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Abstract
Background and Objectives Viloxazine extended-release (viloxazine ER, SPN-812) is a novel non-stimulant with activity 
at serotonin receptors and the norepinephrine transporter, which is under investigation as a potential treatment for attention-
deficit/hyperactivity disorder. Given the potential for viloxazine ER to be coadministered with other pharmacotherapies, 
this trial investigated the pharmacokinetics and safety of combination viloxazine ER + methylphenidate versus viloxazine 
ER or methylphenidate alone.
Methods In this single-center, crossover, open-label trial, healthy adult participants received oral administration of 700 mg 
viloxazine ER alone, 36 mg methylphenidate alone, and combination viloxazine ER (700 mg) + methylphenidate (36 mg), 
with blood samples collected over 4 days post-administration. The active drug in viloxazine ER (viloxazine) and methylphe-
nidate was measured using chromatographic tandem mass spectrometry. Safety assessments included adverse events (AEs), 
vital signs, echocardiograms, and clinical laboratory evaluations.
Results Of 36 healthy adults who were enrolled, 34 completed the trial. The geometric least squares mean ratios are reported 
as [combination/single drug (90% confidence intervals)]. For viloxazine ER, maximum measured plasma concentration 
(Cmax) = 100.98% (96.21–105.99), area under the concentration–time curve from time zero to the last measurable time (AUC t)  
= 98.62% (96.21–101.08), and area under the concentration–time curve from time zero to infinity (AUC ∞) = 98.96% (96.55–
101.44). For methylphenidate, Cmax = 103.55% (97.42–110.07), AUC t = 106.67% (101.01–112.64), and AUC ∞ = 106.61% 
(100.99–112.54). All reported AEs were mild in severity.
Conclusions Coadministration of viloxazine ER and methylphenidate did not impact the pharmacokinetics of viloxazine 
or methylphenidate relative to administration of either drug alone. The combination appeared to be safe and well tolerated.

Key Points 

Viloxazine extended-release (ER) is under investigation 
as a non-stimulant treatment for attention-deficit/hyper-
activity disorder and could be coadministered with other 
medications.

Viloxazine ER and methylphenidate were coadminis-
tered and the potential for pharmacokinetic interactions 
was evaluated.

Coadministration of viloxazine ER with methylpheni-
date did not impact the pharmacokinetics of either drug 
alone, and the combination appeared to be safe and well-
tolerated.
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1 Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a 
neurobehavioral disorder characterized by a developmen-
tally inappropriate and persistent pattern of inattention, 
hyperactivity, and impulsivity that occurs across multiple 
settings and leads to various degrees of functional impair-
ment [1–3]. An estimated 6.1 million US children and 
adolescents aged 2–17 years (9.4%) have ever received an 
ADHD diagnosis [4], and, while the prevalence is lower 
in adults (estimated to be between 2.5 and 4.4% [5–7]), 
ADHD often persists as a chronic, lifelong disorder that 
may require flexible treatment approaches across the lifes-
pan [8].

Current US FDA-approved ADHD pharmacotherapies 
are classified as either stimulants (e.g. methylphenidate, 
lisdexamfetamine, amphetamine) or non-stimulants (e.g. 
atomoxetine, guanfacine, clonidine) [9, 10]. Stimulant 
pharmacotherapy is generally used as first-line therapy, 
as stimulants are associated with greater efficacy and 
near-immediate onset of effect relative to non-stimulants 
in improving ADHD outcomes [11–13]. Nevertheless, 
stimulants are associated with several key limitations that 
may be addressed by prescribing non-stimulants or a com-
bination of stimulant and non-stimulant therapy to treat 
ADHD. For instance, stimulant therapy must be carefully 
monitored in patients with many ADHD comorbidities 
(estimated to occur in up to 52% of youths and 87% of 
adults with ADHD [14]), such as substance use disorders 
[15, 16], bipolar disorder [17], and sleep disorders [18]. In 
patients for whom stimulants are an option, the benefits of 
stimulant therapy can be limited by their generally short 
(e.g. 4–12 h) duration of action [19]; the risk of common 
adverse effects such as weight loss, decreased appetite, and 
insomnia [19, 20]; the potential for symptom rebound [21]; 
and the potential for abuse and diversion [22]. In light of 
these limitations, non-stimulant therapies or stimulant and 
non-stimulant concomitant therapy may address ADHD 
symptoms and provide better symptom control when pre-
sented with signs, symptoms, or insufficient efficacy that 
preclude a stimulant-only treatment approach [11, 12].

