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Sweat testing for the detection of atomoxetine
from paediatric patients with attention deficit/
hyperactivity disorder: application to clinical
practice
Emilia Marchei,a Esther Papaseit,b Oscar Garcia-Algar,c Amaia Bilbao,c

Magí Farré,b Roberta Pacificia and Simona Pichinia*
Atomoxetine (ATX) is a selective norepinephrine reuptake inhibitor approved since 2002 for the treatment of attention deficit
hyperactivity disorder (ADHD) in children, adolescents, and adults as an alternative treatment to methylphenidate. Within the
framework of a project evaluating the use of alternative biological matrices for therapeutic monitoring of psychoactive drugs
in paediatric and non-paediatric individuals, the excretion of ATX and its principal metabolites has been recently studied in
oral fluid and hair. The aim of this study was to describe the excretion profile of ATX and its metabolites 4-hydroxyatomoxe-
tine (4-OH-ATX) and N-desmethylatomoxetine (N-des-ATX) in sweat following the administration of different dosage regimens
(60, 40, 35, and 18mg/day) of ATX to six paediatric patients. Sweat patches were applied to the back of each participant and
removed at timed intervals. ATX and its metabolites were measured in patches using a previously validated liquid chromatog-
raphy-tandem mass spectrometric (LC-MS/MS) method. Independently from the administered dose, ATX appeared in the
sweat patches 1 h post administration and reached its maximum concentration generally at 24h. Peak ATX concentrations
ranged between 2.31 and 40.4 ng/patch and did not correlate with the administered drug dose, or with body surface area.
Total ATX excreted in sweat ranged between 0.008 and 0.121mg, corresponding to 0.02 and 0.3% of the administered drug.
Neither 4-OH-ATX, nor N-des-ATX was detected in either of the collected sweat patches. Measuring ATX in sweat patches can
provide information on cumulative drug use from patch application until removal. Copyright © 2012 John Wiley & Sons, Ltd.
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Introduction

Atomoxetine (ATX) is a selective norepinephrine reuptake inhibitor
approved since 2002 for the treatment of attention deficit hyperac-
tivity disorder (ADHD) especially in children and adolescents as
alternative treatment to methylphenidate.[1–3]

Monitoring exposure to therapeutic drugs in the paediatric
population is more difficult than in adults. Some children and young
people do not co-operate, for example, with blood sampling, because
they find it painful, traumatic, and distressing. Therefore, painless, sim-
ple, and less distressing alternatives for sampling body fluids are re-
quired for non-invasive assessment of drug use in paediatric patients.

Alternative matrices, such as hair, oral fluid, and sweat offer addi-
tional options to testing in conventional matrices.[4–6] Particularly,
oral fluid and sweat are the main alternative biological substrates
for non-invasive assessment of short- term drugs use.[7–11]

Recently, the excretion profile of ATX and its principal metabolites
4-hydroxyatomoxetine (4-OH-ATX)- and N-des-methylatomoxetine
(N-des-ATX) (Figure 1) has been investigated in plasma and in oral
fluid together with the oral fluid to plasma concentration ratios after
administration of different dosage regimens.[12] Indeed, since ATX is
a weak base (pKa=9.2), and since oral fluid is more acidic than
blood, this substance should be incorporated in oral fluid by passive
diffusion of the free fraction of the drug in its ionized form, which
cannot diffuse back into plasma, as happens in the case of other
basic drugs such as 3,4 methylenedioxymethamphetamine or
Drug Test. Analysis 2013, 5, 191–195
methylphenidate.[12,13] However, independently from the adminis-
tered dose and co-medications, it was shown that ATX and its meta-
bolites do not diffuse to a large extent into oral fluid, probably due
to the high plasma protein binding of these compounds.[12]

Sweat is the other alternative matrix that may provide additional
information on drug use and misuse since the detection window of
drugs in sweat is the time the sweat patch is worn, supplying cumu-
lative drug use data from patch application until removal.[14,15] The
development of the sweat patch technology has been an important
step forward in facilitating sample collection. Because the patches
can be worn for up to 1week, and no drug degradation seems to
occur during this time interval, the window of drug detection can
be longer than the one provided by urine testing.[15]
Copyright © 2012 John Wiley & Sons, Ltd.
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Figure 1. Chemical structure of the compounds under investigation.
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Testing in sweat could be used as a non-invasive alternative to
blood testing not only for purposes of drug monitoring,[16] and
pharmacokinetic[8,17] studies, but also for monitoring recent use of
ATX in children, adolescents, and young adults to evaluate drug com-
pliance and associate with eventually observed clinical outcomes.
Whereas methylphenidate (MPH), an amphetamine derivative

used in the treatment of ADHD, has been detected in sweat,[10,13]

no information is available on the sweat excretion profile of ATX
and its principal metabolites. For the first time, we evaluated
the excretion of ATX and its metabolites in sweat. We aimed to
investigate the presence and the time–course concentration of
ATX and its metabolites in the sweat of a child and five adolescents
chronically treated with different dosage regimens of ATX.
Materials and methods

