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a b s t r a c t

An LC-MS/MS method for the simultaneous quantification of nicotine, cotinine, trans-3′-hydroxycotinine
and norcotinine in human plasma was developed and fully validated. Potential endogenous and
exogenous interferences were extensively evaluated and limits of quantification were determined
by decreasing analyte concentration. Analytical ranges were 1–500 ng/mL for nicotine and cotinine,
5–500 ng/mL for trans-3′-hydroxycotinine and norcotinine. Mean intra- and inter-assay analytical recov-
eywords:
icotine
otinine
rans-3′-Hydroxycotinine
orcotinine
lasma

eries were between 101.9 and 116.8%, and intra- and inter-assay imprecision were less than 11% RSD for
all analytes: parameters were evaluated at three different concentrations across the linear range of the
assay. Extraction efficiency was ≥70% for all analytes. This validated method is useful for the determina-
tion of nicotine and metabolites in human plasma to support research on the role of nicotine biomarkers
on neuronal systems mediating cognitive and affective processes and to differentiate active, passive and
C-MS/MS environmental exposure.

. Introduction

Nicotine is the most abundant and potent pharmacological
lkaloid in tobacco with behavioral effects of memory facilita-
ion, locomotor activation, antinociception, mild calming, appetite
uppression, and physiological effects of increased heart rate and
lood pressure, changes in skin temperature, nausea and respi-
atory distress [1–5]. Nicotine is oxidized by hepatic cytochrome
450 2A6 to cotinine, that undergoes further oxidation to trans-
′-hydroxycotinine (3-OH-cotinine) and other metabolites [6,7].
revious investigators reported a relatively short plasma half-
ife (t1/2 = 1–2 h) for nicotine [8]; however, since cotinine and
-OH-cotinine have longer plasma half-lives (18–20 and 4–8 h,
espectively) than nicotine [8,9], these are considered appropriate
iomarkers for evaluating tobacco smoke exposure.

A number of methods have been developed to measure nicotine
nd metabolites in biological fluids including radioimmunoassay

10,11], high performance liquid chromatography (HPLC) with
ltraviolet detection [12–17] and gas chromatography (GCMS)
18,19]. Most of these assays require a long chromatographic
nalysis time to achieve better separation of analytes of interest
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from matrix. In addition, GCMS assays required lengthy derivatiza-
tion procedures. High performance liquid chromatography coupled
with mass spectrometry (LC-MS) is frequently the toxicologist’s
method of choice for the quantification of drugs in biological
matrices [20]. Gray et al. recently reported the quantification of
nicotine and metabolites in meconium by LC-MS/MS [21,22]. Kim
and Huestis reported the quantification of nicotine, cotinine, 3-
OH-cotinine and norcotinine in plasma by LC-MS with limit of
quantification (LOQ) of 2.5 ng/mL. [23]. Ghosheh et al. reported an
LOQ of 10 ng/mL for nicotine and cotinine in plasma [24].

Our aim was to develop a method to simultaneously quantify
nicotine and metabolites in human plasma to support our fMRI
research on the role of nicotine in neuronal systems mediating
cognitive and affective processes. This assay also will be useful to
quantify nicotine biomarkers in smokers and non-smokers during
active smoking, during nicotine withdrawal and during nicotine
replacement therapy.

2. Experimental

2.1. Reagents
(R,S) 3-OH-cotinine (10 mg powder), 3-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)-Nicotine (1 mg pow-

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:mhuestis@intra.nida.nih.gov
dx.doi.org/10.1016/j.jchromb.2009.08.033
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er) and formic acid were obtained from Sigma (St. Louis, MO, USA).
S)-Cotinine (1 mg/mL in methanol), (S)-cotinine-d3 (100 �g/mL
n methanol) and (S)-nicotine-d4 (100 �g/mL in methanol) were
cquired from Cerilliant (Austin, TX, USA). Water, acetonitrile,
odium phosphate dibasic, sodium phosphate monobasic, ammo-
ium acetate, sodium acetate, hydrochloric acid, dichloromethane,
-propanol, and ammonium hydroxide were from J.T. Baker
Philipsburg, NJ, USA) and methanol from Fisher Chemical (Pitts-
urgh, PA, USA). All solvents and reagents were HPLC or ACS grade.
leanScreen solid phase extraction (SPE) columns, part ZSDAU020,
ere purchased from United Chemical Technologies (Bristol, PA,
SA). Different pools of blank human plasma were tested prior to
se to ensure absence of analytes of interest or endogenous inter-
erences.

