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Abstract
Background—Mecamylamine is a nicotine antagonist under investigation in combination with
nicotine replacement for smoking treatment.

Methods—A simple, rapid and reliable liquid chromatography tandem mass spectrometry
(LCMSMS) method was developed and validated for quantifying nicotine, cotinine, trans-3′-
hydroxycotinine, norcotinine and mecamylamine in human urine. Chromatography was performed
on a Synergi PolarRP column with a gradient of 0.1% formic acid and 0.1% formic acid in
acetonitrile at 0.25 ml/min with an 8-min total runtime. Analytes were monitored by positive
mode electrospray ionization and multiple reaction monitoring mass spectrometry.

Results—Linear dynamic ranges were 1–500 ng/ml for nicotine and norcotinine, 0.5–500 ng/ml
for trans-3′-hydroxycotinine, 0.2–500 ng/ml for cotinine, and 0.1–100 ng/ml for mecamylamine;
correlation coefficients were consistently greater than 0.99, and all calibrator concentrations were
within 20% of target Extensive endogenous and exogenous interferences were evaluated. At 3
concentrations spanning the linear dynamic range of the assay, mean extraction efficiencies from
urine were 55.1–109.1% with analytical recovery (bias) 82.0–118.7% and total imprecision of
0.7–9.1%. Analytes were stable for 24 h at room temperature, 72h at 4°C, 72h in autosampler at
15°C and after three freeze/thaw cycles.

Conclusion—This method is useful for monitoring mecamylamine, nicotine and nicotine
metabolites in smoking cessation and other clinical nicotine research.
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INTRODUCTION
Developing new and more effective smoking cessation strategies is critical for improving
public health. The 2009 National Survey on Drug Use and Health documented decreased
smoking; however, 58.7 million Americans aged 12 years or older smoked cigarettes in the
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past month [1]. Smoking continues to be the single largest preventable cause of death in the
U.S. [2]. Nicotine is a highly addictive central and peripheral nervous system stimulant
producing short-term adverse health effects, including elevated blood pressure, heart rate,
and blood glucose [3]. Besides increased cancer rates, long-term tobacco use is associated
with increased incidence of atherosclerotic arterial disease, chronic obstructive pulmonary
disease, hypertension and low birth weight of infants born to mothers who smoke [3–5].

Nicotine replacement therapies (NRT; chewing gum, medicated patch, and inhalants) are
highly purified nicotine preparations designed to reduce the desire for tobacco products [6].
Silagy et al. performed a meta-analysis of 123 NRT clinical studies finding that all
commercially available nicotine replacement therapy (NRT) increased the odds of quitting
by a factor of 1.5–2 at a 6–12 month follow-up [7]. Long-term quit rates at this time are
typically 10–30% across NRT strategies [8–10]. Mecamylamine is a nicotine antagonist that
blocks the rewarding effect of nicotine reducing the urge to smoke [11]. Mecamylamine is
being investigated as a nicotine dependence pharmacotherapy [12]. Preliminary studies
examining short term mecamylamine effects on smoking behavior showed that low doses
tended to increase smoking [13–16], whereas higher doses reduced smoking in 50% of
subjects within the first 11 days of treatment [17]. Considering the benefits of NRT and
mecamylamine, we are currently conducting clinical studies combining mecamylamine
administration with NRT for smoking treatment.

Several methods quantify nicotine and metabolites in human urine, including gas
chromatography-mass spectrometry (GCMS) [18], liquid chromatography-mass
spectrometry (LCMS) [19, 20] and liquid chromatography tandem mass spectrometry
(LCMSMS) assays [21–27]. Only one published method includes quantification of
mecamylamine, nicotine and cotinine in human plasma by gas chromatography mass
spectrometry (GCMS) achieving limits of quantification (LOQ) of 2, 1 and 2 ng/ml for
mecamylamine, nicotine and cotinine, respectively [18]. We report the first, sensitive and
specific solid phase extraction (SPE)/LCMSMS method for simultaneous quantification of
mecamylamine, nicotine, cotinine, OH-cotinine and norcotinine across a wide range of
concentrations in urine. This method will be employed for therapeutic drug monitoring and
smoking relapse assessment during our ongoing clinical trials of combined mecamylamine
and nicotine administration for the treatment of tobacco addiction.

