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This study compared the efficacy of buprenorphine, carprofen, and a combination of the 2 analgesics in female baboons. 
Physiologic and behavioral parameters were assessed at baseline and postoperatively for 6 d by use of continuous noninvasive 
physiologic monitoring and twice-daily videotaping. Prior to surgery, all animals received a pre-emptive dose of either 0.01 
mg/kg buprenorphine intramuscularly, 2.2 mg/kg carprofen intramuscularly, or a combination of 0.01 mg/kg buprenorphine 
and 2.2 mg/kg carprofen intramuscularly. All animals in the carprofen (n = 4) and buprenorphine+carprofen (n = 4) treat-
ment groups appeared to have sufficient analgesia. Three of 4 animals in the buprenorphine group had adequate analgesia. 
The fourth animal had an elevated heart rate and spent less time standing during the postoperative period. In this study, 
the use of carprofen or a combination of carprofen plus buprenorphine provided more reliable postoperative analgesia than 
buprenorphine alone.

Abbreviations: NHP, nonhuman primate; NSAID, nonsteroidal anti-inflammatory drug; COX, cylcooxygenase
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Humane and ethical concerns as well as animal welfare 
regulations both stipulate the use of appropriate analgesics for 
procedures that may cause pain or distress to a laboratory animal. 
In particular, invasive surgical procedures such as laparotomy 
require the use of postoperative analgesia. The Guide for the Care 
and Use of Laboratory Animals recommends that personnel become 
familiar with the signs of pain in animals in order to provide 
analgesia when appropriate;24 however, there is no scale that 
definitively assesses pain in all species of laboratory animals. In 
particular, there is a paucity of information regarding the assess-
ment of postoperative pain in nonhuman primates (NHP).

The purpose of this study was to assess the postoperative 
analgesic efficacy of buprenorphine, carprofen, and a com-
bination of the 2 drugs. Buprenorphine is a commonly used 
opioid for postoperative analgesia in NHP.15,19 Carprofen is a 
nonsteroidal anti-inflammatory drug (NSAID) that is not typi-
cally used for postoperative analgesia in NHP, but it is used in 
dogs and rodents.9,18,29 We also chose to assess the combination 
of buprenorphine and carprofen because multimodal analgesia 
generally is considered more effective than the use of a single an-
algesic.11 We measured physiologic and behavioral parameters 
to compare analgesic efficacy in the 3 treatment groups.

Commonly used measures for the assessment of analgesia in 
animals include heart rate,1,5,9 blood pressure,5,21 blood cortisol 
level,1,13,22,30 urinary cortisol level,13,30 respiratory rate,1,9,22 body 
temperature,1,21,22 food intake,16,25,27 and weight loss.16,25,28 For 
this study, we used heart rate, skin temperature, activity, food 
consumption, body weight, and serum and urine cortisol levels 
to evaluate analgesic efficacy in baboons.

In addition to the assessment of physiologic parameters, 
behavioral pain scales have been used to assess postoperative 
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pain in animals including dogs,9,18 cats,1,21 farm animals,22 and 
rodents.14,25,28,29 Several studies that have focused on analgesio-
metric and behavioral testing of NHP.2-5,7,20,25,32-34 After a review 
of the literature, we had not found any reports that specifically 
addressed the assessment of postoperative pain in nonhuman 
primates. Because of a lack of a postoperative pain assessment 
scale in the literature for NHP, we developed an 8-parameter 
scale to evaluate pain in conscious female olive baboons (Papio 
anubis). The scale was used to determine whether a 3-d pe-
riod of twice-daily analgesic administration was sufficient to 
control postoperative pain. We compared the degree of pain 
experienced postoperatively with the nonpainful baseline state. 
Furthermore, we compared the standard analgesic used at our 
facility, buprenorphine, with the parenteral form of carprofen 
and a combination of the 2 drugs.

