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Use of Flavored Tablets of Gabapentin
and Carprofen to Attenuate Postoperative
Hypersensitivity in an Incisional Pain Model
in Rats (Rattus norvegicus)

Brian P Zude,"” Katechan Jampachaisri,> and Cholawat Pacharinsak®

Providing postoperative analgesia to rats by oral administration, compared with injections, reduces stress from frequent
handling and is technically easier for investigators. The purpose of this study was to investigate whether bacon-flavored
tablets containing gabapentin, carprofen or a combination of both drugs effectively attenuates postoperative mechanical and
thermal hypersensitivity in a rat model of incisional pain. Forty-eight Sprague-Dawley rats were randomly assigned to 1 of
5 treatment groups: placebo tablet; a single, subcutaneous injection of buprenorphine sustained release at 1.2 mg/kg; gabap-
entin 90 mg/tablet; carprofen 5 mg/tablet; gabapentin 90 mg and carprofen 5 mg/tablet (gabapentin/carprofen). Tablets were
given to rats on days -3, -2, -1, 0 (surgery), 1, and 2. Rats were anesthetized using isoflurane. A 1 cm skin incision was made
aseptically on the plantar surface of the left hindpaw and closed by using suture. Mechanical (von Frey monofilament) and
thermal (Hargreaves method) hypersensitivity were tested daily, and analyzed on days -1, 1, 2, and 3. The amount of tablet
consumed was recorded daily; postoperatively rats consumed 101 to 133 mg/kg of gabapentin, 5.5 to 5.8 mg/kg of carprofen,
and 86-137/1.9-3 mg/kg of gabapentin/carprofen, respectively. Both the gabapentin and carprofen groups displayed attenuated
mechanical hypersensitivity on all 3 postsurgical days and decreased thermal hypersensitivity on Day 3. The gabapentin/
carprofen group showed attenuated mechanical hypersensitivity on Day 2 and 3, but no significant reduction of thermal hy-
persensitivity. These data suggest that both gabapentin and carprofen, given orally by flavored tablet, effectively attenuate

postoperative mechanical hypersensitivity for 3 d after surgery in a rat model of incisional pain.

Abbreviations: BupSR, buprenorphine Sustained Release; gaba/car, gabapentin with carprofen
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The management of pain in animal patients is a complicated
and challenging field within veterinary medicine. In laboratory
animal medicine, postoperative pain is a common manage-
ment issue. Effective pain management includes preemptive
administration of analgesics prior to surgery or other invasive
procedures, and a multimodal approach to analgesia during
or after the procedure. These interventions improve animal
recovery, expedite return to normal behaviors, and better
manage physiologic status.*?> Buprenorphine HCL and bu-
prenorphine Sustained Release (BupSR), both partial p-opioid
receptor agonists, are commonly used analgesic drugs, typically
administered every 6 to 12h"! and 2 to 3 d” respectively, due to
their prolonged plasma half-lives."* Although prior studies have
shown that buprenorphine is an appropriate choice for manage-
ment of mild to moderate pain,'?>? in some instances, opioids
may be contraindicated due to their impact on immunologic or
behavioral studies.>”?” Gabapentin, a structural analog of GABA
(y-aminobutyric acid),?* is typically used as an antiepileptic
drug, but has been studied for its analgesic potential in neuro-
pathic pain models? and for surgical and inflammatory pain,3%°
when administered every 4 to 12 h.#3 Carprofen, typically
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administered every 12 to 24 h'332is a nonsteroidal antiinflamma-

tory drug (NSAID) that preferentially inhibits cyclooxygenase 2
secondarily to prostaglandin synthesis.®?! Generally considered
safe, NSAID have been reported to cause side effects, including
gastrointestinal ulceration, renal dysfunction, and alterations to
platelet function.?! In laboratory animals, NSAID are typically
used for their antiinflammatory and analgesic properties.>?!
The potential for nonopioid analgesic action, paired with the
fact neither are currently federally controlled substances, makes
gabapentin and carprofen attractive choices for analgesia, par-
ticularly in the laboratory animal setting.

