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Abstract

A rapid, simple and robust method is presented for the simultaneous determinatioméitiieon-butyric acid (GABA) derivatives
pregabalin (PGB), gabapentin (GBP) and vigabatrin (VGB) in human serum by high-performance liquid chromatography (HPLC). Serum
is deproteinized with trichloroacetic acid and aliquots of the supernatant are precolumn derivatizeephiitfdialdehyde (OPA) and 3-
mercaptopropionic acid. Separation is achieved on a Alltima 3C18 column using isocratic elution; the drugs are monitored using fluorescence
detection. Norvaline is used as an internal standard. Within-day precision (CO¥D) is 1.2% for PGB (serum concentration 10.0 mg/l),

1.1% for GBP (serum concentration 15.8 mg/l) and 0.3% for VGB (serum concentration 15.5 mg/l). The method is linear up to at least 63 mg/I
for PGB, 40 mg/I for GBP and 62 mg/l for VGB. Lower limits of quantitation (LOQ) are 0.13 mg/I for PGB, 0.53 mg/I for GBP and 0.06 mg/I
for VGB. No interferences were found from commonly coadministered antiepileptic drugs (AEDs) and from endogenous amino acids.

Experimental design in combination with statistical evaluation (ANOVA) was used to study the robustness of chromatography and sample
preparation. The method is very suitable for routine therapeutic drug monitoring and for pharmacokinetic studies.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction suggestef#t]. VGBis supplied as a racemic mixture, but only
the §-(+) enantiomer is pharmacologically actiffg.

The drugs vigabatrin (VGB), gabapentin (GBP) and pre-  The action of GBP and PGB is possibly due to their high
gabalin (PGB) are structural analoguesyeminobutyric binding to ap-8 protein, which is associated with voltage-
acid (GABA) as shown iffrig. 1. VGB and GBP are used as gated calcium channels. Potent binding at this site reduces
antiepileptic drugs (AEDs). PGB is recently approved for the calcium influx at nerve terminals and its release of several
treatment of partial seizures in patients with epilepsy and for neurotransmitters, including glutamate, noradrenaline and
the treatment of neuropathic pain in Eurdfe3]. substance B3].

The action of VGB is attributed to the irreversible inhibi- These drugs are minimally metabolised and primarily ex-
tion of the enzyme GABA-transaminase, thus preventing the creted in urine as unchanged drugs. For the analysis of VGB
physiological degradation of GABA in the brain, but a sec- enantiomers in human serum or plasma we reported a method
ondary mechanism of a blockade for GABA uptake is also [6], but since the suggested linear relationship between both

enantiomerg6,7] determination of the racemate concentra-
tionin serum or plasma will be suitable for routine therapeutic
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HZC\ Haén), potassium dihydrogen phosphate and dipotassium hy-
drogen phosphate (both Microselect, Fluka), the derivatiz-
o) 1) ing reagenb-phtaldialdehyde (OPA), 2-mercapto-propionic
HQNW H,N acid (MPA) and the internal standard DL-2-aminopentanoic
GABA OH Vigabatrin OH acid (DL-norvaline) were all obtained from Sigma—Aldrich
Chemie B.V. (Zwijndrecht, The Netherlands). Ultra pure wa-
ter was prepared using the Millipore-Q-plus water purifica-
o o tion system (Millipore, Bedford, Massachusetts, USA).
H.N H,N The 0.1 M borate buffer (pH 10.0) was prepared by dis-
solving 3.1 g of boric acid in approximately 475 ml of water.
OH H,C OH After adjusting the pH to 10.0 by adding 12 M and 1 M NaOH
the volume was adjusted to 500 ml with water.
Gabapentin CH, Pregabalin Stock solution of OPA was prepared by dissolving 100 mg
OPA into 3.0 ml of methanol. The derivatizing reagent work-
Fig. 1. Chemical structure of GABA and related drugs. ing solution was prepared by adding 0.3 ml OPA stock solu-
tion and 2Qul MPA to 4.0 ml 0.1 M borate buffer (pH 10.0).
The storage life of the stock solution is at least 4 weeks at
after rapid and simple precolumn derivatization usimg 4—-6°C when protected from light; the working solution is
phtaldialdehyde (OPA) and 2-mercaptoethdB¢]. Besides stable for at least 2 weeks when stored at4=n the dark.
methods for the analysis of GBP aloji®—12]some papers Stock solutions of VGB, GBP (both 1.5 mg/ml), PGB and
describe the simultaneous determination of GBP and VGB internal standard (both 1 mg/ml) were prepared in water and
[13-16] In this paper, we describe a method for the simulta- stored at 4—8C. The working internal standard solution was
neous analysis of PGB, VGB and GBP. After precipitation of prepared by diluting the stock solution with 20 volumes of
serum proteins with trichloroacetic acid, an aliquot of the su- water prior to use. Calibration serum was prepared in four
pernatant is derivatized with OPA and 3-mercaptopropionic concentrations by spiking blank new-born calf serum with
acid under alkaline conditions. The formed iso-indoles VGB, GBP (both 7.5, 15.0, 30.0 and 60.0 mg/l) and PGB
are then separated by reversed phase HPLC under sim{5.0, 10.0, 20.0 and 40.0 mg/l).
ple isocratic conditions and monitored using fluorescence

