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Abstract
A simple, sensitive, reliable, inexpensive and reproducible HPLC method with fluorescence detection, suitable for rou-

tine therapeutic drug monitoring (TDM) of an antiepileptic drug topiramate, was developed and validated. The determi-

nation of plasma topiramate concentration was carried out after precolumn derivatization, using 4-chloro-7-nitrobenzo-

furazan as a fluorescent labeling agent and bendroflumethiazide as an internal standard. The standard calibration curve

was linear over the concentration range of 0.01–24 μg/mL (r² > 0.9998). The intra- and inter-day accuracies expressed

as bias were from 1.4 to 9.9% and from 1.9 to 10.2%, respectively. The intra- and inter-day precisions were below 7.9%

and 2.7%, respectively. The validated method was applied for the measurement of plasma topiramate concentrations in

patients with epilepsy. The reported method is appropriate for TDM of topiramate as well as for pharmacokinetic and

bioequivalence studies. 

Keywords: Topiramate, HPLC with fluorescence detection, derivatization agent, human plasma, therapeutic drug mo-

nitoring

1. Introduction

Topiramate (TPM, 2,3:4,5-Bis-O-(1-methylethyli-

dene)-β-D-fructopyranose sulfamate, Figure 1A) is a

broad-spectrum second-generation antiepileptic drug

(AED), approved as a mono or as an adjunctive therapy in

adult and pediatric patients.1–3 Structurally it is unrelated

to other classes of antiepileptic drugs. TPM is a derivative

of the naturally occurring monosaccharide D-fructose

with a sulfamate group, which is essential for its anticon-

vulsant activity. It is a weak acid (pKa = 8.7) and in spite

of the relatively low lipophilicity (logP ≈ 0.5)

passes the blood-brain barrier.4 Compared to the first ge-

neration of AEDs TPM pharmacokinetics is more predic-

table. After oral administration it is rapidly and almost

completely absorbed. Within the therapeutic dose range

the relationship between dose and serum concentration is

linear. The reported reference range of effective serum

concentration is 5–20 μg/mL.5 TPM is predominantly

(70%) excreted unchanged in urine with an elimination

half-life of 20–30 h.2,5 Nevertheless, with concomitant ad-

ministration of enzyme-inducing AEDs, such as pheny-

toin, carbamazepine or phenobarbital, hepatic metabolism

of TPM becomes more important and can result in up to

two-fold increase in oral clearance of TPM with a corres-

pondingly decreased elimination half-life (10–12 h).5–9

Still, TPM remains considerably excreted unchanged in

urine (40%). Despite extensive knowledge of the funda-

mental metabolic processes, to date, there is sparse quan-

titative information on TPM metabolic fate because of the

difficulties to assay all possible metabolites.7 2,3-O-des-

isopropylidene topiramate and 10-hydroxy topiramate are

the most abundant urinary metabolites.7,8

On the other hand TPM clearance can be decreased,

if co-administered with valproic acid, propranolol, lit-

hium, amitriptyline or sumatriptan.5,7 Additionally, due to

higher clearance rate and larger volume of distribution,

children and infants require higher doses (mg/kg) to ac-

hieve similar TPM plasma levels to those observed in

adults.1,10,11

Drug interactions and individual factors such as age

and renal function can markedly affect TPM concentra-
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tion, suggesting that there is some room for improvement

in its clinical use.6,12 Therapeutic drug monitoring (TDM)

may be useful in dose optimization on the initially prescri-

bed treatment, in ascertaining drug compliance, in attribu-

ting toxicity to drug treatment, and in managing overdoses

and drug-drug interactions. Nevertheless, the value of

TDM of TPM has not been established due to lack of do-

cumented correlation between serum concentration and

drug effects.5,6,13,14

The availability of a simple, validated and inexpen-

sive analytical method for reliable measurements of drug

concentrations in biological fluids is pivotal for its suc-

cessful utilization in pharmacokinetic and bioequivalence

studies, and for therapeutic drug monitoring in various cli-

nical situations.15 Various analytical methods have been

reported for measurement of TPM in biological fluids,

including immunoassays,16,17 gas chromatography (GC)

