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Abstract

Background and Objectives There is a clinical need for a

liquid formulation of atomoxetine. We assessed the safety

and bioequivalence of an atomoxetine oral solution.

Methods This was an open-label, randomized, crossover

study. Healthy adult male Japanese subjects (n = 42) with

a cytochrome P450 2D6 extensive (including intermediate

and ultrarapid) metabolizer genotype were administered

atomoxetine 50 mg as oral solution and capsules once

each, with a washout period[5 days between doses. Blood

samples were used to analyze pharmacokinetic parameters,

particularly maximum observed drug concentration (Cmax)

and area under the concentration vs. time curve from time

zero to the last time point with a measurable concentration

(AUC0-last). Bioequivalence was concluded if the 90 %

confidence interval of the ratio of geometric means

between formulations for both Cmax and AUC0-last were

within the interval of 0.8–1.25. Safety assessments inclu-

ded determination of adverse events. Taste was evaluated

via a five-item questionnaire immediately and 10 min after

taking atomoxetine oral solution.

Results Forty subjects completed the study. Plasma con-

centration–time profiles of atomoxetine oral solution and

capsules were similar, and the statistical analysis of sys-

temic exposure showed that the two formulations were

bioequivalent. Adverse events were mild and similar in

type and frequency between the formulations. For taste

acceptability, only 7.1 % of subjects responded that the

oral solution would be difficult to take every day.

Conclusion Atomoxetine oral solution is bioequivalent to

atomoxetine capsules and potentially fulfills the need for an

oral solution atomoxetine formulation that will facilitate

treatment of children with attention-deficit hyperactivity

disorder.

Key Points

Many children find swallowing tablets or capsules

difficult, and easy-to-administer pediatric

formulations of attention-deficit hyperactivity

disorder (ADHD) medications are a recognized

clinical need, especially considering the age of

young ADHD patients.

This study in healthy Japanese male subjects

demonstrates that a newly developed oral solution of

atomoxetine is bioequivalent to atomoxetine

capsules with a comparable safety profile.

Further, atomoxetine oral solution has an

acceptable taste and palatability profile, which is

critical for this type of formulation.

1 Introduction

Atomoxetine hydrochloride is a selective norepinephrine

reuptake inhibitor approved for the treatment of attention-

deficit hyperactivity disorder (ADHD) in children aged

6 years and older, adolescents, and adults. Atomoxetine is
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licensed in many countries and regions, including USA,

Europe, and Japan. Numerous randomized and open-label

studies have shown that atomoxetine leads to significant

short-and long-term improvement in ADHD symptoms and

relevant rating scales in children [1–6] and adults [7, 8].

Atomoxetine has also been associated with improvements

in quality of life, behavior, coping abilities, and function-

ing among children and young adults [9–12].

During the investigation of new medications, the

development and use of age-appropriate pediatric formu-

lations has been recommended by agencies such as the US

Food and Drug Administration and the European Medici-

nes Agency [13, 14]. The need for age-appropriate pedi-

atric formulations that are also easy to administer is well

recognized in clinical practice [15, 16] and has been

demonstrated in children with ADHD. Specifically, a sur-

vey of ADHD specialists in Japan found that the devel-

opment of a ‘‘child friendly’’ atomoxetine formulation was

an important clinical need [17]. In the case of pediatric

formulations, ease of administration relates to numerous

factors, including ease of swallowing, palatability, and

dose flexibility, to accommodate the wide range of physical

sizes and weights of patients in a pediatric population

[16, 18, 19].

Based on this clinical need, an oral solution of ato-

moxetine has been developed to provide a convenient,

flexible, and stable dosage form, with acceptable palata-

bility for patients who have difficulty swallowing capsules.

To mask the specific taste of atomoxetine, sweeteners and

raspberry flavor were included in the formulation. To add a

new formulation, demonstration of bioequivalence between

this newly developed oral solution formulation and the

currently available capsule formulation is required to meet

regulatory requirements [20]. Accordingly, the primary

aim of this bioequivalence study was to compare the

pharmacokinetic profile of atomoxetine oral solution with

commercially available atomoxetine capsules in healthy

adult subjects. The secondary aim of this study was to

determine the safety profile of atomoxetine oral solution

and atomoxetine capsules in the same population. Finally,

an exploratory taste assessment of atomoxetine oral solu-

tion was conducted.