1. EXPERIMENTAL
2.1. Reagents and supplies

(R, S) OH-cotinine (10 mg powder), OH-cotinine-d3 (1 mg powder), (R,S)-norcotinine (10
mg powder) and (R,S)-norcotinine-d4 (5 mg powder) were purchased from Toronto
Research Chemicals (North York, Ontario, Canada). (S)-Cotinine (1 mg/ml in methanol),
(S)-cotinine-d3 (100 μg/ml in methanol) and (S)-nicotine-d4 (100 μg/ml in methanol) were
acquired from Cerilliant (Austin, TX, USA). Mecamylamine hydrochloride (25 mg powder),
(S)–Nicotine (1 mg powder) and formic acid were obtained from Sigma (St. Louis, MO).
Mecamylamine-d3 (5 mg powder) was supplied by Peyton Jacob III (University of
California, CA) [18]. Water, acetonitrile, sodium phosphate dibasic, sodium phosphate
monobasic, hydrochloric acid, dichloromethane, 2-propanol, and ammonium hydroxide
were from J.T. Baker (Philipsburg, NJ) and methanol from Fisher Chemical (Pittsburgh,
PA). All solvents and reagents were HPLC or ACS grade. CleanScreen SPE columns, part
ZSDAU020, were from United Chemical Technologies (Bristol, PA). Analytical
chromatography was performed on a Synergi Polar RP HPLC column (100 × 2.1 mm; 2.5
μm particle size) combined with a 4 × 2.0 mm guard column of identical phase were from
Phenomenex, Torrance, CA
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2.2. Instrumentation
Tandem mass spectrometry analysis was performed on an ABSciex API 3200 QTrap® triple
quadrupole/linear ion trap mass spectrometer with a TurboIonSpray source (ABSciex, Foster
City, CA). The high performance liquid chromatography (HPLC) system consisted of a
DGU-20A3 degasser, LC-20AD pumps, SIL-20AC autosampler and a CTO-20 column oven
(Shimadzu Corp, Columbia, MD). Analyst software version 1.4.1 was employed for
acquisition and data analysis.

2.3. Calibrators, quality control (QC) and internal standards
Blank urine from ten volunteers was evaluated with the methodology detailed in this
manuscript to ensure absence of detectable mecamylamine, nicotine or metabolites prior to
fortification with working stock solutions to prepare calibrators and quality control samples.
Individual primary stock solutions (1 mg/ml) of mecamylamine, nicotine, OH-cotinine,
cotinine, and norcotinine were prepared in methanol. Working solutions from 1–5,000 ng/ml
were prepared by mixing primary stock solutions and diluting in methanol. Calibrators for
mecamylamine (0.1, 0.2, 0.5, 1, 5, 10, 50, 100 ng/ml), cotinine (0.2, 0.5, 1, 5, 10, 50, 100,
500 ng/ml), OH-cotinine (0.5, 1, 5, 10, 50, 100, 500 ng/ml) and nicotine and norcotinine (1,
5, 10, 50, 100, 500 ng/ml) were freshly prepared each day by addition of working stock
solutions to 1 ml blank urine.

QC samples were prepared with different lot numbers of reference standard solutions than
calibrators. Five mixed QC working solutions, ranging from 5–3,000 ng/ml, were prepared
in methanol. QC samples were prepared by adding working solutions to 1 ml blank urine to
yield 0.6, 3, and 30 ng/ml mecamylamine, 0.6, 30, and 300 ng/ml cotinine, 1.5, 30, and 300
ng/ml OH-cotinine and 3, 30, and 300 nicotine and norcotinine (low, medium, and high QC,
respectively).

