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       Introduction 
 Cigarette smoking is responsible for an estimated 3 million an-
nual deaths worldwide and causes approximately 30% of all 
cancer deaths in developed countries ( Peto et al., 1996 ;  World 
Health Organization [WHO], 1997 ). More than 1 billion smok-
ers and hundreds of millions of smokeless tobacco users world-
wide are at risk for tobacco-induced cancer ( Hatsukami & 
Severson, 1999 ;  Pershagen, 1996 ;  WHO, 1997 ). Complete cessa-
tion of tobacco use in any form is the only way to reduce tobacco-
related cancer risk in these people. However, tobacco use is 
highly addictive, a property attributed to the alkaloid nicotine, 
the only known addictive component of tobacco ( U.S. Depart-
ment of Health and Human Services, 1988 ). Nicotine replace-
ment therapy (NRT) products are designed to aid smoking 
cessation by reducing withdrawal symptoms, thereby eliminat-
ing exposure to high levels of toxicants and carcinogens abun-
dant in tobacco and cigarette smoke ( Schnoll & Lerman, 2006 ). 
A number of NRT products are currently used for this purpose, 
including nicotine patches, gum, lozenges, and others. 

 Objective evaluation of the potential health effects of these 
products is indisputably necessary, especially in cases of long-
term use. One of our concerns is the possibility of endogenous 
nitrosation of nicotine or its metabolites in humans, which could 
lead to formation in NRT users of the two most carcinogenic 
of the commonly occurring tobacco-specifi c nitrosamines — 
 N �  -nitrosonornicotine (NNN) and 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone (NNK;  Caldwell, Greene, Plowchalk, 
& deBethizy, 1991 ;  Carmella, Borukhova, Desai, & Hecht, 1997 ; 
 Hecht et al., 1978 ;  Hecht, Hochalter, Villalta, & Murphy, 2000 ). 
NNN and NNK are believed to play an important role in the in-
duction by tobacco products of cancers of the lung, esophagus, 
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oral cavity, and pancreas (reviewed in  Hecht, 1998 ) and are clas-
sifi ed by the  International Agency for Research on Cancer (2008)  
as carcinogenic to humans. 

 We have demonstrated that nicotine-derived nitrosamines 
are virtually absent in NRT products ( Stepanov, Jensen, Hatsukami, 
& Hecht, 2006 ). However, it is possible that NNN and NNK 
could be formed endogenously in people who use these prod-
ucts, leading to their continuous exposure to these powerful 
carcinogens — an unacceptable risk, particularly in the case of 
long-term use. Extensive studies have shown that endogenous 
formation of  N -nitrosamines commonly occurs in humans 
through the reaction of dietary precursors with nitrosating 
agents supplied by diet, reduction of dietary nitrate, and endog-
enously produced nitric oxide ( Bartsch, Ohshima, Pignatelli, & 
Calmels, 1989 ;  Marletta, 1988 ;  Mirvish, 1995 ;  Shepard, Schlatter, 
& Lutz, 1987 ). It has been demonstrated that NNN is formed 
endogenously in F344 rats treated with nicotine or nornicotine 
and sodium nitrite ( Carmella et al., 1997 ;  Porubin, Hecht, Li, 
Gonta, & Stepanov, 2007 ). However, a study of smokers who had 
stopped smoking showed no difference in the levels of NNK 
metabolites — the sum of 4-(methylnitrosamino)-1-(3-pyridyl)-
1-butanol (NNAL) and its  N - and  O -glucuronides, referred to as 
total NNAL — in nicotine patch users compared with those who 
did not use the nicotine patch, providing no evidence that NNK 
was formed endogenously from nicotine ( Hecht et al., 1999 ) 
even though its secondary amine precursor is a nicotine 
metabolite ( Hecht et al., 2000 ). 