Sodium phosphate buffer (pH 6.0 ± 0.05) was prepared
ith 0.1 M sodium monophosphate and 0.1 M sodium
ibasic phosphate. Elution solvent (methylene chloride:

sopropanol:concentrated ammonium hydroxide, 78:20:2, v/v/v)
as prepared fresh daily.

.2. Instrumentation

MS/MS analysis was performed using a MDS Sciex API 3200
Trap® triple quadrupole/linear ion trap mass spectrometer with
TurboIonSpray source (Applied Biosystems, Foster City, CA, USA).
he HPLC system consisted of Shimadzu LC-20AD pumps and SIL-
0AC autosampler (Columbia, MD, USA). Analyst software version
.4.1 was used for data analysis. Sonication was performed by a
ranson 3510 Ultrasonicator (Danbury, CT, USA).

.3. Preparation of calibrators, internal standards (IStd) and
uality control (QC) samples

For calibrators, a stock solution of 100 �g/mL of each analyte
as prepared in methanol and stored at −20 ◦C until use. Working

olutions, ranging from 10 to 5000 ng/mL, were prepared by dilu-
ion with methanol. Blank human plasma specimens (200 �L) were
ortified with 20 �L aliquots of working solutions to yield an eight-
oint calibration curve (1, 2.5, 5, 10, 50, 100, 250, and 500 ng/mL)
or nicotine and cotinine, and six-point calibration curve (5, 10,
0, 100, 250, and 500 ng/mL) for 3-OH-cotinine and norcotinine.
C samples were prepared in a similar way from different stock

olutions prepared from different vials. Blank human plasma spec-
mens were fortified with 20 �L aliquots of QC working solutions
o yield 4, 40, and 400 ng/mL for nicotine and cotinine, and 8, 40,
nd 400 for 3-OH-cotinine and norcotinine (low, medium, and high,
espectively).

Individual deuterated IStd (nicotine-d4, cotinine-d3, 3-OH-
otinine-d3 and norcotinine-d4) stock 10,000 ng/mL solutions were
repared in methanol and stored at −20 ◦C until use. A working
olution containing all IStd at a concentration of 1000 ng/mL was
repared in methanol. Ten microliters of the IStd working solution
as added to 200 �L of blank human plasma, yielding a final plasma

oncentration of 50 ng/mL. Quantification was accomplished by
omparing peak area ratios of target analytes to IStd over all the
oncentrations across the linearity range. Data were fit to a linear
east-squares regression curve with a weighting factor of 1/x.
.4. Specimen preparation

Blank or authentic plasma (200 �L), as appropriate, standard or
C solution and 10 �L IStd solutions were pipetted into a 15 mL
olypropylene tube. Two milliliter 2 M sodium phosphate buffer,
H 6 was added and vortexed prior to SPE.
atogr. B 877 (2009) 3537–3542

2.5. Solid phase extraction

CleanScreen DAU SPE columns were conditioned with 3 mL
methanol, 3 mL water and 2 mL of 2 M sodium phosphate buffer,
pH 6. Samples were poured onto columns and allowed to flow
by gravity alone. Columns were washed with 2 mL water, dried
under vacuum for 1 min, followed by 1.5 mL 100 mM hydrochlo-
ric acid, drying for 5 min, and finally washed with 2 mL methanol
followed by 5 min drying. Analytes were eluted with freshly pre-
pared 5 mL dichloromethane:isopropanol:ammonium hydroxide
(78:20:2, v/v/v). Eluates were dried under nitrogen at 40 ◦C after
addition of 100 �L 1% hydrochloric acid in methanol (v/v). Speci-
mens were reconstituted in 200 �L water with 0.01% formic acid
(v/v) and 30 �L was analyzed.