Materials and Methods
Animals. All activities were approved by the University of Il-

linois at Chicago Animal Care Committee. Baboons were housed 
in a facility approved by the Association for the Assessment 
and Accreditation of Laboratory Animal Care, International, 
in accordance with the Guide for the Care and Use of Laboratory 
Animals,24 Public Health Service Policy, and the Animal Welfare 
Act regulations. Twelve female olive baboons (Papio anubis) 
ranging in age from 8 to 18 y and weighing approximately 14 to 
20 kg were used for these studies. Animals were housed singly 
in aluminum cages, each with a transparent Lexan (Streamwood 
Plastics, Streamwood, IL) panel to allow for videotaping. The 
cage provided 0.75 m2 of floor space and 101.6 cm of vertical 
height. Animals were housed in visual and auditory contact with 
other baboons and were provided 20 biscuits of 15% Monkey 
Diet (8714, Harlan-Teklad, Madison, WI) daily and municipal 
tap water ad libitum. Rooms were maintained at 22 ± 2 °C 
and 30% to 70% relative humidity with 100% conditioned air 
at 10 to 12 room air changes hourly. Fluorescent lighting was 
provided on a 12:12-h light:dark cycle (lights on, 0600 to 1800). 
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Animals were provided with toys and manipulanda that were 
placed directly in the cage, and speakers in the animal rooms 
provided auditory enrichment. Animals were given polyvinyl 
chloride tubes on top of the cages for foraging Prima-Treats 
(Bio-Serv, Frenchtown, NJ). Foraging items were provided 
twice daily immediately prior to the videotaping sessions. All 
animals were tuberculosis-free as determined by quarterly 
skin testing and were healthy as assessed by regular physical 
examination, complete blood count, serum chemistry analysis, 
and fecal flotation. 

Baseline studies. Each animal served as its own control. The 
baseline analgesic study was performed either before or 2 mo 
after surgery. Each animal was in the same analgesic treatment 
group for the baseline and postoperative periods. Baseline stud-
ies commenced on the first day of analgesic treatment (day 1) 
through day 6 of the study. During days 1 through 3, animals 
received analgesic treatment; during days 4 through 6, animals 
did not receive analgesic treatment.

Postoperative studies. All baboons underwent surgery as 
specified in other Animal Care Committee-approved protocols; 
no surgeries were conducted solely for the purposes of the 
present experiment. All animals were fasted the evening (1600) 
before surgery. On the morning of surgery, animals were sedated 
with an intramuscular injection of ketamine hydrochloride (10 
mg/kg; Phoenix Pharmaceuticals, St Joseph, MO), and a presur-
gical body weight was obtained. At this time, a serum cortisol 
sample was obtained from the femoral vein. Depending on the 
treatment group assignment, each baboon received either an 
intramuscular injection of buprenorphine (0.01 mg/kg; Phoenix 
Pharmaceuticals), an intramuscular injection of carprofen (2.2 
mg/kg; Pfizer Animal Health, New York, NY), or a combined 
intramuscular injection of 0.01 mg/kg buprenorphine and 
2.2 mg/kg carprofen. After analgesic premedication, animals 
received an intravenous injection of propofol (3 to 5 mg/kg to 
effect; Baxter Healthcare, Irvine, CA) into the cephalic vein for 
induction of anesthesia. Animals were intubated and received 
1% to 3% isoflurane (Baxter Healthcare) in 100% oxygen for 
maintenance of anesthesia. Each baboon underwent laparotomy 
for cesarean section, oocyte aspiration, or endometrectomy. In 
all procedures, a 10-cm midline abdominal incision was made 
through the skin, fascia, linea alba, and abdominal musculature. 
The uterus, ovaries, and oviducts were isolated and manipu-
lated according to the type of surgical procedure required. The 
procedures lasted from 1 to 2 h and were performed by staff 
veterinarians who were experienced in performing surgical 
procedures on baboons. Postoperative monitoring commenced 
on the day of surgery (day 0) and continued through day 6. 
Animals received analgesic treatment from day 0 through 
day 3. Animals did not receive analgesic treatment from day 4 
through day 6.