 Depending on the conditions of the reaction of nicotine 
with sodium nitrite, NNN is formed in up to 10 times higher 
yield than NNK ( Hecht et al., 1978 ). Moreover, nicotine in 
smokers and nicotine patch users is metabolized to nornico-
tine ( Benowitz, Jacob, Fong, & Gupta, 1994 ;  Hukkanen, 
Jacob, & Benowitz, 2005 ), which, as a secondary amine, can 
be nitrosated to form NNN at a far greater rate than nicotine 
( Mirvish, Sams, & Hecht, 1977 ).  Rose, Levin, and Benowitz 
(1993)  demonstrated that subjects using the nicotine patch 
concentrate nicotine and cotinine in their saliva, and it is pos-
sible that nornicotine also could be concentrated in saliva. 
After saliva containing nornicotine and nitrite is swallowed, 

the stomach provides favorable conditions for nitrosation 
( Mirvish, 1975 ;  Mirvish et al., 1977 ). Therefore, in the present 
study we further investigated the possibility of endogenous 
formation of NNN in humans by quantifying urinary bio-
markers of exposure to this carcinogen — the sum of un-
changed NNN and its pyridine- N -glucuronide, referred to as 
total NNN ( Stepanov & Hecht, 2005 ) — in people who had 
stopped smoking and used the nicotine patch for 6 months. 
 Figure 1  outlines the hypothesized pathway of endogenous 
NNN formation in nicotine patch users. Total NNAL also was 
measured.       

 Methods  
 Subjects and study design 
 The study was approved by the appropriate institutional review 
boards. Smokers were recruited through newspaper and televi-
sion advertisements and participated in initial telephone screen-
ing, followed by an in-person history and physical examination 
to confi rm the absence of any exclusionary medications or med-
ical conditions. Eligible participants were those who smoked at 
least 10 cigarettes/day for the past year. 

 At the initial visit, participants completed questionnaires 
regarding their smoking history and nicotine dependence level 
(Fagerström Test for Nicotine Dependence) and provided an 
exhaled carbon monoxide sample for biochemical confi rmation 
of smoking status and a urine sample. Following a prequit coun-
seling visit, participants started gradual reduction of the num-
ber of cigarettes per day over the course of 2 weeks (nicotine 
fading), until their quit date. Starting with the quit day, partici-
pants used the 21-mg nicotine patch daily for 24 weeks and pro-
vided spot urine samples 4, 8, 16, and 24 weeks after the quit day. 
A follow-up urine sample was collected 28 weeks after the quit 
day. Self-reported smoking was assessed at each visit and bio-
chemically verifi ed with carbon monoxide (<10 ppm). Of 215 
initially recruited subjects, 70 attended fi ve or six sessions. The 
present analysis includes 20 participants with biochemically 
confi rmed abstinence from smoking. 

  

 Figure 1.        Hypothesized pathways of endogenous NNN formation in nicotine patch users.    
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 A total of 10 nonsmoking volunteers recruited at the Masonic 
Cancer Center, University of Minnesota, provided spot urine sam-
ples. These samples were analyzed to generate negative reference 
data.   

 Urine collection and analyses 
 Urine was collected into polypropylene containers and stored at 
 − 20 °C until analysis. Total NNN and total NNAL were analyzed 
essentially as previously described ( Hecht et al., 1999 ;  Porubin 
et al., 2007 ;  Stepanov & Hecht, 2005 ). Negative control samples 
(water blanks) were added to each set of urine samples. If a urine 
sample collected after the quit date had elevated levels of total NNN 
or total NNAL, it was analyzed for anatabine to validate abstinence 
from smoking ( Jacob, Yu, Liang, Shulgin, & Benowitz, 1993 ).   

 Data analyses 
 We used SigmaPlot 2001 version 7.101 to determine the rela-
tionship of baseline urinary total NNN to total NNAL and to 
compare the mean levels of total NNN and total NNAL at vari-
ous timepoints of the study.    

 Results 
 Of the 20 people for whom we report data, 11 completed the 
program (six timepoints) and the remaining 9 completed 24 
weeks of nicotine patch use after their quit date but did not pro-
vide the follow-up urine sample. Average participant age was 44 
years ( SD  = 8, range = 26 – 61); 19 (95%) were White and 13 
(65%) were male. The average baseline smoking level was 22 
cigarettes/day ( SD  = 11). 

  Table 1  summarizes urine levels of total NNN and total 
NNAL at various timepoints during the study. Mean levels of 
total NNN and total NNAL in baseline urine were 0.12 pmol/ml 
( SD  = 0.10, range = 0.007 – 0.35) and 1.1 pmol/ml ( SD  = 0.80, 
range = 0.095 – 2.9), respectively, and these values were corre-
lated ( r  = .44,  p  = .046).     

