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Analgesic Efficacy and Safety of Buprenorphine
in Chinchillas (Chinchilla lanigera)

Lana Fox and Christoph Mans®

Buprenorphine is routinely used in chinchillas at reported doses of 0.01 to 0.1 mg/kg IM or SC. However, these dose
recommendations are based on anecdotal reports or extrapolation from studies in other species. Therefore, the purpose of this
study was to evaluate the analgesic efficacy and safety of subcutaneously administered buprenorphine in chinchillas. Using a
randomized, blind, controlled, complete crossover design, we evaluated buprenorphine at a single dose of 0.05, 0.1 or 0.2 mg/kg
SC (experiment A) and 0.2 mg/kg SC (experiment B). Analgesic efficacy was determined by measuring limb withdrawal la-
tencies in response to a thermal noxious stimulus (Hargreaves method) at 0, 3, 6, 12, and 24 h (experiment A) and at 0, 1, 2, 4,
and 8 h (experiment B). In a third experiment, food intake and fecal output were monitored after repeated administration of
buprenorphine (0.2 mg/kg SC every 6 h for 3 doses). Buprenorphine at 0.2 mg/kg SC, but not at 0.05 or 0.1 mg/kg SC, signifi-
cantly increased limb withdrawal latencies for less than 4 h. Self-limiting reduction in food intake and fecal output occurred
after administration at the 0.2-mg/kg dose in animals undergoing algesiometry. In chinchillas not undergoing algesiometry,
the administration of 3 doses at 0.2 mg/kg SC every 6 h did not reduce food intake but significantly decreased fecal output
for the first 24 h. Additional studies are needed to evaluate buprenorphine in different algesiometry models and to establish

its pharmacokinetic profile in chinchillas.
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Chinchillas (Chinchilla lanigera) are a popular animal model,
particularly for otologic research, and are increasingly main-
tained as companion animals.!®?! Chinchillas require effective
analgesic protocols for a variety of indications, including
experimental surgery or for treatment of traumatic injuries or
after therapeutic surgical interventions, such as fracture repair,
and C-sections.!®!7 Buprenorphine is currently the most com-
monly used opioid analgesic in chinchillas. This partial-p opioid
agonist is widely used in rodents because it is potent (25 to 50
greater than morphine), and has a relatively long duration of
action.!319 Extensive research has been performed to evaluate
the efficacy and safety of buprenorphine in mice and rats.®!4
However, no research has been published regarding the safety
and efficacy of buprenorphine in chinchillas. In rats, buprenor-
phine at a dosage of 0.05 mg/kg SC is effective for thermal
pain.! In addition, buprenorphine is effective in both acute and
chronic pain models in mice.? Extrapolation from these studies
and many others has suggested that the dose for chinchillas
likely is between 0.01 and 0.05 mg/kg.?> Anecdotally, doses as
large as 0.1 mg/kg have been recommended.'” The currently
recommended administration frequency of buprenorphine in
chinchillas is every 6 to 12 h.17?2 Recent studies have evaluated
the pharmacokinetics and analgesic effects of buprenorphine in
guinea pigs, a related hystricomorphic rodent species. Ata dose
of 0.05 mg/kg SC, plasma levels in guinea pigs remained above
1ng/mL foramaximum of 3 h and correlated with increased paw
pressure measurements between 1 and 3hbutnotat6 or 12h.1
In another study in guinea pigs, plasma levels above 1 ng/mL
were maintained for 7 h after administration at 0.2 mg/kg
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IV and for 4 h after oral-transmucosal administration. At the
0.2 mg/kg doses sedation was reported in guinea pigs.'®

Buprenorphine is favored over other opioids because it has
fewer cardiovascular and respiratory side effects.!* Adverse
effects in rodents after buprenorphine administration include
decreased gastrointestinal motility, pica behavior, and rebound
hyperalgesia.>*!* Studies in rats found that multiple doses of
buprenorphine decreased food intake by 52% and that hyporexia
can last for aslong as 6 d.>12 The frequent use of buprenorphine in
chinchillas at currently recommended doses (0.01 to 0.1 mg/kg)
suggests that no overt clinical adverse effects are commonly
seen.!722 However, no systemic evaluation of the effects of bu-
prenorphine at different dosages and after single and repeated
administration has been published.

