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ABSTRACT: A new highly sensitive analytical method for determining gabapentin [1-(aminomethyl) cyclohexaneacetic acid;
Neurontin®] in serum using gas chromatography/tandem mass spectrometry (GC-MS/MS) was developed. GC-MS/MS was applied
to determine the levels of gabapentin in serum samples of mice at 1 and 6 h after oral or intraperitoneal treatment (300 mg/kg).
At 1 h, the concentrations of the drug were 4.02 ± 0.42 and 4.32 ± 0.28 µg/mL in mice treated orally and intraperitoneally, respect-
ively. At 6 h, drug levels decreased by about 66% in both groups. The method, coupling two stages of mass analysis, could be very
useful in identifying the drug in complex mixtures such as blood and urine. Moreover, it is easy and rapid to perform, and sensi-
tive enough to allow the presence of the drug to be determined at very low detection limits. It is a very reliable method for both
clinical and experimental monitoring of gabapentin. Copyright © 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Gabapentin, [1-(aminomethyl) cyclohexaneacetic acid;
Neurontin®] is a relatively new antiepileptic drug
(AED) for both adjunctive therapy and monotherapy
in the treatment of patients who are not adequately
controlled with standard antiseizure drugs. It is struc-
turally related to the neurotransmitter γ-aminobutyric
acid (GABA), but it does not possess high affinity for
either GABAA or GABAB receptors. It is not con-
verted metabolically into GABA or a GABA agonist
and does not inhibit GABA uptake or degradation
(Taylor et al., 1998). Gabapentin is water-soluble, rap-
idly absorbed and able to cross the blood–brain barrier.
It binds to a specific receptor associated with the l-
amino acid transport system, and its anticonvulsant ac-
tivity may be related to its effects on brain amino acid
concentrations or metabolism (Taylor, 1994). Recently,
it has been suggested that gabapentin selectively inhibits
Ca2+ influx by inhibiting voltage-operated Ca2+ channels
in a subset of excitatory and inhibitory presynaptic
terminals, thereby attenuating synaptic transmission
(Van Hoft et al., 2003). In spite of extensive literature
on the therapeutic efficacy of gabapentin, there is no
consensus on its molecular mechanism of action.

Although gabapentin was originally developed for
treating partial seizures, it has been demonstrated to be
effective against chronic neuropathic pain. Therefore,
the drug is widely used to treat various neuropathic
pain conditions (Rosenberg et al., 1997; Rosner et al.,
1996) such as chronic post-herpetic pain (Rowbotham
et al., 1998; Stacey and Glanzman, 2003), painful dia-
betic neuropathy, central neuropathic pain following
lesions of the CNS and migraine (Finnerup et al., 2002;
Pappagallo, 2003).

Gabapentin is particularly useful in special popula-
tions like the elderly and children, as well as in patients
suffering from liver disease. Indeed, it is not meta-
bolized by the liver, does not induce hepatic enzymes
and is not bound to plasma proteins. The drug is
entirely excreted unchanged in urine and, therefore,
dosage adjustment is necessary in patients with renal
impairment (Harden, 1994). Gabapentin displays dose-
dependent, saturable absorption due to saturation of
active transport across the gut via the l-amino acid
transporter system (Stewart et al., 1993; Stevenson
et al., 1997). As the drug is absorbed by means of the
above-mentioned active transport mechanism, it is rea-
sonable to hypothesize that significant and clinically
meaningful inter-individual variability may exist in its
absorption. Therefore, measuring gabapentin serum
concentrations may be useful in assessing compliance
and evaluating risks of toxicity.

Several methods for gabapentin detection in human
serum and urine have been published. They describe
the measurement of gabapentin using liquid chro-
matography (Gauthier and Gupta, 2002), gas–liquid
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chromatography (Wolf et al., 1996), high-performance
liquid chromatography (Gidal et al., 2000; Jiang and Li,
1999; Tang et al., 1999; Windsor and Radulovic, 1995;
Zhu and Neirink, 2002) or gas chromatography–mass
spectrometry (Kushnir et al., 1999). We present here a
highly sensitive and specific analytical method for detect-
ing gabapentin in the serum of mice by means of gas chro-
matography/tandem mass spectrometry (GC/MS/MS).

EXPERIMENTAL

Reagents and chemicals. Reagents and solvents were high-
performance liquid chromatographic grade and purchased
from Merck (Darmstadt, Germany). Gabapentin was supplied
by Sigma (Sigma Chemical Co., St Louis, MO, USA).
Octadecyl (C18) columns for solid-phase extraction were
obtained from Varian (Varian Inc., Harbor City, CA, USA).
N-methyl-N-trimethylsilyltrifluoroacetamide (MSTFA), am-
monium iodide (NH4I) and dithioerythritol (DTE) came from
Fluka (Buchs, Switzerland).

Animals. The study was carried out on adult male CD1
mice (n = 10, 25–28 g, Harlan, Italy) randomly divided into
two groups of five to test the possible influence of oral and
intraperitoneal administration on gabapentin pharmacokine-
tics. Mice tested for oral administration had water ad libitum
but were deprived of food 15 h before the test. Mice tested for
intraperitoneal administration had access to food and water
ad libitum until the test. To avoid any cyrcadian influence the
experiments were performed between 8:00 and 15:00.

Gabapentin pharmacokinetics. Gabapentin was dissolved
in saline immediately before being used and was administered
orally by gavage or intraperitoneally (300 mg/kg/4 mL). To
determine the hematic concentrations, blood samples from
each animal were collected twice, at 1 and 6 h from drug
administration, by retro-orbital puncture.

