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Abstract

A capillary electrophoresis (CE) method was developed for the assay determination of gabapentin (GBP) in bulk drug and capsules.
Separation was carried out on 74cm (62.5cm effective lengtsum i.d. fused silica capillary by applying a potential e20kV
at ambient temperature. Background electrolyte (BGE) consisting of 5mM 5-sulphosalicylic acid and 0.5 mM cetyltrimethylammonium
bromide (CTAB), pH 11.0 was employed for the separation. Indirect method of UV detection was performed at a wavelength of 215 nm using
sulphosalicylate ion as a chromophore. A linear calibration curve was obtained over a concentration+&@@u20ml| of GBP in deionized
water with a correlation coefficient)(of 0.9998. Recoveries were shown to583% both in bulk drug and capsules with standard deviation
(S.D.)<2.3%. No placebo (matrix) peaks were observed at the migration times of GBRguatamic acid (internal standard, I.S.).
© 2004 Elsevier B.V. All rights reserved.

Keywords: Capillary electrophoresis; Indirect detection; Gabapentin; Pharmaceuticals; Antiepileptic drug

1. Introduction (CE) [16,17] Due to the very low UV absorption of GBP,
all the earlier reported methods, the UV or fluorometric
Gabapentin [1-(aminomethyl)cyclohexaneacetic acid, detections were performed by precolumn derivatization of
GBP] is a new generation antiepileptic drug in treatment of GBP with a suitable reagent. To the best of our knowledge,
intractable pain of reflex sympathetic dystrophy. It is struc- only two methods are reported in the literature for assay
turally (Fig. 1) related toy-aminobutyric acid (GABA), an  determination of GBP in pharmaceutical formulations. One
inhibitory neurotransmittgl]. GBP is also found to be more  of the methods is derivatization of GBP with fluorescamine
effective for patients who are resistant to conventional an- followed by spectrofluorimetric determinati¢B] and other
tidepressants, although its mechanism of action is not fully one by colorimetric determinatid9] based on the reaction
understood. It has very low toxicity in humans, and itis well of GBP with vanillin and ninhydrin. The derivatization
absorbed and excreted completgy. is often time consuming and the stability of the reaction
A variety of separation techniques are available for assay products depend on the various experimental conditions
determination of GBP in biological fluids. These include such as pH, temperature and time. Despite wide use of GBP,
gas chromatography (GJ3®], gas chromatography—mass a simple and reliable analytical technique is required for its
spectrometry (GC-M9YW,5], liquid chromatography—mass assay in bulk drug and pharmaceutical formulations.
spectrometry (LC-MSJ6], high performance liquid chro- Capillary electrophoresis (CE) has been extensively uti-
matography (HPLC)7-15] and capillary electrophoresis lized in pharmaceutical analysj20]. Fast analysis, small
volume of sample and low running cost are some of the ad-
* Corresponding author. Tel.: +91 40 27160 123; fax: +91 40 27 160387. vantages of CE. It is often employed for indirect detection
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HZN’ i ~COOH 2.4. Capsules
Twenty capsules (Neurontin 300 or 400 mg) of each were

separately emptied out and homogenized. A portion of the
powder equivalent to 10.0 mg of GBP was taken in a 10 ml
calibrated standard flask, added 5ml of water, shaken for
UV absorbing co-ion is added to the background electrolyte 3 min and made up to the volume with the same solvent. Each
(BGE), a quantifiable decrease of chromophore ion in the capsule contains around 16% of inactive ingredients such as
background absorbance corresponds to the concentration ofactose, cornstarch and talc, which are less water-soluble and
compound present in the sample. A few reports for the in- they can be separated from the active ingredients by simple
direct detection and determination of active ingredients in filtration. An appropriate concentration of sample and I.S.
pharmaceutical formulations by (@2—24] are also avail-  were prepared in water at the time of analysis. Sample and
able in the literature. Soga and Imaizy@2b] have developed  standard solutions were stored in a refrigeratora® 4vhen
anindirect CE method for the analysis of inorganic anions, or- it is not used. They are stable for more than 1 month under
ganic acids, amino acids, nucleotides, and other anionic com-this storage condition. Both BGE and samples were filtered
pounds. GBP has similar functional group as amino acids andthrough 0.45.m membrane prior to use.