The objective of the current study was to investigate the
analgesic efficacy and safety of subcutaneously administered
buprenorphine in chinchillas. We hypothesized that buprenor-
phine would result in dose-dependent effective analgesia,
demonstrated by increased limb withdrawal latencies in re-
sponse to a noxious thermal stimulus, and that the effects on
food intake and fecal output would be dose-dependent and
clinically irrelevant.

Materials and Methods

This study was approved by the University of Wisconsin-
Madison School of Veterinary Medicine Animal Care and Use
Committee. Adult chinchillas were obtained from a commercial
breeder (R and R Chinchillas, Jenera, OH) and were housed in
a climate-controlled room with a 12:12-h light:dark cycle (lights
on, 0700 to 1900). Room temperature was maintained between
21 and 23 °C, and relative humidity ranged between 40% and
55%. The chinchillas were maintained in individual cages (0.69
m X 0.69 m x 0.46 m, Allentown 6-cage Rabbit Housing Unit,
Allentown Caging, Allentown, NJ) with perforated plastic pans.
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Each cage contained a plastic hide box, as well as cardboard
tubes and a piece of natural manzanita wood for foraging. An
opportunity to exercise and socialize in a playpen (1.8 m x 0.9 m),
which contained a dust bath, was provided at least once weekly.
The chinchillas were offered a commercial pelleted rabbit diet
(MannaPro Rabbit pellets, MannaPro Products, Chesterfield,
MO) and tap water from a rabbit ball-tipped water bottle. All
chinchillas were habituated to the housing conditions for at
least 2 wk prior to starting the experiments and were deemed
to be healthy in light of repeated physical examinations and
monitoring of food intake, fecal output, and body weights.

Two algesiometry experiments, designed according to the
Hargreaves method, were performed by using testing devices.!
Prior to starting each experiment, all chinchillas were habituated
to the Hargreaves apparatus for 15 min daily for 2 wk. For an ad-
ditional 2 wk, baseline limb withdrawal latency was measured,
ranging from 2 to 4 times per foot, for as many as 3 times per
day, to determine the most consistent testing method. On each
experimental day, the chinchillas were placed in the Hargreaves
apparatus and allowed to acclimate for 10 min prior to starting
measurements. Measurements were taken 5 min apart at each
time point. The same limb was used in each animal throughout
each experiment. Limb latency measurements began between
0800 and 0900 on each experimental day. For all experiments, the
fur was clipped in the area over the shoulder blades to facilitate
subcutaneous drug administration and to avoid inadvertent
injection failures, due to the presence of the dense fur.

Experiment A. This initial experiment was performed by using
a standard Hargreaves apparatus (Ugo Basile, Gemino, Italy).
Measuring hindlimb withdrawal latencies consistently was not
feasible, because hindlimb placement could not be visualized
reliably and therefore the infrared heat source could not be
placed correctly on the plantar aspect of the hindpaw. Instead,
withdrawal latencies were obtained from the forelimbs. In a
randomized, blind, complete crossover design, 13 adult chinchil-
las (7 male, 6 female; body weight [mean +1 SD], 0.72 +0.08 kg;
range, 0.54 to 0.79 kg) were used to evaluate the analgesic
efficacy of buprenorphine (Buprenex 0.3 mg/mL, Hospira,
Lake Forest, IL) at 0.05, 0.1, and 0.2 mg/kg SC. Saline was
administered at 0.2 mL/kg SC in the control group. Forelimb
withdrawal latencies were measured at 0 (baseline) 3, 6, 10,
and 24 h after drug administration. Four forelimb withdrawal
latencies were recorded, and the average of the last 3 latencies
used for data analysis.!# The cut-off time was set as 25 s and
the infrared intensity setting at 90. Testing chamber size was
22 x 17 x 13.5 cm. Body weight and 24-h food intake and fecal
output were measured the day prior to starting each treatment
(baseline) and daily for 6 d after drug administration. All spilled
food was taken into account. Only the food ingested (that is,
not spilled) was measured. The washout period between treat-
ments was at least 7 d.

