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Relationship of urinary metabolite of tobacco-specific nitrosamine and smoking
patterns in Japanese smokers
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Mainstream smoke from cigarettes contains tobacco-specific N' -nitrosamines
(TSNAs) listed as Group 1 and 3 carcinogens by the International Agency for Research on Cancer (I1ARC).
4-(methylInitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) is metabolite of
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), excreted from smoker urine. The main aims of this
study were development of NNAL analysis method in urine and the examination of exposure from Japanese
smokers. The analysis method of NNAL combined 3-steps solid phase extraction and LC/MS/MS using HILIC
column. The mean of NNAL in 98 Japanese smokers was 92.5 ng/mg creatinine. The NNAL levels in the smokers
associated with age, puff volume, carbon monoxide in exhaled breath, urinary nicotine metabolites
(cotinine, 3-hydroxycotinine) and oxidative stress markers (8-OHdG and 8-isoprostane) (p<0.001), but not
with nominal values of nicotine-yield on packages.



Tobacco-specific nitrosamine; TSNA
4

4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
NNK

4-(methylnitrosamino)-1-(3-pyridyl)  -1-butanol
NNAL
NNAL
NNK
NNAL
NNAL
16 10

16

NNAL
TSNA
NNAL
100 NNAL
3
8-
NNAL
NNAL
B —
3
LC/IMS/IMS
101
20
65
2006 10
3
CReSSmicro

CReSSmicro

mL/puff

ms mL/sec
NNAL
(
)
SPSS
22.0J
NNAL
NNAL
B —
3
ENVI-Carb
Oasis-MCX
HILIC LC/MS/MS
2-7 1 X
95/5 Envi-Carb 0.1%
50% OasissMCX 2%
NNAL
CcVv 2.8-6.0% 1.351%
71.0
-126% NNAL
2 800 pg/mL
98 NNAL pg/mg
creatinine
92.5+ 55.1 298
10.0 NNAL 1
3_
8-OHdG
8-isoprostane
p<0.001
NNAL
NNAL
Table 1
tobacco

specific nitrosamines; TSNAS

NNK

TSNA  N'-nitrosonornicotine



Table 1 NNAL
A* B** C***
98 1,373 128 128 59 187
( 1 ) (88/13)  (844/533)  (74/54) (7a/58)  (26/33)  (83/104)
400 38.2 38.2 36.3
/ 18.4 15.4 17.2 18.4 6.9 15.0
NNAL 92.5 285 230 223 120 182

(pg/mg creatinine)

A* Yang Xia, et al. Tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol NNAL in smokers in the united states: NHANES 2007

2008. Biomarkers, 2011, 16(2), 112-119

B** Neal L. Benowitz, et al. Racial Differences in the Relationship Between Number of Cigarettes Smoked and Nicotine and Carcinogen Expposure.

Nicotine & Tobacco Reseach, 2011, 13(9), 772-783

C** Neal Benowitz, et al. Urine Cotinine Understimates Exposure to the Tobacco-Derived Lung Carcinogen 4-(Methylnitrosamino)-1-(3-Pyridyl)-1-
Butanone in Passive Compared with Active Smokers. Cancer Epidemiology Biomarkers & Prevention, 2010, 19(11), 2795-2800
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