Important limitations to consider with any postoperative
pain management modality are ease of use, ease of administra-
tion, and frequency of dosing. Although an ideal regimen may
include injectable dosing every few hours, research personnel
cannot always provide this level of care to a multicage project
through the long hours of the night. Even well-trained labora-
tory staff may struggle with rodent restraint and injection-based
dosing. Handling increases stress, which can have systemic
physiologic impacts,1916 so exploring alternative dosing meth-
ods that minimize animal handling are advantageous to animal
welfare. Therefore, delivering analgesics by using mixed-drug
tablets was introduced. This type of analgesic self-administra-
tion of buprenorphine has been used effectively in rodents.?”
To provide adequate analgesia with nonopioid analgesics while
minimizing stress from frequent handling, this study aimed to
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explore flavored tablet-based dosing of gabapentin, carprofen,
and a combination of these drugs to minimize post-procedural
pain in rats. We hypothesized that the non-opioid analgesia
provided by gabapentin, carprofen or a combination in a fla-
vored tablet would effectively attenuate hypersensitivity in an
incisional pain model of rats.

Materials and Methods

Animals. Adult (n = 48; weight, 270 to 337 g) male Sprague-
Dawley rats (Rattus norvegicus; Charles River, Wilmington, WA)
were used for this study. Sentinel animals were free of Hantaan,
Toolan H1, Kilham rat virus, Theiler virus, murine adenovi-
rus types 1 and 2, pneumonia virus of mice, rat coronavirus,
reovirus type 3, rat minute virus, rat parvovirus, Sendai virus,
lymphocytic choriomeningitis virus, Mycoplasma pulmonis, and
endo- and ectoparasites. Rats were singly housed in static mi-
croisolation cages (Allentown, Allentown, NJ) with ALPHA-dri
paper bedding (Shepherd Specialty Papers, Milford, NJ). Rats
were fed a commercial diet (Teklad Global 18% Protein Rodent
Diet 2018, Harlan Laboratories, Madison, WI) during the en-
tirety of the study. Ad libitum reverse osmosis purified water
was accessible, and Fat Rat Huts (Bio-Serv no. K3365, Fleming-
ton, NJ) were available for enrichment. The housing room was
on a 12:12h dark:light cycle with lights on at 7 AM, maintained
at 70 to 74 °F (21 to 23 °C), and 30% to 70% relative humidity.
Experimental procedures were conducted with approval by
Stanford’s Administrative Panel for Laboratory Animal Care.
Stanford is an AAALAC International accredited facility, and
all animals used were treated in accordance with the Guide for
the Care and Use of Laboratory Animals.?® All rats were weighed
daily after completion of behavioral testing (at approximately
1100 h) from Day -3 to Day +3, and immediately prior to surgery,
for a total of 7 d. At the study’s conclusion, study rats were eu-
thanized by carbon dioxide asphyxiation followed by bilateral
thoracotomy as a secondary method of euthanasia.

Study design. In our experiment, rats were randomly assigned
to groups in which they would receive 1 of 5 treatments: Group
1) placebo tablet (1 = 10, Bio-Serv no. F05266, Flemington, NJ),
Group 2) placebo tablet, and in addition dosed with buprenor-
phine Sustained Release (BupSR) at time of surgery (n = 10,
1.2 mg/kg subcutaneous buprenorphine SR-LAB, 1 mg/mL,
ZooPharm, Windsor, CO), Group 3) gabapentin tablet (1 = 10,
90 mg gabapentin, Bio-Serv no. F07617, Flemington, NJ), Group
4) carprofen tablet (n = 10, 2 mg Rimadyl, Bio-Serv no. MD 150
to 2, Flemington, NJ), or Group 5) gabapentin/carprofen (gaba/
car) tablet (n = 8,90 mg gabapentin and 2 mg Rimadyl, Bio-Serv
no. F07618, Flemington, NJ). Dosages of each drug were tailored
to achieve oral ingestion in amounts shown to produce effective
analgesic levels in previous studies 31314182331333844 [n addition
to their normal ad libitum chow pellets, bacon-flavored tablets
(placebo or medicated) were provided daily during both the
presurgical and postsurgical testing. Tablets were placed daily
on enrichment surfaces (Fat Rat Huts), off the bedding, at ap-
proximately 1000 h every morning while behavioral testing
or surgery was taking place. Any remnants of the previous
day’s tablet were removed, weighed and recorded when the
new tablet was placed. Nine randomly selected rats covering
all treatment groups were grossly necropsied after euthanasia,
in consultation with a board-certified veterinary pathologist.

