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Gabapentin, [1-(aminomethyl)cyclohexaneacetic acid with
molecular formula of CoH;7NO5, m.w. 171.24; Neurontin®; Pfizer
Inc., New York, NY, USA], is an anticonvulsant drug used as
adjunctive therapy in humans for the treatment of partial seizures
not adequately controlled with standard antiseizure drugs (Wolf
et al., 1996; Gambelunghe et al., 2005). Gabapentin is a structural
analog of the inhibitory neurotransmitter gamma-aminobutyric
acid (GABA) and therefore, like benzodiazepines and barbiturates,
it is very likely that gabapentin has the potential to produce
anxiolytic, analgesic, sedative, and/or tranquilizing, skeletal
muscle relaxant, and anticonvulsant activities in racing horses.

Gabapentin is generally used as an add-on therapy for control
of partial seizures in patients who have not achieved satisfactory
control with, or who are intolerant to standard anticonvulsants.
Although its structure resembles GABA, the actual mode of
action of gabapentin is still unknown (Goa & Sorkin, 1993; Berry
et al., 2003). It has been shown that gabapentin does not possess
affinity for GABA 5 or GABAg receptors, it is not metabolized to a
GABA or GABA agonist, and it does not inhibit GABA uptake or
degradation (Gambelunghe et al., 2005). It has been proposed
that gabapentin may alter the metabolism of amino acids in the
brain and may bind to specific neuronal proteins in the brain
(Chadwick, 1994; Taylor, 1994). Several other possible modes of
action of gabapentin were recently summarized by Stefan and
Feuerstein (2007) including augmentation of nonspecific cation
channels like the hyperpolarization-activated cation channel,
acting as an agonist of ATP-dependent potassium channels, and
binding with high affinity to the o, ¢ type 1 and 2 subunits of
voltage-gated calcium channels.
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The pharmacokinetics of gabapentin have been studied in
humans. The plasma elimination half-life of gabapentin in
humans was reported to be between 5 and 9 h (Mclean, 1995;
Berry et al., 2003). Limited information is available in the
literature about the usage (Govendir et al., 2005; Platt et al.,
2006) or pharmacokinetics of gabapentin in the veterinary field
(Vollmer et al., 1986; Radulovic et al., 1995; Stevenson et al.,
1997a,b; Matar et al., 2000).

Medications capable of improving the racing performance of
horses are classified by the Association of Racing Commissioners
International (ARCI) based on their performance-enhancing
potential. Gabapentin is currently classified as an ARCI class 3
agent [available from the ARCI (2004); http://www.arci.com/
druglisting.pdf]. As such, gabapentin is considered to have
significant potential to influence the outcome of a race, and its
administration to a horse shortly before a race would clearly
contravene the rules of racing in most jurisdictions. It is essential
for the welfare and integrity of the racing industry that accurate
and specific analytical tests exist for quantitation of this drug in
the serum/plasma of racing horses to control either its
inadvertent or intentional misuse.

In the present study, four mature Thoroughbred mares
(8 to 9 years old) weighing 465-505 kg were used. A routine
clinical examination was performed before each experiment to
assure that the animals were healthy and sound. Animals
used in these experiments were managed according to the
rules and regulations of the Tuskegee University Institutional
Care Use Committee, which

Animal also approved the

experimental protocol.
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The skin over the left jugular vein was washed with povidone—
iodine scrub (Poviderm, Burns Veterinary Supplies, Westbury,
NY, USA) and rinsed with ethanol. An i.v. catheter (Abbocath-T,
14-gauge x 5.5 inch; Abbott Animal Health, North Chicago, IL,
USA) was inserted into the left jugular vein and sutured in place.
Horses were given single oral doses of gabapentin (5 mg/kg
mixed with maple syrup). Blood samples were collected from the
left jugular vein for analyses at O, 15, 30, and 45 min and 1, 2,
4, 6, 8, 24, 48, and 72 h into heparinized Vacutainer plasma
tubes (Becton Dickinson, Franklin Lakes, NJ, USA) and then
centrifuged at 4 °C at 2000 g for 15 min; the plasma was stored
and refrigerated in 5-mL aliquots until assayed. Gabapentin was
analyzed by using Perkin-Elmer AutoSystem XL Gas Chroma-
tography and TurboMass Mass Spectrometer (Perkin-Elmer,
Norwalk, CT, USA) set in positive ion mode as described
previously (Lehner et al., 2007). The quantitative method of
gabapentin was validated by examining the measurement of
consistency of results (within-run and between-run), correlation
(coefficient of determination of the standard curve), and
extraction efficiency of the assay as previously reported (Lehner
et al., 2007).

