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Meloxicam in Polymer. As of April 1, 2024, SR preparations mentioned in the attached study 
are now labeled as in Polymer, with no changes to the formulation of the medication(s).



Vol 53, No  5
September 2014

Pages 494–501

Journal of the American Association for Laboratory Animal Science
Copyright 2014
by the American Association for Laboratory Animal Science

494

Buprenorphine, a semisynthetic opioid analgesic, is a com-
mon component of veterinary multimodal pain management. 
It has a strong affinity for the μ opioid receptor and slow 
dissociation kinetics, resulting in a longer duration of action 
than that of other opioid analgesics. The combination of the 
long duration of action, low risk of respiratory depression,22 
and negligible cardiovascular effects8,23 in healthy dogs make 
buprenorphine an advantageous opioid analgesic agent for 
use with procedures associated with mild to moderate pain, 
including ovariohysterectomy surgery in companion animals. 
Numerous administration routes, including intravenous,25 
intramuscular,21,29,30 subcutaneous,24 oral transmucosal,19 
and transdermal24 have been reported in dogs with a high 
level of success in managing postoperative pain associated 
with ovariohysterectomy. Due to buprenorphine’s slow 
onset of peak effect (45 to 60 min2,27), it is generally given 
preoperatively to provide sufficient time for onset of action. 
Buprenorphine may have a ceiling effect, and one study 
demonstrated that increasing the dose from 0.02 to 0.04 mg/
kg in dogs undergoing ovariohysterectomy did not increase 
the analgesic effect.30

Recently, a new sterile, compounded sustained-release 
formulation of buprenorphine became available, and the com-
pounder suggests that a single dose of the formulation can 
provide as long as 72 h of analgesia in dogs, on the basis of 
unpublished plasma buprenorphine concentrations. To date, 
clinical efficacy has been demonstrated for a maximum of 72 h 
in cats undergoing ovariohysterectomy and in rats undergoing 
surgical production of a tibial defect10 and 12 h in a hot-plate 
assay in male mice.6 Pharmacokinetic studies, performed in 
rats10 and macaques,26 have confirmed sustained, high plasma 
buprenorphine concentrations in those species. Although the 
efficacy of this buprenorphine formulation is largely untested, it 
has potential to decrease the number of postoperative analgesic 
injections and improve animal welfare by further minimizing 
pain and distress.

Previous studies have demonstrated the importance of 
multimodal analgesia28,29 in postoperative dogs, given that 
breakthrough pain can occur when buprenorphine19,29 or a 
NSAID20,29 is administered alone. As a result, multimodal 
analgesia has become common clinical practice. A downside 
of multimodal analgesia is the potential number of medica-
tions that are required and their respective dosing frequencies. 
Analgesic plans have become increasingly complex, leading to 
potential misdosing (incorrect or missed dose) in animals in the 
postprocedural period. To address this problem, there is a need 
to identify effective multimodal analgesia strategies that are 
easy for staff to follow and thus minimize misdosing, provide 
adequate analgesia, and promote animal welfare.
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The goal of the current study was to compare the efficacy, adverse effects, and plasma buprenorphine concentrations 
of sustained-release buprenorphine (SRB) and buprenorphine after subcutaneous administration in dogs undergoing 
ovariohysterectomy. In a prospective, randomized, blinded design, 20 healthy adult female Beagle dogs underwent routine 
ovariohysterectomy and received multimodal analgesia consisting of meloxicam and one of two buprenorphine formulations. 
Dogs were randomly assigned to receive either SRB (0.2 mg/kg SC, once) or buprenorphine (0.02 mg/kg SC every 12 h for 3 
d). Blinded observers assessed all dogs by using sedation scores, pain scores, temperature, HR, RR, and general wellbeing. 
Dogs were provided rescue analgesia with 0.02 mg/kg buprenorphine SC if the postoperative pain score exceeded a prede-
termined threshold. Blood samples were collected, and mass spectrometry was used to determine plasma buprenorphine 
concentrations. Data were analyzed with a linear mixed model and Tukey–Kramer multiple comparison. Age, body weight, 
anesthetic duration, surgical duration, sevoflurane concentration, and cardiorespiratory variables did not differ significantly 
between groups. Dogs in both formulation groups had comparable postoperative sedation and pain scores. One dog from each 
formulation group had breakthrough pain requiring rescue analgesia. Plasma buprenorphine concentrations remained above 
a hypothesized therapeutic concentration of 0.6 ng/mL for 136.0 ± 11.3 and 10.67 ± 0.84 h for SRB and buprenorphine, respec-
tively. Based on the results of this study, multimodal analgesic regimens consisting of meloxicam and either buprenorphine 
or SRB are equally efficacious in managing pain associated with an ovariohysterectomy and show comparable side effects.
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venously until endotracheal intubation could be performed 
safely. All dogs were maintained at a surgical plane of anes-
thesia with sevoflurane (SevoFlo, Abbott Animal Health) in 
oxygen for the duration of the surgical procedure. Dogs were 
monitored continuously and RR, body temperature, HR, end-
tidal carbon dioxide concentration, saturated hemoglobin 
oxygen concentration, and sevoflurane concentration were 
recorded every 10 min by an anesthesia technician for the 
duration of anesthesia.

