%35 % 5 6 1] i T Vol.35 No. 6
2014 £ 11 J Journal of Chinese Mass Spectrometry Society Nov. 2014

BEAREEE-XSEXFEERRKREEAR
4- (BT AH BE 5 ) -1-(3-AiL B 2 ) -1-T BR 4 Sh A 40U 4K 158 46 A

TR, R W, TK Ao & R

(ERT U REEGHESEY TRERE . FRESRBEMFLARTELLRE, LR 100124

T AR R A AT A-CF R A R 35 -1-(3-mE e 3850 -1- T B (NINKD 2 — F 77 78 1 08 5540 S B M 530 5

FREUR Y, HEUR LR B3 400 0 K P450 B 40 0 fh 2 A0S Bk 2 A0, 5 30 DNA 345, 1K ik, 3

SE NNK #AMERR B =W g B a4 F N FHAMESUREY EABER L., LKA &M E
- R G B B BB B R B 4k (HPLC-APCI-MS/MS) X NNK 44 i 7= 4 4-78 #-1-C3-atk e #2)-1-T B
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Study on In vitro Simulation of the Metabolism
of 4-(Methylnitrosamino)-1-(3-Pyridyl)-1-Butanone
Using HPLC-APCI-MS/MS
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Abstract; Tobacoo-specific nitrosamine 4-( methylnitrosamino )-1-( 3-pyridyl )-1-butanone
(NNK) is a potent carcinogen present in tobacco products and tobacco smoke. The carcino-

genic mechanism of NNK is involved in the DNA damage induced by the active electrophiles
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generated from the metabolic activation of NNK catalyzed by cytochrome P450, It is signifi-
cant to establish an in vitro metabolism model of NNK and the quantitation method for the
In this work, the NNK metabolite of
4-hydroxy-1-(3-pyridyl)-1-butanone (HPB) was quantitatively analyzed by high perform-

investigation of tabacco carcinogens motabolites.

ance liquid chromatography-atmospheric pressure chemical ionization tandem mass spec-
trometry (HPLC-APCI-MS/MS). Selective reaction monitoring (SRM) was employed for
determining HPB and the internal standard [3,3,4,4-D, |HPB simultaneously. The method
shows good linearity within 0. 2—400 nmol/L with the correlation coefficient (R?) 0. 999 9,
The limit of detection (LOD) and the limit of quantitation (LOQ) are 0. 025 nmol/L (S/N
=3) and 0. 05 nmol/L (S/N=10), respectively.
range from 96. 6% to 101. 8%, and the recovery is 98. 1% —102. 6%. The in vitro metabo-

lism model of NNK can be used to elucidate the molecular mechanism of the metabolic acti-

The inter-day and intra-day accuracy

vation of tobacco-specific nitrosamine. This work layed a foundation for the quantification
of biomarkers for tobacco carcinogenesis.

Key words: 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) ; 4-hydroxy-1-(3-pyri-
dyl)-1-butanone (HPB) ; in vitro simulation of metabolism;high performance liquid chroma-
tography-atmospheric pressure chemical ionization tandem mass spectrometry (HPLC-AP-

CI-MS/MS)

M B 45 5 I A % (tobacoo specific nitrosa-
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W, e T U S YR 2 WA AL 7 AR T iR
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Fig. 1 Structures of TSNAs and precursors of tabacco alkaloid
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CYP450 {1 F 1 o ¥R AL 2 B J2 NNK £
FREENRBREZ —. NNK ZIEX R
W : B 5% o R R AL R RAR iR AR, B o H R
FeAk [ D 1% 42 (pathway A) F1 o W B BE 52 B4k
KN i 1% (pathway B), RV HLE = FE 2,
AR A SR KA TE W 15 2 Bl W it Hh B 3R B B
KO HEMNG =4 48 F-1-3-m e )-1-T
B (HPB) , {R i # 8] 4 (1) 7T 5 DNA % A= it he
FEAAT B, 4 BB B HPB [ DNA
Y. BE 5 ML E O 454 BRI HPB i1
AEAEMAYY . &FE B H B 4 B
MPRFERIEMLY (2, J5H TS5 DNA K
AR DNA A . IRRW, £ AES A
[F 0% CYP450 4k NNK B o35 54k KW 3%
g 2A13 > 2B6 > 2A6> 1A2 ~ 1Al >
2D6 ~ 2E1 ~ 3A419, CYP2A13 # NNK )
BN PR EMT N EAEEE R,

