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Abstract

Background: The repeated administration of high doses of gabapentin may provide

better analgesia in horses than current clinical protocols.

Hypothesis and Objectives: Administration of gabapentin at 40 and 120 mg/kg PO q

12 h for 14 days will not alter serum biochemistry findings or cause adverse effects.

Our objectives were to evaluate the effect of gabapentin on serum biochemistry,

physical examination, and plasma pharmacokinetics of gabapentin.

Animals: Six healthy adult mares.

Methods: Horses received 40 and 120 mg/kg of gabapentin orally q 12 h for

14 days. Horses were examined and scored for ataxia and sedation daily. Serum bio-

chemistry variables were analyzed before treatment and days 7 and 14 after

gabapentin administration. Plasma disposition of gabapentin was evaluated after the

first and last drug administration. Pharmacokinetic parameters were estimated using

noncompartmental analysis.

Results: No changes occurred in physiologic or biochemical variables. Median (range)

maximal plasma gabapentin concentrations (μg/mL) after the last dose (day 15) were

7.6 (6.2-11) and 22 (14-33) for 40 mg/kg and 120 mg/kg doses respectively. Maximal

concentration of gabapentin was reached within 1 hour after drug administration.

Repeated administration of gabapentin resulted in a median (range) area under the

curve (AUC0-12 hours) last/first dose ratio of 1.5 (1.00-2.63) and 2.92 (1.4-3.8) for the

40 and 120 mg/kg regimens, respectively.

Conclusion and Clinical Importance: Our results suggest that horses tolerate

gabapentin up to 120 mg/kg PO q 12 h for 14 days. The analgesic effect of the dos-

age regimens evaluated in our study warrants further research.
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1 | INTRODUCTION

Limited scientific information exists regarding the effective and

safe dosing of gabapentin in horses. Based on clinical experience

and anecdotal reporting,1 the most commonly used dosage of

gabapentin is either 10 or 20 mg/kg2,3 which by itself is often inef-

fective at controlling pain from laminitis or osteoarthritis. Higher

dosages or more frequent administration may result in better drug

exposure and efficacy at managing pain.4 The pharmacodynamics

and pharmacokinetics of gabapentin have not been elucidated, and

results have been variable in dogs and cats, potentially because of

inadequate dosing.5-14

Repeated administration of relatively high doses of gabapentin

may result in concentration-dependent adverse effects. In humans,

somnolence, dizziness and ataxia are frequent adverse effects of

repeated dosing of gabapentin.15-19 Although rare, more serious

adverse consequences can occur, including cardiovascular effects

(hypotension and bradycardia), renal failure, aggravation of chronic

renal failure, colitis, and other gastrointestinal complications.20-23

Sedation and ataxia can occur in dogs and cats receiving gabapentin,

but no serious adverse effects have been reported.5-14 In horses,

administration of 10 and 20 mg/kg of gabapentin appears to be

safe.1-3 One report described mild sedation in a pregnant mare and in

another report with IV dosing.1,2 Single administration of up to

160 mg/kg of gabapentin did not cause adverse effects.4 In silico sim-

ulation of gabapentin administration suggests that doses >20 mg/kg

would maximize the analgesic effect of gabapentin in horses.4 How-

ever, pharmacokinetics and occurrence of adverse effects of

gabapentin after repeated administration of doses >20 mg/kg have

not been determined.

Our hypothesis was that administration of 40 and 120 mg/kg of

gabapentin PO q 12 h for 14 days would not cause sedation or ataxia

nor have adverse effects as determined by physical examination and

serum biochemistry variables. In addition, it was expected that

repeated administration of 40 and 120 mg/kg q12 h would achieve

plasma concentrations reported to be analgesic in other species (half

maximal effective concentration of gabapentin [EC50 ],16.7 μg/

mL).24,25

2 | MATERIALS AND METHODS

Our study was approved by the Washington State Institutional Animal

Care and Use Committee (ASAF #11023). Six clinically healthy adult

mares were used in this randomized (Random Generator, Ireland;

http://www.random.org/) cross-over study. All mares were assessed

before the beginning of the study to determine that no neurologic

deficits or lameness was present. Complete blood counts and bio-

chemistry profiles also were performed to ensure the horses were

clinically healthy. The breeds consisted of 3 Arabian and 3 Quarter

Horses. The mean ± SD weight of the mares was 496 ± 66.18 kg and

the age ranged from 9 to 20 years with a mean age ± SD of 15.16

± 5.34 years.

