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ABSTRACT 
High Performance Liquid Chromatographic tandem mass spectrometric method for the estimation of 
Gabapentin in human plasma has been developed and validated using Baclofen as internal standard. 
Sample preparation process was accomplished by protein precipitation technique. The processed 
sample was chromatographed and analyzed on Grace Smart RP 18,150×4.6 mm (5µ) column using 
mobile phase [0.3% formic acid in 10 mM Ammonium acetate and 0.3% formic acid in Acetonitrile 
(50:50%V/V) ] and diluent as 50% methanol in water. Gabapentin was chromatographed and 
analyzed by MS Detector. The analytical method described is valid the determination of Gabapentin 
(over a range of 412.20 ng/ml to 10037.01 ng/ml) using Baclofen as internal standard in human 
plasma. Signal from the detector were captured in a computer and processed using Analyst software.  
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INTRODUCTION 
Gabapentin [1-(aminomethyl) 
cyclohexaneacetic acid] (Figure 1), is a new 
antiepileptic drug which is a structural 
analogue of neurotransmitter γ-aminobutyric 
acid (GABA). Gabapentin, unlike GABA, has a 
cyclohexane molecule system and is able to 
penetrate through blood–brain barrier. 
Gabapentin is used for the treatment of partial 
onset seizures with or without secondary 
generalized tonic-clonic convulsions in clinical 
practice. Gabapentin is indicated as adjunctive 
therapy in the treatment of partial seizures with 
and without secondary generalization in adults 
with epilepsy and for the management of 
postherpetic neuralgia. After oral 
administration, Gabapentin is well absorbed 
and reaches maximal plasma concentrations 
within 2–3 h. The elimination half-life of the 
drug is 5–7 h after a single oral dose of 200–
400 mg. Gabapentin is not metabolized and 
mainly excreted by kidney. Protein binding is 
less than 3%. Bioavailability is 27-60% 
(inversely proportional to dose; a high fat meal 
also increases bioavailability). 
Pharmacokinetics of Gabapentin is not 
affected by foods and other drugs. Gabapentin 
can be actively transported across the blood 
brain barrier and the gut via the L-system 

amino acid transporter, which recognizes L-
isoleucine, L-leucine, L-phenylalanine and L-
valine1,2. Gabapentin is a white to offwhite 
crystalline solid with a pKa1 of 3.7 and a pKa2 
of 10.7. It is freely soluble in water and both 
basic and acidic aqueous solutions. The log of 
the partition coefficient (n-octanol/ 0.05M 
phosphate buffer) at pH 7.4 is –1.25. Several 
analytical methods have been reported for the 
determination of Gabapentin such as HPLC1,3-

9, Capillary electrophoresis10, Gas 
chromatography11, GC-MS/MS12-14 and mass 
spectrometry15-19. The purpose of the present 
study was to develop and validate an LC-MS-
MS method as per USFDA Bioanalytical 
Method Validation Guideline20, with simple 
sample preparation technique to determine 
Gabapentin concentration in human plasma 
and to apply it to a bioequivalence study. 
 
MATERIALS AND METHODS 
Chemicals and reagents 
Gabapentin with purity 98.87% w/w [Figure 1] 
and Baclofen [Figure 2] as internal standard 
with purity 99.24% w/w (Figure 2) working 
standards were used. HPLC grade 
Acetronitrile and Methanol were manufactured 
by Qualigens Fine Chemicals. Formic acid AR 
grade manufactured by S.D. Fine chemicals, 
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Human Plasma (CPD), Plastic container 
(Polypropylene) and Water HPLC grade from 
Milli-Q RO system was used throughout the 
analysis. 
 

 
Fig. 1: Structure of Gabapentin 

 
 

 
Fig. 2: Structure of Baclofen 

 
Instrumentation and Chromatographic 
Conditions 
The chromatography was performed on an 
ACQUITYTM UPLC system (Waters Corp, 
USA) with cooling auto sampler and column 
oven enabling temperature control of the 
analytical column. Grace Smart RP 
18,150×4.6 mm (5µ) column was employed. 
The column temperature was maintained at 
45°C and chromatographic separations were 
achieved with gradient elution using a mobile 
phase composed of [0.3% formic acid in 10 
mM Ammonium acetate and 0.3% formic acid 
in Acetonitrile (50:50%V/V) ]. The flow rate 
was set at 1.0 ml/min, run time was 5.0 
minutes and retention time for Gabapentin 
[Figure 3] and Baclofen were 2.00 min and 
2.25 min respectively. The auto sampler was 
conditioned at 4°C and the injection volume 
was 10μl using Auto sampler mode for sample 
injection. 
 
