
Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 360–368

Rapid quantification of gabapentin in human plasma by liquid
chromatography/tandem mass spectrometry

N.V.S. Ramakrishna∗, K.N. Vishwottam, M. Koteshwara, S. Manoj, M. Santosh,
J. Chidambara, B. Sumatha, D.P. Varma

aBiopharmaceutical Research, Suven Life Sciences Ltd., Serene Chambers, Road # 7, Banjara Hills, Hyderabad 500034, India

Received 26 March 2005; received in revised form 8 July 2005; accepted 8 July 2005
Available online 19 August 2005

Abstract

A simple, sensitive and rapid liquid chromatography/tandem mass spectrometry (LC–MS/MS) method was developed and validated for the
quantification of gabapentin, a new antiepileptic drug, in human plasma using its structural analogue, 1,1-cyclohexane diacetic acid monoamide
(CAM) as internal standard. The method involved a simple protein precipitation by means of acetonitrile followed by a rapid isocratic elution
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ith 10 mM ammonium formate buffer/acetonitrile (20/80, v/v, pH 3.0) on Waters SymmetryC18 reversed phase chromatographic colu
nd analyzed by mass spectrometry in the multiple reaction monitoring mode. The precursor to product ion transitions ofm/z 172→ 154 and
/z 200→ 182 were used to measure the analyte and the IS, respectively. The assay exhibited a linear dynamic range of 40–10 00
abapentin in human plasma. The limit of detection and lower limit of quantification in human plasma were 10 and 40 ng/mL, res
cceptable precision and accuracy were obtained for concentrations over the standard curve ranges. A run time of 2 min for e
ade it possible to analyze a throughput of more than 400 human plasma samples per day. The validated method has been succ

o analyze human plasma samples for application in pharmacokinetic, bioavailability or bioequivalence studies.
2005 Elsevier B.V. All rights reserved.

eywords: Gabapentin; 1,1-Cyclohexane diacetic acid monoamide (CAM); Liquid chromatography/tandem mass spectrometry; Human plasma; P
etic study

. Introduction

Gabapentin, 1-(aminomethyl-1-cyclohexyl) acetic acid,
s a new antiepileptic drug currently being introduced in
herapy worldwide[1,2]. Gabapentin is a structural ana-
ogue of the inhibitory neurotransmitter�-aminobutyric acid
GABA). Gabapentin crosses the blood–brain barrier and is
mployed for the treatment of partial seizures. The mode of
ction of gabapentin is not completely understood, since it

s neither a GABA agonist nor an inhibitor of GABA up-
ake or degradation. However, it has been demonstrated that
abapentin increases the GABA level in the brain[3,4]. Al-

hough gabapentin was originally developed for treating par-
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tial seizures, it has been demonstrated to be effective ag
chronic neuropathic pain. Therefore, the drug is widely u
to treat various neuropathic pain conditions such as ch
post-herpetic pain, painful diabetic neuropathy, central
ropathic pain following lesions of the CNS and migra
[5–10]. Recently, it has been suggested that gabapent
lectively inhibits Ca2+ influx by inhibiting voltage-operate
Ca2+ channels in a subset of excitatory and inhibitory pr
naptic terminals, thereby attenuating synaptic transmis
[11].

Although gabapentin is a drug that is widely used du
its antiepileptic and antinociceptive properties, its bioav
ability may vary greatly inter- and intra-subjects becaus
its particular active absorption by the gut and excretion b
kidney[12]. For this reason, determinations of blood conc
trations of gabapentin may be useful in assessing compl
and evaluating risks of toxicity.

731-7085/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Different methods have been reported for the quantifica-
tion of gabapentin in biological fluids. These methods are
based on high-performance liquid chromatography (HPLC)
with ultraviolet (UV) [13–16] or fluorescence (F)[17–23]
detection; gas chromatography (GC) with flame ionization
(FI) [24,25] or mass spectrometric (MS)[26–28] detection
and capillary electrophoresis (CE)[29,30]. Recently, Gam-
belunghe et al.[31] reported a sensitive method for determin-
ing gabapentin in serum using gas chromatography/tandem
mass spectrometry (GC-MS/MS). The HPLC and CE meth-
ods require derivatization of gabapentin to produce a chro-
mophore, detectable by UV/F. The GC methods require
derivatization of gabapentin to improve the volatility and
avoid column interactions. Generally, for routine analysis of
large series, the derivatization step increases the time of sam-
ple preparation and the cost of the method. Another inconve-
nience is the zwitterionic characteristic of gabapentin, which
renders it extremely difficult to extract from biological sam-
ples. Thus, when using conventional HPLC, GC or CE, long
extraction procedures (multi-step liquid–liquid or multi-step
solid-phase extractions) are required.