Viloxazine has demonstrated activity at serotonin 
(5-HT) receptors and the norepinephrine transporter 
(NET) [23]. Via in vivo microdialysis in a rodent model, 
therapeutic concentrations of viloxazine were shown to 
potentiate five- to sixfold increases in 5-HT, norepineph-
rine, and dopamine levels in the prefrontal cortex (PFC) 
[23], a region strongly implicated in ADHD pathophysi-
ology [24]. In vitro, viloxazine also exhibits antagonis-
tic activity at 5-HT2B receptors and agonistic activity at 
5-HT2C receptors [23], although the downstream effect 
of this activity remains to be fully elucidated. Viloxazine 

increases norepinephrine and dopamine in the PFC via 
NET inhibition, with no apparent activity at the dopamine 
transporter [23]. In the nucleus accumbens, viloxazine 
only minimally increases extracellular dopamine (approxi-
mately 60% above saline controls) [23], suggesting a low 
potential for abuse liability. An extended-release form of 
viloxazine, viloxazine extended-release (viloxazine ER, 
SPN-812), is currently under development as a non-stim-
ulant treatment for ADHD [25–29].

The purpose of the current study was to determine 
whether coadministration of viloxazine ER and methylphe-
nidate impacts the pharmacokinetics of either drug alone. 
Using clinically relevant doses, the pharmacokinetics of a 
single dose of viloxazine ER coadministered with a single 
dose of methylphenidate were assessed and compared with 
the pharmacokinetics of a single dose of viloxazine ER or 
methylphenidate alone in healthy adults. Safety and toler-
ability were also assessed.

2  Methods

This trial was conducted in accordance with the Helsinki 
Declaration and the International Council for Harmoniza-
tion (ICH) Note for Guidance on Good Clinical Practice, 
and all participants provided written informed consent. 
The trial conduct was reviewed and approved by IntegRe-
view IRB (Austin, TX, USA), and the trial was conducted 
by Worldwide Clinical Trials Early Phase Services (Mor-
risville, NC, USA).

2.1  Participants

Healthy adult male and female participants (n = 36) aged 
18–55 years were recruited for the trial. Inclusion criteria 
required participants to be non-smokers, with a body mass 
index (BMI) of 18–30 kg/m2 (inclusive), and females of 
childbearing potential had to be abstinent or using accept-
able birth control. Criteria for exclusion included a history 
or presence of significant diseases, a history of seizures, 
clinically significant safety laboratory or electrocardio-
gram (ECG) abnormalities, infection with HIV or hepati-
tis B or C, alcohol or drug abuse, a need for prescription 
medication (other than topical or hormonal agents), use 
of drugs known to notably induce or inhibit hepatic drug 
metabolism, pregnancy or lactation, allergy to viloxazine 
ER or methylphenidate-containing products, or any other 
qualifier that had the potential to interfere with participa-
tion in the trial as determined by the investigator.
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2.2  Study Design

This was a single-center, randomized, crossover, open-
label trial in healthy adult participants that evaluated 
a single dose of viloxazine ER alone, methylphenidate 
alone, and combination viloxazine ER + methylphenidate. 
Eligibility was confirmed within 28 days of screening, 
and patients began one continuous 13-day clinic residency 
for treatment. Patients received each of the three treat-
ments in a counterbalanced sequence (Fig. 1a), where 
blood for pharmacokinetic analysis was collected for 
4 days following each treatment (Fig. 1b). End-of-study 
procedures were completed after the last day of period 
3 (study day 13) or prior to study discontinuation in the 
case of early withdrawal and discharge.

2.3  Treatments

Participants received three treatments: single-dose viloxa-
zine ER alone (700 mg; manufactured by Supernus Phar-
maceuticals, Inc., Rockville, MD, USA), single-dose 
methylphenidate alone (36  mg; distributed by Janssen 
Pharmaceuticals, Inc., Belgium, under the brand name 
 Concerta®), and the combination of single-dose viloxazine 
ER (700 mg) + single-dose methylphenidate (36 mg). The 
highest daily doses of viloxazine ER evaluated for the treat-
ment of ADHD in children (6–12 years of age) [25–27] 
and adolescents (12–17 years of age) [28, 29] are 400 mg 
and 600 mg, respectively, corresponding to approximately 
700 mg following multiple-dose administration in healthy 
adults based on overall exposure extrapolation. Treatment 
was administered orally following an overnight fast of a 
minimum of 10 h, and fasting continued for at least 4 h after 
dosing. With the exception of 240 mL of water at the time of 

Fig. 1  Treatment sequences 
and study design. a Participants 
received each of the three treat-
ments in one of six possible 
sequences (counterbalanced). 
b After screening, participants 
were randomized and began 
one continuous 13-day clinic 
residency for treatment, where 
blood for pharmacokinetic 
analysis was collected for 4 days 
following each treatment. A 
viloxazine ER (700 mg), B 
methylphenidate (36 mg), C 
combination viloxazine ER 
(700 mg) + methylphenidate 
(36 mg), ER extended-release, 
E entry and laboratory tests to 
confirm eligibility, EOS end-
of-study procedures, PK blood 
draws for pharmacokinetic 
analyses (0–96 h), SD single 
dose

Treatment Sequences 

Sequence Dosing 
Period 1 

Dosing 
Period 2 

Dosing 
Period 3 

ABC (n=6) A B C 

ACB (n=6) A C B 

BAC (n=6) B A C 

BCA (n=6) B C A 

CAB (n=6) C A B 

CBA (n=6) C B A 
A = Viloxazine ER (700 mg); B = Methylphenidate (36 mg); C = Combination Viloxazine ER (700 mg) + 
methylphenidate (36 mg); ER = extended-release. 

