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QUANTIFICATION OF NICOTINE AND COTININE IN
TEENAGER'’S URINE

ALINA BRATAN>*, MANUELA MINCEA?, IDANA RODICA LU*PSAb,
MARILEN GABRIEL PIRTEA® AND VASILE OSTAFE*“

ABSTRACT. The aim of the study was to develop an Ultrahigh Performance
Liquid Chromatography coupled with Mass Spectrometry (UPLC-MS/MS)
method for the simultaneous identification and quantification of nicotine and its
principal metabolite cotinine in teenager's urine. Sample preparation was
performed by liquid—liquid extraction followed by UPLC-MS/MS operated in
electrospray positive ionization (ESI) mode with selective reaction monitoring
(SRM) data acquisition. In order to measure the prevalence of tobacco
consume in adolescents, 150 samples were collected and analyzed. The
experiments reahzed for method valldatlon reveled a linear range between
LOQ (2.5 ngsmL™) and 1000 ng-mL” for both nicotine and cotinine. The
accuracy was less than 9 %. Repeatability and intermediate precision were
<7.6 and <8.9%, respectively. Concentrations of nicotine and cotinine in
smokers adolescents urine were found to range between from 2.5 to 11.170
ng: ‘mL”" for nicotine and 2.5 to 10.530 ng: -mL”" for cotinine, respectively. These
findings significantly support the likelihood of extensive nicotine consumption
through smoking teenagers in Romania.

Keywords: teenagers, nicotine, cotinine, urine, UPLC-MS, method validation.

INTRODUCTION

Tobacco has been smoked for at least the last three thousand years.
What at first appeared to be a trend proved to be a nightmare because
nowadays even the manufacturers admit that tobacco cigarettes can seriously
damage health and they mention this on their cigarette packages. With all the
negative advertising done to tobacco, adults and teenagers continue to smoke.
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Nicotine (Figure 1a) is the most abundant of the volatile alkaloids in
the tobacco leaves [1], being responsible for smoking addiction. By weight,
nicotine normally represents about 5 % of a tobacco plant [2]. Nicotine acts
on nicotinic cholinergic receptors, affecting most organ systems in the body
and is a highly addictive drug [3]. Cigarettes contain 8 to 20 mg of nicotine
(depending on the brand), but only approximately 1 mg is actually absorbed
in the human body [2]. Nicotine presents a relative short half-life (t;, = 1-2
hours) [4].

An average of 70-80% of the nicotine absorbed by a smoker is
metabolized to cotinine [5]. Measurement of cotinine levels provides a sensitive
estimate of tobacco smoke exposure. Cotinine (Figure 1b) is the major
degradation product of nicotine metabolism in the liver by C-oxidation [6],
and can be determined in various biological matrices, including blood, saliva,
urine, and semen [5], even after a few days subsequent to individual exposure
on tobacco smoke by determining the half-life in the body [7]. Cotinine levels in
the blood are not a good markers of nicotine content, whereas urinary excretion
of cotinine represents a good indicator being less influenced by the flow of
urine and pH [8] even after a few days subsequent to individual exposure
on tobacco smoke by determining the half-life in the body [7]. Moreover, in
a pilot study hair nicotine/cotinine concentrations were determinate for
monitoring exposure to tobacco smoke among infants and adults [9].

In human organism, the half-life of cotinine is much higher (10-20 h)
than nicotine, being considered as the main biomarker for assessment of
environmental exposure to tobacco smoke (passive smoking) [10]. Although
there is not a perfect agreement in the scientific literature about the half-life
of nicotine and cotinine, all data agreed that the persistence of cotinine in
the body is between 10 to 20 times longer than that of nicotine [4, 7, 11, 12].
Even so, it should be noted that cotinine determination enables monitoring of
only a relatively short period (3-4 days) of previous exposure to tobacco smoke.
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Figure 1. Chemical structure of nicotine (a) and cotinine (b).