Forty-eight hours before beginning gabapentin administration,

the mares were brought into the teaching facility stalls. They were

stalled separately and fed timothy hay twice daily, and selenium sup-

plementation was provided once daily, with continuous access to

water. The mares were not held off feed or water before gabapentin

administration and were fed 30 minutes before gabapentin adminis-

tration in the morning and evening. Feeding and sample collection

were kept constant throughout the study.

The afternoon before the start of gabapentin administration, a 14-

gauge catheter was placed aseptically in the jugular vein of each mare

and the catheter was heparin-locked (2.5 mL normal saline, 2.5 mL of

100 units/mL heparin). The horses were evaluated at that time for lame-

ness or any other health concerns. Plasma was obtained immediately

after catheter placement for the serum biochemistry profile. The study

began the next morning with physical examinations and confirmation of

lack of ataxia or sedation. All gabapentin (600 mg tablets; Blue Point

Labs, India) tablets were ground in a coffee grinder and placed in plastic

bags with the air removed, sealed, and labeled with the horse's identifi-

cation, date, and timing of administration (AM or PM) for the 14-day

study. The sealed plastic bags were stored in closed cardboard boxes at

room temperature during the study period. The ground gabapentin was

mixed with 1/4-1/3 cup corn oil (gabapentin is lipophilic) and apple-

sauce or molasses and administered PO using a catheter tip syringe. The

total volume of oil and molasses or applesauce varied between 60 mL

for the 40 mg/kg dose and 120 mL for the 120 mg/kg dose. At the end

of the study and during the 3-week washout period, the mares were ret-

urned to the dry lot with the other teaching herd horses.

On day 1, blood samples were collected from the jugular catheter

in heparinized tubes pregabapentin (T = 0), and at 0.25, 0.50, 1, 2,

4, 8, 12 hours postadministration of gabapentin. For each collection

time, 5 mL of blood were drawn through the catheter and discarded,

then a 5 mL sample of blood was collected and injected into a hepa-

rinized tube, and the catheter was irrigated with 5 mL of heparinized

saline. On days with few sample collections, the catheter was irrigated

3 times a day with 50 U per heparin/5 mL normal saline. The catheter

and catheter site were monitored 3 times per day for any signs of

infection or inflammation. Blood also was obtained on days 7 and 14

for gabapentin concentrations and biochemistry profiles before the

morning administration of gabapentin. On day 15, blood was collected

starting at 12 hours after the last dose of gabapentin. After the initial

blood was taken on day 15, blood was taken 15 minutes, 30 minutes,

1, 2, 4, 8, 16, 32, and 64 hours after the last dose of gabapentin

administered on day 14. Blood collection time was the same as the

initial sampling when the horses started the gabapentin day 1. Blood

obtained for gabapentin analysis was centrifuged at 1800g for

5 minutes. Plasma was stored at �80�C until analysis.

At each sample time, the same 3 evaluators completed a physical

examination that included heart rate, respiratory rate, body tempera-

ture, mucous membrane color, capillary refill time, gastrointestinal

sounds, and observation of any feces or urination for each horse,

along with being walked outside. In addition, the horses had a seda-

tion score assigned to them using a response to loud clapping, obser-

vation and use of a sedation scoring system.25 The scoring system
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was: 0-no sedation (normal ear and neck position, normal posture,

normal gait); 1-mild sedation (relaxed facial muscles, decreased

response to background activity, slight ear tip separation, mildly

decreased movement); 2-moderate sedation (limited movement, ear

tip separation, neck position below the horizontal plane, eyelids par-

tially closed, pendulous lower lip, no response to background activity);

3-deep sedation (prolonged periods of no movement, base-wide

stance, pronounced ear tip separation, loss of postural tone, eyelids

partially or totally closed, pendulous lower lip).25 The horses were

monitored continuously for sedation for 3 hours (peak concentration

of gabapentin is 2 hours) and sedation scores were assigned at every

data collection point throughout the entire 2-week study.