coupled to flame ionization detection (FID)18 or nitrogen

phosphorous detection (NPD),19–22 high performance li-

quid chromatography with UV (HPLC-UV)23 or fluores-

cence detection (HPLC-FLD),24–26 capillary electrophore-

sis with UV detection,27 liquid chromatography coupled

to mass spectrometry (LC-MS),28,29 and more recently, li-

quid chromatography coupled to tandem mass spectrome-

try (LC-MS/MS).12,30–36

The analysis of TPM in biological fluids is compli-

cated, because like most other carbohydrates and their de-

rivatives, TPM does not contain any chromophores that

absorb above 190 nm. Consequently, TPM has extremely

low UV-visible absorbance and no spontaneous fluores-

cence, and cannot be directly analyzed by conventional

HPLC with UV or fluorescence detection. GC separation

on a capillary column with FID or NPD, and fluorescence

polarization immunoassay (FPIA) were the first reported

methods for the determination of TPM.37 However, due to

thermolability TPM is poorly suited for GC analysis. The

reported limits of quantification (LOQ) with various GC

techniques were 0.5–2.5 μg/mL.18–21 FPIA is commonly

used in routine TDM. With a stated analytical range of

2–32 μg/mL it has sufficient precision and accuracy but

may be prone to interference from TPM metabolites.16,30

Recently, a new immunoassay for determination of TPM

in serum, with considerably wider analytical range

(1.5–54.0 μg/mL) than FPIA immunoassay, has become

available. Although, this immunoassay performed compa-

rably to FPIA, there are concerns about overall perfor-

mance at high and very low TPM concentrations even wit-

hin the stated analytical range.17

Lately, analyses of TPM in human serum following

precolumn derivatization with fluorescent reagent 9-fluo-

renylmethyl chloroformate have been reported using fluo-

rescence24 or UV23 detection. Another method by the sa-

me authors adopts 4-chloro-7-nitrobenzofurazan (NBD-

Cl) as a fluorescent labeling agent, which enables the 

determination of TPM at concentrations down to 0.01

μg/mL.25 These methods have been validated over the

concentration range of 0.02 to 5 μg/mL,24 0.04 to 40

μg/mL23 and 0.01 to 12.8 μg/mL.25 Furthermore, HPLC-

FLD method using dansyl chloride for derivatization was

recently proposed for simultaneous determination of

TPM, vigabatrin and gabapentin, with a linearity range of

1–50 μg/mL for TPM.26

For ionizable analytes capillary electrophoresis

could be an alternative to HPLC. Recently, a rapid capil-

lary zone electrophoresis method with indirect UV detec-

tion for determination of TPM in human plasma with a li-

nearity range 2–60 μg/mL was developed and validated.27

For selective, sensitive and fast determination of

TPM, also avoiding the derivatization step, LC-MS or

LC-MS/MS have become the preferred choice. Analytical

ranges of these methods developed for TDM were 1–20

μg/mL,28 1–30 μg/mL,29 0.8–40 μg/mL,31 0.5–30 μg/mL,12

0.02–20 μg/mL30 and 2.1–52.5 μg/mL,35 while for phar-

macokinetic and bioequivalence studies analytical ranges

were 0.01–2 μg/mL,33,36 0.01–4 μg/mL32 and 0.02–5

μg/mL.34 However, this instrumentation is expensive, re-

quires highly trained personnel and is not available in

every laboratory. Due to their availability and capability

of high throughput, conventional HPLC methods for ne-

wer AEDs have been of continuous interest. 

The objective of the present report was to develop

and validate a simple, sensitive, reliable, inexpensive and

reproducible HPLC-FLD method for routine application

in TDM of TPM. The present method has two main 

advantages compared to the previously developed 

HPLC-FLD methods with precolumn derivatization for

the analysis of TPM in human serum or plasma. Namely,

in our method we use less organic solvents and smaller

plasma volumes and achieve comparable sensitivity to the

LC-MS methods and wider analytical range. The analyti-

cal range of the present method completely covers the

proposed reference range and the method can be used for

TDM as well as for pharmacokinetic and bioequivalence

studies. The suitability of the method for TDM was de-

monstrated by measuring TPM in plasma samples of pa-

tients with epilepsy.