Exposure to secondhand smoke (SHS) is a significant threat to
public health and represents a danger for both the development and health
status of children and adolescents[13].
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Different analytical methods, including chromatographic techniques
interfaced with mass spectrometry, thin layer chromatography, and several
immunologically based detection systems [14-19], have been used for
determination of nicotine, cotinine and/or other metabolites in urine. Methods
combining chromatography and mass spectrometry allow for a Limit of Detection
(LOD) of around 1 ng / mL at a cost of approximately $25 per sample, while
the enzyme immunoassay (EIA) tests are less expensive, costing about $15
per sample, but less precise with a LOD of 10 ng / mL. Also, due to cross-
reactivity with other nicotine metabolites EIA may overestimate cotinine
concentrations [20]. However, the chromatographic assays can have the
capability of being more specific, particularly when they are interfaced with
mass spectrometry (MS) or tandem mass spectrometry (MS/MS) [21].

In Romania, tobacco consumption represents an important public
health issue, the statistics showing that more than 33000 people die yearly
from smoking. One important reason of high rates of tobacco consumption in
Romania is explained by high frequency of smoking among women and youth
in general. Growth of this percent was constant in women: 11.3% of women
aged over 15 years was reported in 1989, 15.2% in 1994 and 25% in 2000.
Also, 21% of the population of Romania was already smoking daily at 15 years
of age [22]. These studies were performed with epidemiological methods,
based on responses to special questionnaires. In this paper we present a
study based on a special questionnaire, but also on a chromatographic
analysis of urine of the subjects, in this way providing objective results.

This paper presents an analytical method for the simultaneous
determination and quantification of nicotine and its main metabolite, cotinine in
urine, using liquid—liquid extraction (LLE) followed by ultrahigh performance
liquid chromatography coupled with electrospray ionization - mass spectrometry
(UPLC — MS). The method was applied to quantify nicotine and cotinine in
urine samples of 150 adolescents from western part of Romania. Such study
was not performed in Romania until now.

RESULTS AND DISCUSSION

Method Development

A complete separation of nicotine and cotinine in urine specimens was
achieved by ultra-performance liquid chromatography using a gradient of
acetonitrile (between 10 and 100%) having also 0.1% ammonium formate
(buffered at pH 5.5), with a flow rate set at 0.4 mL-min™". Although the
separation of the two analytes was achieved in less than 0.8 min, the gradient
program continued for two min, with the aim to increase the concentration of
organic modifier in order to elute from the column the hydrophobic contaminants
present in the sample extract.
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We successfully isolate each analyte by providing adequate retention
of polar compounds and excellent peak shape (Figure 2). Sensitivity was
also optimized since using a mobile phase highly enriched in ammonium
formate ensured an efficient ionization towards the molecules of interest.
Likewise, reduced endogenous matrix interferences resulted in very clean
chromatograms and a high throughput was obtained due to the feasibility of

using a higher flow rate.
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Figure 2. Examples of UPLC — MS chromatograms of standard nicotine (R; 0.63, MRM
163 > 132) and cotinine (R; 0.71, MRM 177 > 146).
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Repeatability of the retention times (R;) was evaluated by calculating
mean values variability over the set of three values. The results have proved to
be satisfactory for both compounds of interest as repeatability was 0.8% for
nicotine and 1.1% for cotinine, respectively. Direct infusion of individual standard
solutions, with a flow rate and mobile phase composition corresponding to
the elution time from the LC column, allowed optimization of tandem mass
spectrometry parameters. Gas streams, spray voltage, heated capillary voltage
and temperature and compound specific normalized collision energies were
manually tuned, resulting in a high sensitivity fragment spectra with a precursor
ion response <10% in abundance.

Sample Preparation

The selective extraction protocol for urine samples used in this work
was performed with a single LLE. Nicotine and cotinine were extracted from
urine with chloroform: propan-2-ol (95:5, v/v), after neutralization with phosphate
buffer at pH 7.0. Extraction was followed by evaporation of the organic phase
and reconstitution in the initial mobile phase mixture. This simple, cost and
steps-limited methodology provided very clean extracts of urine samples
containing nicotine and cotinine.