The horses were walked in a straight line and tight circle to deter-

mine any signs of ataxia. The Mayhew ataxia scale was used: grade

0, normal; grade 1, subtle gait abnormality that may worsen with head

elevation; grade 2, moderate gait abnormalities that are noted at a

walk; grade 3, gait abnormalities that are easily recognizable and much

worse when the horse is going around obstacles with elevation of the

head; grade 4, gait abnormalities easily seen with potential for the

horse to fall or nearly fall when prompted to walk or perform normal

activities; and grade 5, recumbent horse.26

2.1 | Quantification of gabapentin

Gabapentin was extracted from plasma samples using a precolumn

derivatization, solid phase extraction (SPE) method.27 Frozen plasma

samples were thawed and vortex-mixed, and 100 μL were transferred

to a clean tube internal standard (30 μL vigabatrin 10 μg/mL) and

1 mL of 0.1 N HCl was added. This mixture was loaded onto a

preconditioned (per manufacturer's recommendation) MCX cartridge

(Waters, Milford, MA). Samples were eluted with 2 mL of

ammonia : water : acetonitrile (5 : 13 : 82) and evaporated to dryness

using nitrogen gas for approximately 45 minutes at room tempera-

ture (72�F).

Analysis of gabapentin in plasma samples was conducted using

reversed-phase high performance liquid chromatography (HPLC) as

reported previously.4 The system consisted of a 2695 separation

module and a 2475 fluorescence detector (Waters, Milford, MA). Sep-

aration was attained on a Waters Atlantis T3 4.6 � 250 mm (5 μm)

column preceded by a 5 μm Atlantis T3 guard column. The mobile

phase was a mixture of (A) 50 mM potassium phosphate dibasic buffer

(pH 5.0) and (B) acetonitrile. Gradient elution was used to separate

the analytes starting with 53% of solution A and 47% of solution B

and was adjusted to 49% of solution A and 51% of solution B over

15 minutes, and back to initial conditions over 5 minutes. The flow

rate was 1.1 mL/min. The fluorescence detector was set at an excita-

tion of 300 and an emission of 500 with the gain at 10�. The column

was kept at ambient temperature. The injection volume was 100 μL.

Standard curves for plasma analysis were prepared by spiking

untreated equine plasma with gabapentin, which produced a linear

concentration range of 25 to 10 000 ng/mL. The quality control con-

centrations used were 75, 350, 3500, and 8000 ng/mL.

2.2 | Biochemistry profile

An IDEXX Catalyst Dx Analyzer (Idexx Catalyst Chemistry Analyzer,

Westbrook, ME) was used for biochemical profiles. The Equine 15 Clip

(eIdexx Equine Clip 15, Westbrook, ME) was used for comprehensive

biochemistry testing and included albumin, globulin, total protein,

gamma-glutamyl transferase (GGT), creatinine, blood urea nitrogen

(BUN), BUN/creatinine ratio, calcium, aspartate aminotransferase

(AST), alkaline phosphatase (ALKP) total bilirubin, and creatine kinase

(CK). Each horse had biochemistry profiles run on pregabapentin

plasma and on days 7 and 14 for each dose of 40 or 120 mg/kg.

2.3 | Estimation of pharmacokinetic parameters

Noncompartmental analysis was used to calculate pharmacokinetic

parameters as implemented by Phoenix WinNonlin v8.0, (Pharsight

Corp. Mountain View, CA). Pharmacokinetic parameters included: area

under the plasma concentration-time curve from 0 hours to infinity

after dosing (AUC0-∞), area under the plasma concentration-time

curve from 0 hours to the last sampling after the last dosing

(AUC0-12), area under the plasma concentration-time curve from

0 hours to last sampling time after the last dosing (AUClast), maximum

concentration (Cmax), time to maximum concentration (Tmax), and half-

life of terminal portion of the curve after PO administration.

2.4 | Statistical analysis

Biochemistry profile data was compared using chi-squared, Student

t-test, and analysis of variance. The Shapiro-Wilk test was used to

assess normality of the data. For the pharmacokinetics of

gabapentin, the median AUC0-∞ and AUC0-12 hours after the last dose

of 40 and 120 mg/kg and trough concentrations at day 7 and

14 were compared statistically using a Mann-Whitney U test. All the

statistical comparisons were performed using GraphPad Prism v7.4

for Windows, (GraphPad Software, San Diego, CA). Plasma drug

accumulation was estimated by the AUC0-12 hours ratio after the last

and first dose for each dose regimen. Significance was set at P < .05

for all comparisons.

3 | RESULTS

No adverse effects were noted in any of the horses for any of the

dosage regimens. Sedation and ataxia scores were rated 0 throughout

the study. Food and water consumption, urination, defecation, and

vital signs remained normal throughout the study. Biochemistry vari-

ables also remained within normal limits throughout the study

(Table S1).

