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Abstract
Viloxazine has a long history of clinical use in Europe as an antidepressant, and has recently been repurposed into an 
extended-release form for the treatment of attention-deficit/hyperactivity disorder in the USA. An immediate-release formu-
lation was approved for the treatment of depression in the UK in 1974, and was subsequently marketed there and in several 
European countries for 30 years with no major safety concerns. In contrast to first-generation antidepressants (e.g., tricyclic 
antidepressants, monoamine oxidase inhibitors), viloxazine was associated with a relatively low risk for cardiotoxicity. 
Gastrointestinal symptoms were the most commonly reported side effects. The therapeutic effects of viloxazine are thought 
to be primarily the result of its action as a norepinephrine reuptake inhibitor, although in vitro and preclinical in vivo animal 
data suggest that viloxazine may also impact the serotoninergic system. This review summarizes the evolving knowledge of 
viloxazine based on information from previously published preclinical and clinical investigations, and acquired unpublished 
historical study reports from both open-label and blinded controlled clinical trials. We review the chemical properties, mecha-
nism of action, safety, and tolerability across these studies, and discuss the contemporary rationale for the development of 
this agent as an extended-release oral formulation for the treatment of attention-deficit/hyperactivity disorder.
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1 Introduction

Viloxazine extended-release (ER) is a novel nonstimulant 
that was approved in April 2021 by the US Food and Drug 
Administration under the trade name  QelbreeTM for the treat-
ment of attention-deficit/hyperactivity disorder (ADHD) in 
children and adolescents. The original immediate-release 
(IR) viloxazine formulation was discovered incidentally dur-
ing an attempt to synthesize molecules chemically related to 
propranolol with central nervous system (CNS)-modulating 
properties [1] (see Fig. 1 for the chemical structure). Sub-
sequently, an IR formulation was developed and approved 
for the treatment of adults with depression in the UK in 

1974, and marketed there and in several European countries 
for over 30 years. While commercially available, viloxazine 
was used in both adult and elderly patients as a two-times or 
three-times daily treatment [2], and was distributed under 
the trade names Viloxazin [3], Emovit [4], Viloxazina [5], 
Viloxazinum [5], Vivarint [6], Vicilan [2], and Vivalan [7].

In 1984, viloxazine was assigned an orphan drug des-
ignation in the USA under the brand name Catatrol for the 
treatment of cataplexy and narcolepsy, but, for unknown 
reasons, was never approved for either indication [8]. The 
IR formulation of viloxazine was discontinued in the early 
2000s for business reasons unrelated to safety and efficacy 
[5, 9], and at the time of this publication has not been previ-
ously approved and marketed in the USA for any indication. 
Here, we review what is known about the chemical prop-
erties and clinical activity of viloxazine from its previous 
use in adult patients with depression, including individuals 
with comorbid conditions such as anxiety, alcoholism, and 
epilepsy, as well as recent clinical trials of the new ER for-
mulation, viloxazine ER.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40263-021-00825-w&domain=pdf
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Key Points 

An immediate-release formulation of viloxazine was 
originally approved in the UK for the treatment of 
depression in adults in 1974, and was subsequently mar-
keted in the UK and several European countries.

Viloxazine immediate-release demonstrated an accept-
able safety and tolerability profile in controlled clinical 
trials of adults with depression. There were no major 
safety concerns throughout the 30 years viloxazine was 
commercially available. The immediate-release formula-
tion of viloxazine was removed from European markets 
during the early 2000s because of business reasons 
unrelated to safety or efficacy.

The clinical efficacy of viloxazine is thought to be due to 
its action as a selective norepinephrine reuptake inhibi-
tor, though in vivo and preclinical data have demon-
strated direct or indirect effects on brain serotonin and 
dopamine systems.