Quantification of drugs in biological matrices by liquid
chromatography/tandem mass spectrometry (LC–MS/MS) is
becoming more common, owing to the improved sensitivity
and selectivity of this technique[32–46]. LC–MS/MS re-
quires less extensive sample preparation since gabapentin
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of 40 ng/mL (∼ca. 200 pg on-column) was achieved with
5�L sample injected in comparison to 50 ng/mL (∼ca.
2000 pg on-column) with 40�L sample injection; the sen-
sitivity could be further improved by sample concentration;
(3) rapidity; sample turnaround time of 2 min compared to
4 min makes it an attractive procedure in high-throughput
bioanalysis of gabapentin.

2. Experimental

2.1. Chemicals

Gabapentin and 1,1-cyclohexane diacetic acid monoam-
ide (CAM), used as internal standard (IS), were obtained from
our R&D Department (Hyderabad, India). Chemical struc-
tures are presented inScheme 1. HPLC-grade LiChrosolv
methanol and LiChrosolv acetonitrile were purchased from
Merck (Darmstadt, Germany). Formic acid and ammonium
formate were purchased from Merck (Worli, Mumbai, India).
HPLC Type I water from Milli-Q system (Millipore, Bedford,
MA, USA) was used. All other chemicals were of analytical
grade.

2.2. LC–MS/MS instrument and conditions
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an be detected directly without derivatization, and
ample preparation time is reduced. Ifa et al.[47] reported
n LC–MS/MS method for the quantification of gabape

n human plasma using acetaminophen as an internal
ard. Recently, Carlsson and Reubsaet[48] developed a
C–MS/MS method for quantification of gabapentin in blo
sing (S)-(+)-�-amino-cyclohexane-propionic acid hydr
s an internal standard.

The purpose of this investigation was to explore the
electivity and sensitivity of triple quadrupole MS syst
ith an electrospray interface for the development
alidation of a robust reversed phase LC–MS/MS metho
ultiple reaction monitoring mode for the quantification
abapentin in human plasma using its structural analo
,1-cyclohexane diacetic acid monoamide (CAM) as

nternal standard. It was essential to establish an a
apable of quantifying gabapentin at concentrations dow
0 ng/mL. At the same time, it was expected that this me
ould be efficient in analyzing large number of plas
amples obtained for pharmacokinetic, bioavailability
ioequivalence studies after therapeutic doses of gabap
he procedure requires a single protein precipitation wit
ny derivatization step and unlike to Carlsson and Reu
ethod [48], evaporation-concentration steps are not
uired. The advantages of the method presented in this

n comparison to that of Ifa et al.[47] are in the following
ays: (1) less plasma was used; 100�L instead of 200�L;

he volume of samples to be collected per time point f
n individual during study is reduced significantly, allow

nclusion of additional points; (2) more sensitive; sensiti
.

The HPLC Agilent 1100 Series (Agilent Technolog
alo Alto, USA) is equipped with a G1312A binary pum
G1379A degasser, a G1367A autosampler equipped
G1330B thermostat, a G1316A thermostatted col

ompartment and a G1323B control module. The c
atography was on Waters symmetry C18 column (5�m,
50 mm× 4.6 mm i.d.) at 30◦C temperature. The mob
hase composition was a mixture of 10 mM ammon

ormate buffer/acetonitrile (20/80, v/v, pH adjusted to
ith formic acid), which was pumped at a flow-rate
.0 mL/min.

Mass spectrometric detection was performed on an
000 triple quadrupole instrument (MDS-SCIEX, Toron
anada) using MRM. A turbo electrospray interface in p

ive ionization mode was used. The main working param
f the mass spectrometer are summarized inTable 1. Data
rocessing was performed on Analyst 1.4 software pac
SCIEX).

