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Abstract

Background: Clinical use of gabapentin has increased; transdermal delivery in cats is
incompletely studied.

Objective: To evaluate if gabapentin permeates feline skin in vitro and in vivo and to
determine if pain scores improve after administration.

Animals: In vitro: cadaver skin from 6 cats; phase 1: 8 young, healthy client-owned
cats; phase 2: 15 client-owned geriatric cats.

Methods: In vitro, gabapentin applied every q12h to ear or cervical skin in diffusion
cells. Samples collected at O, 2, 4, 12, and 24 hours after application. Phase 1: Cats
assigned to 1 of 4 groups: 5 mg/kg or 10 mg/kg applied q8h for 5 days to either ear
or cervical skin. Serum samples collected predose, and after 1 and 5 days. Phase 2:
10 mg/kg applied g8h for 5 days. Two validated pain scores recorded predose, and
after days 1, 5, and 8. Serum samples collected predose, and after days 1 and 5. Sam-
ples were frozen at —80°C for concentration analysis utilizing a validated high-
performance liquid chromatography mass-spectrometry method.

Results: Gabapentin was identified in all samples. Significant differences in
gabapentin concentrations were observed from day 1 to day 5 (P < .02) and in pain
scores from predose to day 5 (P < .05) and day 1 to day 5 (P < .05). No differences in
pain scores were observed from predose to day 8 (P = .3).

Conclusions and Clinical Relevance: Gabapentin in a transdermal base penetrates
feline skin in vitro, is absorbed systemically in cats, and may help decrease pain

scores.
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1 | INTRODUCTION administration can be difficult in domestic cats because of food selec-

tivity and strong fight-or-flight response, which can negatively impact
Gabapentin is a popular drug used in the treatment of several painful drug administration. Poor compliance with PO drug protocols can
and stressful conditions.>® Unfortunately, traditional PO drug result in treatment failure and ongoing discomfort in cats. Therefore, a

Abbreviations: HPLC, high-performance liquid chromatography; PBS, phosphate-buffered

saline.

noninvasive option for long-term drug delivery is needed for better
management of cats with pain. Although several medications have
been tested transdermally for use in cats to try and improve ease of
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administration and owner compliance,**? only 2 are routinely used and
only 1 is commercially available.***> Transdermal delivery in veterinary
medicine is challenging because of species differences in skin structure,
barrier properties of skin, surface area required for optimal drug absorp-
tion, and lipid solubility of the medications used.*¢*® Transdermal
administration of gabapentin recently was evaluated in humans,® but-
transdermal absorption studies evaluating its use in cats are limited.2’
Our aim was to evaluate if gabapentin in a proprietary base
(Lipoderm) permeates feline skin in vitro and in vivo and to determine

if validated pain scores improve after its administration.

2 | MATERIALS AND METHODS

21 | |Invitroskin

Approval was granted by the IACUC at Washington State University
(ASAF # 6190). The skin from 6 fresh feline cadavers (3 cadavers per
day, on 2 separate days) was collected. Samples were obtained from the
Washington State University clinical skills laboratory. Skin (ear pinna and
cervical area; 2 cm cranial to the scapula) was shaved and an approxi-
mately 2.5 x 2.5 cm section of inner ear pinna epidermis, dermis, and
subcutaneous tissue (not including cartilage) was harvested and placed
in phosphate-buffered saline (PBS; Sigma-Aldrich, St. Louis, Missouri).
Skin samples were stored at —80°C for a maximum of 2 days until use.

2.2 | Diffusion cells
Three Franz-type diffusion cells (Permagear Inc, Hellertown, Pennsyl-
vania) with a 2 cm donor compound opening were used and each

experiment was performed in triplicate.

2.3 | Transdermal gabapentin

Gabapentin in the proprietary base Lipoderm was obtained from local
compounding pharmacies (Sid's Pharmacy, Pullman, Washington and
Best Pet Rx, New York, NY), 1 pharmacy was utilized for the in vitro and
in vivo phase 1 experiment (Sid's Pharmacy) and formulated the prepara-
tions to desired concentrations: 10% and 20%. Another pharmacy (Best
Pet Rx) was utilized for the in vivo phase 2 portion of the study. Sample
gabapentin specimens were submitted from the initial compounding
pharmacy with study samples and quantified at 2.65 mg/0.05 mL and
11.7 mg/0.05 mL. A total of 0.1 mL of gabapentin in the proprietary
base was applied to the inner ear pinna of the skin or to the formerly

haired region of the skin for each experiment.