this prompted us to develop a simple indirect CE method for

assay determination of GBP in bulk drug and pharmaceutical 2.5. Apparatus

Fig. 1. Structure of gabapentin.

capsules.
CE experiments were performed using a Prince CE sys-
tem (Prince Technologies, Model No. 460, The Netherlands)
2. Experimental equipped with a Lambda 1010 UV-vis detector, an auto sam-
pler and a power supply to deliver up to 30 kV. An uncoated
2.1. Chemicals and reagents fused silica capillary of 7o.m ID (Polymicro, Phoenix, AZ,

USA) with a total length of 74 cm (62.5 cm effective length)
All chemicals used in the preparation of BGE and solu- Was used for separation. The capillary was thermo stated at

tions were of analytical reagent grade. Sodium hydroxide 25°C. Samples were kept at ambient temperature in the auto
and cetyltrimethylammonium bromide (CTAB) were sup- Sampler and injected by applying a pressure of 50 mbar for
plied by s.d. fine chem. Ltd. (Mumbai, India). Gabapentin 6. A constantvoltage 620 kV was applied throughout the
was a gift from Matrix Labs Ltd. (Hyderabad, India). The analysis. Indirect UV detection was performed using a wave-
5-sulphosalicylic acid dihydrate andglutamic acid were  length of 215 nm. The acquisition and analysis of data were
purchased from Fluka (Buchs, Switzerland). Neurontin cap- carried out with the DAx software supplied by the instrument
sules (300 and 400 mg) were obtained from local pharmacies.manufacturer.
Deionized water was obtained using a Milli-Q water purifica- A new capillary was conditioned by rinsing with 0.1 M
tion system (Millipore, Molsheim, France). All the standards sodium hydroxide for 20 min, water for 5 min, and finally the
and Samples were prepared in deionized water. BGE for 10 min. Between each run, the capillary was rinsed

with water for 2 min, 0.1 M sodium hydroxide for 2 min, wa-

. ter for 1 min, the BGE f in, ively.
2.2. Preparation of background electrolyte er for 1 min, and the BGE for 3 min, successively

BGE was prepared by dissolving 5 mM 5-sulpho salicylic
acid (1.271 g)and 0.5 mM CTAB (0.182 g) in water and made
up to 1000 mlwith water. The pH of the buffer was adjusted to
11.0 with 1 M NaOH. Due to the diffusion of carbon dioxide
in the buffer solution, the pH changes slowly to the lower val-
ues, hence pH readjustment is necessary before performin
the analysis.

3. Results and discussion

Glutamic acid was selected as an internal standard for the
assay of gabapentin. Initially, analytical conditions such as
concentration of chromophore ion, pH and voltage were opti-
Ynized for the better separation and peak shape of GBP and|.S.
In order to maximize the negative charge of analyte and I.S.,
the pH of the BGE was adjusted to 11.0. GBP exhibits a very
2.3. Preparation of standard solutions low UV absorption and hence, sulphosalicylic acid (chro-
mophore ion) with the same charge as the GBP was added
Stock standard solution of gabapentin arglutamic acid to the BGE. When GBP ion displaces the chromophore ion,
(internal standard, |.S.) of each 1.0 mg/ml were prepared sep-it will decrease the background absorbance and appears as
arately in water. Before analysis, the required concentrationsa negative peak. By using the system software, the negative
of GBP (20-20Qug/ml) and 1.S. (53.g/ml) were prepared  peak was inverted (positive peak) and the peak area mea-
by mixing appropriate volume of stock standard solutions, sured was corresponding to the concentration of the analyte.
and diluting with water. CTAB (0.5 mM) was added to the BGE in order to reverse
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Table 1 (A) ]
Reproducibility of migration time and peak area of internal standard mm__
Concentration{g/ml) % R.S.D. (=23) - -
= -
Migration time Peak area % i
52 084 102 |
78 121 144 = .
117 132 152 7]
om —