Once the dogs were intubated, the injection site (dorsal 
cervical neck) was shaved, and the dogs received the assigned 
buprenorphine formulation. The injection time was recorded 
as time 0 for calculation of subsequent plasma collection time 
points. The dogs were shaved and aseptically prepared for 
surgery. They were positioned in dorsal recumbency with heat 
support, followed by final preparation and 4-corner draping. 
Dogs were maintained on lactated Ringers solution (Hospira, 
Lake Forest, IL) at a flow rate of 10 mL/kg/h.

Surgery was performed over 2 d by 4 surgeons, who fol-
lowed the same procedure. All of the surgeons had extensive 
prior experience performing ovariohysterectomy, and each 
surgeon performed 3 to 8 surgeries as part of the current study. 
Ovariohysterectomy was accomplished via a ventral abdominal 
midline incision. Both ovaries and the uterus were identified 
visually and clamped. The ovarian vessels, ligament, and uterus 
were ligated with suture (Vicryl, 2-0, Ethicon, Somerville, NJ), 
excised, and removed. The abdomen was closed in 3 layers by 
using suture (Biosyn, 2-0 and 3-0, Covidien, Mansfield, MA) 
and staples (Appose ULC 35W staples, Tyco Healthcare Group, 
Norwalk, CT).

Dogs recovered from surgery in heated cages and were 
monitored continuously through extubation and return to 
sternal recumbency. Once the dogs were ambulatory, they were 
returned to their home cages and monitored at prescribed inter-
vals as described below. All dogs received subsequent injections 
of buprenorphine or saline every 12 h as described previously 
and 0.1 mg/kg meloxicam (Metacam, Boehringer Ingelheim) 
PO once daily for 4 d after surgery.

Monitoring criteria. The dogs were assessed by trained 
blinded observers for evidence of pain, distress, and sedation 
after surgery for 3 d at the designated time points of baseline 
(prior to drug administration, anesthesia, and surgery) and 1, 2, 
3, 4, 5, 6, 8, 12, 14, 16, 18, 20, 24, 48, and 72 h after initial injection 
of SRB or buprenorphine. Assessments included sedation and 
pain scores (described later) as well as physiologic parameters 
(temperature, HR, and RR). Dogs were evaluated at every time 
point by 2 trained observers, and a total of 10 observers assessed 
all 20 dogs over the course of the study. One of the authors 
(EAN) trained all of the observers in the use of both the sedation 
and pain evaluation methods. Each observer independently ob-
served and scored dogs for both sedation and pain at each time 
point. Observers did not discuss their scores at that time point, 
or any other time point, unless the animal was given a score 
that indicated a need for rescue analgesia (described later). If a 
dog was anesthetized or asleep at any time point, the sedation 
assessment was not performed.

The sedation level of the dogs was scored as previously de-
scribed.19 Briefly, the dog’s posture and response to noise were 
each given a score of 0 to 3. Posture scores were: 0, normal and 
standing dog; 1, mild sedation but standing; 2, laterally re-
cumbent but able to attain sternal recumbency; and 3, laterally 
recumbent and unable to attain sternal recumbency. Responses 
to noise were: 0, normal and quick response to noise; 1, weak 
reaction; 2, delayed, weak reaction; and 3, no reaction.

The objective of the current study was to evaluate the clini-
cal efficacy and pharmacokinetics of a simplified multimodal 
analgesic regimen for healthy adult dogs undergoing routine 
ovariohysterectomy. The clinical efficacy and pharmacokinetics 
of sustained-release buprenorphine (SRB) and buprenorphine 
were directly compared in dogs undergoing ovariohysterectomy 
and receiving meloxicam. Dogs received 0.2 mg/kg meloxicam 
IV and 0.2 mg/kg SRB SC or 0.02 mg/kg buprenorphine SC 
prior to surgery. Postoperatively, all dogs received 0.1 mg/
kg meloxicam PO once daily for 4 d. Dogs that received bu-
prenorphine were dosed at 0.02 mg/kg SC every 12 h for 3 d, 
and dogs that received SRB were dosed with saline subcutane-
ously every 12 h for 3 d at volumes comparable to that of the 
buprenorphine dose. Clinical efficacy was assessed by using 
sedation scoring, behavioral pain scoring, temperature, heart 
rate (HR), respiratory rate (RR), gastrointestinal side effects, 
injection site reactions and the need for rescue analgesia during 
the postoperative monitoring period. In addition, blood was 
collected at regular intervals over the 7-d postoperative period, 
for pharmacokinetic purposes and assessment of the therapeutic 
plasma buprenorphine concentration.