Analgesic treatments. Animals were assigned randomly to 
1 of 3 analgesic treatment groups. The first treatment group 
(n = 4) received an intramuscular injection of buprenorphine 
(0.01 mg/kg). The second treatment group (n = 4) received an 
intramuscular injection of carprofen (2.2 mg/kg). The third 
treatment group (n = 4) received a combination of 0.01 mg/kg 
buprenorphine and 2.2 mg/kg carprofen intramuscularly. All 
analgesics were administered preoperatively, at 1600 postopera-
tively, and for 3 additional days after surgery. Analgesics were 
administered twice daily, once at the beginning of the workday 
(0600) and again at the end of the workday (1600). 

Collection of radiotelemetry data. Animals were placed in 
primate jackets (Lomir Biomedical, Malone, NY) that contained 
a pouch to hold the noninvasive radiotelemetry devices. Ani-
mals were acclimated to the primate jackets for a minimum of 

24 h. The radiotelemetric devices were an activity monitor (IM 
Systems, Baltimore, MD) and a transmitter (Mini-Logger Series 
2000, Mini-mitter, Bend, OR) set to measure heart rate and body 
temperature at 1-min intervals. Data were collected on days 1 
through 6 for both the baseline and postoperative studies.

Collection of body weight and food consumption data. During 
the baseline study, food consumption was evaluated daily in 
the morning from day 1 through day 6. Body weights were not 
measured during the baseline study. During the postoperative 
study, food consumption was evaluated by counting biscuits; 
biscuits were counted daily in the morning, beginning on day 
0 and continuing through day 7. Body-weight data were col-
lected on days 0 and 7.

Collection of serum cortisol data. Serum cortisol was mea-
sured only during the postoperative study. Blood was collected 
on days 0 and 7 from the femoral vein of sedated baboons; all 
animals were sedated with an intramuscular injection of ket-
amine hydrochloride (10 mg/kg; Phoenix Pharmaceuticals). 
The blood was centrifuged to separate the serum, which was 
stored at –80 °C until assayed. Sampling occurred between 
0900 and 1200 to minimize variation due to circadian patterns 
of hormone excretion. Commercially available solid-phase 
coated tube radioimmunoassay kits (ICN; Costa Mesa, CA) 
were used to measure the concentration of serum cortisol. All 
radioimmunoassays were conducted without sample extraction 
or chromatography. Each sample was assayed in duplicate, and 
all samples for each plasma endocrine measure were assayed in 
a single run. The intra-assay coefficient of variation was 2.9%. 

Collection of urine cortisol data. Urine samples were collected 
only during the postoperative study on days 0 through 7. The 
urine collection method was free-catch, with urine removed 
from the cage pan prior to the daily pan change. Urine was 
frozen at –80 °C until assayed. Sampling occurred between 0600 
and 0900 to minimize variation due to circadian patterns of hor-
mone excretion. A cortisol enzyme immunoassay was used to 
assess free cortisol, which is excreted in the urine of baboons.8,35 

All assays involved direct measurement of appropriately diluted 
urine samples, with no extraction or chromatography.10,13 

Microtiter plates (Immuno MaxiSorp F96, Nunc, Rochester, 
NY) were coated with 50 ml of antibody raised against a corti-
sol–bovine albumin antigen in rabbits and diluted in bicarbonate 
buffer. Coated plates were sealed, incubated for 1 to 2 d, and 
washed to remove antibody not covalently bonded to the plate 
well. Enzyme immunoassay buffer was added to each well, 
along those containing duplicate aliquots of reference standard 
(Sigma Chemical, St Louis, MO) and urine samples, diluted to 
appropriate concentrations in buffer. Steroid–horseradish per-
oxidase conjugate was added to the wells, and the plates were 
incubated for 2 h. After incubation, the plates were washed to 
separate unbound from bound hormone. Substrate solution 
(Sugen, San Francisco, CA) was added, and absorbance was 
measured at 410 nm (reference, 570 nm) with an automated plate 
reader (MR5000 Microtiter Plate Reader, Dynatech Laboratories, 
Chantilly, VA) when the absorbance in the day 0 baseline wells 
reached an optical density of 1.0. A 4-parameter sigmoid curve-
fit function was used to calculate sample concentrations.30 To 
control for variable fluid intake and output, each sample was 
assayed for creatinine concentrations by use of a modified Jaffé 
reaction.12 Urinary cortisol concentrations were divided by 
creatinine concentrations, yielding an index of nanograms of 
cortisol per milligram creatinine.