Surgery. Surgical plane of anesthesia was induced via 3%
to 5% isoflurane in an induction chamber, followed by main-
tenance delivered by mask at 1% to 2% isoflurane and 100%
oxygen. Sterile eye lubrication was applied, and rats were
thermally supported via a circulating warm water blanket for

the duration of the surgery. A single dose of Cefazolin (20 mg/
kg SC; GlaxoSmithKline, Research Triangle Park, NC) and
warm 0.9% NaCl (10 mL/kg SC) were administered prior to the
incision. The surgical procedure was performed as described
previously.? In brief, each rat was placed in sternal recumbency,
and the plantar surface of the left (ipsilateral) hindpaw was asep-
tically prepared and draped. Lack of withdrawal via toe pinch
indicated surgical plane of anesthesia. Once achieved, a 1cm
longitudinal full thickness skin incision was made on the plantar
surface of the left hindpaw by use of a no. 15 blade, beginning
approximately 0.5 cm from the tibiotarsus and extending 1 cm
distally. Blunt dissection was used to identify the flexor digi-
torum brevis. It was then elevated, and incised longitudinally
0.5 cm through the muscle belly without disrupting the muscle
attachments. Hemostasis was achieved as indicated by using
gentle pressure of a sterile cotton applicator. The muscle was
released, and the skin incision closed with a single interrupted
horizontal mattress suture (5/0 polyglycolic Acid Suture, Henry
Schein, Dublin, OH). Triple-antibiotic ointment (Taro Pharma-
ceuticals, Hawthorne, NY) was applied to the incision site. Rats
were recovered in a heated cage and monitored continuously
before being returned to their home cage.

Behavioral testing. Rats underwent behavioral testing of
mechanical and thermal hypersensitivity for 3 d prior to sur-
gery, from 0600 to 1000 h each day, and again daily for 3 d after
surgery. Prior to each behavioral testing session, rats were given
at least 15 min to acclimate in their testing environment before
any testing would begin. Behavioral data from the first 2 d of
testing (Day -3, Day -2) was not evaluated. The day prior to
surgery (Day -1) was considered baseline. Von Frey testing was
always performed prior to thermal testing, with an additional
15 min of acclimation in the thermal testing site prior to testing.
All chambers were cleaned between usages, to minimize the
stress associated with alterations in smell.

Response to mechanical stimuli. Rats were placed individually
in a plastic chamber (20 x 12 x 8 cm) on an elevated wire-grid
platform with 1 cm? perforations. A von Frey monofilament with
a calibrated bending force (10 g, Aesthesio, DanMic Global, San
Jose, CA) was tested to the plantar surface of both hindpaws
perpendicularly for 10 trials. Each stimulus event was applied
for 1 second, with a minimum of 2 seconds between tests to
avoid injury or increased sensitivity, varying locations with
each event, excluding the pads, toes, and heels. Withdrawal
responses were measured as the number of times a rat lifted
the paw completely off the grid due to stimulation. Mechani-
cal hypersensitivity was defined as a significant increase in
paw withdrawal frequency resulting from application of focal
mechanical stimuli. Each rat’s right (contralateral) hindpaw
served as its control.

