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There  has  been  no previous  assessment  of  the  level  of  nicotine  exposure  in  companion  animals  as  a
result  of  passive  smoking.  A  method  was  developed  for  the determination  of nicotine  in  dog  hair  where
extraction  was  carried  out  by  sonication  in  methanol.  The  levels  of  nicotine  obtained  by  extraction  with
methanol  were  found  to  be  comparable  to the  lengthier  method  involving  digestion  of  the  hair  in  1  M
NaOH.  The  methanol  extracts  were  injected  directly  onto  a  ZICHILIC  column  coupled  to  an  Exactive
high  resolution  Fourier  Transform  mass  spectrometer.  Endogenous  nicotine  was  quantified  against 2H4-
nicotine  spiked  into  the extraction  medium,  linearity  was  found  over  a wide  range  with  the  calibration
icotine N-oxide
og  hair
ILIC
ourier transform mass spectrometry

curve  having  a  slope  close  to 1  indicating  an  equal  response  for  nicotine  and  the  deuterated  internal
standard,  precision  was  determined  to be ±1.9%.  Nicotine  was  present  in widely  varying  amounts  in
the  hair  of  dogs  belonging  to  smokers  and  was  found  to be absent  from  the  hair  of  dogs  belonging  to
non-smokers.  In addition  to  nicotine,  nicotine  N-oxides,  cotinine,  nornicotine  and  nornicotine  N-oxide
could  be  detected  in  the  hair  of  dogs  belonging  to  smokers.  The  nicotine  N-oxides  were  only  observed  in
methanol  extracts  suggesting  these  compounds  are  not  stable  to the  NaOH  digestion  process.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

The exposure of non-smokers to environmental tobacco smoke
ETS) has been extensively investigated [1–19]. The monitoring of
icotine and its metabolites in body fluids [1–10] has been used
s one measure of nicotine exposure in non-smokers but the half
ife of nicotine is only a few hours and thus monitoring of physio-
ogical fluids maybe less suitable for gauging long term exposure.
everal studies have indicated that hair nicotine concentration is

 more useful biomarker of long term smoke exposure [11–18]
han the levels of nicotine in body fluids. Hair nicotine concen-
rations have been determined by using a range of techniques,
ncluding high-performance liquid chromatography (HPLC) with
V detection [11] and with electrochemical detection [12]; liquid

hromatography mass spectrometry [13–15] and gas chromatog-
aphy mass spectrometry [16,17]. Up to 15 metabolites of nicotine
ncluding nicotine N-oxide, cotinine, norcotinine, cotinine N-oxide

∗ Corresponding author at: SIPBS, University of Strathclyde, 161 Cathedral Street,
lasgow G4 0RE, United Kingdom. Tel.: +44 141 548 2651; fax: +44 141 552 6443.

E-mail address: d.g.watson@strath.ac.uk (D.G. Watson).

039-9140/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.11.008
and trans 3-hydroxy cotinine have been detected in urine [2].
However, in hair nicotine and its metabolite cotinine have been
most frequently measured. There have been no reports assessing
the level of nicotine exposure in companion animals of smok-
ers. Hydrophilic interaction chromatograph (HILIC) methods are
becoming more common in analysis of drugs and their metabo-
lites and HILIC has been recently used to analyse nicotine and
its metabolites in urine [4]. The current paper demonstrates the
advantages of HILIC when used in conjunction with organic solvent
extraction of hair.

2.  Materials and methods

2.1.  Chemicals

Nicotine, cotinine, anabasine, ammonium acetate, sodium
hydroxide, dioxan and m-chloroperoxybenzoate were obtained
from Sigma Aldrich Dorset UK. 2H4-nicotine (1 mg/ml in methanol)

was obtained from CK gases, UK. HPLC grade methanol and ace-
tonitrile were obtained from Fisher Scientific, UK. HPLC grade
water was  prepared in the lab using a Milli Q purification
system.
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from dogs exposed to smoking (Fig. 1). In addition nornicotine and
an oxide of nornicotine, possibly N-hydroxyl or ring hydroxylated,
could be putatively identified in some samples particularly in the
S. Bawazeer et al. / T

.2. Dog hair sample collection

Hair  was collected from dogs by clipping the neck region with
he owners consent. Owners were asked to complete a ques-
ionnaire briefly outlining the age breed and sex of the dog and
stimating the amount of ETS to which each dog was exposed. The
air was stored in sealed envelopes and stored to ensure that no

urther ETS exposure occurred after hair collection.

