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bstract

Nicotine is a major addictive compound in cigarette. Its smoke is rapidly and extensively metabolized to several metabolites in human. Cotinine
s a major metabolite of nicotine is commonly used as a biomarker to determine active and passive smokers. Cotinine has a longer half-life (∼20 h)
ompared to nicotine (∼2 h). A simple, sensitive, rapid and high throughput GC–MS method was developed for simultaneous quantification of
rinary nicotine and cotinine in passive and active smokers. In the sample preparation method, the analytes and internal standard were first basified
nd followed by liquid–liquid extraction. Upon completion, anhydrous sodium sulphate was added to the solvent mixture to trap moistures. The
lear extract obtained was directly injected into GC–MS, operating under selective ion monitoring (SIM) mode. Calibration curves in the range of
.5–5000 ng/mL of the analytes in urine matrix were established with linear correlation coefficients (r2) greater than 0.997. The limit of detection
or both nicotine and cotinine were 0.20 ng/mL. The mean recoveries for nicotine and cotinine were 93.0 and 100.4%, respectively. The within- and
etween-assay accuracies were between 2.1 and 7.9% for nicotine and between 0.7 and 11.1% for cotinine. Within- and between-assay precisions

f 3.3–9.5% for nicotine and 3.4–9.8% for cotinine were also achieved. The method can be used in routine assessment and monitoring of active
moking and exposure to environmental tobacco smoke. The applicability of the assay was demonstrated in a small-scale comparison study between
mokers and non-smokers.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Tobacco smoke is known to be the cause of several adverse
ealth effects to both active and passive smokers [1–3]. Active
moker is referred to as the cigarette smoker whereas passive
moker is defined as the non-smokers who are exposed to envi-
onmental tobacco smoke (ETS). There are several biomark-
rs suggested for determination of smoking and ETS status
n human, which include thiocyanate, carbon monoxide, car-
oxyhemoglobin, hydroxyproline, 4-aminobiphenyl, polyaro-
atic hydrocarbons, N-nitrosoproline, aromatic amine and DNA
dducts. However, none of these biomarkers serve as good indi-
ators due to lack of either specificity or sensitivity for the
etection of tobacco smoke exposure [4–8]. On the other hand,
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icotine, which is the main compound in the cigarette smoke is
apidly and extensively metabolized into several metabolites in
uman and is therefore not a suitable biomarker [9,10]. One of
he major metabolites for nicotine is cotinine. Cotinine has rela-
ively longer half-life than nicotine and it can be easily detected
n urine, plasma and saliva. Urinary cotinine is a widely used
iomarker due to higher concentration in urine matrix com-
ared to other matrixes, thus could be detected accurately in
rine [11,12].

There are numerous types of assays used to quantify urinary
icotine and cotinine levels, namely, the radioimmunoassays
13,14] and enzyme-linked immunosorbent assays [12,15]. A
ide range of equipments have also been used to determine

hese urinary nicotine and cotinine which include colorimetry,

as chromatography and high-performance liquid chromatog-
aphy [16–19]. However, none of these assays offer either high
pecificity or sensitivity for detection of the compounds. In
rder to detect urinary cotinine in passive smoker accurately and
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eliably, one assay should achieve a limit of quantitation (LOQ)
f at least 1 ng/mL, which is free from caffeine interference
20]. As such, a couple of assays, applying mass spectrometer
oupled with gas chromatograph or liquid chromatograph were
eveloped. The limit of detection (LOD) within the range of
.2–0.6 ng/mL and LOQ within the range of 1–20 ng/mL for
icotine and cotinine were reported by the authors [20–27].

General procedure for extraction of analytes normally
nvolves either liquid–liquid extraction (LLE) [18–21,23,24] or
olid-phase extraction (SPE) [25–31]. The extract obtained was
vaporated to dryness or to salting the analyte prior to chro-
atography analysis. In proposed developed method, extrac-

ion procedure was improved by using LLE, which reduced
he cost of analysis as compared to that of the SPE method.
he extraction method was also simplified and therefore could
e performed in a single tube. Furthermore, only 0.5 mL of
rganic solvents was used in the extraction procedure. The
xtract was directly injected into GC–MS without undergoing
vaporation or salting steps. In addition, a relatively shorter
nalysis time was applied. Through validation processes, the
ethod was evident to be simple, sensitive, rapid and high

hroughput for simultaneous quantification of urinary nicotine
nd cotinine. The applicability of the assay was demonstrated
n a study involving a group of male students (242 respondents)
rom the Universiti Sains Malaysia (USM), Penang consisted
f 44 smokers and 198 non-smokers. The subjects were inter-
iewed using questionnaire prior to the collection of their urine
ample.

