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ABSTRACT: A sensitive validated liquid chromatography–tandem mass spectrometric method (LC-MS/MS) for gabapentin (GB)
in human plasma has been developed and applied to pharmacokinetic (PK) and bioequivalence (BE) studies in human. In a
randomized crossover design with a 1-week period, each subject received a 300 mg GB capsule. The procedure involves a simple
protein precipitation with acetonitrile and separated by LC with a Gemini C18 column using acetonitrile–10 mM ammonium
acetate (20:80, v/v, pH 3.2) as mobile phase. The GB and internal standard [(S)-(+)-α-aminocyclohexanepropionic acid hydrate]
were analyzed using an LC-API 2000 MS/MS in multiple reaction monitoring mode. The ionization was optimized using ESI(+)
and selectivity was achieved using MS/MS analysis, m/z 172.0 → 154.0 and m/z 172.0 → 126.0 for GB and IS, respectively.
The assay exhibited good linearity over a working range of 20–5000 ng/mL for GB in human plasma with a lower limit of
quantitation of 20 ng/mL. No endogenous compounds were found to interfere with the analysis. The accuracy and precision were
shown for concentrations over the standard ranges. This method was successfully applied for the PK and BE studies by analysis
of blood samples taken up to 36 h after an oral dose of 300 mg of GB in 24 healthy volunteers. Copyright © 2007 John Wiley &
Sons, Ltd.

KEYWORDS: LC-MS/MS; gabapentin; pharmacokinetics; bioequivalence study

INTRODUCTION

Gabapentin [GB, 1-(aminomethyl-1-cyclohexyl) acetic
acid], is a structural analog of the inhibitory neurotrans-
mitter γ-aminobutyric acid (GABA) and is a new effec-
tive antiepileptic drug for adjunctive therapy of partial
epileptic seizures with or without secondary generaliza-
tion (Walker and Patsalos, 1995; Gareri et al., 1999; UK
Gabapentin Study Grpoup, 1990, 1994; Sivenius et al.,

1991). GB can be actively transported across the brain–
blood barrier and the gut via the L-system amino acid
transporter, which recognizes L-isoleucine, L-leucine, L-
phenylalanine and L-valine (Stewart et al., 1993; Taylor,
1995). The exact mode of action of GB has not yet
been clearly defined. Several cellular actions have
been described but are likely to be related to multiple
concentration-dependent actions resulting in seizure
control (McLean, 1999).

Although GB is a drug that is widely used to due
to its antiepileptic and antinociceptive properties, its
bioavailability may vary greatly inter- and intra-subjects
because of its particular active absorption by gut and
renal excretion of unchanged drug (Vollmer et al., 1983;
Quellet et al., 2001; Gidal et al., 2000). Although the
average bioavailability of a 600 mg oral dose of GB was
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49%, individual subjects may vary greatly from 5% to
74% (Gidal et al., 2000). The clinical implication is
that usual doses are likely to result in quite different
plasma concentrations in individual patients (Gidal
et al., 2000; Beydoun et al., 1998). These observations
suggest a role for plasma drug monitoring with the
objective of assessing either efficacy or toxicity of GB
in various clinical situations. Until now, several
methods have been reported for quantification of GB
in biological fluids. These methods were based on high-
performance liquid chromatography (HPLC) coupled
ultraviolet (UV) (Lensmeyer et al., 1995; Zhu and
Neirinck, 2002) or fluorescence detection (Jiang and
Li, 1999; Gauthier and Gupta, 2002); gas chromato-
graphy (GC) with flame ionization (Hooper et al.,
1990; Wolf et al., 1996); or mass spectrometry (MS)
(Borrey et al., 2005). However, most of these methods
need to complicated sample preparation such as deriva-
tization, protein precipitation or solid-phase extraction,
and are thus laborious and time-comsuming. Recently,
sensitive methods for GB determination in serum using
GC/tandem mass spectrometry (MS/MS) (Gambelunghe
et al., 2005) or LC-MS/MS (Ramakrishna et al.,
2006; Ifa et al., 2001; Ji et al., 2006) based on protein
precipitation without a derivatization step have been
reported.

The purpose of this study was to develop a more
simple, selective, efficient and sensitive LC-MS/MS
method for quantification of GB in human plasma and
to apply it to pharmacokinetic (PK) and bioequivalence
(BE) studies after an oral dose of 300 mg GB formula-
tions in 24 healthy male volunteers.