An extended-release formulation of viloxazine has 
recently been approved in the USA for the treatment of 
attention-deficit/hyperactivity disorder in children and 
adolescents.

action is not linked to inhibition of serotonin or dopamine 
reuptake [11, 12]. Viloxazine has been shown to increase 
brain norepinephrine concentrations [13] via norepineph-
rine reuptake blockade [11, 14], with no direct effect on 
in vitro norepinephrine release [14]. A contemporary study 
confirmed that viloxazine demonstrates moderate inhibi-
tory activity at the norepinephrine transporter (half-maxi-
mal inhibitory concentration in the 0.3-µM range), signifi-
cantly increases extracellular norepinephrine levels across 
several brain regions (assessed in the prefrontal cortex, 
nucleus accumbens, and amygdala), and possesses weak 
antagonistic effects at the adrenergic β2 and adrenergic α1B 
norepinephrine receptors [15].

Data from the 1970s showed that viloxazine does not 
significantly inhibit the uptake of serotonin into human 
blood platelets [1] or CNS tissue [11, 12]. Viloxazine 
increased neuronal sensitivity to serotonin [16, 17], and 
potentiated both the 5-hydroxytryptophan (precursor to 
serotonin)-induced behavioral syndrome in mice and the 
5-hydroxytryptophan-induced hind-limb extensor reflex 
in rats, thought to reflect increased activation of seroto-
nin receptors [12]. Notably, viloxazine has been shown 
to facilitate basal serotonin release from rat striatal brain 
slices [14]. A recent preclinical study showed that viloxa-
zine increases serotonin levels in the prefrontal cortex, 
nucleus accumbens, and amygdala in vivo [15], and is an 
agonist at serotonergic 5-HT2C receptors, an antagonist at 
5-HT2B receptors, and a weak antagonist at 5-HT7 recep-
tors [15]. Importantly, this action on serotonin receptors 
may play a role in serotonin release: antagonism of 5-HT2B 
receptors located on GABAergic interneurons has been 
shown to disinhibit tonic inhibitory control of serotonin 
neurons innervating the medial prefrontal cortex, indi-
rectly stimulating serotonin release in this region [18].

Initial reports suggested that viloxazine could produce 
modest and transient dopamine increases in the CNS, 
though to a lesser degree than norepinephrine or serotonin 

Fig. 1  The chemical structure of viloxazine

To review the basic and clinical science of viloxazine, 
preclinical and clinical studies and reviews were searched 
on PubMed (search terms: “Viloxazine,” “Viloxazin,” “Emo-
vit,” “Viloxazina,” “Viloxazinum,” and “Vivalan”). In addi-
tion, meeting proceedings from the International Vivalan 
[Viloxazine] Symposium in England in 1975 [10], and 
study reports from 1973 to 1976 were obtained as part of 
the acquisition of viloxazine by Supernus Pharmaceuticals, 
Inc. From these study reports, we identified 23 open-label 
trials (total, N = 605) and 14 single-blind or double-blind 
(total, N = 821; viloxazine, n = 447) controlled trials investi-
gating the utility and safety of viloxazine for depression and/
or anxiety, all of which were conducted prior to 1976. Safety 
and tolerability data from the unpublished trials described 
in these study reports may be informative to the application 
of viloxazine ER in the treatment of ADHD, and are sum-
marized in Tables 1 and 2, respectively.

2  Pharmacology and Mechanism of Action

The primary CNS targets of viloxazine appear to be in the 
monoaminergic systems, although viloxazine differs from 
many other known antidepressants in that its mechanism of 
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[13]. Other in vitro studies found no effect on dopamine 
release in striatal tissue [14], and little affinity for, or 
potency at, either dopamine receptors or the transporter 
[11, 14, 15, 19]. Recently, viloxazine was shown in a pre-
clinical rodent model to increase dopamine levels in vivo 
appreciably in the prefrontal cortex, moderately in the 
amygdala, and minimally in the nucleus accumbens [15], 
which likely reflects a combination of direct (via the nor-
epinephrine transporter, which also manages reuptake of 
dopamine in the prefrontal cortex) and indirect effects. The 
minimal impact of viloxazine on dopamine in the nucleus 
accumbens, a region known for its key role in substance 
use disorders [20, 21], may be associated with a low abuse 
liability [22]. Notably, dysregulated dopamine signaling in 
the prefrontal cortex and amygdala has been implicated in 
the pathophysiology of ADHD [23–28], and is a primary 
target of many effective ADHD medications [27, 29, 30].