Compound Setting 
Ion source ESI Positive mode, Ion spray 
voltage  at 5.0 kV, temperature at 500 °C , 
curtain gas at 8.0 L/min and nebulizer gas at 
11.0 (psi). The Parent mass for Gabapentin 
(172.14) m/z and Baclofen (214.15) m/z, 
Product mass for Gabapentin (154.1) m/z and 
Baclofen (151.20) m/z, and collision energies 
were 19.0 eV and 25.0 eV respectively. 
 
 
 

Sample Preparation 
Thawed samples were vortexed to ensure 
complete mixing of content. Pipette out 0.200 
ml aliquot of sample in eppendorf and 0.025 
ml of IS (from 20000 ng/ml of internal 
standard) was added and vortexed the content 
for 30 seconds. 0.75 ml of methanol was 
added. The content was vortexed for 10 min 
and centrifuged for 10 min at 14000 rpm. 
Supernatant layers were transferred into 
individual auto sampler vials for injection into 
LC/MS/MS. 
 
Validation Parameters 
The Method was validated in accordance with 
FDA Guidelines20. Blank screening (Figure 4), 
Selectivity, Linearity, Accuracy, Precision, 
Recovery, Stability (Freeze thaw, bench top, 
long term, Auto sampler, stock solution at RT 
and RF) Dilution integrity, Matrix effect and 
Ruggedness were performed. Each batch of 
spiked plasma samples includes one complete 
calibration curve (consisting of one blank 
plasma, one blank plasma with internal 
standard and eight different non-zero 
concentration samples, six replicates quality 
control samples includes six replicate quality 
control samples LLOQ, LQC, MQC and HQC), 
except Bench top, freeze thaw stability, long 
term stability, Auto sampler stability and 
dilution integrity in which four replicate quality 
control samples were used. Quality control 
samples for Gabapentin prepared by using 
CPD as an anticoagulant and stored at a 
temperature below -80oC (deep freezer), and 
concentrations taken as  LLOQ (414.39ng/ml), 
LQC (1164.01ng/ml), MQC (4217.43ng/ml)and 
HQC (8434.87ng/ml). 
 
Standardization and calculation 
The chromatographic data were acquired and 
processed using computer based Analyst 
software. The best-fit lines using weighting 
factor (1/concentration) linear least square 
regression analysis were obtained by peak 
area ratio of Gabapentin to its internal 
standard (Baclofen). The concentration of 
Gabapentin in plasma samples were 
calculated using linear regression parameters 
by corresponding calibration curve.  
 
RESULTS AND DISCUSSION 
Chromatography 
Representative chromatograms containing 
solvent reference mix solution, blank plasma, 
blank plasma with internal standard and 
quality control samples LLOQ [Figure 6], LQC 
[Figure 7], MQC [Figure 8] and HQC [Figure 9] 
and a calibration curve of representative 
regression analysis for Gabapentin. 
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Fig. 3: Chromatogram of an aqueous sample of Gabapentin 

 
 
 

 
Fig. 4: Chromatogram of Blank plasma sample 

 

Selectivity 
Six lots of plasma with CPD anticoagulant 
were evaluated and none showed significant 
interfering peaks at the retention time of 
Gabapentin and Baclofen (IS).  
 
Linearity 
The linearity of Gabapentin was determined by 
weighted least square regression analysis of 
standard plot associated with eight point 
standard curve [Figure 5]. The calibration was 

shown to be linear from 412.20ng/ml to 
10037.01ng/ml for Gabapentin. Best –fit 
calibration lines of chromatographic response 
versus concentration were determined by 
weighted least square regression analysis with 
weighting factor of 1/concentration. The 
coefficient of correlation (r2) was consistently 
greater than or equal to 0.99 during the course 
of validation for Gabapentin, which are within 
limits. 

 
 

 
Fig. 5: Regression analysis of calibration curve 

 
Sensitivity 
The limit of Quantitation was 412.20ng/ml for 
Gabapentin. The between batch precision and 
accuracy at LLOQ concentration for 
Gabapentin using internal standard ratio 
method was 7.0 % and 104.5 %, respectively.  
 
Accuracy 
The accuracy of the assay was defined as the 
absolute value of calculated mean values of 
the quality control samples to their respective 
nominal values, expressed as percentage. 
 