.3. Sample preparation

Sample preparation involved a simple protein precip
ion with acetonitrile. Aliquots (100�L) of human plasm
ere subjected for precipitation with addition of 100�L of

S working solution (5�g/mL) and 500�L of acetonitrile
he samples were vortex mixed for 20 s and centrifuge
000 rpm for 3 min. The upper layer (400�L) was transferre

nto injector vials and a 5�L aliquot was injected into chro
atographic system.
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Scheme 1. Dissociation route for (A) gabapentin and (B) 1,1-cyclohexane diacetic acid monoamide, CAM (IS) (see text for CID conditions).

2.4. Bioanalytical method validation

Standard stock solutions of gabapentin (1 mg/mL) and
the IS (1 mg/mL) were separately prepared in 10 mL vol-
umetric flasks with methanol. Working solutions for cal-
ibration and controls were prepared from the stock solu-
tion by adequate dilution using diluent (water/methanol,
50/50, v/v). The IS working solution (5�g/mL) was pre-
pared by diluting its stock solution with diluent. Work-
ing solutions (50�L) were added to 950�L drug-free hu-

man plasma to obtain gabapentin concentration levels of
40, 80, 200, 400, 800, 2000, 4000 and 10 000 ng/mL.
Quality control (QC) samples were prepared as a bulk
based on an independent weighing of standard drug, at
concentrations of 40 ng/mL (LLOQ), 120 ng/mL (low),
3000 ng/mL (medium) and 8000 ng/mL (high) as a sin-
gle batch at each concentration. These samples were di-
vided into aliquots in microcentrifuge tubes (Tarson, 1.5 mL)
and stored in the freezer at below−50◦C until analy-
sis.
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Table 1
Tandem mass spectrometer main working parameters

Parameter Value

Source temperature (◦C) 250
Dwell time per transition (ms) 200
Ion source gas (gas 1) (psi) 9
Ion source gas (gas 2) (psi) 20
Curtain gas (psi) 10
Collision gas (psi) 8
Ion spray voltage (V) 5500
Entrance potential (V) 10
Declustering potential (V) 50 (analyte) and 50 (IS)
Collision energy (V) 17 (analyte) and 15 (IS)
Collision cell exit potential (V) 10 (analyte) and 12 (IS)
Mode of analysis Positive
Ion transition for gabapentin (m/z) 172.1/154.1
Ion transition for CAM (m/z) 200.1/182.4

A calibration curve was constructed from a blank sample
(a plasma sample processed without the IS), a zero sample
(a plasma processed with the IS) and eight non-zero sam-
ples covering the range 40–10 000 ng/mL including LLOQ.
The calibration curves were generated using the analyte to
IS peak area ratios by weighted (1/x2) least-squares linear
regression on five consecutive days. The acceptance crite-
rion for a calibration curve was a correlation coefficient (r)
of 0.99 or better, and that each back-calculated standard con-
centration must be within 15% deviation from the nominal
value except at the LLOQ, for which maximum acceptable
deviation was set at 20%. At least 67% of non-zero standards
were required to meet the above criteria, including acceptable
LLOQ and upper limit of quantification.

The within-batch precision and accuracy were determined
by analyzing five sets of quality control samples in a batch.
The between-batch precision and accuracy was determined
by analyzing five sets of quality control samples on three dif-
ferent batches. The quality control samples were randomized
daily, processed and analyzed in position either (a) immedi-
ately following the standard curve, (b) in the middle of the
batch, or (c) at the end of the batch. The acceptance criteria
for within- and between-batch precision were 20% or bet-
ter for LLOQ and 15% or better for the other concentrations,
and that the accuracy was 100± 20% or better for LLOQ and
100± 15% or better for other of concentrations.
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3. Results and discussion

In order to develop a method with the desired LLOQ
(40 ng/mL), it was necessary to use MS–MS detection, as
MS–MS methods provide improved limit of detection (LOD)
for trace-mixture analysis[32]. The inherent selectivity of
MS–MS detection was also expected to be beneficial in de-
veloping a selective and sensitive method. The positive ion
TurboIonspray product ion mass spectrum of gabapentin and
the IS are shown inFig. 1A and B, respectively. [M + H]+

was the predominant ion in the Q1 spectrum and was used
as the precursor ion to obtain the product ion spectra. The
most sensitive mass transition was fromm/z 172 tom/z 154
for gabapentin andm/z 200 tom/z 182 for the IS. The struc-
ture of the protonated molecules and neutral losses are shown
in Scheme 1, proposing a dissociation route for gabapentin
and IS. LC-MRM is a very powerful technique for pharma-
cokinetic studies since it provides sensitivity and selectivity
requirements for analytical methods. Thus, the MRM tech-

