg/m?) 23.4+35 17.8-33.8 232+3.1 17.3-30.1
Cotinine (ng/mL) 1540 + 1312 116-6091 ND ND
NDMA (ng/mL) 0.55 + 0.50 ND-2.97 (54/55)? 0.58+0.39  0.06-1.9 (57/57)
NMEA (ng/mL) 0.09 + 0.08 ND-0.23 (9/55) 0.09+0.07  ND-0.18 (7/57)
NPYR (ng/mL) 0.30  0.28 ND-1.92 (44/55) 0.27+0.36  ND-2.0 (26/57)
NDEA (ng/mL) 0.12 + 0.06 ND-0.25 (47/55) 0.14+0.09  ND-0.42 (42/57)
NPIP (ng/mL) 0.02 + 0.01 ND-0.03 (3/55) 0.03+0.01  ND-0.05 (9/57)
NMOR (ng/mL) ND ND (0/55) 0.02+0.00  ND-0.02 (2/57)
NDPA (ng/mL) ND ND (0/55) ND ND (0/57)
NDBA (ng/mL) 0.03+0.02 ND-0.06 (10/55) 0.03+0.02  ND-0.08 (22/57)
NDPhA (ng/mL) 0.03 + 0.04 0.001-0.20 (55/55) 0.04+0.06  ND-0.28 (55/57)

ND, not detectable; NM, not measured. *Numbers of samples with detectable concentrations.
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(6) 3t R Rk B LA RS SRR
SOHH e BALARE AR s 5 AP ICR & k] B3 10 mglkg
bw £ NDMA #| £ » & < & 0, 6, 12, 24, 36, 48,60 % 72 -] p¥ h25 i (T M4 )= 2 on-line SPE
LC-MS/MS 4 4 /it * NDMA- ¥ % 5 & NDMA 696 |- B b 2 23 214 7 (T L) -
2 Rds e NDMA & & #E 3t 0 o ® o NDMA #0004 0.02% 5 7 . 4 214
(99.98%) 571 NDMA o8 [N A % 2858 12 8 8 ik /o4 A1 RE o o

| ICR mice treated with: NDMA : 10 mgkgbw |

Day-1 Day 0 Day 2 Day 3 | l Day 4

mice 09:00 it 9:00 it 15:00 21:00 9:00 21:00 9:00 21:00 9:00
arrival 1% 248 R R B3 bk i Ik i Sk i

7:00 i Sk

&R

Urine Urine Urine Urine Urine Urine Urine Urine
spot 1 spot 2 spot 3 spot 4 spot S spot 6 spot 6 spot 6

0 hr 6 hr 12 hr 24 hr 36 I 48 Ir 60 hr 72 Ihr

B4~} &4 & NDMA 4557 r BF R Bhic B Fj i (n=4)

250
237

200
&b
£
- 1
= 150
=
-4
E 100 -
-
S
-

50

0 .44 T 1 ? 165 A‘v 837 ‘Y >80 %40
0 12 24 36 48 60 72
&¥ Fl (hours)

Bl ~ ) K45 NDMA & &7 b PR L7k @ (o NDMA 22 2 it

BFEFALE-HBHICR () 8% L7 b ehlpliie BB R Y il pl vkt )
b4k G A E Tt b o 4o Bl Aror 0 AR B4 § NDMA % & £ ~NDEA ~NMor -
NMEA % NDPA %+ 24 | & 4z f Fi v4 on-line SPE LC-MS/MS 4~ 17 » 5% v 4k & &
RIS 24 | R Y FORIMAP R BT AR 4o T Rl - 1T 0 B R4
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IRl it 8 BB v 0 R Y b pliept g 54 0.19~0.02%; 7 g < 314 (99.8% 1 )
ZEERVZ LR 1SR = SR R VSR ST RO

ICR mice treated with N-nitrosamines
/ AM 9 : 00 AM 9 : 00 AM 9 : 00
ya k \
Cﬁ’fg' l BAEME (me/kg bw) mice i treatment 74 #C 24 hr
ontro o 2o LA
NDMA-high G Ehah P oo HARHHE Bk
NDMA-low 2.5 -
NDEA 50 3 ARE-R
NMOI' 50 A A 4
NMEA 20
\ NDPA 100 I Day -1 l | 0 hr I

A 20 % (%)
Control: deionized water 11875
12,000 1 NDMA(): 25 mg/kg bw = control Control
NDMA(H): 10 mg/kg bw B treatment NDMA(L) 0.19%
1 NDEA: 50 mg/kg bw 0
10,000 NMEA: 20 mg/kg bw NDMAH) | 0.04%
NMOR: 50 mg/kg bw NDEA 0.11%
S 8,000 - NDPA: 100 mg/kg bw NMEA 0.02%
2 NMOR 0.06%
T 6,000 - 0
5 NDPA 0.14%
= 4298
2 4,000
= 2360
2,000 - I
420 368 385
0 nd — nd - nd ‘ nd - nd ‘ nd
NDMA(L)  NDMA(H) NDEA NMEA NMOR NDPA

Bl - o] B &S L p e 24 | P SRR A RE

(7) FHV RO REBTABRAZ - 9% RRY NDMA ehjt 1 £
L8 6 ~ kB NDMA e Spdr AR 2 = 7 02is & iR @ et a1 5 A P ICR
/| &% 4 100 mg/kg bw NO, + 200 mg/kg bw DMA (&¢ F =% de-DMA) » T jc & 24 | p*
g% o 12 on-line SPE LC-MS/MS % 45 fki%e ¥ NDMA (2t de-NDMA) > ¥ 2 % &% NO; +
DMA (& dg-DMA)f » /8% & tfjite @ & 213 3 57 NDMA(2 de-NDMA) (T B+ =) - i&
#9798 k7% NDMA o St TR B2 = 9 v g A RN 2 & NDMA» £ 7 d
oo
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(@) NDMA (m/z 75—43)

1,500 -
8 . .
; 1000 1 6.6 mice treated by NO,” + DMA
& 500 -
p=
0
8
; mice treated by NO,™ + ds-DMA
=300 -
C
(6]
=
O T T T T — T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22

Time, min

B~ - ~ ] &4k 4 NOy+: + (3) DMA & (b) de-DMA %5 >
& Fit ¢ ¥ £ 71 7)(2) NDMA (104 ng) # (b) ds-NDMA (12.5 ng)

ESESAY &

Adams JD, O’Mara-Adams KJ, Hoffmann D. Toxic and carcinogenic agents in undiluted
mainstream smoke and sidestream smoke of different types of cigarettes, Carcinogenesis 1987.
8:729-731.

Crews C. The determination of N-nitrosamines in food. Qual Assur Saf Crop Foods. 2010. 2:2-12.

Herrmann SS, Granby K, Duedahl-Olesen L. Formation and mitigation of N-nitrosamines in nitrite
preserved cooked sausages. Food Chem. 2015. 174:516-526.

Hu CW, Shih YM, Liu HH, Chiang YC, Chen CM, Chao MR. Elevated urinary levels of
carcinogenic N-nitrosamines in patients with urinary tract infections measured by isotope
dilution online SPE LC-MS/MS. J. Hazard. Mater. 2016. 310:207-216.

Nawrocki J, Andrzejewski P. Nitrosamines and water. J Hazard Mater. 2011. 189:1-18.

Sannino A, Bolzoni L. GC/CI-MS/MS method for the identification and quantification of volatile
N-nitrosamines in meat products. Food Chem. 2013. 141:3925-3930.

Streeter AJ, Nims RW, Wu PP, Logsdon DL. Toxicokinetics of N-nitrosodimethylamine in the Syrian
golden hamster, Arch. Toxicol. 1990. 64:562-566.

Tricker AR, Pfundstein B, Theobald E, Preussmann R, Spiegelhalder B. Mean daily intake of
volatile N-nitrosamines from foods and beverages in West Germany in 1989-1990. Food Chem
Toxicol. 1991. 29:729-732.

U EPA, Integrated Risk Information System.
http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showQuickView&substance
nmbr=0178. 1986.
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(7) # % f 3=

AP iz 2 oon-line SPE LC-MS/IMS = 2 il =% fFf 2 2 £ 6 Flip 54 47 & 3 4%
&P Tal e Rl 8 K8 35 R itz %*C“;év o % B L SR AR < *‘F.’K T ¥ P 1 NDMA
% NDPhA @ %f“}v_’v Al# 7 NDBA 2 NDPhA - £ F# & 5> AP s> B &5 adZig
B 22 Bap i aikpe %3 mAap 47 % NDMA - ~NDBA -« NPyr~ NMor ~ NPip
NDPA 2 NDPhA - 23 2% 5 RPN 5- B8 &° A%z Ehddficdy o ptohipsd 2x
F1* on-line SPE LC-MS/MS = i & 45| & Jkik ¥ chfy ik B33 F = £ IPFd T p ks 2
HER RN F A S84 o A 2 )% on-line SPE LC-MS/MS = ;£ A 47 112 =i
BAMARRY hL i Py s v T WA SRR AR 20T FE5T 8y » % F
A+ £ #p 7| Journal of Hazardous Materials (Impact factor = 4.836) -
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334 PRI R K

I

L%

TRAEH SRS af PN F B2 S & R RS 1 2 33

(=)#3
LTAREEFF AN GE B AHERERB > Wﬁlf“’tlﬂﬁl’m—n 5547 rﬁﬁ'ﬁﬁﬁ‘
TAHBRBANE B IR FL/BREY I AP BT EET (5;{%; ERE )

A5 oA M IR ed B 4 RO 2 b '& [Choi et al., 2002] - "f T aF R RE KRR (PR A R)
o AREN T E BT AR PR ERET N AP TARI ARG R E % YA G

W2t P ARG R 0 20 AR AP L AP BRI Ay p g Y
gi}égaw\g”wkhaﬁlﬁ%%ﬁm $oa N EHY GA MR AR R

2_0T* @ Ay ;ﬂ g4 £ & & ¢ [Hughes et al.,, 2001] » Eiﬁ:}%f%w wHP by R
o FEFF LA A &% (N-nitroso compounds, NOC) = # %t % (ex. nitrosamines,
nitrosamides, nitrosoguanidines® ) » 8> LAl K1t & 4 € flwmre o iE e A T SE R s DNAR
éGC*ATﬁ#:%[Bos 1989] o gt #h > p A A IR T S d v N FEA AR R E R S arwi‘p;;%
Tl IV P ST R PR JWJ 1z & $# [IARC,2006] - ** A

£ g JWEM& AT ok p A E S s FEE 0 £ HEF FH[IARC,2006] -

RERE R R REARE T LA RN L EAFN B R blde b P OTRGE B R
it (ROS) 2 "y i § v 18 > g F “MBR4 2 $F i“ 42 § 2 [Hassan et al.,2010] -
HEBRBEIP2Z B 7 gl»é}(%?'}ﬁ ~iEE R Y %#Eﬁgigﬁ”-" 20 f A Aeip I AR PF
M [Stancaetal., 2008] - 2Xm > LA FLE LAY P lf AECACE Y ALY )@’1 NIRRT S e s
WG R AR AR *‘ﬁ’ﬁf@z% Hod gARH L EEL RZPE bf g e U
LR i m’?}f—aﬁ)@m 254 NO » #4738 ~ Hi 4o i B 2 .u@ RN ,,?j-\
T %3 ¢ w2 g A[Rifkindetal, 2007] > s T AR B S A FE B HEE 2 2345%1% Ro® 3
F2dd B & Al RFIRZLEFBRFTEER X2 ka5 L8 o gt %W%Chen ¥

A4 (2015)#7 3 »C57BL/6) -] R &2 = z 5 * § ¥ 4 & I A ik B 60mg/Kg W*a‘ - 120mg/Kg %8
EE 3B RBEEY EeRA 2R o JI¥ RF P RRHE 0 SEY g RFE KGR

™ de 34

BRI RE2FY 2R PRAKIGTARBAZ )RR FgRRESIT S2FF
sé:wﬂr‘"’#ﬁzf TARAGAHRAL ) RARKL Y BRE Yt B P Y B

PR A ot < Mo d %U ABwd ERM G AR BRBOMNR Y EFTIo
p-CaMKIlI(calmodulin-dependent protein kinase)#2 #¢ & @ vE 4> 8 & 2 = % & % & %ij‘i?vﬁ;f]i%’ g
Z2¥ S é_?fiwﬂa%i AAHEARBERLE FTAREPFEE LI o0 foB Y e
3 B (Yangetal., 2105) -
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(z)FP g Ben

a2 TAORE R R SR AR A RS X N Hi R ®NA% LN
) BB AREE M v EE G R 2 ey Ry A RE LA RA A AR R
4 N T ,Gi\ﬁ,zn‘&—éﬁad\'&\}l\ IR N e P2 R S VP DNA%%LQQ‘%\'PE’?FWE‘E?%
FHm k2 473t [Holtropetal., 2012]> @ & b e B A AL B AR 2 kL AR P R - o
ook ﬁ%ﬁﬁi?ﬁmﬁ*ﬂ&ﬁwa?F@ B B2 prf SR T
FEAEREERF Jn A FNO - Hk F R e SRR LR R L F AL
% %% 2o 2 A A[Rifkind et al,, 2007] © 4 & & 37 *HAF K de 2 T A ORE T AR SRe ik
BERFL Tt 2 ke EAN TAMRBE00% 12 BEE Y HRA N LT o o
(2)F g

et EXNF D B LAk

L v B ARTACNBR R 2 GARB/ARBZREF Y] §&8 22 R8I L A3 1
(AHE2) 27% (PNH2) 2 & a2 it o

2. & F T AR RS Bl Rk N-nitrosaminesz. e A 2 kR -

3.28% {8 ] Blikit » B-EF ~ R E RIS RIS TR o R Y o fd g 1

AL e

ARG R B & FAr i#ié\flﬁ%:}!tf#iGL%% ICR& % sz 8 » % ®10-15
ExE bR G P LFE % FHRELABEFPHUBT EARNF oG gy
REFF R TR RSHER ST AR T je E‘u RipRb iRk E R ENEE SR EE
2RI 28X ARG AW TR %i BPERPPLRE BT RE A LEAN
BRI o