HAEMF W E A8 A R E /S, m
CYP2AG6 7£ JIF 41 21 o 19 i b 5k %6 450 H fih 41 41
R XA NNK R EA —E NS E RS
M. MAh, NNK AR5 BB Fi ik 45 5 1, 4 40
R R o BB R R R, E R AR
AP NNK U2 1A2.2B1 #1 3A = Fp 7 &
B P450, 1 35 AR AR R 2A6 Fi 3A4
Wi &L P450 B

o YO
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pathway A pathway B
//P450 P450
o T

|
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El 2 CPY450 4L T iy NNK RS H112
Fig.2 Metabolic mechanism

of NNK catalyzed by cytochrome P450
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A BEER A N B ER S (i ) K BT AR
JRAEEEG T 7 s @A VRS Gt gD - db
RATT 7= & =R &I H B (Tris, 407
g At HMEEYEARARA R 6.
1.2 ZW&EH
1.2.1 @344 Agilent Zorbax SB C18 %
AEHEFE (2. 1 m X 150 mm X5 pm); HEfE 25
C;WaiH X 10 mmol/L Z R & /K ¥ W (A) Fi
LIEB), i 0. 2 mL/min; /& M ¥ K 230 nm
(CREREFVRIME) ; 56 YEMLFE)F : 0~5 min,
98 % A,5~15 min,98% ~80% A,15~20 min,
80%~T75%A,20~25 min,75% ~80% A, 25~
35 min,80 % ~98 % A,35~45 min,98% A; k¢
B 25 4L,
1.2.2 Ju&H KRREAFHEE,EHT
Rl AR =5 RO L 4. 0 p A AL AR IR E 450
CHK (N,) JE A 138 kPa; BIK (N,) £ 5 35
kPa; B FIEH B M ERE 270 C; FE A O4b
L 60 Vi iifE K 57 0.2 Pa; MEfERER 20 V;
RV FEATRER 5 Vi RIE &R 8
R H R (SRM) , X m/z 166—>106 M m/z
170106 B 38 8 47 W .
1.3 NNK #F5p RSG5

6] 5 37 3% 35 52 N8 4 A 300 L 1094
KR BECRE R TAR MR (& 30 L R R S0RL 1 R
W), 180 pL ¥ 0. 2 mol/L HIBE IR 2% vh ik
(pH 7.4),6 pL ¥ EE & 1. 65 mol/L ) KCl ¥
W6 pL WE N 0.4 mol/L By MgCl, % ¥, 30
pL ¥R 0. 05 mol/L ¥ 8 5 HE-6-BE IR — 4 &k
WEW .48 pL YR 9 0. 025 mol/L # if JR 2 45 i
II YR O, F 37 CHiPh 20 min, ¥ HH
— N N R B RAE s X BB 5 1) 5 4
4 QR S4B mA 1 400 uL NNK %%,
TrissHCl ##% (10 mmol/L,pH 7. H)EAEZE 10
mL,fff NNK ¥ B 43 51 % 0. 01,0.1,1,10
mmol/L, 2 KN4 D,-HPB AR i
100 nmol/L, ¥ 37 ‘CR R 12 h, /Nt 4F B 5
RO E B 200 L RMIBEW. BT
—20 CRAF. AR EEE, ¥ RMIES
WA YM-30 B0 3 JE 48 1 38 , 7F HPLC-APCI-
MS/MS 53 #7 .

1.4 HRAEBEBRES

i o ¥k B2 4351 0. 2.0, 8,2.,8,20,80,200,
400 nmol/L f§ HPB 45 ME B W » WAL Y D.-HPB
¥ B S 100 nmol/L. ) HPB #1 D,-HPB #
R FE LE oA 6 A 4w, HPB 1 D,-HPB 1) 4 1] £ Lh
R WA FR 2 RIARE A R
1.5 FHiEZFWIiE

T 1 e & 4 5 R 0. 8.4.20.,40 nmol/L #Y
HPB #r # % % (D,-HPB W #r ¥ E & 100
nmol/L) \ ZE U E AT &4 T . — RN SRR E 6
WA E] H P A B RIAE X AR v R 22 5 LR &
A3AIAE 3 H AWIE 18 ¥k, 15 3 H [a)H % & FAH
SRR ZE . 28 F YT BRAE & S 4 B in A HPB
PRUEVS W, S0 5 AR IR B AR R A A B AR )
TEWLE S5 N HEAT 4007, E I A IR