.3. Extraction of dog hair

Samples  of dog hair (ca. 30 mg)  were washed with 2 ml  of
ethanol by sonicating for 15 min  at room temperature. The
ethanol was removed and the washings were retained for anal-

sis. The hair was then treated with 1 M NaOH (1 ml  containing
 �g of 2H4-nicotine) at 50 ◦C for 24 h. The sample was then loaded
nto Strata X columns (30 mg,  Phenomenex, UK), which had been
rewashed with 1 ml  of NaOH. The columns were then washed
ith 2 ml  of water and then eluted with 1 ml  of acetonitrile/water

95:5) containing 3.25 mM  ammonium acetate. The sample was
hen injected into an Orbitrap Exactive mass spectrometer.

.4. Calibration

Calibration curves were prepared by spiking 1 �g of 2H4-
icotine into 1 ml  amounts of 1 M NaOH and 0.05, 0.1, 0.2, 0.4, 0.8
nd 1.6 �g amounts of nicotine. The samples were then treated
n the same way as the hair samples. The precision of the analy-
es was assessed for the NaOH digestion and methanol extraction
rocedures by repeating analysis of the hair from dog 7 three times.

.5. Mass spectrometric analysis

The extracts were analysed by using an Exactive Mass Spec-
rometer (ThermoElectron, UK) operated in positive ion ESI mode
ith a needle voltage of 4.5 kV, a heated capillary temperature

f 275 ◦C, sheath gas flow of 50 arbitrary units and auxiliary gas
ow of 17 arbitrary units. The instrument was operated at 50,000
esolutions and scanned from 75–1000 amu. Chromatography was
arried out using a Dionex 3000 binary HPLC pump fitted with a
ICHILIC column (150 mm  × 4.6 mm;  5 �m particle size, Hichrom,
K) a gradient was used with a flow rate of 0.5 ml/min. Mobile
hase A was 0.1% formic acid in water and mobile phase B was  0.1%
ormic acid in acetonitrile. The gradient was as follows: 60% B 0 min
o 20% B at 20 min  followed by re-equilibration for 10 min.

.6. Synthesis of nicotine N-oxides

Nicotine (20 mg)  in 1 ml  of chloroform was  cooled in ice and
0 mg  of m-chloroperoxybenzoic acid in 2 ml  of chloroform was
hen added a drop at a time to the nicotine solution shaking after
ach addition [19]. The mixture was left at room temperature for

 h. The sample was used directly by diluting it to 10 ml  with
ethanol. The stock solution was diluted 1–100 with mobile phase

efore analysis.

.  Results

.1. Consideration of the extraction method

In order to distinguish between nicotine adhering to the surface
f the hair and nicotine within the hair, hair samples are generally

ashed with organic solvent prior to being digested. The proce-
ures used for the analysis of nicotine in hair are generally similar
o those developed by Pichini et al. [11]. Digestion is most often
arried out by gentle heating in 1 M NaOH following an initial wash
Fig. 1. Extracted ion traces showing 2H4-nicotine, nicotine, cotinine and nicotine N-
oxides extracted from the hair of dog 7 following 2 h digestion in 1 M NaOH followed
by  SPE.

with dichloromethane. However, there is really no definitive way
to distinguish nicotine within the hair and that on the surface and
although dichloromethane has been generally adopted on the basis
of a relatively small study as the best solvent pre-treatment [11], it
is not possible to be sure that it is optimal either in terms of remov-
ing all surface nicotine, particularly in the case of dogs where the
hair character is very diverse. Dichloromethane would seem to be a
less than ideal washing solvent since it is relatively non-polar, does
not swell the hair [20] and is less likely to break up ion pair interac-
tions between nicotine and acidic groups in the proteins in hair and
hair melanin than methanol. It has been demonstrated in a previ-
ous study that non-swelling solvents are ineffective at completely
removing cocaine applied to the surface of the hair since they do
not remove drug, which has penetrated beyond the hair cuticles
[21]. Such a degree of penetration is even more likely in the case of
nicotine from smoking, which is applied to the hair in the vapour
phase. Since animals can also absorb nicotine via licking the surface
of their fur the total nicotine levels in the hair are also relevant.

3.2.  NaOH digestion procedure for extracting nicotine from hair

Fig.  1 shows an extracted ion chromatogram of nicotine from
NaOH digested dog hair along with extracted ion chromatograms
for its metabolites cotinine and nicotine N-oxide, the mass accuracy
produced by the Exactive was always <2 ppm and generally <1 ppm.
This meant that there was  little potential for interference from
other components and Fig. 2 shows an extract from dog hair, which
has not been exposed to nicotine. It can be seen that even with addi-
tion of the relatively large amount of (1 �g) of deuterated internal
standard there is no trace of nicotine in the blank sample. Low lev-
els of nicotine N-oxide and cotinine could also be observed in hair
Fig. 2. Extracted ion traces of an extract from the hair of a dog not exposed to
cigarette  smoke spiked with 1 �g of 2H4-nicotine.
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Table  1
Concentrations of nicotine determined in dog hair in a 15 min  methanol wash and
in the NaOH digest following the methanol wash.

