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Abstract

A simple and reliable high-performance liquid chromatographic (HPLC) method with UV-Vis detection has been developed and validated
for the determination of vigabatrin (VG) in human plasma and urine. The samples were pre-column derivatizated with 1,2-naphthoquinone-
4-sulphonic acid sodium salt (NQS). A good chromatographic separation was achievedgtotu@n with a mobile phase consisting of
acetonitrile and 10 mM orthophosphoric acid (pH 2.5) gradient elution. Tranexamic acid was used as an internal standard (1.S.). The method
was linear over the concentration range of 0.8—3@0nl for both samples. The method is precise (relative standard deviation (R.S.D.)
<9.13%) and accurate (relative mean error (RME)8.75%); analytical recoveries were 81.07% for plasma and 83.05% for urine. The assay
was applied to pharmacokinetic study in a healthy volunteer after a single oral administration of 1 g of vigabatrin.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction requires the regeneration of the columns after each anal-
ysis, the latter assays require complex sample preparation
Vigabatrin (VG) (4-amino-hex-5-enoic acid), is one of involving double derivatization (esterification of the car-
the newer generation of antiepileptic drugs. It is a structural hoxylic acid moiety and the acetylation of the amino group)
analogue ofy-aminobutyric acid (GABA) and is a selective  procedure and expensive chiral capillary columns. In the de-
catalytic inhibitory of enzyme GABA transaminase in brain. veloped high-performance liquid chromatographic (HPLC)
Vigabatrin is mostly administered as add-on therapy in re- methods vigabatrin has been analysed either g®rElL] or
sistant partial and secondarily generalised seizures whichyith the other drugs such as gabaperiia—14] haloperi-
are not satisfactorily controlled by other antiepileptic drugs dol and amantading5]. Most of these methods involve the
[1,2]. use of OPA derivatization and fluorimetric detection with
After oral administration, vigabatrin is well absorbed and jsocratic[9,14] or gradienf10,12,13]system. Although the
maximal concentrations in plasma can be observed within derivatization step is simple and rapid, the instability of the
1-2h. The elimination half-life is around 5-7 h. Itis weakly OPA derivatives make them difficult to apply to off-line
metabolised and is mainly excreted by the kidney. It shows derivatization. A sensitive HPLC methdiil] based on the
no significant protein-binding. Its pharmacokinetics is not formation of a fluorescent derivative obtained by the reac-
affected by foods and other drufgs4]. tion with 4-chloro-7-nitrobenzofurazan (NBD-CI) has been
Vigabatrin has been determined in human biological flu- developed for the assay of vigabatrin in plasma and urine by
ids, in many different ways with the aim of pharmacokinetic our laboratory. Among the HPLC analyses, only one method
study or therapeutic drug monitoring. For example, by using [8] has been reported using UV-Vis detection. In this study,
amino acid analyser with fluorimetric detection following 2,4 6-trinitrobenzenesulphonic acid (TNBS) has been used.
o-phthaldialdeyde (OPA) derivatizatidh], gas chromatog- In the present study, an HPLC method with UV-Vis
raphy (GC) with mass spectrometric detection (M&) or detection is described for the determination of vigaba-
thermionic specific detection (TID)7]. The first method  trin in plasma and urine. The procedure is based on the
off-line derivatization of the drug with 1,2-naphthoquinone-
* Corresponding author. Fax:90-2124400252. 4-sulphonic acid sodium salt (NQS) which is the colour
E-mail address: sevilmuge@yahoo.com (S.M. Cetin). labelling reagent for primary and secondary amines. NQS

0021-9673/$ — see front matter © 2003 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2003.11.020



238 SM. Cetin, S Atmaca/J. Chromatogr. A 1031 (2004) 237242

has been used in HPLC analyses for both off-Ji& 17]and the same material. The mobile phase consisting of acetoni-
on-line derivatizatior{18—20] These methods usually em- trile and 10 mM orthophosphoric acid (pH 2.5) was delivered
ploy UV-Vis [16,17,19]and fluorimetric[18,20] detection, as a linear gradient at a flow rate of 1 ml/min. The elution