In contrast to many first-generation antidepressants (i.e., 
tricyclic antidepressants [TCAs] and monoamine oxidase 
inhibitors), viloxazine demonstrates negligible activity in 
the cholinergic system [12, 13], and lacks any appreciable 
activity towards histamine [13, 31]. It reduces the respon-
siveness of rat cortical neurons to acetylcholine [32, 33], 
shows negligible binding to the choline transporter, and 
essentially no impact on acetylcholine levels in the prefron-
tal cortex, nucleus accumbens, or amygdala [15, 34]. Early 
in vitro studies suggested viloxazine was not a significant 
inhibitor of monoamine oxidase [1, 12], but it was later char-
acterized as a very weak, competitive, and reversible inhibi-
tor of monoamine oxidase A and B [35]. A recent study 
found viloxazine to demonstrate weak competitive inhibition 
(< 25%) at histamine receptors  H1 and  H2 and muscarinic 
receptors  M1–4, and notably low affinity towards monoamine 
oxidase A [15].

3  Dosing

We were able to identify 37 clinical investigations assessing 
viloxazine dosing in adult patients with depressive disor-
ders (including studies in subjects with comorbid anxiety 
disorders as well as epilepsy) [see Tables 1 and 2 for those 
that remain unpublished]. Across these trials, viloxazine was 
investigated at a dose range of 50–600 mg/day, administered 
two to four times daily. The typical target dose for depression 
was 300–400 mg/day in adults or 100–200 mg/day in elderly 
patients, generally administered twice or three times daily 
[4]. Contemporary studies in the treatment of ADHD have 
administered viloxazine ER at daily doses of 100–400 mg in 
children (aged 6–11 years), and 200–600 mg in adolescents 
(aged 12–17 years) and 200–600 mg in adults (aged 18–65 
years) [36–40].
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4  Pharmacokinetics

The pharmacokinetic profile of IR viloxazine has been 
well characterized in adult patients with depression. Orally 
administered viloxazine exhibited a short plasma half-life 
of 2.5 hours after being well absorbed through the small 
intestine [41]. Maximum blood concentrations were pro-
portional to the oral dosage, achieved 1–4 h after a sin-
gle dose [41, 42], with an average oral bioavailability of 
85% [42]. The clearance rate after intravenous dosing was 
found to be 124 ± 11 mL/hour/kg, and the volume of dis-
tribution was 0.73 ± 0.28 L/kg [42]. Viloxazine is exten-
sively metabolized, with only 12–15% of the drug being 
excreted unchanged, and, along with its metabolites, is 
rapidly eliminated via the kidneys [43, 44]. In both animal 
and human studies, viloxazine is thought to be responsible 
for all observed effects, as its metabolites are thought to 
be essentially inactive [43, 44]. Across species (including 
rodents, rabbits, canines, and primates) and in humans, 
viloxazine has a rapid clearance rate, with the majority 
(90%) of orally administered drug excreted through the 
urine within 24 hours, and only 2% excreted through fecal 
matter [43]. A clinical study of two healthy male volun-
teers given 40 or 100 mg of 14C-viloxazine indicated that 
the half-life for excretion in the urine was approximately 
4–5 hours [43].

5  Efficacy and Safety of Viloxazine in CNS 
Conditions: Depression, Anxiety, 
Alcoholism, and Epilepsy

5.1  Clinical Efficacy

In numerous double-blind and open-label studies, viloxa-
zine was effective in treating various types of depressive 
disorders (some of which are not included in the Diag-
nostic and Statistical Manual of Mental Disorders, Fifth 
Edition [45]), including endogenous, neurotic, psychotic, 
and reactive depression, chronic and severe depression, 
and depression with comorbid conditions (reviewed in [2] 
and [46]). Across several studies in cohorts with depres-
sion, viloxazine reduced not only depressive symptoms 
but concomitant symptoms of anxiety ([7, 47, 48], also 
reviewed in [2]) and alcohol abuse in patients with comor-
bid alcohol dependence [49]. In a multicenter trial of 115 
patients with moderate-to-severe depression, viloxazine 
was also effective in patients whose depression had not 
responded to prior antidepressant treatment [7]. Compared 
with other available antidepressants at the time (e.g., imi-
pramine, amitriptyline), viloxazine was considered to be 

as effective in reducing symptoms of depression, but with 
better tolerability [2, 46, 47].