2 Methods

2.1 Study Design

This open-label, randomized, crossover study in healthy

adult male Japanese subjects was conducted at one study

center in Fukuoka, Japan. Each subject was administered a

single 50-mg dose of atomoxetine oral solution (Strattera

Oral Solution�; Eli Lilly and Company, Indianapolis, IN,

USA; 12.5 mL of 4 mg/mL) and atomoxetine capsules

(Strattera�; Eli Lilly and Company, Indianapolis, IN, USA;

two 25-mg capsules, long span = 15.8 mm; short

span = 5.85 mm) each in a crossover fashion. Capsules

were taken with approximately 200 mL of water. Subjects

randomized to Cohort 1 received atomoxetine capsules and

then, following a washout period of at least 5 days,

received atomoxetine oral solution. Similarly, subjects

randomized to Cohort 2 received atomoxetine oral solution

and then, following a washout period of at least 5 days,

received atomoxetine capsules.

For both the atomoxetine oral solution and atomoxetine

capsules, each dose of atomoxetine was administered in the

morning after an overnight fast ([10 h). Subjects then

continued to fast an additional 4 h, followed by a meal.

Water consumption was allowed, except 1 h prior to and

1 h after dosing. A regular diet was served to subjects

during the study.

Blood samples were taken before each dose and at

specified time points (0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 4, 6, 8,

12, 18, and 24 h) after each dose for analysis of pharma-

cokinetic parameters to assess bioequivalence. Safety

assessments were performed for both formulations during

the treatment periods and at a follow-up visit 5–9 days

after the last dose. An exploratory taste evaluation was also

performed for the oral solution.

The study was designed in accordance with the Japa-

nese Guideline for Bioequivalence Studies for Generic

Products [21] and was conducted in accordance with

Good Clinical Practice and the 1964 Helsinki Declaration

and its later amendments. Approval was granted by an

ethical review board and all subjects provided written

informed consent to participate in the study, including

genotyping. The study was registered at www.

clinicaltrials.gov (NCT01177943).

2.2 Study Subjects

Healthy male subjects aged 20–55 years with a body mass

index of 17.6–26.4 kg/m2 were considered suitable for

inclusion. Subjects categorized with a cytochrome P450

2D6 (CYP2D6) extensive metabolizer genotype, including

ultrarapid metabolizers and intermediate metabolizers,

were enrolled. (Blood samples for genotyping were col-

lected at screening. Genotyping was performed by Beck-

man Coulter Genomics, Inc., Morrisville, NC, USA.) The

extensive metabolizer genotype was defined as homozy-

gous for the normal-functioning alleles, the poor metabo-

lizer genotype as homozygous for null alleles,

the ultrarapid metabolizer genotype as having more than

three normal-functioning alleles, and the intermediate
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metabolizer genotype as having other allele combinations

(normal function/decreased function, normal function/null,

decreased function/decreased function, and decreased

function/null). The following alleles were evaluated: *1,

*2, and *35 as normal function; *9, *10, *17, *29, and *41

as decreased function; and *3, *4, *5, *6, *7, *8, *11, *12,

*14/*14A, *15, *19, *20, *21, *36, and *40 as null.

2.3 Outcome Measures

Bioequivalence of the oral solution and capsule formula-

tions was assessed via analysis of the following key

pharmacokinetic parameters for the parent compound:

maximum observed drug concentration (Cmax) and area

under the concentration versus time curve (AUC) from

time zero to the last time point with a measurable con-

centration (AUC0-last). Other pharmacokinetic parameters

included AUC from time zero to infinity (AUC0-?), time to

Cmax (tmax), apparent total body clearance of drug (CL/F),

apparent volume of distribution at steady state (Vss/F),

terminal rate constant (kz), and half-life (t1/2). Pharma-

cokinetic parameters were calculated by standard non-

compartmental methods of analysis using Phoenix�

WinNonlin� version 5.2 (Certara Inc., Princeton, NJ,

USA). Safety was assessed via evaluation of adverse events

classified by Medical Dictionary for Regulatory Activities

Version 13.0, physical examination, 12-lead electrocar-

diograms, vital signs (body temperature, supine blood

pressure, and pulse rate), body weight, and standard clini-

cal laboratory tests.

