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a b s t r a c t

A simple, rapid and sensitive method for the determination of nicotine, cotinine, nornicotine, anabasine,
and anatabine in human urine and saliva was developed. These compounds were analyzed by on-line
in-tube solid-phase microextraction (SPME) coupled with liquid chromatography–mass spectrometry
(LC–MS). Nicotine, cotinine and related alkaloids were separated within 7 min by high performance
liquid chromatography (HPLC) using a Synergi 4u POLAR-RP 80A column and 5 mM ammonium for-
mate/methanol (55/45, v/v) as a mobile phase at a flow-rate of 0.8 mL/min. Electrospray ionization
conditions in the positive ion mode were optimized for MS detection of these compounds. The optimum
in-tube SPME conditions were 25 draw/eject cycles with a sample size of 40 �L using a CP-Pora PLOT
amine capillary column as the extraction device. The extracted compounds could be desorbed easily from
the capillary by passage of the mobile phase, and no carryover was observed. Using the in-tube SPME
LC–MS method, the calibration curves were linear in the concentration range of 0.5–20 ng/mL of nicotine,

cotinine and related compounds in urine and saliva, and the detection limits (S/N = 3) were 15–40 pg/mL.
The method described here showed 20–46-fold higher sensitivity than the direct injection method (5 �L
injection). The within-run and between-day precision (relative standard deviations) were below 4.7% and
11.3% (n = 5), respectively. This method was applied successfully to analysis of urine and saliva samples
without interference peaks. The recoveries of nicotine, cotinine and related compounds spiked into urine
and saliva samples were above 83%, and the relative standard deviations were below 7.1%. This method
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. Introduction

The use of tobacco products may be most critical public health
roblem [1]. It is well known that tobacco smoke is a major cause
f mortality and morbidity [2]. More than 4000 compounds have
een identified in tobacco smoke, at least 50 of which have been
hown to be carcinogenic [3]. Epidemiological studies in smokers
ave indicated a dose-response relationship between the number
f cigarettes smoked per day and the risk of developing certain
moking-related diseases [4]. Tobacco alkaloids are the active prin-
ipal components in all tobacco products. Among more than 20

ifferent alkaloids found in tobacco, nicotine is the most abun-
ant (98% of the total alkaloids) and accounts for widespread
uman use of tobacco products throughout the world because of

ts addictive properties. Furthermore, nicotine is the major phar-
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d salivary levels of these compounds in nicotine intake and smoking.
© 2008 Elsevier B.V. All rights reserved.

acologically active substance in tobacco [5] and is suspected to
ontribute to human diseases, such as cardiovascular and repro-
uctive disorders [6,7]. There is good evidence than most smokers
re dependent on nicotine and that the severity of tobacco depen-
ence may be related to the level of nicotine intake. The minor
lkaloids, including nornicotine, anabasine, and anatabine are also
harmacologically active. However, they are less potent than nico-
ine [8]. Nicotine is absorbed rapidly in humans through the skin
nd mucosal lining of the mouth and nose or by inhalation in
he lungs, and exerts a number of physiological effects in both
ctive and passive smokers, defined as cigarette smokers and
on-smokers exposed to environmental tobacco smoke. It is esti-
ated that an average of 70–80% of the nicotine absorbed by a

moker is metabolized to cotinine [9]. Nicotine and its metabo-

ite cotinine can be measured in various biological fluids, including
lood, saliva, and urine [10,11]. Therefore, these compounds have
een widely used as biological markers to determine tobacco
moking status and estimate exposure to environmental tobacco
moke [10–14]. Serum nicotine and urinary/saliva cotinine have

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:hkataoka@shujitsu.ac.jp
dx.doi.org/10.1016/j.jpba.2008.09.044


cal and

a
[

fl
i
m
c
t
b
t
a
a
r
l
i
s

t
S
a
e
a
t
d
c
a
r
S
c
s
r
c
u
a

2

2

f
p
C
a
w
w
t
C
g

2

a
l
8
P
c
p
r
w
d
N
a

6
m
(
w
A

2

1
a
i
i
m
a
e
i
N
t
w
t
f
t
1
w
u
c
w
t
d
w
t
m
i
t
t
m
c
o
[

2

b
u
p
t
U
a
w
i
t
r
a
s
t
O

2

H. Kataoka et al. / Journal of Pharmaceuti

lso been used to guide the dose of nicotine replacement therapy
15,16].

