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Abstract

A simple isocratic reversed-phase HPLC method was developed and validated for the analysis of dissolution samples of gabapentin tablets and
capsules. Separation of gabapentin from its major degradation impurity, 3,3-pentamethylene-4-butyrolactam was achieved on a Phenomenex Luna
Cyano column using a methanol-acetonitrile-20 mM KH,PO, (pH 2.2) (5:5:90, v/v/v) mobile phase. The compounds were eluted isocratically at
a flow rate of 1.25 mL/min. Both compounds were analyzed with UV detection at 210 nm. The method was validated according to USP Category
I requirements for gabapentin. The validation characteristics included accuracy, precision, linearity, range, specificity and limit of quantitation.
Robustness testing was also conducted to evaluate the effect of minor changes to the chromatographic system and to establish appropriate system
suitability parameters. Validation acceptance criteria were met in all cases. This method was used successfully for the quality assessment of five

gabapentin drug products.
Published by Elsevier B.V.
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1. Introduction

Gabapentin [1-(aminomethyl)cyclohexaneacetic acid; struc-
ture I] is a +y-aminobutyric acid (GABA) analog used for
treatment of partial seizures in adults and children [1]. It has also
been shown to be effective for neuropathic pain [2]. Gabapentin
increases GABA levels in the brain clinically [3]. However, its
mechanism of action is still not clear. It had been suggested
that gabapentin may bind to an undefined receptor or binding
site in the brain [4]. More recently it has been proposed that
gabapentin inhibits calcium influx by inhibiting calcium chan-
nels in presynaptic terminals [5]. Gabapentin is rapidly absorbed
following oral dosing. The Ty is approximately 2—3 h and the
plasma half-life is between 5 and 7h [1]. Gabapentin, whose
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protein binding is <3%, is eliminated by renal excretion without
significant metabolism [1].

Gabapentin is a white to off-white crystalline solid with
a pK,1 of 3.7 and a pKyp of 10.7. It is freely soluble in
water and in both basic and acidic aqueous solutions [6]. It
degrades via intramolecular cyclization to form a y-lactam: 3,3-
pentamethylene-4-butyrolactam [lactam, structure II].

H:N COOH HN —C=0

I II

Various analytical methods for therapeutic monitoring have
been reported in the literature for the quantitative determination
of gabapentin in human plasma or serum [7—15]. Methods for the
analysis of gabapentin in pharmaceutical formulations are quite
limited and typically involve a derivatization step [16—19]. The
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authors had earlier reported a novel method for the determination
of gabapentin and its major degradation impurity in tablets and
capsules which did not require derivatization [20].

To the best of our knowledge there is only one reference
for the analysis of gabapentin dissolution samples. No details
for this HPLC method are given except for detector wavelength
[21]. Hence, an attempt has been made to develop a simple,
efficient and selective method for the analysis of the dissolution
samples of gabapentin tablets and capsules. The method requires
no extraction or derivatization steps. HPLC instrumentation with
UV detection, which is readily available in most analytical and
pharmaceutical laboratories, was used. A total analysis run time
of less than 10 min was achieved. The method was used suc-
cessfully to evaluate the dissolution profiles of five marketed
gabapentin drug products.

2. Experimental
2.1. Materials

Gabapentin and 3,3-pentamethylene-4-butyrolactam (lac-
tam) certified reference standards were purchased from the
United States Pharmacopeia (Rockville, MD, USA). Gabapentin
drug substance was purchased from Interchem Corporation
(Paramus, NJ, USA). Nylon syringe filters were purchased
from Millipore Corp. (Bedford, MA, USA). HPLC grade
monobasic potassium phosphate (KH>PO4), ACS grade phos-
phoric acid and ACS grade hydrochloric acid (HCl) were
purchased from Fisher Scientific (Fairlawn, NJ, USA). HPLC
grade acetonitrile and methanol were purchased from Burdick
and Jackson (Muskegon, MI, USA). HPLC ready deionized
18 MQ2 water was obtained, in-house, from a Milli-Q Gradi-
ent A-10 water purification system, Millipore Corp., (Bedford,
MA).