Subjects and study design

Sweat samples were obtained from six subjects: one 7 year-old boy
(weight 25.3 kg, height 123. 5 cm) and five 12–16 year-old adoles-
cents (two girls and three boys, mean age: 14.0, mean weight
40.0 kg, and mean height 158.8 cm) all diagnosed with ADHD and
receiving treatment for at least the last three months with different
oral doses (18–60mg/day) of ATX (StratteraW, Eli Lilly and Company,
Indianapolis, IN, USA) at the Department of Pediatrics Hospital del
Mar, Barcelona, Spain (Table 1). Moreover, three of them received
concomitant psychotropic medication: 10mg/day risperidone
Table 1. Samples information from one child and five adolescents treated w

Subject Sex Age (years) Body surface (m2) ATX

1 female 14 1.39

2 male 12 1.55

3 male 7 0.93

4 male 16 1.72

5 female 12 1.14

6 male 16 1.80

wileyonlinelibrary.com/journal/dta Copyright © 2012 Jo
(subject 2), 900mg/day carbamazepine (subject 4), and 75mg/
day sertraline and 1mg/day risperidone (subject 5). These indivi-
duals were the same subjects recruited to investigate the presence
and the time–course concentration of ATX and its metabolites
(4-OH-ATX- and N-des- ATX) in oral fluid-plasma and hair after drug
administration.[12,18,19] The study was conducted in accordance
with the Declaration of Helsinki and was approved by the local
Ethics Committee (CEIC-IMAS).

The parents or legal guardians of all subjects completed awritten
informed consent, and all subjects agreed to participate after the
study protocol had been fully explained; they accepted to wear
sweat patches on their back during the collection of oral fluid and
blood up to 24h after administration.

After the skin was cleaned with a 70% isopropyl alcohol swab,
patches were applied to the back of each participant and removed
at 1, 6, 12, and 24h after administration. The PharmChek sweat
patches (area of 4.6 cm2) were provided by PharmChem Laboratories
(Fort Worth, TX, USA). After removal, each patch was labelled and
stored in plastic bags at -20 �C until analysis.

Analysis of ATX, 4-OH-ATX- and N-des-ATX in sweat patches

Sweat patches were allowed to thaw at room temperature, and the
absorbent padwas removedwith clean tweezers. Following spiking
with 10ng of duloxetine as internal standard (10ml of 1mg/ml
methanolic solution) and 0.5ml water (covering the whole
pad), the patch was extracted twice with 2ml tert-butyl methyl
ether. After centrifugation at 1096g-force for 3min, the organic
phase was evaporated to dryness under a stream of nitrogen and
re-dissolved in 100ml of mobile phase used for liquid chromatogra-
phy–tandem mass spectrometry (LC-MS/MS) analysis (solvent
A: water and solvent B: 5mM ammonium acetate, 47.2mM formic
acid, 4mM trifluoroacetic acid in acetonitrile–water (85:15, v/v).
An LC-MS/MS validated method, described elsewhere, was used
for the determination of ATX and its metabolites.[18] The limits of
quantification (LOQs) of the reported assay were 0.5ng per
patch for ATX and its metabolites (4-OH-ATX- and N-des-ATX). The
intra- and inter-assay imprecision (measured as % relative standard
deviation) and inaccuracy (measured as % error) values for all
analytes were always lower than 20%.
Results

Figure 2 shows the time course of ATX concentrations in sweat
patches for a 24-h period for the six subjects as a function of
the administered ATX dose (40, 60 and 18mg/day, respectively).