2.6. LC-MS/MS

Chromatographic separation was performed on a Synergi Hydro
RP column (75 mm × 2.0 mm, 4 �m), protected by a guard column
with identical packing material (4 mm × 2.0 mm; Phenomenex,
Torrance, CA, USA). Isocratic elution occurred with (A) 1 mM ammo-
nium acetate with 0.01% formic acid and (B) 0.01% formic acid in
acetonitrile (35:65, v/v) at a flow rate of 400 �L/min. Mass spectro-
metric data were collected in positive ion mode, with optimized
TurboIonSpray-MS parameter settings shown in Table 1. Source
parameters were set to 206,842.7 Pa curtain gas, 241,316.5 Pa aux-
iliary gas, 275,790.3 Pa nebulizer gas, medium collision gas, 3.0 �A
nebulizer current, and 400 ◦C source temperature after flow injec-
tion analysis source optimization with ultrapure nitrogen gas.
Quadrupoles one and three were set to unit resolution for better
sensitivity. The following transitions were monitored: m/z 163–132
and 84 for nicotine, m/z 177–80 and 98 for cotinine, m/z 193–80
and 134 for OH-cotinine, m/z 163–80 and 118 for norcotinine. The
underlined transitions were the quantifier ions.

2.7. Data analysis

Peak area ratios of target analytes and respective IStd were cal-
culated at each concentration. The most abundant transition for
each analyte was used for quantification; the second transition
served as a qualifier (Table 1).

2.8. Method validation

Selectivity, sensitivity, limits of detection (LOD) and LOQ, linear-
ity, imprecision, analytical recovery, extraction efficiency, matrix
effect, carryover effect, dilution integrity, and stability were eval-
uated. Method validation was accomplished in four days with four
unique assays.

Selectivity of the method was assessed by analyses of ten
plasma specimens from different pools. Each blank sample
was extracted and analyzed for potential interferences from
endogenous substances. In addition, potential interferences
from commonly used drugs and minor tobacco alkaloids
were evaluated by fortifying drugs into low-concentration
QC samples. Final interferent concentrations were 1 �g/mL
of cocaine, benzoylecgonine, norcocaine, norbenzoylec-
gonine, �9-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, nor-
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iazepam, amphetamine, methamphetamine, anabasine and
natabine. Each interference injection was followed by two blank
amples injections. No interference was noted if all analytes
uantified within ±20% of target concentrations. Specificity also
as assessed by relative retention time and qualifier/quantifier

ransition peak area ratios. Transition peak area ratios for QC and
uthentic specimens were required to be within ±20% of the mean
alibrator transition peak area ratio.

Sensitivity of the method was evaluated by empirically deter-
ining the lowest concentration with a signal to noise ratio of

t least 3:1 (LOD) and 10:1 (LOQ) for quantifier and qualifier
ransitions with acceptable chromatography and retention time.
inearity of the method was investigated by calculating the regres-
ion line by the method of least squares and expressed by the
orrelation coefficient (r2) and required to be ≥0.99. Method lin-
arity was determined with at least 6 calibrators with a weighting
actor of 1/x. Concentrations of each calibrator were required to be
ithin ±15% of target for calibrators when calculated against the

ull curve, except for the LOQ, for which ±20% was acceptable.
Intra-day imprecision and analytical recoveries were deter-

ined from five replicates at three different concentrations.
nter-day imprecision and analytical recovery were evaluated on
ve different days with four replicates on each day (n = 20). Impre-
ision was expressed as % RSD of the calculated concentrations.
he guidelines given by Krouwer and Rabinowitz [25] were fol-
owed for the calculation of imprecision. Analytical recovery was
etermined by comparing the mean result for all analyses to the
ominal concentration value.

Extraction efficiency and matrix effect were evaluated on five
ifferent plasma lots with the three set system described by
atuszewski et al. [26]. In the first set, plasma samples were for-

ified with analytes and IStd prior to SPE. In set 2, plasma samples
ere fortified with analytes and IStd after SPE, and the third set

ontained “neat” analytes and IStd in mobile phase. There were
ve replicates in each set. Extraction efficiency, expressed as a per-
entage, was calculated by dividing mean peak areas of set 1 by set
. Matrix effect was calculated by dividing the mean peak area of

et 2 by set 3. The value was converted to a percentage and sub-
racted from 100 to represent the amount of signal suppressed by
he presence of matrix. Acceptable carryover was defined as no
uantifiable transition peaks in a blank plasma sample contain-

ng IStd immediately following a sample containing two times the

able 1
iquid chromatography-tandem mass spectrometry parameters for nicotine and metabol

Compounds Q1 mass
(amu)

Q3 mass
(amu)

Dwell time
(ms)

Declustering
potential (V)