Materials and Methods
Animals. Female purpose-bred beagles (n = 20; age, 0.9 to 4.7 

y; weight, 5.7 to 9.0 kg) were obtained from a single dealer (Mar-
shall Bioresources, North Rose, NY) and housed in accordance 
with guidelines18 and regulations1 in an AAALAC-accredited 
program. They were maintained on a 12:12-h light:dark cycle 
and were fed commercial dog chow (Teklad diet 2025, Harlan-
Teklad, Madison, WI) and provided ad libitum access to water. 
Food was withheld for 12 h prior to surgery. All dogs were 
deemed healthy based on a preoperative physical exam and 
hematologic and biochemical analyses. They were cohoused 
in groups of 2 to 3 animals except during the 7-d, immediate 
postoperative period, when they were housed individually to 
minimize activity. All procedures were reviewed and approved 
by Abbvie’s IACUC.

Buprenorphine formulation groups. To assess differences 
in the efficacy of the opioid component of a multimodal 
analgesic plan, 20 dogs were assigned randomly to one of 2 
buprenorphine formulation groups (n = 10 dogs per group), 
SRB (Buprenorphine SR 3 mg/mL, ZooPharm, Laramie, WY) 
and buprenorphine hydrochloride (Buprenex Injectable, 0.3 mg/
mL, Rickett Benckiser Pharmaceuticals, Richmond, VA). Group 
assignment was known by only a single study technician, and all 
other study participants were blinded to the treatment. Dogs in 
the buprenorphine groups received 0.02 mg/kg buprenorphine 
SC every 12 h for a total of 6 injections. Dogs in the SRB group 
received a single injection of 0.2 mg/kg SRB SC followed by 
sterile saline every 12 h subcutaneously for a total of 5 saline 
injections at comparable volumes to buprenorphine. This dos-
ing strategy ensured that dogs received an equal number of 
injections and that study participants remained blinded to the 
treatment groups.

Anesthesia and surgery. All dogs were premedicated with 
0.05 mg/kg acepromazine maleate (Boehringer Ingelheim, St 
Joseph, MO) and 0.04 mg/kg atropine sulfate (Med-Pharmex, 
Pomona, CA) administered intramuscularly. Immediately 
prior to induction, an intravenous catheter was placed, and 
the dogs were given an initial preoperative injection of 0.2 
mg/kg IV meloxicam (Wedgewood Pharmacy, Swedesboro, 
NJ) and 25 mg/kg IV cefazolin (West-ward Pharmaceuti-
cal, Eatontown, NJ). The dogs were induced with propofol 
(Propoflo 28, Abbott Animal Health, Abbott Park, IL) intra-
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sample onto a 50 × 0.5 mm 3- μm column (Chrom XP C18-EP-120, 
Eksigent, Dublin, CA) for mass spectrometric analysis (AB 
SCIEX Triple Quad 5500, Eksigent 200, AB Sciex). Calibration 
curves were used to determine the concentration of all analytes 
in each sample. The lower limit of quantitation of the assay 
for all analytes was 0.1 ng/mL for a 400-μL sample of plasma.

Pharmacokinetics. Pharmacokinetic analysis was performed 
on plasma buprenorphine concentration–time data obtained 
after subcutaneous drug administration. Peak plasma bu-
prenorphine concentrations (Cmax) and the times of Cmax (Tmax) 
were determined directly from the observed concentration–time 
data. Pharmacokinetic parameters (the elimination rate constant 
and elimination half-life t1/2) were derived by using a model-
independent approach (noncompartmental analysis) according 
to a uniform weighting scheme. Half-life was calculated by us-
ing the harmonic mean and the AUC0–168 was calculated by using 
the linear trapezoidal rule. Dogs that required rescue analgesia 
or were misdosed were not included in the pharmacokinetic 
analysis. All pharmacokinetic calculations were performed by 
using appropriate software (version 5.2, WinNonlin, Pharsight, 
Cary, NC).

Statistical analysis. The current study consisted of longitudinal 
observations and measurements of 2 different formulations 
of buprenorphine. To address the repeated-measures nature 
of the study and the use of multiple observers, the results 
(temperature, HR, RR, sedation scores, and the 3 pain scores) 
were analyzed by using a linear mixed-effect regression model 
with transformations of the outcomes, thus allowing for cor-
rection for both error and total observer (interobserver and 
intraobserver) variability. The covariates included time point, 
drug formulation, anesthesia, surgery, extubation, and recovery 
times, surgeon, and observer. In addition, Tukey–Kramer mul-
tiple comparison was used to compare results between groups 
at different time points. Direct comparison of group ages, body 
weight, anesthetic duration, surgical duration, extubation time, 
intraoperative HR, RR, temperature, maintenance end-tidal 
sevoflurane concentration, and hemoglobin saturation for oxy-
gen were evaluated similarly. Statistical software (JMP 9, SAS 
Institute, Cary, NC; R, GNU Operating System, http://www.
gnu.org/gnu/) was used for all analyses, data were reported 
as mean ± SEM, and significance was set at a P value of less 
than 0.05.