Study Days 

Dosing 
Period 

-28 to 
-2 -1 1 2 3 4 5 6 7 8 9 10 11 12 13 

syaDdoirePgnineercS
 -1 1 2 3 4 1 2 3 4 1 2 3 4  

1 

E 

SD Washout          
PK          

2      SD Washout      
PK      

3          SD Washout EOSPK 
E = entry and labs to confirm eligibility; EOS = end of study procedures; PK = blood draws for 
pharmacokinetic analyses (0-96 hours); SD = single dose. 

b

a
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dosing, fluid was restricted from 1 h before to 1 h after dos-
ing. Participants received all three treatments in one of six 
possible sequences (Fig. 1a). Participants received a single 
dose of the assigned treatment on the morning of day 1 of 
each period, followed by a washout period of 4 days between 
doses (Fig. 1b).

2.4  Sample Collection

A total of 63 blood draws (approximately 4 mL blood per 
timepoint) were collected over each of three dosing periods, 
starting on day 1 at time 0 (pre-dose), and 0.5, 1, 2, 3, 4, 
5, 6, 8, 10, 12, 16, 20, 24, 30, 36, 48, 60, 72, 84, and 96 h 
post-dose. Each blood sample for pharmacokinetic analysis 
was collected in a  K2-EDTA tube and gently inverted. Blood 
samples were then centrifuged at approximately 3000 rpm 
for 10 min at approximately 4 °C and the resulting plasma 
was aliquoted into two polypropylene screw-cap tubes. 
Within 60 min of collection, samples were frozen at − 20 °C 
or lower pending shipment for analysis.

2.5  Bioanalytical Assay

Viloxazine was extracted from 50 µL of human plasma by 
supported liquid extraction (SLE) in a 96-well plate format, 
using viloxazine-d5 as an internal standard. Extracts were 
analyzed by ultra-performance liquid chromatography–tan-
dem mass spectrometry (UPLC-MS/MS) using positive 
electrospray ionization and multiple reaction monitoring 
(precursor/product ion, m/z: 238/100 for viloxazine; 243/56 
for viloxazine-d5). The main chromatographic parameters 
were Waters Acquity BEH C8 UPLC 1.7 μm, 2.1 × 50 mm 
column, 10 mM ammonium bicarbonate (pH 9.0) as the 
aqueous mobile phase, acetonitrile as the high organic 
mobile phase, and gradient elution. Waters Quattro Pre-
mier XE mass spectrometer (Waters Corporation, Milford, 
MA, USA) was used for the detection. The validated range 
was 0.0100–10.0 µg/mL, with a lower limit of quantitation 
(LLOQ) of 0.0100 µg/mL. The inter- and intra-run preci-
sion (relative standard deviation [SD]) were ≤ 9% and ≤ 10%, 
respectively, while the intra-run accuracy was 97–107%.

5-hydroxyviloxazine glucuronide (5-HVLX-gluc, the pri-
mary metabolite of viloxazine) was extracted from 100 µL of 
human plasma by mixed-mode cation-exchange solid-phase 
extraction (SPE) in a 96-well plate format, using 5-HVLX-
G-d5 as an internal standard. Extracts were analyzed by 
UPLC-MS/MS using positive electrospray ionization and 
multiple reaction monitoring (precursor/product ion, m/z: 
430/254 for 5-HVLX-G, 435/259 for 5-HVLX-G-d5). The 
main chromatographic parameters were Restek Pinnacle DB 
Biphenyl 1.9 μm, 2.1 × 50 mm column, 0.1% formic acid in 
water as the aqueous mobile phase, methanol as the high 
organic mobile phase, and isocratic elution. Waters Quattro 

Premier XE or Waters Xevo TQ-S Micro mass spectrom-
eter was used for the detection. The validated range was 
0.00500–10.0 µg/mL, with a LLOQ of 0.00500 µg/mL. The 
inter- and intra-run precision were both ≤ 14%, while the 
intra-run accuracy was 94–115%.