Entrance
potential

Nicotine 163.2 132.2 150 35 5.5
84.2 150 35 4.5

Nicotine-d4 167.2 136.1 150 35 6
121.0 150 35 6

Cotinine 177.2 98.1 150 41 3
80.1 150 41 3

Cotinine-d3 180.2 101.2 150 36 3
80.2 150 36 3

OH-cotininea 193.2 134.0 150 46 8
80.2 150 46 8

OH-cotinine-d3
b 196.2 134.1 150 46 10.5

79.9 150 46 10.5

Norcotinine 163.2 118.2 150 46 10.5
80.2 150 41 10

Norcotinine-d4 167.2 139.2 150 46 10.5
84.2 150 46 10.5

a trans-3′-Hydroxycotinine.
b trans-3′-Hydroxycotinine-d3.
atogr. B 877 (2009) 3537–3542 3539

upper LOQ. Dilution integrity was evaluated by diluting plasma
samples (n = 3) containing 1600 ng/mL of each analyte with blank
plasma to achieve a 1:4 dilution. IStd was added and samples were
extracted as described. Dilutional integrity was maintained if spec-
imens quantified within ±20% of 400 ng/mL.

Stability was evaluated with human plasma fortified with ana-
lytes of interest at the three QC concentrations (n = 5). Short-term
temperature stability was evaluated for human plasma 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, IStd was added to each specimen and analyzed as
described. Calculated concentrations of stability specimens were
compared to QC samples prepared on the day of analysis.

3. Results and discussion

Mass spectrometric (MS) optimization was performed by direct
infusion of single analytes of interest. Optimized parameters and
fragmentor voltages were chosen for each ion product to maximize
sensitivity (Table 1). Quantification was based on the intensity of
analyte molecular ions. Ions with the highest m/z value for each
analyte and minimum background interferences were selected,
providing better peak shapes for quantification. Linear calibra-
tion curves were obtained with a mean correlation coefficient (r2,
weighting factor 1/x, n = 5) of >0.99 for all analytes in human plasma
(Table 2).

Total ion chromatograms for blank plasma, plasma fortified
at the low QC concentration, and an authentic plasma specimen
following controlled nicotine administration are shown in Fig. 1.
Analytes were eluted within 2 min (Fig. 1), with a total chro-
matographic run time of 3 min. Empirical determination of LOQ
with decreasing concentrations of analytes achieved LOQ of 1, 1, 5
and 5 ng/mL for nicotine, cotinine, norcotinine, and 3-OH-cotinine,
respectively. Total ion chromatograms for analytes showed ≤75%
interference from the plasma matrix. In addition, high recovery
was achieved contributing to the low LOQ attained. Pretreatment

of blank human plasma by SPE was sufficient to minimize matrix
effect to less than 74.9% (<11% CV) for all analytes. Deuterated
IStd, nicotine-d4, cotinine-d3, 3-OH-cotinine-d3 and norcotinine-
d4, were employed to minimize loss during specimen preparation
and to compensate for matrix ion suppression or enhancement.

ites in plasma.

(V)
Collision entrance
potential (V)

Collision
energy (V)

Cell exit
potential (V)

Retention time
(±SD) (N = 30)

12 21 4 0.950 (±0.033)
12 29 4

12 21 4 0.938 (±0.027)
12 29 4

12 29 4 0.860 (±0.010)
12 33 4

12 31 4 0.902 (±0.008)
12 33 4

12 27 4 0.800 (±0.025)
12 35 4

14 27 4 0.796 (±0.014)
14 38 4

12 29 4 0.830 (±0.018)
12 33 4

12 29 4 0.840 (±0.009)
12 33 4
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Table 2
Nicotine and metabolites in plasma by liquid chromatography-tandem mass spectrometry: limits of detection (LOD), limits of quantification (LOQ), and calibration results
(N = 5).

Analyte LOD (ng/mL) LOQ (ng/mL) ULOQa (ng/mL) Y-intercept (mean ± SD) Slope (mean ± SD) R2

Nicotine 0.5 1 500 −0.007098 ± 0.00925 0.9224 ± 0.07271 0.9991
Cotinine 0.5 1 500 −0.007768 ± 0.17814 1.642 ± 0.15287 0.9988
OH-cotinineb 2.5 5 500 −0.04224 ± 0.01739 1.286 ± 0.10667 0.9978
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Norcotinine 2.5 5 500

a Upper limit of quantification.
b trans-3′-Hydroxycotinine

Stability of the chromatographic method was evaluated by cal-
ulating retention time variability. Percent relative variation for
etention times was ≤0.15% for all analytes over 30 consecutive
njections (Table 1).

