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In pediatric wards, topiramate is prescribed as an antiepileptic at non-licensed dosages. Compounding is the 
best way to obtain topiramate drug adapted to pediatric patients, but this practice requires to control the quality 
of batches and to manage a stability study to establish a beyond-use-date. With this objective, 6 mg.mL1 topi-
ramate oral suspension and 9 mg capsules were realized, and our laboratory was mandated for their quality 
control. Previously described dosing methods did not allow us to determine topiramate content in prescribed 
preparations. An original HPLC-UV derivatization dosing method of topiramate was validated and was proved to 
be stability indicating. This derivatization methodology, but also total aerobic microbial count (TAMC) and total 
combined yeasts and mold count (TYMC) allowed the quality control of topiramate capsules and topiramate 
suspension. Beyond-use-dates can be attributed with regards to United States Pharmacopoeia recommen-
dations, and a stability study was performed on 6 mg.mL-1 topiramate suspension to confirm empirical data. 
Topiramate pediatric suspension was found to be stable for two months at +2/+8 oC, one month after opening 
and one day at ambient temperature.

1. Introduction
Topiramate is a sulfamate substituted monosaccharide with antie-
pileptic properties. In pediatric patients, topiramate was shown to 
be effective when used adjunctively for refractory partial-onset 
seizures and generalized tonic-clonic seizures (Ormrod and 
McClellan 2001; Riesgo et al. 2012). A few studies have evaluated 
the safety and efficacy of topiramate in neonates, especially in case 
of hypoxic ischemic encephalopathy (Filippi et al. 2010; Marques 
et al. 2019). Topiramate can cause metabolic acidosis, especially 
in neonates and infants having lower serum bicarbonate levels than 
adults (Baum and Quigley 1995). On a cohort of ten premature 
infants treated by oral topiramate for seizures, four developed 
necrotizing enterocolitis although a causal relationship has not 
been established by the authors (Courchia et al. 2018). Neverthe-
less, in treatment of neonatal seizures, topiramate is considered 
as efficacious as older medications but with higher tolerability 
(Ahrens et al. 2019). Topiramate dosage is patient-dependent 
and can be modified according to efficacy and occurrence of side 
effects. Topiramate prescriptions in pediatric wards involve a wide 
variety of dosages that cannot be covered by marketed oral drugs. 
Therefore, compounding remains the only alternative for each 
pediatric patient to have a suitable treatment. When topiramate 
should be prescribed to neonates, some prescribers prefer capsules 
to dissolve them in a low amount of liquid (to minimize the liquid 
absorption by the neonate), but with older pediatric patients, the 
suspension appears to be more practical. Topiramate, a class III 
compound in the Biopharmaceutic Classification System (Ramirez 
et al. 2010), is highly soluble, and the bioequivalence of a liquid 
oral form and sprinkled capsules was already studied on healthy 
adults (Johnson and Johnson 2011). Then, even if liquid formula-
tion and capsules are not designed to be administered to the same 
patients, literature study suggests their bioequivalence.

In our hospital, pediatric topiramate is prescribed and extempo-
raneously compounded as a 6 mg.mL-1 liquid formulation or as 
capsules with a broad range of dosages. To improve the quality of 
topiramate pharmaceutical preparations and to decrease the time 
spent in compounding, pharmacy department decided to imple-
ment topiramate preparations. Oral suspension (6 mg.mL-1 ) and 9 
mg capsules were chosen to cover the main part of usual prescrip-
tions (Tullock et al. 2012). Compounding of these preparations in 
advance as large batches for multiple patients could be performed, 
with subsequent quality control and stability studies.
Our quality control laboratory managed the validation of topira-
mate dosing method. In the United States Pharmacopoeia (USP), 
topiramate dosing method involves HPLC analysis (USP 2019) 
with a refractometer (topiramate active pharmaceutical ingredient, 
capsules and tablets) or with derivatization with 9-fluorenylmethyl 
chloroformate (oral suspension).
Since our laboratory did not possess a refractometer, we tried first 
the USP method with 9-fluorenylmethyl chloroformate (FMOC-
Cl). This method is described for a 20 mg.mL-1 oral suspension 
in a 1:1 mixture of Ora-Sweet® and Ora-Plus® (Perrigo). In our 
hospital, for pediatric compounding, pharmacists and prescribers 
prefer InOrpha® (Inresa) or Syrspend® (Fagron) vehicles, as they 
did not contain parabens (Binson et al. 2019), and have lower 
osmolalities (Bourbon et al. 2019; Helin-Tanninen et al. 2012). 
For 6 mg.mL-1 topiramate liquid formulation, Syrspend® (dry) was 
chosen.
Unfortunately, our trials to develop topiramate dosing method with 
FMOC-Cl were unsuccessful, as the derivatization product was 
well-observed by HPLC-UV but the intermediate precision (% 
RSD between-day) was not sufficient to validate the method. We 
hypothesized that the excipients of Syrspend® interfered with the 
derivatization reaction. Therefore, we developed a novel method 
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that can be used for routine quality control of topiramate samples: 
a derivatization reaction of topiramate with phenylisocyanate. We 
also performed microbiological analyses and a stability study on 6 
mg.mL-1 suspension. Herein, we present the results of our investi-
gations.