detection. 2.2. Instrumentation
The method was validated according to the guidelines of
the International Conference on Harmonisation (IGH]], HPLC analysis was carried out on a P4000 quaternary

including a robustness study by means of experimental de-solvent delivery system equipped with an AS3500 autosam-
sign in combination with statistical evaluation of the data pler and column oven (Thermo Separation Products Inc., San
(ANOVA). For this purpose we divided the analytical method Jose, CA, USA). Integration and system parameters were
into two parts: chromatography and sample preparation. Thecontrolled by Spectrasystem PC1000 software (Thermo Sep-
chromatography part was studied by varying six factors using aration Products). Separation was performed on ahome-made
a Plackett—-Burman design, the sample preparation part wageversed phase analytical column (15 &n®.46 cm) packed
studied with seven factors and a two-level fractional factorial with Alltima 3C18 (Alltech/Applied Science Group, Breda,
design. The Netherlands) kept at a constanttemperature ©®€3The
column eluate was monitored by a FP920 fluorescence de-
tector (Jasco Corporation, Tokyo, Japan) set at an excitation

2. Experimental wavelength of 330 nm and an emission wavelength of 450 nm.
Detector gain was set at 100. The mobile phase consisted of
2.1. Reagents and standards a mixture of methanol (8.0 vol.%), acetonitrile (17.5 vol.%)
and 20 mM phosphate buffer pH 7.0 (74.5vol.%) and was
(RS)<y-vinyl-y-aminobutyric acid (vigabatrin, MRI-  delivered isocratically at a flow-rate of 0.8 ml/min. Final pH

71754) was a gift from the Merrell Dow Research Insti- of the mobile phase was 7.50.

tute (Merrell Dow Pharmaceuticals Limited, Egham, UK).

1-[Aminomethyl] cyclohexane acetic acid (gabapentin) was 2.3. Sample preparation

a gift from Gddecke GmbH AG (Freiburg, Germany) and

S[+]-3-isobutyl<y-aminobutyric acid (pregabalin) was do- To 200u! of serum 5Qul of the internal standard working
nated by Parke—Davis Pharmaceutical Research (Divisionsolution and 10Gl of a 20% solution of trichloroacetic acid

of Pfizer Inc., Ann Arbor, Ml 48105, USA). Methanol in water was added. The mixture was vortexed for 15s and
(Lichrosolv), boric acid, sodium hydroxide, hydrochloric then centrifuged for 10 min at 2509 g. Ten microliters of
acid and trichloroacetic acid (all p.a.) were from Merck the supernatant was transferred to an autosampler microvial
(Darmstadt, Germany). Acetonitrile (Chromosolv, Riedel-de (300wl). Through an automatic sample preparation method
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100p.l of borate buffer and 1{11 of OPA working reagent was
added. After two mixing cycles, performed by aspirating and 350
dispensing 10Q. of the mixture and after a reaction time 3
of 1 min, 15ul of the reaction product was injected onto the 300 o
HPLC system.
5250
E
3. Results and discussion 5500 5
z 2 ||= ©
E @3 (| S
3.1. Derivatization 150 H S o
- AN
OPA reacts with all primary amino acids under alkaline 100+
conditions and in the presence of a thiol. The reaction is com- 5 z o T % >
plete within 1-2 min and occurs at room temperaf@fg. In @ Minutes
our method injection cycle was started after 1 min, which re-
sulted in very reproducible results. The fluorescence of the 0
formed iso-indoles starts to decrease after 10—20 min. The use :
of 3-mercaptopropionic acid compared to mercaptoethanol ~ >°°] o o
prolongs the life-time of the derivativg$9]. ol = a
3001 2l 2 T
Nl B
Y|l S
3.2. Chromatography 250 ©
2
<
In Fig. 2chromatograms are presented of (a) a blank pa- g 200
tients sample and (b) a calibration sample in new-born calf Z
serum. OPA-derivatives of VGB (retention time 4.3 min), the 150
internal standard norvaline (retention time 6.1 min), PGB (re-

