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Short Communication

Metabolites of a Tobacco-Specific Lung Carcinogen in Nonsmoking
Casino Patrons
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Steven G. Carmella,?2 Shaomei Han,? Carrie Link,?
Robin L. Bliss,? Susan Puumala,? Sharon E. Murphy,?
and Stephen S. Hecht?

Division of Epidemiology, 2Comprehensive Cancer Center, University of
Minnesota, Minneapolis, Minnesota

Abstract

Epidemiologic data have shown increased risks of lung
cancer in nonsmokers exposed to environmental tobacco
smoke (ETS). We measured biomarkers in urine samples
from nonsmokers before and after a 4-h visit to a casino
where smoking is allowed. The tobacco-specific lung
carcinogen, NNK [4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone] is a constituent of ETS. Urinary metabolites of
NNK, 4-(methylnitr osamino)-1-(3-pyridyl)-1-butanol
(NNAL) and its glucuronides (NNAL-Gluc), are excellent
biomarkers of human uptake of NNK and NNAL. NNAL,
as with NNK, is a potent pulmonary carcinogen. Subjects
collected a spot urine sample before the casino visit and
all urine samples for the 24-h period starting after the
visit. We analyzed samples for creatinine, total cotinine
(cotinine and cotinine-glucuronide), and total NNAL
(NNAL plus NNAL-Gluc). Paired samples showed
statistically significant mean increases in total cotinine
(0.044 nmol/mg creatinine, P < 0.0001) and total NNAL
(0.018 pmol/mg creatinine, P < 0.001). These findings
demonstrate that exposure of nonsmokersto ETSin a
commercial setting results in uptake of a tobacco-specific
lung carcinogen.

Introduction

Environmental tobacco smoke (ETS) in restaurants, bars, and
casinos presents a potential health hazard to employees and
nonsmoking patrons. In assessing potential health risks from
ETS, ideally, one would measure biomarkersthat are specific to
tobacco and implicated in the disease of interest (1). The
N-nitrosamine NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone, is tobacco specific; its urinary metabolites, 4-(meth-
ylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) and NNAL’S
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glucuronides (NNAL-Gluc), are excellent biomarkers of human
NNK uptake (2—4). Moreover, NNAL, aswith NNK, isapotent
pulmonary carcinogen in rodents and a probable human car-
cinogen (5, 6).

A previous study in nonsmoking human subjects showed
that 4 h of exposure to cigarette smoke in a smoking chamber
resulted in increased urinary levels of NNAL plus NNAL-Gluc
(7). In the present study, we sought to determine whether a4-h
visit by nonsmokers to a commercial setting where smoking is
alowed would result in ameasurable increase in urinary levels
of NNK metabolites.

Materials and Methods

The venue chosen was a casino in the upper Midwest, open 24 h
aday, 7 days/week for gambling. The visit length was based on
the smoking chamber study (7) and because anecdotally thisis
considered a typical length of a patron visit. The Ingtitutional
Review Board of the University of Minnesota approved this
study protocol.

We recruited healthy nonsmoking subjects through adver-
tisements and screened for eligibility through an interviewer-
administered telephone questionnaire. To be included in the
study, participants had to be “in generally good health” and
deny all of the following: current use of tobacco in any form;
smoking “even a puff” in the last 2 years; current use of
ni cotine-containing substances such as gum, lozenges, or patch;
residing with asmoker; and working in abar, casino, restaurant,
or other workplace with routine exposure to cigarette smoke.
All subjects were told that their self-reported smoking status
would be validated through laboratory analysis of their baseline
cotinine and that their payment for participation would be
dependent upon the outcome. Written informed consent was
obtained from all volunteers.

Participants were asked to do the following: (a) avoid
environmental tobacco smokefor several days before the casino
visit; (b) collect aspot urine sample (100 ml) before their casino
visit; (c) spend 4 h in the casino and provide specified details
of their visit; and (d) collect all urine samples for the 24-h
period starting after the visit. The spot urine samples were
frozen the same day at —4°C and within 1 week were trans-
ferred to a freezer at —20°C, until analysis. The 24-h urine
samples were kept cool during the collection period and then
frozen at —20°C until analysis.