2. Investigations and results

2.1. Topiramate compounding
Compounding area is an ISO 8 (class D) cleanroom with air flow 
treatment. Compounding of three experimental batches of 50 
capsules containing 9 mg topiramate was performed by qualified 
personnel fully equipped (gloves, mask, gown, disposable gown, 
disposable head, and shoe covers) as follows. Pharmaceutical 
grade topiramate (450 mg, compliant with the monograph of the 
European Pharmacopoeia) was weighed on a precision balance. 
To minimize sub-dosing, in a 25 mL measuring cylinder 2 mL 
of microcrystalline cellulose were added, then 450 mg of topira-
mate, and finally microcrystalline cellulose qs 10 mL. A spatula 
tip of red carmine was added, and the mixture was transferred to 
a mortar to be gently mixed. Fifty hard gelatin capsules (size 4, 
ivory) were placed on a manual capsule-filling machine. The caps 
were separated from the empty bodies and the entire mixture was 
inserted into the capsule bodies. The caps were then replaced, and 
the capsules were sealed.
Compounding of one experimental batch of 6 mg·mL-1 topiramate 
oral suspension was also performed by mixing in a mortar of 31.5 
g of Syrspend powder SF PH4 and 3.0 g of topiramate API. Then, 
485 mL of sterile water were added in a planetary mixer and slowly 
mixed as the powder mixture was gradually incorporated. When 
the powder was totally added, the mixture was stirred for 10 min, 
and the stirring was stopped for 10 min. Finally, the mixture was 
gently stirred again for 10 min and equally divided into 25 mL 
fractions in 30 mL brown glass bottles.

2.2. Topiramate dosing method validation
First, a 240 μg·mL-1 stock solution of topiramate was prepared: 
24 mg of topiramate Active Pharmaceutical Ingredient (API) were 
weighed, solubilized in 6 mL of acetonitrile and vortexed for 1 
min. Ultrapure water (6 mL) was added, and the mixture was 
vortexed for 1 min. 3 mL were aliquoted in a 25 mL volumetric 
flask. A borate buffer (boric acid 6.25 g·L-1, potassium chloride 
7.50 g·L-1, pH adjusted at 7.8 with NaOH 1M) was added qs 25 mL 
to obtain a 240 μg·mL-1 stock solution of topiramate.
The derivatization procedure was performed on this stock solution: 
1000 μL of topiramate stock solution, 500 μL of triethylamine solu-
tion (100 μL of triethylamine and 14.6 mL of acetonitrile, stability 
6 months at +4/+8oC) and 500 μL of phenylisocyanate solution (50 
μL of phenylisocyanate qs 10 mL acetonitrile, not stable and made 
extemporaneously) were mixed and vortexed 5 min. The mixture 
was put in an oven at 50 oC for 5 min and filtered through a 0.45μm 
cellulose filter. This derivatized solution (theoretical topiramate 
concentration of 120 μg·mL-1) can then be diluted with borate 
buffer to achieve desired concentrations.
A chromatogram of a 60 μg.mL-1 derivatized topiramate solution 
in represented in Fig. 1.
A topiramate blank containing only reactants allowed us to iden-
tify topiramate derivatized product as the first peak (retention time 
= 3.1–3.2 min). The two other peaks (retention time = 3.8 and 7.7 
min) were attributed to the reactants in excess or their degradation 
products.
Linearity of HPLC-UV standard curve for derivatized topiramate 
was determined with five concentrations ranging from 15 to 120 
μg·mL-1 (theoretical concentrations of topiramate) prepared in 
sextuplicate. As this method was designed only for the quality 
control of topiramate preparations, LOD and LOQ were not deter-
mined, and were defined to be equal to the lowest level of linearity 
(15 μg·mL-1). Repeatability, intermediate precision, accuracy and 
uncertainty were determined at three levels of concentration. As 
we decided to make dilutions of both topiramate preparations at 

60 μg·mL-1 and normal values are +/- 10% of theoretical concen-
tration, these three levels were 54 μg·mL-1, 60 μg·mL-1 and 66 
μg·mL-1. Results are reported in Table 1.