2.2. Dissolution

A calibrated dissolution apparatus (USP II) was used with
paddles at 50 rpm and bath temperature maintained at 37 &= 1 °C.
Nine hundred millilitre freshly prepared and degassed 0.06N
HCI solution was used as the dissolution medium.

Six tablets/capsules were evaluated for each drug product
tested. Dissolution samples were collected at 5, 10, 20 and
30 min for the capsule drug products and at 10, 20, 30 and 45 min
for the tablet drug products [22]. At each time point, a 5mL
sample was removed from each vessel using an auto-sampler
and filtered through a nylon filter (0.45 pm, 25 mm) into labeled
glass tubes and analyzed by HPLC.

The amount of gabapentin in the test samples was calculated,
as percentage dissolved, from the measured peak area for the
test samples and compared it with the peak area for the standard
gabapentin solution using the following equation:

900 Peak Area (sample)
X
DruglLoad  Peak Area (standard)

x Concentration (standard) x 100

Dissolved (%) =

where drug load is 600 or 800 for the tablets and 300 for the
capsules.

2.3. Instrumentation and chromatographic conditions

The HPLC system consisted of a Hewlett Packard 1050 series
(Agilent Technologies, Wilmington, DE, USA) equipped with a
quaternary pump, online degasser, column heater, autosampler
and diode array-detector (DAD). Data collection and analysis
were performed using ChemStation software (Agilent Technolo-
gies). Separation was achieved on a Phenomenex Luna cyano
column 250 mm x 4.6 mm, 5 pm fitted witha4.0 mm x 3.0 mm,
Phenomenex cyano security guard cartridge (Phenomenex, Tor-
rance, CA, USA). The elution was isocratic at 1.25 mL/min with
a mobile phase of methanol-acetonitrile-20mM KH,;PO,4 (pH
2.2) (5:5:90, v/v/v). The column temperature was maintained at
26 °C. The injection volume was 40 pL with UV detection at
210 nm.

2.4. Preparation of standard solutions

2.4.1. Preparation of gabapentin calibration standards

Gabapentin stock solution I of 5mg/mL was prepared in
water using the USP gabapentin reference standard. Calibration
standard solutions at eight levels were prepared daily by diluting
the stock solution I to concentrations of 0.05, 0.10, 0.15, 0.20,
0.25, 0.35, 0.50 and 0.65 mg/mL.

2.4.2. Preparation of gabapentin quality control standards
Gabapentin stock solution II of 5 mg/mL was prepared in
water using the gabapentin reference standard. Quality control
(QC) standard solutions were prepared by diluting the stock
solution II for the final QC concentrations of 0.06, 0.16, 0.24,
0.44 and 0.64 mg/mL. Gabapentin stock solution III of 5 mg/mL
was prepared in water using the gabapentin drug substance.

2.4.3. Preparation of lactam standard
Lactam stock solution I of 1 mg/mL was prepared in water
using the USP lactam reference standard.

2.5. Method validation

The method was validated according to the United States
Pharmacopeia Category I requirements. The following valida-
tion characteristics were addressed: linearity, range, accuracy,
precision, specificity, limit of quantitation and robustness.

2.5.1. System suitability standard

System suitability standard solution which contained
0.4 mg/mL gabapentin and 4 pg/mL lactam was prepared by
diluting and mixing the gabapentin and lactam stock solutions
with mobile phase. System suitability was determined from six
replicate injections of the system suitability standard before sam-
ple analysis. The acceptance criteria were less than 2% relative
standard deviation (R.S.D.) for peak area, greater than 6000
column plates, USP tailing factor less than 2.0 and resolution
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between gabapentin and the lactam of at least 10. Resolution
was calculated using the following equation:

R=1.18 {H}
W + W,

where t> and 77 are the retention times of lactam and gabapentin,
respectively, and W> and W are the peak widths at half height.
The results were used to monitor critical operational parameters
of the chromatographic system to confirm that the resolution and
precision were adequate immediately prior to analysis.

2.5.2. Linearity and range

Standard calibration curves were prepared with eight calibra-
tors over a concentration range of 0.05-0.65 mg/mL (0.05, 0.10,
0.15, 0.20, 0.25, 0.35, 0.50 and 0.65 mg/mL) for gabapentin.
The data of peak area versus drug concentration were treated
by linear least square regression analysis. The standard curves
were evaluated for intra-day and inter-day linearity. The range
was the interval between the highest and lowest concentration of
analyte where acceptable linearity, accuracy and precision were
obtained.