Viloxazine has only twice been directly compared with 
later antidepressants (and to our knowledge, never with con-
temporary antidepressants). A double-blind study compar-
ing citalopram and viloxazine in severely depressed patients 
administered each drug via a slow-drop infusion for 2 weeks 
followed by oral administration for the following 4 weeks 
[50]. Both drugs improved scores on depression assessments 
(e.g., Montgomery–Åsberg Depression Rating Scale) and 
the Clinical Global Impressions–Improvement scale at both 
time points (i.e., 14 and 42 days), although this improvement 
was significantly greater for citalopram [50]. A single-blind 
trial comparing 4 weeks of nomifensin vs viloxazine (150 
mg/day) administration in elderly depressed patients again 
showed significant improvements on the Hamilton Rating 
Scale for depression with both treatments [51].

5.2  Safety Profile

Because viloxazine was first developed in the 1970s and has 
been off the market since the 2000s (depending on the coun-
try), available toxicity data were obtained using the meth-
odological standards and comparator treatments available at 
the time (i.e., TCAs). Viloxazine was generally considered 
to have a comparatively lower cardiovascular risk than the 
TCAs and was associated with normal electrocardiogram 
recordings (e.g., intra-cardiac conduction), even in cases of 
overdose [52, 53]. In historic studies, viloxazine also did 
not increase the risk of adrenaline-induced cardiac arrhyth-
mias [2, 52]. In a contemporary study using supratherapeutic 
doses of viloxazine ER (1800 mg) in healthy adults, there 
was no effect on cardiac repolarization or other electrocar-
diogram parameters [54]. Minimal anticholinergic effects 
were found in human double-blind randomized studies of 
viloxazine 100 mg vs imipramine 50 mg [55, 56], though 
both drugs induced transient tachycardia 4 h post-dose [55].

Viloxazine was shown to have a relatively high median 
lethal dose  (LD50) in animal studies, specifically, 500–1000 
mg/kg in the mouse and 2000 mg/kg in the rat when admin-
istered orally, and 60 mg/kg in mice and 60–77 mg/kg in 
rats when administered intravenously [1, 5, 52]. There are 
relatively few documented suicide attempts by humans tak-
ing viloxazine [2, 52]. In a 1976 report of 12 cases of drug 
overdose, doses ranged from 1 to 6.5 g [52]. Gastric lavage 
and/or forced diuresis was performed and all 12 patients 
fully recovered [52]. However, a separate account reported 
one overdose death following ingestion of an unknown 
amount of medication where the patient received no medi-
cal treatment [2]. Given these data in the context of the long 
history of viloxazine of safe use as an antidepressant, addi-
tional studies to identify populations that may be particularly 
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vulnerable to viloxazine toxicity may be informative in the 
future.

In preclinical rodent and nonhuman primate models, 
viloxazine administered at normal therapeutic concentra-
tions was associated with anticonvulsant activity [1, 13, 
57]. Clinical studies using viloxazine IR with or without 
concomitant anticonvulsant therapy described the drug to 
be non-epileptogenic or, at least, less epileptogenic than 
contemporaneous antidepressants; as a result, it was also 
studied as a possible treatment for depressed patients with 
epilepsy [42, 58, 59]. Importantly, viloxazine was found to 
induce elevations of plasma carbamazepine and carbamaze-
pine-10,11-epoxide concentrations [59], while a later study 
showed that several epileptic drugs (administered in patients 
with epilepsy) did not alter the pharmacokinetics of viloxa-
zine relative to controls [42]. Viloxazine was ultimately not 
contraindicated for depressed patients with epilepsy [46, 58].

In the aforementioned trial comparing nomifensin 
vs viloxazine in elderly patients, sinus tachycardia was 
reported in two patients (one in each group) [51]. Simi-
larly, there were no major differences in safety outcomes 
when compared with citalopram [50]. Throughout the lit-
erature, there has been no mention of dose tapering, nor 
has it been evaluated in contemporary studies.