Results
Intraoperative findings. Buprenorphine formulation groups 

did not differ with regard to animal age, body weight, surgi-
cal duration, anesthesia duration, or extubation time (Table 
1). There were no significant differences between formulation 
groups in the average intraoperative RR, HR (Table 1), hemo-
globin saturation for oxygen (SRB, 96.7% ± 0.5%; buprenorphine, 
95.5% ± 0.7%), rectal temperature (SRB, 36.4 ± 0.2 °C; buprenor-
phine, 35.8 ± 0.3 °C), or sevoflurane concentration (SRB, 3.4 ± 
0.1%/mL; buprenorphine 3.2% ± 0.1%/mL).

Postoperative monitoring. Sedation scores (posture and re-
sponse to noise) were affected by anesthetic duration, extubation 
time, and buprenorphine formulation. Average sedation scores 
were greater than 0 for 16 h after drug administration in both 
groups. Posture and response to noise scores were slightly lower 
in the SRB group for the first 4 h after drug administration, 
but this difference was significant (P < 0.05) only at the 3- and 
4-h time points for posture (Table 2). Anesthetic duration and 
extubation time both had significant (P < 0.05) main effects on 
posture scores, and there was a significant (P < 0.001) interac-
tion effect between time after injection and drug formulation. 

For the purposes of the study, specific pain evaluations were 
performed by using a modified Colorado State University Ca-
nine Acute Pain Scale.13 This scoring system uses both visual 
and interactive patient assessments to evaluate the animal’s 
body posture, body tension, behavior and mental state, and 
response to palpation to generate a numeric score from 0 to 4 
in 0.25 increments. Three separate pain scores were collected by 
each observer at every time point: score A, dogs were visually 
assessed initially undisturbed from outside the cage, and the 
abdomen was not palpated; score B, the dogs were assessed as 
they were approached, spoken to, and gently encouraged to 
walk and move, but the abdomen was not palpated; and score 
C, the dogs were assessed as the incision and surrounding area 
of the abdomen were palpated by using 2 to 3 fingers.

In addition, the dogs were monitored daily for evidence 
of side effects for 10 postoperative days. Appetite and fecal 
consistency were used to evaluate the dogs for gastrointestinal 
side effects. The SRB and buprenorphine injection sites were 
observed daily for swelling, erythema, crusting, discharge, and 
pain on palpation.

Rescue analgesia. Blinded observers did not discuss their find-
ings with each other unless there was concern that the animal 
was in pain. Any dog that scored a 2 or greater for any pain score 
by either observer was considered for rescue analgesia. If both 
observers agreed that the animal had a score of 2 or greater for 
any of the pain scores, the dog received rescue analgesia. An 
injection of 0.02 mg/kg buprenorphine SC was administered 
to control the breakthrough pain. Rescue analgesia was given 
in addition to the predetermined twice-daily dosing schedule, 
and dogs received their subsequent doses of buprenorphine or 
saline at the originally scheduled time.

Blood collection. To assess plasma buprenorphine concentra-
tions, 2 mL blood was collected into EDTA tubes at baseline, 0.25, 
0.5, 1, 3, 6, 8, 12, 18, 24, 25, 48, 49, 72, 120, and 168 h after injec-
tion. Blood was collected from the jugular vein, and replacement 
fluids were not administered. The blood collection time points at 
24, 25, 48, and 49 h were used to identify the peak (25 and 49 h) 
and trough (24 and 48 h) plasma buprenorphine concentrations. 
The same time points for blood collection were used for both 
formulation groups to maintain treatment blinding of the staff 
and to minimize any effects due to the blood collection itself.

During the sample collection process, tubes were placed 
immediately on ice following blood collection. The tubes were 
centrifuged at 1000 × g for 10 min at 4 °C within 15 min of col-
lection. The plasma was collected and stored at −20 °C until 
they were analyzed.

Sample analysis. All plasma samples were analyzed by using 
an adapted liquid chromatography–electrospray ionization–
tandem mass spectrometry method.17 This method allowed 
for simultaneous detection of buprenorphine and its primary 
metabolite norbuprenorphine in the plasma sample. Briefly, 
400-μL aliquots of plasma were placed in the wells of a 2-mL, 
96-well plate and extracted with 1 mL of ethyl acetate:hexane at 
a ratio of 9:1 by using an automated liquid-handling worksta-
tion (Hamilton MICROLAB Star Hamilton Robotics, Reno, NV). 
The samples were removed from the workstation, vortexed for 
5 min, centrifuged for 10 min at 410 × g, and then returned to 
the workstation. Then, 800 μL the supernatant was transferred 
to a clean, 96-well plate and evaporated to dryness under a 
gentle stream of nitrogen at room temperature. The samples 
were reconstituted in 30 μL acetonitrile and vortexed briefly, and 
then 70 μL 0.1% formic acid containing 0.025% trifluoroacetic 
acid was added, followed by additional vortexing. The HPLC 
system (Eksigent 200, AB Sciex, Framingham, MA) injected the 
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for the dogs receiving SRB and buprenorphine were 2.26 and 
2.08 ng/mL, respectively.