tention time 15.0 min) and GBP (retention time 22.1 min) are ~ 1007—

well separated from the endogenous amino acids. Column 5 3 o % 55 5t
life-time, often a problem using OPA-derivatization, is ex- (b) Minutes

tended by using a small sample injection volume oful,5

made possible by a higher sensitivity gain setting of the de- Fig. 2. HPLC-chromatograms of (a) a blank patient sample without internal
tector. Replacing the top layer of the column when necessarystandard (b) a calibration sample containing 15.51 mg/l of vigabatrin (VGB),

(broad or split peaks) and reversing the flow direction will 9-99mg/l of pregabalin (PGB) and 15.75 mg/| of gabapentin (GBP). Reten-
prolong the column life-time even more tion times are 4.28 min for VGB, 15.00 min for PGB, 22.13 min for GBP

and 6.07 min for the internal standard norvaline.

3.3. Recovery 3.5. Linearity, accuracy and sensitivity

Absolute recovery is difficult to calculate in assays in- For establishment of linearity, accuracy and sensitivity of
cluding a derivatizaton step but appears to be approximatelythe method, samples were prepared at seven concentration
100% for the three drugs and was estimated by comparinglevels: four as described under ‘reagents and standards’ and
peak heights in extracted spiked bovine serum with those in another three by diluting the lowest concentration with blank
standard solutions.

Table 1

- . . .. Method repeatability and intermediate precision
3.4. Repeatability and intermediate precision P kil P

Analyte  Concentration (mg/l)  Coefficient of variatiom) (

Within-day repeatability was determined by subsequent Repeatability  Intermediate precision
analysis of new-born calf serum spiked with VGB, GBP and vcs 7.75 081% (6) 365% (14)
PGB at three levels, covering the therapeutic range of the 1551 026% (10)
drugs. Results show very low coefficients of variation be- 3102 065% (6) 230% (14)
tween 0.26 and 1.27%. Intermediate precision (day-to-day PGB 499 127% (6) 244% (14)
variability) was calculated after analysing control samples at 9.99 116% (10)
two levels durig a 5 months period of routine use of the 19.98 054% (6) 232% (14)
method by four different technicians on 14 different days. GBP 7.88 124% (6) 210% (14)
The coefficients of variation ranged from 2.10 to 3.65%. All 1575 113% (10)

. 0, 0,
data are shown iffable 1 3150 072% (6) 266% (14)
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Table 2
Linearity parameters
Analyte Linearity range (mg/l) Intercept Slope Correlation coefficient
VGB 0-62 -0.1623 1.0088 0.9998
PGB 0-40 681 0.9831 0.9997
GBP 0-63 w621 0.9907 0.9999
Table 3
Accuracy and sensitivity parameters
Accuracy
Analyte Concentration (mg/l) Coefficient of variatiom£ 6) (%) Accuracy (%)
VGB 62.0 241 1008
310 0.65 1001
7.75 085 968
155 083 965
0.78 288 836
0.52 162 780
PGB 400 0.55 972
20.0 0.54 1012
4.99 127 973
1.00 124 972
0.50 289 996
0.33 374 1093
GBP 630 0.72 992
315 0.72 991
7.88 124 996
158 132 946
0.79 631 1031
0.53 456 1291

Sensitivity (mg/l) based on

(a) Standard deviation blank (b) Signal-to-noise
Analyte LOQ LOD LOQ LOD
VGB 0.021 Q008 Q090 0.054
PGB Q095 Q044 Q173 0.104
GBP Q773 Q369 Q281 0.168

new-born calf serum up to 15 times. All samples completed case LOQ and LOD were defined as successively afd

with a blank — were analysed at least in three-fold. Linearity 6x the standard deviation of the noise divided by the signal.