. Experimental

.1. Materials

All chemicals were of analytical grade and obtained from
everal sources: S(−)-nicotine and diphenylamine (Sigma),
−)-cotinine (Fluka), methanol and chloroform (J.T. Baker),
nhydrous sodium sulphate (Merck) and sodium hydroxide
Surechem). The purified water was of MilliQ (Millipore)
uality.

.2. Blank, standards and quality controls

Urine samples from non-smoker volunteers who claimed to
e free from cigarette smokes for the past 5 days were collected,
xtracted and analyzed. Urine samples with non-detectable nico-
ine and cotinine were pooled and used in the preparation of
alibration and quality control samples (QCs). A stock solution
ontaining 1 mg/mL of nicotine and cotinine in methanol was
repared. Three working solutions (1, 10 and 100 �g/mL) were
repared from the stock solution. A set of eight calibrators made
p of 0.5, 10, 50, 100, 500, 1000, 2500 and 5000 ng/mL nicotine
nd cotinine in urine was prepared daily from working solutions.
hree QCs (0.5, 2500 and 5000 ng/mL) of nicotine and coti-

ine in urine were also prepared from a separate stock solution
1 mg/mL). The internal standard (I.S.), diphenylamine working
olution (250 ng/mL) was prepared in methanol. All solutions,
lank and QCs were stored at −20 ◦C prior to analysis.
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.3. Sample preparation

One milliliter each of purified water, blank urine, samples,
Cs and calibrators was pipetted into separate tubes. Internal

tandard (0.175 mL), 0.1 M sodium hydroxide (0.050 mL) and
hloroform (0.325 mL) were then added. Up to this point, each
f the tube will contain a total volume of 1.550 mL mixture
omprising 1.050 mL aqueous solution and 0.500 mL organic
olvents (methanol:chloroform in the ratio of 1:1.9). The mixture
as vortexed at 1500 rpm for 1 min and centrifuged at 2500 rpm

or 4 min. The aqueous layer was discarded. A small amount
f anhydrous sodium sulphate (∼0.1 g) was added and mixed
riefly. After leaving at room temperature for 1 min, the clear
rganic extract was then transferred into an auto sampler vial.

.4. Gas chromatography–mass spectrometry conditions

GC–MS analyses were performed on HP6890 GC coupled
ith HP5973 mass spectrometer detector. The column was

used-silica capillary, HP-5MS column (30 m × 0.25 mm i.d.;
.25 �m film thickness) and helium was used as a carrier gas
t a constant pressure of 14.5 psi. One microliter injection vol-
me using splitless mode was performed on injector temperature
t 250 ◦C. The oven temperature was programmed from 70 to
30 ◦C (1 min hold) at a rate of 25 ◦C/min. Post run was set at
10 ◦C for 6 min. The total run time was 7.4 min. The interface
emperature was set at 280 ◦C. Selective ion monitoring (SIM)

ode was used in the analysis. Four ions in a group at m/z 162,
61, 84, 133, and m/z 173, 118, 119, 98 were used to monitor
icotine and cotinine, respectively, and for I.S., the ions were
t m/z 169, 141, 77. Quantification was based on the peak area
ntegration at m/z 162 (nicotine), 176 (cotinine) and 169 (I.S.).
he other ions served as qualifying ions.

.5. Linearity and sensitivity

The linearity of the assay was calculated based on the regres-
ion line by the method of least squares and expressed as the
orrelation coefficient (r2 > 0.995). A 1/x weighting factor was
pplied and linearity of each analyte was determined using the
ight calibrators. The linearity of the curves was accepted when
ach of the calibrators achieved concentration not exceeding
0% of the nominal (actual) concentration. Calibration curves
ere constructed on peak area ratio of analyte/internal standard
ersus concentrations using linear regression. The data were ana-
yzed using Microsoft Excel 2002 (10.6501.6626) SP3 software.

LOD is the lowest concentration of an analyte determined
ith signal to noise ratio of at least 3:1 by peak height. LOQ

s the lowest concentration of an analyte in a calibration curve
nd it may use the criteria of LOD (ratio 3:1). The accuracy and
recision of the LOQ (at least six replicates) must be <20% of
he nominal concentration.
.6. Precision and accuracy

Within- and between-assay precision and accuracy were cal-
ulated by using low (0.5 ng/mL), medium (2500 ng/mL) and
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igh (5000 ng/mL) QC samples. Within-assay precision and
ccuracy were determined by comparing data from within one
un (n = 6 for each concentration), while between-assay preci-
ion and accuracy were determined by comparing data between
hree runs. Precision was expressed as percent coefficient of vari-
tion and accuracy as the percent difference from the nominal
alues.