METHOD AND MATERIALS

Chemicals and reagents. Gabapentin (MW = 171.24) and
(S)-(+)-α-aminocyclohexanepropionic acid hydrate (ACP, MW

= 171.24) were purchased from Sigma-Aldrich Co. (St Louis,
MO, USA). Acetonitrile (ACN) and HPLC-grade methanol
were purchased from Merck Co. (Dramstadt, Germany).
Ammonium acetate and acetic acid were purchased from
Sigma-Aldrich Co. (St Louis, MO, USA). Other agents and
solvents used were of analytical grade. The water was purified
using a Mlli-Q system (Millipore Co. USA). Reference
(Neurontin™, Pfizer Korea Co. South Korea) and test drugs
(Gabentin™, Hankook Pharm Co. South Korea) containing
300 mg GBP per capsule were used in this study.

Stock solutions and standards. Stock solutions and GB and
ACP (internal standard, IS) were prepared with methanol
solution to a final concentration of 1.0 mg/mL and stored at
−20°C. A set of seven non-zero calibration standards, ranging
from 20 to 5000 ng/mL was prepared by spiking blank drug-
free human plasma with an appropriate amount of GB. The
quality control (QC) samples at four concentration levels
[20 ng/mL (LLOQ), 100 ng/mL (low), 1000 ng/mL (medium)

and 5000 ng/mL (high)] were prepared in a similar manner
to the calibration standards. Blank human plasma was tested
before spiking to ensure that no endogenous interference was
found around retention times of GB and IS.

Preparation for plasma samples. A 0.1 mL aliquot of
human plasma was pipetted into a screw cap glass tube. Then,
0.04 mL of IS working solution (50 µg/mL of IS) and 0.3 mL
of ACN were added and vortex mixed. After centrifuging
at 12,000 rpm for 10 min, 0.3 mL of the upper organic layer
was evaporated to dryness under a nitrogen evaporator,
reconstituted in 0.2 mL of mobile phase consisting of ACN
and 10 mM ammonium acetate (20:80, v/v, pH 3.2) and cen-
trifuged at 12,000 rpm for 10 min. Then, 5 µL of upper layer
was directly injected into the LC-MS/MS system.

LC-MS/MS conditions and quantifications. The LC system
used was an Agilent 1100 series (Agilent Technologies Inc.,
Palo Alto, CA, USA) chromatograph equipped with an
Agilent 1100 series autosampler (HTC PAL system, CTC
analytics AG, Switzerland) and a Peak Simple LC Data System
(Lab Alliance Co., State College, PA, USA) with Analyst 1.4
(Applied Biosystems). Mass spectrometric analysis was per-
formed using an API 2000™ MS system (Applied Biosystems,
Foster City, CA, USA) that was equipped with a turbo ion
spray (ESI, 5000.0 V) interface operating in the positive ion
mode with a cross-flow counter electrode. This system was set
to the multiple reaction monitoring (MRM) mode, that is,
selecting precursor ions, dissociating them and finally ana-
lyzing the product ions reaching the high selectivity and
sensitivity of this mode for mass analysis and detection. The
analytical column was a Gemini C18 column (2.0 × 150 mm
i.d., 5 µm; Phonomenex Inc. Torrance, CA, USA). The mobile
phase consisted of ACN and 10 mM ammonium acetate
(20:80, v/v, pH adjusted to 3.2 with acetic acid). The flow rate
was 0.2 mL/min and the injection volume was 5 µL. The dwell
time per transition was set at 0.2 s, and the source tempera-
ture was set at 350°C with ultra-high-purity nitrogen as the
curtain gas (50.0 L/min) and collision gas (7.0 L/min). The
strongest fragment of each compound was selected and used
as a Q3 ion to be monitored. Unit resolution was used for
both Q1 and Q3 mass detection. The ion source parameters
were set as follows; curtain gas = 50 p.s.i., collision gas = 7
p.s.i., ion spray voltage = 5000 V, temperature = 350°C, ion
source (GS1) = 50 p.s.i. and ion source (GS2) = 50 p.s.i. No
significant interferences at the retention times of GB or IS
were observed in the mass chromatograms of blank plasma
under the aforementioned LC-MS/MS conditions.