 We found a considerable initial decline in total NNN and 
total NNAL levels after cessation of smoking: 4 weeks after the 
quit date, mean total NNN and mean total NNAL dropped to 
0.028 pmol/ml urine ( SD  = 0.039) and 0.15 pmol/ml urine ( SD  = 
0.10), respectively. Urinary excretion of total NNN in Subject 
6 was the same at baseline and after 4, 8, and 28 weeks of nico-
tine patch use. Subject 13 had similar total NNN at baseline and 
after 8 weeks of patch use. After 8 weeks of being on the patch, 
Subjects 12 and 16 had higher total NNN compared with base-
line. Anatabine, a tobacco alkaloid structurally related to nico-
tine, is not likely to be present in foods or to have other sources 
of exposure and is not present in nicotine-containing medica-
tions. It can be used to validate abstinence or measure the extent 
of tobacco use in persons undergoing NRT ( Jacob et al., 2002 ). 
Therefore, samples with elevated levels of total NNN or total 
NNAL were analyzed for anatabine and compared with baseline 
anatabine levels in the same subjects. Two samples, denoted by 
 “ S ”  in  Table 1 , had anatabine levels comparable with those in 
the baseline urine and were not used in further analyses. 

 The amount of total NNN was calculated as the percentage 
of total NNAL for each subject at each timepoint to compare 

the relative amounts of the analytes (see  Table 1 ). Mean values 
for total NNN expressed as the percentage of total NNAL also 
were determined after exclusion of Subjects 6, 12, 13, and 16 
( Figure 2 ).     

 Individual values of total NNN and total NNAL during nic-
otine patch use were compared with the baseline values for each 
subject. The baseline values were set at 100%, and the percent-
age of baseline was calculated for each subject at each timepoint 
after the quit day. The mean urinary excretion of total NNN and 
total NNAL, expressed as a percentage of the baseline value, is 
illustrated in  Figures 3A  (all subjects) and B (Subjects 6, 12, 13, 
and 16 excluded).     

 Total NNN was detected in 4 of 10 urine samples from non-
smokers reportedly unexposed to secondhand smoke (detection 
limit =  ~ 0.001 pmol NNN/ml urine). Average total NNN in 
these samples was 0.002 pmol/ml urine ( SD  = 0.001).   

 Discussion 
 This is the fi rst study in which urinary biomarkers of the nicotine-
derived carcinogen NNN were measured in people who had 
stopped smoking and used the nicotine patch for 6 months. For 
the majority of our subjects, urinary total NNN declined con-
siderably after smoking cessation. However, in some subjects, 
total NNN at one or more timepoints after smoking cessation 
was comparable with or higher than baseline levels. The overall 
decline of urinary total NNN was less drastic than that of total 
NNAL. These results support the hypothesis that endogenous 
NNN formation occurs in some nicotine patch users. 

 Urinary total NNN is a relatively new biomarker. To 
strengthen the reliability of the results obtained here for total 
NNN, we also measured total NNAL — an established and com-
monly measured urinary metabolite of the related nicotine-
derived carcinogen NNK. Interindividual variation in total NNN 
and total NNAL observed in the baseline urine samples (see 
 Table 1 ) was consistent with that reported previously ( Carmella, 
Akerkar, Richie, & Hecht, 1995 ;  Stepanov & Hecht, 2005 ). The 
levels of total NNN and correlation between total NNN and to-
tal NNAL in baseline urine also were similar to those reported 
earlier ( Stepanov & Hecht, 2005 ). The initial decrease in urinary 
total NNN was similar to that observed for total NNAL in our 
subjects (see  Table 1 ), which was consistent with the results of 
our previous study that dealt with the excretion of total NNAL 
after smoking cessation ( Hecht et al., 1999 ). After this initial de-
crease, however, mean total NNN fl uctuated around the value 
reached 4 weeks after smoking cessation, while the decline in 
mean total NNAL stopped after 8 weeks of abstinence from 
smoking. Four subjects had levels of urinary total NNN that 
were elevated over or comparable with baseline at one or more 
timepoints after smoking cessation, indicating that endogenous 
nitrosation of nicotine does take place. 