Taste was evaluated via a five-item questionnaire

immediately and 10 min after the dose of atomoxetine oral

solution. Each question had five possible responses. The

questions assessed: (1) acceptability, or how easy the

solution formulation would be to take every day, with

possible responses ranging from ‘‘easy’’ to ‘‘not able’’; (2)

bitterness, with possible responses ranging from ‘‘not bit-

ter’’ to ‘‘extremely bitter’’; (3) sweetness, with possible

responses ranging from ‘‘extremely sweet’’ to ‘‘not sweet’’;

(4) aftertaste, with possible responses ranging from ‘‘no

aftertaste’’ to ‘‘extreme aftertaste’’; and (5) flavor, with

possible responses ranging from ‘‘very pleasant flavor’’ to

‘‘extremely unpleasant flavor.’’ Subjects were also able to

provide additional comments on the taste of the oral

solution in their own words.

2.4 Bioanalytical Methods

Plasma samples were analyzed for atomoxetine and the

4-hydroxyatomoxetine and N-desmethylatomoxetine

metabolites using a liquid chromatography-tandem mass

spectrometry method that was validated by inVentiv Health

(Princeton, NJ, USA). In brief, the method involves solid-

phase extraction of atomoxetine, 4-hydroxyatomoxetine,

and N-desmethylatomoxetine from sodium-heparinized

plasma. Analytes were separated by liquid chromatography

using gradient elution. The liquid chromatography-tandem

mass spectrometry method used the atomoxetine stable la-

bel [2H7]-LY404363 as an internal standard for atomox-

etine and N-desmethylatomoxetine and used the

4-hydroxyatomoxetine stable label [2H5]-LY424478 as an

internal standard for 4-hydroxyatomoxetine. The quan-

tifiable range was 2.5–2000 ng/mL for atomoxetine

and 1.0–800 ng/mL for 4-hydroxyatomoxetine and

N-desmethylatomoxetine. A 10-fold dilution was also

validated. For validation of the assay method, validation

samples (blank plasma spiked with atomoxetine, 4-hy-

droxyatomoxetine, and N-desmethylatomoxetine) were

analyzed across the quantifiable range to evaluate intra-/

inter-run precision and intra-/inter-run accuracy. According

to the clinical study protocol, plasma concentrations of

N-desmethylatomoxetine and 4-hydroxyatomoxetine were

measured, but statistical evaluation of bioequivalence of

these metabolites was not assessed.

2.5 Statistical Analysis

All subjects who received at least one dose of study drug

and had evaluable plasma concentration data were included

in the pharmacokinetic analysis. In addition, analyses

based on subjects who completed both treatment periods

were performed. The primary pharmacokinetic parameters,

Cmax and AUC0-last, and other pharmacokinetic parameters

including AUC0–? were analyzed for the parent compound

using a linear mixed-effects model, including treatment,

period, and cohort as fixed effects and subject as a random

effect. All pharmacokinetic data were log transformed

before analysis.

The least-squares means for each formulation and the

90 % confidence interval (CI) for the difference in means

between formulations were estimated from the model and

back transformed from the log scale to provide estimates

of the geometric means and 90 % CIs for the ratio of

geometric means. Bioequivalence between the oral solu-

tion and capsule formulations was concluded if the 90 %

CI of the ratio of geometric means between test and ref-

erence for both Cmax and AUC0-last were completely

contained within the bioequivalence interval of 0.8–1.25.

The statistical analysis of tmax was performed using a

nonparametric method (Wilcoxon signed rank test). A

sample size of at least 40 subjects was selected as this was

anticipated to yield more than 90 % power to show

bioequivalence for both Cmax and AUC0-last using the

90 % CI as described.
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3 Results

3.1 Subject Disposition and Demographics

A total of 42 subjects (mean age 23.2 years, range

20–37 years, body mass index 17.6–24.7 kg/m2) were

randomized (21 in each cohort) and received at least one

dose of study drug (Fig. 1). Two subjects enrolled in

Cohort 2 received a dose of atomoxetine oral solution but

did not complete the study for personal reasons. Baseline

characteristics of the two cohorts were similar (Table 1).

3.2 Bioequivalence

The pharmacokinetic analysis revealed that mean plasma

concentration–time profiles of atomoxetine 50 mg

administered as an oral solution or capsules were similar

(Fig. 2). Importantly, the statistical analysis of systemic

exposure for atomoxetine showed that the oral solution

and capsules were bioequivalent. Specifically, 90 % CIs

for the ratio of the geometric means for the primary

pharmacokinetic parameters AUC0-last and Cmax were

completely within the bioequivalence interval of 0.8–1.25

(Table 2). Further, geometric mean Cmax estimates were

456 ng/mL and 483 ng/mL for the oral solution and

capsule formulations, respectively. In support of these

findings, the statistical analysis showed that tmax values

for the oral solution and capsules were equal (median

0.75 h, range 0.50–6.00 h), leading to a median difference

of 0 h (90 % CI 0–0.25 h; p = 0.165 between formula-

tions). Following rapid absorption and attainment of tmax,

plasma concentrations of atomoxetine declined with a

mean t1/2 of 2.8 h for both formulations (Table 3). Geo-

metric mean values of other pharmacokinetic parameters

including AUC0–?, CL/F, and Vss/F were also similar for

the oral solution and capsule formulations (Tables 2, 3).