We analyzed samples for creatinine, total cotinine (cotin-
ine plus cotinine-N-glucuronide), and total NNAL (NNAL plus
NNAL-Gluc). Aliquots of urine (0.1-0.5 ml) were treated with
0.15 N NaOH for 30 min at 80°C and then analyzed for total
cotinine as described previoudly (8). Creatinine was determined
using VITROS CREA dlides (VITROS Chemistry Products) by
Fairview University Medical Center Diagnostic Laboratories
(Minneapolis, MN).

Analyses for total NNAL were carried out by a modifica-
tion of a previously published method (4, 7, 9), which will be
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Tablel Mean differences (post- minus pre- visit levels) in urinary cotinine,

and total NNAL [4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) plus

NNAL-glucuronide (NNAL-Gluc)], and the natural logarithm of total NNAL
in non-smoking casino patrons

Mean 95%
Variable n difference confidence P
(SD) interval
Cotinine (nmol/mg 18 0.044 0.028-0.061 <0.0001
creatinine) (0.034)
NNAL (pmol/mg 16 0.018 0.010-0.025 0.0002
creatinine) (0.015)
LnNNAL (pmol/mg 16 0.849 0.480-1.22 0.0004
creatinine) (0.753)

20n the basis of two-sided paired t test.

described separately. 4-(Methylnitrosamino)-4-(3-pyridyl)-1-
butanol was used as internal standard and detection was by gas
chromatography with nitrosamine-selective detection (Appen-
dix Fig. 1).2

Of the 20 volunteers, 2 (1 male and 1 femae) were
excluded from the analysis based on cotinine levels that were
inconsistent with their self-reported status as nonsmokers. Of
these remaining 18 subjects, 1 male and 1 female were excluded
from the NNAL analysis because of insufficient baseline sam-
ple volume. Paired t tests were conducted, and al statistical
tests were two-sided. The mean limit of detection for total
cotinine was 1.0 ng/ml urine, and for total NNAL, it was 0.01
pmol/ml urine. For individuals with levels below the limits of
detection, half of the minimal detectable level was added to
calculate means and mean differences (Appendix Table 1).

Results

Of the 18 subjects (14 females and 4 males) in the analyses, the
mean age was 37.6 years (range, 23—-64 years). The average
time spent at the casino was 4.25 h (SD = 0.91) with arange
from 3 to 6.5 h. Subjects reported that nearly al of their time
was spent in designated smoking areas. The nonsmoking areas
were contiguous with smoking areas.

There were 11 subjects with values below the limit of detec-
tioninthe before-visit NNAL anaysis; 3 of these subjects aso had
NNAL levelsbelow thelimit of detection in the after visit samples.
All others were in the detectable range. In the cotinine analyss,
there were 7 subjects with previsit cotinine levels below the limit
of detection and none in the postvisit samples. All 7 subjects
had NNAL levels below the limit of detection as well (Appendix
Table 1).

The mean (SD) previsit levels of urinary creatinine, total
cotinine, and total NNAL were 1.08 (0.78) mg/ml urine, 0.014
(0.010) nmol/mg creatinine, and 0.02 (0.02) pmol/mg creati-
nine, respectively. The corresponding geometric means were
0.009 nmol/mg creatinine for cotinine and 0.010 pmol/mg
creatinine for NNAL.

3 These figures appear as supplementary data at http:/cebp.aacrjournals.org/.

The mean difference (95% confidence interval) in total
cotinine for the paired samples from 18 subjects was an in-
crease of 0.044 (0.028, 0.061) nmol/mg creatinine. The mean-
differencein total NNAL for 16 paired sampleswas an increase
of 0.018 (0.010, 0.025) pmol/mg creatinine (Table 1). When we
conducted a natural-logarithm transformation of the data for
NNAL our findings did not change—the null hypothesis was
rejected. Transformation of the cotinine data was not required
to satisfy assumptions of normality.