5.3  Tolerability

Viloxazine IR was generally well tolerated in clinical stud-
ies, with the most frequent side effects including gastroin-
testinal disturbances such as nausea and vomiting, as well 
as headache, dry mouth, and fatigue [2, 46–48, 50]. In a 
multicenter study of 115 adults with moderate-to-severe 
depression administered 150–300 mg of viloxazine, nau-
sea and fatigue occurred in 13.2% and 9.4% of patients, 
respectively, with a relatively low incidence of headache 
(4.7%), vomiting (3.8%), and dry mouth (1.9%) [7]. In two 
separate studies of patients with mild-to-moderate depres-
sion, 150–200 mg/day of viloxazine was found to be effi-
cacious in reducing symptoms of depression and anxiety, 
with mild side effects that were primarily gastrointestinal 
in nature [47, 48]. In an analysis of 771 patients across 29 
studies, the dropout rate from gastrointestinal symptoms 
such as nausea and vomiting was 6.9% [60]. In some cases, 
viloxazine at twice-daily 100-mg doses disrupted sleep 
patterns (i.e., broken and reduced sleep, decreased rapid 
eye movement sleep) [61] and at 100 mg/day depressed 
the critical flicker frequency (a test of general CNS stimu-
lation or depression), though this effect was not seen at 
lower doses [56]. Double-blind, placebo-controlled crosso-
ver studies of low doses (20–80 mg) in healthy volunteers 
indicated no significant differences between viloxazine and 
placebo on assessments of reaction time, coordination, or 

cognitive task performance [47, 62]. Of note, 150–300 mg 
viloxazine was found to have fewer anticholinergic effects 
and sedation compared with the TCAs, but nausea and 
vomiting were common complaints and thought to be dose 
related [2].

Although the mechanism of action responsible for the 
reported gastrointestinal side effects (e.g., nausea, vomit-
ing) is unknown, these adverse events have been most pro-
nounced at the onset of treatment and are generally transient 
in nature, frequently resolving as treatment continues [60], 
and have been shown to be minimized by gradual intro-
duction of the drug [2]. Ongoing research has considered 
whether an ER formulation of viloxazine may help mitigate 
some of the aforementioned gastrointestinal side effects. 
Recent phase III [36–39] studies investigating the ER formu-
lation at 100–600 mg/day in pediatric patients (i.e., children 
and adolescents, aged 6–17 years) diagnosed with ADHD 
found the incidence of nausea and vomiting for viloxazine 
to be 9.8%, vs 4.1% for placebo.

6  Future of Viloxazine: A Potential New 
Application in ADHD

The therapeutic effects of viloxazine for ADHD are 
thought to be the result of its action as a norepinephrine 
reuptake inhibitor. However, demonstrated in vitro and 
preclinical in vivo activity on norepinephrine and sero-
tonin, as well as direct and downfield indirect effects on 
dopamine, may be relevant to current applications in 
ADHD, given the role these neurotransmitters have in 
regulating attentional and behavioral control [25, 63–67]. 
Norepinephrine has long been implicated in ADHD 
pathophysiology [25, 63, 66], and serotonin has also been 
suggested to play a role in the hyperactivity/impulsiv-
ity deficits associated with ADHD [64, 65]. In addition, 
the effects of viloxazine on dopamine, particularly in the 
prefrontal cortex, could also contribute to its therapeutic 
effects [23–26, 28]. Further research is required to address 
these questions.

Viloxazine was found to be effective for ADHD symp-
toms and generally well tolerated, as demonstrated in sev-
eral recent randomized, double-blind, placebo-controlled, 
phase II and III clinical trials [36–39, 68]. In a recent 
phase II trial in children aged 6–12 years with ADHD (n 
= 222), treatment-emergent AEs (TEAEs) were generally 
mild or moderate, with only three severe TEAEs reported 
(tearfulness, irritability, and decreased appetite) [68]. 
In four subsequent phase III trials in children aged 6–11 
years [36, 37] and adolescents aged 12–17 years [38, 39], 
viloxazine ER was well-tolerated over 6–8 weeks of treat-
ment (pooled N = 1117). The most frequently reported 
AEs were somnolence (14.5%), headache (10.8%), and 
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decreased appetite (8.1%), with low discontinuation rates 
because of TEAEs (4% averaged across all trials), less than 
1% of subjects reporting a serious TEAE, and no deaths 
[36–39].