Methylphenidate was extracted from 150 µL of human 
plasma by SLE in a 96-well plate format, using methylphe-
nidate-d9 as an internal standard. Extracts were analyzed by 
UPLC-MS/MS using positive electrospray ionization and 
multiple reaction monitoring (precursor/product ion, m/z: 
234/84 for methylphenidate; 243/93 for methylphenidate-
d9). The main chromatographic parameters were Waters 
Acquity UPLC BEH C8 1.7  μm, 2.1 × 50  mm column, 
2 mM ammonium formate (pH 4.0) in water as the aqueous 
mobile phase, 2 mM ammonium formate (pH 4.0) in 5:95 
water:acetonitrile as the organic mobile phase, and gradi-
ent elution. Waters Quattro Premier XE mass spectrometer 
(Waters Corporation, Milford, MA, USA) was used for the 
detection. The validated range was 0.0500–5.00 ng/mL, 
with an LLOQ of 0.0500 ng/mL. The inter- and intra-run 
precision (relative SD) were both ≤ 3%, while the intra-run 
accuracy was 89–98%.

2.6  Safety Monitoring and Assessments

Baseline (pre-dose) measurements included medical his-
tory, physical examination, ECG recording, clinical labora-
tory tests (i.e. serum chemistry, complete blood count, uri-
nalysis), and the Columbia-Suicide Severity Rating Scale 
(C-SSRS) suicidality assessment. ECGs were performed 
7 h after each dose on day 1 of each treatment cycle (the 
expected time of the maximum measured plasma concentra-
tion [Tmax] of each treatment), and vital signs were assessed 
6 h post-dose. Adverse events (AEs) were classified into 
standardized terminology from the verbatim description 
(investigator term) according to the Medical Dictionary for 
Regulatory Activities (MedDRA) version 21.0, and summa-
rized by System Organ Class and MedDRA preferred term. 
An AE was defined as “any untoward medical occurrence 
associated with the use of a drug in humans, whether or 
not considered drug related,” consistent with United States 
Code of Federal Regulations Title 21, Part 312 (21CFR312). 
AEs were monitored over the course of treatment. Prior to 
discharge on day 13 or upon study withdrawal, participants 
underwent a final ECG, physical examination, recording of 
vital signs, C-SSRS suicidality assessment, a blood draw 
and urine sample collection, and a final assessment of AEs.

2.7  Pharmacokinetic and Statistical Analyses

The pharmacokinetic analyses compared viloxazine ER 
alone and methylphenidate alone with the combination of 
viloxazine ER + methylphenidate. The primary outcome was 
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the relative bioavailability of viloxazine and methylpheni-
date, i.e. comparing drug plasma exposure when adminis-
tered alone relative to that of the combination. The pharma-
cokinetic parameters were derived using non-compartmental 
analyses: area under the concentration–time curve from time 
zero to the last measurable time (AUC t), area under the con-
centration–time curve from time zero to infinity (AUC ∞), 
and maximum measured plasma concentration (Cmax). Sec-
ondary outcomes were the pharmacokinetics of viloxazine, 
methylphenidate, and 5-HVLX-gluc, as measured by the 
following parameters: AUC t, AUC ∞, Cmax, Tmax, apparent 
volume of distribution (Vd/F), apparent total clearance of 
drug (CL/F), terminal elimination rate constant (λz), and 
terminal phase elimination half-life (t½). Methylphenidate 
and viloxazine ER are each formulated to deliver methylphe-
nidate and viloxazine, respectively, in the freebase quanti-
ties specified by their dosages, i.e. a 36 mg methylphenidate 
tablet delivers 36 mg freebase, and 700 mg viloxazine ER 
(administered as 1 × 100 mg and 3 × 200 mg viloxazine ER 
capsules) delivers 700 mg freebase. Therefore, 36 mg meth-
ylphenidate and 700 mg viloxazine were used to calculate 
their CL/F and Vd/F. Secondary outcomes also included 
safety assessments as measured by reported AEs, ECGs, 
clinical laboratory tests, vital signs, physical examinations, 
and C-SSRS suicidality assessment.

The safety population (n = 36) included all participants 
who received at least one dose of study medication; the phar-
macokinetic population (n = 35) included all participants 
who had an adequate pharmacokinetic profile in any treat-
ment period with no major protocol deviations that could 
impact pharmacokinetic data (e.g. emesis); and the bioanal-
ysis population (n = 34) included all participants who had 
completed all three treatments with adequate pharmacoki-
netic profiles, with no evidence of a major protocol deviation 
that may have impacted pharmacokinetic data.