Development of behavioral scale. To develop the behavioral 
scale, we randomly selected 5 female baboons that had not un-
dergone a surgical procedure in the past 2 mo and acclimated 
them to the Lexan panel cage for a minimum of 24 h prior to 
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videotaping. These animals were videotaped for 31 min at a time 
during a 1- to 2-d period. Two authors (SA and LH) viewed the 
videotapes and noted the predominant behaviors of the animals 
during 1-min timed intervals. The behaviors expressed by the 
baboons were position in the cage (floor or perch), locomo-
tion, posture (standing, sitting, or lying), checking (actively 
observing as determined by moving the head at least 45° in 
any direction), foraging, yawning, scratching, and grooming. 
Additional behaviors were noted as they occurred, including 
threatening postures, manipulating enrichment devices, and 
licking of cage bars or panels. Review of these tapes revealed 
that the behaviors to quantify were locomotion, foraging, pos-
ture, and checking. 

Collection of behavioral data. The behavioral parameters 
were assessed by videotaping each baboon for 31-min periods. 
One author (SA) viewed and evaluated the videotapes and 
was blinded to treatment group assignment. Animals were 
videotaped twice daily during the baseline and postoperative 
studies. The first videotaping session was approximately 3 to 
4 h after the morning analgesic injection at the time considered 
to have maximal analgesic benefit (0930 to 1030). The second 
videotaping session occurred approximately 1 to 2 h prior to 
the afternoon analgesic injection at the time considered to have 
minimal analgesic benefit (1430 to 1530). These time periods 
were used to ascertain whether any behavioral differences 

existed between the time of maximal analgesic benefit and 
minimal analgesic benefit. The percentage of time that an animal 
displayed a particular behavior was calculated by dividing the 
number of 1-min intervals in which the behavior was displayed 
by 31 (total number of intervals in each videotaping session). Of 
the behavioral parameters evaluated, only posture and checking 
were important for behavioral analysis. 

Statistical analysis of data. Data manipulation and statistical 
analysis were performed using SAS software (version 9.1.3, 
SAS Institute, Cary, NC), which is commercially available 
from http://www.sas.com/. For each set of data, the statisti-
cal significance of the effects of the independent variables and 
their interactions on the outcome was evaluated by analysis of 
variance by use of the GLM and MIXED procedures in SAS. 
Results were presented in terms of P values for the F tests. The F 
tests used type III sums of squares, which accounted accurately 
for all factors in a model rather than the individual variables. 
Relative changes in the values of a dependent variable due to 
some effect were assessed by use of least squares estimates of 
the means of the effects. For significant factors with more than 
2 possible values, pairwise comparisons of least squares means 
were made with Tukey-Kramer adjustments. The threshold for 
statistical significance was set at P = 0.1. Data are expressed 
graphically as mean ± standard error of the mean. Table 1 
describes the independent variables, and Table 2 describes the 
dependent variables. 

Results
Radiotelemetric data. Baseline and postoperative heart rate 

were increased significantly (P < 0.0001) during daylight hours 
(Figure 1). The postoperative heart rate was increased in the 
buprenorphine group on days 1 through 3 (P = 0.0598). Both 
baseline and postoperative temperatures were increased dur-
ing daylight hours (P < 0.0001). Postoperative temperature was 
increased on days 1 through 3 (P = 0.0352; Figure 2). Baseline 
and postoperative activity were increased during daylight 
hours (P < 0.0001). Activity was decreased in the postoperative 
condition as compared with the baseline condition (P = 0.0164; 
data not shown). Both baseline (P = 0.0705) and postoperative 
(P = 0.0809) activity were increased during days 4 through 6. 
Baseline activity was increased during days 1 through 3 in the 

Table 1. Independent variables of female olive baboons in an analgesia study

Variable Definition

Porb Comparison of the postoperative condition with the baseline condition.

