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Abstract: To satisfy the needs of pediatric and other patients with focal onset seizures who cannot swallow solid dosage forms of 
zonisamide, an oral liquid form of this drug is necessary in clinical practice. Although there are two oral suspensions of zonisamide 
with marketing authorization (MA), there are issues of availability and high cost which limit their use and inspire extemporaneous 
compounding. Extemporaneously compounded oral suspensions of zonisamide are prepared according to different formulas and vary 
in stability; therefore it is essential to test this characteristic. Bioequivalence of extemporaneously compounded oral suspensions has 
never been tested, and the efficacy and safety of zonisamide oral suspensions have generally not been demonstrated in clinical trials. 
As a narrow therapeutic window drug, zonisamide requires precision in dosing, which could be achieved only with dosage forms with 
established bioavailability, efficacy, and safety. In order to avoid underdosing and toxicity with zonisamide oral suspensions and utilize 
their full therapeutic potential, it is necessary to perform bioequivalence studies with each variation of extemporaneously compounded 
oral suspension and also clinical trials with both commercial and extemporaneous oral suspensions of zonisamide. 
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Introduction
Zonisamide is an oral anticonvulsant with benzisoxazole nucleus and sulfonamide radical approved as mono- or adjunctive 
therapy of focal onset seizures with or without secondary generalization in adult or pediatric patients.1 The precise 
mechanism of action of zonisamide is still unknown. It probably has more than one mechanism of action, such as blockage 
of voltage-gated sodium and T-type calcium channels, binding for gamma-aminobutyric acid (GABA)-benzodiazepine 
receptor complex leading to an increase in extracellular GABA, etc. A multitude of mechanisms of action may explain the 
efficacy of zonisamide in different types of seizures: generalized tonic-clonic seizures, simple and complex focal onset 
seizures, seizures within the framework of Lennox–Gastaut syndrome, myoclonic epilepsies, and infantile spasms.2,3 

Elimination of zonisamide follows linear kinetics; since it is metabolized by two cytochrome isoforms in the liver, it rarely 
interacts with other anticonvulsants and other drugs in general.4 Protein binding of zonisamide is moderate (40–50%), and 
the apparent volume of distribution ranges from 1.1 to 1.7 L/kg in adults; parent drug and pharmacologically inactive 
metabolites are excreted slowly through kidneys, so half-life is almost 60h long, enabling once-daily administration and 
postponing the establishment of steady-state plasma to 13th −14th day after the therapy initiation.5,6 If zonisamide is used as 
monotherapy, starting dose is 100 mg once a day, with a recommended dose of 300 mg once a day, and in pediatric patients, 
dosage recommendation is to start with 1–2 mg/kg/day and to escalate up to 8–12 mg/kg/day until seizure freedom is 
achieved. If taken with other antiepileptics, starting dose is 50 mg daily divided into two doses, with recommended 
maintenance dose between 300 mg and 500 mg.7 When zonisamide is tested in clinical trials on patients with epilepsy, main 
outcomes that are followed are seizure freedom, decrease in frequency of seizures, and time-to-event outcomes (eg, time to 
12-month remission from seizures).8
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Zonisamide Formulations
The only pharmaceutical form of zonisamide with a valid MA in the European Union is a hard capsule (25 mg, 50 mg, 
100 mg).9 However, in addition to hard capsules, the Food and Drug Administration (FDA)10 and Medicines and 
Healthcare Products Regulatory Agency (MHRA)11 have granted MA to oral suspension of zonisamide (20 mg/mL). The 
unavailability of a liquid oral formulation of zonisamide in many countries and the high prices of oral suspension (about 
10 times higher than the price of hard capsules packages with an equivalent amount of active substance) compelled 
physicians in many areas of the world to prescribe extemporaneous oral suspension of zonisamide manufactured in local 
pharmacies.12

Why is Oral Suspension Necessary?
Children below 5–6 years of age are unable to swallow solid drug forms safely, and even older children sometimes have 
difficulty in swallowing gelatin capsules, which may affect treatment adherence; since the dose of zonisamide for 
children is calculated based on body weight, it is sometimes very difficult to prescribe exact necessary dose to a child 
using capsules of zonisamide with just a few fixed doses per capsule.13 These issues create a need for a liquid oral form 
of zonisamide for use in children. Some elderly patients may have difficulty swallowing capsules due to cognitive 
problems or diseases of the esophagus, and some patients have to be fed through a nasogastric tube which is also the only 
route for administering drugs enterally; it is evident that only liquid formulation of zonisamide could be administered to 
such patients, which creates an additional need for oral suspension of this drug on the market.5,12 With liquid 
pharmaceutical form instead of capsules, in all previously mentioned patients, adherence may be better and potential 
dosage errors avoided.14

Variability of Bioequivalence of Different Zonisamide Oral Suspensions
Drugs containing zonisamide as an active substance are widely used to treat focal onset seizures in children.15 If children 
are old enough to swallow capsules, this dosage form is widely available; however, for younger children and all other 
patients who cannot swallow solid dosage forms of drugs, the only solution is an oral suspension of zonisamide as 
a medication with MA, if available, or as extemporaneous oral suspension made in a local pharmacy. Extemporaneously 
compounded oral suspension of zonisamide is an official preparation only according to United States Pharmacopoeia 
(USP),16 while in other countries, it could be prepared in a number of ways. Table 1 provides a short overview of 
zonisamide oral suspensions with MA and published extemporaneous oral suspensions tested for stability.17–20