Dog no. Category Hydrolysate nicotine
(ng/mg  of hair)

Methanol  wash
(ng/mg  of hair)

1 Smoker 0.0865 0.115
2 Smoker 0.109 0.278
3 Smoker 0.189 0.905
4 Smoker 0.150 0.812
5 Smoker 0.0136 0.0208
6 Non-smoker 0.000 0.0046
7 Smoker 9.03 9.80
8 Non-smoker 0.0000 0.00470
9 Non-smoker 3.08 0.101

10 Non-smoker 0.0281 0.0156
11 Non-smoker 0.000 0.000
12 Non-smoker 0.000 0.000
13 Non-smoker 0.000 0.000
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peak for cotinine but on closer inspection this peak was  due to the
13C-isotope peak for the amino acid citrulline which eluted close to
cotinine and had a very close mass match to it. In the case of nico-
14 Non-smoker 0.000 0.0
15 Smoker 0.489 2.77

ogs which had been exposed to high levels of ETS. Table 2 sum-
arises the accurate mass data for the various nicotine metabolites

n the dogs of smokers. Since there was no evidence for nicotine
n the blank samples and the range of concentrations in the sam-
les was wide the calibration curve was forced through 0 and the
quation of the line was y = 1.0238x with R2 = 0.996. Table 1 shows
he levels of nicotine extracted from dog hair following washing
ith methanol for 30 min  and then digestion with NaOH. Vary-

ng amounts of nicotine are removed by the initial methanol wash
erhaps reflecting the widely differing types of hair. The precision
btained for repeat analysis of dog 7 was ±3.2% (n = 3).

.3. Extraction of nicotine and its metabolites using a methanol
ash

Since  there was some uncertainty regarding the amount of the
icotine removed during the solvent wash, the extraction of nico-
ine from dog hair with methanol with length of sonication was
lso studied for dog 7. An advantage of using HILIC was that the
ethanol extract could be injected into the chromatography sys-

em without any further preparation. Fig. 3 shows a plot of the
elease of nicotine from a sample of the dog hair over a 2 h sonica-
ion period in methanol. The nicotine released reached a plateau at
round 1 h and at 30 min  about half the nicotine has been released
hus reflecting that which was observed for some of the sam-
les shown in Table 1 although in some cases the rate of release
ppeared to be greater. The profile of the release of nicotine from
he hair with sonication in methanol is very similar to that reported
or the basic drug heroin [20]. The nicotine metabolites cotinine
nd nicotine N-oxide were also gradually released up to 1 h. Thus

t is difficult to decide which is surface nicotine and which is nico-
ine from inside the hair particularly because the structure of hair
s complex and to remove surface nicotine is important to ensure
ood contact between the extraction solvent and the hair. This is

able 2
etabolites of nicotine observed in smoke exposed dog hair samples with mass

eviations  from their exact elemental composition.

Dog no. Cotinine Nicotine N-oxide Nornicotine Nornicotine
N-oxide

1 −0.96 ppm 0.058 ppm ND ND
2 0.02 ppm 0.002 ppm ND −0.97 ppm
3  −0.11 ppm −0.61 ppm ND −1.03 ppm
4  1.02 ppm 0.28 ppm ND −0.42 ppm
5 ND ND ND ND
7 −0.11 ppm −0.28 ppm 0.17 ppm 0.12 ppm

15 ND  −0.39 ppm 0.17 ppm −0.85 ppm
Fig. 3. Dissolution of nicotine and its metabolites from dog hair (dog 7) over 2 h of
sonication in methanol.

why  sonication is important since it produces efficient wetting of
the hair. Fig. 4 shows the chromatogram for the methanol extract
of the same dog hair as shown in Fig. 1 and it can be seen that
in addition to nicotine the peaks for nicotine N-oxide and coti-
nine are larger than was observed for the NaOH extraction. The
double peak for the N-oxide is probably due to the formation of
diastereoisomers of the N-oxide since nicotine contains a chiral
centre and the addition of oxygen to the nitrogen creates a second
chiral centre on the nitrogen. This pattern was repeated for most
of the extracts containing nicotine. Thus it may  be that cotinine
and nicotine N-oxide are unstable in the NaOH digestion solution
to some extent. It is perhaps not surprising in the case of cotinine
since it contains an amide type bond, which is unstable to strongly
acidic or basic conditions. Cotinine has often been measured in hair
[11,13,14,17,18] but its level of recovery has not always been rig-
orously assessed. Spiking of blank dog hair with 50 ng of cotinine
and nicotine N-oxides resulted in good recovery when a simple
methanol extraction was used. When the NaOH extraction process
was used no nicotine oxide could be observed and the recovery of
the cotinine was around 70% of that obtained by direct methanol
extraction with a much noisier background. In some of the blank
samples that were extracted with methanol there was apparently a
tine oxide it is quite possible that it is not a metabolite of nicotine