Method Validation

The calibration graph resulted from the analysis of the calibration
standard solutions prepared in pooled urine from non-smoking test persons
was linear between the quantification limit (2.5 ng'mL™") and 1000 ng-mL"
urine (the highest concentration used for the realization of standard curves)
(see Table 1).

Table 1. Validation parameters of standard curves for nicotine and
cotinine (n = 6) realized in negative urines

Analyte Concentration Accuracy Repeatability Intermediate
(ng'mL™) (%) (%) precision
(%)
Nicotine 10 0.91 7.6 8.9
100 0.93 6.5 7.8
1000 0.97 6.1 7.1
Cotinine 10 0.92 7.1 8.7
100 0.95 6.6 8.0
1000 0.97 6.2 74
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Accuracy

The loss due to processing was determined to check the accuracy of
the method. For this purpose reference standards prepared in water and urine
were processed and analyzed. Standards solution prepared in mobile phase
with the same cotinine concentrations as the reference standards in their
respective matrix were injected in UPLC-MS system without further treatment
(n=6). Mean absolute recovery rates for nicotine and cotinine, respectively, of
96.7% and 97.1% (in water) and 93.6% and 94.6% (in pooled urine) were
obtained by comparison the direct injection results. This means that 3.3% of
nicotine and 2.9% cotinine are lost during the processing and analysis of
aqueous analytes samples. In the case of urine samples, the losses due to
processing are about 6.4% and 5.4%, respectively.

Recovery

Trueness was evaluated through recovery studies, fortifying blank
urine samples at three levels (10, 100, and 1000 ng'mL™"). Each level was
replicated six times and the obtained results can be observed in Table 2.
Recoveries were higher than 90% for all the analytes and levels assayed.

Table 2. Recoveries of nicotine and cotinine (n = 6)

Analyte Concentration Recovery Relative Standard
(ng'mL™) (%) Deviation (%)
L M H L M H L M H

Nicotine | 0 100 1000 913 968 |96.9 7.3 6.2 6.3
Cotinine | 0 100 1000 89.6 | 976 | 95.1 7.9 6.5 6.6
L =low, M = medium, H = high, referring to the level of concentration of the analytes.

Carry-over

Carry-over was evaluated accordingly, after injection of the highest
calibrator (1000 ng-mL"" for nicotine and cotinine), followed by the analysis of a
blank urine sample. This procedure was repeated three times successively.
Due to the fact that the column was systematically cleaned with 100%
acetonitrile, as pointed out in the description of the elution gradient program,
none of the target compounds were detected, demonstrating the absence of
any carry-over effect.

Determination of Nicotine and Cotinine in Teenager’s Urine Sample

Nicotine and cotinine levels have earlier been used to validate the
smoking status of an individual [23, 24]. In order to assess the effects of
tobacco use on human health [25, 26], these biomarkers have also been used
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in epidemiological studies [27-30], to estimate the passive smoking, and for
assessment of the efficacy of quit smoking methods [31]. While studies on
nicotine and cotinine levels in cigarette smokers as well as those for passive
smoking in other ethnic groups are well documented, for Romanian teenagers
there are not reliable data issued by high confidence method, as UPLC-MS.
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Figure 3. Comparison of chromatographic profiles of urine samples collected from a
nonsmoker (lower panel), a passive smoker (middle panel) and an active smoker
(upper panel). MRM for cotinine 177 >146.