Nicotine, cotinine, and related alkaloids in various biological
uids have been determined by radioimmunoassay [17], enzyme

mmunoassay [18,19], gas chromatography (GC) [20,21], GC with
ass spectrometry (GC–MS) [20–22], high performance liquid

hromatography (HPLC) [20], and LC with tandem mass spectrome-
ry (LC–MS–MS) [23–29]. The immunological methods are sensitive
ut have cross-reactivity with nicotine and related compounds,
hus leading to overestimation. LC–MS–MS can provide a sensitive
nd selective means for comprehensive measurement of nicotine
nd its metabolites. However, most of the above methods generally
equire time-consuming sample preparation procedures, such as
iquid–liquid extraction or solid-phase extraction, to remove coex-
sting substances in biological samples prior to analysis except for
ome LC–MS–MS methods [24,26].

In-tube solid-phase microextraction (SPME) [30], using an open
ubular fused-silica capillary with an inner surface coating as the
PME device is simple and can be coupled easily on-line with HPLC
nd LC–MS. In-tube SPME allows convenient automation of the
xtraction process, which not only reduces the analysis time, but
lso provides better precision and sensitivity than manual off-line
echniques. We recently developed an in-tube SPME method for the
etermination of urinary drugs [31,32] and salivary cortisol [33] by
oupling with LC–MS. The details of the in-tube SPME technique
nd its applications have also been summarized in a number of
eviews [34–36]. Here, we report an automated on-line in-tube
PME LC–MS method for simultaneous determination of nicotine,
otinine, and related alkaloids in urine and saliva samples. These
amples can be obtained easily and salivary cotinine level has been
eported to be an especially good indicator of plasma cotinine con-
entration [37]. Using this method, we also analyzed the changes in
rinary and salivary levels of these compounds in nicotine intake
nd tobacco smoking.

. Experimental

.1. Materials

Nicotine, cotinine, nornicotine, and anabasine were purchased
rom Sigma–Aldrich Japan (Tokyo, Japan) and anatabine was
urchased from Toronto Research Chemicals (North York, ON,
anada). Each compound was dissolved in methanol to make
stock solution at a concentration of 1 mg/mL. Each solution
as stored at 4 ◦C and diluted to the required concentrations
ith pure water prior to use. LC–MS grade methanol and dis-

illed water used as mobile phases were purchased from Kanto
hemical (Tokyo, Japan). All other chemicals were of analytical
rade.

.2. Instrument and analytical conditions

The LC–MS system was a Model 1100 series LC coupled with
n atmospheric pressure electrospray ionization (ESI) MS (Agi-
ent Technologies, Boeblingen, Germany). A Synergi 4u POLAR-RP
0A column (150 mm × 4.6 mm i.d., particle size of 2.5 �m) from
henomenex (Torrance, CA, USA) was used for LC separation. LC
onditions were as follows: column temperature, 30 ◦C; mobile
hase, 5 mM ammonium formate/methanol (55/45, v/v) and flow-

ate, 0.8 mL/min (during the in-tube SPME treatment, the flow-rate
as set to 0.2 mL/min to save mobile phase solution). ESI–MS con-
itions were as follows: nebulizer gas, N2 (55 psi); drying gas,
2 (12 L/min, 350 ◦C); fragmenter voltage, 110 V; capillary volt-
ge, 2500 V; ionization mode, positive mode; mass scan range,

h
u
o
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0–200 amu; selected ion monitoring (SIM), m/z 149 (nornicotine),
/z 161 (anatabine), m/z 163 (nicotine and anabasine), and m/z 177

cotinine) and dwell times for the ions in SIM, 144 ms. LC–MS data
ere processed using an HP ChemStation (Hewlett–Packard, Palo
lto, CA, USA).