Table 1: Repeatability, intermediate precision and accuracy 

Samples Repeatability
(% RSD with-
in-day)

Intermediate 
precision
(% RSD be-
tween-day)

Accuracy
(Bias in %)

Topiramate 54 μg.mL-1 0.688% 2.327% -0.400%
Topiramate 60 μg.mL-1 0.631% 1.560% 0.517%
Topiramate 66 μg.mL-1 0.966% 2.013% 0.642%

In the literature, phenylisocyanate derivatization of aminosides was 
reported to be a very robust reaction (Kim et al. 2001, 2003; Patel 
et al. 2015). To investigate this parameter, we made experiments 
with slight variations in the protocol. First, the influence of the 
temperature was studied at 40oC, 50oC and 60oC. Then, the time in 
the oven was also studied with samples put during 3 min, 5 min, 7 
min and 15 min in the oven at 50oC. Samples analyzed in triplicate 
with these various experimental conditions gave us similar results, 
with recovery rates (RR) near 100%. The lowest value was found 
for the sample put during 15 min at 50oC, with RR = 96.7%.  
To determine topiramate content in 6 mg.mL-1 oral suspension, 2 
mL were solubilized in 5 mL of acetonitrile and vortexed 1 min. 5 
mL of ultrapure water were added, and the mixture was vortexed 
1 min again. Then, 2.4 mL were aliquoted and borate buffer was 
added qs 20 mL to obtain a topiramate solution with theoretical 
concentration of 120 μg·mL-1. This solution was vortexed 1 min, 
and 2 mL were filtered through a Millipore 0.45 μm cellulose filter. 
500 μL were aliquoted and mixed with 250 μL of triethylamine 
solution and 250 μL of phenylisocyanate solution. The resulting 
mixture was vortexed 5 min and put in an oven at 50oC for 5 min to 
be finally filtered on 0.45 μm cellulose filter.
The matrix effect of Syrspend® was evaluated by the calculation of 
the recovery rates (RR) of doped samples. A sample of 6 mg.mL-1 
was analyzed (two aliquots, each analyzed twice). Then, 20 mg 
of topiramate was added to 10 mL of the suspension to obtain an 
8 mg·mL-1 suspension which was analyzed (five aliquots, each 
analyzed twice). Finally, 40 mg of topiramate was added to 10 mL 
of the 6 mg·mL-1 suspension to obtain a 10 mg·mL-1 suspension 
(five aliquots, each analyzed twice). The RR were calculated 
by comparing the observed concentrations with the theoretical 
concentrations, and were all found to be near 100%, excluding a 
matrix effect of Syrspend® (6 mg.mL-1 RR = 99.1%; 8 mg.mL-1 RR 
= 100.2%: 10 mg.mL-1 RR = 98.4%).
To determine topiramate content in 9 mg capsules, a capsule was 
opened, solubilized in 4.5 mL of acetonitrile and vortexed 1 min. 
4.5 mL of ultrapure water were added, the mixture was vortexed 
again 1 min and the afterward procedure was similar to the one 
previously described for oral suspension.
Chromatograms of derivatized topiramate oral suspension and 
topiramate capsule showed no interferences due to excipients after 
the derivatization procedure.

Fig. 1: Representative derivatized topiramate chromatogram
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2.3. Forced degradation studies
Forced degradation studies intend to demonstrate the stability 
indicating character of the chromatographic method. A 60 μg·mL-1 
stock solution of topiramate was exposed to several stressed condi-
tions including intensive heating, oxidation, light and extreme 
pH values. Before derivatization, eventual chemical compounds 
were deactivated: HCl was neutralized by a saturated carbonates 
solution, NaOH by glacial acetic acid and hydrogen peroxide by 
heating at 60oC during 5 min. The resulting mixture was afterward 
derivatized by the previously described procedure.
Topiramate under light irradiation with a sunlamp for 11 days was 
not degraded. Under acidic conditions (HCl 1M, 30 min), a 9.8% 
decrease of topiramate derivatized product was observed, without 
formation of any additional peak. Under basic conditions (NaOH 
4M, 30 min), a 41.4% decrease of derivatized compound content 
and one additional peak (RT = 2.9 min) were observed. Topira-
mate was found to be very sensitive to oxidation conditions (H

