Journal of Pharmaceutical and Biomedical Analysis 50 (2009) 96-99

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journal homepage: www.elsevier.com/locate/jpba

Short communication

A direct HPLC method for the resolution and quantitation of the R-(—)- and
S-(+)-enantiomers of vigabatrin (y-vinyl-GABA) in pharmaceutical dosage
forms using teicoplanin aglycone chiral stationary phase

Abdulrahman A. Al-Majed *

Department of Pharmaceutical Chemistry, College of Pharmacy, King Saud University, P.O. Box 2457, Riyadh 11451, Saudi Arabia

ARTICLE INFO ABSTRACT

Article history:

Received 3 December 2008

Received in revised form 23 March 2009
Accepted 25 March 2009

Available online 5 April 2009

A direct chiral high-performance liquid chromatography (HPLC) method was developed and validated
for the resolution and quantification of antiepileptic drug enantiomers, R-(—)- and S-(+)-vigabatrin
(gamma-vinyl-gamma-aminobutyric acid) in pharmaceutical products. The separation was optimized
on a macrocyclic glycopeptide antibiotic chiral stationary phase (CSP) based on teicoplanin aglycone,
chirobiotic (TAG), using a mobile phase system containing ethanol-water (80:20, v/v), at a flow rate
of 0.4 ml/min and UV detection set at 210 nm. The stability of vigabatrin enantiomers under different
- ; . degrees of temperature was also studied. The enantiomers of vigabatrin were separated from each other.
Vigabatrin enantiomers X ) X .
Teicoplanin aglycone chiral stationary The callbratlon. curves were linear over arange of 10071600 wg/ml (r=0.999) fqr both enantlomer;. The
phase overall recoveries of R-(—)- and S-(+)-vigabatrin enantiomers from pharmaceutical products were in the
Pharmaceutical products range of 98.3-99.8% with %RSD ranged from 0.48 to 0.52%. The limit of quantification (LOQ) and limit of
HPLC detection (LOD) for each enantiomer were 100 and 25 p.g/ml, respectively. No interferences were found
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from commonly co-formulated excipients.
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1. Introduction

Increasing demands for the separation of chiral compounds,
and production of enantiomerically pure compounds have led
to enantioselective separation becoming one of the most impor-
tant analytical task [1]. Over the past few years, it has been
demonstrated that the chiral stationary phases (CSPs) based on
macrocyclic antibiotics (teicoplanin, teicoplanin aglycone, van-
comycin, ristotecin A, etc.) are extremely useful for enantiometric
separations of racemic compounds and appear particularly suitable
for preparative chromatography [2-4]. One of the recent selectors
is teicoplanin. The aglycone-derivative of teicoplanin appears to be
especially suited for the separation of underivatized amino acids
[5]. Teicoplanin aglycone TAG differs from teicoplanin by the lack
of the sugar chains.

Vigabatrin (y-vinyl-y-aminobutyric acid, y-vinyl-GABA) is one
of the newer generation of antiepileptic drugs. It is a structural ana-
logue of y-aminobutyric acid (GABA) (Fig. 1). It acts by irreversibly
inhibiting the enzyme GABA transaminase in brain, increasing
GABA concentrations and reducing seizure activity [6]. Nowadays,
vigabatrin is regarded by many authorities as a drug of choice
in infants with West syndrome (infantile spasms), particularly in
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cases associated with tuberous sclerosis [7,8]. Vigabatrin is supplied
as a racemic mixture of the enantiomers, but only the (S)-(+)-
enantiomer is pharmacologically active [9]. Therefore it is useful
to provide chiral separation and enantiometric analysis methods of
this drug.

In the past decade, several analytical methods, such as high-
performance liquid chromatography (HPLC) method [10-12] and
capillary electrophoresis (CE) method [13,14] for the determi-
nation of vigabatrin have been developed. However, only few
methods have been described to date for the chiral separa-
tion of vigabatrin enantiomers. Haegele et al. [15] reported a
gas chromatography-mass spectrometry (GC-MS) method for
the determination of vigabatrin enantiomers. Schramm et al. [16]
developed a gas-liquid chromatography (GLC) method to detect the
content of vigabatrin enantiomers in plasma or serum. Although
GC methods are relatively sensitive, they require complex sample
preparation involving double derivatization of the drugs to improve
the volatility and avoid column interactions. An HPLC method with
pre-column derivatization has also been presented for the analysis
of vigabatrin enantiomers [17,18]. But the method of derivati-
zation may often be time-consuming, frequently requires strict
control to temperature and rigorous sample clean up or undergo
cross-reaction during the analysis. The direct resolution of racemic
vigabatrin by HPLC without derivatization is very rare. Recently,
Lee et al. attempted to resolve racemic vigabatrin and its analogue
y-amino acids on liquid chromatographic chiral stationary phases
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Fig. 1. The chemical structure of (A) S-(+)-vigabatrin, (B) R-(—)-vigabatrin, and (C)
GABA.