.7. Recovery

The recovery was determined by comparing the mean peak
rea ratio of urine extracts containing nicotine and cotinine at
.5, 2500 and 5000 ng/mL (n = 6 for each concentration) with
he non-extracted standards in methanol.

.8. Specificity

Potential interference was evaluated against the commonly
sed drugs, which was randomly selected from prescribed or
on-prescribed drugs that are easily obtainable over the counter.
he study was carried out to determine the possible interfer-
nce of these drugs with the detection of nicotine and coti-
ine. Ten drugs were spiked into blank and sample urine to
chieve concentration of 0.2 �g/mL (amitryptyline, bromhex-
ne, chlorpheniramine, trifluperazine), 0.5 �g/mL (dothiepin)
nd 10 �g/mL (clomipramine, propranolol, sulpiride, verapamil,
sosorbide dinitrate). These concentrations were much higher
han their therapeutic levels in plasma [32].

The assay may be considered specific or free from possible
nterference if:

In blank urine, any of the spiked drugs were eluted at retention
times outside the region of ±0.2 min retention times of both
analytes or any of the spiked drugs were detected within that
region, the peak height were less than 2% of that of 0.5 ng/mL

calibrator.
In sample urine, the addition of drugs did not change the
analytes retention times >2% and their peak height ratios
(qualifying ions to quantitative ion) >20%.

c
e
w
[

able 1
he assay precision, accuracy and recovery of nicotine and cotinine

nalyte Conc. (ng/mL) Within-assaya

Observed conc.
(mean ± SD)
(ng/mL)

Precision (%) Accuracy (

icotine
0.5 0.54 ± 0.05 9.5 7.9
2500 2553.68 ± 83.39 3.3 2.1
5000 4745.10 ± 364.14 7.7 5.1

verage 6.8 5.0

otinine
0.5 0.50 ± 0.05 9.8 0.7
2500 2763.76 ± 92.63 3.4 10.6
5000 4656.96 ± 392.27 8.4 6.9

verage 7.2 6.1

a n = 6 for each concentrations.
b n = 18 for each concentrations.
r. B 844 (2006) 322–327

.9. Application

Urine samples were collected from 242 male student vol-
nteers from USM. The history of smoking or exposure status
as recorded in questionnaire. Urine samples were collected in
olypropylene containers and stored at −20 ◦C prior to analy-
is. The samples were extracted and analyzed according to the
ecently developed assay.

. Result and discussion

The extraction of nicotine and cotinine using LLE was
eported previously by several authors [18–21,23,24]. In addi-
ion, the use of SPE in sample preparation was claimed to
implify, and reduce extraction time and solvent consumption
s compared to LLE. These assays used commercialized car-
ridges like Extrelut [25], Oasis HLB [27], Drug Test-1 [28],
18 Isolute [29] and Amberlite XAD-2 [31]. Both assays (LLE
nd SPE) used large volume (2–15 mL) of organic solvents
hich were then evaporated in order to recover the analytes.
owever, nicotine is a very volatile compound compared to

otinine; nevertheless, both can be easily lost during evapo-
ation. Thus, solvent selection and evaporation are very crit-
cal in nicotine–cotinine sample preparation. Evaporation of
he solvent should be done with extra caution to prevent over
rying, which may result in the loss of the analytes. In order
o reduce the volatility of nicotine during evaporation, acids
uch as hydrochloric acid, acetic acid, phosphoric acid and sul-
huric acid were used to form nicotine salts [21,25,34–36]. In
he presently developed method using LLE assay, the extrac-
ion was performed in a single tube with only a small vol-
me of organic solvents, i.e. 0.175 mL methanol (from I.S.)
nd 0.325 mL chloroform. The evaporation of the solvent and
alting was not necessary because extremely small volume of
olvent was used and the mixture of the solvents was at the

orrect composition for GC–MS analysis. As a result, recov-
ry of both nicotine (93.0%) and cotinine (100.4%) (Table 1)
as dramatically improved compared to other published assays

23,25,27–29]. Using such extraction method, we have simpli-

Between-assayb Recoverya (%)

%) Observed conc.
(mean ± SD)
(ng/mL)

Precision (%) Accuracy (%)

0.52 ± 0.04 7.8 6.5 100.9
2538.38 ± 171.46 6.8 6.5 95.8
5103.90 ± 257.16 5.2 5.5 82.4

6.6 5.6 93.0

0.52 ± 0.04 8.5 4.4 104.4
2777.36 ± 111.06 4.0 11.1 101.8
4906.71 ± 288.10 5.9 5.4 95.1

6.1 7.0 100.4
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ed and reduced the cost and time for the sample preparation.
herefore, quantification of nicotine and cotinine can be per-

ormed in a non-laborious and cost-effective way as compared
o other assays [21–31,35,36].