Within batch accuracy 
The within batch accuracy using internal 
standard area ratio method ranged from 89.6 

% to 108.7 % for Gabapentin, which are within 
limits (Refer Table 1). 
 
Between batch accuracy 
The between batch accuracy using internal 
standard area ratio method ranged from 92.7 
% to 104.5 % for Gabapentin, which are within 
limits (Refer Table 1). 
 
Precision 
The precision of the assay was measured by 
the percent coefficient of variation over the 
concentration range of LLOQ, LQC, MQC and 
HQC quality control samples of Gabapentin.  
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Within Batch Precision 
The within batch precision using internal 
standard area ratio method ranged from 2.5 % 
to 9.6 % for Gabapentin, which are within 
limits (Refer Table 1). 
 

Between Batch Precision 
Between Batch Precision using internal 
standard area ratio method ranged from 5.1% 
to 8.4% for Gabapentin which are within limits 
(Refer Table 1).  

 
Table 1: Results of Accuracy, Precision and Recovery. 

S. No Parameters Acceptance Criteria Results (%) 

1 Within Batch Accuracy 
Nominal concentration : 

85-115 % 89.6-108.7 

2 Between Batch Accuracy Nominal concentration : 
85-115 % 92.7-104.5 

3 Within Batch Precision % CV : 15% 2.5-9.6 
4 Between Batch Precision % CV : 15% 5.1-8.4 
5 Recovery of Analyte % CV : 20% 8.6 
6 Recovery of internal standard % CV : 20% 5.7 

 

Recovery of Analyte 
The percentage recovery of Gabapentin was 
determined by measuring the peak area 
response of spiked (extracted) quality control 
samples (LQC, MQC and HQC) against the 
peak area response of aqueous (Unextracted) 
quality control samples (LQC, MQC and HQC) 
of equivalent concentrations. The percent 
recovery of Gabapentin at LQC, MQC and 
HQC quality control samples were 100.0%, 
86.6%, 86.4% respectively. The % CV for 
recovery of inter-quality control samples for 
Gabapentin was 8.6%, which is within limits 

(Refer Table 1). The % mean of recovery was 
91.00%, which are within limits. 
 
Recovery of Internal Standard  
The percentage recovery of Beclofen (IS) was 
determined by measuring the peak area 
response of spiked (extracted) quality control 
samples (MQC) against the peak area 
response of aqueous  (un-extracted) IS 
dilution of same concentration. The mean 
percentage recovery and % CV for recovery 
were 93.7% and 5.7% which are within limits 
(Refer Table 1). 

 

 
Fig. 6: Chromatogram of LOQQ sample 

 
 

 
Fig. 7: Chromatogram of LQC sample 

 
 

 
Fig. 8: Chromatogram of MQC sample 
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Fig. 9: Chromatogram of HQC sample 

 

Freeze thaw stability 
The stability of the spiked plasma samples 
was determined during three freeze-thaw 
cycles. Four  replicates numbers of  LQC and 
MQC samples (Stability samples) kept at -
800C and were analysed after third freeze 
thaw cycle against freshly spiked calibration 
curve standards and freshly spiked QC 
samples(comparison samples).The 
comparative stability ranged from 97.4% to 
100.4 % for Gabapentin ,which are within 
limits (Refer Table 2). 
 
Bench top stability  
The bench top stability (Short term stability in 
matrix) determined by analyzing four replicates 
of low and high QC stability samples, which 
had been kept at room temperature for a 
designed time against the freshly  spiked QC 
samples(comparison samples). The 
comparative stability ranged from 88.2% to 
98.0% for Gabapentin, which are within limits 
(Refer Table 2). 
 
Auto sampler stability 
The auto sampler stability (Post-processing 
stability) determined by analyzing four 
replicates of low and high QC stability 
samples, which had been  processed  and 
kept in Auto sampler and were analyzed after 
against freshly spiked calibration curve 
standards and freshly spiked QC samples 
(comparison samples). The comparative 
stability ranged from 97.0% to 105.0% for 
Gabapentin, which are within limits (Refer 
Table 2). 
 
Long term stability 
For long term stability (Long term stability in 
matrix) determined by analyzing four replicates 
of low and high QC stability samples were 
analyzed against freshly spiked calibration 
curve. The low and high QC samples were 
stored for 04 days in deep freezer (at below -
800C) with CPD as an anticoagulant in 
polypropylene tubes. The stability ranged from 
99.1% to 103.8%, which are within limits 
(Refer Table 2). 