Primary stock solutions of mecamylamine-d3, nicotine-d4, cotinine-d3, OH-cotinine-d3, and
norcotinine-d4 were diluted in methanol producing a mixed internal standard solution of 250
ng/ml mecamylamine-d3 and cotinine-d3, and 500 ng/ml for OH-cotinine-d3, nicotine-d4 and
norcotinine-d4. All primary and working solutions were stored at −20°C in amber glass
vials.

2.4. Specimen preparation and SPE
Twenty microliters of internal standard working solution was added to 1 ml participant urine
or blank urine fortified with calibrator or QC working solutions. Two ml 0.1 mol/l sodium
phosphate buffer, pH 6.0 was added to each sample prior to SPE. CleanScreen DAU SPE
columns were conditioned with 3 ml methanol, 3 ml water and 1 ml 0.1 mol/l sodium
phosphate buffer, pH 6. Samples were loaded onto columns with gravity flow. Columns
were washed with 3 ml water, 1.5 ml 100 mmol/l HCl and 3 ml methanol. Columns were
vacuum dried for 1, 5 and 5 min after water, hydrochloric acid and methanol washes,
respectively. Analytes were eluted with freshly prepared 5 ml
dichloromethane:isopropanol:ammonium hydroxide (78:20:2, v/v/v). Eluates were dried
under nitrogen at 40°C after addition of 100 μl 1% hydrochloric acid in methanol (v/v).
Samples were reconstituted in 200 μl 0.1% formic acid (v/v) and transferred to glass
autosampler vials. Twenty microliters was injected onto the LCMSMS instrument.

2.5. LCMSMS
Chromatographic separation was performed on a Synergi Polar RP column protected by a
guard column with identical packing material. Gradient elution was performed with (A)
0.1% formic acid in water and (B) 0.1% formic acid in acetonitrile at a flow rate of 0.25 ml/
min. The gradient program was from 5% to 50% B over 3 min, held for 2 min, ramped from
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50% to 5% B in one min and re-equilibrated at 5% B for 2 min (total runtime of 8 min). The
column oven and auto-injector sample tray were maintained at 30 and 15°C, respectively.
Mass spectrometric data were collected via positive mode electrospray ionization, with
optimized instrument settings shown in Table 1. Optimized source parameters were: 35 psi
curtain nitrogen gas, 40 psi auxiliary nitrogen gas, 70 psi nebulizer nitrogen gas, medium
collision nitrogen gas, 3.0 μA nebulizer current, and 450°C source temperature. Quadrupoles
one and three were set to unit resolution. The following transitions were monitored: m/z
163.2 to 132.2 and 84.2 for nicotine, m/z 167.2 to 136.1 and 121.0 for nicotine-d4, m/z 177.2
to 80.1 and 98.1 for cotinine, m/z 180.2 to 101.2 and 80.2 for cotinine-d3, m/z 193.2 to 80.2
and 134.0 for OH-cotinine, m/z 196.2 to 134.1 and 79.9 for OH-cotinine-d3, m/z 163.2 to
80.2 and 118.2 for norcotinine, m/z 167.2 to 139.2 and 84.2 for norcotinine-d4, m/z 168.2 to
81.2 and 137.2 for mecamylamine, and m/z 171.0 to 81.0 and 137.0 for mecamylamine-d3.
The most abundant transition for each analyte was used for quantification (underlined
transition); the second transition served as a qualifier (Table 1).

2.6. Data analysis
Peak area ratios of analytes to corresponding internal standards were calculated for each
concentration to construct daily calibration curves via linear least-squares regression with a
1/x weighting factor. Calibration curves were from 0.1 to 100 ng/ml for mecamylamine, 0.2
to 500 ng/ml for cotinine, 0.5 to 500 ng/ml for OH-cotinine, and 1 to 500 ng/ml for nicotine
and norcotinine.

2.7. Method validation
Specificity, sensitivity, linearity, imprecision, analytical recovery, extraction efficiency,
matrix effect, stability, dilution integrity and carry-over were evaluated during method
validation.