No endogenous signal was observed in 10 blank human plasma
pecimens demonstrating selectivity of the method. Also, no inter-
erence was found for 43 commonly used over-the-counter and
bused drugs added to low QC samples. These fortified low QC sam-
les quantified within 20% of target with transition ratios within
0% of mean calibrator transition ratio. No drug interfered with
uantification of any analyte of interest.
As shown in Table 3 intra-assay analytical recovery was deter-
ined by replicate analysis (n = 5) of the three QC samples.

ntra-assay analytical recovery for all analytes was more than
09.2%. Inter-assay analytical recovery was assessed with 20 sam-

ig. 1. Extracted ion chromatograms for nicotine (m/z 132.2, 84.2), cotinine (m/z
0.1, 98.1), trans-3′-hydroxycotinine (m/z 80.2, 134), and norcotinine (m/z 80.2,
18.2). (A) Blank human plasma, (B) blank human plasma fortified at the low quality
ontrol concentration for each analyte, and (C) human plasma containing 44 ng/mL
icotine, 222 ng/mL cotinine, 112 ng/mL trans-3′-hydroxycotinine, and 20 ng/mL
orcotinine. Each analyte represented by quantifier transition (broken line) and
ualifier transition (solid line).
−0.007712 ± 0.02125 0.7072 ± 0.09423 0.9983

ples at each QC concentration on four separate runs and ranged
from 102.6 to 115.1%. Intra-, inter-day and total assay imprecision
at three QC concentrations determined from 20 different measure-
ments with day as the grouping variable were <11% RSD. Extraction
efficiencies for all analytes (n = 5) were estimated by comparing
the LC-MS/MS peak area of unextracted and extracted samples.
Mean extraction efficiencies for cotinine, 3-OH-cotinine, and nor-
cotinine were 70.9–97.8%, and for nicotine 82.9–124.5% at three QC
concentrations (Table 4). Blank plasma samples injected after the
highest calibrator did not show carryover. The ability of the method
to accurately quantify specimens containing high concentrations
of analytes was evaluated by diluting 1600 ng/mL samples (n = 3)
with blank plasma to achieve a 1:4 dilution. All samples quantified
within 16% of the target concentration of 400 ng/mL, confirming
dilution integrity.

Analyte stability under four storage conditions was assessed.
Losses of less than 17% were detected at room temperature for 24 h,
72 h on the autosampler, and after three freeze–thaw cycles. Refrig-
erated storage for 72 h should be avoided, as analyte losses were
6.5–32% of freshly extracted plasma specimens.

Extraction of nicotine and metabolites with liquid/liquid extrac-
tion (LLE) has been reported by several authors [27–32]. Solvent
selection and evaporation are critical steps in nicotine–cotinine
specimen preparation. LLE requires a large volume of organic sol-
vent that must be evaporated with caution because of the high
volatility of nicotine and metabolites. In order to reduce nicotine
volatility, hydrochloric acid, acetic acid, phosphoric acid or sul-
phuric acid is added to form nicotine salts prior to evaporation
[30,33,39–41]. SPE can simplify specimen preparation and reduce
extraction time and solvent consumption as compared to LLE. SPE
methods with Extrelut [33], Oasis HLB [34], Drug Test-1 [35], C18
Isolute [36], Bond Elut Certify [23], Clean Screen [37], and Amberlite
XAD-2 [38] are available.

We previously reported simultaneous quantification of nicotine
and metabolites from meconium with a LOQ of 5 ng/g for nicotine
and nornicotine, and 1.25 ng/g for cotinine, OH-cotinine and nor-
cotinine [21]. A Synergi Polar RP column with 150 mm × 4 �m was
employed for the meconium analysis, while a Synergi Hydro RP
column with 75 mm × 4 �m was utilized for the current plasma
method. Analytes were required to be fully separated from meco-
nium endogenous substances, necessitating a longer, more polar
column. The total chromatographic run time for nicotine biomark-
ers in meconium was 12 min and in plasma 3 min. Furthermore, we
achieved additional sensitivity for nicotine and cotinine of 1 ng/mL
in the new plasma assay. In addition, the APCI source used in the
analysis of nicotine in meconium could not achieve the sensitivity
accomplished with the TurboIonSpray in plasma.