Fig. 1. Full scan positive ion TurboIonspray product ion mass spectra of (A)
gabapentin and (B) IS.
Recovery of gabapentin from the extraction procedure
etermined by a comparison of the peak area of gabap

n spiked plasma samples (five low, medium and high qu
ontrols) with the peak area of gabapentin in samples
ared by spiking extracted drug-free plasma samples wit
ame amounts of gabapentin at the step immediately pr
hromatography. Similarly, recovery of IS was determine
omparing the mean peak areas of extracted quality co
amples (n = 10) to mean peak areas of IS in samples
ared by spiking extracted drug-free plasma samples

he same amounts of IS at the step immediately prio
hromatography.
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nique was chosen for the assay development. The MRM state
file parameters were optimized to maximize the response for
the analyte. The parameters presented inTable 1are the result
of this optimization.

3.1. Method development

The chromatographic conditions, especially the composi-
tion of mobile phase, were optimized through several trials to
achieve good resolution and symmetric peak shapes for the
analyte and the IS, as well as short run time. Modifiers such
as formic acid and ammonium formate alone or in combina-
tion in different concentrations were added. It was found that
a mixture of 10 mM ammonium formate buffer/acetonitrile
(20/80, v/v; pH 3.0) could achieve this purpose and was fi-
nally adopted as the mobile phase. The formic acid was found
to be necessary in order to lower the pH to protonate the
gabapentin and thus deliver good peak shape. The percent-
age of formic acid was optimized to maintain this peak shape
whilst being consistent with good ionization and fragmenta-
tion in the mass spectrometer.

The tandem mass spectrometer allows the selective detec-
tion of substances with varying masses or fragments without
chromatographic separation. The development of the chro-
matographic system was focused on short retention times in
o atrix
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Clean chromatograms were obtained and no significant direct
interferences in the MRM channels at the relevant retention
times were observed. However, in ESI, signal suppression
or enhancement may occur due to co-eluting endogenous
components of the sample matrix. These potential matrix
effects were evaluated by spiking blank plasma extracts at the
low and high QC levels. The resulting chromatograms were
compared with those obtained for clean standard solutions
at the same concentrations. Six independent plasma lots
were used with six samples from each lot. The results (data
not shown) showed that there was no significant difference
between peak responses for spiked plasma extracts and clean
solutions.

3.2. Assay performance and validation

The calibration curve was linear over the concentration
range 40–10 000 ng/mL. The best linear fit and least squares
residuals for the calibration curve were achieved with a 1/x2

weighing factor, giving a mean linear regression equation for
the calibration curve ofy = 0.0003x − 0.0086 wherey is the
peak area ratio of the analyte to the IS andx the concentration
of the analyte. The correlation coefficient (r) for gabapentin
was above 0.999.Table 2summarizes the calibration curve
results.
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rder to assure high throughput, paying attention to m
ffects as well as good peak shapes. The high propo
f organic solvent (10 mM ammonium formate/acetoni
20/80, v/v; pH 3.0)) eluted the analyte and the IS at re
ion times of 1.2 and 1.4 min, respectively. A flow-rate
mL/min produced good peak shapes and permitted a

ime to 2 min.
Internal standard is necessary for determination

nalyte in biological samples. For an LC–MS/MS analy
tilization of stable isotope-labeled drugs as internal s
ards proves to be helpful when significant matrix effe
ossible. However, there are also many problems with
se of stable isotope-labeled internal standards. The m
roblems involve inadequate isotopic purity and stab
hich often impose unfavorable impact on highly sens
uantitative analyses. In the initial stages of this work,
ral compounds were investigated to find a suitable int
tandard and finally CAM (Scheme 1), structurally relate
o gabapentin, was found to be best for the present pur