 Different rates of decline in urinary total NNN and total 
NNAL during nicotine patch use are refl ected in the ratio of to-
tal NNN to total NNAL in the same urine samples (see  Table 1 ). 
In the baseline urine samples, total NNN was an average 14% of 
total NNAL, which is consistent with the previously reported 
ratio between these biomarkers ( Stepanov & Hecht, 2005 ). This 
value increased in samples collected after smoking cessation, 
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 Table 1.      Levels of total NNN, total NNAL, and total NNN as a percent of total NNAL in the urine of 20 subjects who stopped 
smoking and used the nicotine patch  

  Subject

Total NNN, pmol/ml urine  Total NNAL, pmol/ml urine  Total NNN as % of total NNAL   

 BL

weeks on patch  

BL

weeks on patch  

BL

weeks on patch   

 4 8 16 24 28 4 8 16 24 28 4 8 16 24 28  

  1 0.146 0.010 0.002 0.005 0.004 0.008 1.06 0.40 0.06 0.03 0.03 0.04 14 3  3 17 12 23 
 2 0.072 0.007 0.006 0.014 0.010 NA 0.92 0.06 0.05 0.02 0.01 LOQ 8 12 12 58 170 NA 
 3 0.227 0.016 0.021 0.017 0.004 S 0.93 0.17 0.06 0.05 0.03 S 25 9 34 32 12 NA 
 4 0.068 0.009 0.006 0.005 NA 0.003 0.42 0.08 0.05 0.01 LOQ 0.01 16 11 13 56 NA 60 
 5 0.236 0.022 0.016 0.006 0.005 0.006 1.28 0.13 0.05 0.01 0.02 0.01 19 17 30 43 29 100 
 6 0.059 0.061 0.062 0.020 0.009 0.061 0.17 0.10 0.02 0.01 0.01 0.03 35 62 410 330 110 230 
 7 0.064 0.017 NA 0.024 0.013 0.003 0.24 LOQ 0.04 0.02 0.03 LOQ 27 NA NA 160 42 NA 
 8 0.163 0.033 0.012 0.007 0.002 0.003 0.75 0.05 0.05 0.03 0.05 0.03 21 65 26 27 4 11 
 9 0.154 0.015 0.017 0.016 LOQ 0.009 2.38 0.12 0.08 0.04 0.23 NA 6 13 22 46 NA NA 
 10 0.015 0.002 0.001 0.005 0.002 LOQ 0.45 0.27 0.16 0.16 0.05 0.07 3 1 1 3 4 0 
 11 0.049 0.003 LOQ 0.016 NA 0.009 1.70 NA 0.07 0.05 NA NA 3 NA NA 33 NA NA 
 12 0.347 0.073 0.419 0.034 NA NA 1.69 NA LOQ 0.01 NA NA 21 NA NA 310 NA NA 
 13 0.030 LOQ 0.029 0.007 0.016 NA 0.53 0.07 0.03 LOQ 0.08 NA 6 NA 85 NA 19 NA 
 14 0.084 LOQ 0.023 LOQ 0.021 NA 2.30 0.16 0.05 0.09 0.06 NA 4 NA 49 NA 34 NA 
 15 0.188 0.046 NA S 0.015 NA 2.95 0.35 0.13 S 0.17 NA 7 13 NA NA 9 NA 
 16 0.007 0.006 0.012 LOQ 0.007 NA 0.10 0.13 0.03 LOQ LOQ NA 7 5 48 NA NA NA 
 17 0.067 0.013 0.010 LOQ 0.004 NA 1.37 0.22 LOQ 0.07 0.09 NA 5 6 NA NA 5 NA 
 18 0.299 0.157 0.050 0.022 0.012 NA 0.99 0.11 0.04 0.02 0.02 NA 30 150 130 110 71 NA 
 19 0.039 0.005 0.020 0.001 0.007 NA 0.85 0.11 LOQ LOQ 0.04 NA 5 5 NA NA 16 NA 
 20 0.024 0.002 0.003 0.002 0.016 NA 0.18 0.08 0.03 0.03 0.05 NA 13 2 10 8 36 NA 
 Mean 0.117 0.028 0.042 0.013 0.009 0.013 1.07 0.15 0.06 0.04 0.06 0.03 14 25 63 88 38 70 
  SD 0.099 0.039 0.099 0.009 0.006 0.020 0.80 0.10 0.04 0.04 0.06 0.02 10 39 110 110 46 85 
 Median 0.070 0.014 0.016 0.011 0.008 0.007 0.93 0.12 0.05 0.03 0.05 0.03 10 11 28 45 19 42  