however electrometric detecti¢®l] has also been used. In  profile was as follows: 20% acetonitrile (0—2 min), 25% ace-
this study, NQS derivatization has provided the sensitivity tonitrile (2—11 min) and 98% acetonitrile (11-20 min). Be-
required for the pharmacokinetic study of vigabatrin. fore use the mobile phase was degassed by an ultrasonic bath
and filtered by a Millipore vacuum filter system equipped
with a 0.45um HV filter.
2. Experimental
2.4. Sample preparation and derivatization
2.1. Chemicals and reagents
Blood samples were collected into the tubes containing
Vigabatrin and its tablets (Sabril, 500 mg vigabatrin per disodium EDTA and centrifuged at 4500 g for 10 min.
tablet) were kindly donated by Hoechst Marion Roussel (Is- The resultant plasma and urine samples stored24°C
tanbul, Turkey). The internal standard (1.S.), tranexamic acid until analysis.
was provided from Daiichi Seiyaku (Tokyo, Japan). NQS  Standard calibration plasma or urine sample was spiked
was purchased from Sigma (St. Louis, MO, USA). HPLC with 20l of internal standard solution. Plasma was depro-
grade of acetonitrile, methanol, chloroform, ortophospho- teinized by adding 850l of methanol then the mixture was
ric acid, hydrochloric acid, boric acid, potassium chloride, vortex-mixed for 1 min and centrifuged at 4500 g for
sodium hydroxide were obtained from Merck (Darmstadt, 10 min. An aliquot of 1.2 ml of the protein-free supernatant
Germany). Water was deionized and purified by a Milli-Q was evaporated to about 0.5 ml under nitrogen &Cl5The
water purification system from Millipore (Bedford, MA, remaining solution or urine sample was derivatized accord-

USA). ing to the method previously reportg2P] as follows: after
adding 50Qul of buffer and 50Qul of NQS solutions the
2.2. Solutions sample was kept at 6@ for 20 min. Then the mixture was

extracted with 2 mk 2.5 ml of chloroform after cooling and
The stock solution of vigabatrin (1 mg/ml) was prepared acidifying with 250ul of 0.1 M HCI. A 4.5ml aliquot of
in water and diluted with water to give standard solutions the organic phase was evaporated to dryness. The residue
of 4.0-150.Qug/ml. Standard calibration samples were pre- was dissolved with 100l (for plasma)/125u.! (for urine) of
pared daily by spiking 0.5ml of drug-free human plasma acetonitrile—10 mM orthophosphoric acid (pH 2.5) (25: 75,
or urine (diluted with water to a ratio of 1:10) with 100 v/v) and the solution was injected into the HPLC system.
of appropriate vigabatrin standard solutions to achieve final
concentrations of 0.8, 1.0, 5.0, 10.0, 15.0, 20.0, 25.0 and2.5. Linearity
30.0p.g/ml.
The internal standard working solution was prepared by Calibration curves were prepared by six replicate analyses
dissolving tranexamic acid in water to obtain a concentration of plasma and urine samples spiked with 10Gach of
of 0.5mg/ml. standard solution of vigabatrin to obtain the concentrations
The reagent solution was freshly prepared in water at of 0.8, 1.0, 5.0, 10.0, 15.0, 20.0, 25.0 and 30gdml, with
25 mg/ml concentration for the analysis of plasma and urine a fixed concentration (20g/ml) of internal standard.
samples, respectively. Samples were analysed as described above, and the peak
Borate buffer was prepared by dissolving 0.620 g of boric area ratios of vigabatrin to internal standard were plotted
acid and 0.750 g potassium chloride in 100 ml of water. The against the corresponding drug concentrations.
pH level was adjusted to 9.0 with 0.1 M sodium hydroxide
solution and the volume was made up to 200 ml with water. 2.6. Recovery

2.3. Instrumentation Recovery study was performed at seven concentration lev-
els of the calibration curve ranging from 1.0 to 3p.@'ml.

The analyses were performed on a Thermo SeparationAbsolute recoveries were determined £ 5) by compar-
Products Liquid Chromatograph (TX, USA) which con- ing the peak area values of the extracted human plasma and
sisted of a P4000 solvent delivery system equipped with a urine samples with those of the aqueous standard vigabatrin
Rheodyne injection valve with 30l loop, UV3000 detec- solutions at the same concentration.
tor set at 448nm and a SN4000 automation system soft-
ware. Separations were carried out at room temperature on2.7. Assay validation
a Shim-Pack CLS-ODS analytical columnuB particle
size, 250 mnx 4.6 mm i.d. (Shimadzu, Tokyo, Japan) with a The intra-day and inter-day accuracy and precision of the
guard column (4 mnx 3mm i.d., Phenomenex) packed with method were validated by analyzing the plasma and urine
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samples spiked with vigabatrin at low, medium and high Table 1

concentrations (1.0, 10.0 and 2f§/ml). Determinations ~ Calibration curve parameters & 6)

were performed with eight replicates on the same day asParameters Plasma Urine
well as on eight separate days.

Linear range jtg/ml) 0.8-30.0 0.8-30.0
Slope: meant S.D. 0.0651+ 0.001 0.0709+ 0.002
2.8. Applicability Intercept: meant S.D. 0.0054+ 0.003 0.0039+ 0.004
Correlation coefficient: 0.9996+ 0.0001 0.9996+ 0.001
mean+ S.D.