able 2
recision and accuracy data of back-calculated concentrations of cal

oncentration added (ng/mL) Concentration found (ng

40 40.6± 2.5
80 78.8± 1.7

200 203.4± 8.8
400 399.7± 11.4
800 799.0± 11.7

2000 2048.4± 37.2
4000 4038.8± 111.1
0000 10028.3± 101.3
The specificity of the method was examined by analy
n = 8) blank human plasma extract (Fig. 2A) and an extrac
piked only with the internal standard (Fig. 2B). As shown
n Fig. 2A, no significant interference in the blank plas
races was observed from endogenous substances in
ree human plasma at the retention time of the analyte.
larly, Fig. 2B shows the absence of direct interference f
he internal standard to the MRM channel of the ana
ig. 2C depicts a representative ion-chromatogram for
LOQ (40 ng/mL). The product ion-chromatogram obtai

rom an extracted plasma sample of a healthy volunteer
articipated in a bioequivalence study conducted on 24
ons, is depicted inFig. 3. Gabapentin was unambiguou
dentified and was quantified as 2890 ng/mL.

The extraction recovery of gabapentin was 75.3% on a
ge, and the dependence on concentration is negligible
ecovery of the IS was 82.8% at the concentration use
he assay (5�g/mL). Recovery of the analyte and IS w
igh and with the consistency in the recovery of gabape

samples for gabapentin in human plasma

ean± S.D.;n = 5) Precision (%) Accuracy (%

6.2 100.8
2.2 98.0
4.3 99.0
2.8 99.3
1.4 99.3
1.8 101.7
2.7 100.2
1.0 99.7
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Fig. 2. MRM ion-chromatograms for gabapentin and the IS resulting from
the analysis of (A) blank (drug and internal standard free) human plasma, (B)
blank (drug-free spiked with IS) human plasma and (C) 40 ng/mL (LLOQ)
of gabapentin spiked with IS.

Fig. 3. MRM ion-chromatograms resulting from the analysis of volunteer
plasma sample after the administration of a 900 mg oral single dose of
gabapentin. The sample concentration was determined to be 2890 ng/mL.

and IS, the assay has proved to be robust in high-throughput
bioanalysis.

The LOD demonstrated that the analyte gave a signal-to-
noise ratio (S/N) of≥3 for 10 ng/mL extracted/injected. The
LLOQ, the lowest concentration in the standard curve that
can be measured with acceptable accuracy and precision was
found to be 40 ng/mL in human plasma. The mean response
for the analyte peak at the assay sensitivity limit (40 ng/mL)
was≈12.1-fold greater than the mean response for the peak in
five blank human plasma samples at the retention time of the
analyte. Excellent sensitivity was observed for a 5�L injec-
tion volume; the LLOQ corresponds to ca. 200 pg on-column.
The between-batch precision at the LLOQ was 4.1% and the
between-batch accuracy was 106.1% (Table 3). The within-
batch precision was 6.6% and the accuracy was 106.7% for
gabapentin.

The middle and upper quantification levels of gabapentin
ranged from 120 to 8000 ng/mL in human plasma. For the
between-batch experiments, the precision ranged from 4.9
to 7.7% and the accuracy ranged from 101.2 to 106.0%
(Table 3). For the within-batch experiments, the precision and
accuracy for the analyte met the acceptance criteria (<±15%).

The upper concentration limits can be extended with ac-
ceptable precision and accuracy to 100�g/mL by a 20-fold
dilution with control human plasma. These results suggest
that sample with concentrations greater than the upper limit
o tain
a

recise
o

3

nder
d the
f the calibration curve can in this way be assayed to ob
cceptable data (Table 3).

These results show that the method is accurate and p
ver the concentration range 40–10 000 ng/mL.

.3. Stability studies

The stability of the analyte and IS in human plasma u
ifferent temperature and timing conditions, as well as
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Table 3
Precision and accuracy of the method for determining gabapentin concentrations in plasma samples

Concentration added (ng/mL) Within-batch precision (n = 5) Between-batch precision (n = 3)

Concentration found
(ng/mL) (mean± S.D.)

Precision (%) Accuracy (%) Concentration found
(ng/mL) (mean± S.D.)