Response to thermal stimuli. Rats were placed individually
and acclimated for 15 min in a plastic chamber (20 x 12 x 8
c¢m) on an elevated glass platform preheated to 30 °C. Radi-
ant heat from a 50-W light bulb (Plantar Analgesia Meter,
IITC Life Science, Woodland Hills, CA) was focused on the
middle of the plantar surface of each hindpaw. 20 s was used
as a maximum exposure time cutoff to prevent tissue injury.
Each hindpaw was tested 4 times, as a testing group of 6
was rotated through, thus allowing at least 1 min cool down
period between trials to minimize repeated-measures effects.
Withdrawal latency was recorded as the mean of the last 3
trials. Thermal hypersensitivity was defined as a significant
decrease in paw withdrawal latency resulting from the appli-
cation of focal thermal stimuli. Each rat’s right (contralateral)
hindpaw served as its control.
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Gabapentin and carprofen flavored tablets for rat incisional pain

O Placebo (n = 10)
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1 Day +1
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Figure 1. Mechanical hypersensitivity (no. of paw withdrawals; mean + SEM) of the ipsilateral hindpaw. T, Indicates the day of surgery (Day 0).
*, Value is significantly (P less than 0.05) different from Day -1 (baseline) value for the same treatment group.

Tablet consumption. Remaining tablet remnants were
weighed when they were replaced daily, allowing calculation
of the amount of drug ingested by comparing to the tablets’
baseline weight. Tablets were produced under strict SOPs
and quality assurance testing by the manufacturer and were
assumed homogenous for drug content, allowing for this cal-
culation. In addition, comparing this value to the individual
rats’ daily weight measurement allowed for calculated mg/kg
ingested. Group averages could then be compared.

Statistical analyses. Data sets were analyzed by using repeat-
ed-measures ANOVA with Bonferroni correction for multiple
comparisons (R Development Core Team, 2015) to examine
differences in withdrawal responses within groups over time.
Datum was expressed as mean = SEM. A P value of less than
0.05 was considered significant.

Results

Responses to mechanical sensitivity tests. Mechanical sen-
sitivity was not significantly different among groups before
treatment (Day -1). For ipsilateral (surgical) hindpaws (Figure
1), the mechanical hypersensitivity of rats in the placebo group
on Day +1, Day +2 and Day +3 was significantly higher than
that on Day -1. The mechanical hypersensitivity of rats in the
BupSR group was not significantly higher on Day +1 and Day
+3 but was higher on Day +2 when compared with Day -1. The
mechanical hypersensitivity of rats in either of the gabapentin or
carprofen groups on Day +1, Day +2 and Day +3 was not signifi-
cantly higher than that on Day -1. For the gaba/car group, the
mechanical hypersensitivity of rats was not significantly higher
on Day +2 and Day +3, but was higher on Day +1 than Day -1.
In the contralateral hindpaws, mechanical hypersensitivity of
rats did not differ between time points in all treatment groups
(data sets not shown).

Responses to thermal sensitivity tests. Thermal sensitivity
was not significantly different among groups before treatment
(Day -1). For ipsilateral hindpaws (Figure 2), the thermal
hypersensitivity of rats in the placebo group on Day +1, Day
+2 and Day +3 was significantly lower than that on Day -1.
The thermal hypersensitivity of rats in the BupSR group was
significantly lower on Day +1, Day +2, and Day +3 compared
with Day -1. The thermal hypersensitivity of rats in both the
gabapentin and the carprofen groups on Day +1 and Day +2,

butnot Day +3, was significantly lower than that on Day -1. For
the gaba/car group, the thermal hypersensitivity of rats on Day
+1, Day +2, and Day +3 was significantly lower than Day -1.
In the contralateral hindpaws, the thermal hypersensitivity of
rats did not differ between time points in all treatment groups
(data sets not shown).

Tablet consumption. The average tablet consumption is
shown (Table 1 and 2). The average tablet consumption for the
placebo group was 90%. The average of tablet consumption for
the other groups are: gabapentin 48%, carprofen 91%, gaba/
car 42%. Ingestion of gabapentin ranged from 101 to 161 mg/
kg, carprofen ranged from 5.5 to 5.8 mg/kg, and gaba/car 86
to 138/1.9 to 3.1 mg/kg respectively.

Body weight. The weights of all rats in all treatment groups
increased from the baseline day (Day -1) through the last day
(Day +3) of the experiment, confirming expected growth over
the duration of the experiment (data not shown). The gains were
not statistically different between groups.