Assay validation. Calibration curves were based on peak
area ratios of GB to IS for seven calibration standards
over the range of 20–5000 ng/mL for GB in human plasma
analyzed in duplicate. Linearity was determined to assess the
performance of the method. Linear least-squares regression
with a weighting index of 1/x2 was performed on the peak
area ratios of GB/IS vs GB nominal concentrations of the
seven plasma standards [20(LLOQ), 50, 100, 500, 1000, 2000
and 5000 ng/mL] in duplicate to generate a calibration curve.
Accuracy and precision were based on assay of five replicates
of QC samples analyzed on five different days and calculated
using one-way ANOVA.
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Pharmacokinetic and bioequivalence studies in healthy
volunteers. We used the most common statistical design
for comparing two formulations, that is, a randomized, two-
period, two-sequence and crossover design for assessment of
BE between test and reference formulations of GB. GB
was given to healthy male volunteers after having obtained
their informed consents before enrollment to the study.
Participants had not taken medications (including over-the-
counter) 2 weeks prior to or during the study period. The
study was performed according to the revised Declaration
of Helsinki (Hyder et al., 2001) for biomedical research
involving human subjects and the rules of Good Clinical Prac-
tice (GCP). Subjects were informed of the aim and risks of
the study by the clinical investigator; based on this, they
provided written informed consent before participating in
the study. In addition, the Institutional Review Board (IRB)
of Hanyang University Medical Center approved the protocol
prior to the start of the study. Twenty-four volunteers aged
between 19 and 27 years (24.3 ± 2.1 years), with body weight
between 68.2 and 86.6 kg (71.8 ± 6.7 kg) and with height
between 169.7 and 183.3 cm (176.4 ± 4.5 cm) were included
in this study with a 1-week washout period between doses.
The participants were non-alcoholic and free from disease,
and their health status was assessed by clinical evaluation,
i.e. physical examination and the following laboratory tests:
albumin, alkaline phosphatase, ALT, AST, blood glucose,
creatinine, blood urea nitrogen, total cholesterol, protein,
total bilirubin, hemoglobin, hematocrit, total and differen-
tial white cell counts and routine urinalysis. During each
period, the volunteers were hospitalized to the clinical
pharmacokinetic laboratory in Hanyang University Medical
Center at 18:00 and had an evening meal before 20:00 pm.
After an overnight fast, they received a single 300 mg GB
capsule of each formulation of test or reference drugs at
7:00 along with 240 mL water. Subjects then remained in a
seated position for at least 1 h and then fasted for 4 h.
A standard lunch and evening meal were provided at 4
and 10 h after dosing. Liquid consumption was allowed ad
libitum after lunch except for liquid containing xanthine
and acidic beverages including tea, coffee and cola. At 0, 4, 8,
12, 24 and 36 h after dosing, blood pressure, heart rate and
body temperature were recorded. Blood samples (8 mL) were
withdrawn by indwelling catheter into heparin-containing
tubes from a suitable antecubital vein before and at 0.5, 1,
1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 24 and 36 h after dosing. The
blood samples were centrifuged at 2500g for 10 min at
room temperature and plasma was stored at −70°C until
analysis. The total plasma GB concentrations were deter-
mined as the mean of duplicate samples. The maximal
concentration (Cmax) and time for maximal concentrations
(Tmax) were determined by visual inspection from each sub-
ject’s plasma concentration vs time plots for GB. The area
under the plasma concentration vs time curve (AUC36hr) of
GB was calculated by the linear trapezoidal rule from 0 to
36 h. Plasma elimination half-life (T1/2) was calculated as
ln2/Ke. The AUC extrapolated to infinity (AUC∞) was calcul-
ated as AUCt + Ct/Ke, where Ct is the last measurable con-
centration and the elimination constant (Ke) was obtained
from the least square fitted terminal log–linear portion of
the plasma concentration vs time profile (Shargel et al.,
2005; Chen et al., 2001).