Precision (%) Accuracy (%)

40 42.8± 2.8 6.6 106.7 42.5± 1.7 4.1 106.1
120 124.4± 6.7 5.4 103.4 121.8± 9.4 7.7 101.2

3000 2992.2± 165.3 5.5 99.5 3051.6± 151.9 4.9 101.4
8000 8441.4± 281.4 3.3 105.2 8507.8± 472.2 5.5 106.0
100a 101.3± 2.8 2.8 101 104.7± 6.3 6.0 104.7
a The sample concentration was 100�g/mL and was processed with 20-fold dilution.

Table 4
Stability of gabapentin in human plasma

Sample concentration (ng/mL) (n = 5) Concentration found (ng/mL) Precision (%) Accuracy (%)

Short-term stability for 24 h in plasma
120 119.1 3.8 99.2
8000 8401.3 2.4 105.0

Three freeze-thaw cycles
120 127.8 5.9 106.5
8000 7759.6 3.1 96.9

Autosampler stability for 25 h
120 118.4 4.6 98.6
8000 7806.8 6.2 97.5

Stability for 30 days at <−50◦C
120 126.4 8.6 105.3
8000 7855.2 7.2 98.2

stability in stock solution, was evaluated as follows. All the
stability studies were carried out at two concentration lev-
els (120 and 8000 ng/mL as low and high values) with five
determinations for each.

For short-term stability determination, stored plasma
aliquots were thawed and kept at room temperature for a
period of time exceeding that expected to be encountered
during the routine sample preparation (around 24 h). Sam-
ples were extracted and analyzed as described above and the
results are given inTable 4. These results indicate reliable
stability behavior under the experimental conditions of the
regular analytical procedure.

The stability of QC samples kept in the autosampler for
25 h was also assessed. The results indicate that solutions
of gabapentin and IS can remain in the autosampler for at
least 25 h, without showing significant loss in the quantified
values, indicating that samples should be processed within
this period of time (Table 4).

The data representing the stability of gabapentin in plasma
at two QC levels over three freeze and thaw cycles are given
in Table 4. These tests indicate that the analyte is stable in
human plasma for three freeze and thaw cycles, when stored
at below−50◦C and thawed to room temperature.

Table 4also summarizes the long-term stability data for
gabapentin in plasma samples stored for a period of 30 days
at below−50◦C. The stability study of gabapentin in hu-
m ean
o cep-

tance criteria of±15% of the initial values of the controls.
These findings indicate that storage of gabapentin in plasma
samples at below−50◦C is adequate, and no stability-related
problems would be expected during routine analysis for phar-
macokinetic, bioavailability or bioequivalence studies.

The stability of stock solutions was tested and estab-
lished at room temperature for 2, 27 h and under refriger-
ation (∼4◦C) for 30 days. The recoveries for gabapentin and
IS were 101.5 (CV 0.8%), 99.4 (CV 1.3%), 96.8 (CV 1.2%)
and 100.6 (CV 1.9%), 100.7 (CV 2.4%), 99.2 (CV 2.1%)
respectively. The results revealed optimum stability for the
prepared stock solutions throughout the period intended for
their daily use.

F from a
s tin.
an plasma showed reliable stability behavior, as the m
f the results of the tested samples were within the ac
ig. 4. Representative plasma concentration vs. time curve obtained
ubject after the single dose oral administration of 900 mg of gabapen
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3.4. Application

The validated method has been successfully used to quan-
tify gabapentin concentrations in the human plasma sam-
ples after the administration of a single 900 mg oral dose
of gabapentin. The representative concentration versus time
profile of a subject receiving a single dose of gabapentin is
presented inFig. 4.

4. Conclusion

In summary, LC–MS/MS method for the quantitation
of gabapentin in human plasma was developed and fully
validated as per FDA guidelines[49]. This method offers
significant advantages over those previously reported, in
terms of improved sensitivity and selectivity, faster run time
(2 min) and lower sample requirements. Thus the volume
of samples to be collected per time point from an individual
during trial is reduced significantly, allowing inclusion of ad-
ditional points. With dilution integrity up to 20-fold, we have
established that the upper limit of quantification is extendable
up to 100�g/mL. Hence, this method is useful for single
and multiple ascending dose studies in human subjects. The
current method has shown acceptable precision and adequate
sensitivity for the quantification of gabapentin in human
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