2. Experimental

2. 1. Chemicals and Reagents 
TPM was obtained from Sequoia Research Products

(Pangbourne, UK), while bendroflumethiazide as an inter-

nal standard (IS) and 4-Chloro-7-nitrobenzofurazan

(NBD-Cl) as a derivatization reagent were obtained from

Sigma Aldrich (Steinheim, Germany). HPLC grade met-

hanol and acetonitrile were purchased from Sigma Al-

drich (Steinheim, Germany). All other chemicals used,

including dichloromethane, diethyl ether, ethyl acetate,

hexane, boric acid, potassium dihydrogen phosphate, so-

dium hydroxide and formic acid all from Merck (Darm-

stadt, Germany) were at least analytical grade. Water for
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all applications was obtained from a Q-POD Milli-Q wa-

ter purification system (Millipore Corp., Billerica, USA)

with resistivity ≥18.2 MΩcm.

2. 2. Instrumentation and Chromatographic
Conditions 
The chromatographic analysis was carried out on

Agilent 1100 series HPLC system (Waldbronn, Germany)

equipped with vacuum degasser, binary pump, autosam-

pler, thermostat, fluorescence detector and ChemStation

for data handling. Separation was performed on a rever-

sed-phase column Eclipse plus C18 (150 × 4.6 mm, 5 μm;

Agilent technologies, Palo Alto, USA) coupled to the C18

(4.0 × 3.0 mm) guard precolumn (Phenomenex, Torrance,

USA), using isocratic elution with potassium phosphate

buffer (0.05 M; pH 5.5) and acetonitrile (98%), (61.5:

38.5, v/v) as a mobile phase, at a flow rate of 1.5 mL/min.

Prior to use, the mobile phase was filtered through a 0.45

μm filter under vacuum and ultrasonically degassed. The

column temperature was kept at 45 °C and the autosam-

pler temperature at 4 °C. A sample volume of 15 μL was

injected and TPM and IS were detected with the fluores-

cence detector set at excitation and emission wavelengths

of 475 and 530 nm, respectively.

2. 3. Preparation of Solutions 

Stock solutions of TPM (5 mg/mL) and IS (0.5

mg/mL) were prepared by dissolving appropriate amounts

in water and methanol, respectively. Working solutions of

TPM were prepared fresh daily from stock solution by

further dilution with water. A borate buffer (0.5 M) was

prepared by dissolving boric acid in water and adjusted to

pH 10.5 with 0.1 M sodium hydroxide solution. A 6

mg/mL solution of NBD-Cl in a mixture of methanol-ace-

tonitrile (1:1, v/v) was prepared daily. All solutions were

stored at 4 °C. 

2. 4. Sample Preparation and Derivatization 

Into 2 ml polypropylene tubes, 500 μL plasma sam-

ple, 25 μL of IS stock solution and 25 μL of water were

added. Samples were acidified to pH 6.0 with 20 μl of 2%

aqueous solution of formic acid and mixed for 30 s on a

vortex mixer. After addition of 1.5 mL dichloromethane,

samples were again vortexed for 1 min and centrifuged at

2300 × g for 10 min at 5 °C. 1.2 mL of the organic phase

was removed and evaporated to dryness under a stream of

nitrogen at 50 °C (Turbovap LV, Caliper, Hopkinton-MA,

USA). To the dry residue, 50 μL of the NBD-Cl solution

(6 mg/mL), 50 μL mixture of methanol-acetonitrile (1:1,

v/v) and 12.5 μL of borate buffer 0.5 M (pH 10.5) were

added. After mixing for 30 s the samples were kept on wa-

ter bath at 60 °C for 15 min. Derivatized samples were

centrifuged at 16100 × g for 3 min at 5 °C. NBD-Cl deri-

vatives were then transferred to vials with inserts and

analyzed by HPLC-FLD.