2.4 | Invitro experiment

Three different feline cadavers were used for skin samples for each

experiment (performed on 2 separate days). Skin from the ear pinna

(full thickness not including cartilage) and cervical skin (full thickness)
was harvested on the same day. Samples were placed in PBS in a
secured plastic bag, and immediately frozen at —80°C. Samples were
thawed in PBS at room temperature (21°C) for 12 hours before each
experiment based on former studies of frozen animal tissue def-

rosted?°

and hydrated in PBS. Each sample then was mounted on a
diffusion cell with 10 mL sterile PBS in its receptor chamber and
placed in a warm water bath at 39°C as described in experiments eval-
uating topical gabapentin formulations.> Transdermal gabapentin
(10% or 20% in a Lipoderm base) was applied using a gloved finger to
the mounted cadaver skin at O and 12 hours. Samples were collected
from the receptor chamber of the diffusion cell (100 pL) at O, 2, 4, 12,
and 24 hours after initial transdermal application and immediately fro-
zen at —80°C. An equivalent volume of PBS was not added to the
receptor chamber after each sample collection. Samples then were
sent for gabapentin quantification using high-performance liquid chro-
matography (HPLC) mass spectrometry analysis at The University of
Tennessee Diagnostic Laboratory-Pharmacology Laboratory. The limit
of quantification for gabapentin at the reference laboratory was
25 ng/mL. Specific methods and validation of the gabapentin HPLC
by the laboratory are described elsewhere.?122 All experiments were

done in triplicate.

25 | Invivophase 1
Approval was granted by the ethical review board of Washington
State University (IACUC ASAF # 6379). Eight client-owned healthy
cats (<6 years) were enrolled. Study cats had gabapentin (250 mg/mL)
not to exceed 0.2 mL of volume per dose per cat applied transder-
mally to either the shaved (2 cm x 2 cm) dorsal cervical region (2 cm
cranial to the scapula) or inner ear pinna by the owners at home for
5 days. Owners were given disposable rubber finger guards or gloves
(owner preference) for use during topical gabapentin administration.
Owners were instructed to apply the predetermined medication vol-
ume from a syringe directly to the assigned skin location (ear pinna or
cervical area) and then gently rub the mixture onto the surface of the
skin to fully cover the area. Owners were warned that systemic
absorption of gabapentin could occur if they did not wear protective
gloves when administering the medication.> No Elizabethan collars
were used in this study, nor were the cats monitored for a specific
amount of time after medication application.

Study cats were randomly assigned to 1 of the following groups:
5 mg/kg g8h applied to the ear pinna, 10 mg/kg q8h applied to the
ear pinna, 5 mg/kg q8h applied to the cervical skin, and 10 mg/kg q8h
applied to the cervical skin. Blood samples from each cat were
obtained predose and at 1 and 5 days after applying the transdermal
medication to the predetermined location (ear pinna or cervical skin).
Blood samples were collected at the Washington State University
teaching hospital. Blood was centrifuged at 2500 rpm for 10 minutes
and serum samples immediately frozen at —80°C. Batched samples
were sent for gabapentin concentration analysis to a laboratory utiliz-

ing a validated HPLC mass spectrometry method.?%22
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2.6 | Invivo phase 2 (A)