Experiment B. After the completion of experiment A, a differ-
ent plantar testing device (ITTC Life Science, Woodland Hills,
CA) was acquired and, due to the presence of a mirror and
guide light, enabled correct plantar placement of the infrared
heat source in chinchillas. Therefore, we used this plantar testing
device to measure hindlimb withdrawal latencies during experi-
ment B. In a randomized, blind, complete crossover design, we
used 11 adult chinchillas (6 male, 5 female; body weight, 0.65 +
0.12 kg; range, 0.51 to 0.89 kg) to evaluate the analgesic efficacy
of a single dose of buprenorphine at 0.2 mg/kg SC. Saline was
administered at 0.66 mL/kg SC in the control group. Hindlimb
withdrawal latencies were measured at 0 (baseline), 1, 2, 4, 6,
and 8 h after drug administration. Two hindlimb withdrawal

Buprenorphine in chinchillas

latencies were recorded at each time point. If these latencies
varied by more than 20%, a third measurement was recorded,
and the average of all 3 latencies used for data analysis. Cut-off
time was set as 25 s The active intensity (high beam) of the heat
source was set at 50%, and the idle intensity (low beam) was set
to 5%. The dimensions of the testing chamber were 19.5 x19.5 x
12 cm. Body weight and 24-h food intake and fecal output were
measured the day prior to starting the treatment (baseline) and
daily for 6 d after drug administration. The washout period
between treatments was at least 7 d.

Experiment C. To assess the effects of repeated administration
of buprenorphine at 0.2 mg/kg SC on food intake and fecal
output, we used 8 chinchillas (2 male, 6 female; body weight:
0.70£0.08 kg, range: 0.54-0.79 kg) in a randomized, blind, com-
plete crossover experiment. Buprenorphine (0.2 mg/kg SC) or
saline (0.66 mL/kg SC) was administered every 6 h for a total
of 3 doses. Food intake, fecal output, and body weight were
measured every 24 h, starting 1 d prior to drug administration
(baseline) and for 6 d after. The washout period between treat-
ments was at least 7 d.

Statistical analysis. Commercial software (SigmaPlot 13, Systat
Software, San Jose, CA) was used to perform the data analysis.
Food intake and fecal output data were analyzed as g/kg body
weight. The data were evaluated for normal distribution by us-
ing the Shapiro-Wilk test and for equal distribution by using
the Brown—Forsythe test. Data were transformed or ranked, as
necessary. The data were analyzed for effects of drug and time
by using repeated-measures 2-way ANOVA, with Holm-Sidak
posthoc analysis. A P value less than 0.05 was considered sta-
tistically significant. Data are reported as mean + 1 SD unless
otherwise indicated.

Results

Analgesic efficacy. Experiment A. Baseline forelimb with-
drawal latency was 10.8 + 2.5 s in the control group, with no
significant difference between groups (Figure 1). Compared
with saline, buprenorphine administered at 0.05 and 0.1 mg/kg
SC did not significantly change forelimb withdrawal latencies
at any time point. However, buprenorphine at 0.2 mg/kg SC
resulted in a significant (P = 0.018) increase in withdrawal laten-
cies at 3h after administration.

Experiment B. Baseline hindlimb withdrawal latency was 9.5+
1.7 s in the control group, with no significant difference com-
pared with the buprenorphine group’s baseline values (Figure 2).
Administration of buprenorphine at 0.2 mg/kg SC increased
hindlimb withdrawal latency nonsignificantly at 1 h (P = 0.2);
this effect reached statistical significance at 2 h (P = 0.005) and
decreased again to near baseline levels by 4 h.