2. 5. Method Validation 

The method was validated according to the US FDA

guideline.38 Validation was performed on 3 separate days,

each day including 12 calibration standards and five repli-

cates of the quality control (QC) samples at three concen-

tration levels. 

Method selectivity was assessed by comparison of

the chromatograms of drug-free plasma (blank plasma)

from six different sources with those obtained from pla-

sma samples spiked with TPM and IS. Additionally, seve-

ral drugs that are potentially co-administered with TPM

were tested to check for possible interferences at the re-

tention time of the analytes.

Calibration standards were prepared by spiking drug

free plasma with TPM at 12 plasma concentrations in the

range of 0.01–24 μg/mL. 25 μL of TPM working solu-

tions, 25 μL of IS solution (0.5 mg/mL), and 20 μL formic

acid (2%) were added to 500 μL of blank plasma. The re-

sulting plasma concentrations were: 0.01, 0.03, 0.06, 0.12,

0.3, 0.6, 1.2, 3.0, 12.0, 18.0, 21.0 and 24.0 μg/mL. Cali-

bration standards were subjected to the extraction and de-

rivatization procedure, and chromatographic analysis. The

lowest limit of quantification (LLOQ) was calculated on

the basis of the lowest concentration of TPM that gives

coefficient of variation (CV) and bias values ≤ 20%. A

weighted linear regression analysis was applied to calcu-

late slopes, intercepts and determination coefficients of

the calibration curves constructed as the peak area ratio of

TPM to IS versus the TPM concentration, using 1/x² as a

weighting factor.

Accuracy and precision were assessed using quality

control (QC) samples at concentrations of 0.03 μg/mL

(QCl), 1.5 μg/mL (QCm) and 15 μg/mL (QCh); covering

low, medium and high ranges of the calibration stan-

dards. Intra-day accuracy and precision were determined

for five samples per concentration level at low, medium

and high QC samples in a single run. Inter-day accuracy

and precision were assessed by five determinations per

concentration at low, medium and high QC samples from

three runs analyzed on three different days. The intra-

and inter-day precision and accuracy of the assay were

determined as percent coefficient of variation (CV (%) =

(standard deviation/mean) × 100) and percent bias values

(bias (%) = [(cal. conc. – theo. conc.)/theo. conc.] × 100),

respectively. Acceptance criteria for accuracy and preci-

sion were the CV lower than 15%, and the bias within ±

15%, except at LLOQ where it should not deviate by mo-

re than ± 20%.

Extraction efficiency of the analytical method was

determined for the analyte and IS. The mean extraction ef-

ficiencies were determined by measuring the peak area

response of spiked (extracted) QC samples (QCl, QCm
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and QCh) against the peak area response of aqueous (un-

extracted) QC samples of the same concentration.

Stability was assessed by comparing the data of

samples analyzed at time zero and after being exposed to

the conditions for stability assessment. The freeze and

thaw, short-term, long-term, stock solution and post-pre-

parative stabilities of TPM in human plasma were investi-

gated using three replicates of low (0.03 μg/mL) and high

(15 μg/mL) QC samples and evaluated by the percentage

of calculated ratio from the obtained data after stability

testing and at time zero. The freeze-thaw stability was de-

termined over three freeze-thaw cycles within 3 days. In

each cycle, spiked plasma samples were frozen at –80 °C

for 12 h and thawed at room temperature. The short-term

stability was examined by analyzing QC samples kept at

room temperature for 6 h before sample preparation. The

long-term stability was evaluated by analyzing QC sam-

ples stored at –80 °C for 30 days before sample prepara-

tion. The results were compared with those obtained from

the freshly prepared QC samples. The stability of stock

standard solution was investigated after storage at 4 °C

for 7 days. The stability was measured by comparison

between the peak area of the derivatized samples prepa-

red with the refrigerated stock standard solution and the

samples prepared with fresh stock standard solution. The

post-preparative stability was evaluated by keeping pre-

pared QC samples in the autosampler under normal

analytical conditions for 24 h before re-analysis to simu-

late the time that sample can be in the autosampler. For

all stability studies, the acceptance criterion was

85–115%.