The study protocol for the human experiment was ap-
proved by the Human Ethics Committee of Istanbul Uni-
versity, Cerrahpasa Faculty of Medicine. The subject (a 47 respectively and the total run time of analysis was 20 min.
year-old healthy woman) read and completed the informed The representative chromatograms fig. 2A-C show,
consent statement before participating in the study. respectively, blank human plasma, plasma spiked with vi-

Venous blood samples were collected into the tubes con-gabatrin and internal standard, and plasma obtained at 1.5h
taining disodium EDTA prior to dosage and 0.50, 0.75, 1.00, after a single dose of 1g vigabatrin administration from a
1.15, 1.30, 1.45, 2.00, 2.15, 3.00, 5.00, 7.50, 12.00, 15.00healthy volunteer.
and 24.00 h after administration of the drug containing 1g of A linear correlation was obtained between the peak
vigabatrin. The blood specimens were processed to plasmadreéa ratios Avg,.s) and over the concentration range
as described above. Urine samples were also collected at in9-8-30.Qug/ml for each plasma and urine sample. The re-
tervals for up to 24 h. The samples were stored-20°C gression equations were as follows;g,1.s. = 0.0651C +
until analysis. Urine was diluted between 1:20 and 1:100 0.0054 ¢ = 0.9996) for plasma andvg,.s. = 0.070C +
with water, depending on its concentration before analysis. 0-0039 ¢ = 0.9996) for urine. Calibration parameters were

The plasma and urine concentrations were calculated fromgiven onTable 1
the regression equations of the calibration curves after ana- The limit of quantitation (LOQ) values for each sample

lyzing the samples as described abave(6). were accepted as the lowest concentration level on the cali-
bration curves, 0.8g/ml, with a relative standard deviation
2.9. Sability (R.S.D.) of less than 5.20%. Under the experimental condi-

tions, the lower limit of detection (LOD) was found to be

Analyte stability was assessed for all phases of the stor-9-519/mlin plasma and urine at a signal-to-noise ratio of 3.
age and analytical process at three concentration levels (1.0, The average absolute recoveries of vigabatrin were of
15.0 and 30.Qug/ml) of vigabatrin. The stability in the ex- 81.07% from plasma and 83.05% from urine. The mean re-
traction solvent was determined at@ and room temper- ~ COVery of the internal standgrd was fou_nd to be 80.36 z_and
ature. The stability of the derivative in mobile phase prior 80-60% from plasma and urine, respectively, at the working
to injection into the HPLC was also tested. The freeze-thaw concentration of 2Q.g/ml. The results ifable 2show no
stability was evaluated for these concentrations of vigaba- Cléar relationship between concentration and recovery.
trin in plasma and urine samples for three cycles of thawing INtra-day and inter-day R.S.D. values were within 1.90
at room temperature followed by re-freezing-t@0°C for and 5.78% for plasma, 2.70 and 9.13% for urine, respec-
24h. Long-term stability was assessed using samples storedively, indicating good precision. The accuracy of the method

at —20°C over a period of 8 months.

Table 2
Absolute recovery of vigabatrin from plasma and urine<(5)
3. Results Sample Concentrationu@/ml) Recovery R.S.D.
(%) (%)
Added Found
The reliable separation of vigabatrin and internal stan- (mean+ S.D.)

dard Fig. 1) was obtained using the gradient system on Plasma 1.00 0.74 0.04 74.00 5.21
reversed phase. The retention times of vigabatrin—and in- 5.00 4.00+ 0.11 80.00 2.69
ternal standard—NQ derivatives were 13.85 and 15.28 min, 10.00 8.39+ 0.17 83.90 2.02
15.00 13.02+ 0.51 86.80 3.91
20.00 16.00+ 0.27 80.00 1.69
CH, o CH,NH, 25.00 20.37+ 0.69 81.48 3.36
J VY 30.00 24,55+ 0.94 81.83 3.82
OH Urine 1.00 0.74+ 0.04 74.00 5.59
H,N HOOC 5.00 413+ 0.13 82.60 3.05
10.00 8.48+ 0.25 84.80 3.46
. ) o 15.00 13.05+ 0.25 87.00 1.92
Vigabatrin Tranexamic acid 20.00 16.12+ 0.41 80.60 253
Fio. 1. Chemical F vigabatrin and | standard _ 25.00 21.39+ 0.60 85.56 2.80
1g. 1. emical structures o viga atrin and internal standard, tranexamic 30.00 26.03+ 0.73 86.77 2.79

acid.
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Fig. 2. Representative HPLC chromatograms of (A) a blank plasma; (B) a plasma spiked wigini5f vigabatrin (VG) and 2Q.g/ml of the internal
standard (1.S.); and (C) a plasma obtained at 1.5 h after oral administration of 1 g vigabatrin to a healthy volunteepg/itil 280the internal standard.
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Table 3