The chromatographic method used to quantify gabapentin in

horse plasma has an average recovery of 87%. Intra-assay coefficient

of variation ranged from 1.0% to 5.4% whereas interassay variability
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ranged from 0.4% to 11%. The lower limit of quantification was

25 ng/mL.

Pharmacokinetic parameters were determined by

noncompartmental analysis (Table 1) and compartmental analysis

(Table S2). For 1 horse at the 120 mg/kg dose, no model fit the

concentration data because of an atypical plasma concentration vs

time profile after the first dose. The reasons for this atypical profile

are unknown, and this profile was excluded from the pharmacokinetic

analysis. The peak concentration of gabapentin occurred within

2 hours. The administration of 120 mg/kg of gabapentin q 12 h

resulted in higher exposure to the drug than did the administration of

40 mg/kg as reflected by a higher Cmax and AUC. The median AUC0-∞

after the last administration of gabapentin at 40 mg/kg was lower

than the median AUC0-∞ obtained after the last administration of

gabapentin at 120 mg/kg (P < .05). The median (range) gabapentin

trough concentrations at days 7 were 5.2 μg/mL (4.4-6.1) and 16 μg/

mL (8.1-28) for 40 and 120 mg/kg dosage protocols, respectively. The

median (range) gabapentin trough concentration after 14-days was

6.4 μg/mL (5.2-8.7) and 17 μg/mL (9.5-30) for 40 and 120 mg/kg dos-

age protocols, respectively (Figure 1).

4 | DISCUSSION

The disposition of gabapentin in plasma was comparable to previous

reports.2,3,5 The exposure to gabapentin was larger after administra-

tion of gabapentin at 120 mg/kg than after 40 mg/kg. The dosage

regimen evaluated in our study resulted in accumulation of gabapentin

(Figure 1). Plasma drug accumulation, as reflected by the AUC0-12 hours,

was larger after the administration of 120 mg/kg than after the admin-

istration of 40 mg/kg (Table 1). In addition, the trough plasma concen-

tration before day 7 and after the last dose was comparable following

the administration of 120 mg/kg, suggesting that steady-state plasma

concentrations had been attained. In contrast, the trough plasma con-

centrations for the 40 mg/kg dosage suggest that steady state has not

been attained. The reason for the relatively lower accumulation and

unstable trough plasma concentrations after repeated administration of

40 mg/kg remains unknown. This finding could be the result of large

inter-inter-individual variability in absorption, distribution or elimination

TABLE 1 Plasma pharmacokinetic parameters (median [range]) derived from noncompartmental analysis in horses after PO administration at
40 and 120 mg of body weight q 12 h for 14 days

PK parameter Unit

40 mg/kg first

dose (n = 6)

40 mg/kg last

dose (n = 6)

120 mg/kg first

dose (n = 5)

120 mg/kg last

dose (n = 6)

HL_Lambda_z hours 11 (6-30) 15 (13-29) 7.2 (6.2-19) 20 (12-22)

Tmax hours 1 (1-2) 0.4 (0-8) 1 (1-2) 0.0 (0.0-0.3)

Cmax ng/mL 7.6 (6.2-11) 8 (6.6-11) 9.9 (6.1-27) 22 (14-33)

AUClast h*ng/mL 39 (25-72) 140 (100-320) 62 (320-160) 480 (260-650)

AUCINF_obs h*ng/mL N/A 146 (104-400) N/A 550 (270-650)

AUC0-12h ng*h/mL 39a (25-72) 62b (48-98) 63b (45-160) 180c (120-220)

AUC0-12h-last/first dose n/a 1.5 (1.00-2.63) 2.92 (range, 1.4-3.8)

Note: The AUC0-12 hours was lower after the first dose relative to the last dose administration for the 40 mg/kg (P = .01) and 120 mg/kg regimen

(P = .009). The % extrapolated ranged between 5% and 21% and from 2.4% to 13% for the 40 and 120 mg/kg, respectively. The different superscripts

indicate P < .05. AUC0-12h was only compared within each dose level.

Abbreviations: AUC0-12h, area under the plasma concentration-time curve from 0 hours to infinity after dosing; AUC0-12h-last/first dose, represents the

AUC0-12h ratio after the last drug administration relative to the first dose administration for each dose level to measure drug accumulation after repeated

drug administration; AUCINF_last, area under the plasma concentration-time curve from 0 hours to last sample time; AUCINF_obs, area under the plasma

concentration-time curve from 0 hours to infinity after dosing; Cmax, maximum concentration; Tmax, time to maximum concentration.