Similar analyses based on the 40 subjects who completed

the study led to similar results (data not shown) and the

same overall conclusions.

3.3 Safety

Of the 42 subjects enrolled in the study, 40 subjects com-

pleted the study and two subjects discontinued the study for

personal reasons that made them unable to attend the sec-

ond treatment visit. No subject discontinued the study

because of an adverse event. No deaths or serious adverse

events were recorded. Overall, 12 subjects reported a total

of 17 adverse events considered to be related to the study

drug as judged by the investigator (Table 4). All events

were of mild severity and were similar in number between

the oral solution and capsule formulations.

Fig. 1 Participant flow

diagram. ATX atomoxetine

Table 1 Participant baseline characteristics

Characteristic Cohort 1 (caps ? oral sol.) (n = 21) Cohort 2 (oral sol. ? caps) (n = 21) All (N = 42)

Mean ± SD (minimum–maximum)

Age, years 23.4 ± 2.9 (20–32) 23.0 ± 4.4 (20–37) 23.2 ± 3.7 (20–37)

Body weight, kg 61.3 ± 5.9 (54.2–75.7) 62.3 ± 7.3 (51.9–76.4) 61.8 ± 6.6 (51.9–76.4)

BMI, kg/m2 20.7 ± 1.7 (17.6–24.2) 21.3 ± 2.1 (18.0–24.7) 21.0 ± 1.9 (17.6–24.7)

BMI body mass index, Caps capsules, Oral Sol. oral solution, SD standard deviation
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Nausea and increased blood pressure were the most

common study drug-related adverse events (Table 4). No

clinically significant alterations in laboratory values were

noted (data not shown). The incidental findings of slightly

low urine specific gravity (1.002–1.005; reference range:

1.006–1.03) in 25 subjects and slightly elevated bilirubin

levels (29–32 lmol/L; reference range: 3–21 lmol/L) in

seven subjects were not considered clinically significant or

drug related. Regarding vital signs, mean changes in supine

blood pressure were 8.7/4.6 mm Hg for the oral solution

and 12.5/5.3 mm Hg for capsules at 2 h postdose. Overall,

five subjects had a total of five clinically significant alter-

ations in systolic blood pressure (SBP) C140 mm Hg

during one of the two treatment periods. Of these, three

SBP alterations occurred following administration of ato-

moxetine oral solution and two SBP alterations occurred

with atomoxetine capsules. All events occurred within 2 h

of dosing and SBP returned to normal within approxi-

mately 4 h. In addition, there was a small increase in mean

supine pulse rate that was similar following treatment with

both formulations (5.6 beats per minute for the oral solu-

tion and 5.5 beats per minute for capsules at 2 h postdose).

3.4 Taste Assessment

The taste (acceptability, bitterness, sweetness, aftertaste,

and flavor) assessment of atomoxetine oral solution is

shown in Fig. 3. Overall, acceptability of the oral solution

for daily use was high. Immediately after dosing, only 3 of

42 (7.1 %) subjects indicated that the oral solution would

be difficult to take every day and no subject indicated that

they would not be able to take the oral solution every day.

These values did not change when subjects were ques-

tioned 10 min after dosing. All subjects had at least some

aftertaste both immediately after dosing and after 10 min

had passed. The aftertaste was reported to be extreme or

strong immediately after dosing by 26 of 42 (61.9 %)

subjects and this decreased to 20 of 42 (47.6 %) subjects

10 min after dosing. According to the comments written by

a few subjects, the aftertaste was bitter. Regarding flavor, a

very pleasant, pleasant, or neutral flavor was reported by 34

of 42 (81.0 %) subjects immediately after dosing and by 33

of 42 (78.6 %) subjects 10 min after dosing. Only 1 of 42

(2.4 %) subjects indicated that they found the flavor to be

extremely unpleasant immediately after and 10 min after

dosing.

Fig. 2 Atomoxetine plasma concentration–time profiles following

administration of atomoxetine 50 mg as an oral solution or capsules.