Necropsy. At the completion of the study, 9 rats were grossly
necropsied (2 rats from each study group, 1 control) in consulta-
tion with a boarded veterinary pathologist. No gross lesions or
overt gastric ulceration was observed in any animal.

Discussion

This study demonstrates that a formulated flavored tablet is
a viable option when considering alternative delivery systems
to administer pain-relieving medications to rats subjected to an
incisional injury. Both thermal and mechanical hypersensitivity
were significantly different after surgery in the placebo group,
indicating the presence of pain. Our data show that a significant
reduction in mechanical hypersensitivity can be achieved by
providing gabapentin or carprofen via the oral route.

Currently, BupSR is the standard of care for postoperative
analgesia in laboratory rodents because it has been highly
tested with consistent results for attenuating mild to moderate
pain with a relatively long duration of action (2 to 3 d) after a
single injection.’** However administration requires hands-
on injectable dosing of a federally controlled opioid,* thereby
increasing potential animal stress, requiring higher trained
individuals to administer, and increasing the potential to affect
immunologic or behavioral results and potentially impacting
research outcomes.>”?” Although injectable BupSR maintained

165



Vol 59, No 2
Journal of the American Association for Laboratory Animal Science
March 2020

& =
=
——

OPlacebo (n =10)
B BupSR (n= 10)

@
p *
g1 * O Gabapentin (n.= 10)
12 }
> « * * B Carprofen (n = 10)
=]
% 10 % ;L[ Gaba/Car (n = 8)
= 8
=
§ 6
E 4

2

0 (I || || ||

Day -1 4 Day +1 Day +2 Day +3

Figure 2. Thermal hypersensitivity (measured as latency [s] to withdrawal; mean + SEM) of the ipsilateral hindpaw. T, Indicates the day of
surgery (Day 0). *, Value is significantly (P less than 0.05) different from Day -1 (baseline) value for the same treatment group.

Table 1. Daily percentage of tablet ingested.

Day -3 Day -2 Day -1 Surgery Day Day +1 Day +2 Average
Placebo (n = 10) 90.0% 90.0% 90.0% 90.0% 90.0% 90.0% 90.0%
BupSR (n = 10) 78.4% 76.2% 79.3% 57.9% 84.1% 85.3% 76.9%
Gabapentin (n = 10) 47.8% 47.2% 58.0% 37.9% 47.1% 51.7% 48.3%
Carprofen (n = 10) 90.3% 90.7% 90.0% 91.6% 94.0% 91.5% 91.4%
Gaba/Car (n =8) 40.9% 48.2% 43.0% 31.8% 38.7% 51.2% 42.3%

Data are shown as average ingestion of the presented flavored tablet, over an approximately 24h period by each treatment group.

the highest degree of attenuation of mechanical hypersensitiv-
ity in our study, it failed to mitigate hypersensitivity on Day
+2 post surgery. This could be due to ineffective slow-release
functionality, or hypersensitivity due to systemic opioid re-
bound.!7283 Buprenorphine HCL (0.1 mg/kg SQ once) has
been reported to be less effective in pain relief in later recovery
periods.! Although in our previous studies, BupSR attenuated
both mechanical and thermal hypersensitivity for 4 d,” BupSR
did not attenuate thermal hypersensitivity in this current study.
This may be explained by studies showing buprenorphine can
have a variable effect.3’ In a plantar incision model, doses of
morphine (a full p-agonist) needed to attenuate mechanical
hypersensitivity (1.5 mg/kg SC) was lower than that in thermal
hypersensitivity (1.8 mg/kg SC).* Similarly, the dose of BupSR
required to attenuate thermal hypersensitivity may be higher
than that required to attenuate mechanical hypersensitivity,
accounting for the lack of thermal hypersensitivity attenuation
we observed.