4, LTAEBNAEBE R S b R E R S NS R ) B A
RIFFERB R Lo T e BE R E oo T FI(ECG) Bl % (HR)- fc4/R (SBP) -
T 5y B(MBP) 2 473 & (DBP) % -

SRS LI BT LR Nl S O L3k
1. vz & %’]‘E‘—i; TAEBB A ERIRE &G 22 K360 i (AR Bk

BN APNE Rz T mA A E FA S R RS TR AR
[y ﬁ’x_“_ [EX 1A
2.360% B d PR R E At BATP A HL PR IE26 ~ ICRE f i ] &> & 210

EER T F IV 5d ¢ J:%‘ﬁ ForFmtf g %%’zis@& A #5082 ICR
| BUES 4 5 424 %2 > NO3 45mg/30gBW(1500mg/Kg BW) » NO3 22.5mg/30gBW (750mg/Kg
BW) » NO, 2mg/30gBW(66.7mg/Kg BW) %2 1mg/30gBW (33.3mg/Kg BW)+ 5% » = *210¢& >
fﬁﬂ‘f'i GOk EEER -

BT BB Y 2 G]%f’f—.\iﬁ—égﬁ’ Sd kA s BB/ LA ELE ) & 300 % {2
JI* 5Ny RIREFY "E”U’f&ﬂﬁ it 3 360 % PliAR & fs H) &7%*—’5 B’~§§§ SR E ﬁf\
Btk s RS TR A RPN ERE T R TARERBES T -

4. B4 B Bl L TR
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5300 A B/TAHBBAS . R B 25 RNEE P RIFSAED R ALY
Fom— R ARR L o IR AR E R Ay Y el o R EFS > FSE 0
PRI o A SSTES N B AR S Aot EAFDTR3 XK > TR R - Sk
Blid e 22 (67 B AF IR - x> T A% 330 % 360 % GiE- ARV 8 Al TR LE N
BFE o
CEBPEVEBRA LS REEY F Y TARZPHIL

bed At A TG 2 s B m sk d 2 PCaMKIL 2 connexin36 v T {-# ¥ & iz lp st

FH oIk - EANRB/TARBE R | Bt gl B2 B 5w B B
zfi,‘ﬂfaﬁ v~ i & enfwre 3 2% (RIPA lysis buffer: 50 mM Tri-HCI, pH 7.4, 1 % NP-40, 0.25 %
Na-deoxycholate, 150 mM NaCl, 1 mM EDTA, | mM phenylmethylsulfonyl fluoride, 1 pg/mi
aprotinin, 1 pg/ml leupeptin, 1 ug/ml pepstatin, 1 mM Na-orthovanadate, 1 mM NaF) » ] # #= =
Fhok PR v 30 A 480 £ 11 14000 xg Fes 10 4 480 B ik 0 {1+ Bradford assay
ke FzEAdr o 2141*% 10%:7 SDS-PAGE #-F-v Frics + & < 2~ B LH#
SDS-PAGE ' 2 %o F#&# 1 ¢ * 3 pkisit 2 PYDF st » L 4]%* blocking buffer (Visual
Protein, Taipei, Taiwan)i& {7 blocking 1 -] p¥{é » £ » %[22 connexin 36 f= p-CaMKII (1:100,
Santa Cruz, Dallas, TX, USA) - 12 2 S -actin (1:8000, Novus, Littleton, CO, USA)z_ 4~ ‘& i »
B ACaRBE 2 TR AR o £ #5%* TBST (20 mM Tris-HCI, pH 7.6, 135 mM NaCl; 0.1 %
Tween 20)7% 3 =t » %27 % = $8d anti-rabbit 19G # &_anti-mouse 1gG (1:10000, Jackson
Immunoresearch, West Grove, PA, USA)- 4=33 & 1 | P& » £ 2 TBST % 3 =2 15 » 14
enhanced chemiluminescence detection (ECL, PerkinElmer, Waltham, MA, USA) i ] v »
YAk i B2 Hos 47 k Su (ImageQuant LAS 4000, GE, Pittsburgh, PA, USA)zz4x2 %

2 o

TR vRAg et & H B 1T 5 LA iRd & Frq| B 6 E 50

FrAuIlICR () Rie728 %2 1 &2 ipe@ak s > 528 X pI3RY > X &
fiéf;% CHE R R RRA TR Bk BN ABRRINGHRB/ITAKRAEE &

2 AfETE A fjl A7 BN R 2 TR u,f;w AR RER R BB ST

\Edﬁxﬁ/?ﬁdf&# BMp L EPE M 24 [ FREIHMY ¥ - 35 EE1ED
ROR B TR A S R 0 BT N fgsée e AR L AR SR M
B THRWmZ LS > RARLD ﬁ%éi ﬁ&ﬁa&zwam—\ﬁm#o R ca
PAARB/ITARBOE R OEY o oA B AN VRS S DA RB BT T
BE o

dARR AT YRR 25D PV RBRSRIRBE R AT RTEEFL LD RS
£ FK)}%% By EeRh¥LE) w77 &+ Combet % 4 (2007)#7:& = 2.
gastro- oesophageal-junctlon(GOJ)w?*" hE RN B e end i > AT AR R
SR il S 2 R G R (T E R e d 2 SRR A ek

3
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# — ~ gastro-oesophageal-junction(GOJ) %8 ¢} & i o5\ 383 e =

7KAE 7.5ml (ml)

&H A1)

ddH20 2.7
0.1M HCI (JEGE0.2M) 3.75
— FRE SmM (JE50mM) 0.75
EDTA 1mM (& 100mM) 0.075
NaSCN 1mM (& 100mM) 0.075
HirrE e 2mM (B 100mM 0.15
NO2 ImM (JE;&NaNO2 100mM) 0.075

(z) %% &3k

w4 o B R R

(1) #EEH
b a bl BTN I L TR A J;EIJg§50-250mg/kgBW,.‘é%&aﬁ SR AR
250 mg/kg BW P& 5 = 2 id 7090 % phk & (S| B = > [ AFE BTG - 150

(2)

mg/kg BW pF .5 = p 5= Fif 2800 22| » A MEBEF I G o /Ed fi& 3 & £ % 250 mg/kg
BW A dodr v~ » 228 34 d 2 TAFBAE S 50 2 100 mg/kg BW » @ & s B 4|
¥ % 100 2 250 mg/kg BW -

AR bR ARk R RIS

Al Ak 8 58 PN R w2 P Ea 4N A e 12 250 mglkg BW Ak &0 17 % > Bt f il - X
e b fRi % R ¥ - % 2 S @ A w9 IR °N-NO; 33368 ng/mg creatinine 1
z ®N-NO, 69.5 ng/mg creatinine (£ < ‘z;,? LIA) oA pmBAatp A EgLd s b
FERGARR) 222 e ak2 24 [ pPFETR2d fi? N ONBr 2 AR
AL AEE - AP E PN 7 ﬁﬁﬂ’ﬁiﬁ FTRERIEABRAEL LR 2 038%%
Miller % + (2012) #= 3 2 * 445~ % A @4 & (1.9-6.5mg/kg BW) #.it % 4 & % (0.5
mg/kg BW) 24 /| prph L 3o P I pf e Bk & vt B3 4 0.07-0.42% 2. 4844 4p 1T -

BN 22 T ab e B /pl @ Rl 2 dbde: 0 N w2 pl s & T oA plah i3 i A w1
50 2 250 mg/kg BW(*°N & % # e dr 7% %)% 10~50 4= 100 mg/kg BW(°N 5 % 77 # ik 4r 73
fli’)E ARG B FN g - X F 4oz B Ejﬂuliléfﬁikf';kg‘ 3xp Ef\ni’(}fl‘ ) e
EFFE kB 1 I 2
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N5 NOsz

9
Day 0 9:00 Da{).’“l;gﬁiﬂﬂ Day 1 21:00 Day3  9:00
HROE (R
i fmtEE :ﬁ“;&é&& W iz
Day 4 9:00
Day 1 15:00 Day2 900 P
iR R b
Ul (ZEH{H)  U2(6hr) U3(12hr) U4(24hr) U5(48hr) U6(72hr)
NB  NO2
Day 0 9:00 Day 1 21:00 Day3  9:00
HE R R Wb e Wit
A i HL
Day4 9:00
Day 1 15:00 Day2  9:00 ‘L"'T:
W R o
Ul (Z=HE)  U2(6hr) U3(12hr) U4(24hr) US(48hr) U6(72hr)
15 =Y . Py SIS . Bk ) N
Bl- - NEZL GARBARBE R GERRIEE

(B) MEgsHFJ£E

rﬁf] 2 ko) &

50mg/Kg BW
100mg/KgBW
100mg/KgBW
250mg/Kg BW

27 o HoO
a0 { —@ NO;
—v— NG,
38 4 —O— NO,
— _._ hlc)3
=)
S— 36 -
o
S
‘D 34 4
=
> 32
©
o
a3 ] 30 4
28
26
24 :
0

2

Week

Bl 2] Rigd 28%%a£ﬂﬁg‘

LiEd 28 % A a s

# # $ (data not shown) g7 iF % 2
(4) igfi i #% (Clinical Chemlstry) W%
Nl B~ 2 A FB B g (GOT ~ GPT ~ CHO ~ GLU ~ ALP %)
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= e z'E'J

o Bl 3 AT P eI A B Rl B
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(5)

(6)

. H,0

250 4 mmm NO, 50mg/KgBW
[ NO, 100mg/Kg BW
1 NO, 100mg/Kg BW
200 + mmm NO, 250mg/Kg BW

150

Hi

Glu T-Cho BUN GOT GPT ALP
mg/dL  mg/dL  mg/dL u/L u/L u/L

=\

g

L
B

I

B 3. ] &ligd 28 X &k G R ﬁ’x /Fﬂﬁi_ﬁ?\n_,%‘i it

Frie e (Urinalysis)

RIE R 2 B fldg B £ 0 X ORI R ¢ 2 protein (3¢ ) ~glucose (% § #%) - ketones

(f+ %#8) £ occultblood (. ¥ &) F iz & - 2 ew a4 % £ £ (data not shown) -

2FHR&EY pd AT AT

w % 2R B P g it fizE 4o SOD ~ GSH peroxidase ~ GSH reductase ~ Catalase % - ¢

W AR TR AT AT AR Rl 2 o Bt AT B LA A 4T 0 28 X
GABANLHRE > P %edk? TBA-MDA A& LR ¥ 330404l e Bt f

d z+’s iy P FAAafd sy PG RAERENRT (B4 -

2 24

@

E 224

7]

o

Q 2.0 4

]
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E 1.8

=

o 16 } { *
=

T

o 1.4 4 J
j= 8

5§ 121 {
=
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£

e
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2
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—

Control NO, NO, NO, NO,
50mg/Kg BW 100mg/Kg BW 100mg/Kg BW 250mg/Kg Bw
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(7) 2#HEY TAmEs 2 kR A

S Y AR N T AN S ER S LR NS s B
et ORRL A R AT 2 R s R F b e SR LA R § R
T FE AL ARt 2157 Fod Atk 2 NMEA> %ﬁb,‘_, 25-50%z_NDBA~ NPyr ~
NDPhA ~ NPip ~ NMorZ NDEA » @ 4 41 &7 2 NDPAZ >38% 7 # ' 2 NDMAZ_ #icdy

FREAAL - REPaF28 A S HBN LA ¥ 75 - AT R4S FRR 0 T
FHRASTARA LM LR E fY TARL RS RGER LEE M S F
—iﬂi%ﬁﬁ&ﬁﬁlbﬁké’uwﬁaﬁfi$°ﬁ%&ﬁ’%ﬁﬁﬂqum%
HNDMA® = > adrdlied ERARK > a4k a3 R E2AEA (250 mg/kg BW) T*uy i B
2 3B o

4, - \}T\“ PR E N R ER A

NDMA(ng/mg creatinine) | NDPA(ng/mg creatinine)
Control 14.42+4.50 0.55+0.33
NO, 50 mg/Kg BW 16.81+2.46 0.70+0.23
NO, 100 mg/Kg BW 14.60+4.22 0.69+0.02
NO; 100 mg/Kg BW 15.27+7.94 0.73£0.41
NO; 250 mg/Kg BW 17.54+5.64 0.91+0.72