2
O

2
 

0.03%, 10 min), with a 38.1% decrease of topiramate derivatized 
compound and the detection of eight additional peaks (RT= 2.7 
min, 3.0 min, 4,5 min, 4,8 min, 5,3 min, 8.0 min, 9.4 min and 9.9 
min). Topiramate was also very sensitive to heat conditions (80oC, 
1 h), with a 97.4% decrease of topiramate derivatized compound 
and the detection of one additional peak (RT = 2.9 min). Reso-
lution coefficients of degradation products peaks were calculated 
taking topiramate peak as reference and were found higher than 1 
(smallest coefficient was found with oxidative conditions equal to 
1.49). Representative chromatograms can be found in supplemen-
tary material.

2.4. Microbiological analyses
Microbiological analyses of topiramate 9 mg capsules and topi-
ramate 6 mg.mL-1 suspension were done under a microbiological 
safety cabinet by surface-spread method. Suitability of the method 
was proved according to European Pharmacopeia: five reference 
strains (Staphylococcus aureus NCTC10788, Bacillus subtilis 
NCTC10400, Pseudomonas aeruginosa NCTC12924, Candida 
albicans NCPF3179 and Aspergillus braziliensis NCPF2275) were 
suspended in pH 7.2 sterile phosphate buffer to obtain 100-1000 
CFU.mL-1. Then, 100 μL (10 – 100 CFU) of each strain suspension 
were aliquoted in five tubes containing 5 mL of pharmacopeia 
diluent (reference strains alone), in five tubes containing 4 mL of 
pharmacopeia diluent and 1 mL of topiramate oral suspension, and 
in five tubes containing 5 mL of pharmacopeia diluent and one 
topiramate capsule. Two tubes were prepared as negative controls 
with 4 mL of pharmacopeia diluent/1 mL of topiramate suspension 
and 5 mL of pharmacopeia diluent / one topiramate capsule. Each 
tube was vortexed during 2 min.
Four time, 500 μL were aliquoted from each tube to inoculate two 
tryptic soy agars and two Sabouraud agars. Tryptic soy agars were 
incubated for 3 days in an incubator at 30-35oC and Sabouraud 
agars for 5 days at 20-25oC. At the end of the incubation, for each 
reference strains, mean number of CFU of “topiramate suspension 
+ reference strain” samples and mean number of CFU of “topira-
mate capsule + reference strain” did not vary more than twice the 
from mean number of CFU of “reference strain alone” samples. 
These results prove that this surface-spread method allows the 
quantification of micro-organisms without any inhibitory effect of 
the tested preparations.
Following the microbiological method validation, experimental 
batches were analyzed. For topiramate oral suspension, total 
aerobic microbial count (TAMC) was lower than 200 CFU/mL and 
total combined yeasts and mold count (TYMC) was lower than 20 
CFU/mL. For topiramate capsules, TAMC was lower than 2000 
CFU/g and TYMC was lower than 200 CFU/g.

2.5.  Stability study
Significant changes as a 5%  variation from baseline was suggested  
in the literature for cytotoxic (Bardin et al. 2011) or narrow ther-
apeutic index drugs (Sautou et Lagarce 2019) such as first-gen-