In this current study, gabapentin effectively attenuated me-
chanical, but not thermal, hypersensitivity for all 3 d at doses of
101 to 161 mg/kg from Day -1 to Day +2, slightly above the oral
doses of gabapentin (100mg/kg)%183138 that were previously
found to be effective. Gabapentin has been reported to have
a strong effect on reducing mechanical hypersensitivity, yet
variable effects on treating thermal hypersensitivity®!8 which is
consistent with the findings of this current study. Our study of
carprofen tablets also attenuated mechanical, but not thermal,
hypersensitivity for 3 d which is consistent with previous data,
in which carprofen in gel preparation attenuated mechanical
hypersensitivity for atleast 2 d in the same model in rats, but did
not attenuate thermal hypersensitivity during the postopera-

tive period.* The mechanisms of thermal hypersensitivity may
differ from those of mechanical hypersensitivity, and therefore
doses required for each hypersensitivity differ. Carprofen (at 5
mg/kg SC) is a promising NSAID because it effectively provides
postoperative analgesia in the laparotomy model in rats.!32344
Although plasma concentration was not measured in our study,
the plasma concentration in rats was reported to be at least 16
ug/mL and was maintained for 24 h after discontinuation of oral
carprofen (approximately 4.5 mg/kg).3 In this current study, an
effective dose of carprofen tablet was 5.5 to 5.8 mg/kg from Day
-1 to Day +2, which is consistent with oral doses of carprofen
(5mg/kg)'¥234 that were previously found to be effective. Other
NSAID (flunixin, celecoxib, etoricoxib and indomethacin) have
previously shown to reduce mechanical hypersensitivity in the
ratincisional pain model®#%4! and future studies of these drugs
in tablet formulations could prove valuable.

To study multimodal analgesia, we investigated the com-
bination of gabapentin and carprofen. In an earlier study that
combined gabapentin with tramadol, the combination did not
attenuate thermal hypersensitivity.?’ This is again consistent
with our current data, which show that when gabapentin was
combined with carprofen, although not in the same drug class as
tramadol, the combination did not attenuate thermal hypersen-
sitivity. By combining these medications, the authors expected
to see profound attenuation of mechanical hypersensitivities.!8
However, the gaba/car combination did not attenuate mechani-
cal hypersensitivity on Day +1, only on Days +2 and Day +3.
This may be explained by studies which show that anesthesia
and surgery reduce food and water consumption.!® This was
supported in our current study, which observed an overall slight
decrease in tablet consumption the day after surgery. However, a
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Table 2. Drug ingestion presented as mg/kg.

Gabapentin and carprofen flavored tablets for rat incisional pain

Day -3 Day -2 Day -1 Surgery day Day +1 Day +2 Average
Gabapentin (1 = 10) 137.1 132.7 160.8 101.4 124.7 133.1 131.6
Carprofen (n = 10) 5.9 5.8 5.6 5.7 5.8 5.5 5.7
Gaba/Car (n = 8) 119.1/2.7 138.1/3.1 119.3/2.7 86.0/1.9 104.4/2.3 136.7/3.0 117.3/2.6

Data are shown as mg/ kg of ingested medication, taking into account individual percentage of tablet ingested, against individual rats” daily weight.

substantially lower amount of the gaba/car tablet was ingested
the day after surgery, falling from 43% to 32% (Table 1) and lower-
ing drug intake (Table 2). Given the dose ingested the day after
surgery was on average lower than historically effective dosages
(gabapentin 100 mg/kg?183138 and carprofen 5 mg/kg!'32344),
the ingested dosages may have been insufficient to attenuate
mechanical hypersensitivity immediately after surgery on Day
+1 when subjects were expected to be most sensitive.? Similarly,
the combination of 2 medications may have decreased the overall
palatability of the tablet.®! To our knowledge, this is the first
study involving gaba/car in a flavored tablet. Our attempts
to provide an adequately flavored tablet appear successful for
the individual compounds, even though the combination of
medications was not palatable enough to overcome the appetite
suppressing effects of anesthesia and surgery. In the case of gaba/
car, we plan to study different drug per tablet ratios, along with
alternative tablet flavors, in the future.