The pharmacokinetic parameters and AEs are presented 
using descriptive statistics. Concentration–time data for 
plasma concentrations of viloxazine, 5-HVLX-gluc, and 
methylphenidate that were below the limit of quantification 
were entered as zero in the tabulation of these data; there 
were no values above the limits of quantification. Concen-
tration–time data were summarized by subject, treatment, 
and analyte using descriptive statistics (n, arithmetic mean, 
SD, median, minimum, maximum, and coefficient of vari-
ation) at each scheduled collection time with actual sam-
pling time. The relative bioavailability of viloxazine and 
methylphenidate following treatment with viloxazine ER 
or methylphenidate alone versus the combination treatment 
was assessed by analysis of variance (ANOVA) on the log-
transformed pharmacokinetic parameters Cmax, AUC t, and 
AUC ∞. The model included treatment period and sequence 
as fixed effects, with subjects nested within sequence as 
a random effect. The least squares mean (LSM) for each 

treatment group and the difference in the LSMs were calcu-
lated, and then back-exponentiated to the original scale to 
obtain the 90% confidence intervals (CIs) for the geometric 
LSM ratios. The absence of an impact of combination treat-
ment on the bioavailability of viloxazine or methylphenidate 
was declared if 90% CIs were contained within predefined 
no-difference limits of 80–125% for Cmax, AUC t, and AUC ∞ 
ratios. All pharmacokinetic analyses were conducted using 
Phoenix™  WinNonlin® version 6.3 or higher (Certara, L.P., 
Princeton, NJ, USA), and all statistical analyses and clinical 
data presentations were performed using  SAS® 9.3 or higher 
(SAS Institute, Inc., Cary, NC, USA).

3  Results

3.1  Patient Demographics

Healthy adult participants (n = 36; 20 males and 16 females) 
were enrolled in the study and were included in the safety 
population. Of these, 34 participants met the pharmacoki-
netic criteria for evaluation and were included in the bioanal-
ysis population. Of the participants in the safety population, 
50.0% were White, 47.2% were Black, and 2.8% were Asian. 
Participants averaged 35.2 ± 10.12 years of age (mean ± SD; 
range 19–55), with an average BMI of 24.23 ± 2.70 kg/m2 
(mean ± SD).

3.2  Descriptive Pharmacokinetics of Viloxazine, 
5‑Hydroxyviloxazine Glucuronide 
(5‑HVLX‑Gluc), and Methylphenidate

After treatment with viloxazine ER alone, the Cmax of 
viloxazine was 4.73 ± 0.86 µg/mL (mean ± SD) (Table 1) 
and occurred 5 h after dosing (Tmax median; range 3–10 h), 
while after treatment with the combination, viloxazine Cmax 
was 4.84 ± 0.89 µg/mL (mean ± SD) and occurred 5 h after 
dosing (Tmax median; range 4–10 h). After treatment with 
viloxazine ER alone, 5-HVLX-gluc Cmax was 3.43 ± 0.92 µg/
mL (mean ± SD) [Table 2] and occurred 6 h after treatment 
(Tmax median; range 4–12 h), while 5-HVLX-gluc Cmax after 
combination treatment was 3.48 ± 0.99 µg/mL (mean ± SD), 
which occurred 5 h after treatment (Tmax median; range 
4–10 h). Plasma concentration–time curves of viloxazine 
(Fig. 2) and 5-HVLX-gluc (Fig. 3) after a single dose of 
700 mg viloxazine ER alone were similar to those after com-
bination viloxazine ER + methylphenidate (36 mg), suggest-
ing no drug interaction. This observation was confirmed by 
statistical analysis (Table 3).

After treatment with methylphenidate alone, meth-
ylphenidate Cmax was 10.8 ± 5.00  ng/mL (mean ± SD) 
[Table  1], which occurred 6  h after treatment (Tmax 
median; range 1–10 h), while after combination treatment, 
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methylphenidate Cmax was 11.1 ± 4.44  ng/mL (Cmax 
mean ± SD) and occurred 6 h after treatment (Tmax median; 
range 1–12 h). Plasma concentration–time curves of meth-
ylphenidate (Fig. 4) after a single dose of 36 mg methyl-
phenidate alone were similar to those after combination 
viloxazine ER (700 mg) + methylphenidate, suggesting 

no drug interaction, which was confirmed by statistical 
analysis (Table 3).

3.3  Relative Bioavailability of Viloxazine 
and Methylphenidate

All 90% CIs were within the predetermined no-differ-
ence criteria of 80–125% (Table 3). For viloxazine, the 
geometric LSM ratios (90% CI) were Cmax 100.98% 
(96.21–105.99), AUC t 98.62% (96.21–101.08), and AUC ∞ 
98.96% (96.55–101.44). For methylphenidate, the geometric 
LSM ratios (90% CI) were Cmax 103.55% (97.42–110.07), 
AUC t 106.67% (101.01–112.64), and AUC ∞ 106.61% 
(100.99–112.54). Therefore, combination viloxazine 
ER + methylphenidate did not significantly alter the bio-
availability of viloxazine or methylphenidate relative to 
a single dose of viloxazine ER or methylphenidate alone, 
respectively.