2. 6. Analysis of Patient Samples 

Plasma samples were obtained from 27 patients with

epilepsy treated with 50–400 mg of TPM daily. The study

was approved by the National Medical Ethics Committee

of the Republic of Slovenia and was performed in accor-

dance with the ethical standards laid down in the Declara-

tion of Helsinki. Informed consent was obtained from all

patients. Blood samples were collected in EDTA-contai-

ning tubes and plasma was obtained after centrifuging at

1500 × g for 10 min at 5 °C. The plasma samples were

stored at –80 °C until analysis. The samples were prepa-

red as described in Sample preparation and derivatization

section and subjected to the HPLC-FLD analysis.

3. Results and Discussion

3. 1. Optimization of the Analytical Method 
In order to obtain an optimal analytical method,

sample preparation, derivatization and chromatography

conditions were examined. Liquid/liquid extraction was

chosen as a sample preparation procedure based on previ-

ous studies which demonstrated that it is the most appro-

priate method for TPM extraction from blood sam-

ples.23–25 Several factors were taken into account to ac-

hieve better extraction efficiency. Namely, various extrac-

tion solvents (dichloromethane, diethyl ether, ethyl aceta-

te, hexane), extraction solvent (1.5–5 mL) and plasma

(0.5–1 mL) volumes were examined, additionally the ef-

fect of mixing time (30–120 s) after the addition of the

extraction solvent and slight acidification of plasma with

formic acid were tested. The results of the optimization

of extraction procedure are presented in Table 1. Dichlo-

romethane had the highest extraction efficiency among

all tested extraction solvents. Comparable extraction re-

covery was obtained with diethyl ether; however, using

this solvent precipitation in organic layer was observed in

some samples. We were able to significantly reduce the

volume of plasma (from 1.0 to 0.5 mL) and the volume of

organic extraction media (from 5 to 1.5 mL) compared to

previously developed methods.23–25 Variations in the ex-

traction conditions resulted in a simplified extraction pro-

cedure which enables faster single-step drying process.

Due to a reduction of plasma sample volume the procedu-

re is suitable for TDM in pediatric population. Further-

more, the obtained results indicate a possibility for an 

additional reduction of the plasma sample volume (≥ 0.1

mL). 

NBD-Cl was used as a labeling agent for TPM deri-

vatization (Figure 1). Since TPM has no ultraviolet, vi-

sible or fluorescence absorption, stable adducts with

Table 1. Optimization of extraction parameters

Parameter Extraction recovery (%)a

Extraction solventb

DCM 100

DEE 84

EA 12

hexane 0

DCM:DEE (1:1) 100

DCM:EA (1:1) 78

DCM:hexane (1:1) 70

Extraction solvent volume
1.5 mL 100

5.0 mL 84

Plasma volume
0.5 mL 100

1.0 mL 97

Acidification of plasma
pH = 6.0 100

pH = 7.4 100

Mixing time
30 s 100

60 s 99

90 s 95

120 s 96

a relative extraction recovery; b DCM – dichloromethane, DEE – di-

ethyl ether, EA – ethyl acetate
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NBD-Cl allowed its detection by FLD. As previously re-

ported, TPM reacts with this reagent in an alkaline me-

dium and the derivatization reaction appeared to be high-

ly dependent on pH of borate buffer, concentration of

NBD-Cl solution, composition of reaction medium and

reaction temperature.25 The concentration of NBD-Cl so-

lution (3–20 mg/mL), pH (10–11) and concentration

(0.125–0.5 M) of borate buffer, composition (acetonitrile,

methanol, dichloromethane) and the final volume

(112.5–225 μL) of derivatization medium, reaction time

(13–17 min) and derivatization reaction temperature

(55–65 °C) were systematically varied around the expec-

ted optimal values from our preliminary studies. The de-

rivatization with NBD-Cl was optimized at TPM concen-

tration of 3.0 μg/mL.