T T T T T ¥ ¥ ¥ T

the direction of the electroosmotic flow (EOR26]. And the g ®  Time (min) "

separation was performed with reversed polarity (applying  (g)
a negative voltage). 5mM sulphosalicylic acid and 0.5 mM .
CTAB (pH 11.0) was found to be suitable for separation of
GBP and I.S. At separation voltage eR0kV, the |.S. and
GBP were migrated at 6.28 and 12.10 min, respectively. An-
alyte and 1.S. have sufficient response at a wavelength of
215 nm for the indirect photometric detection. The relative
response of internal standard was twice that of analyte and .
hence the concentration of sample was taken approximately * Time (min)
twice the concentration of the internal standard to minimize
the integral errors. © A Is
Suitability of glutamic acid as an internal standard was m5—
tested in terms of migration time and peak area reproducibil- 7
ity. Three concentrations (52, 78 and 1ig/ml) were pre-
pared and each concentration was injected in triplicate by
applying 50 mbar pressure for 6 s. The percent relative stan-
dard deviations (% R.S.D.s) of migration time and peak area |
were calculated and given ifable 1 It can be seen from the 4
table that the % R.S.D. of migration time and peak area were mz : | : | ,
0.84 and 1.02, respectively at a concentration of p2uonl, o % e (i 1o
which was relatively lower than other concentrations. There-
fore, internal standard around 52.8/ml was preferred for Fig. 2. Electropherograms of: (A) water blank; (B) excipients blank, and;
obtaining better results. Further, any peak due to the matrix (C) standard GBP (10240g/ml) and 1.S. (52.Qug/ml) spiked with excip-
(placebo) or system peaks in the region of I.S. and GBP was'ents. CE cpnditions: capillary Ie_ngth 74 cm (62.5cm effective Ieng:th)
tested by running a placebo blank. Typical electropherogram 75me applied voltage-20 I.<V; |nd_|rectdetect|on at21_5 nm; hydrodynamlc
2 L injection for 6 s at 50 mbar; BGE: 5 mM 5-sulphosalicylic acid and 0.5 mM
from deionized water blank, excipients blank (placebo), and c1ag; pH of the buffer was adjusted to 11.0 with 1M NaOH.
standard mixture containing GBP and |.S. in deionized wa-

ter are depicted ifrig. 2A—C. From these figures, it can be  sample concentration and migration time. Therefore, the peak

observed that no placebo or systemic peaks occurred in theyrea was divided by the migration time to obtain corrected

region of I.S. and GBP. Both the analyte and |.S. migrated peak area. A linear detector response with peak area ratios

within 12.5 minutes and the peaks are symmetric. to the concentration of GBP was obtained with a correlation
coefficient ¢) of 0.9998 {rable 2.

Absorbance AT

GBP

Absorbance ATT
|

3.1. Method Validation

Table 2
After the optimization of the method parameters, the Method validation regarding linearity and limits of detection and

method was tested for linearity, accuracy, precision, robust- quantification

ness, limit of detection (LOD), and limit of quantification validation parameters Results
(LOQ)- Correlation coefficientr( 0.9998
Concentration rangg(ug/ml) 20-200
3.1.1. Linearity range 'Snltercetl‘)’)t & g-gggé 103
. . . . ope . X
Six different concentration of GBP in the range - dard deviation (intercept) 0.0002
ZO—ZOQLg/mllwere. prepargd from standard stock solutllon Standard deviation (slope) 3.02%510-6
by diluting suitably in deionized water and the concentration Standard error estimate 0.0005
of I.S. (52pg/ml) was kept constant. Each solution was in-  Limit of detection .g/ml) 4.98
jected twice using a 50 mbar injection pressure for a period of Limit of quantification f.g/ml) 16.60