SD standard deviation

Table 2 Statistical analysis of

atomoxetine key

pharmacokinetic parameters

following administration of

atomoxetine 50 mg as an oral

solution or capsules

Parameters (units) Geometric LS mean (90 % CI) Ratio of geometric LS

means (90 % CI)

Oral sol. (n = 42) Caps (n = 40) Oral sol./caps

AUC0-last (ng�h/mL) 2220 (1950, 2540) 2150 (1880, 2450) 1.03 (1.00, 1.07)

AUC0-? (ng�h/mL) 2270 (1980, 2590) 2190 (1920, 2510) 1.03 (1.00, 1.07)

Cmax (ng/mL) 456 (420, 496) 483 (443, 526) 0.945 (0.858, 1.04)

AUC0-last area under the concentration vs. time curve from time zero to time t, where t is the last time point

with a measurable concentration, AUC0-? area under the concentration vs. time curve from zero to infinity,

Caps capsules, CI confidence interval, Cmax maximum observed drug concentration, LS least squares, Oral

Sol. oral solution

Table 3 Geometric mean pharmacokinetic parameter estimates of

atomoxetine 50 mg following administration as an oral solution or

capsules

Parameters

(units)

Geometric mean (CV %) unless otherwise noted

Oral sol. (n = 42) Caps (n = 40)

tmax (h)
a 0.75 (0.50, 6.00) 0.75 (0.50, 6.00)

t� (h)b 2.81 (1.85, 7.12) 2.80 (1.90, 5.33)

CL/F (L/h) 22.1 (57) 22.1 (57)

Vss/F (L) 109 (30) 109 (33)

a Median (range) based on statistical analysis of completers (n = 40)
b Geometric mean (range)

Caps capsules, CL/F apparent total body clearance of drug,

CV coefficient of variation, Oral Sol. oral solution, t� half-life, tmax
observed time of Cmax, Vss/F apparent volume of distribution at steady

state
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4 Discussion

This is the first reported study to confirm that a newly

developed oral solution formulation of atomoxetine is

bioequivalent to atomoxetine capsules. Specifically, 90 %

CIs for the ratios of the primary pharmacokinetic param-

eters, AUC0-last and Cmax, were completely within the

bioequivalence interval of 0.8–1.25 and the ratio of the

geometric least-squares means were close to 1.0. Further,

the median and range values of tmax for atomoxetine oral

solution and capsules were equal and geometric mean

values of other pharmacokinetic parameters were also

similar for oral solution and capsule formulations. Fur-

thermore, results of the safety analysis did not raise any

new safety concerns with atomoxetine oral solution.

Finally, an exploratory analysis found that the taste

acceptability of the oral solution was high despite the

existence of aftertaste effects noted by a high proportion of

study subjects.

A diagnosis of ADHD in children commonly occurs at

around 6–7 years of age. At this age, children often have

difficulty swallowing solid formulations such as capsules.

In support of this, a medication acceptance survey indi-

cated that the percentage of children/adolescents who were

able to easily swallow solid formulations, particularly

capsules, decreased with a younger age and was especially

notable in children younger than 9 years of age [18]. Fur-

ther, there is good evidence that solid formulations are less

acceptable than liquid formulations in children [15, 22].

Not surprisingly, a survey among Japanese ADHD spe-

cialists regarding the medical needs for atomoxetine in

Japan found that ‘‘development of a formulation that is

easy to swallow’’ was ranked as the second highest need

[17]. In a study of acceptability of medicines in the pedi-

atric patients, 31 % of parents and caregivers reported

refusal on at least one occasion [23]. Therefore, providing a

formulation that is easier for children to take is very

important for starting and maintaining ADHD treatment.

Further, there is a requirement for pediatric assessments

during medication development to use ‘‘appropriate

formulations for each age group for which the assessment

is required’’ [14], and that young patients ‘‘should be

treated with medicinal products of which the pharmaceu-

tical design is tailored for their age group’’ [13]. Based on

the need for an additional formulation suitable for younger

children with ADHD, an oral solution of atomoxetine was

developed. The results of this study, demonstrating bioe-

quivalence of the oral solution and capsule formulations of

atomoxetine, are a critical step towards making this for-

mulation available for patients that can benefit from it and

addresses this clinical need.

In addition to helping overcome problems with swal-

lowing capsules, an oral solution may also help ensure

children receive individualized doses based on body

weight. Atomoxetine capsules are available in a wide range

of marketed strengths (5, 10, 18, 25, 40, 60, 80, and

100 mg) to help facilitate accurate dosing, especially for

children who weigh less than 70 kg. Dosing with ato-

moxetine oral solution will allow for even more accurate

dosing for such children.