2.8. Specificity
Analyte peak identification criteria were relative retention time within ± 0.15 min of the
lowest calibrator and qualifier/quantifier transition peak area ratios ±20% of mean calibrator
transition ratios. Specificity of the method was assessed by analyzing ten urine specimens
from different individuals to evaluate potential endogenous interferences. In addition,
potential interferences from commonly used drugs and minor tobacco alkaloids were
evaluated by fortifying drugs into low QC samples. Final interferent concentrations were 1
μg/ml of cocaine, benzoylecgonine, norcocaine, norbenzoylecgonine, Δ9-
tetrahydrocannabinol (THC), 11-hydroxy-THC, 11-nor-9-carboxy-THC, morphine,
normorphine, morphine-3-beta-D-glucuronide, morphine-6-beta-D-glucuronide, codeine,
norcodeine, 6-acetylmorphine, 6-acetylcodeine, hydrocodone, hydromorphone, oxycodone,
noroxycodone, oxymorphone, noroxymorphone, diazepam, lorazepam, oxazepam,
alprazolam, clonidine, ibuprofen, pentazocine, caffeine, diphenhydramine,
chlorpheniramine, brompheniramine, aspirin, acetaminophen, phencyclidine, nitrazepam,
flunitrazepam, temazepam, nordiazepam, amphetamine, methamphetamine, anabasine and
anatabine. No interference was noted if all analytes in the low QC sample quantified within
±20% of target concentrations with acceptable qualifier/quantifier transition ratios.

2.9. Sensitivity and linearity
Limit of detection (LOD) was evaluated in quadruplicate and defined as the lowest
concentration producing a peak eluting within ±0.15 min of the analytes’ retention time for
the lowest calibrator, a signal-to-noise ratio of at least 3, Gaussian peak shape and qualifier/
quantifier transition peak area ratios ±20% of mean calibrator transition ratios. The limit of
quantification (LOQ) also was evaluated in quadruplicate and defined as the concentration
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that met LOD criteria, signal-to-noise of at least 10 and measured concentration within ±
20% of target in four replicates. Performance at the LOQ was confirmed in each batch of
specimens.

Preliminary experiments with four sets of calibrators determined the most appropriate
calibration model comparing goodness-of-fit for unweighted linear least squares and linear
least squares employing 1/x weighting. Calibration curves were fit by linear least squares
regression with at least 6 concentrations across the linear dynamic range for each analyte.
Calibrators were required to quantify within ±20% for the LOQ and correlation coefficients
(R2) were required to exceed 0.995.

2.10. Analytical recovery and imprecision
Intra-day and inter-day analytical recovery (bias) and imprecision were determined from
five replicates at three different QC concentrations. Analytical recovery was determined by
comparing the mean result for all analyses to the nominal concentration value (i.e., mean %
of expected concentration). Inter-day imprecision and analytical recovery were evaluated on
four different runs with five replicates in each run, analyzed on four separate days (n=20).
Imprecision was expressed as %CV of the calculated concentrations. The guidelines given
by Krouwer and Rabinowitz [28] were employed to calculate pooled intra-day, inter-day and
total imprecision.

2.11. Extraction efficiency and matrix effect
Extraction efficiency and matrix effect were evaluated on five different urine lots via three
sets of samples as described by Matuszewski et al. (n=5 for each set) [29]. In the first set,
urine samples were fortified with analytes and internal standards prior to SPE. In set 2, urine
samples were fortified with analytes and internal standards after SPE, and the third set
contained “neat” analytes and internal standards in mobile phase. Extraction efficiency,
expressed as a percentage, was calculated by dividing analyte mean peak areas of set 1 by
set 2. Absolute matrix effect was calculated by dividing the mean peak area of the analyte in
set 2 by the mean analyte area in set 3. The value was converted to a percentage and
subtracted from 100 to represent the amount of signal suppressed by the presence of matrix.