eration antiepileptic drugs. Topiramate is a second-generation 
antiepileptic drug, not known to have a narrow therapeutic index 
(Brittain and Wheless 2015; Arnone 2005). As reported in several 
other stability studies on pharmaceutical preparations (Roche et 
al. 2020; Berton et al. 2020; Friciu et al. 2017; Curti et al. 2019), 
we defined therefore significant changes as a 10% variation from 
baseline.
Stability of topiramate suspension was evaluated for 3 months 
under refrigerated conditions (2oC/8oC), with analyses at time 0 
and weeks 1, 2, 3, 4, 6, 8 and 12. Stability was also assessed for one 
month (analyses at time 0 and weeks 1, 2, 3 and 4) after opening 
(simulated use, bottles opened daily – except the weekend – with 
dipping of the graduated cylinder for administration) under refrig-
erated conditions (2oC/8oC) and for one week (analyses at time 0, 
day 1 and week 1) under ambient conditions (25oC/60% HR). We 
studied four parameters on three independent batches: topiramate 
concentration (triplicate), pH and viscosity (one batch analyzed) 
and microbiological contamination (triplicate for initial and final 
points and one batch analyzed for other points).
Under refrigerated conditions pH and viscosity remained stable: 
pH between 4.15 and 4.39 (3.75-4.59 = 10% variation from base-
line) and viscosity between 105 and 125 Cp (94-128 Cp = 10% 
variation from baseline + measurement uncertainty). After one 
week of storage at ambient temperature, viscosity became higher 
than 128 Cp. During our study, microbiological contamination 
was found to be lower than the method detection limit (TAMC and 
TYMC lower than 10 CFU/mL), with a noticeable exception at the 
third month under refrigerated conditions. One sample was found 
to be highly contaminated on Sabouraud agars. This contamination 
was also visually detected by a cloudy brownish suspension.
Topiramate concentration was found to be stable for two months 
under refrigerated temperature (2°C/8°C), for one month after 
opening under refrigerated conditions and for one week at ambient 
temperature (25°C) without appearance of noticeable degradation 
product. However, at three months, under refrigerated conditions, 
topiramate concentration dramatically decreased for the three 
tested samples, with a variation higher than 10% from baseline. For 
topiramate content after opening, the same tendency of decrease 
was observed from T0 to week 3, and week 4 higher mean value 
(5.92 mg/mL) was correlated with an important standard deviation, 
but the minimal value was still higher than 10% variation from 
baseline. Results are summarized in Tables 2-4 and Fig. 2-3 (the 
thick line represents topiramate content and the thin lines represent 
standard deviation calculated from Excel® software).

Fig. 2: Topiramate suspension stability under refrigerated conditions
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Table 3: Topiramate suspension stability, 2°C/8°C, simulated use 

T0 Week 1 Week 2 Week 3 Week 4

Concen-
tration 
(mg/mL)a

6.09 +/- 
0.17

5.98 +/- 
0.13

5.92 +/- 
0.16

5.69 +/- 
0.13

5.92 +/- 
0.34

pH 4.17 4.23 4.21 4.33 4.23

Microbi-
ological 
contami-
nation

< LODb < LOD < LOD < LOD < LOD

Viscosity 
(Cp)

111 114 118 113

a Mean value of triplicate analysis b LOD = Limit Of Detection, 10 CFU/mL

Fig. 3: Topiramate suspension stability under refrigerated conditions after opening

Table 4: Topiramate suspension stability, ambient temperature 

T0 Day 1 Week 1

Concentration (mg/mL)a 6.09 +/- 
0.17

5.91 +/- 
0.12

6.22 +/- 0.20

pH 4.17 4.25 4.27

Microbiological contam-
ination

< LODb < LOD < LOD

Viscosity (Cp) 111 116 130
a Mean value of triplicate analysis b LOD = Limit of detection, 10 CFU/mL

3. Discussion
Phenylisocyanate derivatization was described for HPLC-UV 
aminosides analysis (Kim et al. 2001, 2003; Patel et al. 2015). Our 
laboratory uses this reactant routinely for quality control of amik-
acine and gentamicine preparations (Curti et al. 2017), and we 
noticed a good reproducibility of the reaction. The advantages of 
phenylisocyanate for primary or secondary amines derivatization 
reactions are the almost quantitative reaction yields, the stability 
of derivatization products and the absence of influence of water on 
reaction yields.  As phenylisocyanate reacts with primary amines 
to form a urea moiety, topiramate can be derivatized.
Sample treatment is quite simple, with two dilutions steps followed 
by derivatization, and without extraction step.  The finding of an 
internal standard with a similar behavior than derivatized topira-