3.4  Safety

AEs considered related to study treatment were reported by 
58.3% (n = 21) of participants: 28.6% (n = 10) of participants 
following viloxazine ER alone, 8.8% (n = 3) of participants 
following methylphenidate alone, and 44.4% (n = 16) of 
participants receiving the combination. All reported AEs 
were mild in severity, and no participant reported any mod-
erate or serious AEs, nor did any participant discontinue the 
study due to AEs or death. The most commonly reported 
AEs (≥ 5%) related to study treatment are listed in Table 4.

There were no clinically significant abnormal results 
for clinical laboratory test results, vital signs, or physical 

Table 1  Summary of viloxazine and methylphenidate plasma pharmacokinetic parameters

Data are expressed as mean ± SD except for Tmax, which is expressed as median (range)
AUC t area under the concentration–time curve from time zero to the last measurable time, AUC ∞ area under the concentration–time curve from 
time 0 to infinity; CL/F apparent total clearance of drug, Cmax maximum measured plasma concentration, ER extended-release, λz terminal elimi-
nation rate constant, SD standard deviation, t½ terminal elimination half-life, Tmax time of the maximum measured plasma concentration, Vd/F 
apparent volume of distribution

Parameter Viloxazine plasma pharmacokinetics Parameter Methylphenidate plasma pharmacoki-
netics

Viloxazine ER alone 
[n = 34]

Combination
[n = 34]

Methylphenidate alone 
[n = 34]

Combination
[n = 34]

Cmax, µg/mL 4.73 ± 0.86 4.84 ± 0.89 Cmax, ng/mL 10.8 ± 5.00 11.1 ± 4.44
AUC t, h·µg/mL 101.7 ± 20.57 102.2 ± 20.13 AUC t, h·ng/mL 128.1 ± 75.12 134.8 ± 65.10
AUC ∞, h·µg/mL 102.6 ± 20.73 103.4 ± 20.36 AUC ∞, h·ng/mL 128.7 ± 75.29 135.3 ± 65.17
Tmax, h 5.0 (3.0–10.0) 5.0 (4.0–10.0) Tmax, h 6.0 (1.0–10.0) 6.0 (1.0–12.0)
λz, 1/h 0.13 ± 0.05 0.12 ± 0.04 λz, 1/h 0.17 ± 0.03 0.17 ± 0.03
t½, h 6.30 ± 2.53 6.81 ± 2.39 t½, h 4.37 ± 0.93 4.26 ± 0.90
CL/F, mL/min 119 ± 28.7 118 ± 28.2 CL/F, mL/min 5530 ± 2030 5140 ± 1770
Vd/F, L 63.4 ± 26.6 67.6 ± 22.7 Vd/F, L 2000 ± 655 1810 ± 513

Table 2  Summary of 5-HVLX-gluc plasma pharmacokinetic param-
eters and metabolite-to-parent ratios

Data are expressed as mean ± SD (and CV% for metabolite-to-parent 
ratios) except for Tmax, which is expressed as median (range)
a Metabolite-to-parent ratios are adjusted based on the molecular 
weights of viloxazine (237) and 5-HVLX-gluc (429)
AUC t area under the concentration–time curve from time zero to the 
last measurable time, AUC ∞ area under the concentration–time curve 
from time zero to infinity, Cmax maximum measured plasma concen-
tration, CV coefficient of variation, ER extended-release, λz = elimi-
nation rate constant, SD standard deviation, t½ terminal elimination 
half-life, Tmax time of the maximum measured plasma concentration, 
5-HVLX-gluc 5-hydroxyviloxazine glucuronide

Parameter Viloxazine ER alone
[n = 34]

Combination
[n = 34]

Cmax, µg/mL 3.43 ± 0.92 3.48 ± 0.99
AUC t, h·µg/mL 71.67 ± 15.22 72.00 ± 16.49
AUC ∞, h·µg/mL 71.78 ± 15.21 72.11 ± 16.47
Tmax, h 6.0 (4.0–12.0) 5.0 (4.0–10.0)
λz, 1/h 0.12 ± 0.03 0.12 ± 0.03
t½, h 6.48 ± 2.52 6.07 ± 1.50
Metabolite-to-parent (5-HVLX-gluc to viloxazine) ratiosa

Cmax 0.41 ± 0.13 (32.18) 0.41 ± 0.13 (31.13)
AUC t 0.41 ± 0.14 (34.65) 0.41 ± 0.15 (36.01)
AUC ∞ 0.41 ± 0.14 (34.86) 0.41 ± 0.15 (36.11)
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examinations, and no increase in suicidality as measured by 
the C-SSRS. Three participants (8.3%) had a normal ECG 
at baseline but abnormal ECG at the end of the study; all 
abnormal ECG results were determined by the investigator 
to be not clinically significant. There were no differences 
in ECG results for participants treated with combination 
viloxazine ER + methylphenidate versus viloxazine ER or 
methylphenidate alone.