The experiment was performed in accordance with Italian
and European Community Guidelines, with the approval of
the institutional Bioethical Committee.

Serum sample preparation. Serum samples were obtained
by centrifuging the blood samples collected from each mouse
at 1 and 6 h after the treatment. Then, according to Kushnir
et al. (1999), 700 µL of acetonitrile were added to 500 µL of
serum and then centrifuged for 10 min at 6000 rpm. The
supernatant liquid was evaporated under a stream of nitrogen
at 50°C, the residue was taken up in 1 mL of 0.1 m HCl and
then applied to a C18 column, previously conditioned with
1 mL of methanol and 1 mL of 0.1 m HCl. The column was
washed with 1 mL of 0.1 m HCl dried under vacuum for 1 min
and the analytes were then eluted with 500 µL of 2% NH4OH
in methanol. After evaporation of the solvent, the residue
was derivatized with 50 µL of MSTFA-NH4I-DTE (1000:2:4
v/w/w), then incubated for 30 min at 70°C to obtain the bis-
(trimethylsilil) ether of gabapentin (gabapentin-TMS).

GC-MS analysis. GC-MS/MS analyses were carried out using
a Varian Saturn 2000 mass detector equipped with a Varian

CP3800 gas chromatograph (Varian Inc., Harbor City, CA,
USA). Instrument control and data processing were per-
formed with an IBM computer and Saturn 2000 worksta-
tion data processing system. GC separation was achieved
on a Chrompack (4330 EA Middelburg, The Netherlands)
capillary column CP–SIL 8CB-MS (length 30 mm, inside
diameter 0.25 mm, film thickness 0.25 µm), operated with
helium at a flow rate of 1 mL/min and temperature pro-
gramming of 120°C for 2 min ramped at 15°C/min to 225°C
for 1 min and finally ramped at 20°C/min to 280°C and held
for 4 min. Injections of 1 µL were effected at 250°C in the
splitless mode (0.8 min) into a split–splitless injector. The
transfer line was heated to 280°C and the ion trap tem-
perature was 220°C.

MS/MS method development. Following examination of
the electronic impact (EI) mass spectrum of gabapentin–
TMS, it was determined that optimal sensitivity would be
achieved through MS/MS isolation and collision induced dis-
sociation (CID) of the molecular ion at m/z 226. Because the
resonant mode of CID tended to produce more intense pro-
duct ion, the resonant mode was chosen for quantitative
analysis. Some runs with automated method development
(AMD) were carried out to determine the optimal CID volt-
age for dissociation of the isolated parent ion at m/z 226.

Analytical conditions for MS/MS detection of gabapentin
are shown in Table 1.

Calibration, quantitation and extraction recovery. An
external standard calibration curve was prepared from
derivatized standards of gabapentin–TMS in methanol at 1, 3,
5, 7 and 9 µg/mL. Concentrations of gabapentin in serum
samples were calculated from the calibration curve as µg/mL.
The detection limit of gabapentin–TMS, evaluated with de-
creasing concentrations of analyte until a response equivalent
to three times the background noise, was 0.1 ng/mL. Extrac-
tion recovery (90%) was calculated by spiking 100 ng/mL
of the analytes to 500 µL blank solution of serum and com-
paring this representative peak area with the peak area of
gabapentin–TMS standard at the same concentration. The
analysis was repeated seven times.

Statistical differences between serum concentrations of
gabapentin at 1 and 6 h were verified using Student’s t test for
paired data.

Table 1. Ion trap parameters for MS-MS analysis of GBP

Emission current 80 µA
Count threshold 1 counts
Multiplier offset 200 V
Scan time 0.660 s
Maximum ionization time 25,000 µs
Ionization parameters Ionization storage level m/z 48.0

Ejection amplitude 20.0 V
Isolation parameters Parent ion mass m/z 226.0

Isolation window 3.0
Dissociation parameters Waveform type resonant

Excitation storage level m/z
100.0
Excitation amplitude 4.45 V
Excitation time 80 ms
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Figure 1. Mass spectrum (A) and tandem mass spectrum (B) of gabapentin–TMS.

RESULTS AND DISCUSSION

The analytical method we developed gave us both mass
spectrum [Fig. 1(A)] and MS/MS spectrum [Fig. 1(B)]
of gabapentin–TMS. Linear regression analysis of the
standard demonstrated excellent linearity (y = 485x +
14,746, r = 0.997) in the range between 1 and 9 µg/mL
gabapentin–TMS.

Mean serum concentrations at 1 and 6 h after
admistration of 300 mg/kg of gabapentin are shown in
Fig. 2. One hour after oral administration the serum
gabapentin concentration did not differ from that de-
tected at 1 h in mice treated intraperitoneally. Analo-
gously, serum levels of the drug decreased by 66% at
6 h, independent of the administration route. These re-
sults are in agreement with pharmacokinetics studies
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Figure 2. Mean serum concentrations of gabapentin at 1 and
6 h after oral (o.s.) and intraperitoneal (i.p.) admistration. *p
< 0.01 vs 1 h. (Student’s t-test for paired data).

the drug should be performed in order to monitor its
extent of absorption and toxicity, particularly in pa-
tients with impaired renal function, in whom its clear-
ance is reduced and half-life becomes longer.

Application of GC-MS/MS analysis to determine
gabapentin in serum gives excellent results. Therefore,
this method may be very reliable in both clinical
and experimental monitoring of the drug and, when
compared with other previously described methods
(Gauthier et al., 2002; Kusnhir et al., 1999; Ratnaraj
et al., 1998, Wolf et al., 1996), it is easier to perform and
sensitive enough to allow the presence of the drug to
be determined at very low detection limits.
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