2.5.3. Accuracy and precision

Accuracy and precision of the method were determined
for the drug substance by analyzing QC standard samples at
five concentrations of gabapentin (0.06, 0.16, 0.24, 0.44 and
0.64 mg/mL). The method precision was established by inject-
ing three standard QC samples at each concentration level for
the intra-day precision and on 3 days for the intermediate pre-
cision. Precision was expressed by the %R.S.D. of the analyte
peaks. Accuracy was established by evaluating the amount deter-
mined from the quality control standards and comparing to the
respective nominal value expressed as percent recovery.

Accuracy of the method was also tested on all drug prod-
ucts at three concentrations with three respective samples. The
method of standard additions was utilized. For the tablet drug
products, 20 tablets were ground into a fine powder using a glass
mortar and pestle. For capsule drug products, 20 capsules were
weighed and the contents emptied into a glass mortar. The empty
capsule shells were weighed to determine the average fill weight
in each capsule. The fill material was gently ground using a glass
pestle for 1 min to break any aggregated or cemented material.
From the powdered drug product, a portion equivalent to about
30% of the nominal (100%) dissolution of gabapentin in the drug
product was accurately weighed and transferred to a 100 mL vol-
umetric flask (for 600 mg and 800 mg strengths) and 250 mL (for
300 mg strength). Approximately 75 mL of dissolution medium
was added to the flask. Drug product was then spiked with
gabapentin stock solution IIT up to the target concentration. The
target concentrations were 40, 80 and 120% gabapentin with
respect to the nominal (100%) dissolution. In addition sam-
ples were analyzed containing 30% of the nominal amount of
gabapentin in the drug product without spiking. All samples
were sonicated for 15 min followed by 15 min on a mechanical
shaker at 100 rpm. The flasks were adjusted to volume and mixed
well. The resulting solution was filtered using a 0.45 pm nylon
filter into labeled glass tubes. Samples were diluted 60:40 with

6:1:1 250 mM KH;PO4:methanol:acetonitrile dilution mix and
injected into the HPLC for analysis. Percent recovery was cal-
culated by comparing the known spiked amount of gabapentin
to the amount detected in the spiked sample after subtracting the
amount detected in the unspiked (30% product) samples.

2.5.4. Limit of quantitation

The limit of quantitation for gabapentin is the lowest concen-
tration where acceptable accuracy and precision were obtained.
In addition an estimate of the limit of quantitation for gabapentin
was calculated from ten times the noise value.

2.5.5. Robustness

The robustness of the method was evaluated by analyzing
the system suitability standard and evaluating system suitability
parameter data after varying, individually, the HPLC pump flow
rate (£10%), auto-sampler injector volume (£50%) and column
compartment temperature (+4 °C).

2.5.6. Specificity

Specificity of the method was determined by analyzing sam-
ples containing a mixture of the drug product excipients and
samples containing gabapentin’s main degradation product, the
lactam. All chromatograms were examined to determine if
gabapentin and the lactam co-eluted with each other or with
any excipient peak.

3. Results and discussion
3.1. Selection and optimization of analytical method

Gabapentin is a weak ultraviolet (UV) absorber requiring
spectral analysis at short UV wavelengths. At 210 nm gabapentin
absorbance is approximately one order of magnitude less than
the lactam. Thus, traditional dissolution analysis by direct UV
was not used since low levels of the lactam may interfere with
gabapentin quantitation.