Effect of buprenorphine on food intake. In experiment A, food
intake was reduced in the control group and all buprenorphine
groups in a dose-dependent manner over the first 24 h after
drug administration (Figure 3 A). Compared with the control
group, food intake was not significantly affected at any time
point after the administration of buprenorphine at 0.05 mg/kg
SC and only on day 4 at 0.1 mg/kg SC. In contrast, admin-
istration of a single dose of buprenorphine at 0.2 mg/kg
SC significantly reduced food intake in both experiment A
(P =0.04 for overall effect, Figure 3 A) as well as in experiment
B (P =0.003 for overall effect, Figure 3 B). The greatest reduction
in food intake occurred during the first 24 h in both experiment
A (24.9% %15.9%; control group, 9.0% +7.2%; P = 0.01, Figure 3 A)
as well as in experiment B (39.2% * 24.8%; control group,
4.4% *+11.0%; P < 0.001, Figure 3 B). However, chinchillas that
received 3 doses of buprenorphine at 0.2 mg/kg SC every 6 h
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Figure 1. Forelimb withdrawal latencies (mean + SEM) in response
to a thermal noxious stimulus in 13 chinchillas treated with a single
dose of buprenorphine 0.05, 0.1, and 0.2 mg/kg SC (BUP 0.05, BUP
0.1, and BUP 0.2 respectively) in a randomized, blind, controlled, com-
plete cross-over experiment (experiment A). Error bars are shown for
the control group and 0.2-mg/kg buprenorphine group only. Saline
was administered subcutaneously in the control group. *, Significantly
(P < 0.05) different from control group at the same time point.
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Figure 2. Hindlimb withdrawal latencies (mean + SEM) in response to
a thermal noxious stimulus in 11 chinchillas treated with a single dose
of buprenorphine at 0.2 mg/kg SC (BUP 0.2) in a randomized, blind,
controlled, complete cross-over experiment (experiment B). Saline
was administered subcutaneously in the control group. *, Significantly
(P < 0.05) different from control group at the same time point.

(experiment C) and that did not undergo algesiometry had no
significant decrease in food intake, compared with the control
group (Figure 3 C).

Effect of buprenorphine on fecal output. In experiment A,
fecal output was reduced dose-dependently in all buprenorphine
groups over the first 24 h (Figure 3 D).

Administration of a single dose of buprenorphine at
0.2mg/kg SC resulted in a significant reduction in fecal output
in experiment A (P = 0.004 for overall effect, Figure 3 D). The
greatest reduction in fecal output occurred during the first
24 h in both experiment A (29.2% * 17.5%; control group, 5.5%
+ 15.5%; Figure 3 D) as well as experiment B (42.2% + 37.4%;

control group, 13.9% +14.9%; Figure 3 E). After the administration
of 3 doses of buprenorphine at 0.2 mg/kg SC every 6 h, fecal
output was significantly reduced for the first 24 h after drug
administration in animals not undergoing algesiometry (12.5% *
20.3%), whereas control animals showed an increase in fecal
output (7.3% * 18.5%; P = 0.015, Figure 3 F).

Body weight was not significantly affected by any treatment
in any of the experiments.

Discussion

In this study, buprenorphine at 0.05 or 0.1 mg/kg SC did not
provide antinociception in chinchillas, in contrast to the cur-
rently recommended dosages in chinchillas of 0.01 to 0.1 mg/
kg.'” However, buprenorphine at 0.2 mg/kg SC resulted in an in-
crease in limb withdrawal latencies, indicating analgesic efficacy
at this dose.?? This finding is consistent with a pharmacokinetic
study in guinea pigs, which showed that a dose of 0.2 mg/kg
IV was necessary to achieve plasma levels considered analgesic
(greater than 1 ng/mL) in other species.’® In contrast, another
study in guinea pigs showed that buprenorphine at 0.05 mg/kg
SC resulted in a significant increase in paw withdrawal pressure
for a maximum of 3 h and plasma levels greater than Ing/mL
for 3 h.19 Buprenorphine has been evaluated in several algesi-
ometry models in rats and mice and has been shown to have
a broad analgesic profile in many species.8 However, although
thermal nociception models are accepted methods to evaluate
analgesic efficacy in animals, they may overestimate drug dose
requirements to provide analgesia for other types of pain stimuli
(for example, surgical pain).14 Therefore, buprenorphine might
be effective clinically at dosages lower than 0.2 mg/kg SC to
alleviate visceral, traumatic, or postsurgical pain in chinchillas.’
Additional studies should investigate the analgesic efficacy of
buprenorphine in nociception models that better simulate clini-
cally relevant situations, such as surgical models.