Asking individuals to self-report tobacco use is a cheap method that
allowed the collection of detailed information on tobacco use [20]. Self-reports
have generally been found to be accurate, but may be prone to recall bias or
intentional misreporting [32]. Kandel et al. also examined the discrepancies
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between self-reported cigarette smoking and salivary cotinine concentration
among adolescents. Despite interview procedures designed to emphasize the
confidentiality of the interview and to explain to adolescents that they would
provide a biological sample to be assayed for the presence of tobacco
products, about 42% of the adolescents who reported smoking in the last 3
days had salivary cotinine concentrations below the cut-point, whereas 49% of
adolescents with salivary cotinine above the cut-point reported not having
smoked within the last 3 days [33]. Among groups for whom smoking is
supposed as being undesirable intentional underreporting was observed [34].
In situations where the validity of self-report data is suspect, biomarkers for
tobacco exposure provide an objective assess and supply a measure of
average or cumulative exposure over a period of time [20].

The concentrations for the urines of the target group ranged from 2.5
(LOQ) to 11.170 ng'-mL” for nicotine and 2.5 (LOQ) to 10.530 ng-mL™" for
cotinine. Some chromatographic profiles are presented in Figure 3, as
examples of the urine without cotinine, with low level of cotinine (between 10
and 100 ng-mL™") and with high level (more than 100 ng-mL™), respectively.

As we can see from Table 3 the number of teenagers that have declares
themselves as active smokers is lower than the number of adolescents that
have urine levels of cotinine higher than 100 ng / mL, and can be considered in
this category based on an objective criterion. These results are not surprising
as at least some of the tested students tend to lie about their smoking status.

Table 3. Classification of the subjects according with the
cotinine cut-off level found in urines.

No subjects AS-d* | AS-a** PS-d* | PS-a** NS-d* | NS-a**
150 27 31 76 67 47 52
% 18 20.66 50.67 | 44.67 31.33 34.67
Cotinine range >100 10-100 <10
(ng'mL™)

* d = status declared in the questionnaire,
**a = status assigned after urine analysis
AS = active smokers, PS = passive smokers, NS = non-smokers

Discrepancies were seen also in the situation of passive smokers,
as less teenagers were classified in this category based on the UPLC-MS
analysis as they have declare in the questionnaires. This lack of concordance
can be assigned to the fact that, although these subjects were living in families
where the parents are active smokers, the effect of this habit of the adults is
not so intense on the state of the children. Quite vice versa was the situation of
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non-smokers, where less passive non-smokers than those declared were
found by UPLC-MS urine analysis. In this case, we can assume that even
these high school students do not live in family with smokers, they spend some
time in the presence of smokers.

In all the cases where the UPLC-MS analysis indicated cotinine values
higher than 10 ng'-mL", the urine was fortified with cotinine standard in order to

confirm the presence of this analyte by the same retention time. An example is
presented in Figure 4.
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Figure 4. Example of chromatographic profiles of a urine sample from an active
smoker (upper panel) and the same urine fortified with 100 ng cotinine.
MRM for cotinine 177 > 146.
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From the 150 samples, 42 have nicotine and cotinine levels below the
quantification limit (less than 2.5 ng-mL™" of each compound), e. g. 28% of the
investigated teenagers were for sure non-smokers. Other 10 adolescents were
added to the non-smoker category as the level of cotinine was less than 10
ng'mL™ and they have declared themselves either to be non-smokers living in
a non-smokers environment or non-smokers living in smokers families. In total,
34.6% of the subjects were considered as non-smokers, based on the cotinine
level in their urine. Based on the UPLC-MS analysis of the urines of the
subjects, we have found that 20.6% of the high school students from western
part of Romania are active smokers. These results are in a good concordance
with other studies [22]. Similar results were obtained when nicotine levels of
urine were taken into account. For all the subjects the creatinine levels were in
the normal range 5.5 — 11 ng-mL"". This study is the first report of use of an
UPLC-MS analytical method to assess the nicotine and cotinine urinary levels
of teenagers in Romania.

CONCLUSIONS

A sensitive and selective UPLC-ESI-MS/MS method for the
simultaneous detection and quantification of nicotine and its principal metabolite,
cotinine in urine was developed and validated. The simple and fast sample
preparation protocol based on LLE provided a satisfactory matrix clean-up
and recovery, while the subsequent use of UPLC chromatography allowed
to obtain very good separation and peak shape, enhanced sensitivity and
high samples throughput for comprehensive measurement of free nicotine
and cotinine.