As for limitations within our project, while we recognize that
previous studies have shown no effect to measured baseline
while preloaded with carprofen or gabapentin,*!53 we want
to acknowledge that the carprofen, gabapentin, and gaba/car
groups’ baseline measure was taken after 2 d of oral preloading.
The baselines for each of the various cohorts were not statisti-
cally different on Day -1. Also, 2 rats were excluded from the
study; the first due to inappetence of both tablet and commercial
chow, resulting in weight loss prior to surgery, the second due
to lack of any sensitivity response during the 3 d acclimation
period, which is abnormal for this model.>* These 2 rats were
from different treatment group assignments, thus we were not
concerned that these exclusions would have any correlation to
any particular drug group. Lastly, because our focus was on
clinical responses, pharmacokinetics datum was not analyzed
in the current study and is a potential area of future study.

When providing self-selective or “ad libitum” dosing of
medications, numerous factors must be considered. These
factors include the need to singly house animals while dosing
to assure adequate tablet ingestion, and to prevent over or
under ingestion by target animal and cage mates. In addition,
providing a daily tablet sets the maximum dosage allowable,
assuming no adjunct medication by another route is being pro-
vided. As ingestion of the medicated tablet is voluntary, under
medicating is a possibility if an animal does not ingest the entire
tablet. Standard chow was never removed or restricted during
the study, as we wanted to test the tablets without the added
factor of food restriction. In our study, the rats showed some
variation in the amount of tablet ingested. We anticipated the
addition of medications might alter the flavor of the tablet and
thus collected and weighed any remaining tablets when a new
daily tablet was added. The combination of gabapentin with
carprofen (gaba/car) decreased the average amount of tablet
ingested, particularly on Day +1; however on average the in-
gestion rates were comparable to standard dosing of our target
medications.813182344 Eyrthermore, rats received medicated
flavored tablets for 3 d prior to surgery both to preload and
to decrease neophobia. Neophobia was not a major concern in
this current study as, in congruence with our inhouse testing

and Bio-Serv’s recommendations, it appeared the rats liked
the bacon flavor. In case they had rejected the tablet, we tried
chocolate flavor on a separate cohort of rats, and they appear
to have no adverse reaction to either. Recently peanut butter
has successfully been used with training to overcome concerns
with palatability, providing yet another possible oral dosing
method and flavor.!® Others have had success with buprenor-
phine delivery via gelatin.?? Tablets should be monitored daily
to assure rats ingest them, an obvious important requirement
to their dosing. Bioavailability from human literature indicates
an inversely dependent dose curve for oral gabapentin,?® with
approximately 60% bioavailability for a 300 mg/kg dose® that
declines to 40% for a 600 mg/kg oral dose.3® Monitoring inges-
tion before and after surgery is essential to assure that adequate
dosing has been achieved. If appropriate dosing has not been
reached, alternative dosing routes should be used to achieve
the necessary therapeutic levels.

The approximate cost of using these flavored tablets is similar
to BupSR injection based on a 300g rat. Administering BupSR
(1.2 mg/kg once) was $7.45 per rat, with gabapentin tablets (1
tab/day for 6 d) at $16.20, carprofen tablets (1 tab/day for 6 d)
at $3.50, and gaba/car tablets (1 tab/day for 6 d) at $16.20 per
rat. Given the gabapentin and gaba/car tablets were specially
formulated for this project, we expect the price to drop if gen-
eral application and demand is present. Although using the
oral route reduces the amount of handling and personal skill
required, it must be monitored closely at all times and used
consistently to maintain appropriate pain management and
improved animal welfare. Although not done in this study,
multimodal analgesia with a combination of injectables (during
anesthesia) can also be used.

The primary goal of our project was to expand available
options for postoperative analgesia in rats, with the goal of
attenuating pain in a way that would reduce animal stress
by increasing ease of administration. This study successfully
demonstrates that the use of nonopioid analgesics in the form of
flavored gabapentin or carprofen tablets, voluntarily consumed,
effectively attenuated mechanical hypersensitivity for 3 d in a
rat incisional pain model, providing a refinement by reducing
animal stress from frequent handling and thereby improving
animal welfare.
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