Plasma buprenorphine concentrations were higher for 
buprenorphine than SRB for the first 4 h after administration 
but then were less than those for SRB for the remaining 8 h 
before redosing (Figure 2). Plasma buprenorphine concentra-
tions peaked after each injection of buprenorphine and then 
decreased over time, but the peaks after the 12, 36, and 60 h 
injections were not captured because blood was not collected. 
Buprenorphine had higher drug exposure, reported as the 
AUC0–168 and dose-normalized AUC (Table 3), than did SRB. 
Although the elimination half-life was observed to be much 
shorter for buprenorphine than SRB, it could not be accurately 
calculated for buprenorphine due to redosing the dogs and 
therefore was not reported.

The plasma concentration of norbuprenorphine, the primary 
buprenorphine metabolite, was extremely low throughout the 
study. Most samples had concentrations below the limit of 
quantitation (< 0.1 ng/mL) and were not reported.

Adverse effects and complications. The dogs in the cur-
rent study had side effects associated with the experimental 
procedures. Dogs in both groups exhibited signs of soft stool 
and diarrhea: 8 of 10 in the SRB group and 9 of 10 dogs given 
buprenorphine. Dogs from both groups also exhibited evidence 
of appetite suppression. Decreased appetite was noted in 4 dogs 
in the SRB group on day 0, in 3 dogs on days 1 and 2, and 1 dog 
on Day 4. In the buprenorphine group, 2 dogs showed decreased 
appetite on days 0 through 3.

Injection-site reactions occurred only in dogs that received 
SRB. Seven of the 10 dogs had small (0.5–1.5 cm × 0.3 cm), 
nonpainful subcutaneous nodules at the site of drug admin-
istration in the dorsal cervical region. The nodules were not 
visually obvious and were only detectable by deliberate palpa-
tion of the injection site. The reactions were not detected until 
postoperative day 10, and they spontaneously resolved within 
1 mo of the initial injection in 5 of the 7 dogs. One dog that had 
a 0.2-cm nodule was adopted out of the facility after the 1-mo 
period and was lost to follow-up. The nodule from another dog 
was removed 3 wk after the initial injection for histopathology. 
The lesion was described as a pyogranuloma with central clear 
vacuoles containing sparse gray material, consistent with an 
injection site reaction.

One dog in the buprenorphine group, the same dog that 
did not have a detectable plasma buprenorphine concentra-
tion until 18 h, had minor dehiscence at the cranial aspect of 
the laparotomy site at the 72-h observation. A 2-cm section of 
omentum was removed, and the abdomen was reclosed. The 
dog recovered uneventfully and had no other complications for 
the remainder of the 10-d monitoring period.

Discussion
Postoperative analgesia is critical for animal welfare. Simpli-

fying how that analgesia is provided improves compliance and 
directly affects the success of the analgesic plan. The results of 
this study support the clinical efficacy of SRB combined with 
meloxicam for providing analgesia in dogs undergoing ovario-
hysterectomy. When used in combination with a once-daily 
dosing regimen of meloxicam, a single preoperative injection 
of 0.2 mg/kg SC SRB provides comparable analgesia to a twice-
daily dosing regimens with 0.02 mg/kg SC buprenorphine. 
Furthermore, in light of the single preoperative injection and 
stable plasma buprenorphine concentrations, using SRB may be 
preferred for some cases. The ability to provide postoperative 
analgesia with a single preoperative injection of a sustained-release 

Anesthetic duration and extubation time both had a significant 
(P < 0.05) main effect on response to noise scores.

Pain scores were useful for monitoring animal comfort in the 
postoperative period but required correction for interobserver 
variability. Different observers had significantly different (P 
< 0.0001) results for all 3 pain scores. When the average pain 
scores were corrected for interobserver variability by using a 
linear mixed-effect regression model, there were no significant 
differences between formulation groups for pain scores A or B. 
Corrected averages pain scores A and B peaked at 1.3 at 2 h after 
injection and were less than 0.25 at 24 h for both formulations. 
There was a small but significant (P < 0.05) difference between 
SRB and buprenorphine in the corrected average pain score C for 
the entire 72-h assessment period. Dogs that received SRB had 
a 0.2 lower corrected average pain score C for all time points. 
Corrected averages for pain score C peaked at 1.3 and 1.5 at 2 
h for SRB and buprenorphine, respectively. At the 24-, 48-, and 
72-h time points, the average values for pain score C were 0.6 
and 0.8 for SRB and buprenorphine, respectively. There were 
no differences between surgeons for any of the pain scores.