The total time to complete this assay is substantially shorter than for
other methods that require extensive extractions before assay. The simple
extraction into chloroform: propanol mixture combined with a 2 min assay time
allowed tens of samples to be analyzed in 8 h working time.

This analytical procedure was successfully applied to the urine
samples collected in order to investigate the prevalence of smoking amongst
teenagers. The findings gathered during this work provided strong evidence
that smoking is a very serious trend in adolescents. Indeed, traces of nicotine
and cotinine were found in 72% of urine samples. Prevalence of nicotine
consumption, in the form of smoke products, suggested that about 20% of the
teenagers were active smokers.

The method was validated according to international guidelines and
was applied to quantify the amount of nicotine and cotinine in 150 teenagers,
being the first report of such a study performed in Romania.
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EXPERIMENTAL SECTION

Chemicals and Reagents

(S)-Nicotine ((S)-3-(1-Methyl-2-pyrrolidinyl)pyridine, Fluka N5511, 1
mg'mL”" in methanol) and (S)-cotinine ((S)-1-Methyl-5-(3-pyridyl)-2-pyrrolidinone,
Fluka C0430, 1 mg:mL™" in methanol) were purchased from Sigma-Aldrich.
All other solvents and reagents were of chromatography quality, purchased
also from Sigma — Aldrich: ammonium formate (12466 Fluka), formic acid
(06440 Fluka), chloroform (CHROMASOLYV, 650438 Sigma), 2-propanol
(LC-MS CHROMASOLYV, 34965 Fluka), acetonitrile (LC-MS CRHOMASOLYV,
Fluka 14261). HPLC grade water was prepared by SG Ultra Clear 2001-B Water
Deionization System (Cole-Parmer) and additionally filtered through syringe
filters PTFE 0.22 um (Teknokroma, Barcelona, Spain) immediately before use.

The working solutions at concentration level of 1 mg-mL" of each
standard were made in 0.1% ammonium formate in 10% acetonitrile (buffered
at pH 5.5) and from this, the calibration standards dilutions between 1 mg-mL”
till 0.1 ng'mL™ were freshly prepared before each analytical series.

Urine Sample Collection Method

All subjects were high school teenagers, from Timisoara, a major city
from western part or Romania. The cohort consisted of 150 subjects with ages
between 14 to 19 years, from which 27 subjects has declared to be nonsmokers
(NS) and to live in an environment where smoking was not allowed, 76 passive
smokers (PS) who declared to not smoke but lived with a smoker and 47
declared themselves to be active smokers (AS) who smoked daily at least
three cigarettes. All subjects filled out a questionnaire concerning smoking
habits. Subjects were instructed on how to collect urine samples when they
arose in the morning. Smokers were asked not to have their first cigarette of
the day before the samples were collected. Spontaneous urine samples were
collected in sealable polyethylene bottles and stored in the deep-freezer at
approx. -18 °C until sample processing for nicotine and cotinine determination
was carried out. Urine creatinine was measured using standard methodology
[35].

Sample Preparation

Because urine is relatively protein-free a simple liquid-liquid extraction
specimen preparation was preferred. An aliquot of urine (2 mL) was diluted
with 1 mL phosphate buffer (0.2 M, pH 7.0) prior to vortex mixing or with
900 uL phosphate buffer and with 100 uL of standards solution (1 ug-mL™
of each of the analytes). Liquid-liquid extraction (LLE) was performed with
2.5 mL chloroform:propan-2-ol (95:5, v/v) for 10 min using a rotator unit [36].
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After centrifugation for 5 min at 2500 rpm, the organic layer was collected
and further evaporated to dryness under a gentle nitrogen stream at 50°C.
The extract was reconstituted in 0.5 mL solution of 0.1% ammonium formate in
10% acetonitrile (buffered at pH 5.5) and filtered (0.22 yum PTFE) prior to
UPLC — MS injection. For samples having very high concentration of nicotine
and cotinine, a dilution of the final extract was performed to fit into the calibration
range of the standard curves. Calibration is performed using calibration
standards which are prepared in pooled urine and are treated in the same
manner as the samples to be analyzed.