RESULTS AND DISCUSSION

Separation

Because the inherent selectivity of MS/MS method was
beneficial in developing a selective and sensitive ana-
lytical methodology for trace-mixture analysis (Jemal,
2000), it was necessary to use MS/MS detection for GB
level in plasma below the reported lowest LLOQ
(40 ng/mL; Ramakrishna et al., 2006; Ifa et al., 2001;
Ji et al., 2006). The molecular structures of GB and IS
are shown in Fig. 1. The chromatograms of blank
human plasma, 0.1 mL of blank plasma spiked with
40 µL of IS (50 µg/mL), 0.1 mL of blank plasma spiked
with 1.0 µg/mL of calibration standard of GB and 40 µL
of IS (50 µg/mL), and the subject’s plasma 30 min after
oral administration of 300 mg GB are presented in
Fig. 2. No significant interference around the retention
time of GB (2.5 min) or IS (3.36 min) in the mass
chromatogram of human blank plasma under LC-MS/
MS conditions was found in Fig. 2. [M + H]+ was the
predominant ion in the Q1 spectrum and was used as
the precursor ion to obtain the product ion spectra. The
full-scan positive ion turboionspray product ion mass
spectra showed that the precursor ions of GB and IS
were the protonated molecules, [M + H]+, of m/z 172.0
[Fig. 3(A, C)]. After collision-induced dissociation, the
most abundant ion in the product ion mass spectrum
was at m/z 172.0 → m/z 154.0 for GB at a collision
energy of 19.0 eV, and m/z 172.0 → m/z 126.0 for IS at
a collision energy of 17.0 eV for the identification and
quantification in MRM mode [Fig. 3(B, D)]. Therefore,
full-scan product ion spectra for GB and IS contained
the same precursor ions m/z 172.0 and different pro-
duct ions m/z 154.0 and m/z 126.0, respectively. The
most suitable collision energy was determined by ob-
serving the response obtained vs selectivity response for
the fragment ion for each compound. The best collision
energies set were 19.0 eV for GB and 17.0 eV for IS
obtaining fragments m/z 154.0 and m/z 126.0 from
each protonated compound. The LC-MS/MS is very
powerful method for PK or BE studies since it provides
sensitivity and selectivity requirements for analytical
methods.

Figure 1. Chemical structures of (A) gabapentin [1-
(aminomethyl)-cyclo hexaneacetic acid, C9H17NO2, MW =
171.24] and (B) IS [ACP, (S)-(+)-α-
aminocyclohexanepropionic acid hydrate,
C6H11CH2CH(NH2)CO2H·xH2O, MW = 171.24].
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Figure 2. Chromatograms of (A) blank plasma, and (B) with IS (50 µg/mL), (C) with gabapentin (LLOQ, 20 ng/ml) and IS, and
(D) human plasma taken 30 min after a single oral administration of 300 mg gabapentin spiked with IS.
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Figure 3. Full-scan mass spectra of (1) gabapentin (GB) and (2) IS [ACP, S-(+)-α-amino cyclo hexanepropionic acid hydrate].
This figure is available in colour online at www.interscience.wiley.com/journal/bmc
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Method validation and linearity of calibration

As shown in Fig. 2(A), no endogenous peaks were
observed in the chromatogram of blank plasma. The
chromatogram for standard sample spiking with no GB
and IS in the blank plasma is shown in Fig. 2(B). The
retention times of GB and IS were about 2.5 and
3.36 min, respectively. The calibration curves showed
good linearity within the range of 20 (LLOQ) to
5000 ng/mL. The relationship between the concentra-
tion of standard and peak area ratio was shown to have
good linearity from 20 to 5000 ng/mL.

Gabapentin: y = 4.0 × 10−5x + 3.0 × 10−3, r2 = 1.0 (n = 8)

Here, y represents plasma concentration, and x describes
peak area ratio. As shown in Table 1, the method
allowed good precision and accuracy. Intra- and inter-day
precisions were below 6.64 and 5.51%, respectively.
Intra- and inter-day accuracies were below 107.83 and
106.35%, respectively. The analytical calibration curves
were constructed with seven non-zero standards ranging
from 20 to 5000 ng/mL. Under the described analytical
conditions, the lower limit of quantification (LLOQ),
defined as the lowest concentration of GB at which
both precision and accuracy were less than or equal to
20% (Guidance for Industry, 2001), was 20 ng/mL.

Clinical application in healthy subjects

The proposed method was applied to the determination
of GB in plasma samples for the purpose of establish-
ing the PK and BE studies of 300 mg formulation
capsules in 24 healthy volunteers. The profiles of the
plasma GB concentration vs time are shown in Fig. 4.
Plasma concentrations of GBP were in the standard
curve range and remained above the LLOQ (20 ng/mL)
for the entire sampling period.