2 #REFR
2.1 AEMRBEMARME

HPB #1 D,-HPB #r i & i) 5 1% B S e 340
HURTHE 3, R EEWM & T m/2 106,
R SRM IEEF# M HPB 1 m/z 166
106 #1 D,-HPB ) m/z 170—~106 B T3 ik, jf
REFRERTE 4, K HPB # D,-HPB K
R mHE 43 B & 19. 84 min #1 19. 81 min, ¥
HPB #1 D,-HPB () SRM W T #7 L %o vk & 1
EREL, BB Min ML TR 5. 5REHN,
HPB fE ¥ & % 0. 2~400 nmol/L & [ 4, HPB
1 D,-HPB [\ ¥ B th 5 SRM I i 5 Eb (%) 28 44
KEARG  EHEMXRE R =0.999 9, FikiE
PEMEZEENNESERS TR, HE 1A
S, B H PR H R R Ay R 97 2% ~
101. 8% #1 96. 6 ~101. 1% ; H 4 F1 H [7] A % 4%
WERES R 1. 1% ~3.2%., 25 5% A5
AR [F VR BE 1 HPB A v W W, 32 5 78 I A &
AR TR A 20 TR R AT A FRR 43T, WU AS 7 35 B I ]
WA 98% ~103% , HEHEIEF T 2. EH
RE B G ST, B3 AR A R LE (S/ND W 75 Y
HPB £ # R (LOD) 3k 0. 025 nmol/L, I 10 &
5 W& HL 048 B HPB & & R (LOQ) 2 0. 05
nmol/L, DL b8 R FRBT, 4 757 B i) R 5B e
ot 2 NNK R 1) 24347
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_§ 60| 0/ IN 1(:12 o E 60+ Q iz 1H;2
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O T T T T T T T T 0 T T T T T T T T
60 80 100 120 140 160 180 200 60 80 100 120 140 160 180 200
mlz mlz

B 3 HPB (a)#1 D,-HPB (b) I — &Rt &R E
Fig.3 MS$’? full scan spectra for HPB (a) and D,-HPB (b)

100 -
a ® 8
801 =
— y=1.7741x—0.0072
601 mlz 166—106 e ¢ R?=0.9999
s £ 6F
= o I
§ 40 5
g2 | £l
S 0 =
2100 &
5 b o -
£ 8oF % 2
< 60F - miz 170—106
& 0 T T T T
40 0 i 2 3 4 5
20 Concentration ratio
0 T T T T T T T T
0 s 10 15 2/0 25 30 35 40 E 5 HPB %1 D,-HPB {j SRM i@ Rtk
f/mm
MHEHREREENRERSE
E 4 HPBfr#&# & (a)F0 D,-HPB Fig. 5 Calibration curve of HPB constructed
R #5(b) K SRM & FiR & by plotting SRM peak area ratio between HPB
Fig.4 SRM chromatograms for HPB standard(a) and D,-HPB versus their concentration ratio

and D,-HPB internal standard(b)

F1 HPBUELRZHEWENBEENER
Table 1 Precision and accuracy of the supposed method for HPB

R R/ H P35 B A AR R 22 (n=6) H o) A 5 B A A AR R 2 (n=18)
(nmol/L) A7 e fi 2 RSD/ % e E2 / % A7 HE f 2= RSD/ % B2/ %
0.8 3.0 101.8 3.1 98.0
4 1.1 97.2 1.1 96. 6
20 3.2 99.4 3.2 99.9
40 3.0 101.1 3.0 101.1

2 HPB EZ=H R K amaR B E
Table 2 Recovies of HPB in the blank sample

JntR¥E & / (nmol /L) % ¥ & / (nmol/L) (n=3) AR A AR 2/ %6 5 2R/ %
0.8 0.79 2.6 99.0
4 3.92 1.3 98.1
20 20.53 3.7 102.6
40 39.93 2.5 99.9
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Fig. 6 SRM chromatograms for HPB and D,-HPB of the blank group(a) and the in vitro simulation group(b)

300
—>—0.01 mmol/L

250+ ——0.1 mmol/L
——1 mmol/L
200 —=—10 mmol/L

100

Concentration/(mmol/L)

t/h

B 7 FE®RE NNK Rif=4% HPB iR ET
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