241

quickly in basic reaction medium. The stability in mobile

Intra-day and inter-day precision and accuracy of vigabatrin in plasma phase was also tested and it was found that the samples were

and urine ¢ = 8)

Sample Concentrationug/ml) R.S.D. RME
0, 0,
Added Found (%) (%)
(mean+ S.D.)
Plasma Intra-day
1.0 0.92+ 0.049 5.32 -7.72
10.0 9.90+ 0.188 1.90 -1.05
25.0 25.10+ 0.691 2.75 0.38
Inter-day
1.0 0.91+ 0.053 5.78 —8.59
10.0 9.78+ 0.199 2.03 —2.19
25.0 24.71+ 0.650 2.63 -1.17
Urine Intra-day
1.0 0.94+ 0.082 8.75 —5.75
10.0 10.02+ 0.271 2.70 0.19
25.0 25.31+ 1.059 4.19 1.24
Inter-day
1.0 0.91+ 0.083 9.13 —-8.75
10.0 9.95+ 0.481 4.84 -0.51
25.0 24.98+ 1.107 4.43 -0.07

expressed as relative mean error (RME) was bel@w75%
which was shown to be satisfactoffaple 3.

NQ derivatives of vigabatrin and the internal standard in
the extraction solvent were stable for at least 72h &« 4

stable for 7 h at 4C and 3 h at room temperature. The per-
centage loss of the samples in mobile phase was about 5%.
The plasma and urine samples spiked with vigabatrin were
evaluated for the stability following freezing and thawing.
The drug was stable for at least three freeze-thaw cycles.
The stability of the spiked plasma and urine samples after 8
weeks of storage at20°C was evaluated as well, no sig-
nificant change was observed for either sample.

Commonly prescribed antiepileptic drugs (carbamazap-
ine, valproic acid, pirimidone, phenobarbital, clonazepam,
ethosuximide, lamotrigine, gabapentin) and metabolites
(10-hydroxycarbamazapine, carbamazapine-10,11-epoxide)
were analysed for possible interference. No interference
was observed because they did not react with NQS except
gabapentin which was derivatized but showed no interfer-
ence peak under the chromatographic conditions.

To check the clinical applicability of the method, the phar-
macokinetics of vigabatrin was investigated in a healthy vol-
unteer after a single oral administration of 1 g of the drug.
The concentration—time profile is shown filg. 3. The re-
sults of analysis revealed a maximum plasma concentration
(Cmax) of 23.51ug/ml was attained at 2 Hy{ax) of dosing.
Plasma concentration was measurable up to 24 h. The elim-
ination half-life ¢1/2) of the drug and area under the curve

and about 10 h at room temperature, whereas it decompose$AUC) were 4.95 h and 119.38g h/ml, respectivelyFig. 4
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Fig. 3. A representative plasma concentrations versus time profile of vigabatrin in a healthy volunteer after a single 1g oral dose.
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Fig. 4. Cumulative excretion of vigabatrin in urine of a healthy volunteer after a single 1g oral dose.
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shows the cumulative urinary excretion of vigabatrin for the recovery (73%) when compared with the present study. An-

same subject after this dose. It appears that 84.56% of drugother drawback of this report is minimal explanation of the

was excreted unchanged within 24 h. These parameters arenethod and validation data. However, LOQ valugu¢fml)

in agreement with those reported previousy. is close to that of the developed method involving NQS
derivatization.

4. Discussion
5. Conclusion

An HPLC method based on the reaction between vigaba-
trin and NQS has been reported previously for the determi-
nation of this drug in tablets and the optimum reaction con-
ditions have been describ§2l]. Some modifications were
made in order to determine vigabatrin in plasma and urine
by HPLC using this reaction, e.g., the NQ derivatives were
extracted with chloroform instead of chloroformbutanol
(4:1), because the use of chloroform extraction provide
higher analyte stability and recovery. Moreover, it markedly
minimised the interferences of endogenous amino acids, theAcknowIedgements
excess of NQS, the degradation products of NQS. When the

isocratic system, acetonitrile-10mM orthophosphoric acid  The authors would like to thank the Research Fund Is-
(PH 2.5) (25:75), used in the previous study was applied, the tanpy| University for the sponsorship of this study (Project

resolution was poor and the run time was long (30 min). The numbers T-53/23072002 and UDP-131/18042003).
gradient elution with these solutions provided the optimum

resolution with a short time analysis.
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