Contrary to the previous report25 we have found that

dichloromethane is not a suitable medium for derivatiza-

tion due to its volatility and separation of the media into

two immiscible phases after derivatization. The derivati-

zation yield using dichloromethane alone or in combina-

tion with other solvents was low (Table 2). Additionally,

derivatization was strongly affected by the concentration

of the fluorescent labeling agent (Figure 2) and the con-

centration of the borate buffer. Variations of other para-

meters had minor effect on derivatization and were wit-

hin the experimental error (Table 2). The optimal condi-

Figure 1: Chemical structures of A) topiramate, B) bendroflumethiazide (IS) and C) derivatization reaction scheme.

Figure 2. The effect of NBD-Cl concentration on the relative yield

of derivatization reaction with TPM.

A) B)

C)



416 Acta Chim. Slov. 2015, 62, 411–419

Milosheska et al.:  Simple and Sensitive High Performance Liquid   ...

tions used for the derivatization are described in the

Experimental section.

Selecting an appropriate IS is an essential part of

any quantitative analysis. Ideally, IS should be a structural

analog with similar physicochemical properties and reten-

tion time to the analyte of interest. Moreover, because of

the precolumn derivatization step it should reproducibly

react with the labeling agent resulting in a stable derivati-

zation product. Different substances were examined as

potential IS, including bendroflumethiazide, amlodipine,

aminobenzothiazole, amantadine, isoniazide, trimetho-

prim, procainamide, norvaline and phenylalanine derivati-

ves. Bendroflumethiazide, a compound with a sulfonami-

de functional group (Figure 1B) was chosen as the most

suitable IS according to its similar physicochemical cha-

racteristics, ionization and chromatographic elution, as

well as comparable recovery to that of TPM.

matographic peak shape, peak width and separation of

TPM from endogenous peaks and IS. Optimal separation,

symmetric peaks and shorter retention times were obtai-

ned on Eclipse plus C18 column when a mixture of potas-

sium phosphate buffer (0.05 M, pH 5.5) and acetonitrile,

instead of methanol, was chosen as a mobile phase. Com-

pared to previously reported HPLC methods23–26 our met-

hod minimizes the consumption of harmful organic sol-

vents by using lower percentage of organic modifier and

lower flow rate of the mobile phase. Additionally, in order

to obtain maximal signal intensities of the TPM derivati-

ve, its excitation and emission spectra were recorded.

Overall, chromatography optimization resulted in impro-

ved resolution and symmetry of chromatographic peaks

under isocratic conditions within a 9-min run time. Reten-

tion times of TPM and IS were 4.1 and 7.1 min, respecti-

vely (Figure 3C). 

3. 2. Method Validation

3. 2. 1. Selectivity 
Selectivity of the method was confirmed by the

analysis of six blank plasma samples from different sour-

ces and plasma samples containing the highest therapeu-

tic concentration of several potentially co-administered

drugs with TPM, such as gabapentin, pregabalin, lamotri-

gine, levetiracetam, vigabatrin, carbamazepine, oxcarba-

zepine, carbamazepine epoxide, licarbazepine, zonisami-

de, lacosamide, clonazepam, diazepam, fluoxetine, ser-

traline, desimipramine, propranolol, metoprolol, enala-

pril, amlodipine, acetaminophen, diclofenac, amoxicillin,

ciprofloxacin and ranitidine. All these compounds have a

functional amino group, as a requirement for NBD-Cl de-

rivatization and detection using the proposed method.

Selectivity study demonstrated that there were no in-

terfering peaks in the blank plasma samples, nor from

any of the tested drugs at the retention times of TPM and

IS. Only vigabatrin, gabapentin, pregabalin and zonisa-

mide were derivatized with the NBD-Cl and eluted wit-

hin 20 min runs at 1.2, 2.5, 2.6 and 2.8 min, respectively.

Representative chromatograms of a blank plasma sample

and plasma sample spiked with TPM at the concentration

level of the QCl (0.03 μg/mL) and IS, are shown in Figure

3A and 3B, respectively. Figure 3C represents a typical

chromatogram of human plasma from a patient treated

with TPM 400 mg/day.