One dog from each formulation group had breakthrough 
pain. These dogs had scores of 2 or greater for all 3 pain scores, 
A through C. One dog in the SRB group required rescue anal-
gesia at the 14-h time point, and one dog in the buprenorphine 
group recovered poorly and required rescue analgesia between 
the 1- and 2-h time points. Both dogs exhibited decreased pain 
scores after the administration of rescue analgesia.

There were no significant differences in temperature, HR, or 
RR between the formulation groups (Figure 1). Body tempera-
tures decreased intraoperatively but returned to 38 °C within 
4 h of the initial injection (Figure 1 A). Extubation time had a 
significant (P < 0.05) effect on body temperature.

Buprenorphine pharmacokinetics. There were differences 
between formulations in their pharmacokinetics. The plasma 
buprenorphine concentration for SRB peaked at 5.6 ± 3.0 ng/
mL in 13.8 ± 3.8 h and was less than 1 ng/mL within 96.3 ± 16.4 
h and less than 0.6 ng/mL in 136.0 ± 11.3 h in all 9 of the dogs 
for which data were available (Table 3and Figure 2). Nine of 
the 10 dogs that received SRB still had detectable plasma bu-
prenorphine concentrations at the last time point, 168 h (7 d). 
The plasma buprenorphine concentration for buprenorphine 
peaked at 19.6 ± 4.9 ng/mL in 0.28 ± 0.03 h after administra-
tion and then decreased over the 12-h interdose interval (Table 
3, Figure 2 A). Plasma buprenorphine concentrations were less 
than 1 ng/mL within 7.1 ± 0.9 h in all 8 dogs and less than 0.6 
ng/mL within 10.7 ± 0.8 h in 6 of the 8 dogs given buprenorphine 
and for which data were available. One dog in the buprenor-
phine group did not have quantifiable plasma buprenorphine 
concentrations until the 18-h time point and was excluded from 
all pharmacokinetic calculations. Plasma buprenorphine con-
centrations were detectable after 120 h in 4 of 8 dogs and after 
168 h in 0 of 8 dogs in the buprenorphine group. The plasma 
buprenorphine concentrations at the time of breakthrough pain 

Table 1. Data (Mean ± SEM) regarding dogs (n = 10 per group) that 
received SRB (0.2 mg/kg SC) or buprenorphine (0.02 mg/kg SC) prior 
to ovariohysterectomy

SRB Buprenorphine P

Body weight (kg) 7.5 ± 0.3 7.4 ± 0.3 0.902

Age (y) 1.9 ± 0.2 1.7 ± 0.5 0.072

Surgery duration (min) 35 ± 3 33 ± 2 0.499

Anesthesia duration (min) 56 ± 3 59 ± 7 0.704

Extubation time (min) 65 ± 4 74 ± 8 0.446
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Regardless of the analgesic regimen used, careful observation 
is required to identify those animals that may be more sensitive 
and have breakthrough pain.

The pharmacokinetic parameters for buprenorphine and SRB 
supported the dosing strategy. Quantifiable and therapeutic 

opioid simplifies postoperative management, which ultimately 
improves compliance, provides adequate analgesia, and pro-
motes animal welfare.

It is important to evaluate an individual animal’s comfort lev-
el after surgery to ensure that the analgesic regimen is adequate. 
Analgesic efficacy can be assessed in multiple ways, including 
behavioral pain scoring9,13-16 and video monitoring to calculate 
useful metrics from the animals’ movement around the cage;11,12 
however, all monitoring tools have their limitations. Due to ease 
of use, behavioral pain scoring is the most common method, 
and multiple scales have been developed to compare analgesic 
efficacy and evaluate postoperative comfort.7,9,13-16,19-21,29,30 The 
current study used an adapted version of the Colorado State 
University Canine Acute Pain Scale, because of our familiarity 
with that system. Although this scale is easy to use, it had not 
been validated for repeatability between independent observers. 
To address this issue, interobserver variability was evaluated, 
and the pain scores were corrected before statistical compari-
son of the 2 formulation groups. After this correction, there 
was a small, but statistically significant, difference between 
formulations for pain score C, and no difference for A and B. 
The minimal difference in scores between groups may have 
been because the dogs were either equally managed with both 
multimodal analgesic regimens, the effect differences were too 
small to detect statistically with this group size, or laboratory 
beagles hide their pain and behavioral manifestations were not 
easily observable. All of these explanations likely play a role. 
Furthermore, it is not possible to assess the relative contributions 
made by each of the analgesics individually in these multimodal 
regimens. Perhaps the analgesia provided by the meloxicam 
was sufficient to obscure differences in the analgesia provided 
by the different formulations of buprenorphine.