4  Discussion

We report no impact of the viloxazine ER and methylphe-
nidate combination treatment on the pharmacokinetics of 
viloxazine, 5-HVLX-gluc, or methylphenidate, relative to 
each drug’s administration alone, as reflected in our primary 
endpoints Cmax, AUC t, and AUC ∞. All three treatments 
appeared to be safe and well tolerated, with a low incidence 

of AEs and the absence of any reported serious AEs. There 
were no substantial differences between numbers of par-
ticipants reporting AEs after treatment with viloxazine ER 
versus methylphenidate alone, nor when comparing viloxa-
zine ER versus the combination. Although methylphenidate 
carries warnings of serious cardiovascular events [30], mul-
tiple clinical trials [25–29] and a recent study on cardiac 
repolarization [31] suggest viloxazine ER is not associated 
with increased cardiovascular risk, even at supratherapeutic 
doses. In the present study, the combination did not appear 
to increase these risks, as measured by blood pressure, pulse 
rate, or ECG parameters. Overall, the combination did not 
increase the severity of any AE, as all reported AEs were 
mild, and no patient discontinued the study due to an AE.

Pharmacokinetic drug–drug interactions (DDIs) may 
cause significant changes in safety and/or efficacy; therefore, 
they are strongly considered in the decision to co-prescribe 
ADHD medications. Viloxazine ER is primarily metabolized 
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to 5-hydroxyviloxazine by the cytochrome P450 (CYP) 
system isoenzyme CYP2D6 as a first step before its glucu-
ronidation, with minor involvement of several other CYP 
isoenzymes. Subsequent glucuronidation to 5-HVLX-gluc 
is mediated by uridine 5′-diphospho-glucuronosyltransferase 
(UGT) 1A9 and UGT2B15 [32]. Viloxazine ER also func-
tions as a reversible inhibitor of CYP1A2 (half maximal 
inhibitory concentration  [IC50] 0.269 µM) [32]. Conversely, 
methylphenidate is metabolized primarily by carboxylester-
ase 1 via de-esterification into ritalinic acid, which has little, 
if any, pharmacologic activity [30, 33]. While clinical data 
suggest that methylphenidate does not recruit the CYP sys-
tem for its metabolism [34], non-clinical studies have shown 

that methylphenidate impacts several CYP isoforms [35, 
36]. Methylphenidate has been shown to inhibit CYP2D1 
in canine striatal cells and human liver microsomes in vitro 
 (Ki value approximately 15 µM), as well as HepG2 cells 
transfected with human CYP2D6  (IC50 value approximately 
25 µM) [36]. In a rodent model, methylphenidate admin-
istered as a single high dose (modeling illicit methylphe-
nidate abuse in humans) decreased total hepatic CYP, as 
well as the catalytic activity and/or polypeptide levels of the 
three isoenzymes measured (CYP1A, 2E1, and 3A) [35]. 
When methylphenidate was administered at lower doses over 
2 weeks (modeling therapeutic dosing) only total hepatic 
CYP, CYP1A catalytic activity, and CYP1A polypeptide 

Table 3  Relative bioavailability of viloxazine and methylphenidate

Data are expressed as geometric mean based on least squares mean
AUC t area under the concentration–time curve from time zero to the last measurable time, AUC ∞ area under the concentration–time curve from 
time zero to infinity, CI confidence interval, Cmax maximum measured plasma concentration, ER extended-release
a Difference = pharmacokinetic parameter for (combination) − pharmacokinetic parameter for (viloxazine ER or methylphenidate alone)
b Ratio,  % = geometric mean for (combination)/geometric mean for (viloxazine ER or methylphenidate alone)

Parameter Viloxazine ER alone Combination Differencea Ratiob (%) 90% CI

Viloxazine
Cmax, µg/mL 4.65 4.70 0.05 100.98 96.21–105.99
AUC t, h·µg/mL  99.50 98.13 − 1.38 98.62 96.21–101.08
AUC ∞, h·µg/mL 100.31 99.27 − 1.04 98.96 96.55–101.44

Parameter Methylphenidate alone Combination Differencea Ratiob (%) 90% CI

Methylphenidate
Cmax, µg/mL 10.05 10.40 0.36 103.55 97.42–110.07
AUC t, h·µg/mL 116.85 124.64 7.79 106.67 101.01–112.64
AUC ∞, h·µg/mL 117.43 125.19 7.76 106.61 100.99–112.54

Table 4  Treatment-related adverse events reported by ≥ 5% of healthy adult participants