B) LZTAMANBEAH TR ~ vt FE e Berg2 08" 247
A. B. C.
Control £cG NO: ip 2mg/206BW | ECG LA LS
Baseline TTTTITIIITIITL Baseline Baseline M I"Il‘l‘\'"
‘..“‘ “,. 1 F 1 ‘.‘[{l:‘.-a‘.,l‘,,i..x 1t
Il‘l]lf[w)‘llﬂ """""" y ' [CAAAPTANTAEY |
e ‘|| T 1[ 1,(11 5m | | Smin ,‘..J.![l“’!lu,““;":l
f
10min 10min
H "1‘\ ! ‘b/l g \“%" CHEE] 15mil - : ™ 15min = e
T 0@ AEITRRRRRRTEARY
MW'«”’J ny | |i 0, V‘f”ﬁy‘ AP ly;-;.-:, VAR
i ‘ f ' v H | ‘ I I ool @ “ A ‘v"! i ‘.‘ "} ‘\“ (] "1 “) ! 20min
o WENN 1 N'“
IAN/IAAN M “" Il
25min - -
25mil ©' ‘!‘\llJ‘““T e ‘]1'.1‘!§“'“'l|

W5~ /] B d i sty ;pﬂ‘fr;
HH et REHBREFFRECTRRECA)E X
2. 37 A LA % % (B) 2 250 mg/Kg BW & &

‘”&“%wﬁﬁz%@
SRS 15 P2 1100 mg/Kg BWa £
2 ﬁ&f}*wa =1 .ﬁiﬁ%,u e

% 1—
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4 FI5F L P AL i 54100 mo/Kg BWAI £ 2 &7 & Be4h 73 i 7 12
Mo g Rz m A MAHEGOMYKYBW)™ i s L S ot g 4 L8 o i
54250 mg/Kg BWA| £ 2 7 i dh i3 i B B 587 1 Bg
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20
18] —@— NO, 250 mg/kg BW T
—@— NO2 100 mg/Kg BW

m 161 —— NO2 50mg/KgBW _ -
=
o 14
0
®
- 12 -
L
(-]
it 1.0 1
o
L= 0.8 -
o
g 06 -

04 1 - -

02 T T T T T T T

05 3 6 9 12 15 18 21
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D. 12
v
=
T 11 4
"]
®
2
® 10
=
-]
=
8 0.9 A
[
(14
T
® 08 - —@— NO, 250 mg/Kg BW
% —@— NO2 100 mg/Kg BW
L —7— NO2 50 mg/Kg BW
07 T T T T T T T T
05 3 6 9 12 15 18 21
min
F§]6 SOl BUG EE  TRL T  R B L R ik 2 B
& B RBR 5 M i 545024 100 mg/Kg BW| & 2 &7 #4005 i 12 2 250 mg/Kg BW| &

Plghip i 4% éﬁﬁ’*ﬁz SR (A)T 355 B (B) 43R B (C) 11 2w plid (D)2
d BI5F B I R EiE 54100 mg/Kg BWH| B 2 LAl fadhia e ™ M At Adifsd ;{;fgs
Bl gk d Flpt AR § FEFE P XPEURET A8 2 3{:}7}»}(%%’?%;& A
Fﬂ‘ oM A HPE O R E R R o @ et i€ s B S B o PR 54250 mg/Kg BWAE &

//‘ /1@ &E} ’7}— 'H"\* o g]
4% ;%50 mg/Kg BWF s fiefrig o
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LI BERESEY AR BREN:
(LB EEHE -
360 T d P& ARBSTHRBLDELHE > 28 T RREAH L
M FEZINOX P LEHEd Bivh AP - EFEUvARELHERAN T
LB okiR R im R o A uiplE 250-1500 mg/kg BW(R f4h i3 i )2 25-250 mglkg BW( i # it
BpiR) o BERES LA AR R AR & 75 molkg BW(5 )t s SRR At > ZA R
F4 333 %2 66.7mg/kg BW > &3f F sk plEPF T g b e 75 R ¥ o Ap 4 &K AE 1500
mg/kg BW 238 7 Sk pl3& pF o & 4 £ & shpgr 7 5 B ¥ > wo# £ 3% 4 750 2 1500 mg/kg BW>
FRERGER? BE BREIPV AL HMP BREERKYE=Y g8 @kRT§
B
Qe sy
) RED LRGSR A RAN LA RE L e
@ £ 3 (datanotshown) ¥+ E#H 2 HE T &P ES Mo
(3) A i* # % (Urinalysis) :
RIE R 2 B S fldg B £ 0 X ORI R ¢ 2 protein (39 ) ~glucose (% § #%) - ketones
(fr %8) ¥ occult blood (Bx F &) Fchz € - ®fF%k L e 28 ¥ L 3 (data not
shown)
(OF- Ty
£ 360 A A MOH BB/ TARBAESER BT e
cell {2 o B mre RBY fry BT 2 BRI RG Mo KA E
LI pRAL R RET AARPLLEDETY o

GABAZ LT A
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101, stomach, 40x

51, stomach, h2, 40x
B] 7. Histopatholgical findings of stomach in NOj3 treated mice.
No significant lesion of stomach was found in the control (A and B. 76) and NO, 2 mg/kg groups (C
and D. 101); however, focal mucosal necrosis of the stomach was observed in the NO3; 22.5 mg/kg
group (E and F. 98), and focal mononuclear cell infiltration with chief cell hyperplasia were noted in
the NO3 45 mg/kg group (G and H. 51). H&E stain. 40x and 400x.

(4) #FET s Th
F300 xplpe A/ TR AA&S2 )R B 2D RFF P RBRIEFDSAPIDN ALY
o — AR L B IR AR T Y F el R REDS > 2% 90
ﬁﬁ%ﬁﬂ’?AéN%%*i~ﬁﬁﬂ$%’% EAFR 3 A0 TFEH - KD
PlIRZEF R afFPIR- > 4% 330 2 360 X FiE- ARV (50 RIEX WEITE VP

ok &G - FARB/ITHKRBG R HeFY BeRiR pdlest o
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—@®— Control

120 { —m— NO, 45 mg/30g BW
—8— NO, 22.5 mg/30g BW
—€— NO, 2 mg/30g BW
100 { —&— NO, 1 mg/30 g BW
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FERSEEG)

60 -

40 A

300 330 360

Day
W8 MRBGTAMBAGRED&ES 2 | BN FF Y 2 4R

(5)5 R8P R ta%l;d BRI FARLAME

ARG A FE A B e d 2 PCAMKII 2 connexind6 3-d Fird ¥ griefar it § M - 2 %
Bl b - ARG Rk ) Rt A T A 5w o gop) 2 p-CaMK T 2
connexin3d6 F-v o % %;ﬂ—r »EeIR s Fg B2 p-CaMKII 2 connexin36 3-v F £ M7 £ ¥

B4 @ fe e 2 p-CaMKII 2 connexin36 #-v 4 MR &4k s - AR B/ AR

ks BB Y BsB i l?uflj% - 1&7}5&2 Moo AR TR LR 2 S §?EJ £ 5w ; e
¥ @eRL v B &ML e e ¥t e R § B E ) p-CaMK Tl 2 & '.'ﬂ% TR
RALEGRET %%f%&%m— A3 -

A

Hippocampus Control NO3 NO2
L H L H

connexin 36 NN A N N R RN 5o (-
p-cavkr T e el 20

B-actin — —— s s w42 kDa
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1 SE A M BB AR B oS BoRA M F B RN 4 S AR (B T ;ﬁd I
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3ige PELEA AR K

* A5 A Flet S E (DNAAdductomics) 2 & 3%
T veerid & th DNA ¥ 2 13 4F

(=) %%
(1) DNA &R+

N-nitrosamines Jf & ~ & is > * & 3 & 7@;&% % DNA g 4 o - v A ook
(N-nitrosodimethylamine, NDMA) % &) (Bl- ) > B SHp B2 E5 0t Kigiev 4 27 Jing
33+ (CH3N2', methanediazonium ion) > @ i ¥ DNA & # 7 A it 4% » 4= N7-methylguanine
(N7-MG)~ N3-methyladenine (N3-MA)~ O°®-methylguanine (0®-MG) % O*-methylthymine (O*-MT)
BomAa e i A F g ﬁ.ﬂ%"-ﬁbﬁ—? M+ P4 0 P AN E m 4 2 nid Ardk 2
Bt DNA 1 2 28 g & RFIAAHORT IR L8] L2 L A5 B § R+ P3¢
% 4 F Jis - Guanine 57 N7 ~ N3~ 0° ¢ adenine ¢ N3 § #ss 0k i » # ¢ guanine 0
N7 =% (N7-MG) .5 i & ¢’z st Sk 9k 60~85% : adenine ¢ N3 =% (N3-MA) >
X1k 2~18% -

HyC, o] Vi
° \ // Enzymat; —N
N—N Hydroxylation
HyC
H;C
H
N-nitrosodimethylami

CH;N.
+
O8-methylguanine
ylg € A
N7-methylguanine ‘.}ﬂ 1

I
+ N, — | ¢ Elsd
N3-methyladenine V4 TL ® II/
O4methylthymidine

Bl- ~ NDMA 3 i #rtsid = DNA 7 Z it 425548 5 [modified from Jourd'heuil et al. 1997]

(2) A FHEEHE (DNA adductomics)

TR - &Y p B E# (tandem mass spectrometry, tandem MS) i {7 DNA adductomics
AAT L AR o T A s R AR (Mz) Rt 116 F (M+H]T > [M+H
-116]") T A HHc s kg kAP £ 46 DNAadducts i3 474t 55483 B (adductome map) - &
TEF PR AR S LS A Fat 28 (DNA adductomics) [Balbo et al. 2014] -

+
Adducted Adducted
M <. Adducted — “ 2
5 base = base > base —
_ 2 T —V\/\F
k 7‘ Enz_m:al:c hydrolysis |€ LC-ES/ Msms t" ;' S

DJO "
I

Adducted DNA 2-deoxyribose + adducted base 2-deoxyribose removal

Bl= ~i&* §3¥ie 5 DNAadductomics 4 472 A #E18
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e AAFIIE G T ALGERFIZ 4R H P g AP “,f 124 (base excision repair, BER) £ % 3 fi&*»
2 i3 42 (nucleotide excision repair, NER) 2 i & 12 4p §% /T c BER i & 4% 4t/] i3 &F chdg fL i (77
AR 0 B3R A L XL hag Ak (adducted base) - NER 7 #- 3 ek (= ] B 4 A&
*?’@u*@%ﬁﬁﬁﬁﬁﬁééi)ﬁﬁ%ﬁ”%@@ﬁ:%”%ﬁﬁﬁﬁﬁﬂﬁﬁﬁ%
&fE H - X4ty (adducted 2’-deoxynucleosides) @ ¥ i - R R 0 Bldew R 2R
7% [Hakem 2008] - #]pt 323 + DNAadductomics = - s i@ % > 487% @ kp NER 2 4R E2
j& & adducted 2°-deoxynucleosides 4 471t F & + 7 kg A fr“%%gﬁ DNA adductomics &
B2 F e ? DNA adducts chz £ » B 2 end e X | T 23R FEF| T g &
(steady-state level)- @ # & fki% @ £ 7] adducted 2°-deoxynucleosides =k & - #7 * % 4 DNA
adducts & NER 24 k& /2 s enA 4+ [Huetal 2010] « Frigte A~ 478 5 i 4]~ 23 ~ 7 £ ix
MR R AREAE S R BB F i@ * DNA adductomics il PR A B AR ¢ “7F adducted
2’-deoxynucleosides > #-7 = tg#% < DNA adductomics =g * B B

._“1_“

o,

()&% B en

(1) 5d #ebpz% 51 N-nitrosamines 2 4t% calf thymus DNA - :& * adductome map * %15
41 N-nitrosamines € & ##c DNA adducts -

(2) 4 N-nitrosamines # #& * #"Fim?z > i * adductome map ‘' #4521 N-nitrosamines &
£ ##c DNA adducts -

(3) #- DNA adductomics Hcjtwid # | Btk & 4 47 o

(4) 2 N-nitrosamines ® #4k & -] & » i@ * adductome map *“ %45 41 N-nitrosamines & &
¥ = DNA adducts

(5) % multiple reaction monitoring (MRM) $3% ™ T & 4 47 f @ I A iih | BUFHRE JRe @
DNA adducts -

(6) B B 247 B ¥ ®RiEF -] B & & N-nitrosamines { c» DNA adductomics 4 47 -

(z)FPT 32

G F A * eh% . SO (from rat liver) ~ N-Nitroso-N-methylurea (NMU) -~ calf thymus
DNA 2  nitrite (NO2) £  N-Nitrosodiethylamine (NDEA) B p  Sigma-Aldrich ;
N-Nitrosodimethylamine (NDMA) pitp Tokyo Chemical Industry > dimethylamine (DMA) pip
Alfa Aesar > N-Nitrosomethylethylamine (NMEA) P& p Chem Service -

B AR R 4T B B R (HPLC-QgQ MS) 4 * ABSCIEX = 2 3 4000 QTRAP » 2
Angilent HPLC 1100 st (¢ 2 p &4 § K% -3 o 3 BREAFF&2- o p HE R E) £
R F4pF B~ (on-line SPE) @ * 2 » = ® (Ftp MValco)o A+ F kit * » L Eirg v tp GL
Science > — & % Inertsil ODS-3, 75 mm x 2.1 mm, 5 um (* ** SPE) ; ¥ - £ % Inertsil ODS-3,
150 mm x 2.1 mm, 5 pum (* ¥4 3t) o AZ vk 4 K 47 % fE47 o &k (UPLC-HRMS) # * 2 LTQ/
orbitrap Elite (Thermo Fisher Scientific) > #5 e Waters Acquity UPLC k%t (¢ 3 - ~& 3 BEX
- S pdEERE) % 45 Waters Acquity UPLC HSS T3 ¢ 4L (150 mm x 2.1 mm,
1.8 um)