.3. In-tube solid-phase microextraction

A CP-Pora PLOT amine capillary column (60 cm × 0.32 mm i.d.,
0 �m film thickness; Varian Inc., Lake Forest, CA, USA) was used
s the in-tube SPME device. The column was placed between the
njection loop and injection needle of the autosampler, and the
njection loop was retained in the system to avoid fouling of the

etering pump. Capillary connections were facilitated by use of
2.5-cm sleeve of 1/16-in polyetheretherketone (PEEK) tubing at

ach end of the capillary (1 in ≈2.54 cm). A PEEK tubing (330 �m
.d.) was found to be suitable to accommodate the capillary used.
ormal 1/16-in stainless steel nuts, ferrules, and connectors were

hen used to complete the connections. The autosampler software
as programmed to control the in-tube SPME extraction, desorp-

ion, and injection. Vials (2 mL) were filled with 1.0 mL of sample
or extraction, and set into the autosampler programmed to con-
rol the SPME extraction and desorption technique. In addition,
.5 mL aliquots of methanol and water in 2 mL autosampler vials
ith a septum were set on the autosampler. The capillary col-
mn was washed and conditioned by two repeated draw/eject
ycles (40 �L each) of these solvents, and then a 50-�L air plug
as drawn prior to the extraction step. The extraction of cor-

isol onto the capillary coating was performed by 25 repeated
raw/eject cycles of 40 �L of sample at a flow-rate of 150 �L/min
ith the six-port valve in the LOAD position. After washing the

ip of the injection needle by one draw/eject cycle of 2 �L of
ethanol, the extracted compounds were desorbed from the cap-

llary coating with mobile phase flow. Then, the compounds were
ransported to the LC column by switching the six-port valve to
he INJECT position, and detected by the MS system with SIM

ode. During the analysis, the SPME capillary was washed and
onditioned with mobile phase for the next extraction. Outline
f the in-tube SPME/LC–MS system is shown in previous papers
33,36].

.4. Sample preparation

Urine samples from healthy volunteers were collected in glass
ottles and processed immediately or stored at −20 ◦C until
se. Saliva samples were collected in Salisoft tubes containing a
olypropylene–polyethylene sponge (Assist, Tokyo, Japan), and the
ubes were centrifuged at 2500 × g for 5 min to elute the saliva.
rine or saliva solutions (0.1–0.2 mL) were added to 0.1 mL of 0.2 M
cetate buffer (pH 5) and the total volume was made up to 1.0 mL
ith distilled water. The mixtures were used for the following

n-tube SPME LC–MS analysis. Standard mixture was added to con-
rol urine and saliva samples (which did not include nicotine or
elated compounds) at concentrations of 0.5, 1.0, 2.0, 5.0, 10, 20,
nd 50 ng/mL of each compound, and calibration curves were con-
tructed. Urinary creatinine concentrations were determined by
he Jaffé method using a creatinine test kit (Wako Pure Chemicals,
saka, Japan).

.5. Nicotine intake and smoking
The aim of the experiment was explained to the subjects before-
and and consent was obtained after confirmation that they fully
nderstood the experiment. The non-smoking subject consisted
f 52 male volunteers who chewed Nicorette® (Pfizer Co. Ltd.,
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okyo, Japan) gum containing 1 mg of nicotine for 30 min from
:00 a.m. Urine and saliva were sampled just before nicotine

ntake and after 2, 4, 6, 9, 12, 15, and 21 h. The smoking sub-
ect consisted of 22 male volunteers who smoked a cigarette
including 0.3 mg nicotine) at 9:00 and 15:00 after stopping
moking the day before. Urine was sampled just before smok-
ng and after 2, 4, 6, 8, 10, and 12 h. Urine samples were also
ollected from smokers (active smoking) and non-smokers (pas-
ive smoking). The collected samples were stored at −20 ◦C until
ssayed.

. Results and discussion

.1. LC–MS analysis of nicotine and related compounds

For MS operation, ESI positive ion mode was evaluated for the
etermination of nicotine and related alkaloids. To select the moni-
oring ion for these compounds, the ESI mass spectra were initially
nalyzed by LC–MS with direct liquid injection into the column.
icotine and related compounds gave [M+H]+ as a base ion in

he mass scan range of 60–200 amu. The [M+H−NH3]+ was also
bserved in nornicotine (m/z = 132.2) and anatabine (m/z = 144.1).
arameters, including nebulizer gas pressure, drying gas flow-rate,
ragmenter voltage, and capillary voltage were optimized by flow
njection analysis.