3. 2. 2. Accuracy and Precision 

As shown in Table 3, inter-day and intra-day preci-

sion were below 8%. Similarly, accuracy was better than

10% in all cases, which is within the defined acceptance

criteria. Additionally, CV of re-injection reproducibility

was less than 0.5% (n = 5). This demonstrates that an

analytical run could be reanalyzed in case of an instru-

ment failure. 

Table 2. Optimization of derivatization parameters

Parameter Derivatization yield (%)a

Borate buffer concentration
0.125 M 3

0.25 M 33

0.50 M 100

pH of borate buffer
pH = 10.0 98

pH = 10.5 100

pH = 11.0 97

Derivatization mediab

ACN 100

DCM 58

MeOH 50

ACN:DCM (1:1) 52

ACN:MeOH (1:1) 90

DCM:MeOH (1:1) 37

DCM:ACN:MeOH (2:1:1) 43

Volume of derivatization media
0.125 mL 97

0.250 mL 100

Derivatization time
13 min 96

15 min 100

17 min 93

Derivatization temperature
55 °C 93

60 °C 97

65 °C 100

a relative derivatization yield; b ACN – acetonitrile, DCM – dichlo-

romethane, MeOH – methanol

Several reversed-phase analytical columns, mobile

phase compositions (mixtures of methanol or acetonitrile

with phosphate buffer at various ratios and pH), injection

volumes (5–20 μL), flow rates (1.0–1.5 mL) and column

temperatures (40–50 °C) were tested to optimize the chro-
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3. 2. 3. Linearity 

The assay was verified on three separate days using

the calibration standard solutions. The standard calibra-

tion curves were linear over the concentration range from

Table 3. Intra- and inter-day precision and accuracy for the deter-

mination of TPM in human plasma by HPLC-FLD

Nominal aConcentration CV (%) Bias (%)
concentration found
(μg/mL) (μg/mL) 
Intra-day (n=5)

0.03 0.03 ± 0.003 7.9 9.9

1.50 1.53 ± 0.03 1.7 2.0

15.0 15.2 ± 0.3 2.3 1.4

Inter-day (n=15)

0.03 0.03 ± 0.001 2.7 10.2

1.50 1.54 ± 0.03 2.2 2.4

15.0 15.3 ± 0.03 0.2 1.9

a results are presented as mean ± SD.

B)

C)

Figure 3. Chromatograms of extracted and derivatized human pla-

sma. A) blank sample; B) plasma sample spiked with TPM at 0.03

μg/mL (QCl) and C) plasma sample (9.27 μg/mL) from a patient

treated with 400 mg TPM/day. Retention time of TPM and IS are

4.1 and 7.1 min, respectively.

0.01 to 24 μg/mL. Linear correlations (r²>0.9998) were

obtained using weighted linear regression analysis with

LLOQ of 0.01 μg/mL. Due to wide calibration range

(2400 fold) various weighting schemes (1, 1/x, 1/x², 1/x½,

1/y, 1/y², 1/y½) were used to avoid biasing the calibration

line in favor of the high standards. The best calibration

model with 1/x² as a weighting factor was chosen during

validation, taking into account the sums of absolute per-

centage relative error.39

3. 2. 4. Recovery and Stability 

The mean extraction efficiencies of TPM and IS

examined at three QC concentrations were 87.3 ± 3.1%

and 77.6 ± 1.8%, respectively. Recoveries of TPM and

Table 4. Stability of TPM in stock solution and in human plasma

under various storage conditions

Analyte concentration 
aStability (μg/mL)

0.03 15
Freeze and thaw stability (%) 102.5 ± 4.5 99.7 ± 4.8

Stock solution stability (%) 101.3 ± 4.1 104.9 ± 2.3

Post-preparative stability (%) 99.5 ± 4.9 100.7 ± 2.3

Short-term stability (%) 93.2 ± 3.7 97.2 ± 2.4

Long-term stability (%) 105.5 ± 2.5 107.3 ± 1.2

a results are presented as mean ± SD.