Data are expressed as n (%)
ER extended-release, N total number of participants, n number of participants with that observation

Adverse event Viloxazine ER alone [N = 35] Methylphenidate alone [N = 34] Combination
[N = 36]

Overall
[N = 36]

Any adverse event 10 (28.6) 3 (8.8) 16 (44.4) 21 (58.3)
 Dizziness 5 (14.3) 0 3 (8.3) 7 (19.4)
 Nausea 2 (5.7) 1 (2.9) 3 (8.3) 6 (16.7)
 Somnolence 5 (14.3) 0 0 5 (13.9)
 Insomnia 1 (2.9) 1 (2.9) 2 (5.6) 3 (8.3)
 Dry mouth 0 0 3 (8.3) 3 (8.3)
 Headache 0 0 3 (8.3) 3 (8.3)
 Asthenia 0 0 2 (5.6) 2 (5.6)
 Chills 0 0 2 (5.6) 2 (5.6)
 Hypervigilance 0 0 2 (5.6) 2 (5.6)
 Vomiting 1 (2.9) 0 1 (2.8) 2 (5.6)
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levels were reduced, with CYP3A and 2E1 remaining rela-
tively unaffected.

These data notwithstanding, in clinical use methylpheni-
date is not known to have any appreciable ability to induce, 
inhibit, or be a substrate for the CYP system [30]. As such, 
methylphenidate is unlikely to result in any clinically mean-
ingful interactions with other drugs based on interactions 
within this metabolic pathway. Consistent with this expecta-
tion, the current study did not detect any significant effect of 
concurrent administration on the bioavailability of viloxa-
zine or methylphenidate. Although more subjects (16 vs. 
3) reported mild treatment-related AEs during combination 
treatment relative to treatment with methylphenidate alone, 

respectively, this effect is unlikely to be due to a pharma-
cokinetic DDI, as viloxazine and methylphenidate plasma 
exposures did not increase with a single-dose concurrent 
administration.

While stimulants are generally considered first-line ther-
apy for ADHD, clinicians often transition from mono- to 
combination pharmacotherapy for ADHD with certain clini-
cal cases. Most commonly, this occurs in the approximately 
30% of patients who are partial or non-responders [37], or 
who experience dose-limiting adverse effects or comorbid 
diagnoses, especially in patients with hyperactivity [13]. 
Polypharmacy in this setting frequently combines different 
drug types or classes, such as medium- or long-acting stimu-
lants coadministered with short-acting stimulants or non-
stimulants, in order to most effectively address symptoms, 
adverse effects, or comorbidities [11–13].

The non-stimulant viloxazine ER is a novel compound 
with activity at 5-HT receptors and the NET [23], which 
appeared to be well tolerated in several recent randomized, 
double-blind, placebo-controlled phase II [25] and III 
[26–29] clinical trials. Preliminary results from the phase 
II and III trials reported significant, clinically meaning-
ful, and rapid reductions in ADHD symptoms in children 
aged 6–11 years (NCT02633527 [25], NCT03247530 [26], 
NCT03247543 [27]) and adolescents aged 12–17 years 
(NCT03247517 [28]), relative to placebo, as assessed by 
the ADHD Rating Scale-IV [25] and -5 [26–28]. Across all 
five trials, viloxazine ER was well tolerated, with the most 
frequently reported AEs being somnolence, decreased appe-
tite, and headache. Discontinuation rates due to treatment-
emergent AEs (TEAEs) were low (< 7% across all trials), 
with fewer than 2% of subjects reporting a serious TEAE, 
and no reported deaths.

The present analysis is subject to limitations. For 
instance, the environment in which this study was con-
ducted may not fully capture how these drugs are admin-
istered in practice; in the real world, ADHD pharmaco-
therapies are typically titrated slowly and administered 
chronically over weeks, months, or years of treatment. 
This long-term treatment may produce pharmacokinetic 
outcomes not captured in this study with large, acute, sin-
gle administration of one drug or administration of two 
drugs in combination. Additionally, we report only phar-
macokinetic results from healthy adults, as no children 
were included in this study, nor did any participants have 
a known ADHD diagnosis. Finally, diet and activity were 
tightly controlled in this inpatient study, while such factors 
may vary considerably across patient populations.
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5  Conclusions

We evaluated the pharmacokinetics and safety of the 
non-stimulant viloxazine ER (700 mg) and the stimulant 
methylphenidate (36 mg), each administered alone and 
in combination. We report no DDIs as measured by the 
relative bioavailability of viloxazine or methylphenidate, 
pharmacokinetic profiles, or safety assessments when 
administering the combination, compared with treatment 
with either drug alone. Although the clinical benefit of 
viloxazine ER combined with stimulant therapy remains 
to be investigated, our data suggest the combination is 
unlikely to result in any clinically significant DDIs.
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