t
p
E

Fig. 1. Chromatograms and mass spectra o
r. B 844 (2006) 322–327 325
The high sensitivity achieved by this assay is critically impor-
ant, as our primary interest is not only to monitor active and
assive smokers but also the subjects who may not expose to
TS. The total ion chromatogram of the analytes appeared clean

f nicotine and cotinine of a smoker.
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rom the interference that derived from the urine matrix. The
xamples of total ion chromatogram (TIC), extracted ion chro-
atogram (EIC) and mass spectra of nicotine and cotinine of a

moker are shown in Fig. 1. The clean ion chromatograms and
igh recovery have greatly contributed to the low detection lim-
ts that were attainable by our assay. The LOD and LOQ of the
ssay for both nicotine and cotinine were achieved at 0.2 and
.5 ng/ml, respectively.

In the MS analysis, quantification was based on the intensity
f the molecular ions of the analytes. The molecular ions chosen
ere the ions with the highest m/z value for each analytes, having

he minimum background interferences or chemical noises com-
ared with their corresponding lower mass fragments. There-
ore, producing better peak shapes for quantification purposes.

ith the same analogy, the use of such molecular ions as quan-
ification markers have substantially contributed to the sensitiv-
ty of the assay, whereby it improves the LOQ of the assay as
ompared to other methods [12,20,21,23,24,33].

The linearity of the assay with an average of correlation coef-
cient r2 > 0.998 was achieved for the entire 3 days of validation
eriod over a dynamic range of 0.5–5000 ng/mL for each of the
nalytes. The wide linear range and the high sensitivity of this
ssay have enabled them to be used reliably on urine samples
rom smokers, non-smokers and people exposed to ETS. Within-
ssay precision and accuracy were less than 10% for nicotine
nd 11% for cotinine. Between-assay precision and accuracy
ere less than 9 and 12% for nicotine and cotinine, respectively

Table 1). A good separation chromatogram for the analytes
as achieved at relatively shorter analytical time, for nicotine

nd cotinine at 4.69 and 6.48 min, respectively. Total GC–MS
un time was also shortened to 7.4 min as compared to others
8–10 min) [20,23,33]. Furthermore, the assay had offered great
pecificity as no interference was observed from all the 10 drugs
ested.

Interference from caffeine is a common problem accounted
n most of the cotinine analysis methods based on chromatog-
aphy separation [25], in which caffeine is normally co-elute
ith cotinine. This interference becomes immense when very

ow amount of cotinine is measured. In the present GC separa-
ion method, the temperature ramping used allows caffeine to
e eluted at 7.3 min which was much later than the elution of
otinine, and thus does not interfere with its detection.

. Application

In this study, two groups of self reported smokers were iden-
ified based on their cotinine levels. The first group (93.2%)
ad cotinine level ranging from 100 to 3550 ng/mL whilst nico-
ine ranging from 1 to 1695 ng/mL. The second group (6.8%)
ad lower levels of nicotine and cotinine, less than 0.5 and
0–14 ng/mL, respectively. Lower cotinine was recorded in the
econd group as they claimed, not smoking for at least 6 days
efore the urine were collected. Cotinine half-life is reported to

e ∼20 h and 100 ng/mL urinary cotinine is known as a cut-off
or active smokers [25]. Data of the current analysis shows that
icotine is not an appropriate marker to determine smoker status
s it has a much shorter half-life (∼2 h) which results in a wide

[

[
[

r. B 844 (2006) 322–327

ange of nicotine levels that do not correlate with the smoking
tatus of the smokers.

Hundred percent (or 198 subjects) of self reported non-
mokers had cotinine level ranging from 0 to less than 23 ng/mL.
his range was well below smoker cut-off level. 86.4% of these
on-smokers had cotinine less than 5 ng/mL, a value that indi-
ates non-exposure to ETS [36,37]. The data indicated that only
3.6% were exposed to ETS. All the non-smokers had nicotine
evels <5 ng/mL.

. Conclusion

We have developed a high throughput method for simultane-
us quantification of urinary nicotine and cotinine. The method
s rapid, sensitive, accurate and simple. The extraction of the
nalytes was carried out in a single tube with the use of very
ittle solvents. The procedure was also simplified by omitting
he evaporation and salting of the analytes, which are the critical
teps in other analysis methods. The GC–MS analysis was car-
ied out in 7.4 min with no interference from caffeine. The results
ndicated that cotinine level serve as a useful biomarker for
obacco exposure. Hence, it is applicable for routine assessment
nd monitoring of active smoking and exposure to environmental
obacco smoke. The applicability of the assay was successfully
emonstrated in a small-scale comparison study between smok-
rs and non-smokers.
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