AT ERK A KRG - (1) # calf thymus DNA 4 %]& NMU (7 4 S9) %
NDMA (4r S9) R4ck Jis 24 -] pFis> 4~ Nal %2 2-propanol #- DNA 47 31 S5 dw ik {8
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4= w12 40% 2-propanol 2 70% ethanol €% i3 2 0.1 mM desferrioxamine - (2) #- Human
liver WRL68 cell 4 = 3 e » & 2w #cp 9 4x10°5 3 0~01 2 20 mM NDMA —~ 7 &
24 ] pEoT fs g d Fg i 425 5P~ DNA[Chao etal, 2008]-+ i DNA 54 p¥2-kfzis »
#- 2’-deoxynucleosides ## 41 4 47 ©

o F B2 o] B W] A&7 fe fAsE 0 N-nitrosoamines: (1) “# & NDMA (2.5 mg/kg bw);
(2) B # & NDMA (10 mg/kg bw); (3) NDEA (50 mg/kg bw) ; (4) NMEA (20 mg/kg bw) £ (5)
4 = NDMA & Zg4 :DMA (200 mg/kg bw) 2 NO, (100 mg/kg bw)- ¥ — #| & 4 & s jc & 24
N R R AR o 3R-H R P H TR o thlmds B F R ARl o

& REHNE (mgkg bw)
Control
NDMA-low 2.5
NDMA-high 10
NDEA 50
NMEA 20
] DMA: 200
DMA+NO; NO.-: 100
AM 9:00 AM 9:00
. e AM 9:00
mice HE treatment % I
j . 24 hr JR¥L
B HEACHEE bR
t e R
3\ 7

mice

~ 4 ﬂﬁ
Day -1 0 hr 24 hr

Ble ~ o] B &K

A

Bl BFRRHE A 0 B FF  FBnA el DNA RS fEE ok R R
(2’-deoxynucleosides) ## 1 > 12i& 7 DNA adductomics 4 47 o gt b » Z B~ e03F58 DNA » B~
— g AR AcokfR > F1% 1 M HCI -k 2 30 4 48 (80°C) » ™4 on-line SPE LC-QqQ MS &
MRM 58 T 2 & A 4713 &ide fk o @ o) BUGR R AR 2 345 % e =% 482 (isotope dilution)
i#7 MRM z_& # 47 [Chaoetal. 2007, Hu et al. 2012] » #fmtk A & 47704840 BT o

Mice
Liver Urine
DNA extraction Isotope dilution

Acid hydrolysis
t (80°C, 30 min)
Enzymatic digestion

|

DNA adductomics analysis DNA adduct quantitation

|

Adductome map
BT ~ ] BUFARE o dk & 2 1o 42
B e &% on-line SPE LC-QuQ MS B # E 3 &t B % % E# M DNA
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adductomics 4 7= i > 8 % oy Nk s 47 T U BLE S adductome map s f B he T
F1% < @R s (m/z 220-600) ¥ (% F|F - K 47 pER 9T 5 A ¢ 2-deoxynucleosides
WEL D SEF A TR K-P (23 4 (constant neutral loss, CNL) # € 116 Da # 4 ﬁv.éé—%igifxﬂﬁ]
o fE gt is Al B (adductome map) - T Bl S i % adductome map g B 5 X b G K 47
R Y #hi*gps Qmiz gad M AAFLHER -

400
3000
) .\Iﬁr—bz—s-oxud_-\
3.000E+04
350 4
6.000E+04
K]
E
3004 1N;-8-0x0dG
¥N:-dG
= 5-ppn-dU
250 4 d3-5-mdC d3-dT
N T
T T 1
0 20 40 60
Time, min

Bl ~ # LC-QQQ MS % 45717 K 47 [T :# CNL 5Ltk = adductome map 4 &

pLAR AL g R B RE Y AT AP R AT e e B 247 T ¥ (UPLC-HRMS) & = DNA
adductomics ¢4 47 244y T o¥ f#47 R K L5 60000 # 45 #5F 5 m/z220-600 - T Rl & 7
#8 2’-deoxynucleosides 1% # 5.2 & 47 Bl:# - £ Rl F £ (accurate mass) £ 4 FEE £
(exact mass) 2z B &% £ (masserror) ¥ -3t 3ppm e

100 15N3-dC
m/z 231.0889

50
(-2.7 ppm)
108
d3-5-mdC
50 m/z 245.1323
(-2.5 ppm)
108 | 15N5-dG
» 50 H m/z 2730893
g ‘““ (-1.7 ppm)
£ 108 —
5 d3-dT
Z 50 m/z 246.1165
OEJ (-1.7 ppm)
%108 1
© 1 15N5-8-0x0dG
X 5 m/z 289.0841
“\ (-2.0 ppm)
108
r 5-ppn-dU
50 \ m/z 267.0977
B J (-1.5 ppm) ot Pl ottt aa ol nothy i
10 N6-bz-8-oxodA
50 m/z 372.1302
(-1.6 ppm)
r-r—
2 4 6 8 10 12 14 16 18 20 22 24 26 28

Time (min)

Bl- ~F1* 3 247 7 :# (UPLC-HRMS) % 7 2’-deoxynucleosides 1% # & (200 pg on-column)
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() 5% 23t
(1) LC-QqQ MS ## calf thymus DNA & NDMA 2 NMU 4t € & £k

NDMA 7 s5dtrpt2% 34 2 5 i m NMU &>t N-nitrosamide »~ s » ¥ 3 &
it* DNA-T B~ 5 calf thymus DNA %~ %2 NDMA (4 S9) 2 NMU (7 4x S9) F Jis e
total ion chromatography (TIC) % +7® - (a) = DNA ##4l%&;(b) % ## NDMA * 7 Sv e pe
R R (C) 2R NMU i3 fidcdede fgpsg 5o TIC 7 4- % 1 $H450 8L45 5 NDMA
Birdlletpir o & NMU g 47pFF 53 2 324 24575 ATMELA 4 o

(@) DNA 24 e

TE+6 -
GE+6 -

SE+6 A

¥, Cps

© 4E+6 -

3E+6

Intensit

2E+6

1E+6 - bd

OE+0 L ‘ ‘ L :

0 20 10 60 30
Time, min

(b) DNA % & NDMA

Intensity, cps
@

0 20 40 60 80

Time, min

(c) DNA % & NMU

TE+6
6E+6 -
SE+6 -
. 4EH6 -

3E+6 o

Intensity, cps

2E+6 A

1E+6 - l 324

0E+0 L , :
0 20 40 60 80
Time, min

B~ ~DNA % LC-QqQMS ™ CNL #i-s' #4224 7€ 116 Da o TIC Bl

i TIC Bz FAvie— 4 #E P 5 adductome map (%ir% normal nucleosides % p
EE) X Bhi KRR Y fhi a3 (QUMizo fFd R AR AR > 4B T “r7 - NDMA
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g2 p7 4] & adductome map 4piT -NMU /s 1/ 5.3 2 324 A45%0A 4 375 A 2 B
miz &5 282> 7 Aa S %

St

281 -

(@) DNA 41 &

600 -
500 4
n
£ 400
300 4
= T T T r ~ T s .
0 20 40 60 80
Time. min
(b) DNA % % NDMA
600 -
500 4
K
£ 4001
300 4
- . . . . . . |
0 2 40 60 80
Time, min
(c) DNA % & NMU
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-
£ 400
3004 i\
- . . . . | . |
0 20 40 50 80

Time, min
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B4 ~ DNA adductome map (%iﬂ% normal nucleosides % p 431 55)
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+ it B4 adductome map ¥ i&- #:&* AB Sciex #7# &= MarkerView™ Software » 12 p
EFTHERLAEAL zk@ﬁ%ﬁ&aﬂuﬁwﬁq%wu R F HSUELF A T eis
normal nucleosides % p &3 5518 ﬁaa] e TR 5 S JZF M EL (normal nucleosides 2 4
FEL) X3 R F YRR 2 35 ¥4t b adductome map o ¥ i #5 20 DNA 5 NDMA % & &
22 -4 = adductome map Ap iz > X G B IFHCGUEL o dhip| AT R ”Lr/,”]‘ ‘v S9 &2 G e K-
NDMA it 4 7 i gaps @ DNA 24 7 fAivdggd - T- A%z S9 2 NDM A

J Seit BT 247 NDMA e d8 b2 £ 7 5 SO eni dpsid » gz > & 46 N-nitrosamines #7
A= e adductome map FHFHFT T ke o ptebd Bt o NMU st g Fid = A-B £ & ik
DNA adducts (m/z 282) - 4& B & ~ %] € N7-methyl-2'-deoxyguanosine (N7-MdG) %
0°-methyl-2'-deoxyguanosine (O°-MdG) -

(a) DNA #r+41 =

600 -
500 - I
N
£ 400 1

300 +

0 20 40 60 80

Time, min

(b) DNA % & NDMA

600

—
1.000E+05

500 - I

K

£ 4004

300 +

0 20 40 60 80

Time. min
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(c) DNA % & NMU

600 -
1 L]
500 I
2.000E+05
B\
£ 400+

3009 &

0 20 40 60 80

Time, min

B+ ~ DNA adductome map 3t 5 4% ~ Bl

(2) LC-QqQ MS #F Humanlivercell 8 NDMA % & (s ehE £ 454k

Human liver cell % & NDMA {&->%5 DNA % B~z & * on-line SPE LC-QqQ MS *+ CNL
BT 247 @ TIC F#B - TIC BF#FATE- #H#PHEH 5 adductome map (%#rﬂ,ért
normal nucleosides % p &3 50) i X #hi B 47 R - Y dhz 2 g+ (QL) Himv > gpd &R
55 A o 4oB] L - “77 o (@) 2 DNA 4r#le: () 2% % 0ImMMNDMA:(C) % % 20mM
NDMA ; % % NDMA {7 ik & ™ 2742 adductome map 4piT » &% ¢ S AR -

(a) Human liver cell #+41] %e

5.000E+06
600 -
1.000E+05
500 4 10000
. 3000
=
= 400
300 H
- T T T 1 T
0 20 40 60 80

71



(b) & 0.1 mM NDMA

5.000E+06

600
1.000E+05
500 ’ 10000
3000
o]
E 400
300
=,
= T T T T T
0 20 40 60 80
Time, min
(€) % # 20 mM NDMA
5 000E+06
600
1. 000E+05
500 4 - 10000
3000
o
= 4004
300
L
= 1 T T 1 T
0 20 40 60 80

Time, min

B -+ - ~ Human liver cell DNA % % # k& NDMA ¢ adductome map

(3) LC-QqQMS #* & @ &y A B 2 & BRIk #k % ¢ DNA adductomics 4 47

THL - i A7 E* DNAadductomics it R A e (3 F 3 E Z K)o o) BURR
& on-line SPE LC-QqQ MS £ 47 & CNL ;8 7 = ## & 4 adductome map o & % vt $3 1 >
FRELTARBLETZ ¢ AR A, S B F g e DNAadducts > & &k #45  ec f A7 & >
TR BES 2 Bl e 33 ehiF e DNA adducts o
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(a) E-\ f]'\n

500
400_ 8.000E+04
.\[\3
£
300
o 20 40 s 80
Time, min
(b) | Rk B LA RB ST E R
500
4004 12008405
4
300
o 20 40 e 80
Time, min
M- - -] Bk adductome map bt it (@) #dlex () RALAED

(4) LC-QqQ MS iF* & B Ty ol ez % EE”—’?“"la‘zd\ﬁ—: DNA adductomics 4 #%

TRz (AHET ) & NDMA & 24 & NDMA 5 54 & (DMA & NO, ®4r) 2
DNA adductome map - |- BUF5EGA B 15 i2 17 DNA 3 P~2 on-line SPE LC-QqQ MS 4 47 >
B s # TIC k47 Bl# P~# 3 = adductome map (%;}rw normal nucleosides % p %F—rgm BE) o 4p

#23 (a) #oﬁ' o (b) & & NDI\/IA( “AHE 125 mg/kg bw) &7 adductome map ¥ IR A G
% 107 A48 (LB A) 22 288 A4 (U5 B) FATHOUE AR > A 1A ?wmggw? ) &
5 % A€ 0 NDMA (% # & : 10 mg/kg bw) p& > %;*mgﬁ; L AR TG HEF M
%o gteb s (d) %7 | & DMA ¥ NOZ" #H ] REPN 4 & NDMA i & sff T
¥r#) e eh adductome map - 3t 107 A48 (L5 A) & 289 448 (A3 B) JImATIE -
e &P A >t NDMA g ~ MA £ & o 2B 7 5 F]E.% 5 DMA & NOz s34
% NDMA 8 M » ¢ (72085 B Ap S - 208 A &2 B % d 4k 0 m/z 282 [M + H]'
A2 2L FERE 281-m/z282 g spk >t m it g % ¢ calfthymus DNA 2 32735 A
LA MNU #F % o Tt daplsnse A 5 N7-MdG 2 315 B 3 0°-MdG -
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(b) NDMA (4] £ :2.5 mg/kg bw)
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(c) NDMA (% | £ :10 mg/kg bw)
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5.000E+05
500 ~ 1.000E+05
2.000E+04
¥ 400 4
& 10000
4 A B
300 . Va
ags
200 T T T T T T T T
0 20 40 60 80
Time, min

74



(d) DMA+NO;

600 1.000E+08
5.000E+405

5007 1.000E+05
2.000E+04

T 400
10000
A
300 - | B
200 T T T T T T T T
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Time, min