Porb treatment factor Comparison of the three treatment groups in the postoperative condition with the baseline condition.

Day Refers to day of the study; days 1 through six for the baseline study and days 0 to 7 for the postoperative study.

Time: radiotelemetric data Daylight hours are 06:00 to 17:59, and nighttime hours are 18:00 to 05:59. 

Time: behavioral data Maximal analgesic benefit measured at 09:30 to 10:30, after the morning analgesic injection. Minimal analgesic 
measured at 14:30 to 15:30, prior to the afternoon analgesic injection.

Drug Days 1 through 3 is the period of drug administration. Days 4 through 6 is the period of drug administration.

Treatment Refers to 1 of the 3 drug treatment groups: buprenorphine, carprofen, or a combination of buprenorphine and 
carprofen.

Drug treatment factor Days 1 through 3 (drug administered) and days 4 through 6 (drug not administered) evaluated for each drug 
treatment group.

Day (porb) The comparison of the postoperative condition to the baseline condition in terms of day. Only evaluated for food 
consumption.

Table 2. Dependent variables of female olive baboons in an analgesia 
study

Variable Type

Heart rate Physiologic
Temperature Physiologic
Activity Physiologic
Food consumption Physiologic
Body weight Physiologic
Serum cortisol Physiologic
Urine cortisol Physiologic
Standing Behavioral
Checking Behavioral

Heart rate, temperature, and activity data were collected via radiote-
lemetry.
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buprenorphine group as compared with the carprofen (P = 
0.0763) and buprenorphine+carprofen groups (P = 0.0026). In ad-
dition, postoperative buprenorphine activity was decreased as 
compared with baseline buprenorphine activity (P = 0.0662). 

Food consumption data. Food consumption was decreased 
in the postoperative condition as compared with the baseline 
condition (P = 0.0893; data not shown). Food consumption was 
decreased on postoperative day 1 as compared with postopera-
tive days 2 through 7 (P < 0.0001). 

Body weight data. No significant loss in body weight occurred 
in the postoperative condition as compared with the presurgical 
body weight in all treatment groups (data not shown).

Serum and urine cortisol data. There were no statistically 
significant findings in the serum cortisol data, which ranged 
from 23.84 to 46.74 mg/dl on day 0 and 18.0 to 44.94 mg /dl on 

day 7. There was a statistically significant (P = 0.0223) effect 
of day, with urine cortisol significantly increased on day 1 as 
compared with days 0 and 2 through 7 (Figure 3). 

Behavioral data. Standing was significantly (P = 0.0179) 
decreased in the postoperative condition as compared to the 
baseline condition (Figure 4). Baseline standing was increased 
during the time of maximal analgesic benefit (P < 0.0023). 
Postoperative standing was decreased in the buprenorphine 
group on day 4 as compared with days 2 (P = 0.0244) and 3 (P = 
0.0036). Checking was significantly (P = 0.0960) decreased in the 
postoperative condition as compared with the baseline condi-
tion (Figure 5). Postoperative checking was increased on days 1 
through 3 as compared with days 4 through 6 (P = 0.0209). 

Figure 1. Heart rate (beats per minute, bpm) in (A) buprenorphine, 
(B) carprofen, and (C) buprenorphine+carprofen treatment groups 
of female olive baboons (n = 4 per group) during postoperative and 
baseline conditions. Drugs were administered on days 1 through 3 
but not on days 4 through 6. Whole numbers refer to daytime hours; 
half-numbers refer to nighttime hours. Data are presented as mean ± 
standard error. Postoperative and baseline heart rates were increased 
during daylight hours (P < 0.0001). 