2.12. Stability
Stability was evaluated with blank human urine fortified with analytes of interest at three
QC concentrations (n = 5). Short-term temperature stability was evaluated for fortified
human urine stored for 24 h at room temperature, 72 h at 4°C, 72 h on the autosampler
(15°C), and after three freeze-thaw cycles at −20°C. On the day of analysis, internal
standard was added to each specimen and analyzed as described. Calculated concentrations
of stability specimens were compared to QC sample concentrations on the day of
preparation. Autosampler stability was assessed by re-injecting QC specimens after 72 h and
comparing calculated concentrations to values obtained against the original calibration
curve.

2.13. Dilution Integrity
Dilution integrity was evaluated by diluting a urine sample (n=3) containing 500 ng/ml of
mecamylamine and 1000 ng/ml of nicotine, cotinine, OH-cotinine, and norcotinine with
blank urine to achieve a 1:10 dilution. Internal standards were added and samples extracted
as described. Dilution integrity was maintained if specimens quantified within ±15% of 50
ng/ml mecamylamine, and 100 ng/ml of nicotine, cotinine, OH-cotinine, and norcotinine.
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2.14. Carry-over
Carry-over was investigated in triplicate by injecting extracted blank urine samples
containing internal standards immediately after samples containing target analytes at twice
the upper LOQ. The blank urine samples could not fulfill LOQ criteria for any analyte to
document the absence of carryover.

2.15. Clinical study
Urine specimens were collected from self-reported smokers, nonsmokers not
environmentally exposed to smoking and nonsmokers environmentally exposed to smoking
participating in a National Institute on Drug Abuse (NIDA) Institutional Review Board
approved protocol. Participants provided written informed consent.

3. RESULTS
3.1. Specificity

No urine from ten nicotine-abstinent individuals contained interfering compounds with any
peaks of interest. None of the 43 potential exogenous interferences fortified at 1 μg/ml into
low QC samples caused transition ratio or quantification criteria to fail. Multiple reaction
monitoring (MRM) ion chromatograms from a blank urine sample fortified with analytes at
the LOQ and a urine specimen from a study participant who self-reported not smoking and
not being exposed to smoking at home or work are shown in panels A–J of Figure 1. Panels
K–O of Figure 1 are MRM ion chromatograms from a self-reported nonsmoker who was
exposed to smoking at home.

3.2. Sensitivity and linearity
Initial experiments were conducted with four sets of calibration curves fit via both
unweighted linear least squares and linear least squares with 1/x weighting factor to identify
the most appropriate calibration model. Inspection of residuals obtained from unweighted
vs. 1/x weighted models clearly indicated linear least squares with 1/x weighting factor
produced a better fit for the calibration data (data not shown). All correlation coefficients
exceeded 0.995 (Table 2). Table 2 details LOD, LOQ, linearity and mean calibration results.
LOD were between 0.05 and 0.5 ng/ml; LOQ between 0.1 and 1.0 ng/ml. Assays were linear
to 500 ng/ml for all analytes except mecamylamine (100 ng/ml).

3.3. Analytical recovery and imprecision
Analytical recovery and imprecision were evaluated at three concentrations across the linear
dynamic range. Analytical recovery in urine ranged from 82.0–118.7% of expected
concentration for both intra-day and inter-day analytical recovery (Table 3). Pooled intra-
day, inter-day and total CVs were 1.7–7.4, 0–6.4, and 0.7–9.1, respectively (Table 3).

3.4. Extraction efficiency and matrix effect
Extraction efficiencies and matrix effects for mecamylamine, nicotine and metabolites from
urine are presented in Table 4. Mean extraction efficiencies were 55.1–109.1% (n=5). Mean
matrix effects, expressed as % suppressed signal, were 0.4–48.2% (n=5).

3.5. Stability, dilution integrity and carryover
Analytes at three QC concentrations in urine samples were stable at room temperature for 24
h, 72 h at 4°C, 72 h on the autosampler at 15°C, and after 3 freeze-thaw cycles (Table 5).
Mean percent analyte loss for all analytes was <14.3%.
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Dilution integrity was acceptable for samples diluted 1:10 with blank urine. All samples
fortified with 500 ng/ml mecamylamine and 1000 ng/ml of nicotine, cotinine OH-cotinine
and norcotinine diluted 1:10 with blank urine quantified within ±11% of 100 ng/ml for
nicotine and metabolites (50 ng/ml for mecamylamine).