IS from spiked plasma samples were reproducible. The

data of TPM stability at different experimental condi-

tions comprising the storage of processed samples in the

autosampler for up to 24 h, freeze–thaw, short-term (6 h

A)
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at room temperature) and long-term storage (–80 °C) are

presented in Table 4. The results of the stability evalua-

tion were within the acceptance criteria and allowed us

to conclude that no significant loss of TPM was obser-

ved during sample preparation and stock solution hand-

ling.

3. 3. Clinical Application of the Method 

For various reasons, including insufficient analytical

sensitivity12,23,24,26,28,29,31,35 and linearity,24,25,32–34,36 previ-

ously reported liquid chromatography techniques coupled

with various detection systems can not accurately deter-

mine full therapeutic range of TPM concentrations. These

methods either lack adequate sensitivity, and conse-

quently cannot be applied in pharmacokinetic studies, or

the method range is to narrow and therefore they are not

practical for routine TDM. Furthermore, in recent years

there has been a trend of using TPM dosages lower than

those tested in the initial clinical trials. Therefore the refe-

rence concentration range does not reflect the individual

therapeutic range as in most patients TPM concentration

is probably lower.5

We have applied the method for TDM in patients

with epilepsy treated with TPM. A representative chroma-

togram from one of these patients is shown in Figure 3C,

which demonstrates that peak shape and resolution are si-

milar to that obtained using spiked blank plasma (Figure

3B), with no interferences. Trough TPM plasma concen-

tration range determined in 27 patients on stabile TPM

therapy 50–400 mg/day, was 0.07–10.9 μg/mL, which is

in agreement with the earlier reported range.5 The rela-

tionship between steady-state trough TPM concentration

and TPM dose per body weight is demonstrated in Figure

4. Poor correlation (R2 = 0.156) reveals the potential bene-

fit of using TDM in managing patients with epilepsy. 

It needs to be emphasized that sensitivity of the pre-

sent HPLC-FLD method is comparable to the sensitivity

of the more sophisticated LC-MS methods,30,32–34,36 which

makes it appropriate also for pharmacokinetic profiling

and bioequivalence assessments of low-dose TPM formu-

lations in healthy volunteers.

4. Conclusions

Simple, sensitive, accurate and precise HPLC-FLD

method for determination of TPM in human plasma is

described. Compared to previously developed methods

using derivatization, the main advantage of our method is

the simplicity in sample preparation, wider analytical ran-

ge and comparable sensitivity to the more sophisticated

LC-MS/MS methods. The presented method is suitable

for routine TDM of TPM in patients with epilepsy as well

as for pharmacokinetic and bioequivalence studies. Mo-

reover, small volume of blood plasma used for the analy-

sis along with high sensitivity allows its application in pe-

diatric studies.
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Povzetek
Razvili in validirali smo analizno metodo, ki temelji na teko~inski kromatografiji visoke lo~ljivosti s fluorescen~no de-

tekcijo in omogo~a rutinsko terapevtsko spremljanje plazemskih koncentracij protiepilepti~nega zdravila topiramata pri

bolnikih z epilepsijo. Koncentracijo topiramata v plazmi smo dolo~ali po predkolonski derivatizaciji, z uporabo 4-klo-

ro-7-nitrobenzofurazana kot fluorescen~nega reagenta za ozna~evanje in bendroflumetiazida kot internega standarda.

Metoda je enostavna, ob~utljiva, zanesljiva, ponovljiva, selektivna in ima obmo~je linearnosti pri koncentracijah od 0,01

do 24 μg/mL (r² > 0.9998). Znotraj dnevna to~nost, izra`ena kot odstopanje od prave vrednosti, je od 1,4 do 9,9 %,

meddnevna pa od 1,9 do 10,2 %. Znotraj dnevna in meddnevna nata~nost metode, izra`eni kot relativni standardni od-

klon, pa sta bolj{i od 7,9 oziroma 2,7 %. Validirano metodo smo uporabili za merjenje plazemskih koncentracij topira-

mata pri bolnikih z epilepsijo, s ~imer smo potrdili njeno primernost za terapevtsko spremljanje topiramata. Poleg tega

je metoda uporabna tudi za dolo~anje topiramata v farmakokineti~nih in bioekvivalen~nih {tudijah.
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