In analyses conducted on only those subjects who stayed
=4 h (n = 12), al results were nearly identica to those
conducted on the full samples, and all mean differences were
>0 and were statistically significant (data not shown).

Discussion

Thisisthefirst study to examine changes in tobacco-specific
carcinogen levelsin nonsmokers after avisit to acommercial
venue where smoking is alowed, in this case a casino. We
compared urinary NNK metabolite concentrations in non-
smokers before and after a 4-h visit to the casino. Paired
analyses showed statistically significant increases in total
NNAL concentrations in the post- versus previsit samples.
On average, the difference was a 112% increase. The mean
difference in cotinine was a 456% increase and was statis-
tically significant.

The levels of cotinine and NNAL in this study arein line
with the other studies of ETS exposure among nonsmokers,
al of which found higher levels of NNK metabolites among
exposed versus unexposed individuals (2—4, 7). The levels of
NNAL in these subjects after ETS exposure, although elevated,
are only ~2% of the levels measured in active cigarette
smokers.

To minimize patient burden in this study we requested a
24-h urine collection only when necessary and spot urine sam-
ples when adequate. Subjects were told to avoid ETS exposure
for several days before their visit, and before-visit metabolite
levels were screened to remove subjects with cotinine levels
that were inconsistent with levels of nonsmokers. Thus, we
considered the spot urine sample adequate to establish the
before visit metabolite levels. The complete 24-h sample for the
after-visit sample was considered necessary. It allowed for an
estimate of the average urinary NNAL concentration for many
hours after the exposure (10).

This method likely underestimates the peak total NNAL
concentration. However, our objective was not to determine
peak NNAL levels, which would require a kinetic profile for
each subject, but to determine whether the exposure to ETS for
4 h resulted in a change in NNAL levels.