There was no evidence of carryover for mecamylamine, nicotine or metabolites during
carryover evaluations. None of the negative specimens injected after samples containing
twice the upper limit of linearity contained analyte satisfying assay LOQ criteria (n=3).

3.6. Proof of method
The method was applied to the measurement of nicotine, cotinine, OH-cotinine, and
norcotinine in urine specimens collected from 10 self-reported tobacco smokers, non-
environmentally exposed nonsmokers and nonsmokers environmentally exposed to
smoking. Results from one environmentally exposed nonsmoking participant’s urine
specimen are shown in panels K–O of Figure 1. Urine nicotine, cotinine, OH-cotinine, and
norcotinine concentrations in these specimens ranged from below LOQ to 2260, below LOQ
to 1120, below LOQ to 8650, and below LOQ to 267 ng/ml, respectively.

4. DISCUSSION
Our clinical studies evaluating NRT and mecamylamine for smoking treatment required
development of a validated sensitive and specific analytical method for simultaneous
quantification of nicotine, cotinine, OH-cotinine, norcotinine and mecamylamine in urine.
Many factors alter nicotine metabolic rates including age, weight, sex and genetic
polymorphisms in nicotine metabolic enzymes [30]; therefore, monitoring nicotine and
metabolites during NRT clinical studies provides valuable information. Mecamylamine also
is being evaluated in nicotine cessation treatment [12], and inclusion of this analyte in the
nicotine and metabolite assay provides cost and time savings. Additionally, urinary nicotine
and metabolite concentrations will be assessed during follow-up visits to assess smoking
relapse.

Only one method for mecamylamine, nicotine and cotinine exists in the literature [18]. Jacob
et al. published a GCMS method employing liquid-liquid extraction (LLE) of nicotine,
cotinine and mecamylamine from plasma achieving LOQs of 1, 2 and 2 ng/ml, respectively
[18]. We present the first fully validated urine method that includes mecamylamine,
nicotine, cotinine, 3-OH-cotinine and norcotinine. SPE of one ml urine prior to positive
electrospray ionization LCMSMS analysis produced excellent sensitivity with LOQs of 1,
0.2, 0.5, 1 and 0.1 ng/ml for nicotine, cotinine, OH-cotinine, norcotinine and
mecamylamine. Upper limit of linearity was 500 ng/ml for all analytes with the exception of
mecamylamine (100 ng/ml). Accuracy was maintained when samples were diluted with
blank urine. This is important as urine specimens from active smokers likely contain
nicotine and metabolite concentrations exceeding 500 ng/ml requiring dilution. All a priori
method validation criteria were met for specificity, sensitivity, linearity, analytical recovery,
imprecision, stability and carryover. This method will be useful for high throughput sample
analysis since total runtime is only 8 min.

Analyte extraction efficiencies varied with this SPE protocol but overall were similar to
previous reports. Our method includes analytes with varying physicochemical properties
requiring us to compromise SPE recoveries across compounds. We optimized extraction for
moderately polar analytes, cotinine and norcotinine, which were recovered at >90%. Our
SPE method is less optimal for nonpolar analytes with extraction efficiencies of 73–84 and
61–95% for nicotine and mecamylamine, respectively. Extraction efficiencies were 55–64%
for the most polar analyte, OH-cotinine. Similar to our method, previously reported
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extraction efficiencies ranged from 80–100% for nicotine, cotinine and norcotinine via LLE
[26, 27], SPE [19, 22, 24, 25, 31] or simple centrifugation prior to injection [21, 23].
Although one report achieved 100% extraction efficiency for OH-cotinine [24], most reports
document less efficient extraction efficiencies of 53–87%, similar to our observations when
a range of analytes were extracted [21–23, 26, 27]. Mecamylamine extraction efficiency
from plasma was >90% by LLE [32], while we observed >60% recovery. Our SPE
procedure for analytes with varying physicochemical properties produced similar extraction
efficiencies to previous reports and yielded clean extracts exhibiting less than 48% matrix
effect while achieving our desired limits of quantification.