mate appeared complex. Therefore, we made the choice of external 
standardization, which was confirmed by method validation. 
Retention time for topiramate derivatized product was 3.1–3.2 min. 
No interference between derivatized topiramate peak and topira-
mate degradation products or excipients in the topiramate capsule 
or Syrspend® oral suspension preparations was observed. Thus, the 
HPLC dosing method used to determine topiramate content in oral 
suspension or in capsules was confirmed to be stability-indicating. 
Additional experiments were also conducted with Inorpha® and 
Ora-Blend® oral suspensions and no interference between deri-
vatized topiramate and excipients was observed. Therefore, this 
dosing method can be applied to a wide variety of pharmaceutical 
preparations of topiramate.
Microbiological analyses suitability for topiramate pharmaceu-
tical preparations was also validated. Results obtained during our 
stability study need to be correlated to the environment were the 
preparations are realized.  Nevertheless, we proved that micro-
biological analyses of topiramate suspension in Syrspend® and 
topiramate capsules can be realized by surface-spread method 
without any inhibitory effect of the tested preparations. Sample 
filtration was not required for these preparations. Routinely, 
batches of topiramate suspension and capsules are analyzed by 
surface-spread method for the quantification of micro-organisms. 
Specified micro-organisms (Escherichia coli) is also researched 
for suspension, with a validated method described in supplemen-
tary materials.
Stability study was realized on topiramate suspension compounded 
with Syrspend®. Beyond-Use-Date (BUD) of topiramate suspen-
sion was found to be equal at two months (+2/+8oC). Our results 
are slightly lower than those reported in the United State Phar-
macopoeia with 90 days of stability for 20 mg.mL-1 topiramate 
suspension in 1:1 Ora sweet: Ora plus, but are consistent with the 
maximum of 35 days of stability for preserved aqueous nonsterile 
preparation in USP <795>  (USP 2019). Moreover, parabens 
(components of Ora) can be avoided with a Syrspend® (dry) formu-
lation. Another study (Polonini et al. 2017) reported a higher 90 
days stability of topiramate suspension in Syrspend® (liquid) with 
HPLC-UV analysis, but these differences can be explained by the 
difference of preservatives content between the two formulations, 
as we have observed a microbiological contamination at the 90th 
day of our study. As Syrspend® (liquid) contains sodium benzoate, 
Syrspend® (dry), free from preservatives, should be preferred for 
neonates with immature metabolism. Taking into consideration the 
higher stability of dry forms compared to liquid forms, beyond-
use-date of topiramate capsules was also defined at two months 
(ambient storage) while waiting from a new stability study (consis-
tent with the maximum of 180 days of stability for solid dosage 
forms in USP <795>  (USP 2019)).
HPLC-UV topiramate dosing method with phenylisocyanate 
derivatization we developed herein is a valuable alternative for 
topiramate USP methods. The formulation process of 9 mg topira-
mate capsules and 6 mg.mL-1 topiramate oral suspension produc-
tion was validated, and their release was secured. Large batches 
production is nowadays possible. Topiramate pediatric suspension 
without potentially harmful excipients was found to be stable for 
two months at (+2/+8oC), one month after opening and one day 
at ambient temperature. These data allowed the harmonization 
and the securing of compounding processes and emphasize the 
fundamental role of quality control laboratories in large hospital 
structures.

Table 2: Topiramate suspension stability, 2°C/8°C 

T0 Week 1 Week 2 Week 3 Week 4 Week 6 Week 8 Week 12

Concentration (mg/mL)a 6.09 +/- 
0.17

6.07 +/- 
0.07

6.01 +/- 
0.03

5.84 +/- 
0.12

5.93 +/- 
0.06

5.86 +/- 
0.07

5.74 +/- 
0.24

5.05 +/- 0.09

pH 4.17 4.25 4.18 4.15 4.23 4.25 4.39 4.36
Microbiological contamination < LODb < LOD < LOD < LOD Non-compliantc

Viscosity (Cp) 111 126 105 120 125 115

a Mean value of triplicate analysis b LOD = Limit Of Detection, 10 CFU/mL c total combined yeasts and mold count > 20 CFU/mL
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4. Experimental

4.1. Instrumentation and reactants
Topiramate of pharmaceutical grade (Fagron SAS 94320 Thiais, France) was used for 
method validation, forced degradation study and compounding. The HPLC mobile 
phases were prepared using ultrapure water (HiPerSolv Chromanorm®, VWR Inter-
national) and acetonitrile (HiPerSolv Chromanorm®, VWR International) of HPLC 
grade. Other chemical products used were: sodium dihydrogen phosphate (Merck), 
triethylamine (VWR Life Science), phenylisocyanate (Sigma-Aldrich), boric acid 
(VWR Chemicals), potassium chloride (Merck) and sodium hydroxide (Rectapur 
Prolabo).
Volumes were aliquoted with a precision pipette (Thermo Scientific Finnpipette® F2 
500 μL) and pH were measured with a Thermo Scientific Orion 4 Star® pH-meter, 
calibrated with Radiometer Analytical standard etalons® (pH 4.005, pH 7.000 and 
pH 10.012). Viscosity was determined with a viscometer (Brookfield® LVDV-1M), 
equipped with a thermostatically-controlled low volume adaptor and its mobile (SC4-
31). Measures were done at 100 rpm, 25oC.
Microbiological analyses were validated with five European Pharmacopeia refer-
ence strains (Biomérieux Bioball®). Microbiological analyses were done on Tryptic 
Soy Agar (TSA) (Biomérieux) and Sabouraud chloramphenicol gentamicine agar 
(Biomérieux) under a Microbiological Safety Cabinet (MSC) (Herasafe® KS, Thermo 
Scientific). 9 mL tubes of pharmacopeia diluent (Dominique Dutcher) and incubators 
(Heratherm® and Heraeus® Thermo Scientific) were also used.
Stability studies were realized in a climatic chamber with controlled parameters 25oC 
/ 60% HR (Memmert) and in a fridge (Facis) with daily controlled temperatures.