LC separation of nicotine and related compounds was performed
sing a Synergi 4u POLAR-RP 80A column. As shown in Fig. 1, these

ompounds were eluted within 7 min using 5 mM ammonium for-
ate/methanol (55/45, v/v) as a mobile phase, at a flow-rate of

.8 mL/min. Nicotine and related compounds could be detected
electively in SIM mode.

ig. 1. Chromatograms obtained from 100 ng/mL standard compounds by direct
njection. (A) Total ion chromatogram, (B)–(E) selected ion chromatograms. See
ection 2 for LC–MS conditions.
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ig. 2. Effects of capillary coatings on the in-tube SPME of nicotine and related com-
ounds. Each compound was extracted by 20 draw/eject cycles of 40 �L of standard
olution (20 ng/mL of each) at a flow-rate of 150 �L/min.

.2. Optimization of in-tube solid-phase microextraction and
esorption

To optimize the extraction of nicotine and related compounds
y in-tube SPME, several parameters, such as the stationary phase
f the in-tube SPME capillary column and number and volume
f draw/eject cycles were investigated. Extraction efficiency in in-
ube SPME was evaluated by comparison of peak height in each
ondition. Six different capillary columns, CP-Sil 5CB (Varian Inc.,
ake Forest, CA, USA, 100% polydimethylsiloxane, 5 �m film thick-
ess), CP-Sil 19CB (Varian, 14% Cyanopropyl phenyl methylsiloxane,
.2 �m film thickness), CP-Wax 52CB (Varian, Polyethylenegly-
ol, 1.2 �m film thickness), and CP-Pora PLOT amine (Varian,
asic modified stylene divinylbenzene polymer, 10 �m film thick-
ess), Carboxen 1006 PLOT (Supelco, Bellefonte, PA, USA, carbon
olecularsives, 15 �m film thickness) and Supel Q PLOT (Supelco,
ivinylbenzene polymer, 17 �m film thickness) were tested as
xtraction device. In in-tube SPME, the amount of analyte extracted
nto the stationary phase of capillary column depends on factors
uch as the surface area, film thickness and polarity of the capillary
oatings. As shown in Fig. 2, the extraction efficiency of the porous
olymer-type capillary column was better than those of the other
olumns. As the PLOT column has a large adsorption surface area
nd thick film layer, the amount extracted was greater than that
ith liquid-phase-type columns. Among the PLOT column, a CP-

ora PLOT amine gave superior extraction efficiency because of its
ffinity to relatively polar compounds.

With in-tube SPME, the extraction time, flow-rate, and sample
H are related to the amounts of compounds extracted. To monitor
he extraction time profile of nicotine and related compounds by in-
ube SPME, the number of draw/eject cycles was varied from 0 to 25
sing a CP-Pora PLOT amine capillary column. As shown in Fig. 3(A),
he extraction equilibrium of these compounds was not reached
ith 25 draw/eject cycles of 40 �L of sample. Although extrac-

ion equilibrium is incomplete, it is possible to cease extraction
efore equilibrium to reduce the analysis time, because quantita-
ive reproducibility is obtained by fixing SPME conditions using an
utosampler. Draw/eject rate in in-tube SPME was tested at 50, 100,
50 and 200 �L/min. Extraction efficient is highest at 50 �L/min,
nd it decreased slowly with increase of draw/eject rate. In this
ethod, a draw/eject rate of 150 �L/min was used as optimal flow-

ate. Below this level, extraction requires an inconveniently long

ime, and above this level, bubbles tend to form inside the capil-
ary column, reducing the extraction efficiency. The effect of the
H of the sample matrix on extraction of nicotine and related com-
ounds was examined using several buffer solutions. As shown
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ig. 3. Effects of (A) draw/eject cycle and (B) flow-rate on the in-tube SPME of nic
tandard solution (20 ng/mL of each) using a CP-Pora PLOT amine capillary.

n Fig. 3(B), acetate buffer (pH 5 or 6) was more effective, and
he optimal concentration of this buffer was 20 mM. The abso-
ute amounts of these compounds extracted by the SPME capillary
olumn were calculated by comparing peak area counts with the
orresponding direct injection of the sample solution onto the LC
olumn. At a sample concentration of 20 ng/mL, 5.1 ng (25.5%) of
icotine, 5.3 ng (26.5%) of cotinine, 2.4 ng (12.0%) of nornicotine,
.7 ng (13.5%) of anatabine, and 2.6 ng (13.0%) of anabasine were
xtracted onto the CP-Pora PLOT amine column by in-tube SPME.
lthough the extraction yields of these compounds were rela-

ively low, they showed good reproducibility (R.S.D. < 5%) due to the
utosampler.