When direct UV detection is not feasible for dissolution
analysis due to potential interferences, HPLC is often used.
Interferences from impurities are separated from the main prod-
uct and analysis can still be achieved with UV detection. For
HPLC analysis the lactam is strongly retained on reversed-phase
columns since it is relatively non-polar. Gabapentin is a small,
highly polar molecule which can exist as a cation, anion or zwit-
terion due to its acid pK, of 3.7 and base pK, of 10.7. Thus, it is
poorly retained on most reversed-phase HPLC columns. There-
fore, it is difficult to elute both compounds efficiently using a
simple isocratic system. The optimization goal was to develop a
simple and efficient chromatographic method for two molecules
with very different chemical selectivities. The authors have pre-
viously reported a HPLC method for the analysis of gabapentin
potency samples at 210 nm using a cyano column and 8:92 ace-
tonitrile:pH 6.2 phosphate buffer (20 mM) [20]. This method
was found to be unsuitable for the present analysis due to the
large difference in pH between the test samples which were pre-
pared in 0.06N HCl and the mobile phase which contains pH 6.2
buffer. Hence, the mobile phase was modified to include a pH
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Table 1

Parameters and linearity data of gabapentin calibration curves

Standard curve Analytical range (mg/mL) Calibrators Slope y-Intercept R? value
Validation set 1 0.05-0.65 8 581.44 —0.9606 0.9999
Validation set 2 0.05-0.65 8 583.08 —0.8702 0.9999
Validation set 3 0.05-0.65 8 582.22 3.2756 0.9999
Table 2

Accuracy: drug substance (n=3)

Sample 0.06 mg/mL 0.16 mg/mL 0.24 mg/mL 0.44 mg/mL 0.64 mg/mL
Validation set 1 101.30 97.87 98.38 99.27 99.62
Validation set 2 100.25 97.67 99.27 99.85 99.47
Validation set 3 97.92 98.65 100.84 99.86 100.84

2.2 phosphate buffer (20 mM). The resulting system provided
good resolution but resulted in significant tailing for both the
gabapentin and the lactam peaks.

To improve peak symmetry, the concentration of the organic
portion of the mobile phase, i.e., of acetonitrile, was varied
between 4 and 12%, individually, and in combination with
tetrahydrofuran or methanol. Best results were obtained when
5% acetonitrile and 5% methanol was used, although the peak
of the void volume was found to be chromatographically noisy
in all cases resulting in minor interference to the early eluting
gabapentin peak. Diluting the dissolution samples 60:40 with a
dilution mix (consisting of methanol, acetonitrile and monobasic
potassium phosphate (250 mM) in the ratio 1:1:6) to bring the pH
of the sample to 2.2 removed this chromatographic noise. Both,
a Phenomenex Luna Cyano and a Brownlee Spheri-5 Cyano col-
umn were tested and both generated an efficient run time of less
than 10 min. The Phenomenex column provided superior peak
symmetry and was selected for the study. The USP tailing factor
improved from 1.96 to 1.62 on the Phenomenex column. Since
the dissolution samples (in 0.06N HCl) were diluted with the
dilution mix, all samples and standards prepared from the stock
solutions were diluted using a solution containing 60 parts of
0.06N HC1 and 40 parts of the dilution mix.

3.2. Method validation

The following method validation characteristics were
addressed for gabapentin: accuracy, precision, specificity, limit
of quantitation, limit of detection, linearity, range and robust-
ness. The method was validated for accuracy, precision,
specificity and limit of quantitation using sets of three quality

control (QC) standards. Standard calibrators were used to estab-
lish linearity and range. Robustness was established using the
system suitability standard. The validation characteristics met
the acceptance criteria for USP Category 1.

3.2.1. System suitability

The system suitability test ensures the validity of the ana-
lytical procedure as well as confirms the resolution between
different peaks of interest. All critical parameters tested met
the acceptance criteria on all days. Adequate resolution of >10
between the gabapentin and the lactam peaks ensured the speci-
ficity of the method.

The system suitability assessment for the analytical HPLC
method established instrument performance parameters such
as peak area %R.S.D., column efficiency (N) and USP tailing
factor (77) for the gabapentin peak. The mean (n=18) peak
area %R.S.D. was 1.2% and the mean 7¢ and N were 1.66
and 6933 plates/m with CVs of 1.0 and 1.8%, respectively. All
critical parameters tested met the acceptance criteria on all days.

3.2.2. Linearity and range

Linearity of the method was confirmed by preparing
gabapentin standard curves for the analytical range of
0.05-0.65 mg/mL. Excellent correlation between analyte peak
area and concentration of the drug was observed with 2 >0.999
for all standard curves (Table 1). Precision and accuracy were
established for drug substance from 0.06 to 0.64 mg/mL. There-
fore the range for the method is 0.06-0.64 mg/mL. This range
represents 30-320, 15-160 and 12-118% dissolution, respec-
tively, for the 300, 600 and 800 mg gabapentin drug products.