2000
Study approval was granted by the ethical review board at the Animal ) e 10% Ear
Medical Center (IACUC ASAF # F-8-19-19-G). Fifteen client-owned 5  1900] = 10% Cervical
cats (>8 years of age) were enrolled. The enrolled cats had been diag- ‘2 1000
nosed with at least 1 of the following conditions: chronic kidney dis- ?,
ease (International Renal Interest Society Stage 1 or 2), osteoarthritis, §' 500 % E
dental disease, or obesity. All cats were considered clinically stable 8 o - e
based on physical examination and medical record review and were 10 20 30
not receiving any medications. All cats received 10 mg/kg of transder- (B) ~500- Hours
mal gabapentin in a Lipoderm base (250 mg/mL), not to exceed 4000
0.2 mL of volume per dose per cat g8h for 5 days to the inner ear g ® 20% Ear _
pinna. Clients were instructed to alternate ears for each dose adminis- § 3000 = 20% Cervical
tration. The cats were not consistently monitored and were allowed £ 20004
to groom themselves. Pain scores using 2 validated pain assessment :,'E, %
scales for cats?>?* were recorded by the investigator (J.E. Slovak) § 10007 i ﬁ ﬁ
before gabapentin application, and on days 1 and 5, and on day 8 8 0 s L LI
(3 days after the last transdermal application). Blood sample collection _1000TH 10 y 20 30
for determination of serum gabapentin concentration was performed ours
before gabapentin application, and on days 1 and 5, with serum sam- FIGURE 1 A, Gabapentin levels after 10% gabapentin applied to

ples processed as previously described.

2.7 | Data analysis

Descriptive statistics and repeated measures analysis of variance
using commercial software (SAS Institute Inc, Cary, North Carolina)
were utilized for data analysis. Power analysis was not performed

because of the exploratory nature of the study.

3 | RESULTS

3.1 | Invitro

Gabapentin was quantified in PBS samples at all time points (2, 4,
12, and 24 hours) for both the ear pinna and cervical skin experiments
(Figure 1A,B).

3.2 | |Invivo phase 1

Gabapentin was detected for all cats in all groups at day1
(0.18-1.3 pg/mL) and day 5 (0.11-5.4 pug/mL; Figure 2A,B). No differ-
ences in gabapentin concentrations were found when comparing
gabapentin dosing (5 mg/kg vs 10 mg/kg) or skin location (cervical
skin vs ear pinna; P > .05).

3.3 | |Invivo phase 2

Gabapentin was detected at day 1 (0.1-1.47 pg/mL) and day 5
(0.31-3.38 pg/mL) in all cats (Figure 3). The mean gabapentin

cadaver feline ear pinna and cervical skin. B, Gabapentin levels after
20% gabapentin applied to cadaver feline ear pinna and cervical skin
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FIGURE 2 A, Gabapentin levels of healthy cats dosed at 5 mg/kg
g8h of transdermal gabapentin to the ear pinna or cervical skin. B,
Gabapentin levels of healthy cats dosed at 10 mg/kg q8h of
transdermal gabapentin to the ear pinna or cervical skin
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FIGURE 3 Gabapentin levels of 15 senior cats at day 1 and day 5
after transdermal gabapentin at 10 mg/kg g8h. Significant differences
in gabapentin levels day 1 and day 5, P < .02
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FIGURE 4 Glasgow pain scores for 15 cats administered
transdermal gabapentin at 10 mg/kg q8h at predose, day 1, 5, and
8 (72 hours postdiscontinuing gabapentin) showing minimum,
maximum, and median values. Maximum Glasgow pain score is 20
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FIGURE 5 UNESP-Botucatu scores for 15 cats administered
transdermal gabapentin at 10 mg/kg q8h at predose, day 1, 5, and
8 (72 hours postdiscontinuing gabapentin) showing minimum,
maximum, and median values. Maximum UNESP-Botucatu pain
score is 30

concentration at day 1 was 0.6 + 0.51 pg/mL and 1.32 + 0.99 pg/mL
at day 5. A significant difference in gabapentin concentration was
observed from day 1 to day 5 (P < .02). Significant differences in pain
scores were observed for both pain scales when comparing predose
to day5 (P<.05) and when comparing day 1 to day 5 (P <.05;
Figures 4 and 5). No significant difference was observed in pain scores
between predose and day 8 in any of the cats for either pain
scale (P = .3).

4 | DISCUSSION

We investigated the permeation of transdermally administered gabapentin
in the proprietary base Lipoderm across feline cadaver skin and in healthy
cats at 2 sites (ear pinna and cervical skin). We also quantified gabapentin
in geriatric cats undergoing treatment g8h for 5 days, and identified
improvement of pain scores during administration and worsening of pain
scores after discontinuation of the gabapentin. These findings suggest that
transdermally administered gabapentin may be an analgesic option for
some cats.