On the basis of our results and other studies (11, 12), one
would expect that carcinogen levels in nonsmoking casino
employees would increase as a result of ETS exposure at their
worksite. Additional studies are needed to examine the effects,
on employees and patrons, of transient exposure to ETS in other
commercial venues such as restaurants and bars. Our findings
add to the growing evidence that ETS exposes nonsmokers to
tobacco-specific lung carcinogens.
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Appendix Table1 Individua levels of urinary total NNAL (pmol/mg References
creatinine and pmol/ml urine) and total cotinine (in nmol/mg creatinine and 1. Office of Health and Environmental Assessment, Environmental Protection
nmol/ml urine) levels in individual nonsmoking patrons before and after Agency (EPA). Respiratory health effects of passive smoking: lung cancer and
exposure to environmental tobacco smoke in a casino. other disorders. Washington, DC: EPA, 1992.
Subject Time of urine NNAL? NNALP Cotinine® Cotinine® 2. Anderson, K. E., Qarmella, S.G, Ve M".BHSS R.L., ITe, C., Murphy, L., z_and
sample Hecht, S. S. Metabolites of a tobacco-specific lung carcinogen in nonsmoking
women exposed to environmental tobacco smoke. J. Natl. Cancer Inst. (Be-
L Before 0.005° 0.019 thesda), 93: 378-381, 2001.
1 After 0.026 0.065
2 Before 0.062 0.022 3. Hecht, S. S, Ye, M., Carmella, S. G., Fredrickson, A., Adgate, J. L., Greaves,
2 After 0.062 0.024 I. A, Church, T. R,, Ryan, A. D., Mongin, S. J., and Sexton, K. Metabolites of
3 Before 0.025 0.016 0.036 0.023 atobacct}spemfl_c Iupg carcinogen in the urine of elementary school-aged chil-
3 After 0.041 0.037 0.051 0.046 dren. Cancer Epidemiol. Biomark. Prev., 10: 11091116, 2001.
4 Before 0.004°  0.005 0.010 0.010 4. Parsons, W. D., Carmella, S. G., Akerkar, S,, Bonilla, L. E., and Hecht, S. S.
4 After 0.023 0.047 0.052 0.105 A metabolite of the tobacco-specific carcinogen 4-(methylnitrosamino)-1-(3-
5 Before 0.005¢ 0.005 0.013 0.013 pyridyl)-1-butanone in the urine of hospital workers exposed to environmental
5 After 0.021 0.020 0.031 0.031 tobacco smoke. Cancer Epidemiol. Biomark. Prev., 7: 257-260, 1998.
6 Before 0.012°  0.009 0.003° 0.002 5. Hecht, S. S. Tobacco smoke carcinogens and lung cancer. J. Natl. Cancer Inst.
6 After 0.031 0.028 0.029 0.026 (Bethesda), 91: 1194-1210, 1999.
e
; ii‘ore 0.006 0.022 0.003 0.010 6. Hecht, S. S. Biochemistry, biology, and carcinogenicity of tobacco-specific
e 0.0%5 0.047 0.030 0.040 -ni i Chem. Res. Toxicol., 11: 559—603, 1998,
8 Before 0077 0030 0010 0.004 N-nitrosamines. Chem. Res 0 P
8 After 0.112 0.078 0.053 0.037 7. Hecht, S. S, Carmélla, S. G., Murphy, S. E., Akerkar, S., Brunnemann, K. D.,
9 Before 0.004¢  0.003 0.003° 0.002 and Hoffmann, D. A tobacco-specific lung carcinogen in the urine of men
9 After 0.035 0.029 0.056 0.047 exposed to cigarette smoke. N. Engl. J. Med., 329: 1543-1546, 1993.
10 Before 0.012°  0.020 0.003° 0.005 8. Hecht, S, Carmella, S. G., Chen, M., Koch, J,, Miller, A., Murphy, S., Jensen,
10 After 0.008°  0.013 0.055 0.086 J., Zimmerman, C., and Hatsukami, D. Quantitation of urinary metabolites of a
1 Before 0.020 0.018 0.026 0.024 tobacco-specific lung carcinogen after smoking cessation. Cancer Res., 59: 590—
11 After 0.027 0.034 0.114 0.144 596, 1999.
12 Before 0.026 0.079 0014 0043 9. Carmella, S. G., Akerkar, S., and Hecht, S. S. Metabolites of the tobacco-
12 After 0.034 0.076 0.068 0.151 specific nitrosamine 4-(methy!nitrosamino)-1-(3-pyridyl)-1-butanone in smokers’
13 Before 0010° 0011 0013 0015 urine. Cancer Res., 53: 721724, 1993,
13 After 0041  0.026 0.079 0.051 o i
14 Before 0.004¢ 0.008 0.003¢ 0.007 10 Carmella,' S. G Akerkar, _S. A., Rlch|e, J P, Jr and Hecht, S. S. Intrglp-
14 After 0.007° 0012 0.024 0.039 dividual ar_wd interindividual d_lfferen(_‘m in maabplltes of the tobacct»speuf_lc
15 Before 0.008° 0.005 0,012 0,007 lung ce?rcn?ogen 4—(methylnltfosam_lno)—l—(3—pyr|dy!)—l—butanone (NNK) in
15 After 0009° 0006 0.034 0023 smokers' urine. Cancer Epidemiol. Biomark. Prev., 4: 635-642, 1995.
16 Before 0.046 0.030 0.020 0.013 11. Trout, D., Decker, J., Mueller, C., Bernert, J. T., and Pirkle, J. Exposure of
16 After 0.056 0.050 0.045 0.040 casino employees to environmental tobacco smoke. J. Occup. Environ. Med., 40:
17 Before 0004° 0009  0003° 0.007 270-276, 1998.
17 After 0018  0.032 0.022 0.039 12. Bates, M. N., Fawcett, J,, Dickson, S., Berezowski, R., and Garrett, N.
18 Before 0.015°  0.049 0.007 0.023 Exposure of hospitality workers to environmental tobacco smoke. Tobacco Con-
18 After 0.028 0.062 0.023 0.050 trol, 11: 125-129, 2002.

2pmol/ml urine.

b pmol/mg creatinine.

¢ nmol/ml urine.

9 nmol/mg creatinine.

¢ Below the limit of detection.