4.2. Chromatographic conditions
The mobile phase consisted in a mixture of acetonitrile (48%, v/v) and an aqueous 
solution (52%, v/v) containing 6.00 g/L of sodium dihydrogen phosphate and triethyl-
amine (3%, v/v). Its pH was equal to 9.0 +/-0.1. The mobile phase was filtered through 
a Millipore 0.45 μm cellulose filter and used in isocratic mode with a flow of 1 mL/
min for 12 min. Wavelength for derivatized topiramate detection was 274 nm, injec-
tion volumes were 50 μL and column temperature was 52°C. The chromatographic 
method was carried out on an automatic high-performance liquid chromatography 
Dionex Ultimate 3000® with a UV diode array detector. The apparatus was connected 
to an HP 1702 computer equipped with chromatographic data processing software 
(Chromeleon® Chromatography Management System, Version 6.80 SRH Biold 3161, 
1994-2011 Dionex Corporation). A C18 column (XTerra®, 4.6 X 250 mm, 5μm) was 
used to achieve topiramate separation.

4.3. Chemical equation
Phenylisocyanate reacts with primary amines to form a urea moiety, as reported in 
Fig. 4.

Conflicts of interest: All Authors declare that they have no conflicts of interest.

References
Ahrens S, Ream MA, Slaughter LA (2019) Status Epilepticus in the Neonate: Updates 

in Treatment Strategies. Curr Treat Options Neurol 21: 8.
Arnone D (2005) Review of the use of topiramate for treatment of psychiatric disor-

ders. Ann Gen Psychiatry 4: 5.
Bardin  C, Astier A, Vulto A, Sewell G, Vigneron J, Trittler R, Daouphars M, Paul M, 

Trojniak M, Pinguet F, French Society of Oncology Pharmacy (2011) Guidelines 
for the practical stability studies of anticancer drugs: a European consensus confer-
ence. Ann Pharm Fr 69: 221–231.

Baum M, Quigley R (1995) Ontogeny of proximal tubule acidification. Kidney Int 
48: 1697–1704.

Berton B, Chennell P, Yessaad M, Bouattour Y, Jouannet M, Wasiak M, Sautou V 
(2020) Stability of ophthalmic atropine solutions for child myopia control. Phar-
maceutics 12: 781.

Binson G, Beuzit K, Migeot V, Marco L, Troussier B, Venisse N, Dupuis A (2019) 
Preparation and physicochemical stability of liquid oral dosage forms free of 
potentially harmful excipient designed for pediatric patients. Pharmaceutics 11: 
190.

Bourbon J, Dory A, Perello L, Belotti L, Reisz F, Ubeaud-Sequier G, Gourieux B 
(2019) Stability study of 0.5 g/mL urea oral solution in InOrpha®. Pharm Technol 
Hosp Pharm 4: 69–76.

Brittain ST, Wheless JW (2015) Pharmacokinetic simulations of topiramate plasma 
concentrations following dosing irregularities with extended-release vs. immedi-
ate-release formulations. Epilepsy Behavior 52: 31–36.

Courchia B, Kurtom W, Pensirikul A, Del-Moral T, Buch M (2018) Topiramate for 
seizures in preterm infants and the development of necrotizing enterocolitis. Pedi-
atrics 142: e20173971.

Curti C, Lamy E, Primas N, Fersing C, Jean C, Bertault-Peres P, Vanelle P (2017) 
Stability studies of five anti-infectious eye drops under exhaustive storage condi-
tions. Pharmazie 72: 741–746.

Curti C, Harti Souab K, Lamy E, Mathias F, Bornet C, Guinard B, Fersing C, Primas 
N, Albanèse J, Vanelle P (2019) Stability studies of antipyocyanic beta-lactam anti-
biotics used in continuous infusion. Pharmazie 6: 357–362.

Filippi L, Poggi C, La Marca G, Furlanetto S, Fiorini P, Cavallaro G, Plantulli A, 
Donzelli G, Guerrini R (2010) Oral topiramate in neonates with hypoxic Ischemic 
encephalopathy treated with hypothermia: a safety study. J Pediatr 157: 361–366.