    Note.  BL, baseline (before cessation of smoking); NA, not analyzed; LOQ, below the limit of quantitation ( ~ 0.001 pmol/ml urine for NNN and  ~ 0.03 pmol/ml urine for NNAL); S, smoking at this time point 
according to anatabine analysis.   
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and after 24 weeks of nicotine patch use it averaged 38%. This 
increase in total NNN to total NNAL ratio also was observed 
when the four subjects who had elevated urinary total NNN af-
ter smoking cessation were not included in the data analysis (see 
 Figure 2 ). When expressed as a percentage of the baseline level, 
total NNN in the urine of patch users was more persistent than 
total NNAL. Thus, 24 weeks after smoking cessation, urinary 
total NNN in all our subjects was an average 22% of baseline 
NNN, whereas this value for total NNAL was 7.3% (see  Figure 
3A ); this difference was statistically signifi cant ( p  = .02). Calcu-
lations made without inclusion of Subjects 6, 12, 13, and 16 pro-
duced similar results (see  Figure 3B ); however, the statistical 
power of this difference decreased ( p  = .06). We further exclud-
ed Subjects 2, 7, 11, 14, 19, and 20, who, at any timepoint start-
ing with 8 weeks of patch use, had in their urine 20% or more of 
the baseline total NNN. Exclusion of these subjects left 10 (50% 
of our participants) who demonstrated a decrease in total NNN 
similar to that of total NNAL over the study period (see  Figure 
3C ). This stratifi ed analysis indicated that endogenous forma-
tion of NNN is more or less extensive in some patch users and is 
virtually nonexistent in others. 

 The difference in the average rates of decrease of total NNN 
and total NNAL in the urine of some long-term patch users is 
consistent with the results of kinetic studies that show that nitro-
sation of nicotine produces more NNN than NNK ( Hecht et al., 
1978 ) and that nornicotine is nitrosated more readily than is 
nicotine ( Mirvish et al., 1977 ), supporting endogenous NNN 
formation in patch users via nitrosation of nicotine or metaboli-
cally formed nornicotine. Ascorbic acid is an effective inhibitor 
of endogenous nitrosation ( Mirvish, 1986 ,  1994 ;  Mirvish, Wall-
cave, Eagen, & Shubik, 1972 ), and we have demonstrated that it 
inhibits endogenous NNN formation in rats treated with norni-
cotine and sodium nitrite ( Porubin et al., 2007 ). Therefore, a 
simple approach to block possible NNN formation in nicotine 
patch users could be supplementation with ascorbic acid. 

 The absence of a control group in which subjects did not use 
any NRT product after they quit smoking is the major limita-
tion of the present study. Factors other than endogenous forma-
tion, such as low rate of NNN clearance from the body and 

secondhand smoke exposure, also could contribute to the total 
NNN levels observed here. However, the kinetics of NNN clear-
ance from the body is unknown, and there are no published 
studies on total NNN levels in nonsmokers exposed to second-
hand smoke. Comparison with a placebo patch group would 
allow us to address these issues. Also, users of other kinds of 
NRT products should be studied. In nicotine gum chewers and 
users of nicotine lozenges, for example, nicotine goes directly to 
the stomach, where conditions are highly favorable for nitrosa-
tion reactions ( Mirvish, 1975 ;  Shepard et al., 1987 ). 

 In summary, the results of the present study demonstrate 
that endogenous formation of NNN may occur in some nico-
tine patch users. However, our fi ndings should not call into 
question the use of nicotine patch as a smoking cessation 
product. NRT is an effective tool in the treatment of nicotine 
dependence. Smoking cessation and use of NRT products 

  

 Figure 2.        Total NNN expressed as a percentage of total NNAL in the 
urine of 16 participants. Subjects 6, 12, 13, and 16, who at any timepoint 
while on patch had similar or higher total NNN compared with the 
baseline, are not included. Bars indicate  SD .    

  

 Figure 3.        Mean levels of total NNN (dark bars) and total NNAL 
(striped bars) at various timepoints of the study expressed as a percent-
age of the baseline value. The levels are compared at each timepoint: (A) 
in all subjects; (B) Subjects 6, 12, 13, and 16, who at any timepoint while 
on patch had similar or higher total NNN compared with the baseline, 
are excluded; (C) only Subjects 1, 3, 4, 5, 8, 9, 10, 15, 17, and 18, who 
had less than 20% of baseline total NNN in their urine starting with 
week 8 of patch use. Bars indicate  SD ; numbers above the bars indicate 
 p  value of the paired  t  test.    
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signifi cantly decrease exposure to a wide range of carcinogens 
and toxicants present in cigarette smoke, and the levels of urinary 
total NNN and total NNAL during patch use were generally ex-
tremely low in our study. In the future, supplementation with 
ascorbic acid could be a simple approach to block possible endog-
enous NNN formation in nicotine patch users. Similar studies 
involving other types of NRT products should be conducted.   
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