Figure 2. Body temperature (°C) in (A) buprenorphine, (B) carprofen, 
and (C) buprenorphine+carprofen treatment groups of female olive 
baboons (n = 4 per group) during postoperative and baseline condi-
tions. Drugs were administered on days 1 through 3 but not on days 
4 through 6. Whole numbers refer to daytime hours; half-numbers 
refer to nighttime hours. Data are presented as mean ± standard error. 
Postoperative and baseline body temperature were increased during 
daylight hours (P < 0.0001). [1]
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Discussion 
In this study, we chose to assess buprenorphine because it 

is routinely used to provide postoperative analgesia to NHP 
in our facility. This drug has a long duration of action (6 to 12 
h) and typically is administered by twice-daily intramuscu-
lar injections. Buprenorphine is a controlled drug, requiring 
a license from the Drug Enforcement Agency to obtain and 
administer this compound. It is a Schedule 3-controlled drug, 
which requires less stringent recordkeeping as compared with 
that for more potent Schedule 2 opioids such as fentanyl and 
morphine. 

Buprenorphine is an opioid analgesic that is a partial mu-
receptor agonist and a kappa-receptor antagonist.31 Mu opioid 
receptors are responsible for analgesia, sedation, euphoria, and 
respiratory depression.31 Buprenorphine is considered a suitable 
analgesic agent for NHP because it has a long duration of action 
compared with that of other opioids.15 Other effects include 
decreased blood pressure, decreased heart rate, and decreased 
food intake.16,26,27 Because buprenorphine is a partial agonist, 
there is a potential ceiling effect to its opioid agonist effects at 
higher doses.27,31 The ceiling effect may be a concern at dose 
rates much higher than the dose (0.01 mg/kg) we evaluated 
in this study. 

NSAIDs also are used to provide postoperative analgesia. 
Both their beneficial and detrimental effects are achieved due 
to blockage of prostaglandin synthases cylcooxygenase 1 and 
2 (COX1 and -2).6,17 COX1 enzymes produce beneficial physi-
ologic effects including maintenance of renal blood flow and 
protection of the gastrointestinal mucosa.6,17,18 COX2 enzymes 
produce undesirable inflammatory changes, including hyper-
algesia, chemotaxis of inflammatory mediators, and alterations 
in capillary permeability.6,17 Certain NSAIDs such as aspirin 
are nonselective, thereby halting the actions of both COX1 and 
COX2 enzymes.6 The disadvantage of nonselectivity is that the 
beneficial effects of COX1 enzymes are blocked, leading to side 
effects such as gastrointestinal tract ulceration.6,17 NSAIDs such 
as carprofen are part of a new generation of selective COX2 
inhibitors that block the inflammatory events while preserving 
some beneficial COX1 activity.6,17,18 COX2-selective NSAIDs are 
more desirable because they inhibit the formation of the COX2 
prostaglandins that are responsible for the clinical signs associ-
ated with inflammation while sparing the homeostatic effects 
of COX1 prostaglandins.6 

Similar to buprenorphine, carprofen has a long duration of 
action (as long as 12 h) and is administered by intramuscular 
injection twice daily for postoperative analgesia. A review of 
the literature suggested that carprofen is not used routinely 
to provide postoperative analgesia to NHP, although other 

NSAIDS such as flunixin meglumine and acetaminophen are 
used frequently.15 Unlike buprenorphine, carprofen is not a con-
trolled drug, which eliminates the need for a Drug Enforcement 
Agency license. We also studied a buprenorphine+carprofen 
treatment group because the recommended approach to mul-
timodal analgesia is to use drugs that control pain by means of 
2 different pathways.11 

In this study, baseline and postoperative heart rate were 
increased during daylight hours (Figure 1); this result was ex-
pected because baboons are diurnal animals. The postoperative 

Figure 3. Urine cortisol levels (ng/mg creatinine) in female olive baboons 
receiving buprenorphine, carprofen, and buprenorphine+carprofen. Ba-
boons monitored the day of surgery (day 0) through day 7 demonstrated 
significant (P = 0.0223) increases in urine cortisol on day 1 as compared 
with days 0 and 2 through 7. 