Each of the oral suspensions of zonisamide listed in Table 1 has a somewhat different mixture of suspending agents 
(viscosity modifiers, density agents, wetting agents, and flocculating/deflocculating agents) used to provide stability of the 
suspension and prevent sedimentation of the suspended particles of zonisamide; flavors and other adjunctive agents also vary. 
Microcrystalline cellulose, xanthan gum, sodium carboxymethyl cellulose, and carrageenan are the main suspending agents 
used, however, in varying ratios and concentrations. Although there are published studies that tested the stability of these oral 
suspensions of zonisamide, so prescribers do know how long the patients may use them, the key question for clinical practice 
is whether these preparations have bioequivalence of zonisamide in hard capsules, which was originally tested in clinical trials 
and first received MA back in the year 2000.1 Since zonisamide is only moderately soluble, its oral suspensions could not be 
classified as Class 1 of the Biopharmaceutics Classification System (BCS) (drugs with high aqueous solubility and high 
intestinal permeability), and therefore bioequivalence studies could not be waived when applying for MA.21 The two oral 
suspensions which already received MA were tested for bioequivalence with zonisamide in hard capsules as reference product, 
and it was found that criteria for bioequivalence were met.22 However, bioequivalence limits are relatively wide (80–125% of 
the original product’s pharmacokinetic parameters), so significant differences in plasma concentrations and effects among 
products officially recognized as bioequivalent may exist.23 On the other hand, no efficacy/safety clinical trials were 
conducted with these two zonisamide products. With extemporaneous oral suspensions of zonisamide, the situation is even 
greyer: neither bioequivalence nor efficacy/safety clinical trials have been conducted to date; furthermore, extensive search of 
the ClinicalTrials.gov database during preparation of this article showed that no current or future clinical trials/bioequivalence 
studies with extemporaneous oral suspensions of zonisamide are registered. Although theoretically, one may expect that 
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extemporaneous oral suspensions of zonisamide have bioequivalence of oral suspensions that have MA or hard capsules, 
experience with extemporaneous oral suspensions of other drugs has shown that bio inequivalence is a reality; however, this 
does not mean automatically that bio inequivalent preparation is not effective and safe.24 While slightly bio inequivalent oral 
suspensions of drugs with wider therapeutic window may still function well in clinical practice, narrow therapeutic window 
drugs like anticonvulsants, including zonisamide, require the use of strictly bioequivalent preparations (especially when 
switching from preparation to preparation) or the patient may experience loss of efficacy or emergence of toxicity.25 It is even 
recommended that bioequivalence studies should be accompanied with or followed by clinical trials if therapeutical 
equivalence of parallel pharmaceutical preparations (including oral suspensions) containing narrow therapeutic window 
drugs is to be confirmed.25

An additional source of variability of the actual dose that a patient is ingesting when using any oral suspension of 
zonisamide is shaking before taking a dose. When a group of pharmacy students was instructed to shake and then sample an 
extemporaneously compounded oral suspension of zonisamide to determine its beyond-use date, it turned out that the potency 
of their weekly samples (ie, dosing accuracy) varied 64%-111% of the label, with a relative standard deviation of 17–76%.26 

Although more precise instructions about shaking and sampling later resulted in increased dosing accuracy (91%-118%, 
relative standard deviation of 5%-29%), variability is still there and may influence the actual ingested dose, plasma 
concentrations, and treatment outcome. It is crucial and critical for treatment success, to educate patients and their carers 
how to properly shake zonisamide suspension before use.

In conclusion, although zonisamide is an antiepileptic drug with proven safety and efficacy when used in the form of 
hard capsules, the clinical utility of zonisamide oral suspensions remains to be demonstrated in the future, especially 
when the suspensions are prepared extemporaneously according to different formulas. Oral suspension formulation may 
even improve patient adherence or reduce dosage errors resulting in better treatment outcomes in theory, but this needs to 
be confirmed in head-to-head clinical studies (either experimental or observational) between different pharmaceutical 
forms of zonisamide.

Table 1 Overview of Available Zonisamide Oral Suspensions

Product Name Strength Authorized in Storage Condition Shelf-Life Reference

Trade name in USAa 100 mg/5mL USAa 20°C to 25°Cc 30 days after first 
opening the bottle

[17]

Trade name in UKb 20 mg/mL UKb Does not require any special 
storage conditions

3 years, after first 
opening of the bottle: 

30 days

[18]

Zonisamide Compounded Oral 

Suspension

10 mg/mL Extemporaneous 

preparation

2°– 8°C Up to 90 days [16]

Simple-syrup suspension of 

zonisamide

10 mg/mL Extemporaneous 

preparation

Room temperature or under 

refrigeration

At least 28 days [12]

Methylcellulose (0.5%) 

suspension of zonisamide

10 mg/mL Extemporaneous 

preparation

Under refrig- eration 28 days [12]

At room temperature 7 days

Methylcellulose (1.0%) 
suspension of zonisamide

10 mg/mL Extemporaneous 
preparation

4°C to 25°C 91 days [19]

Zonisamide suspension with 
OraPlus:OraSweet suspending 

vehicle

10 mg/mL Extemporaneous 
preparation

4°C to 25°C 91 days [19,20]

Zonisamide suspension in 

SyrSpend SF PH4

10 mg/mL Extemporaneous 

preparation

Refrigeration (2‒8°C) or room 

temperature (20‒25°C).

At least 90 days [14,20]

Notes: aUnited States of America; bUnited Kingdom; cdegrees Celsius.
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