It is difficult to distinguish active smoking from NRT with urine nicotine testing. One of our
goals was to evaluate whether urine concentrations of nicotine, cotinine, OH-cotinine and
norcotinine or ratios of these analytes could be employed as biomarkers for distinguishing
NRT from active smoking. LCMSMS is routinely employed for quantifying drugs and
metabolites in biologic matrices as it avoids costly derivatization required for GCMS
analysis and achieves high analyte sensitivity and specificity [33]. Most urine nicotine
LCMSMS methods do not simultaneously quantify the spectrum of nicotine analytes
included in our method, and no published LCMSMS urine methods include the minor
metabolite norcotinine. We hypothesize that norcotinine may be a useful marker for
differentiating smoking from NRT. Tuomi et al. achieved LOQ of 10, 2 and 5 ng/ml for
nicotine, cotinine and OH-cotinine in their LCMSMS method requiring 1.5 ml urine [22].
Meger et al. performed simple filtration of urine prior to LCMSMS analysis achieving 10
ng/ml LOQs for nicotine, cotinine and OH-cotinine [23]. Another LCMSMS urine method
employed SPE prior to analysis with 1, 0.1 and 0.2 ng/ml LOQs for nicotine, cotinine and
OH-cotinine [24]. Recently Jacob et al. detailed a highly sensitive urine LCMSMS assay for
cotinine and trans-3′-hydroxycotinine (OH-cotinine) with limits of quantification of 0.05
and 0.10 ng/ml, respectively, but did not include nicotine or additional metabolites [27].
Kataoka et al. monitored a more complete panel of nicotine analytes including nicotine,
cotinine, nornicotine, anabasine and anatabine in urine via solid phase microextraction prior
to LCMS selected ion monitoring analysis with 0.5 ng/ml LOQ [19]. Hoofnagle et al.
measured nicotine, cotinine, OH-cotinine, nornicotine, and anabasine in urine, employing
centrifugation and direct injection onto LCMSMS with 2 ng/ml LOQs for all analytes except
10 ng/ml for OH-cotinine [21] Our current method achieves similar sensitivity for nicotine,
cotinine and OH-cotinine as previously published LCMSMS methods while for the first time
including norcotinine and mecamylamine.

This LCMSMS method for simultaneous quantification of nicotine, cotinine, OH-cotinine,
norcotinine and mecamylamine in urine will be useful for monitoring compliance during our
and others combined NRT and mecamylamine administration smoking treatment studies.
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Figure 1.
Multiple reaction monitoring ion chromatograms for quantification transitions: m/z 193.2–
80.2 (trans-3′-hydroxycotinine), m/z 163.2–80.2 (norcotinine), m/z 163.2–132.2 (nicotine),
m/z 177.2–80.1 (cotinine) and m/z 168.2–81.2 (mecamylamine). Panels A–E are blank urine
fortified with analytes at the limit of quantification, panels F–J are from an authentic urine
specimen collected from a self-reported nonsmoker who is not exposed to smoking at home
or work and panels K–O are from an authentic urine specimen collected from a self-reported
nonsmoker exposed to smoking at home. Limits of quantification are 0.5, 1, 1, 0.2 and 0.1
ng/ml for trans-3′-hydroxycotinine, norcotinine, nicotine, cotinine and mecamylamine,
respectively. Concentrations for all analytes shown in panels F–J were less than limits of
quantification. Specimen urine concentrations in panels K–O are 45.0, 3.6, 35.2, 17.4 and
less than limit of quantification for trans-3′-hydroxycotinine, norcotinine, nicotine, cotinine
and mecamylamine, respectively.
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