In this study, a taste assessment was included to collect

general taste acceptance data and because there was a con-

cern that the raspberry flavor of the oral solution used for

taste masking is not familiar to most Japanese people and,

therefore, may not be acceptable. The results of the taste

assessment suggest that the palatability of atomoxetine oral

solution is generally favorable, with no subjects responding

that they would not be able to take this medicine every day.

Hence, the development of atomoxetine oral solution has

addressed one of the key challenges that needs to be over-

come when developing liquid formulations [16, 19].

Palatability is critical to acceptability and is mainly deter-

mined by taste [15]. Taste is an important aspect to address

when developing liquid formulations because ‘‘unpleasant

taste of medication’’ has been cited as a key barrier that

affects adherence by 83.9 % of surveyed pediatricians [24].

Poor palatability, as one cause of repetitive resistance among

children, has also been cited as both a barrier to adherence

and a source of stress/caregiver fatigue by caregivers of

children with chronic illnesses [25].

Table 4 Frequency of drug-related, treatment-emergent adverse events by formulation

MedDRA preferred term Number of adverse events (number of subjects with adverse event)

Atomoxetine oral sol. (n = 42) Atomoxetine caps (n = 40) All (N = 42)

All causes Drug related All causes Drug related All causes Drug related

Nausea 6 [6] 6 [6] 5 [5] 5 [5] 11 [10] 11 [10]

Blood pressure increased 3 [3] 3 [3] 2 [2] 2 [2] 5 [5] 5 [5]

Hypoesthesia oral 1 [1] 1 [1] 0 [0] 0 [0] 1 [1] 1 [1]

Nasopharyngitis 1 [1] 0 [0] 0 [0] 0 [0] 1 [1] 0 [0]

Caps capsules, MedDRA medical dictionary of regulatory activities, Oral Sol. oral solution
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Fig. 3 Taste and acceptability

assessment of atomoxetine

50-mg oral solution
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This study employed a cross-over design, which is the

standard design used to assess the bioequivalence between

two formulations. The dose selected in this study (50 mg)

was selected to resemble the typical dose delivered twice

daily that would be suitable for Japanese adults. In this

study, CYP2D6 extensive metabolizers, which included

intermediate metabolizers and ultrarapid metabolizers,

were recruited and poor metabolizers were excluded. The

prevalence of poor metabolizers is very low in Japan, so

this covers the majority of the Japanese population. Fur-

thermore, the CYP2D6 polymorphism has been shown to

influence the pharmacokinetics of atomoxetine, and poor

metabolizers have a lower clearance; therefore, this inclu-

sion restriction is in accordance with advice that subjects

with higher clearance should be evaluated if drug clearance

differs to a large extent among subjects owing to genetic

polymorphism [20]. Atomoxetine can be dosed to provide

similar efficacy and safety in extensive and poor metabo-

lizer patients without knowing their metabolizer status

[26].

In this study, adults but not children were studied. When

comparing formulations, studies are usually conducted in

adults. A previous study has shown that atomoxetine

pharmacokinetics in pediatric and adult extensive metab-

olizer patients were similar after adjustment for body

weight [27]. Although taste acceptability was important in

this study, children are known to have different taste

preferences from adults, including a greater preference for

sweet tastes and rejection of bitter tastes [28]. Therefore,

the results from the taste assessment in this study need to

be verified in the population that will actually use the oral

solution formulation. However, these data at least serve as

a rough guide regarding the overall acceptance of the for-

mulation and the perception of raspberry taste in Japanese

subjects.

Regarding safety, these results do need to be extrapo-

lated to female patients and patients with different

metabolizer genotypes because the population in this

bioequivalence study excluded poor metabolizer and was

limited to male subjects. However, atomoxetine can be

dosed to provide similar efficacy and safety levels in

extensive and poor metabolizer patients without knowledge

of metabolizer status [26], the dose in children are adjusted

for body weight, and there is no dose adjustment by sex

[26].

5 Conclusion

This study showed that atomoxetine oral solution was

bioequivalent to atomoxetine capsules. In addition, the two

formulations were similarly well tolerated and atomoxetine

oral solution was found to be generally palatable, which

addresses one of the challenges of developing liquid for-

mulations. In clinical practice, atomoxetine oral solution

may be an alternative formulation for children and any

individuals with ADHD who have actual or anticipated

difficulties in swallowing atomoxetine capsules.
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