Btz &% &7 FER NDMA &= 5% 5 (DMA/NOy) = adductome map

B+ 2 5%+ ] & NDEA ¥ NMEA {¢ < adductome map - (a) #4222 (b) & &
NDEA gt » ¥ A w3t R 47 pF R 145 ~ 48 (350 A) 22 343 ~ 48 (L5 B) JIRATIEL >
A4z miz 5 296[M+H]" #4243 &5 2950 48123 NDMA ¢hk & » NDEA 48
MRS S i 2 guanine d& A N7 27 O° B Atc AR ARBN o Fpldup] TR LR
A 2 B & 4 d N7-ethyl-2-deoxyguanosine (N7-EtdG) 2  Q°-ethyl-2'-deoxyguanosine
(O%EtdG) *tA& # opt¢b % %5 (C) § A2 ¥ e g eh NMEA FFadductome map
FFREFE IR omiz 282 107 (BuEL A) &2 288 4~ 4m (s C) MIRATIEL 0 ¥ om/z 296 b
14550 B) & 343 445 (5 D) » 7 AT 50 Flptdasér NMEA &6+ A2 N7-MdG
0%-MdG ~ N7-EtdG ¢ OP-EtdG %4t i 4r A 4 o iod # 4 ¥ % Fe DNA adductomics A 45
¥ o fendsy B e adducts 0 #EF & & N-nitrosamines (AP RN BE 0 R ARNF L A RIS
&7 4 % e DNA adducts -

(@) ¥4l

600 1.000E+06
5.000E+05

500 4 1.000E405
2.000E+04

= 400

10000
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Time, min
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(b) NDEA
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(c) NMEA
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D
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(5) MRM #5538~ 2 & A 45 % # L A e | BF5RE fig ¥ DNA adducts

% %z m it DNA adductomics 4 47 #7pL& 5

EFRRE B A1 eh DNA e (A peduR 2 g 47 dk & > £ 1% on-line SPE LC-QqQ MS 1 %
Farp R Mol £ 8 RY F-4Fm ficY (Multiple reaction monitoring, MRM) i& = N7-MG ~

O°-MG ~ N3-MA 2 N7-EtG thz & 4 45 o

- %87 0 NT-MG 7

nmole/mg DNA =

DNA) »
2 DMA+NO, *# & B3| -

NDMA 13 ~ 3|

hrdl ] BAF DNA P g
+ o g%;% NDMA =3 ~ M # £ e pF > N7-MG %

nmole/mg DNA) ; % = 54 57 DMA £ NO; pFH N7-MG | &

P IR % » 22w i e adductome map
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# % NDMA ~ NMEA
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¥ A w g 1:176, 173 2 169 H #B ¥HiL B A2 [’% e3F 3 [Beranek. 1990] - d %
N3-methyl-2’-deoxyadenosine (N3-MdA) # £ % p 53 wFrd > 1335 2 grdp # N3-MdA **
DNA (pH =7,39C) shZ 8 9% 30 B fJ‘ pF [Osborne MR et al. 2000] IRAE D NETA A
N3-MA £ #8403 fu » 5ot mskd N3-MA % M8 3 iz pld o NT-EIG 7 g2 s
i &7 4= % v NDEA 2 NMEA & & | 809F% ¢ & B3 » —,’f—! zZEAH é 0.052 ¢ 0.007
nmole/mg DNA -

- ) BURRGHACR R 2 kA 2 T E By (n=3)
N7-methylguanine O°-methylguanine N3-methyladenine  N7-ethylguanine
(nmole/mg DNA) (nmole/mg DNA) (nmole/mg DNA) (nmole/mg DNA)

Control 0.009 ND ND ND
NDMA-low 0.287 0.016 0.003 ND
NDMA-high 1.210 0.166 0.010 ND
NDEA 0.007 ND ND 0.052
NMEA 1.348 0.196 0.013 0.007
DMA+NOy 0.062 0.001 ND ND

% = o) BURiRE LC-QMQ MS MRM . & 1k % - Jik * DNA adducts i & % p *t48
penig iR A o NT-MG 7 fudpdlie ] B BlII 2 ¥ NDMA gk g &g a - = o m J
P O%MG % & P> 148 p O°-methylguanine-DNA methyltransferase (MGMT) f
2 7B H% 0-MG T A ‘#1624 w guanine [Christmann et al. 2012] - 4 >* N3-MdA **
PN e PE % s N3-MA & 21 Rk Bt BAR Y 6 N3-MA 2 N7-MG 7 4p 6248
%lb ° N7-EtG ¥t % & NDEA & NMEA ] &A% ¢RI o

oo~ RRREEREORIRE 2 kA > TE iy
N7-methylguanine O°f-methylguanine N3-methyladenine  N7-ethylguanine

(1g/g bw) (Hg/g bw) (1g/g bw) (Hg/g bw)
Control 37.8 ND 0.8 ND
NDMA-low 50.3 ND 1.1 ND
NDMA-high 68.3 ND 1.5 ND
NDEA - ND - 1.4
NMEA 62.8 ND 1.0 0.1
DMA+NO," 49.7 ND 0.6 ND

(6) #E* 3 fa{7 F# (UPLC-HRMS) it 7 & &% DNA adductomics 4 45

Py Al*@Er UPLC-HRMS #4455k & NDMA 4] 875 LR 2.3F 7 A
GRS A g AP o @ %4 % data dependent (DD)-CNL-MS® #Fps it (Rl =) % >4
Brd it s R AT EE 7500 BEF 0 A AP RS A BT miz BB REF Y - XmRER
% (MS?) > 7 |* Bt ehd g3 FH A I miz &7 4 8 & 1160474 (3 § PipE)
SR L o AT 1160474 (4 §F PipE) O R L A BRPEI RS miz 278
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- wp R AE (MSP) .

TR AE* R4 F# DD-CNL-MS® cha 47 % » KR Y A e up S RT T
£ 4 116.0474 e (22 2§ $248)0 ~ 5 5 3.00 (peak-1) ¥ 12.55 4 4 (peak-2) - Peak-1
B4 233 m/z 2821196 “74 4 ; Peak-2 | H.d # 33+ m/z 282.1197 #i & 4 o | * H AT
-5 E 2. mlz [M+H]+ ’;J‘.Er die 8 0 F V5 CiHig04Ns (peak-l ) 2) » e T Bl S e ’N'*
CEAG T EEFFS T R E P AIRR SR GELPF AR (TR
;@ peak-2 ¥ i & 0°-MdG -

B peak-1 +
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(2) % f 4=

N-nitrosamines & ¥ AWMz E g > e SaF B R o v P a4 W) 7 A5 4 DNA
adducts fBATS 5 > & SET % d 4R R B 4 KRG L W) 2 5 DNA adducts » i 3%
2 %Y - PER 45 i N-nitrosamines % “7it 2 ¢ DNA sk A B4 2o o A5 5 9] 7
LC-QqQ MS :t {7 DNA adductomics 4~ +7 » it P-i# &% 1 N-nitrosamines % & #7i& = enhf 4
DNA adducts » 4= : N7-MdG £ 0°MdG % p ** NDMA % % ; N7-EtdG # O°-EtdG % p **
NDEA ik & o @ 2t ¥ ;28 * UPLC-HRMS *t adductomics » € 3 132 3 e 3 & 3%
(116.0474) £ X s 35 13 AF cnT o AFT 3 s % § B4 N-nitrosamines 3% &8 41| <iF » 47 3¢
HUF AR ST ORE o g P T TR FE o AP AT 2016 &5 & DNA
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8-nitroguanine.” ** " & £ #p 7| Free Radical Biology and Medicine (Impact factor = 5.784) ;

79



2014 &= 4 A F 3 T Eg  DNA 7 A 35 i %43 Direct analysis of tobacco-specific
nitrosamine NNK and its metabolite NNAL in human urine by LC-MS/MS: evidence of linkage to
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4y
il
-
e
~y

Bt - RS ) F .

Er Foo FALEITG DA S ko T34

(-)#3

ST ARE G ORI RBEET O R LG A8 s A BT > MY kAR RE
[Hecht, 2014; Hoffmann etal., 1994] - &4 ¢ chfyp ek ihi &3 = <« kih 1 (1) z TA A 2
PHEGMRESHFRLGT AN (2 PRGYARE F LA RNGH o 3) FHBRBOFEER
o d BT FaFRAHE A2 TAHRA AR TS Sy mFAAHIA KRR S
o d THEmAS R TR VR 6 AR Y EA TR A8 D A
LAY 3 84 ¢ 35 NDEA ~ NDMA -~ NDPA -~ NDBA -~ NMEA -~ NMor ~ NPip 2 NPyr >
Ao B R smy £hF Wmeni N-a £ - 7 52 (NDMA)> 53¢ NDMA & 547§ I 6 ved
P2 ROt A b e GRS FHRY ARG BIAPFI L EAFL T @ T
golder iz~ G ~ f v FF 0 IR LR }%:}ﬁ_[\]akszyn & Gonzalez, 2006] o & & =¥t
fiz F-v FEF 57 enig & it * (modification) > 2 DNA~RNA 2 F-v A+ 1+ A58 % i p
# 48 (alkylated adduct) - & DNA 1+ #7 % f 2 4= 2 1 80 A AL A6 0 f bt s L L ae
B S fERET S e B ﬁﬁ# [Verna etal., 1996: Shuker & Bartsch, 1994] -

% DNA @4 (v % 2 b LAl el todod Tl otsl g e A G (e 2 7 il 20
W PIRCU AR o T E ko ;\g Freih(? A ) pmred £~ 542 m%i@¢ &1L o
HER EF o Fod FHF AT AR i ¥ A (arginine) % iept (lysing)A A b o -
B EA T A BB R A3 e 2 a2 % 2 [Egorova et al., 2010; Yang et al., 2009] -
B ERP RS 9 & DNA 2 2 3 8% (interaction) » » ¥ s i = F-v F finve p 04 7 i
i@ A F e G BE R AT 2 AT Bde® A 39 (histone)#-i3 = ¥2 DNA 4%
e 4oz it a P A T Fl2 £ T4 [Livetal, 2014] 5 12 5 -9 70 (HSP70)® A&
CiE o Med e LA A GER L e s v i A [Cho et al., 2012] - ¥ %h 5 3% 5 T 3
L p e S R 2 AT AR Perg e > v e 35 BRCAL 2 P53 3-
v [Guendel et al., 2010; Jansson et al., 2008] » i&dt ficdpdp &1 ¢ LA ierT R g (7 )4
o BHEFE ORI E BRI VT ER AT o Apy EEAY e EET T R

=

(=)FPgpen

k3 h Ak p e 42 (D)f2% NDMA 27 49952 & § 0 AL e id 2 4 3oy 2 %
(P& E* 2 (2)FEi NDMA 7 A i Jov FHE #i 2 B8 (3) = 245 . NDMA 7 2 i 3
BO(2FRR) A MmEY & G g N NDMA R R FF4p M 125 = < 3R4E -

(2) P

REE 4R B - %l NDMA & 5 A2 4 #7948 9% 30 L EANY926 %  (EA.hy926)
A FE R F R e (WRL-68) > vt it NDMA &7 873 Frlwie 2 e 3 22 A F|F 1> 12
fore Fou BV AT Bl (profile) 2. A 47 o dmre & 42 LTS A w00 B & 5 4 4 2 (crystal violet
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http://en.wikipedia.org/wiki/Lysine

staining) # £ % 4 45;% (comet assay)i& TRl € s 3¢ T AR * - BE - BA KT S HFIEE
& $Hyuf epe (arginine) 2 g reps (lysine) e (7R € > #F 2 ? A 39 B2 P rE e
PEARAFPPRHFREY R THATTREESTH LA TR A

3.1 ARy L EAhy926 % 2 X fEi ¥ W Fmiz it &
A BEvEEE R ) 4 EAhy926 mre (EAhY926) % A #F 1 % 3+ im*e (WRL-68) 4 %] 12 DMEM(j
7 10% FBS ~ 1% Penicillin-Streptomysin)32 % /% 2 DMEM(p % 10% FBS ~ 1% non-essential
amino acids,1% Penicillin-Streptomycin)s % Z & 712 % B R % E 5 P 7 5% CO, 5 /B37°CH2
R R ART S P Ul S me A RN SRR AR A S5

32 m% F 4447

#-twre 3x 10%cells /well F83+ 24 3445 ¥ > B 332 % 4@ 32 & 0 e % 4e » 7 3k & 9 NDMA
(0-1-5mMM)ESE 24 | P - &% 4 f FE2Z %A W PBS ks = 0 12300 pL 70% ethanol
F 2 mre 15 40 2 "F ethanol i¢ » 12 300 pL 0.1% crystal violet % ¢ ‘w? 30 4 4& > #- 24 34
BaRrok? A GAESARDLA X LR B3V E R 520 12 300 pLOZ%TrItOI’lX 100 s
D1l PE B TIL T A N AR RS PAFE% 100 ul 3 96 3V A > T & - § o RE IR
(FlexStation® 3 Benchtop Multi-Mode Microplate Reader, Molecular Devices, Germany)p| & & &
590 Nm feesiwx kB 0 (T 5 fmre B 2o B ET kg o