To date, only 1 study has investigated the pharmacokinetics of
transdermal drug delivery of gabapentin in cats.!® Although that study
suggested poor transdermal absorption of gabapentin, minimal or no
data was reported because many results were below the limit of detec-
tion and the duration of the transdermal application was unclear.?’
Additionally, gabapentin was applied solely to the ear pinna, and only 1
dose (10 mg/kg) was used in clinically healthy cats. Despite this informa-
tion, our intent was to systematically investigate the use of transder-
mally administered gabapentin in cats by conducting both in vitro and
in vivo experiments. Our initial in vitro experiments were designed to
determine if permeation of gabapentin occurred using cadaver feline
skin from different locations because transdermal absorption of medica-

2526 utilizing Franz diffusion cells,

tions can be impacted by skin location
a technique widely accepted in laboratory settings.?”3° Lipoderm was
chosen as our drug delivery vehicle based on published human and vet-
erinary medical literature for its stability and consistency.>1&2731-34
Based on our results, gabapentin does permeate both the feline ear
pinna and cervical skin in vitro.

In vitro permeation studies have inherent limitations, including
variability of the membrane used in the diffusion cells (synthetic vs
natural), reproducibility, lack of simulation of physiologic conditions
such as vascularity, metabolic reactions in the skin, temperature,
stratum corneum thickness, and grooming behaviors of the
cat.16:17:29.3035 £qr these reasons, we chose to use feline skin vs a
synthetic membrane, controlled the water bath temperature to the
average body temperature of cats, and shaved all skin samples to
facilitate transdermal formulation exposure. Because ours was an
in vitro study, dermal blood supply, grooming behavior, and body
weight for dosing were not simulated. We utilized skin from 6 differ-
ent cats which could have led to variable results because of inherent
inter-individual differences in feline skin.1®” Although each experi-
ment was performed in triplicate to aid in validity of results, because

of the skin sample size needed and availability of only 2 ear pinna
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samples per cat, experiments were performed in triplicate using skin
from different cats. The small number of skin samples and replicates
for the in vitro study could have increased the risk of type Il error
and should be kept in mind when interpreting these results. Perme-
ation studies utilizing skin of the intended species is considered the
gold standard, but alternative biological membrane sources may be
useful to overcome some of the challenges of utilizing different indi-
viduals (although from the same species) in diffusion cell studies.3®
However, an advantage to utilizing skin from different cats is a more
realistic model for future in vivo use. In addition, the gabapentin
concentration reported in the in vitro study was cumulative, because
an equivalent amount of PBS was not added after removing 100 pL
of sample from the receptor chamber at each time point, which con-
tributed to an increase in the gabapentin concentration in subse-
quent samples. Finally, the use of gabapentin compounded for
transdermal use, especially from 2 different pharmacies, is a limita-
tion of the study in that the concentrations of gabapentin may have
been inconsistent, depending on the pharmacy used.333#

Because our in vitro permeation study indicated that gabapentin
could be quantified in the receptor channel of the Franz diffusion
cells, our next step was to use gabapentin in a Lipoderm base at pre-
determined doses and locations in healthy client-owned cats. Per-
forming preliminary in vivo experiments to determine if gabapentin
can permeate feline skin in different skin locations is a clinically rele-
vant and necessary step in clinical drug development and use. Skin
permeation of medications has been investigated in several species
and poses many challenges such as intra- and interpatient

1737 and other factors

variability,18 regional differences in individuals,
such as vascularity, sun exposure, hair, stratum corneum thickness,
and pH.1718:252635 \we chose to use 2 skin sites in our in vivo study
similar to our in vitro study because the ear pinna is a less haired
region that owners can easily access, and cervical skin makes it more
difficult for cats to ingest the drug by grooming, but also is an area to
which owners could easily apply the medication, especially when
shaved. Based on preliminary data, the serum concentrations of
gabapentin obtained were comparable between sites of application in
this small population of cats. Gabapentin was detected in all cats at all
time points during the in vivo phase of the study. This result differs
from results of a previously reported study.'® Despite detection of
gabapentin in the serum of all enrolled cats, the concentrations were
variable and data were obtained from only a small number of cats, and
results should be interpreted with caution.