Fig. 4. Extracted ion traces showing 2H4-nicotine, nicotine, cotinine and nicotine
N-oxides  extracted from the hair of dog 7 following 2 h sonication in methanol.
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Table 3
Concentrations of nicotine in dog hair determined in NaOH digests with no pre-
washing of the hair and in methanol extracts prepared by 2 h of sonication.

Dog no. Category NaOH extraction
(ng/mg)

MeOH  extraction
(ng/mg)

1 Smoker 0.229 0.230
2 Smoker 0.338 0.407
3 Smoker 1.30 0.982
4 Smoker 0.955 1.078
5 Smoker 0.054 0.0
6 Non-smoker 0.0 0.0
7 Smoker 11.5 17.8
8 Non-smoker 0.0 0.0
9 Non-smoker 3.50 0.456

10 Non-smoker 0.0 0.0
11 Non-smoker 0.0 0.0
12 Non-smoker 0.0 0.0
13 Non-smoker 0.0 0.0
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14 Non-smoker 0.0 0.0
15 Smoker 3.280 2.986

ut is rather due to air oxidation of nicotine adhering to the dog
air. This is made more likely by the fact that the preparation of a
mall amount of nicotine N-oxide by reaction of nicotine with m-
hloroperoxybenzoate produced two peaks for the N-oxide in the
ame ratio as was observed in the methanol extracts from the dog
air suggesting chemical rather than enzymatic reaction. Table 3
hows the data obtained for samples prepared by methanol extrac-
ion and by NaOH digestion without any pre-wash. In most cases
here is good agreement between the NaOH extraction process
nd the methanol extraction indicating that the methanol wash is
emoving all the nicotine in the hair. The RSD for the repeat deter-
ination of methanol in dog 7 using this method was  ±1.9%. The
ethanol extraction method in combination with HILIC analysis

resents a very convenient method for determining nicotine and
ts metabolites and rather than pre-washing the hair it might be
est to report nicotine levels after 15 min  extraction and 2 h extrac-
ion. The method would also be compatible with a GC–MS analysis
lthough perhaps a drop of methanolic ammonia might be added
rior to the analysis in order to scavenge any anions which might
air with the nicotine. Although Exactive is not capable of MS–MS

imits of quantification around 1 ng/ml were obtained for nicotine
y using narrow range (0.01 amu) extracted ion chromatograms.
he main inconsistency between the methanol extraction and the
aOH extraction in Table 3 is for dog 9, which is a poodle. This dog

upposedly belongs to a non-smoker and this might mean that the
moke exposure is old and the nicotine is much more embedded
ithin the hair or heterogeneously distributed within the hair or it
ay  be that methanol extraction is less effective in extracting this

ype of dog hair.

.  Conclusion

In conclusion extraction of nicotine from dog hair using son-
cation in methanol in combination with hydrophilic interaction
hromatography provides a straightforward method for deter-

ining nicotine absorption due to passive smoking in dogs.

he problem still remains over whether the nicotine is on the
ur or within the fur but in the case of companion animals
icotine will be orally absorbed anyway as a result of self

[
[
[
[
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grooming. The determination of levels of the metabolites of nicotine
might provide a more definitive answer with regard to systemic
absorption, however, it is quite possible that nicotine N-oxide and
even cotinine might be formed either during the burning of tobacco
or via atmospheric oxidation of nicotine adhering to the fur. Per-
haps the most reliable indicator of metabolism observed in the
current case is nornicotine N-oxide which is quite clear in a num-
ber of samples and which is more likely to be formed via enzyme
action, however, nornicotine has been reported, along with coti-
nine and norcotinine, as a constituent of cigarette smoke [22]. The
sample preparation steps in the current case are very simple avoid-
ing potential losses of sample and metabolites, which can occur
when digestion in NaOH followed by liquid–liquid extraction or
solid phase extraction is used. Since organic solvents are weak sol-
vents in HILIC mode the methanol extract can be injected directly
onto the HILIC column without losing sample focusing and thus
nicotine release with time can be readily assessed.
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