32L& % A7

£ % »~ 47 (Comet Assay) iZ&* *t H ¥ DNA IF § iRl £ o w72 & NDMA rJdZis o 14
trypsin & f% = ;% »]J:?F mre > XY A Xm0 & B awmre g B 5 K 1x10° B imrE o #im
pFanER P SRR e R (2.5 M NaCl~100 mM EDTA~10 mM Tris base~200 mM
NaOH ~ 34.1 mM N-Lauroylsarcosine sodium salt ~ 1% Triton X-100 ~ 10% DMSO)*® > i& {7 w*z
W fE L P PE s Mgl BB T A § RO KRG AR 7 2 22 ARG mM
EDTA ~ 300 mM NaOH > pH 13)sT /A P > iz 20 » 48 > i& (7 DNA B fE35 0 R {8 A4y
Frdch 300MAST R L 25 R (TR A 20 A 480 T A B R {814 ¢ 0% (400 mM Tris base
PH 7.4)i* %% 2 3~5 =t » & DNA %4 & » $(512 75 uLEtBr(2 pg/mL)% 4 im%2 DNA -
FLEATRH LY IR FREMEESE > 1% Comet assay Il #x %8 (Perceptive
Instruments, UK)4 45 5m%2 DNA 2. # % £ B | &4+ 2 R & «nff & 5 Tail Moment (TM) & » %%
DNA i & 42 & | %7 o

3.3 }W ’?* - Ak i)

FRIRIS > M mve B R X fRiere > Tk B e ve 3 2 4 (whole cell lysate) 3 oz g =
3 ,fﬁm*’?ﬁz & MBSAG HRE T E R e ’«’?/aﬁ*a""& B FRR P RAERBL K EELSAT
i T AT AU g £ pe(lysine) T A T 2 Ui £ pe(arginine)iiAl2 ¢ 2 EF S R ERIE -
B0 BT R ZBHFAFRIT IR AT E Ul g L - aa S EF S 2 RER
B oo BRI TR T AL B LR 2 AR NDMA®T At hdee B g
% fadiRl 2 v F G2k (protein A bead) ik 4 o (g - AT A (S B e Fe T2 (I
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GRP75% #wimentindgid)ie 70| £ o

3453 4 5

LT g B A p R R L (Mean £ SD) 2 N A T 5 B AL A TR
Microsoft Office Excel 2010 7 "&4t3t & 2 #0428 @ &0 Student’s t-test i {7 33t 4 47> ¥ 12 P<0.05
TR R F LT LT EFEL R 2R %R -

(=) 8%
ALN-T; Al A= 932 w3 BiL2 A T3 |4

A gk e £ EALhy926 wmie EAhy9261 LD ¥ " amie WRL-68 0 A w|ES2 015
MM N-Z; 7 35 = © "%(NDMA)24 -] pF 2« 48 -] pF > AR R AR R A VI % H

‘mre g o B S et BlAp % *v?%’*vé%?%ﬁﬁﬁiiali 90%r+ + (Bl- ) M E % ~4771£ NDMA
% EA.hy926 2 WRL-68 iwm*e 2. L F]& 13> % % e B NDMA @i = 4 5 P 2 c7DNA§ T >
Bk B (< 0.01 mM) T i = 5 7] enim#e 17 DNA § 2 #ic @ (Tail Moment)(B= ) @ 2 &% sz
M w3 B anb00 Bt o R -3 @S B 2 NDMA @ Foensg 7] R
M B AR T ve Senne ¥ b 2 BITH $d A A FERFEN P L EANYI26 wre 2 A T 1otk
AR > B EEP NDMA e @ cni s v 4] P f b as a? FAlfime? > 3
Pt BN R e & e SRR gt - G ke AW T AR dp 0 NDMA Bt fim e
A B FAimee d % PA50 % (CYP2EL 2 CYP2AG): it A = U it 4+ (Kusida et al., 2000) o
A RpaERE kP L EAhY926 e (HUVEC)® » 42 R3] 5 ¥ i & § fBwre ¢ % PASO i% % >
4 :}f- CYP1Al -~ CYP1A2 ~ CYP2EL 2 CYP3A > ip i i % AR LA & 0 M H i P 18 ejd-
@‘Jﬁ c4 ¢ (Farinetal., 1994)- 5% & 1} it ficdp ¥ NDMA &4 #87 20 312 3 M onid FiE 48
;Jrfg g & E TR i 2R I NDMA AR5 T » 8 50 e ? A SnrE R TP AR N BEE T
B P‘ R lmPe cdpip o 3 {7 I OMFRCRE BT ARSI > 2 TR 4o (2 (additive)id = e
WG o BB XA X o s Fimre @ CYPAB0 i & sk R ¢ 45 CYP2EL 2 CYP2AG 417 it
FrapoRgGa Ml LME 4oz f32 L+ 7 (Rahnasto-Rilla, 2012; Yongvanit et aI 2012)
W LA eri IR o i - b 7 2 CYP2EL 2 CYP2A6 % NDMA i = A 5 %%
g g EANY926 e 2 Fmieif B MHendk d oo DR HEK KA UEP o
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© 120
= T
C ==
S 100 . I < _ 1
b= N’
© 80
IS
o 60 — WRL68
e
EA.hy926
E a0
S
c
= 20
[}
(@]
0
0 0.25 0.5 1 2.5 5
NDMA (mM) for 24 hr

Bl- SN-Ta k- 7 oed Afgd F R A2 AT ¥ M imie g i 3 A o 4
BRI ) L EANY926 dme (EAhy926)2 4 #1 # "Fim % (WRL-68)V ime » A ¢
EJ2H Fe kB N-T7 #V #L = 7 35(N-Nitrosodimethylamine, NDMA) 24 -] B > ‘m% & 3
Ml s hd 27 pld o M fEd s 100%  Bedh 5 = T R%Ti0E +

., 100
c
(J]
g 50
= O EA.hy926
5 0 5 o o - MWRLES

) O

o

NDMA (mM) for 24 hr

Bl SN-GAf s P ool A8 B LR LD Y Fmre ety A enid @3 1o L
v % b L EAhy926 w7z (EAhY926)%2 4 1 ¥ #Fiw®z (WRL-68) » A & EJL 7
kB = 7 2 3 A v(N-Nitrosodimethylamine, NDMA)24 -] & » tm 7z i & 4 (412 £ % &
e ERR o Bt 2RI £ R

42 =P AL ARA AR Limieg A2 F8 ¥ AT

1% Fe kB NDMA (0~ 1 mM ~ 5 mM) A B g2 fmie 24 ] B > 0 $HFub ) = @ Aotoe
fi (asymmetrica arginine dimethylation)+<48 > | € fw¥e p F-v F 7 A i & - % SDS-PAGE 2 Bl
0 % F I NDMA ASZ & s F € 32 kDa 30 F At P A hT AT @ ¥ 5 NDMA
THREAF 0 Bv 7 AT MEL K2 P A 4 NDMA S mM AJZ e 4 32 kDa 3+ 7 & 1t 2t
B R YL A AL ed18 E(Fz)-
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NDMA (mM) for 24hr 0 1 &

c 31
) 9
130 i 45 )
ol e a2 s
NE v o 8- ) |
v €
55 83
40 X151
- 2.9
35'% e 14
we k3 S~
BN L
<
0
i 0 1 5
NOMA (mM) for 24 hr
actin — — —

Bl= - NDMA & 24 /] pFig = A s p L vz (EAhY926) s p L4407 =
AR AR E 2 B - - EANY926 /£ 6em AP o 4 K T~ 4 % pF 2 NDMA
ImM 2 5mM)~ %] adB imbe 24 - B> e lme T W Bimre AR o2 v F 2 &
BRZPIEEEAA - U AMIRRARE c HREENGR 10 3 E I e g
BB et g o gt%»ﬁ 5-6 x#E&TaE + HEWIL o

i INDMA mJZ ik i 0 $FFUiH AL - 7 A iepk (symmetrica arginine dimethylation)
FURERIE i ) v B P AT B- 4 SDS-PAGE 2 Bl % % 2 3 25 kDa 2 55 kDa #-v B 2
AR P AT NDMA A2k B 4o 4 (Ble ) ¥ B Edn4c iz 4 % 1.8 &
2 2181 o
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»

& 2
NDMA (mM) for 24hr 0 1 5 973 5¢
— Qo
B
v 5
170w o 0
130 = 23
1008 N 2 05
70 .- - =
55 M e e e 55 kDa :;i
0 1
) NDMA (mM) for 24 hr
35 = o 3 *
:E‘ .
J5 e mEER mees emm 25 kDa < 25 -
g
R &
] *
15 = 5 €15 -
A — — ® O
| 2 < |
actin — — — g 05 -
g o0

0 1
NDMA (mM) for 24 hr

]}%]m s o P A TR R A A BEERELA 11 IR S QTR % R LS
2. o (B EANY926 &> 6cm & ¢ > ~ & % pF 2 NDMA (0-5 mM) 2 fm?e 24
JPEe R E G R RRE :%Jmﬁﬂ‘ - P AR ARE c HREEBR G 1P
FRILEAPFT B E o By s T T AEHRTIDE £8D 0 )

i = ad S R A > - P NDMA RdZ 734 v B At ivr » ARk
LT AR R PF o 1t R NDMA 24 /| P2 T > A 39 T EEEI S 3 R NDMA
FILT A v FERHE AL e 2 PR LR o L 25T NDMA 2 > 37 € P &g
e gme AT A A BRI FARE e o iaﬁ]e-’*' = 0 R RpLFRl o R =
v FEET A1 2 B 4r3 5 MM NDMA 24 ] BFEJE > e F6 BT AR AR &
7T0KDa *fiT 4 BB 3= FEF P & it sh 2 pH 2 b a (77 kDa, pH6.6)~b (72 kDa,
pH6.7) ~ ¢ (72 kDa, pH6.75) ~ d (70 kDa, pH6.9) ~ e (70 kDa, pH7.6) % 7 i 3~ F2-(Bl 1) -

M pH 5-8 M ’ pH 5-8
170 130
130
100
100 ab d 8
* L 20 e B
55
40 40
3
35 -
5
25 control 15 S5mM NDMA

BT ~ -9 AT aiviet & spidggwp 4 EAhy926 e e FU AR A
W F 4 EANY926 twe 2 5 mM = ® R A 1(NDMA)RJE 24 | B% > v 79
B gEA - 0 AR R 2 - e S EF e AR
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B s e R R en? A0 ey EERI licdp R D NDMA g2 T o
BAEL F P L EAOY926 e 1 B4 W flitengwd FEE A3 EE Y & 70kDa £ 5
v FELE T E 0 #R o FERLi% k9 F 5 GRPT5 (glucose-regulated protein 75) o d #* F-v
FH2T Al hE ARAL IR AR LFEL DAL T Ar
Sl Fig g p T Atz - e S HE 22 o BlE NDMA A X FERER gy A
EA.hy926 ‘wre #rHikend-d H P JLit o B % FIRAF X 7T0kDa 2 42 kDa rj P B 5
TALAS(R) SR A THEs T >0 70 kDa F¢ TR SFEin i GRPT5
v B 42kDa F-v Bk kA 3= (vimentin) e

0 mM NDMA 5 mM NDMA

Bl ~ - " AT alved A kg 4 EAhy926 IR 5 S Ll S 2R
BEE % L EAhy926 mie 2 5mM = T A T A vR(NDMA) AJZ 24 o] &> Fev B
PR EERT Atk - ar S EFEEAERE -

% iE- HFEF GRPT5 2 vimentin 30 F 4z i NDMA 07 it e )% df 5 ik @
AT AL FRT AT Ged FREA Y RSE A W GRP75 & vimentin fugiz &
BAEERKRP - S5 FM5 MM NDMA A2 T » 4.7 A1 §v %3¢ h? it GRP75
v Fraf - & DNMA rdZen¥tiie g (Bl ) s 8% T LR amy A
EA.hy926 w#z ¢ GRP75 3¢ & - s = NDMA (%7 i%nL g3 & {570 GRP75 %
vimentin 7 At (S HH 5 fa%fg@ ) g W R b s Am g AR EA A
% GRP75 & - twre y = einprdl » A28 2 7 1 iR w2 5425 1 1§ T (Xuetal,, 2009;
Yang etal., 2008) ; & T 8% § 1 47 ! ROS 7 11:& & GRP75 3 HEEE T TEY 0 @ T A
fe it fs GRP75 ¥ 4 i tlhm®z B> 7 € I A A8 2 e % ¢ (Krishna et al., 2007) » %
JU5R) GRPT5 Bt ( #ec B0 818 W Jod TS Men 3 (6% » 0§ RS fhig &
eﬁ;}»w’ Freg e Bp s 4o dmre Dz e o SR > GRPTS drdim®e B = insd i i fmoe ez
R T i&lgawgﬂ 4 5 % (Lee et al., 2014; Wadhwa et al., 2006) - Vimentin %k 5 e
H’F%a Ap T AR S B R0 s (T g 2 BREL T TE ¥ gt v Jefis ¢ 45 Cdkl s Rho
kinase ~ PAK1 % Aurora-B kinase » Vimentin sgifis it (% & lmie o i fedrfd & & 4
(Sihag et al., 2007) » e % 7 i@ @ 4F %45 0 vimentin § 5 2 7 A il o A F AR
7 GRP75 2 vimentin ¥ At 5 F € X B T B2 GRE > AP L e
RTINS DR A R
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FABARANTTF T2 > GRP7S Fd F? At e IR adapsfapal o
vimentin 0% At frr M AE g BAA S > S BR G f #4p 71 NDMA AR R
BPETRAL TR ABRARSIN - BREHFFKRTAT V- BREFREIRT A
v o ¥~ 87 it & NDMA #r¥Reng-d FP A iE* 75 - 350 207 it &g
4y A AR L BAALD 0 TR kA2 NDMA 4eirig & GRP75 %
vimentin ® At eni®T* & (v fiE - HERKR T fF o %%ﬁ-’i Fv FO A2 5 mM
NDMA ZJ2 | 52 12 = GRP75 % vimentin 3-v BAIRE H A (BN ~ BI4) > 4D
2 B APt & DNMA G et BB 8 > GRP75 4 ZLH v 24% ~ vimentin £ 7.3 4¢ 38% o
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E%oz;
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0 5
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BlN 2 7 ATyt A SEas ek b 4 EAhY926 e FH BB & 39 75 L2
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fwie ARk X 2GR GT Gz R Y GRPTS e ME o
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vimentin expression
relative to control
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0 1 5
NDMA (mM) for 24 hr