Table 3

Precision: drug substance (%R.S.D., n=3)

Sample 0.06 mg/mL 0.16 mg/mL 0.24 mg/mL 0.44 mg/mL 0.64 mg/mL
Validation set 1 343 0.87 243 1.15 0.67
Validation set 2 2.18 1.12 0.60 0.18 0.35
Validation set 3 1.99 2.38 1.32 0.66 0.68
Intermediate 2.71 1.45 1.78 0.73 0.82
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Table 4
Accuracy: drug product (%recovery, n=3)

Product 30% drug product spiked to

40% 80% 120%
A: Capsule 99.5 98.8 97.5
B: Capsule 99.1 99.2 99.0
C: Tablet 99.9 98.7 98.3
D: Tablet 97.1 98.5 101.6
E: Tablet 97.3 99.7 98.0

3.2.3. Accuracy and precision

Accuracy and precision were established across the analytical
range for gabapentin and the lactam. The accuracy and intra-day
and inter-day precision were calculated from the QC samples
for gabapentin and the lactam. Results for the intra-day accu-
racy of gabapentin are summarized in Table 2. Results for the
intra-day and inter-day precision are summarized in Table 3.
The accuracy results for gabapentin in all drug products showed
good recovery and are summarized in Table 4. Results for the
accuracy of gabapentin tested in drug products at three concen-
tration levels by the technique of standard addition ranged from
97.5 to 99.5% for capsule drug product A and 97.1 to 101.6%
for tablet drug product D. The recovery was 100 &= 3% for all
samples.

3.2.4. Limit of quantitation

The limit of quantitation for gabapentin based on the low-
est concentration where acceptable accuracy and precision were
obtained is 0.06 mg/mL. An estimate of the limit of quantitation
based on 10x S/N is 0.050 mg/mL, which is the same as the
lower level of the calibration curve. An estimate of the limit of
detection based on 3x S/N is 0.015 mg/mL for gabapentin.

3.2.5. Robustness

To ensure the insensitivity of the HPLC method to minor
changes in the experimental conditions it is important to demon-
strate robustness of the method. None of the alterations caused a
significant change in resolution between gabapentin and lactam,

10
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HPLC Response (mAU)
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Fig. 1. Chromatography of (a) excipient mix; (b) 60:40 mix of 0.06N HCI and
dilution mix and (c) the system suitability standard.
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Fig. 2. Dissolution profile of gabapentin capsule products A and B and tablet
products C-E.

peak area R.S.D., USP tailing factor, peak width or theoretical
plates.

3.2.6. Specificity

The excipient mixture showed the absence of any peaks
beyond the void volume (Fig. 1). The 60:40 mix of 0.06N HCl
and dilution mix also had no peaks beyond the void volume.
In addition, resolution between gabapentin and the lactam was
always greater than 15. Due to the absence of any co-eluting
peaks we determined this method to be specific for gabapentin.

3.3. Analysis of the marketed products

The validated method was used in the analysis of five
gabapentin drug products. This included drug products from
four different manufacturers, as two different dosage forms (cap-
sules and tablets), and three different dose strengths (300, 600
and 800 mg). Dissolution profiles of each product are presented
in Fig. 2. The two capsule products (products A and B) showed
similar dissolution profile with >90% dissolution within 10 min
and >99% dissolution in 30 min. However, significant differ-
ences were observed within the dissolution profiles of the three
tablet products tested (products C-E). Tablet product D dis-
played significantly more rapid dissolution than tablet products
C and E and its profile was similar to the capsule products.
Products C and E showed <90% dissolution within 20 min,
while product D was >90% dissolved within 10 min. However,
all three tablet products tested showed >97% dissolution in 45
min.

4. Conclusion

A simple and efficient reverse-phase HPLC method was
developed and found to be accurate, precise and linear across
the analytical range. The method was specific for the determi-
nation and quantification of gabapentin in dissolution samples.
The method may be used to assess the quality of commercially
available gabapentin drug products.