 
Stock solution stability at room 
temperature  
Stock solution stability at room temperature 
was performed by storing Gabapentin and 
Baclofen (IS) stock solutions at room 
temperature. The evaluation of stability was 
done by assaying six replicate injections of 
appropriately prepared dilutions of stored 
stock aliquot solutions of Gabapentin and 
Baclofen (IS) against six replicate injection of 
appropriately prepared dilution from fresh 
stock solutions of Gabapentin and Baclofen 
(IS). 
The stock solution of Gabapentin and Baclofen 
(IS) was found to be both Analyte and IS, 
when stored at room temperature. The percent 
stabilities of the stock solution were 97.0% and 
105.2% respectively, which are within limits 
(Refer Table 2). 
 
Dilution Integrity 
Dilution Integrity was determined by assaying 
four replicates QCs spiked approximately two 
times the concentration of ULOQ. Samples 
were diluted by an appropriate factor (two) 
prior to extraction, against freshly spiked 
calibration standard samples. The accuracy for 
two times diluted concentration was 92.9 % for 
Gabapentin and four times diluted 
concentration was 85.1% .The precision for 
two times diluted concentration was 5.9 %, 
and four times diluted concentration was 7.2 % 
for Gabapentin which are within limits (Refer 
Table 2). 
 
Matrix effect    
Matrix effect was calculated by spiking Analyte 
and IS at LQC and HQC levels into each of 
blank plasma extracts from six different 
batches of matrix respectively and analyzed in 
duplicate against six replicate injections of 
aqueous samples at low and high QCs 
samples .At low and high QCs samples, the % 
coefficient of variation for matrix factor was 
found to be 6.3% and 5.9%, respectively for 
Gabapentin which are within limits (Refer 
Table 2). 
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Table 2: Results of stability Dilution integrity, Matrix effect and Ruggedness 
S. No Parameters Acceptance Criteria Results (%) 

1 Freeze and thaw cycle at -
800C 

Mean % change after 3 cycles 
± 15% 97.4-100.4 

2 Bench top stability Mean % change after 10.14 h 
± 15% 88.2-98.0 

3 Auto sampler stability 
 

Mean % change after 50.04  h : 
85-115 % 97.0-105.0 

4 Long term Stability Mean % change after 4 Days : 
± 15% 99.1-103.8 

5 Stock solution stability at 
room temp. % Nominal concentration :       ± 15% 97.0 (Analyte) 105.2 (IS) 

6 Dilution integrity 
Accuracy ( % Nominal ) : 

± 15% 
Precision(%CV) : ≤15% 

 
92.9 

 
5.9 

7 Matrix effect % CV ≤15% LQC 6.3 
HQC 5.9 

8 Ruggedness % Nominal :  ± 15% 
%CV : ≤15% 

93.8-108.0 
2.0-4.7 

 

Ruggedness 
The ruggedness of the extraction procedure 
and chromatographic method was evaluated 
by analysis of a batch of six sets of quality 
control samples and a set of calibration 
standards using different column (same type) 
by another analyst .The within batch accuracy 
ranged from 93.8.0% to 108.0% for 
Gabapentin .The within batch precision ranged 
from 2.0% to 4.7% for Gabapentin. The results 
indicated that the batch met the acceptance 
criteria of linearity, precision and accuracy 
data of the quality control samples, which are 
within limits (Refer Table 2). 
 
Stock solution stability at refrigerated 
temperature (7.0 days)  
Stock solution stability at refrigerated 
temperature was performed by storing 
Gabapentin and Baclofen (IS) stock solutions 
at refrigerated temperature. The evaluation of 
stability was done by assaying six replicates 
injections of appropriately prepared dilution 
from stored aliquot solutions of Gabapentin 
and Baclofen (IS) against six replicate injection 
of appropriately prepared dilution from fresh 
stock solutions of Gabapentin and Baclofen 
(IS). The percent stability of the stock solution 
for Gabapentin and Baclofen (IS) was 97.0% 
and 105.2% respectively which are within 
limits. 
 
CONCLUSION  
The above analytical method described is valid 
the determination of Gabapentin (over a range 
of 412.20ng/ml to 10037.01ng/ml) using 
Baclofen as internal standard in human 
plasma using a Grace Smart RP 18, 150×4.6 
mm (5µ) column. This method for 
quantification of Gabapentin in human plasma 
is accurate, precise, rapid, and selective. It is a 

simple, practical, and economical alternative 
for studies of the bioavailability, 
bioequivalence, and pharmacokinetics of this 
drug in human plasma. 
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