The current method improves on the previously reported
plasma procedure by Kim and Huestis [23] in reducing specimen
size from 1000 to 200 �L plasma. The above method was developed

on a single quadruple mass spectrometer employing the precursor
ion for quantification and selected ion monitoring (SIM) acquisi-
tion. No ion ratio was performed between the quantifier ion and
the qualifier to confirm the presence of the analyte of interest.
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Table 3
Intra- and inter-assay analytical recovery and imprecision for nicotine and metabolite in plasma.

Analyte Expected concentration (ng/mL) Analytical recovery (% of target) Imprecision (N = 20, %RSD)

Intra-assay (N = 5) Inter-assay (N = 20) Pooled intra-day Inter-day Total
Mean Range Mean

Nicotine 4 114.2 (90.2–120) 111.0 7.2 1.9 7.4
40 110.6 (94.1–120) 102.6 6.9 0.0 6.1

400 115.6 (108–119) 113.3 3.2 0.0 3.2

Cotinine 4 116.8 (105–119) 115.1 2.9 1.0 3.1
40 111.4 (92.2–119) 106.0 5.1 4.6 6.9

400 115.8 (101–120) 113.8 4.1 2.4 4.7

OH-cotininea 8 115.0 (99.9–120) 112.9 5.3 0.0 5.3
40 112.0 (86.2–120) 101.9 7.8 7.3 10.7

400 116.4 (95.2–119) 110.4 5.3 5.0 7.3

Norcotinine 8 109.2 (89.1–117) 104.6 8.5 3.2 9.1
40 115.2 (91.5–120) 105.8 5.5 5.9 8.0

400 114.2 (102–120) 113.0 3.9 0.0 3.9

a trans-3′-Hydroxycotinine.

Table 4
Extraction efficiency and matrix effect for nicotine and metabolites extracted from plasma.

Analyte Extraction efficiency (%, N = 5) Relative matrix effect (% suppressed, N = 5, %CV)

Low Medium High Low Medium High

Nicotine 124.5 90.9 85.4 45.4 (7%) 45.3 (11%) 65.4 (10%)
Nicotine-d4 105.0 86.5 82.9 74.9 (5%) 61.7 (5%) 62.7 (7%)

Cotinine 85.4 90.8 79.4 28.2 (8%) 27.9 (6%) 24.2 (6%)
Cotinine-d3 83.7 85.7 75.0 37.6 (9%) 35.9 (6%) 31.5 (9%)

trans-3′-Hydroxycotinine 86.8 84.4 73.5 48.8 (10%) 39.4 (7%) 59.9 (5%)
7
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trans-3′-Hydroxycotinine-d3 77.8 81.5

Norcotinine 97.8 93.7
Norcotinine-d4 94.0 92.2

lso, the above method included only two deuterated internal stan-
ards (nicotine-d4 and norcotinine-d4) to quantify four analytes,
icotine, norcotinine, cotinine and 3-OH-cotinine. Furthermore,
he chromatographic run time was 16 min. The present method
as developed on a more sensitive triple quadruple MSMS instru-
entation taking into consideration the international validation

riteria. Two transition ions were selected as quantifier and qual-
fier, and the ion ratio between them was maintained below 20%
cross all method validation parameters. A more selective and sen-
itive acquisition method [multiple reaction monitoring (MRM)]
as chosen for quantification using deuterated compounds for

ach analyte of interest to minimize loss during specimen prepa-
ation and to compensate for matrix suppression or enhancement.
he chromatographic run time was reduced to 3 min with method
mprecision less than 11% RSD.

To demonstrate the applicability of the method, plasma con-
entrations of nicotine, cotinine, 3-OH-cotinine, and norcotinine
n a tobacco smoker were determined 2-2.5 h after placement of
Nicoderm® nicotine patch (21 mg/24 h; GlaxoSmithKline, Moon

ownship, PA, USA) to the upper back [42]; concentrations were
4, 222, 112, and 20 ng/mL, respectively (Fig. 1C). Concentrations

n the same subject 2–2.5 h after placement of a placebo patch were
, 130, 62, and 7 ng/mL, respectively.

. Conclusion
The current method improves on previously published LC-
S methods for the simultaneous quantification of nicotine

nd metabolites in plasma by improving sensitivity, including a
horough method validation and clearly describing identification
riteria and procedures to quantify analytes of interest.

[
[
[
[
[
[
[

0.9 61.7 (8%) 57.6 (4%) 62.9 (6%)

1.8 35.0 (8%) 67.4 (3%) 57.1(7%)
9.3 65.0 (5%) 56.9 (5%) 57.9 (3%)
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