Bl ~ = 7 QA TA v < dgokssd p 4 EADY926 mb 75y 22§38 o im
% RIEH kR = 7 KT AOR(NDMA) 24 [ BF 0 5 2 i3 e B L e
iR ¥ 2 g pe > EF2A45HE P vimentin ehd BE o

RHEAIFEH - 5 FR RO T SBE L % LNDMA &4 9% 5% ) 4
EA.hy926 mre 2 A #g it ¥ " Fiwmiz 3ok S P A DNA i 2> w35k ¢ & P A enimie 3 A >
P 2R NDMA 13 &1L - 2NDMA %4 59k st & EAhy926 mee 2 A g f 5%
Mo g AP R BE Mo P AL EE R L EAhY926 mre s F 4 il g pin Tk
fAs RSB IR e k5 7] 0 IR EP NDMA B 38 G0 7 Fl R apa i @
B2 4B ETEAR - SINDMA B4 #5954 7% ) L EANy926 w2 P i & GRP75 % vimentin
¥-v 7 K it » %] GRP75 % vimentin giﬁzﬁfﬂ}mﬁgg? W BRI IFER A4 5 F
247 f2 GRP75 2 vimentin 4 2 7 ZL it a0 02 T RIS B T B #
$ NDMA 733 & g B Rk 2, S R 4B 5 £ & % d < 4% Fd 7 it 2 % - NDMA » 3§
GRP75 % vimentin F—v #end B H 4 > @ GRP75 2 vimentin ehZ JL 8 H 4c - -7 i 4
DNA @ p kg X i twe 033 6 0 8@ B ROR R, S b 0 S BBEREFT LI ET o

A3 AP Fme W RH - T AL A %E S ROS 2 E#4echid &

= " A& & A '=(N-nitrosodimethylamine, NDMA) £ 3 % 7] "% = 1 > & IARC % 2A #f R &
P ok B NDMA i 2578 i > MHEE P kB34 B-‘F—F;gsjﬁ_:ﬁsiﬁrs Rl A
m NDMA f 4 #gena Moichk 7 A ST - 233 % R NDMA &4 3t ¥ WRL-68 +m
o 3 P ESROS AR 4% o @ 2 AR & #F #14(dose-dependent manner) P & > ROS 3
e B HcRAIEER 05 MM1mM 2 5mM A %] G B E7.8 133 @ % 21.2 & (F 10) o
2_{83RskI9r 5 mMM-24 o] pF G R AJE E % o
Lo Rl £ R EH AHEE A NDMA i X ROS AR H 4 R 2894 AT 8
S EREE IR E FRGE 0 & Rrwe / F PAS0 g # (CYP4AS0) » H ve§ 1t fis (monoamine
oxidase, MAO-A/MAO-B) ~ & % # § i p#(flavin-containing monooxygenase, FMO) % ¥ "= 4z
(monoamine reuptake) & 4] # o & NDMA @ 5 30 4 4&+4r » CYP450 A »x ) #r 4] 4|
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aminobenzotriazole (ABT) » %2 % % 3 ABT 3 7] *# ™ NDMA % WRL-68 #+m?z 1 = e ROS A&
B0 AR 60 MPF > MIRE X drdsck id 95%(H -+ - )  A&JZ FMO (flavin-containing
monooxygenase)#t+ 3] #+4]# methimazole (MMI) » & % » 2 3 MMI £ 5 3 7] #r4] NDMA &
WRL-68 #+m*z i¢ = e ROS A 3 4v > k& 2mM BF > IR+ Prq) 2k i 80%(W -+ =) -
e 2 MAO-A(Monoamine oxidase A) % MAO-B(Monoamine oxidase A) #r 4|
clorgyline(CLORG) ~ pargyline(PARG) %2 selegiline(SELEG) - % % % 7. MAO-A 2 MAO-B #r+
A yeic B E 1 NDMA & WRL-68 m ¥ i3 & 5h ROS & £ #f *r > iz adrdi42 & + MAO-B #ri|
Al et MAO-A Fr &8 (Rl =~+3): ¥ ¢ H jHed® MAO-A #r4]# CLORG P> » ¢ ¢
= WRL-68 ‘wm*¢ ROS 12 € 3 4v (B =) o T H 2w qzfr$)&) imipramine(IMI) > % % % 1
IMI = 3 #r4] NDMA % WRL-68 "#+im*si¢ = chROS A E#{4r> kR S MPF> NIRE + r
bk iE 82% 0 f FliAsk o Bod b A A E PR EORE(F L2 ) o 4 *> NDMA A WRL-68
inre i P EE ROS M 4v > S 38— 96 7 32 ROS A 2 &2 M A Ap B 1> v i ie » fig
it # (Mito-tempo) & & = ® AT A" epd® » S5 3R 7 AT %eh WRL-68 w3 = i
ROS & # # 47 &7 % >4t Mito-tempo #r#]» A2k & 100 M pF-$rd sk & 92%(H -~ = ) -
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&0 £ 2 5mM = 7 A & A (NDMA) 24 ) pF > 2 DGHF-DA 4 ¢ ;2 B|& ROS 24 & » )
O CRMEELERA > £ Image] TE o Bicdy i = KRR T IRE £ RER L o

92



S5mM
NDMA

100 uM
PARG

S5mM
; NDMA
» s +
250 uM

PARG

- SmM

NDMA
+

500 uM

PARG

BLw o BORf CpE-BirdlAS s T AL A RE S A R ¥ e ROS # 4 el o L i1
¥ " m e (WRL-68)fm %2 » & W]3E a2 7k & B R i 5% -B 4% (pargyline - PARG) 30 4 45
& £ @ 5mM = 7 A & A (NDMA) 24 ) p= > 2 DGHF-DA % ¢ ;2 B1E ROS 24 & > )
Y RMAMCEEERA > £ 2 Image] TE o #icdy i - KRR T IRE o

5mM
NDMA
CONT +
' 0.125 M
SELEG
S5mM
5 mM NTNA
NDMA 0.25 uM
SELEG
5mM '
0.5 uM NDB”‘
SELEG 0.5 M
SELEG

W7~ Hof Cpe-Birgl R ° AL A RE S A B ¥ Finse ROS H4e e P o L sn
¥ 3Fim e (WRL-68):m% » & W|p A2 % k& B 9§ i §&-B #r41|&{(selegiline » SELEG) 30 4
s 0 L EIZ5MM = ¢ A& A 9(NDMA) 24 /) p% > 7 DGHF-DA 4 ¢ ;22| ROS 2 2 £ »
Flr m oz F RSB ERA £ 2 Image) TE o ficdy s - A RHKTIHE -

93



CONT

Y .. M
5.0 mM o o
NDMA e ‘,. : )
S uM
IMIP
5.0 mM
NDMA
+
0.5 uM
IMIP
5.0 mM
NDMA
+
SuM
IMIP

W= Horw e R P AT AORE S A D ¥ % ROS H 4 e P o A fa F 0+
fwre (WRL-68) w72 » & |3 i d2 7 [k & H v=fr 4] (imipramine - IMI1) 30 4 4518 > £ /o2 5mM
= 9 A T A (NDMA) 24 - p5 > 12 DGHF-DA % ¢ 2 p|§ ROS & 4 £ > 4% 1 = ¥ % A ekt
BLZRRAD > £ 02 Image) & o Hedp i - K Ek T EE -



o .

NDMA

NDMA
+

20 mM
Mito-Tempo

NDMA
+
60 mM
Mito-Tempo

NDMA
+

100 mM
Mito-Tempo

W= s Ry CRE S P AT ARG S usFJ_ F3F4m % ROS H 4 ehfi 48 o L 71
¥ 37 im e (WRL-68)m % » A W|FE A2 % ik B R R % Fuf L #(Mito-tempo) 30 4 4475
£ ed2 5mM = 7 A I A (NDMA) 24 ) g > 12 DGHF-DA % ¢ 2|2 ROS 2 2 & » f*
SRR 0 £ 1 Image ) R o Hedf 5 T iRk TIOH -

b

=

44/ KT NDMA¥ e FO A2 24 fE 39 2 R2BF

NDMA /&2 4 #f % i § p L EADy926 %2 2 WRL-68 "+l > 357 i & m¥e ) P A
ROS & 24 & * igff4cchg WA » X 2wz = » Si8- 4 7 2 NDMA 2§38 4~ 48 p
fRA NP gy PR E kA a2 % A3 F 4l BALB/C fJ~ B FHF o e G
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",% Fov T A e g2 h O NDMA 2 - o] BUFHRY § ity AR =P R
F K SeehF-e Fe 45 L ()P 9 GRP75 (75 kDa Glucose regulated protein) ~ (2)MnSOD
(Manganese-dependent superoxide dismutase) ~ (3)CAT (Catalase) ~ (4)GCLC (Glutamate—cysteine
ligase catalytic subunit) ~ (5) GCLM (Glutamate—cysteine ligase modifier subunit) ~ (6)GSTp
(Glutathione S-transferase pi) » # 3™ *% ed-v & ¢ 35 (7)GPX1 (Glutathione peroxidase 1) -
(8)HO-1 (Heme oxygenase 1) » (9)GR (Glutathione reductase) z4 42 A | # £ B2 8(W = )
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(I )*ﬂ‘%ﬁ
= 7 A LA =(NDMA)F it 7l & b i l%ﬁw?ﬂl/ om0 VUGS R THRBAS T
PRI R AR BN A p AR Hp ¥ A 4 YRS kRO R o TARTFE G g 2]
R A MR RBECHBEEET LGN G B %ﬁaﬁ%’a# T FERAR B DA e 2 sp 0 AT Y
ph P AL ARSI PPN ABAS TR CAAAMIEES T R g i E R A
F 2 F i 3 2 54 v (carbonylation) > ¥ ¢k s Rk (R GHA R E G o5 7] dde AR RIS
e ® 2 E F = B35 (methyldiazonium ion) » ¥ 8- ¥ i3 S DNAZ F-o B iz AL 0 iF %
(Methylation) (Bl = - = ) » iE it se 4B d B 5 m e et & B0 > 5 2 s A )4 AW
S :&;\;sx—n;g% @i % ;]rpf};g}%.[im"l = o
822X NDMA frf 5t e ¢ e hg j2 2 4 & A4 0 f@endp §f = F > w78 SO % S8
HANBHEARL £ v | T3h o 2 ch R i me 4 2 PASO 2 2EL 2w £ & & 4 (Chowdhury
etal., 2012; Kang et al., 2007; Yamazaki et al., 1992) » % & < ;gwj ip &) H g 1t ¥ (monoamine
oxidase/MAO) 2 + % ¥ *&5 i f#(flavin monooxygenase/FMO)~ 3t4> i € £ & 4 (Lake et al,
1982; Phillips et al., 1982) = 43+ % % % % 3 CYP450 » FMO 2 MAO i # f4r & > #Rik §
s r4] NDMA = WRL-68 #+im¥z i = ROS A& 2 & 3 4v » 2R @ > {gpdrd | &7 5 (% m:é_ Ll
M2 %7 CYPAS0 %2 2 H ve3 it is(MAO)¥ NDMA £ #r2& 4 ROSé4 ¢ ¥ F % € & e FMO
Frg B Fle pFE G s 2] g CYPAS0 gt » & 4 £ R - { 5482 £ & g A
NDMA 3 % 7 ROS ¥ 4448 & — 144§ 1 F|(Mito-tempo) = > #r4] > iz~ NDMA 3% % e
ROS A Z# s MMM R > > SFEGEFR - AP R - BT £X7 5 A F 4841
21 NDMA 4rie ai+Fimre R 3pE 1 2 4 ROS(Bl= -+ =) - NDMA i& » fm? {8 » ¥ 5y Aok 4048
hagm b2 MAO %% 8% » & d HH 2 R S A TP 2 CYPAS0 2EL f% &% 38> & m (Rl
PR T ROS ehA B 3 4r 0 BT eF 4R H4p ) CYPA50 2E1 & STZ 4 4% Fjops BURAR
Y i P B4 % (Razaeta, 2004) » 122 g P CYP450 2E1 # 4 2. ROS &3 |7 ¢ ki@
Fz R AR A FPRA R A SO AP N IR AU ¢ 1 CYP450 2E1
% MAO-A/-B % NDMA 3 3 "+ m ¥z ROS ATWAv T KL Lo
N fwﬁz;@ N3 Fime ROS A & 3 4v o 11 2 gzi B oFug b kAP enER e b
s %Exeg\ﬁw PR s Ao U Fod FREE A 47 i - 9 3 I GRP75 Z_NDMA 2
ERPFD AR ERY DT AP REE AR FR RO AT AT EHE S N2
FR B FH 0 GRPTS - 1 & A F s A T endd 0 BTy fody 0 GRPT5 A3
v R R AU R £ & o0 3 (chaperon)# st (Liu et al., 2015; Horst et al., 1997) » 3% §-v F »
T8 m N F g2 R T @g&g—r 12 % i & (Szabadkai et al., 2006) - #5 #* ¢ 3u 5 GRP75
¥ iy 82 CYP450 2E1 s suf 438 5 B > NDMA 235 i GRP75 fw B4 CYP450 2E1 & » 4
T %3 NDMA > i = ROS 2 € 3 4c e PEHE RBA f (30 R E § B 35 /methyldiazonium
ion)~ #® GRP75 F-v # 4 7 At &% MH hj Fo LFE i 4 0 iEq J&’? E 0 Fehd MARR
(W=+t- A&B) iz £ - 1P #»Lﬁﬂﬂ?ﬁ’]‘ﬁ“ fv L NDMA forf 5L & 47 fmPe %% cofl
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EPD3-2  Tobacco-specific ni ; : ; : :
satientiwith Gllrent 'Obstl'uctivema:y N?:JK and its metabolite NNAL in
Division of Chest Medicine, Department of Internal Medicine, Changhua Christian
Hospital, Taiwan', Department of Occupational Safety and Health, Chung Shan
Medical University, Taiwan’, Department of Public Health, Chung Shan Medical
University, Taiwan’, Department of Occupational Medicine, Chung Shan Medical
University Hospital, Taiwan* : OYing-Ming Shih', Ciao-Han Sie*, Chi-Syuan Liac®
Chiung-Wen Hu', Mu-Rong Chao**
Most of the patients diagnosed of chronic obstructive pulmonary disease (COPD)
are often associated with cigarette smoking. Smokers with COPD are at an
increased risk of developing lung cancer. Tobacco-specific nitrosamines (TSNAs)
are a group of carcinogens present in tobacco. In this study. we measured the 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and its urinary metabolite,
4-(methylnitrosamino) -1- (3-pyridyl)-1-butanol (NNAL) in the urines of healthy
smokers (n = 15) and currentsmoker COPD patients (n = 34), by liquid
atographv-tandem mass spectrometry. The prelliminéxc')ypgesult:s shos;;eg
‘under a similar exposure condition, current-smoxer patients ha
t!lat; undif;wm levels of free NNAL than healthy smokers (0.12
significantly higtie vs. 008 ng/mg creatinine; P = 0018). The current-smoker
COPD patints had signicanty lower detoiicaton fex 'ghcurpi et
G ey NNAL levels y smokers (1.79 vs.
AL S O e .. £ dinos implied that the current-smoker COPD patients
e ﬁnj dml gsm ;n gecmasea ability to detoxify TSNAs.