The mobile phase was found to be suitable for the desorption of
icotine and related compounds extracted into the stationary phase
f the capillary column. Dynamic desorption of these compounds
rom the capillary could be achieved readily by switching the six-
ort valve of LC–MS instrument. The desorbed the compounds were
ransported to the LC column by mobile phase flow.

Air plugging before the extraction step was carried out to pre-
ent not only sample mixing but also desorption of analyte from the
apillary coating by the mobile phase during the ejection step. No
arryover was observed because the capillary column was washed
nd conditioned by draw/eject cycles of methanol and mobile
hase prior to extraction. The extraction and desorption of nico-
ine and related compounds by the in-tube SPME method were
ccomplished automatically within 30 min, and automated analysis
f about 48 samples per day was possible by overnight opera-
ion.
.3. Sensitivity, linearity, and precision

Nicotine and related compounds provided an excellent response
n ESI–MS. As shown in Table 1, the detection limits of these com-

o
w
t
i
d

able 1
inear regression data, detection limits and within-run and between-day precisions of nic

ompound SIM (m/z) Regression linea Correlation Detec

Slope Intercept Coefficient Direc

ornicotine 149 6898 −1776 0.9969 1.84
natabine 161 11032 195 0.9975 0.5
nabasine 163 6807 −792 0.9982 0.82
icotine 163 7811 −1590 0.9969 1.24
otinine 177 31798 6802 0.9994 0.34

a Calibration range: 0.5–20 ng/mL, six-point (n = 18).
b S/N = 3.
c Sensitivity rate of direct injection method against in-tube SPME method.
d n = 5.
and related compounds. Each compound was extracted by draw/eject of 40 �L of

ounds were 15–40 pg/mL with signal-to-noise ratios of 3:1 under
ur LC–MS conditions. The in-tube SPME method was 20–46-fold
ore sensitive than the direct injection method (5 �L injection),

ecause these compounds were concentrated in the capillary col-
mn during draw/eject cycles. Sensitivity of this method was about
0 times higher than those of LC–MS–MS method reported pre-
iously [23–29]. The calibration curves for nicotine and related
ompounds were constructed from the peak height counts. As
hown in Table 1, a linear relationship was obtained for each com-
ound in the range 0.5–20 ng/mL urine (six-point calibration) and
he correlation coefficients were above 0.9969. On the other hand,
he within-run and between-day precision (relative standard devi-
tions, R.S.D.) at the concentration of 2 ng/mL were below 4.7% and
1.3% (n = 5), respectively (Table 1).

.4. Application to the analysis of urine and saliva samples

Saliva samples were collected easily using Salisoft tubes con-
aining a polypropylene–polyethylene sponge. Urine and saliva
amples could be analyzed directly by the dilution of the sample
ithout any other pretreatment. The recovery rates of nicotine and

elated compounds added to urine and saliva samples by com-
arison with pure standard sample were 30–57% and 43–75%,
espectively. The lower recoveries were corrected by using cali-
ration curves of nicotine and related compounds spiked into the
ooled urine and saliva as described in Section 2. As shown in Fig. 4,
he urine and saliva samples were analyzed successfully without
nterference peaks by SIM mode detection. To confirm the validity

f this method, known amounts of nicotine and related compounds
ere spiked into 0.1 mL of pooled urine and saliva samples, and

heir recoveries were calculated. As shown in Table 2, the recover-
es of these compounds were above 83–98% and relative standard
eviations were below 7.1%.

otine and related compounds by in-tube SPME/LC–MS.

tion limit (ng/mL)b D/I Within-run Between-day

t injection In-tube SPME Ratioc R.S.D. (%)d R.S.D. (%)d

0.040 46.0 4.73 11.3
0.024 20.8 3.84 5.21
0.035 23.4 3.47 7.15
0.030 41.3 3.85 7.06
0.015 22.7 0.53 1.54
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Fig. 4. Chromatograms obtained from urine and saliva samples a