Considering the three subjects treated with 40mg/day ATX,
the body surface area of the first two adolescents – the 14-year-
old female (subject 1) and the 12-year-old male (subject 2) – was
ith ATX and carbamazepine, risperidone and sertraline as co-medication

mg/day (mg/kg/day) Concomitant medication

40 (0.89) No

40 (0.69) Risperidone 10mg/day

40 (1.38) No

60 (1.06) No

60 (1.79) Carbamazepine 900mg/day

18 (0.26) Sertraline 75mg/day+ Risperidone 1mg/day

hn Wiley & Sons, Ltd. Drug Test. Analysis 2013, 5, 191–195



Figure 2. Concentration–time profile of ATX in sweat patches applied to the back of subjects 1–3 treated with 40mg/day ATX, of subjects 4 and 5
treated with 60mg/day ATX and of subject 6 treated with 18mg/day ATX and removed at different time intervals.

Figure 3. Total amount of ATX excreted in sweat during 24 h post ad-
ministration for six subjects.
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comparable (1.39m2 and 1.55m2) as well as their mg per kg
administered dose (0.89 and 0.69mg/kg). In both cases, ATX
appeared in sweat 1h after administration and concentration in
the patches (ranged between 2 and 3ng/patch) remained constant
up to 12h after administration. At 24 h, ATX concentration in sweat
patch of subject 1 peaked at 40.4ng/patch, while in case of subject
2 (co-treatedwith 10mg/day risperidone) it remained at 2 ng/patch
(Figure 2).

In the case of the 7-year-old boy (subject 3) treated with the
same ATX dose (40mg) but mg per kg dose doubled (1.38mg/kg)
due to a lower body surface area (0.93m2) with respect to the
previous two teens, significantly higher ATX concentrations were
found in patches removed at 6 and 12h after drug administration
(6.9 and 6.8 ng/patch, respectively), but 24h peak of 15.9 ng/patch
was lower than that of subject 1 (Figure 2).

Looking at ATX excretion in sweat patches of two adolescents
(one 16-year-old male, subject 4, and one 12-year-old female,
subject 5) treated with 60mg ATX per day, it can be observed that
in both cases and similarly to subjects 1 and 2, ATX concentration
in sweat patches removed up to 6h after drug administration
ranged between 2 and 4ng/patch. Subsequently, although the girl
(subject 5) took a higher ATX mg/kg/day than the boy (subject 6
(1.79 vs 1.06 for the boy, body surface area 1.14 vs 1.72m2) and also
carbamazepine (900mg/day), her ATX peak value in sweat patch at
24 h was similar to that of the boy (4.94 vs 5.63ng/patch) (Figure 2).

Finally, the 16-year-old boy (subject 6) treated with the lowest
ATX daily dose (18mg/day) and the lowest mg per kg of weight
(0.26mg/kg/day, body surface area of 1.80m2) concomitantly with
Drug Test. Analysis 2013, 5, 191–195 Copyright © 2012 John W
risperidone (1mg/day) and sertraline (75mg/day) presented an
increasing excretion of ATX in sweat with a maximum concentra-
tion of 19.3 ng/patch at 24h post administration (Figure 2). The
total amount of drug excreted in the first 24 h was estimated using
the concentrations of ATX in the 24-h post-administration patches
and the ratio between the area of the patch and total body surface
area of each subject (Figure 3). Total ATX excreted in sweat after the
administration of different drug doses of ATX ranged between 0.01
and 0.12mg, which is equivalent to about 0.02 and 0.41% of the
administered doses.
iley & Sons, Ltd. wileyonlinelibrary.com/journal/dta
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Generally speaking, no correlation was found between admin-
istered ATX dose and ATX excreted in sweat (Figure 4), and no
correlation was found between concentrations of ATX in sweat
patches and those reported in the previous study for plasma at
the same time intervals (Figure 5).[12]

Neither of the two principal ATX metabolites (4-OH-ATX- and
N-des-ATX) was detected in any of the collected patches.
Discussion

The present results show for the first time that ATX is excreted in
sweat in the first 24 h after administration of different oral doses
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Figure 4. Correlation between ATX administered dose and ATX excreted
in sweat during 24 h post administration.

Figure 5. Correlation between sweat and plasma concentrations of ATX in s
60mg/day ATX and in subject 6 treated with 18mg/day ATX.

wileyonlinelibrary.com/journal/dta Copyright © 2012 Jo
(18–60mg/day). Drugs are generally incorporated into sweat by
passive diffusion because of a concentration gradient in which only
the free fraction of drug (unbound to proteins) diffuses through
lipid membranes from plasma to sweat.[7] ATX is a basic drug with
a pKa around 9.2, and because in normal conditions, sweat is more
acidic than blood (mean pH value 6.3), ATX is converted to its
ionized form and should tend to accumulate in sweat.[7] In the case
of ATX, the theoretical sweat to plasma ATX ratio, calculated by
a modification of the Henderson–Hasselbalch equation[7] (Concen-
tration in sweat/Concentration in plasma=1+10(pKa-pHsweat)/1
+10(pKa-pHplasma) is around 12, indicating a significant accumula-
tion of drug in sweat. Unfortunately, this hypothesis could not
be verified in our study because the sweat patch, which loses
water content during wear, did not allow the calculation of volume
of sweat collected or accurate sweat pH. A great inter-individual
variability was observed even within the individuals administered
with the same daily dosage.