Pain sensitivity is unique to the individual animal, making 
it difficult to identify the therapeutic plasma concentration of 
an analgesic agent. In a previous study evaluating the efficacy 
of buprenorphine in managing pain for ovariohysterectomy, 
7 of 9 dogs appeared comfortable at plasma buprenorphine 
concentrations equal to or less than 0.6 ng/mL, but 2 animals 
had breakthrough pain at plasma buprenorphine concentrations 
of 1.46 and 5.41 ng/mL.19 These 2 dogs were potentially more 
sensitive to the pain associated with ovariohysterectomy. Simi-
larly, in the current study, 2 of 20 dogs demonstrated evidence 
of breakthrough pain at plasma buprenorphine concentrations 
of 2.26 and 2.08 ng/mL. This highlights the importance of 
monitoring individual animals for evidence of postoperative 
pain and of not relying on plasma drug concentrations. Inter-
estingly, in both the current and previous study,19 some dogs 
did not demonstrate obvious signs of pain despite having 
plasma buprenorphine concentrations less than 0.1 ng/mL. 
In the current study, this may have been due to the additional 
use of meloxicam, thus providing the animals with multimodal 
analgesia and decreasing the potential for breakthrough pain. 

Table 2. Postoperative sedation scores (Mean ± SEM; n = 10 per group) in dogs that received SRB or buprenorphine prior to ovariohysterectomy

Time (h) after buprenorphine administration

1 2 3 4 5 6 8 12

Posture SRB 2.2 ± 0.4 1.5 ± 0.3 1.1 ± 0.3* 0.7 ± 0.3* 0.4 ± 0.1 0.6 ± 0.2 0.3 ± 0.2 0.2 ± 0.1
Buprenorphine 2.4 ± 0.3 1.8 ± 0.3 1.7 ± 0.3 1.4 ± 0.4 0.5 ± 0.2 0.6 ± 0.3 0.3 ± 0.2 0.2 ± 0.1

Response to noise SRB 2.1 ± 0.4 1.2 ± 0.3 1.2 ± 0.3 0.7 ± 0.2 0.3 ± 0.2 0.7 ± 0.3 0.3 ± 0.2 0.2 ± 0.1
Buprenorphine 2.2 ± 0.4 1.5 ± 0.3 1.4 ± 0.3 1.0 ± 0.2 0.5 ± 0.2 0.5 ± 0.1 0.3 ± 0.1 0.1 ± 0.1

*, Value significantly (P < 0.05) different from that for buprenorphine.

Figure 1. Mean postoperative (A) temperature, (B) HR, and (C) RR 
over time after administration of 0.2 mg/kg SRB SC and 0.02 mg/kg 
buprenorphine SC twice daily. Time 0 corresponds to the time of drug 
administration. Values did not differ significantly between treatment 
groups.
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injections of buprenorphine would be more apt to result in 
receptor desensitization or downregulation. Although the clini-
cal relevance of the µ-receptor downregulation in veterinary 
medicine is unknown, it does warrant additional investigation, 
especially in the context of chronic pain management.

One dog in the buprenorphine group was misdosed initially 
and did not have detectable plasma buprenorphine concen-
trations for the first 12 h. The misdose most likely is due to 
technical error during the administration of buprenorphine re-
sulting in the dog not being dosed initially. This dog did not have 
high pain scores during the first 12 h, with maximum pain scores 
of less than 1.75 at the 2-h time point for pain scores A through 
C. This dog also exhibited a rapid decrease in sedation scores, 
presumably due to that lack of detectable buprenorphine in her 
plasma. The lack of high pain scores in the first 12 h potentially 
is due to the meloxicam that she received preoperatively. NSAID 
alone have previously been shown to be efficacious in manag-
ing postoperative pain in dogs after ovariohysterectomy.20,29 
In addition, this dog may have had either had a higher pain 
tolerance than did the other dogs, or perhaps observers were 
unable to recognize pain this dog.

Buprenorphine use has been associated with common 
opioid side effects, including respiratory depression, cardio-
vascular depression, decreased body temperature, sedation, 
nausea, vomiting, and diarrhea. The observed decreases in 
body temperature, HR, and RR (Figure 1) were consistent 
with dogs given buprenorphine8,19 but also are common 
in dogs undergoing general anesthesia. Although opioids 
can cause cardiovascular depression, these effects are not 

plasma buprenorphine concentrations were reached within 
15 min, and both formulations remained in the hypothesized 
therapeutic concentration range over the 72-h postoperative 
period. Buprenorphine achieved a higher maximum plasma 
concentration within a shorter timeframe than did SRB, as was 
expected in light of previous studies comparing the 2 formu-
lations in macaques.26 The pharmacokinetic parameters for 
buprenorphine and SRB in dogs were comparable to those in 
other species.26,31 Despite its lower total dose, buprenorphine 
was associated with a higher exposure over the 168 h than was 
SRB, even when dose normalized (Table 3). This effect was 
most likely due to the high plasma buprenorphine concentra-
tions achieved each time the buprenorphine was dosed and the 
gradual accumulation of buprenorphine in the body that led to 
detectable plasma buprenorphine concentrations in 4 of 8 dogs 
at the 120-h time point.