The PK parameters for the reference and test drug
obtained were described as follows. For the BE assess-
ment, a standard BE range for basic PK parameters
including AUCt and Cmax of 0.8–1.25 has been generally
accepted (Chen et al., 2001; Guidance for Industry,
2001). The geometric mean and 90% confidence inter-
val (CI) of test/reference percent ratios were 100.8%
(91.64–110.94%) for Cmax, 103.8% (94.67–113.81%) for

Table 1. Precision and accuracy for analysis of gabapentin in human plasma, n ===== 5

Nominal Precision (CV %) Accuracy (CV %)
concentration
(ng/mL) Intra-day Inter-day Intra-day Inter-day

20 (LLOQ) 6.64 5.51 96.66 98.15
100 1.64 3.95 107.20 106.35
1000 1.20 2.14 107.83 104.54
5000 0.84 2.90 107.07 104.33

LLOQ = lower limit of quantification; CV = coefficient of variation.

Figure 4. Profiles of mean (±SD, n = 24) plasma concentra-
tions vs time for both gabapentin (GB; reference vs test)
formulations in healthy 24 volunteers following oral admini-
stration of a single 300 mg GB capsule.

AUC36h and 102.6% (91.34–118.27%) for AUC∞. Resid-
ing within the bioequivalence limit, 80–125% for the
ratio the product averages, no differences between the
reference and test formulations were detected (p-value
greater than 0.05 for the formulation effect in all tested
parameters). The plasma profiles of the GB concentra-
tion vs time after oral administration of a single dose of
both formulations in 24 subjects exhibited closely simi-
lar patterns, which were nearly superimposable (Fig. 4).

Pharmacokinetic parameters of two formulations
are shown in Table 2. The mean (±SD) value of
AUC(µg h/mL) from time 0 to the last sampling
time(AUC36h) was 17.39(±3.94) for the reference and
17.99(±3.96) for the test, and AUC from time 0 to
infinity(AUC∞) was 17.72(±3.99) for the reference and
18.32(±3.95) for the test. The observed maximum
plasma concentration (Cmax, µg/mL) that is independent
to sampling time was 1.71(±0.45) for the reference
and 1.72(±0.45) for the test, the median time (range) to
observed maximum plasma concentration (Tmax, h) was
2.5(1.0–6.0) for the reference and 3.0(1.5–8.0) for the
test, and the elimination half-life (T1/2, h) was 5.3(±0.5)
for the reference and 5.2(±0.5) for the test. The mean
ratio of the AUCt divided by AUC∞ was above 96.7%,
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Table 2. Pharmacokinetic parameters (mean ±±±±± SD of n ===== 24)
of two types of 300 mg gabapentin formulations based on
plasma gabapentin concentration

Parameters Reference Test

AUC36h (µg h/mL) 17.40 ± 3.94 17.99 ± 3.96
AUC∞ (µg h/mL) 17.72 ± 3.99 18.32 ± 3.95
Extrapolation (%) 1.9 ± 1.2 1.9 ± 1.3
Cmax (µg/mL) 1.71 ± 0.45 1.72 ± 0.45
Tmax (h) 2.5 (1.0–6.0) 3.0 (1.5–8.0)
T1/2 (h) 5.3 ± 0.5 5.2 ± 0.5
Ke (h−1) 0.128 ± 0.016 0.129 ± 0.012

AUC = area under plasma concentration–time curve; Cmax = maxi-
mal plasma concentration; Tmax = time for the maximal plasma con-
centration; T1/2 = half-life; Ke = elimination rate constant.

that is, within the FDA range (80–125%) (Hyder et al.,
2001; Shargel et al., 2005; Chen et al., 2001; Guidance
for Industry, 2001). Therefore it could be concluded
that the two types of 300 mg GB capsule were bio-
equivalent according to PK results for GB obtained
from concentration–time profiles in normal volunteers.
The PK of GB has been well characterized in adults
(McLean, 1994; Bockbrader, 1995): maximal plasma
GB concentrations occur 2–3 h after an oral dose,
which is similar to our results. In subjects with normal
renal function, GB elimination T1/2 averages between
5 and 7 h (Quellet et al., 2001; Gidal et al., 2000), which
is consistent with our data.

CONCLUSION

The method consisted of a simple, sensitive plasma
extraction procedure and was successfully applied to a
BE and PK study of two types of 300 mg GB capsule
formulations in 24 normal volunteers. A validated high-
throughput LC-MS/MS system for detection of GB in
human plasma afforded us a successful application in
pharmacokinetic, bioavailability or bioequivalence studies.
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