However, it should be noted that the two subjects (3 and 6)
with the greatest ATX excretion in sweat also showed the highest
ATX concentrations in plasma and oral fluid after being adminis-
tered with 40 and 18mg ATX, respectively.[12] The reasons
for these higher concentrations in the three biological matrices
are different.

Subject 3 was the unique child (7 years old and 40mg/day or
1.38mg/kg/day ATX) of the study and presented of the highest
values ATX concentrations in sweat patch such as in plasma and
oral fluid not only with respect to the other two adolescents
ubjects 1–a3 treated with 40mg/day ATX, in subjects 4 and 5 treated with

hn Wiley & Sons, Ltd. Drug Test. Analysis 2013, 5, 191–195
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(subjects 1 and 2) treated with the same total drug dosage day but
lower mg/kg dose, but also with respect to the two other adoles-
cents (subjects 4 and 5) treated with higher daily dosages and
higher mg/kg dose.

In the case of subject 6, treated with the lowest ATX dose (18mg/
day) and co-treated with risperidone (1mg/day) and sertraline
(75mg/day), two psychotropic drugs which are both major
substrates and inhibitors of CYP2D6 isoenzyme and thus of ATX
metabolism, the increasing ATX concentration in sweat patches
likely reflected the considerably high ATX plasma and oral fluid
concentrations.

Indeed, inter-individual variations of sweat concentrations
observed also in the other study subjects may be due not only
to different perspiration rates and volumes of sweat but also to
variability in plasma drug concentrations, since drugs getting into
sweat have to first get into the systemic circulation. As previously
shown, fluctuations in ATX plasma concentration of these study
subjects may be also explained by inter-individual differences in
metabolism including those due to genetic polymorphism of
CYP2D6 (poor versus extensive metabolizer) or by the use of
concomitant psychotropic medications metabolized by the same
isoenzymes.[20] Furthermore, it has to be kept in mind that ATX is
extensively plasma protein bound (98%) and has a low volume of
distribution (Vd): 0.85 L/kg suggesting little tissue sequestra-
tion[21] and this is ascertained in the relatively low sweat concen-
trations measured in the majority of sweat patches collected
from the study subjects.

Although this is a preliminary study involving a few subjects, the
obtained results are clear evidence that even a single administra-
tion of ATX formulation can be detected in sweat only as the parent
drug in a concentration range of a few nanograms per sweat patch.
This is in accordance with the findings we have already reported for
amphetamine-type stimulants such as MDMA and methylpheni-
date.[10,13] ATX tends to accumulate in sweat in the first 24 h after
administration with a certain inter-subject variability in the amount
of ATX excreted. This information was used to calculate total
amount of ATX excreted in sweat. This calculation was most proba-
bly an overestimation of the real figures as perspiration is not
homogeneous in the whole body surface but is a first approach
for estimating the amount of drug excreted through this biological
fluid. Estimations suggest that a non-negligible fraction of the dose
is excreted through sweat, providing a sensitive basis for sweat test-
ing of ATX exposure.

In spite of high inter-subjective variability in the amount of ex-
creted ATX, sweat can be used for non-invasive semi-quantitative
monitoring of ATX use.

Acknowledgements

The authors acknowledge the nurses of the clinical research unit for
their collaboration (Esther Menoyo, Marta Perez and Soraya Martín).
Drug Test. Analysis 2013, 5, 191–195 Copyright © 2012 John W
References
[1] F.A. Baughman. Treatment of attention-deficit/hyperactivity disor-

der. JAMA 1999, 281, 1490.
[2] D. Michelson, D. Faries, J. Wernicke, D. Kelsey, K. Kendrick, F.R. Sallee,

et al. Atomoxetine in the treatment of children and adolescents with
attention-deficit/hyperactivity disorder: A randomized, placebo-302
controlled, dose-response study. Pediatrics 2001, 108, E83

[3] J.W. Witcher, A. Long, B. Smith, J.M. Sauer, J. Heilgenstein, T. Wilens, et al.
Atomoxetine pharmacokinetics in children and adolescents with atten-
tion deficit hyperactivity disorder. J. Child Adol. Psychop. 2003, 13, 53.