(CSPS) based on (+)-(18-crwon-6)-2,3,11,12-tetracarboxylic acid
[19], but this method was only dealing with resolution of vigabatrin
enantiomers and its analogue and was not applied for the analysis
of the drug in its pharmaceutical dosage forms.

The aim of this work was to develop and validate a simple stere-
oselective HPLC method with UV detection based on the use of a
teicoplanin aglycone macrocyclic antibiotic CSP for the direct enan-
tioselective analysis of vigabatrin in pharmaceutical formulations.
With the present broad range of available CSPs and advances in
column technology, the present enantioselective HPLC can be con-
sidered as the method of choice for the quantitation of racemic
vigabatrin without previous derivatization.

2. Experimental
2.1. Chemical and reagents

(+£)-vigabatrin, S-(+)-vigabatrin and R-(—)-vigabatrin were pur-
chased from Sigma Chemical Co. (St Louis, MO, USA). Ethanol
as HPLC-grade was purchased from BDH Chemicals (Poole, UK).
Water was deionized and doubly distilled using a cartridge system
(Picotech water system, RTP, NC, USA). Sabril tablets (containing
500 mg of vigabatrin as racemate/tablet) were purchased from the
local market.

2.2. Instrumentation and chromatographic conditions

The resolution of the enantiomers was performed on a Waters
Breeze system consisting of a 1525 Binary HPLC pump, 717 plus
autosampler, 2487 Dual channel absorbance detector and In-line
degasser AF (Milford, MA, USA). The column used for the analytical
separation was the macrolide-type antibiotic teicoplanin aglycone
known as chirobiotic TAG (15 cm x 4.6 mm i.d., 5 wm particle size)
purchased from Advanced Separation Technologies (Whippany, NJ,
USA).

The mobile phase consisted of ethanol:water (80:20, v/v) and
was filtered through a Millipore membrane filter (0.2 wm) from
Nihon, Millipore (Yonezawa, Japan). The flow rate was 0.4 ml/min,
the sample injection volume was 20 L.

The appropriate wavelength for the detection of the drug was
determined by wavelength scanning over the range of 200-400 nm
with a Shimadzu UV-double beam spectrometer and the chro-

matograms were monitored by UV detection at a wavelength of
210 nm.

2.3. Preparation of standard stock solutions

Stock solutions of S-(+)-vigabatrin, R-(—)-vigabatrin (2.0 mg/ml)
were prepared by dissolving the appropriate amount of substances
in water. A seven-point non-zero calibration standard curve, rang-
ing from 100 to 1600 pg/ml, was prepared.

2.4. Preparation of standard solutions of tablets

An accurately weighed amount equivalent to 50 mg vigabatrin
was transferred into 100 ml volumetric flask with the aid of 50 ml of
water and stirred for 10 min. The extract was filtered and complete
to volume with water. Accurately measured aliquots of the super-
natant were transferred to 5 ml volumetric flasks diluted to 5ml
with water to give final concentration of 250, 750 and 1600 .g/ml
of vigabatrin.

3. Results and discussion
3.1. Optimization of the chromatographic conditions

In order to get optimum resolution and selectivity for the two
enantiomers from pharmaceutical preparations, various macro-
cyclic antibiotic CSPs and various experiments were conducted. The
chiral separation was optimized using isocratic conditions as these
offer more rapid analysis attributable to the presence of column
re-equilibration steps.

The separation of vigabatrin enantiomers was first attempted
using vancomycin CSP, teicoplanin CSP and ristotecin. However,
despite the use of a range of different possible mobile phase compo-
sitions, no separation was achieved for vigabatrin enantiomers on
any of the three columns (data not shown). In order to improve the
resolution of vigabatrin enantiomers, teicoplanin aglycone chiral
stationary phase (TAG CSP) was used.