F IGURE 1 Plasma gabapentin concentration (individual and mean
values) vs time profile in adult horses after PO administration of
gabapentin at 40 (n = 6) and 120 (n = 5) mg of body weight q 12 h
for 14 days. The dotted lines correspond to estimated gabapentin
effective concentration 50% for rats28 and humans.24 (A) Disposition
of gabapentin in plasma after the first PO administration (day 1).
(B) Disposition of gabapentin in plasma after the last oral
administration (day 15)
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of gabapentin and the small sample size in our study. How these results

impact the analgesic effect of the dosage regimens evaluated remains

to be determined. Importantly, these findings suggest that a fixed dos-

age regimen may not be equally effective for all horses even if pain

intensity were the same in all animals over time, considerable variability

exists among individuals. Optimization of dosage regimens would be

necessary to maximize the chances of controlling pain in some horses.

Unfortunately, optimal analgesic plasma concentrations for

gabapentin in horses are unknown.29-32 In humans, the half-maximal

effective concentration (EC50) for treating neuropathic pain is 5.4 μg/

mL.16-18,24 Studies in rats suggest that the EC50 ranges from 1.4 to

16.7 μg/mL for the treatment of inflammatory hyperalgesia.28 In our

study, the median (range) trough plasma concentration of gabapentin

before the last administration of 40 mg/kg was 7.3 μg/mL

(5.2-8.7 μg/mL) and did not attain the theoretical EC50 (16 μg/mL) in

humans,24 suggesting that a more frequent dose interval might be

required to reach theoretical effective analgesic plasma concentra-

tions at 40 mg/kg. These findings contrast with previous single-dose

gabapentin concentration simulations that suggested that doses

≥20 mg/kg administered q 12 h to horses would maintain plasma con-

centrations of 16.7 μg/mL during a 12-hour dose interval.4 Mathemat-

ical simulations are based on several assumptions, including the

representativeness of the input data. Interindividual variability of

gabapentin pharmacokinetics between studies would explain the dis-

crepancies. In contrast, the mean (range) trough plasma concentra-

tions of gabapentin before the last administration of 120 mg/kg of

gabapentin were 22.3 μg/mL (11-33 μg/mL) and attained the theoreti-

cal EC50 of 16.7 μg/mL in humans (represented as the theoretical

EC50 in Figure 1) in 5 of 6 horses as predicted previously.4 This finding

suggests that administration of 120 mg/kg of gabapentin q 12 h

would provide analgesic effects.

High doses of gabapentin can result in adverse effects in

humans.19-22 Acute renal failure, exacerbation of chronic renal failure,

and hepatotoxicity have been reported in human patients taking

gabapentin.19-22 In cats, dogs, and humans, gabapentin has been found

to cause sedation ataxia, and dizziness (in human patients)21-23 In a previ-

ous study of horses,4 1 of 15 horses became slightly sedated for 2 hours

after a single PO administration of both 120 mg/kg and 160 mg/kg of

gabapentin. One study noted variable degrees of sedation after IV

gabapentin3 and another study reported mild sedation in a pregnant

mare after 2.5 mg/kg of gabapentin.1 In our study, neither sedation nor

ataxia were observed in any of the mares during the 2-week administra-

tion of either dose. In addition, the dosage regimens used in our study

did not alter the biochemistry profiles of treated horses.

Our results provide a foundation for optimizing analgesic treat-

ment with gabapentin in horses. Collectively, the pharmacokinetic

data suggests therapeutic plasma concentrations could be attained

in horses when treated with doses up to 120 mg/kg q 12 h. Based

on this information, along with other published information,

clinicians would be able to individualize gabapentin treatment by

escalating or de-escalating dosage regimens between 5 and

120 mg/kg q 12 h to meet individual analgesic needs. At current

market prices of gabapentin, long-term administration of 120 mg/kg

to an adult horse would be relatively expensive but still would be a

reasonable option in some horses. A limitation of our study was the

relatively small number of healthy adult mares treated for only

14 days. Therefore, our findings should be confirmed with a larger

and more diverse population of horses receiving treatments over a

longer period of time, as would be necessary to manage chronic and

or neuropathic pain.

In conclusion, we report the plasma disposition of gabapentin

after the administration of 40 and 120 mg/kg PO q 12 over 14 days

to adult horses. No clinical or biochemical adverse effects were noted

in any horses in the study. Although the results of our study are prom-

ising, the analgesic efficacy of the administration of 40 or 120 mg/kg

needs further research.
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