The duration of effect of buprenorphine in rodents is typi-
cally considered to be lengthy, and the currently recommended
administration frequency of buprenorphine in chinchillas is
every 6 to 12 h.17?2 However, in our current study, buprenor-
phine at 0.2 mg/kg SC increased limb withdrawal latencies for
less than 4 h. Our finding is consistent with a recent study in
guinea pigs, in which a significant increase in paw withdrawal
pressure was reported between 1 to 3 h after administration of
buprenorphine at 0.05 mg/kg SC but not at 6 or 12 h.' A shorter
duration of effect of buprenorphine has been reported in other
species. Cats that had undergone ovariohysterectomy needed
a second dose of buprenorphine after only 4 h.2’ In mice, the
duration of effect of buprenorphine is 3 to 5 h7In guinea pigs,
the administration of buprenorphine at 0.2 mg/kg resulted in
plasma levels that exceeded 1 ng/mL for 7 h after intravenous
administration and for 4 h after oral-transmucosal adminis-
tration.’® Pharmacokinetic studies in chinchillas are needed
to evaluate the buprenorphine plasma levels achieved after
subcutaneous administration.

Buprenorphine has an unusually high therapeutic index, and
the ratio of lethal dose to the effective dose is at least 3 times
greater that of morphine.8 In the current study, repeated admin-
istration of buprenorphine at high dosage (0.2 mg/kg SC for
6h) did not decrease food intake but significantly decreased fecal
output. This discrepancy may indicate that repeated dosing of
high-dose buprenorphine causes gastrointestinal ileus. In rats,
buprenorphine at 0.01 to 0.1 mg/kg SC slowed gastrointestinal
transit times.’ The decrease in food intake after a single dose but
not after multiple doses of 0.2 mg/kg buprenorphine may be ex-
plained by the stress of handling associated with measuring limb
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Figure 3. Food intake and fecal output (mean + SEM) in chinchillas after administration of subcutaneous buprenorphine in randomized, blind,
controlled complete cross-over experiments. (A) Food intake and (D) fecal output after a single subcutaneous dose of buprenorphine at 0.05, 0.1,
and 0.2 mg/kg (BUP 0.05, BUP 0.1, and BUP 0.2, respectively) in 13 chinchillas (experiment A). (B) Food intake and (E) fecal output after a single
dose of buprenorphine of at 0.2 mg/kg SC (BUP 0.2) in 11 chinchillas (experiment C). (C) Food intake and (F) fecal output after administration
of buprenorphine at 0.2 mg/kg SC (BUP 0.2) every 6 h for 3 doses in 8 chinchillas (experiment C). Saline was administered subcutaneously in
all experiments in the control group. *, Significantly (P < 0.05) different from control group at the same time point; #, significant (P < 0.05) effect

of treatment group in the overall model.

withdrawal latencies in the single-dose algesiometry experiments
(experiment A and B). Although a dose-dependent decrease in
food intake and fecal output occurred after drug administration,
the effects of buprenorphine were self-limiting, and therefore
buprenorphine should be considered safe to administer in healthy
chinchillas at the doses we evaluated in this study.

In experiment A, we used the forelimbs to measure with-
drawal latencies, because of the inability to place the radiant heat
source reliably on the plantar aspects of the hindlimbs. However,
because chinchillas often did not place their forepaws on the
glass surface through which the radiant heat was transmitted,
measurements were often challenging to obtain and associated
with delays. Therefore a 1-h time point was deemed infeasible,
and only a 3-h time point was used. Evaluating chinchillas at
1-h time points in experiment A would have been preferable,
to determine the duration of action and onset time. This same
problem was encountered in a mouse study, with mice having
increased locomotor activity for at least 4 h, complicating meas-
urement efforts.'® This limitation of experiment A was overcome
in experiment B by using a different plantar tester which, due to
the presence of a mirror and a guide light, allowed for reliable
placement of the radiant heat source on the plantar surfaces.

In conclusion, buprenorphine at previously recommended
doses does not provide antinociception in the chinchilla thermal
algesiometry model we used. At 0.2 mg/kg SC, buprenorphine
provided antinociception in chinchillas for less than 4 h. Re-
peated administration of 0.2 mg/kg resulted in a self-limiting
reduction in fecal output but did not decrease food intake in
healthy chinchillas.
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