Sustained plasma buprenorphine concentrations in dogs 
could lead to reduced drug efficacy due to adaptive changes, 
such as receptor desensitization or endocytosis. This has been 
previously reported for the opiates morphine and heroin in cul-
tured cells.5,32,33 In rodent studies, high doses of buprenorphine 
administered to pregnant females resulted in downregulation 
of μ opioid receptors in both adult and neonatal rat brains,3 
with a greater downregulation occurring in male pups.4 The 
use of SRB may have had an effect on receptor expression due 
to the prolonged half-life of the formulation, but the anticipated 
associated clinical effects were not noted in the current study. 
Furthermore, the dose-normalized drug exposure levels were 
lower for SRB than buprenorphine, indicating that repeated 

Table 3. Pharmacokinetic parameters (mean ± SEM) for plasma buprenorphine concentrations after a single dose of 0.2 mg/kg SC SRB (n = 9) 
and 6 doses of 0.02 mg/kg SC buprenorphine administered every 12 h (n = 8)

SRB Buprenorphine

Cmax (ng/mL) 5.6 ± 3.0 19.6 ± 4.9
Tmax (h) 13.8 ± 3.8 0.28 ± 0.03

AUC0-168 (ng × h/mL) 188.9 ± 15.5 236.3 ± 15.9

AUC/D (ng × h/mL per mg/kg) 944.7 ± 77.5 1969.3 ± 115.7
Cmax/D (ng/mL per mg/kg) 27.8 ± 15.2 163.1 ± 40.7
t1/2 (h) 64.5 NR

Cmax, maximal plasma concentration; D, total dose received; NR, not reported; Tmax, time when Cmax is reached; t1/2, elimination half-life for plasma 
(harmonic mean).

Figure 2. Plasma buprenorphine concentrations. (A) Plasma concentrations over 12 h after a single injection of 0.2 mg/kg SRB SC or 0.02 mg/kg 
buprenorphine SC. (B) Plasma concentrations over 168 h for a single injection of 0.2 mg/kg SRB SC or 0.02 mg/kg buprenorphine SC every 12 h 
for 3 d. Plasma buprenorphine concentrations are reported as the mean ± SEM at each time point (SRB, n = 9; buprenorphine, n = 8).
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participated in the interpretation of data, review, and approval of the 
manuscript.
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of clinical importance in healthy dogs,23 and there were no 
significant differences in HR between formulation groups. 
Buprenorphine can cause sedation, especially in combina-
tion with general anesthesia, and dogs in the current study 
demonstrated signs of sedation for a maximum of 16 h. The 
higher sedation scores observed during the first 4 h in dogs 
that received buprenorphine were most likely due to the 
higher plasma buprenorphine concentrations measured in 
dogs given buprenorphine instead of SRB (Figure 2 A). This 
result was consistent with a previous study evaluating seda-
tion scores between 2 different doses of oral transmucosal 
buprenorphine.19

Although the number of studies evaluating SRB is limited, 
injection site reactions of varying severity have been reported 
in every species.6,7,10,26 In rodents and cats, the injection reac-
tion tends to be acute in nature, causing a transient ulceration 
that scabs and heals.6,7,10 In macaques26 and dogs, the process 
is slower and is consistent with a subcutaneous foreign-body 
reaction to either the dl-lactide and ε-caprolactone copolymer 
or the organic solvent. In both macaques and dogs, this process 
appears to be self-limiting, and the mild subcutaneous nodules 
resolve without intervention. Neither reaction type appears 
to be associated with pain in the affected animals,6,7,10,26 and 
these events would not prevent the drug from being used for 
analgesia in these species.

A major advantage to using SRB is the convenient dosing 
strategy that provides stable plasma buprenorphine concentra-
tions. A single injection provides as long as 5 d of analgesia 
when used in combination with meloxicam. This feature 
eliminates the need to provide owners with a controlled 
substance that they may not correctly handle or administer. 
This characteristic also decreases the stress of repeated opi-
oid administration in animals that are fractious or difficult to 
restrain for injections. Furthermore, there is no need for the 
constant animal monitoring associated with either a patch or 
continuous-rate infusion to achieve stable plasma drug con-
centrations. This situation eliminates concerns about opioid 
ingestion toxicity, intravenous line patency, and potential 
opioid over- or underdosing.

In conclusion, when either SRB or buprenorphine was used as 
part of a multimodal analgesic regimen with meloxicam for an 
ovariohysterectomy, equally effective analgesia was provided 
with minimal intraoperative and postoperative adverse effects. 
A single injection of 0.2 mg/kg SC SRB provided a prolonged, 
stable plasma buprenorphine concentration that exceeded the 
therapeutic plasma concentration threshold. Collectively, the 
results described herein indicate that SRB can be used with 
meloxicam to provide analgesia in healthy dogs undergoing 
routine ovariohysterectomy. The use of SRB simplifies the 
postoperative multimodal analgesic regimen by decreasing 
the total number and frequency of medications administered 
postoperatively. This benefit makes it easier for staff to dose 
animals correctly, to provide analgesia to postoperative animals, 
and to promote animal welfare.
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