.5. Excretion of nicotine and related compounds by nicotine
ntake and smoking

Urinary nicotine and cotinine contents are useful biomarkers
o evaluate smoking [10–14]. To evaluate the utility of the devel-
ped method, we analyzed the influence of the intake of nicotine.
he test involved chewing Nicorette® gum containing 1 mg of nico-
ine for 30 min from 9:00 a.m., and urine and saliva were sampled
ust before nicotine intake and after 2, 4, 6, 9, 12, 15, and 21 h. As
hown in Fig. 4, nicotine and cotinine were detected in urine and

aliva samples, but the other compounds tested in this study were
ot detected. As shown in Fig. 5(A), the urinary nicotine content
eached a maximum level after 2 h and subsequently decreased by
egrees. The urinary cotinine content reached a maximum level

w
a
a
t

able 2
ecoveries of nicotine and related compounds spiked into urine and saliva samples.

ompound Spiked (ng/mL) Recovery (%)/mean ±
Urine

Average

ornicotine 2 83.5 ± 0.6
20 83.2 ± 2.6

natabine 2 95.1 ± 0.5
20 84.3 ± 2.7

nabasine 2 97.4 ± 3.4
20 88.5 ± 0.9

icotine 2 93.1 ± 1.6
20 88.2 ± 1.8

otinine 2 86.3 ± 0.8
20 88.0 ± 1.7
cotine intake. See Section 2 for in-tube SPME/LC–MS conditions.

fter 4 h. On the other hand, the salivary nicotine content increased
ransiently after 2 h, while the cotinine content hardly increased
Fig. 5(B)). To evaluate the urinary excretion of nicotine and cotinine
ith smoking, subject who was smoker smoked a cigarette contain-

ng 0.3 mg of nicotine at 9:00 and 15:00 after stopping smoking
he day before. As shown in Fig. 6, the urinary nicotine and coti-
ine contents increased with smoking. As shown in Table 3, urinary
xcretion of nicotine and cotinine also increased depending on the
umber of cigarettes smoked in one session. Furthermore, urinary
xcretion of these compounds increased in non-smoker associated

ith passive smoking. These results suggest that urinary excretion

nd salivary secretion of nicotine and cotinine sufficiently reflect
ctive and passive smoking of cigarettes, and it was confirmed that
hese compounds are useful biomarkers to evaluate smoking.

S.D. (n = 3)

Saliva

R.S.D. (%) Average R.S.D. (%)

1.0 86.8 ± 6.1 7.1
3.1 90.6 ± 4.0 4.4

0.5 90.6 ± 2.8 3.1
3.2 98.2 ± 2.5 2.6

3.5 94.9 ± 2.8 2.9
1.0 96.3 ± 4.6 4.7

1.7 83.0 ± 2.9 3.5
2.1 95.2 ± 2.0 2.1

0.9 93.8 ± 1.1 1.2
1.9 96.5 ± 2.0 2.1
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Table 3
Urinary excretion of nicotine and cotinine in active and passive smoking.

Smoking condition Sampling time Nicotine (ng/mg creatinine)a Cotinine (ng/mg creatinine)a

Smoker Before 8.9 ± 0.3 125.0 ± 6.5
(one cigarette) After 2 h 140.8 ± 13.7 218.5 ± 2.2

Smoker Before 5.1 ± 0.4 90.8 ± 2.1
(three cigarettes) After 2 h 228.6 ± 25.7 188.0 ± 0.6

Non-smoker Before ND ND

(passive smoking:1 h) After 1 h
After 3 h

a n = 3.

Fig. 5. Concentration of nicotine and cotinine in (A) urine and (B) saliva after nicotine
intake.
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Fig. 6. Urinary excretion of nicotine and cotinine after smoking.

. Conclusions

The on-line in-tube SPME/LC–MS method developed in the

resent study can continuously perform extraction and concen-
ration of nicotine and related compounds from urine and saliva
amples, and then allow analysis by LC–MS. This method is auto-
ated, simple, rapid, selective, and sensitive, and can be applied

[
[

[
[

27.2 ± 2.0 0.76 ± 0.02
37.0 ± 0.9 1.76 ± 0.03

asily to the analysis of urine and saliva samples. This method
s a very useful tool for monitoring of tobacco smoking, for esti-

ating the uptake of nicotine and tobacco-related toxicants, for
nderstanding the pharmacologic effects of nicotine and nicotine
ddiction, and for optimizing nicotine dependency treatment.
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