Pharmacokinetic analyses were performed, using a nonlinear
regression program (WINNONLIN, version 5.1; Pharsight Corpora-
tion, Cary, NC, USA). The goodness-of-fit was evaluated by the
Akaike Information Criterion (Yamaoka et al., 1978), residual
plots and visual inspection. The data were weighted as 1/(ypred)2,
where ypreq Was the model-predicted concentration at the actual
time.

Analysis of the plasma samples showed rapid absorption of
gabapentin following oral administration in horses included in
our study (Fig. 1). The mean plasma concentration of gabapen-
tin at 15 min following oral dose was 82.5 (£33) ng/mL (Fig. 1).
Observed maximum plasma concentrations (Cy,.y) of 320 (£37.5
SD) ng/mL of gabapentin were determined within 1 h (Tyay)
after administration, and the observed C,. values were in
reasonably close agreement. Thereafter, observed plasma con-
centration declined to values below our lowest calibrator,
interpolated as 16 (£2 SD) ng/ml, at 24 h after oral
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Fig. 1. Mean (£SD) plasma concentration of gabapentin from four
horses following single 5 mg/kg oral administration.

administration of gabapentin. Since the plasma concentration
of gabapentin at 24 h was less than our lowest standard
(50 ng/mL) in all horses included in our study, this time point
was not included in pharmacokinetic analyses. The mean
plasma concentration of gabapentin at 8 h postadministration
time was 92.5 (£31) ng/mL with an apparent plasma elimina-
tion half-life of 3.4 h. Gabapentin was not detectable in plasma
samples of horses at 48 h following 5 mg/kg oral administration
of gabapentin. The apparent pharmacokinetic parameters of
gabapentin following oral administration are shown in Table 1.

In the present study, it was shown that gabapentin is rapidly
absorbed following a single 5 mg/kg oral administration in
horses. The pharmacokinetics of gabapentin has been studied in
humans and also in various animal species. In one of these
studies, it was shown that C,., value of gabapentin in 24
human volunteers following single oral dose of 400 mg of
gabapentin was 3.2 pug/ml (Bahrami & Mohammadi, 2006),
which is significantly higher than that in horses reported in the
present study following single 5 mg/kg oral administration of
gabapentin or roughly the same dose. In similar studies, it was
shown that C,., values of gabapentin were 3.2 and 4 ug/mL
following single 400 and 200 mg oral administration of
gabapentin to a human male volunteer, respectively (Hengy &
Kolle, 1985; Zhu & Neirinck, 2002). Additionally, gabapentin
was shown to attain C,., values ranging from 3.74 to
4.52 pg/mL following single 10 mg/kg oral administration of
gabapentin in 48 human pediatric patients (ages from 1 month
to 12 years; Haig et al., 2001). Gabapentin has been reported to
attain Cp,,, values of 16.4, 56.3, and 8.90 ug/mL in rats, dogs,
and monkeys, respectively, following single oral dose of
50 mg/kg of gabapentin (Radulovic et al., 1995). Even though
the dose of gabapentin in this study (Radulovic et al., 1995) was
only 10-fold higher than that used in our equine study, the Cy,ax
values in rats, dogs, and monkeys were approximately 51-, 176-,
and 28-fold higher than that in horses, respectively. These
studies clearly indicate that gabapentin is relatively poorly
absorbed or more rapidly metabolized in horses in comparison to
humans and various other animal species following its oral
administration. The plasma elimination half-life of gabapentin in

Table 1. Pharmacokinetic parameters of gabapentin after a single oral
administration (5 mg/kg)*

Horse
Parameter 1 2 3 4 Mean (£ SD)
t1,2 Ko1 (h) 040 053 031 042  0.415 (£0.045)
t1,2 Kio (h) 2.74 2.68 3.46 4.73 3.40 (£0.477)
AUCq_int. 1593 1276 1787 2497 1788.3 (£258.66)
(ng/mL/h)
Oral clearance  3.14 3.92 2.80 2 2.97 (£0.398)
(L/h/kg)
Trmax (h) 1.31 1.55 1.18 1.60 1.41 (£0.099)
Cmax (ng/mL) 289 221 283 290  270.75 (+16.66)
R? 0.94 0.91 0.95 0.97 0.94 (£0.013)

*Using a nonlinear regression program (WINNONLIN, version 5.1; Phar-
sight Corporation, Cary, NC, USA).
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horses (3.4 h) is very similar to that reported in dogs (3—4 h)
(Vollmer et al., 1986). Further studies are required to determine
the clinical pharmacologic effects of gabapentin in horses
following single or multiple doses administration of this drug.
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