186 A. Gupta et al. / Journal of Pharmaceutical and Biomedical Analysis 46 (2008) 181-186

References

[1] M.C. Walker, P.N. Patsalos, Pharm. Ther. 67 (1995) 351-384.

[2] N.B. Finnerup, H. Gottrup, T.S. Jensen, Exp. Opin. Pharmacother. 3 (2002)
1411-1420.

[3] O.A. Petroff, D.L. Rothmann, K.L. Behar, R.H. Mattson, Ann. Neurol. 39
(1996) 95-99.

[4] N. Suman-Chauhan, L. Webdale, D.R. Hill, G.N. Woodruff, Eur. Pharmcol.
244 (1993) 293-301.

[5] J.A. van Hoft, J.J. Dougherty, D. Endeman, R.A. Nichols, W.J. Wadman,
Eur. J. Pharmacol. 449 (2003) 221-228.

[6] A.C.Moffat, M.D. Osselton, B. Widdop (Eds.), Clarke’s Analysis of Drugs
and Poisons, vol. 2, third ed., Pharmaceutical Press, London, 2004, pp.
1069-1070.

[7]1 C.E. Wolf, J.J. Saady, A. Polkis, J. Anal. Toxicol. 20 (1996) 498-501.

[8] S.Y. Chang, FY. Wang, J. Chromatogr. B: Biomed. Appl. 799 (2004)
265-270.

[9] Z.Zhu, L. Neirinck, J. Chromatogr. B: Biomed. Appl. 779 (2002) 307-312.

[10] T.A. Vermeij, P.M. Edelbroek, J. Chromatogr. B: Biomed. Appl. 810 (2004)
297-303.

[11] H. Hengy, E.U. Kolle, J. Chromatogr. 341 (1985) 473—478.

[12] M.M. Kushnir, J. Crossett, PI. Brown, EM. Urry, J. Anal. Toxicol. 23
(1999) 1-6.

[13] D.R. Ifa, M. Falci, M.E. Moreas, F.A. Berreza, M.O. Moraes, J. Mass
Spectrom. 36 (2001) 188-194.

[14] N.V.S. Ramakrishna, K.N. Vishwottam, M. Koteshwara, S. Manoj, M. San-
tosh, J. Chidambara, B. Sumatha, D.P. Varma, J. Pharm. Biomed. Anal. 40
(2006) 360-368.

[15] G. Bahrami, B. Mohammadi, J. Chromatogr. B: Biomed. Appl. 837 (2006)
24-28.

[16] F. Belal, H. Abdine, H. Al-Majed, N.Y. Khalil, J. Pharm. Biomed. Anal.
27 (2002) 253-260.

[17] H.E. Abdellatef, H.M. Khalil, J. Pharm. Biomed. Anal. 31 (2003) 209-214.

[18] R. Sekar, S. Azhaguvel, J. Pharm. Biomed. Anal. 36 (2004) 663-667.

[19] M.C. Nahata, Pediatr. Neurol. 20 (1999) 195-197.

[20] A.B.Ciavarella, A. Gupta, V.A. Sayeed, M.A. Khan, P.J. Faustino, J. Pharm.
Biomed. Anal. 43 (2007) 1647-1653.

[21] H.Y. Cho, H.A. Kang, Y.B. Lee, Int. J. Clin. Pharmacol. Ther. 44 (2006)
386-392.

[22] http://www.accessdata.fda.gov/scripts/cder/dissolution/.


http://www.accessdata.fda.gov/scripts/cder/dissolution/

	Development and application of a validated HPLC method for the analysis of dissolution samples of gabapentin drug products
	Introduction
	Experimental
	Materials
	Dissolution
	Instrumentation and chromatographic conditions
	Preparation of standard solutions
	Preparation of gabapentin calibration standards
	Preparation of gabapentin quality control standards
	Preparation of lactam standard

	Method validation
	System suitability standard
	Linearity and range
	Accuracy and precision
	Limit of quantitation
	Robustness
	Specificity


	Results and discussion
	Selection and optimization of analytical method
	Method validation
	System suitability
	Linearity and range
	Accuracy and precision
	Limit of quantitation
	Robustness
	Specificity

	Analysis of the marketed products

	Conclusion
	References