In three of these four phase III trials, statistically signif-
icant improvements in ADHD-Rating Scale, Fifth Edition 
total scores (the primary endpoint) were reported as soon 
as 1 week following the onset of once-daily treatment with 
viloxazine ER 100 mg, 200 mg, and 400 mg, relative to 
placebo [36–38]. In the fourth phase III trial (adolescents, 
N = 292), the primary efficacy endpoint (improvement on 
ADHD-Rating Scale, Fifth Edition total scores) did not 
reach statistical significance for once-daily viloxazine ER 
600 mg, despite being statistically significant for patients 
treated with the 400-mg dose [39]. Why the 400-mg dose 
was more effective than the higher 600-mg dose relative to 
placebo in reducing ADHD symptoms is unclear.

The introduction of another nonstimulant option has 
potential utility in augmenting the therapeutic armamen-
tarium. First-line treatment for ADHD usually includes 
stimulant pharmacotherapy, as stimulants are associated 
with near-immediate onset of effect and greater efficacy 
in improving ADHD outcomes than current nonstimulants 
[69–71]. However, there are also relative or labeled con-
traindications to stimulant use in the presence of several 
comorbid conditions (e.g., insomnia, anorexia), as stimu-
lants are thought to possibly exacerbate these conditions, 
at least in some individuals [72–76]. Further, most stim-
ulant formulations have a relatively short (e.g., 3–12 h) 
duration of action [76] (although new formulations such 
as  Mydayis® and Adhansia  XR® have labeled efficacy up 
to 16 h [77, 78]), thus consistent treatment throughout the 
day can be difficult to achieve. In certain situations, stimu-
lants can fail to provide satisfactory symptom control [79], 
and have a known potential for abuse [22]. Several Food 
and Drug Administration-approved nonstimulant ADHD 
treatment options are currently available, including ato-
moxetine, guanfacine ER, and clonidine ER, and may be 
prescribed either alone or in combination with stimulant 
therapy [80–83]. However, nonstimulants, which are gen-
erally less effective and have a slower onset of effect than 
stimulants [84], are also not without limitations. For exam-
ple, they have been associated with minor changes in blood 
pressure or cardiovascular risk [85–87], precipitation of 
secondary mania [88, 89], and suicidal ideation [90], 
although these events are rare and generally restricted to 
vulnerable populations with pre-existing conditions.

Viloxazine ER could help address these limitations and 
also provide an alternative non-stimulant option. To date, 
there have been no direct efficacy comparisons between 
viloxazine ER and other ADHD treatments (e.g., atomox-
etine, stimulants), nor has their efficacy in combination been 
tested. Other studies of the efficacy and safety of viloxazine 

ER in adults are ongoing, as are long-term efficacy and 
safety studies in both pediatric and adult populations.

7  Conclusions, Future Perspectives, 
and Implications for Daily Practice

The pharmacokinetic, pharmacodynamic, and safety 
profiles of viloxazine have been investigated in numer-
ous studies over several decades, predominantly in adults 
with depression, alone, or in the presence of comorbid 
conditions (e.g., anxiety disorders, alcoholism, epilepsy). 
During its period of commercial use in Europe beginning 
in the 1970s, the safety profile of viloxazine was well 
established [2, 46]. Although it has demonstrated in vitro 
and in vivo preclinical activity on both norepinephrine 
and serotonin, with additional direct and downstream 
indirect effects on dopamine [12, 91], the mechanism of 
action responsible for its clinical efficacy is thought to be 
the result of its properties as a selective norepinephrine 
reuptake inhibitor. Phase III clinical trials investigating 
viloxazine ER, the ER formulation of viloxazine, have 
recently been completed, and demonstrate efficacy in 
reducing ADHD symptomatology in children and adoles-
cents [36–39]. These studies demonstrate an acceptable 
incidence of adverse events, including cardiac-related 
adverse events, and pooled discontinuation rates because 
of TEAEs of 4.0% in viloxazine ER-treated groups and 
1.2% among placebo groups [36–39, 68]. Given its mecha-
nism of action and excellent safety and efficacy profile, 
viloxazine may be a useful alternative to stimulant or other 
nonstimulant therapy for the treatment of ADHD.
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