Friciu M, Roullin VG, Leclair G (2017) Stability of gabapentin in compounded oral 
suspensions. PlosONE 12: e0175208.

Helin-Tanninen M, Autio K, Keski-Rahkonen P, Naaranlahti T, Järvinen K (2012) 
Comparison of six different suspension vehicles in compounding of oral extempo-
raneous nifedipine suspension for paediatric patients. Eur J Hosp Phar, Sci Pract 
19: 432–437.

Johnson & Johnson Pharmaceutical Research & Development, L.L.C. (2011) A Phase 
1 Bioavailability Study of Topiramate Oral Liquid Formulation Compared to the 
Marketed Sprinkle Capsule Formulation in Healthy Adults. NCT00701493.

Kim BH, Kim YK, Ok JH (2001) Development of liquid chromatographic method for 
the analysis of kanamycin residues in varicella vaccine using phenylisocyanate as a 
derivatization reagent. J Chromatogr B Biomed Sci Appl 752: 173–177.

Kim BH, Lee SC, Lee HJ, Ok JH (2003) Reversed-phase liquid chromatographic 
method for the analysis of aminoglycoside antibiotics using pre-column derivat-
ization with phenylisocyanate. Biomed Chromatogr 17: 396–403.

Marques MR, Garcia-Robles A, Usach I, Vento M, Poveda JL, Peris JE, Mangas-San-
juan V (2019) Topiramate pharmacokinetics in neonates undergoing therapeutic 
hypothermia and proposal of an optimised dosing schedule. Acta Paediatr 109: 
300–308.

Ormrod D, McClellan K (2001) Topiramate: a review of its use in childhood epilepsy. 
Paediatr Drugs 3: 293–319.

Patel KN, Limgavkar RS, Raval HG, Patel KG, Gandhi TR (2015) High-performance 
liquid chromatographic determination of cefalexin monohydrate and kanamycin 
monosulfate with precolumn derivatization. J Liq Chromatogr 38: 716–721.

Polononi H, da Silva SL, Buzinari Aglio NC, Abreu J, Fernandes Brandao MA, de 
Oliveira Ferreira A (2017) Stability of acetazolamide, baclofen, dipyridamole, 
mebevarine hydrochloride, propylthiouracil, quinidine sulfate, and topiramate oral 
suspensions in SyrSpend SF PH4. Int J Pharm Compound 21: 255–262.

Ramirez E, Laosa O, Guerra P, Duque B, Mosquera B, Borobia AM, Lei SH, Carcas 
AJ, Frias J (2010) Acceptability and characteristics of 124 human bioequivalence 
studies with active substances classified according to the Biopharmaceutic Classi-
fication System. Br J Clin Pharmacol 70: 694–702.

Riesgo R, Winckler MI, Ohlweiler L, Ranzan J, Becker M, Salvador S, Magalhaes 
L, Ribeiro R (2012) Treatment of refractory neonatal seizures with topiramate. 
Neuropediatrics 43: 353–356.

Roche M, Lannoy D, Bourdon F, Danel C, Labalette P, Berneron C, Simon N, Odou P 
(2020). Stability of frozen 1% voriconazole eye-drops in both glass and innovative 
containers. Eur J Pharm Sci 141: 105102.

Sautou V, Largarce F (2019) Methods for the study of physical and chemical stability 
and container-content interactions: Report of a GERPAC Workshop. Pharm 
Technol Hosp Pharm 4: 95–97.

Tulloch JK, Carr RR, Ensom MH. (2012) A systematic review of the pharmacoki-
netics of antiepileptic drugs in neonates with refractory seizures. J Pediatr Phar-
macol Ther 17: 31–44.

USP. The United States pharmacopeia. Vol. 2. Rockville (MD): USP 42 NF 37; 2019. 
Topiramate; 4394-6. Topiramate capsules; 4396-8. Topiramate tablets; 4398-401. 
Topiramate compounded oral suspension; 4401.

USP. The United States pharmacopeia. Vol. 2. Rockville (MD): USP 42 NF 37; 2019. 
Pharmaceutical compounding-nonsterile preparations; 6951-9.

 

OO

O

O
O

H3C

H3C

CH3
CH3

O
S NH2O

O

N
C

O

OO

O

O
O

H3C

H3C

CH3
CH3

O
S N

HO

O

N
H

O
triethylamine

Fig. 4: Topiramate derivatization with phenylisocyanate.