Several mobile phase compositions were tested on teicoplanin
TAG CSP. With the mobile phase consisted of methanol or ethanol,
no enantioseparation was observed in the absence of water. While
with methanol in the presence of water, separation was poor,
with ethanol, the enantioresolution increased with increasing
water concentration in the mobile phase. An increase of water
concentration in ethanol in the mobile phase to about 15%, par-
tial enantioseparation of the studied enantiomers were obtained
(Rs=1.1). Increasing the concentration of water with ethanol to
about 20%, a significant improvement in both the resolution and
sensitivity was achieved (Rs=2.91). The increase in resolution
with increasing water content was due to enhanced hydropho-
bic interactions in the water-rich mobile phase, while the increase
in the resolution with increasing ethanol content was due to the
decreased solubility of polar vigabatrin in ethanol-rich mobile
phase [20].

It was also found that no significant influence of the pH in the
range of 5-7 was observed on retention or separation. This can be
easily explained by the fact that the vigabatrin molecule is present
in its zwitterionic form at this pH range (carboxylic moiety pKa
~4.0, amine moiety 8.6) and the function groups of the tiecoplanin-
aglycone molecule involved in the chiral discrimination also have
their pKa values (acidic group ~4.0, basic group ~9.2 [5]) far from
this pH change.

From this study, the optimized conditions of ethanol-water
(80:20, v/v) (Table 1) were established as the final mobile phase
conditions with TAG CSP at flow rate 0.4 ml/min. This simple mobile
phase is advantageous particularly if method is transferred to



98 A.A. Al-Majed / Journal of Pharmaceutical and Biomedical Analysis 50 (2009) 96-99

Table 1
Validation parameters for the determination of vigabatrin enantiomers using the
proposed method.

Parameter S-(+)-vigabatrin R-(—)-vigabatrin
Intercept (a) 0.019 0.018
Slope (b) 0.006 0.004
Correlation coefficient (r) 0.999 0.999
Sy 0.031 0.026
Sa 0.033 0.028
Sh 0.0002 0.0001
LOQ (pg/ml) 100 100
LOD (j.g/ml)? 25 25
a §/N=3.

preparative scale since the separated analytes can easily be isolated
by evaporating the solvent.

Typical chromatograms for the chiral separation of vigabatrin
enantiomers are presented in Fig. 2. Under the above optimizing
conditions, S-(+)-vigabatrin (7.94 min) was eluted before R-(—)-
vigabatrin (9.85 min), since the R-(—)-enantiomer interacts with
the chiral selector more strongly. Elution order was verified by run-
ning the chromatograms of the optically pure enantiomers of the
studied drug under identical HPLC conditions.

3.2. Mechanism of retention and separation

From the aspect of enantiometric separation, several sugges-
tions regarding the mechanism of retention and separation can
be reached. The studied enantiomers of vigabatrin (Fig. 1) contain
nitrogen and oxygen atoms, which interact with the complimen-
tary groups on the chiral selector. In the case in which the process
takes place in a basket-like cavity on teicoplanin TAG CSP [21], it is
the “ability” of one enantiomer (with respect to the other) to reach
a better steric fit in the cavity that induces the separation.

Through hindrance effect, a carbonate moiety present on
teicoplanin aglycone may have an important role in the separa-
tion of vigabatrin enantiomers, as they block possible interaction
sites on the aglycone itself, and offer competing interaction sites.
This is particularly important for y-aminobutyric acids, which are
thought to “dock” and bind inside the cleft of the aglycone near
its amino function groups. Obviously, the lack of the sugar moiety
allows a stronger docking of the vigabatrin enantiomers with less
steric hindrance [21,22].

The combination of hydrogen-bond, dipole-dipole and short-
distance Van der Waals interactions may to varying degrees favor
the stabilization of the enantiomer-CSP complexes. Obviously,
these effects strictly depend how the enantiomers fit the aglycone
cavity [20].
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Fig. 2. Chromatogram of [I] S-(+)-vigabatrin, 1200 pg/ml and [II] R-(—)-vigabatrin,
1200 pg/ml, recovered from Sabril tablet.