parameters are givenirable 2 showing high linearity ofthe ~ SeeTable 3for all data.

method and covering a range up to twice the upper limit of

the therapeutic ranges for VGB and GBP (1-30 mg/l). Plasma3.6. Specificity

levels for PGB at therapeutic doses of 150-600 mg/day were

from 0.3 to 14 mg/I[3], sufficiently covered by the tested Commonly used antiepileptic drugs and metabolites do

range. not interfere with the method because they do not re-
For sensitivity study the lowest three levels were anal- act with the derivatizing reagent and are not detected

ysed in six-fold resulting in still low coefficients of variation, under these chromatographic conditions. The following

however, some unexplained deviations of the target value areAEDs/metabolites were tested: ethosuximide, primidone,

observed. InTable 3these deviations are given under ‘accu- phenobarbital N-desmethylsuximide (metabolite of meth-

racy’ and presented as a percentage of the target value. suximide), phenytoin, carbamazepine and its 10,11-epoxide
Limit of quantification (LOQ) and limit of detection and 10,1ltrans-dihydrodiol-metabolites, monohydroxycar-

(LOD) were calculated in two manners: (a) based on the stan-bazepine (metabolite of oxcarbazepine), valproic acid, lam-

dard deviation of the blank and (b) based on signal-to-noise. otrigine, clobazam and it&-desmethyl-metabolite, clon-

In the first case, LOQ and LOD were calculated as Hnd azepam, nitrazepam and diazepam andNtdesmethyl-

6x the blanks standard deviation, respectively. In the secondmetabolite.
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Table 4

Chromatography robustness testing

(a) Selected parameters and their variations - 0 +
MeOH in mobile phase (vol. %) 7 8 9
MeCN in mobile phase (vol. %) 16 175 185
Molarity phosphate buffer (mM) 15 20 25
Final pH of mobile phase a 7.5 7.6
Flow (ml/min) o7 0.8 0.9
Oven temperature' C) 25 30 35

(b) Plackett—Burman experimental design

Experiment no. MeOH (%) MeCN (%) Phosphate (mM) Final pH Flow oT
1 80 175 20 750 0.8 30
2 9.0 185 15 760 0.9 35
3 9.0 165 25 760 0.7 35
4 7.0 165 25 740 0.9 35
5 9.0 165 15 740 0.9 27
6 9.0 185 25 740 0.7 27
7 9.0 165 25 760 0.9 27
8 7.0 185 25 740 0.9 35
9 7.0 165 15 740 0.7 27

10 7.0 165 15 760 0.7 35

11 7.0 185 25 760 0.7 27

12 7.0 185 15 760 0.9 27

13 90 185 15 740 0.7 35

14 80 175 20 750 0.8 30

(c) Responses obtained from experiments

Experiment no. Vigabatrin Gabapentin
Cov Asymmetry N/mm Resolution cov Asymmetry N/mm Resolution
1 16 162 363 127 08 157 623 5.88
2 7.0 116 396 123 08 154 596 6.99
3 0.8 163 433 114 03 152 688 123
4 10 145 427 133 10 141 718 7.09
5 0.6 160 310 151 09 142 634 325
6 18 161 350 122 13 156 637 394
7 14 153 378 112 16 138 797 349
8 15 147 311 192 08 141 680 590
9 15 159 524 199 05 141 770 5.88
10 06 148 460 126 08 142 831 6.37
11 13 147 421 138 40 144 739 5.33
12 50 123 524 102 69 148 647 4.28
13 37 130 475 206 25 148 646 416
14 06 151 363 149 05 144 725 6.30
3.7. Robustness study the result§20—22] We used a software tool called Essential