[4] P. Kintz. Drug testing in addicts: A comparison between urine, sweat,
and hair. Ther. Drug Monit. 1996, 18, 450.

[5] W.M. Bosker, M.A. Huestis. Oral fluid testing for drugs of abuse. Clin.
Chem. 2009, 55, 1910.

[6] R.E. Choo, M.A. Huestis. Oral fluid as a diagnostic tool. Clin. Chem.
2004, 42, 1273.

[7] D. Kidwell, J. Holland, S. Athanaselis. Drugs of abuse in saliva and
sweat. J. Chromatogr. B 1998, 713, 111.

[8] R. de la Torre, M. Farré, M. Navarro, R. Pacifici, P. Zuccaro, S. Pichini.
Clinical pharmacokinetics of amphetamine and related substances:
Monitoring in conventional and nonconventional matrices. Clin.
Pharmacokinet. 2004, 43, 157.

[9] O.H. Drummer. Drug testing in oral fluid. Clin. Biochem. Rev. 2006, 27, 147.
[10] E. Marchei, M. Farré, R. Pardo, O. Garcia-Algar, M. Pellegrini, R. Pacifici,

et al. Usefulness of sweat testing for the detection of methylpheni-
date after fast- and extended-release drug administration: A pilot
study. Ther. Drug Monit. 2010, 32, 508.

[11] E.J. Cone, M.J. Hillsgrove, A.J. Jenkins, R.M. Keenan, W.D. Darwin. Sweat
testing for heroin, cocaine, andmetabolites. J. Anal. Toxicol. 1994, 18, 298.

[12] E. Papaseit, E. Marchei, M. Farré, O. Garcia-Algar, R. Pacifici, S. Pichini.
Concentrations of atomoxetine and its metabolites in plasma and
oral fluid from paediatric patients with attention deficit/hyperactiv-
ity disorder. Drug Test. Anal. 2012. DOI: 10.1002/dta.1370

[13] E. Marchei, M. Farrè, M. Pellegrini, O. Garcia-Algar, O. Vall, R. Pacifici,
et al. Pharmacokinetics of methylphenidate in oral fluid and sweat of
pediatric subject. Forensic Sci. Int. 2010, 196, 59.

[14] S. Pichini, M. Navarro, R. Pacifici, P. Zuccaro, J. Ortuño, M. Farré, et al.
Usefulness of sweat testing for the detection of MDMA after a single-
dose administration. J. Anal. Toxicol. 2003, 27, 294.

[15] R. de la Torre, S. Pichini. Alternative specimens – sweat, in Encyclopae-
dia of Forensic Science, (Eds: A. Jamieson, A. Moenssens), John Wiley &
Sons Inc., Hoboken, NJ, 2008.

[16] E. Gallardo, J.A. Queiroz. The role of alternative specimens in toxico-
logical analysis. Biomed. Chromatogr. 2008, 22, 795.

[17] S. Pichini, E. Papaseit, X. Joya, O. Vall, M. Farré, O. Garcia-Algar, et al.
Pharmacokinetics and therapeutic drug monitoring of psychotropic
drugs in paediatrics. Ther. Drug Monit. 2009, 31, 283.

[18] E. Marchei, E. Papaseit, O. Garcia-Algar, M. Farré, R. Pacifici, S. Pichini.
Determination of atomoxetine and its metabolites in conventional
and non-conventional biological matrices by liquid chromatography-
tandem mass spectrometry. J. Pharm. Biomed. Anal. 2012, 23, 26.

[19] E. Papaseit, E. Marchei, C. Mortali, G. Aznar, O. Garcia-Algar, M. Farré,
et al. Development and validation of a liquid chromatography-tandem
mass spectrometry assay for hair analysis of atomoxetine and its meta-
bolites: Application in clinical practice. Forensic Sci. Int. 2012, 218, 62.

[20] E. Spina, V. Santoro, C. D’Arrigo. Clinically relevant pharmacokinetic
drug interactions with second-generation antidepressants: An up-
date. Clin. Ther. 2008, 30, 1206.

[21] D. Garside, J.D. Ropero-Miller, E.C. Riemer. Postmortem tissue distri-
bution of atomoxetine following fatal and nonfatal doses - three
case reports. J. Forensic Sci. 2006, 51, 179.
iley & Sons, Ltd. wileyonlinelibrary.com/journal/dta

1
9
5