6. In CE, peak areas were directly proportional to both the @ At each concentration level duplicate injections, six data points.
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3.1.2. LOD and LOQ 15

The limit of detection and quantification were calculated GBP
based on the slop&)ofthe calibration curve and the standard
deviation of response (S.D.) using the formula for LOD = 3.0
S.D.Sand for LOQ =10 S.D9) [27]. The LOD and LOQ
were 4.98 and 16.60g/ml, respectively.

3.1.3. Accuracy ‘m__ |l |
Accuracy of the method was tested by adding GBP ofthree

different concentrations ranging from-8%20% to a constant ' I ' I '
mixture of excipients. The solutions were injected twice and
the recoveries determined were compared to the theoretical
values. The recoveries ranged from 98.8 to 100.6% with S.D. Fig. 3. Typical electropherogram of neurontin capsule formulation under
<1.8%, which means that the method gives sufficient accu- conditions proposed as givenfig. 1

Absorbance ATT

Time [1min)

racy.
Y gabapentin (Neurontin) capsule 300 mg analyzed according
3.1.4. Precision as repeatability to the proposed method is shownFig. 3. The real tablet
Repeatability of migration times and peak areas were formulation of GBP is not available locally; fche applicability
tested using a standard solution of GBP (@2ml) and I.S. of the proposed method was tested by adding known amount

(52ug/ml). The relative standard deviation of peak areas and ©f GBP to a common tablet excipients (talc, lactose, starch
migration times if = 6) of GBP were <3.0 and <2.4%, re- and magnesium stearate) and analyzed for the content. Re-

spectively. When the relative migration time and peak area COveries of GBP from the excipients wer®8.8% with S.D.
calculated with respect to 1. € 6) were <2.1 and <1.8%, <2-1% (data not shown) indicated that this method could be

respectively. utilized for the analysis of GBP in tablet formulation.

3.1.5. Robustness :
The robustness of the method was examined during the4' Conclusion

development of the method. The influence of significant A practical and good CE method for assay determination
changes of buffer pH (10.8-11.2), concentration of sulphos- of GBP was developed and partly validated. The proposed
alicylic acid (4.8-5.2mM) and applied voltage-19 to method was found to be easy and practical to apply for the
—21kV) were investigated in the presence of I.S. The ab- 555ay of GBP in bulk drug and capsules. Acceptable lev-
solute mlgratlon times and peak areas of GBP and I.S._varle_de|S of precision (as repeatability) in terms of migration time

whe.n eaph variable was changed..However, the relative Mi-(<2.4% R.S.D.) and peak areas (<3% R.S.D.) were obtained.
gration times and the peak area ratios of the drugs versus |.She |imit of detection and limit of quantification were found

did not change significantly. With reference to |.S., deviations g pe 4.98 and 16.60g/ml, respectively. Recovery studies of
less than 2.8% were found to be relative to the optimum value Ggp in capsules were99.6% with S.D. of <2.1%, which

of each variable. indicates accuracy of the method. As compared to the re-

_ _ ported spectrofluorimetrid 8] and colorimetri¢19], present
3.1.6. Analysis of GBP in bulk drug and capsules ~indirect photometric detection method does not require any
The applicability of the proposed method was examined derivatization and extraction for the assay of gabapentin. Fur-

by the assay determination of GBP in bulk drug and cap- ther, no interferences due to excipients were observed while
sules (other dosage forms are not available in Indiable 3 assaying of gabapentin.

shows, the percentage recovery along with standard devia-
tion. Recoveries were shown to b®8% both in bulk drug
and capsules with S.D. <2.3%. Typical electropherogram of Acknowledgments
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