Chromatographic Separation and Detection

Separation was carried out on a Waters Acquity UPLC-MS system
(Binary Solvent Manager, Xevo TQD equipped with an electrospray ionization
interface). Nicotine and cotinine separation was achieved with a UPLC BEH
Phenyl 1.7 um column (2.1 x 100 mm) using a gradient elution procedure.
Mobile phase A consisted in 0.1% ammonium formate in acetonitrile and
mobile phase B was 0.1% ammonium formate in 10% acetonitrile. The
gradient profile was: 0 — 0.5 min, 100% B; 0.5 — 1 min, 95% B; 1 — 1.5 min, 0%
B; 1.5-1.9, 0% B; 1.9 — 2 min, 100% B. The column temperature was set at
30°C. The analyses were run at a flow rate of 0.4 mL-min™", and the sample
volume injected was 5 uL. The ESI parameters for Xevo TQD MS detector
were fixed as follows: capillary voltage at 3 kV, cone voltage at 50 V, source
temperature at 120 °C, desolvation temperature at 450 °C, and desolvation
gas at 800 L-h”". Nitrogen was used as the desolvation gas, and argon was
employed as the collision gas. The detailed MS/MS detection parameters for
each analyte are presented in Table 4 and were optimized by direct injection of
a 1 ng'mL" standard solution of each analyte into the detector at a flow rate of
10 pL'min™.

Table 4. Mass spectrometer parameters for nicotine and cotinine detection

Analyte R; Precursor | Quantification | Collision | Confirmation | Collision
(min) ion ion potential ion potential
(m/z) (m/z) (V) (m/z) (V)
Nicotine | 0.63 163 132 25 120 30
Cotinine | 0.72 177 146 20 98 35

Analyses were carried out in multiple reaction monitoring modes,
using two specific transitions for each analyte and the detector was fixed at
maximum Extended Dynamic Range with peak mass widths of 2 and 1.5
a.m.u. for the first and third quadruples, respectively. The dwell time for all
transitions was 0.01 seconds.
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According to the WADA Technical Document addressing to this
particular topic identification criteria were defined [37]. The retention time
(R¢y) tolerance window between the analyte and the Quality Control (QC) of
the same batch was within the range + 2%. For MS/MS experiments, three
diagnostic ions are required, including the precursor ion and two fragmentation
ions.

Method Validation

Experiments were conducted following the recommendation of the
bioanalytical method validation from the US Food and Drug Administration
(FDA) and the guidelines on the 3 American Association of Pharmaceutical
Scientists (AAPS)/FDA Bioanalytical Workshop from 2006 [38, 39].

A pool of six urine samples from nicotine-abstinent individuals who had
not been exposed to environmental smoke within the last 5 days was prepared
to obtain negative urine for the validation process.

Accuracy was expressed as the ratio between the theoretical and the
average measured concentration.

Repeatability was determined as the relative standard deviation (RSD)
of the ratio of the intra-day standard deviation and the theoretical value at each
concentration level [40]. Intermediate precision was determined as the RSD of
the ratio of the inter-day standard deviation on the theoretical value at each
concentration level [41].

The limit of quantification (LOQ) was expressed as the lowest QC
sample with a good trueness, repeatability and intermediate precision fitting for
purpose.

For recovery experiments of the selected compounds, blank samples
(n = 6) fortified with a known amount of analytes before the extraction step (10,
100 and 1000 ng'mL™") were realized.

Carry-over was evaluated correspondingly by injecting a blank urine
sample subsequently to the analysis of the highest calibrator. This experiment
was conducted in triplicate.
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