From the results relating to the possible chiral recognition
mechanism, it can be concluded that there is no valid concep-
tion for the chiral recognition of racemic vigabatrin on macrocyclic
glycopeptides-based CSPs including teicoplanin aglycone. There are
probably several suggestions, but further efforts should be made to
clarify the real mechanism, which can facilitate the optimization of
the separations of the drugs on teicoplanin aglycone CSP.

3.3. Method validation

From the preliminary trials to optimize the conditions for S-(+)-
and R-(—)-vigabatrin separation upon a chirobiotic TAG column,
it was found that the mobile phase composed of ethanol-water
(80:20,v/v), aflow rate of 0.4 ml/min at 25° gave the best enantiose-
lectivity and enantioseparation values with suitable short retention
times. Therefore under these optimal conditions, the method was
applied to the enantioselective analysis of the drug enantiomers in
pharmaceutical formulations and validated according to ICH [23].

3.3.1. Linearity

Under the optimized working conditions, standard calibration
curves for each enantiomer were linear over the concentration
range of 100-1600 wg/ml, with the linear regression equation
y=0.019+0.006x for S-(+)-vigabatrin and y=0.018 + 0.004x for R-
(—)-vigabatrin and correlation coefficient (r) of 0.999 for both
enantiomers. These concentration ranges resulted were suitable to
test the linearity at the levels normally observed for vigabatrin in
its pharmaceutical formulations.

3.3.2. Limit of detection (LOD), limit of quantitation (LOQ) and
accuracy

The lowest LOD and the LOQ were determined based on signal-
to-noise ratios using analytical responses of 3 and 10 times the
background noise, respectively [24]. The LOD and the LOQ for each
enantiomers were calculated to be 25 and 100 p.g/ml, respectively.
The results of the statistical analysis of the experimental data,
such as the slopes, the intercepts and the correlation coefficients
obtained by the least squares treatment of the results along with
standard deviation of the slopes and intercepts on the ordinate and
the standard deviation of the residuals were shown in Table 1. The
accuracy of the method was tested by analyzing different concen-
trations of standard vigabatrin enantiomers. The overall recoveries
of vigabatrin enantiomers by the proposed method were 98.5 and
98.7% for S-(+)- and R-(—)-vigabatrin, respectively, with %RSD of
0.85 and 0.87 for S-(+)- and R-(—)-vigabatrin, respectively. In both
cases, the results are satisfactorily low and hence the method is
sufficiently accurate and precise.

3.3.3. Application to pharmaceutical products

The validity of the method developed was further applied to
various concentrations taken from the pharmaceutical commer-
cial formulations (Sabril tablets) for determining their content of
vigabatrin enantiomers. The values of the overall drug percentage
recoveries of S-(+)- and R-(—)-vigabatrin were 98.9 with %RSD of
0.48 and 99.3% with %RSD of 0.52, respectively. The results indi-
cate that this proposed method can determine the enantiomers of
vigabatrin in the drug product accurately and precisely.

3.3.4. Specificity

Excipients commonly co-formulated with the studied drug such
as magnesium stearate, cellulose, starch, calcium hydrogen phos-
phate, colloidal silicon dioxide and coloring agents, also did not
interfere with the determination of vigabatrin enantiomers, indi-
cated a high degree of specificity of the method for the drug in its
pharmaceutical dosage forms.
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3.3.5. Robustness

The optimum HPLC conditions of vigabatrin enantiomers were
used to evaluate the method robustness under modified condi-
tions. The small changes made include the flow rate, detection
wavelength, time (day) and temperature (+10%). It was found
that the percent recoveries of vigabatrin enantiomers were good
under most conditions and remain unaffected by small changes of
experimental parameters but deliberate, demonstrating sufficient
robustness.

4. Conclusion

An enantioselective HPLC method that enables sensitive deter-
mination of S-(+)- and R-(—)-vigabatrin in pharmaceutical products
was developed. The method is selective where excipients com-
monly co-formulated with the studied drug do not interfere. The
proposed method is considered as the first method proved to be
capable to direct separate y-amino acid (vigabatrin) by utilizing
teicoplanin aglycone CSP without derivatization. Moreover, the UV
detectors coupled to HPLC are widely available in many analyti-
cal laboratories, and this assures the broadest applicability to the
method. Also this method can be used as chiral quality control for
vigabatrin formulations by HPLC.
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