Regression and Experimental Design for Chemists and En-

Robustness is an important part of method validation and, gineers, developed as an add-in for Microsoft ERc@5/97
as defined by the ICH, it is a measure of the method to re- and which comes with an electronic book pack§®l, for
main unaffected by small variations in the specified optimal setting up experimental designs and for evaluating the results.
method parameters and provides an indication of its relia- Robustness testing was carried out in the pre-validation
bility during normal usage. Experimental design is a useful process of method development, during investigation of accu-
tool in this kind of studies as it facilitates the investigation of racy’s and precision, and was divided into two parts. Because
several parameters at the same time while reducing the num-PGB was included in a later stage of method development,
ber of experiments. Preceding the actual testing a selectionthis drug did not participate in this part of the validation pro-
of essential factors and the levels at which to test them hascess.
to be performed and a decision must be made about to con- Concerning the chromatography part of the method we
sider which responses. Once experiments have been carriedelected six factors which are likely to be significant in prac-
out, analysis of variance (ANOVA) can be used to evaluate tical use of the method: methanol and acetonitrile content of
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Table 5

Sample preparation robustness testing

(a) Selected parameters and their variations - 0 +
Molarity of borate buffer (mM) 75 100 125
pH of borate buffer % 100 105
OPA stock volume added to working solution (ml) .28 03 0.35
MPA volume added to OPA working solutiop.lj 15 20 25
TCA concentration of precipitating agent (%) 15 20 25
Sample volume (ml) as 020 025
Volume of supernataniu) 5 10 15

(b) Fractional factorial experimental design and responses

Experiment no. Molarity of borate pH borate OPA MPA TCA Sample volume Supernatant volume Responses (COV)

VGB GBP

1 75 95 350 25 15 150 15 3.3 1.8
2 100 100 300 20 20 200 10 1.0 1.0
3 75 105 250 15 25 150 15 3.2 12
4 125 95 250 15 15 250 15 2.0 2.1
5 75 105 350 15 15 250 5 2.2 2.9
6 125 105 350 25 25 250 15 1.7 2.2
7 125 95 350 15 25 150 5 11 1.6
8 75 95 250 25 25 250 5 3.7 2.7
9 100 100 300 20 20 200 10 1.2 13
10 125 105 250 25 15 150 5 2.0 4.0

the mobile phase, pH and molarity of the phosphate buffer, erated, reducing the number of experiments to 10, including
flow-rate and column oven temperature. Column type was two centerpoints, as shown Trable %. Again a calibration
not taken into account since we use home-made analyticalserum sample containing the analytes at their mean therapeu-
columns packed with Alltima 3C18 from one large homo- tic concentration levels was subsequently analysed in 10-fold.
geneous batch. The selected factors and their variations ardResulting coefficients of variation3gble %) were consid-
shown inTable 4. A Plackett—-Burman screening design al- ered as important quantitative response factors. The molarity
lowing the study of up to 11 factors was generated. Together of the borate buffer was found to be a statistically significant
with two centerpoints this resulted in 14 experimental condi- factor (p < 0.05) affecting VGB's repeatability, however be-
tions as shown iffable 4. Due to high environmental tem-  tween the tested limits the coefficient of variation was always
peratures we were forced to use a higher low oven temper-below a very acceptable 3.7%.
ature limit of 27°C instead of the intended 2&. In every
experiment, we subsequently analysed a calibration serum
containing the analytes at their mean therapeutic concentra-4. Conclusion
tion levels in 10-fold. This resulted in precision data (co-
efficients of variation, COV) of the analytes that we used  We present a simple, rapid, well validated and robust
as guantitative response. Mean plate numbers, asymmetrymethod for the simultaneous determination of pregabalin,
factors and resolutions were calculated to evaluate effectsgabapentin and vigabatrin. Experimental design is a very
on the qualitative response. All responses are presented irhelpful tool in testing robustness of analytical methods dur-
Table £. In the linear response regression model the ace-ing the pre-validation phase. The preceding exploration of
tonitrile content of the mobile phase and the molarity of its limits is very useful in identifying potential problematic
the phosphate buffer appeared to be two statistically sig-factors and how to control them. The method is in use for
nificant factors § < 0.05) concerning both the precision of routine therapeutic drug monitoring for more than 6 months
VGB analysis and the asymmetry of the VGB peak, the first now, without any problems. The experimental results with
probably being a consequence of the second. Acetonitrile respect to linearity, accuracy, precision, specificity and sen-
content also appeared to have a statistically signifigast ( sitivity demonstrate the reliability of the procedure for its
0.1) effect on the precision and the plate number of GBP. intended application.
The actual experiments however, never produced a COV
greater than 7.0% for VGB and 6.9% for GBP, which is still
acceptable. Acknowledgements
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