One limitation of the invivo study was that cats were not
prevented from grooming during the study. For this reason, it is
possible that gabapentin detected in the blood could have arisen
from ingestion associated with grooming the pinna or cervical
region, increasing serum gabapentin concentrations. Elizabethan col-
lar use and continuous monitoring of the cats intentionally was
avoided to mimic realistic circumstances in a home environment.
We also relied on owners to topically administer the gabapentin at
8-hour intervals to simulate a true patient experience. The owners
may have been noncompliant, may not have maintained accurate

dosing schedules, or the gabapentin may have been inadequately

N
applied to the skin, despite the fact that in-person demonstration
and coaching were provided for each owner.

The phase 2 trial of transdermal administration of gabapentin in
an aged population of cats allowed us to both quantify serum
gabapentin concentrations and document pain scores before, during,
and after discontinuation of treatment. A small group of older client-
owned cats was enrolled in the study. All cats were scored for pain
using 2 validated pain scales that focus on both contact and non-
contact observational assessments of cats. To determine if there was
a clinical response to the gabapentin, all study cats were evaluated
before administration, after 1 day, after 5 days, and 3 days after
gabapentin was discontinued for a final assessment on day 8. This
approach was used to compare predosing to 8-day assessments and
predosing to day 1 and day 1 to day 5 evaluations to see if scores
improved. As in both previous studies, gabapentin was quantified in
all samples tested and most importantly, no difference was observed
in pain scores from predose to day 8, but a significant difference was
identified when comparing predosing to day 5 and day 1 to day 5.
The lack of difference between pain scores between predose and
day 8 suggests that gabapentin's analgesic effect was not present
3 days after discontinuation. Our results indicate that gabapentin is
absorbed by the transdermal route and that it changed the pain scores
of the enrolled cats. Although 2 pain scales were used to evaluate the
effect of transdermal gabapentin administration, because our study did
not include control cats (or have a cross-over design) and the evaluator
was not blinded to the day of administration, these factors could have
contributed to confirmation bias. The exploratory nature of our study
is responsible for the lack of control cats or placebo medication, as well
as the small number of cats enrolled. A large cross-over study using
blinded evaluation of the potential analgesic effect of gabapentin in a
more homogeneous population of cats is recommended for a better
understanding of gabapentin's role in the management of painful con-
ditions in cats.

No reference interval is available for serum gabapentin concentra-
tions in cats despite several studies investigating its pharmacokinetics
and clinical use.>?1738-40 Data on optimal plasma gabapentin concentra-
tions is only available in rats and humans.**#142 Therapeutic and analge-
sic concentration ranges in cats may be different than those of other
species, and extrapolation cannot be made. The concentrations mea-
sured in our cats transdermally treated with gabapentin are much lower
than those in other published studies on the pharmacokinetics of
gabapentin after IV and PO routes in cats, and these studies should not
be directly compared.'?*8 Additional research is needed to advance the
understanding of gabapentin's use as an analgesic in cats, including
appropriate dosing and therapeutic drug concentrations. The primary
intent of our study was to determine if transdermal permeation of
gabapentin was possible in vitro and in vivo.

We only administered gabapentin for 5 days. Gabapentin often is

used to treat chronic conditions, 4344

and our pain scores could have
been different with longer duration of treatment. However, studies
evaluating gabapentin in acute painful or anxiety-inducing situations
have shown clinical effectiveness.>?%4%*> Only 2 pain scales were

used in our study. At the time of our study, the feline grimace scale*®
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had not yet been published and therefore the extended comprehen-
sive composite pain scales were chosen for completeness and stan-
dardization. The use of pain scores and their validity is a debated
topic. However, current research in analgesia, and guidelines in both
veterinary and human medicine for individuals unable to self-report,
encourage use of a consistent observer utilizing validated methods,
with subjective and objective measurements over a period of time for
optimal pain assessment.*”°

Our preliminary and small multistep study suggests that trans-
dermally administered gabapentin in a Lipoderm base can permeate
feline skin (cervical and ear pinna) and be detected in the serum of
treated cats. These findings suggest transdermal application may be
a reasonable route of administration in cats. Use of transdermally
administered gabapentin at 10 mg/kg g8h decreased recorded pain
scores after 5 days of treatment in our small study. Future studies
evaluating the use of transdermally administered gabapentin in cats
using the feline grimace scale, administration of gabapentin for a
longer period of time, and comparing gabapentin concentrations
using formulations from several compounding pharmacies should be

performed.
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