EPD8-3  Urinary levels of oxidative stress biomarkers in patients with
mechanical ventilation

Department of Public Health, Chung Shan Medical University, Taiwan', Division of
Chest Medicine, Department of Internal Medicine, Changhua Christian Hospital,
Taiwan’, Department of Occupational Safety and Health, Chung Shan Medical
University, Taiwan®, Department of Family and Community Medicine, Chung Shan
Medical University Hospital, Taiwan' : OChi-Syuan Liao!, Yi Hung Tsai', Ying-Ming
Shih’, Mu-Rong Chao’, Chiung-Wen Hu"

Mechanical ventilation (MV) is a lifesaving intervention for patients with respiratory
failure. However, ventilatorinduced lung injury (VILI) is a serious concern and
oxidative stress hypothesis is one of the popular explanations. In this study, we
collected two urine samples from each patient while the patient requiring MV and
weaning from MV. The urines were analyzed for two representative oxidatively
damaged DNA and RNA, namely 8-0x0-78-dihydro-2deoxyguanosine (8-0x0dG) and 8-
oxo-7, 8-dihydroguanosine (8-0xoGuo) by liquid chromatography-tandem mass
spectrometry. OQur preliminary results showed that patients requiring MV had
significantly higher urinary levels of 8-0x0dG and 8-0xoGuo than healthy subjects (8-
oxodG: 208 vs. 355 ng/mg creatinine; 8-0x0Guo: 37.3 vs. 6.38 ng/mg creatinine). The
results also showed that 65% of patients weaning from MV had apparently increased
levels of 8o0xodG and 8oxoGuo while 35% of those had decreased urinary levels,
compared to their individual-levels while requiring MV, Further investigation is needed
to estimate whether the variations of urinary levels of oxidative stress biomarkers are
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Tobacco-specific nitrosamine NNK and its metabolite NNAL in patients with chronic obstructive

pulmonary disease
Ying-Ming Shih*, Ciao-Han Sie?, Chi-Syuan Liao®, Chiung-Wen Hu®, Mu-Rong Chao***

!Division of Chest Medicine, Department of Internal Medicine, Changhua Christian Hospital, Changhua 500,
Taiwan

Department of Occupational Safety and Health, Chung Shan Medical University, Taichung 402, Taiwan
Department of Public Health, Chung Shan Medical University, Taichung 402, Taiwan

“Department of Occupational Medicine, Chung Shan Medical University Hospital, Taichung 402, Taiwan

Most of the patients diagnosed of chronic obstructive pulmonary disease (COPD) are often associated
with cigarette smoking. Smokers with COPD are at an increased risk of developing lung cancer.
Tobacco-specific nitrosamines (TSNAS) are a group of carcinogens present in tobacco. In this study, we
measured the 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and its urinary metabolite,
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) in the urines of healthy smokers (n = 15) and
current-smoker COPD patients (n = 34), by liquid chromatography-tandem mass spectrometry. The
preliminary results showed that under a similar exposure condition, current-smoker COPD patients had
significantly higher urinary levels of free NNAL than healthy smokers (0.12 ng/mg creatinine vs. 0.08
ng/mg creatinine; P = 0.018). The current-smoker COPD patients had significantly lower detoxification
index (glucuronidated NNAL levels divided by the free NNAL levels) than healthy smokers (1.79 vs.
2.83; P = 0.0106). These findings implied that the current-smoker COPD patients may have impaired
metabolism or decreased ability to detoxify TSNAs.
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COPD 1

EPD3-1  Epithelial-mesenchymal transition (EMT) as a
fundamental underlying pathogenic process in COPD airways:
fibrosis and cancer

School of Health Sciences, University of Tasmania, Australia : O
Sukhwinder S. Sohal

COPD is physiologically complex though, the earliest changes are
in the small airways, where most of the airflow limitation occurs.
The pathology of small airway damage seems to be wall fibrosis
and obliteration, but the whole airway is involved in a field effect.
Our novel observations on active epithelial-mesenchymal
transition (EMT) in the airways of smokers, particularly in those
with COPD, are changing the understanding of this airway
pathology and the aetiology of COPD., EMT could be the potential
mechanism contributing to small airway fibrosis and obliteration.
When associated with angiogenesis (so called EMT-Type-3),
which we have observed in larger airways, it may well also be the
link with the development of cancer, which is closely associated
with COPD. EMT is probably one manifestation of airway basal
cell reprogramming, and such concepts are changing the very
way we think about this disease and have profound therapeutic
implications.

EPD3-2  Tobacco-specific nitrosamine NNK and its metabolite NNAL in
patients with chronic obstructive pulmonary disease

Division of Chest Medicine, Department of Internal Medicine, Changhua Christian
Hospital, Taiwan', Department of Occupational Safety and Health, Chung Shan
Medical University, Taiwan’, Department of Public Health, Chung Shan Medical
University, Taiwan®, Department of Occupational Medicine, Chung Shan Medical
University Hospital, Taiwan* : OYing-Ming Shih', Ciao-Han Sie?, Chi-Syuan Liac’,
Chiung-Wen Hu®, Mu-Rong Chao*

Most of the patients diagnosed of chronic obstructive pulmonary disease (COPD)
are often associated with cigarette smoking. Smokers with COPD are at an
increased risk of developing lung cancer. Tobacco-specific nitrosamines (TSNAs)
are a group of carcinogens present in tobacco. In this study, we measured the 4-
i ino)-1-(3-pyridyl)-1-b (NNK) and its urinary metabolite,
4-(methylnitrosamino) -1-(3-pyridyl) -1-butanol (NNAL) in the urines of healthy
smokers (n = 15) and current-smoker COPD patients (n = 34), by liquid
chromatography-tandem mass spectrometry. The preliminary results showed
that under a similar exposure condition, current-smoker COPD patients had
significantly higher urinary levels of free NNAL than healthy smokers (0.12
ng/mg creatinine vs. 008 ng/mg creatinine; P = 0018). The current-smoker
COPD patients had significantly lower detoxification index (glucuroni-dated
NNAL levels divided by the free NNAL levels) than healthy smokers (1.79 vs.
283, P = 00106). These findings implied that the current-smoker COPD patients
may have impaired metabolism or decreased ability to detoxify TSNAs.
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EPD3-3  Involvement of Sphingolipids in Cigarette Smoke- Induced Lung
Epithelial Cell Mitophagy and Necroptosis

Division of Respiratory Medicine, Nihon University School of Medicine, Japan', Joan and
Sanford 1. Weill Department of Medicine, Weill Cornell Medical College, USA?
Department of Medicine, Indiana University School of Medicine, USA®, Department of
Medicine, University of Illinois at Chicago, USA* : OKenji Mizumura“, Matthew J.
Justice’, Evgeny V. Berdyshev', Shu Hashimoto', Augustine M. K. Choi?, Irina Petrache*
Background: Ceramide is a proapoptotic sphingolipid that recently implicated in lethal
mitophagy. We have previously demonstrated that cigarette smoke (CS) induce lung
epithelial mitophagy and necroptosis. In this study, we examined the potential role of
sphingolipids in this pathway.

Results: Lung epithelial cells and mice exposed to CS exhibited upregulated levels of
Cl6ceramide and CI6-DHC. Inhibition of the acid sphingomyelinase pathway
attenuated CSinduced stabilization of PTEN-induced kinase 1 (PINKI), a key
mitophagy regulator, and the phosphorylation of the mixed lineage kinase domain like
protein (MLKL), which is a critical step in necroptosis. Treatment with Cl6-ceramide
increased MLKL phosphorylation and cell death, which was reduced by necroptosis
inhibitors. Ceramides/SIP ratios and C16-DHC levels were reduced in CS-exposed
Pinkl KO mice, which occurred in parallel with the reduction of necroptosis markers.
Conclusions: Our results indicate that Cl6-ceramide is an upstream modulator of
mitophagy and necroptosis, and that PINKI has a feedback regulatory effect on
ceramide synthesis.

77

EPD3-4 A Multicenter Retrospective Study on Clinical
Characteristics in COPD among OSA

Department of Respiratory Medicine, Juntendo University School of
Medicine, Japan', Department of Geriatric Medicine, Graduate School of
Medicine, The University of Tokyo. Japan’, Department of Pulmonary
Medicine, Respiratory Care clinic, Nippon Medical School, Japan® : OSatomi
Shiota', Yasuhiro Yamaguchi’, Takeo Ishi’, Ai Sugiyama' Kazuhisa
Talahashi', Kouzui Kida®, Yoshinosuke Fukuchi'

The term overlap syndrome is commonly used to describe the coexisting
chronic obstructive pulmonary disease (COPD) and obstructive sleep apnea
(OSA). A synergetic relationship between them has been described, but
there are few studies which investigated the prevalence and characteristics
of COPD among OSA. In this multicenter retrospective study supported by
GOLD Japan Committee, we aimed to describe how the COPD is evaluated
among OSA and to investigate the characteristics of PSG findings in overlap
syndrome compared with those among a lone OSA cases. We reviewed 616
patients who underwent PSG and enrolled 273 subjects who underwent both
PSG and spirometry. Finally, 27 cases were classified with overlap syndrome.
Regarding the PSG findings, we paid special interest for their physiological
PSG parameters based on the pathophysiological changes observed in their
sleep such as increased upper airway resistance, more profound reduction of
FRC in REM sleep and more profound oxygen desaturation.

EPD3-5  Association of Nutritional Status using Mini Nutritional
Assessment Short Form (MNA-SF) with Risk of Exacerbation Among
Elderly COPD Patients

Division of Pulmonology and Critical Care Medicine, Philippine Heart Center,
Philippines : OPeter Ian B. Tabar, Aileen V. Guzman-Banzon, Ma. Encarnita
B Limpin

BACKGROUND: Malnutrition is a common extrapulmonary systemic effect
of COPD that is correlated with frequent hospital visits. This study aims to
correlate COPD exacerbation with nutritional status using the MNA-SF.
METHODS: A cross sectional study involving 131 elderly COPD patients
were studied. Anthropometric measurements (BMI, MAC, and CC) were
measured. The GOLD COPD Combine Assessment Tool was used to
evaluate rate of exacerbation. Pearsons product moment correlation was
used for correlation. A p-value of < 0.050 was considered significant.
RESULTS: Using the MNA-SF, subjects with normal nutritional status have
no episodes of exacerbation per year. Those who were at risk of malnutrition
and malnourished was observed to have more than 1 exacerbations per year.
Scatterplot significantly presented a positive correlation between
malnutrition and risk of exacerbation. Those with lower BMI and MAC
values showed a significant negative correlation with risk of exacerbation.
CONCLUSION: There is a strong correlation between malnutrition and risk
of COPD exacerbation using the MNA-SF as a nutritional assessment tool.
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