Figure 4. Standing in (A) buprenorphine, (B) carprofen, and (C) 
buprenorphine+carprofen treatment groups of female olive baboons 
(n = 4 per group) during postoperative and baseline conditions. Drugs 
were administered on days 1 through 3 but not on days 4 through 6. 
Whole numbers refer to period of maximal analgesia; half-numbers refer 
to period of minimal analgesia. Data are presented as mean ± standard 
error. Standing was increased during the baseline condition as compared 
with the postoperative condition (P = 0.0179). Postoperative standing 
in the buprenorphine group was increased on days 2 (P = 0.0244) and 
3 (P = 0.0036) as compared with day 4. 
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heart rate increased during days 1 through 3 for the buprenor-
phine group. Buprenorphine is an opioid drug that depresses 
heart rate.31 Such an elevation in heart rate is unexpected in 
animals receiving sufficient analgesia because heart rate and 
blood pressure are reported to increase in response to painful 
stimuli.5,21 Review of the raw data revealed that 1 animal in the 
buprenorphine group had an elevated heart rate throughout 
the postoperative study. The increased postoperative heart rate 
in the presence of buprenorphine likely is indicative of pain 
in this animal. Because the sample size was small, this animal 
influenced the results, making it appear that buprenorphine an-

algesia was ineffective for the entire group. The other 3 animals 
in the buprenorphine group had postoperative heart rates that 
were not significantly different from their baseline heart rates. 

The increase in the baseline and postoperative body tempera-
tures during daylight hours (Figure 2) was another expected 
result in diurnal animals. The postoperative temperature in-
crease during days 1 through 3 for all treatment groups likely 
was due to inflammation associated with healing of the surgical 
site. 

Activity was decreased overall in the postoperative condition 
as compared with the baseline condition. In particular, post-
operative buprenorphine activity was decreased as compared 
with baseline buprenorphine activity. The increased baseline 
activity in each of these circumstances is expected because the 
animals are not recovering from the effects of anesthesia and 
surgery. Both baseline and postoperative activity levels were 
increased during the daylight hours. Along with heart rate and 
body temperature, daytime activity is expected to be increased 
in diurnal animals. 

Food consumption is an important parameter used to evalu-
ate pain and general well-being in animals.16,26,27 In the present 
study, food consumption was significantly decreased on post-
operative day 1 as compared with postoperative days 2 through 
7. Most likely, animals on postoperative day 1 had decreased 
food consumption at least in part due to the lingering effects 
of anesthesia and surgery. The animals’ appetites increased 
coincident with the diminishing acute effects of anesthesia and 
surgery across the subsequent postoperative days. Animals in 
all of the treatment groups maintained normal body condition 
and did not lose weight during the postoperative period.

Cortisol has been used to assess stress in animals, with 
increased cortisol levels indicating stress.13,30 Urine cortisol 
demonstrated a statistically significant increase on postoperative 
day 1 as compared with all other postoperative days (Figure 3). 
This increase in urine cortisol likely is due to the physiologic 
stress of anesthesia and surgery. As the animals recovered from 
these stressors, urine cortisol decreased to baseline (cortisol 
value from day 0) during subsequent postoperative days. These 
results demonstrate that animals experienced more stress on 
postoperative day 1 as compared with postoperative days 2 
through 7. This finding is not unexpected, because there is an 
inevitable degree of stress associated with a surgical procedure. 
Unlike the urine cortisol data, serum cortisol data were not 
statistically significant. This difference was due to the fact that 
serum cortisol was only sampled twice, on postoperative days 0 
and 7, whereas urine cortisol was sampled daily. If serum corti-
sol had been measured every day, an increase in serum cortisol 
may have been apparent on postoperative day 1, corresponding 
to the increase in urine cortisol on postoperative day 1. 

The behavioral data demonstrated that standing was de-
creased in the postoperative condition as compared with the 
baseline condition (Figure 4). The animals may have been reluc-
tant to stand postoperatively because this position stretches the 
abdominal incision, causing discomfort. The decrease in post-
operative standing on day 4 for the buprenorphine treatment 
group as compared with days 2 and 3 was clinically significant. 
When the buprenorphine treatment was stopped on day 4, it 
appeared that animals were uncomfortable, and standing be-
havior decreased. However, this finding must be interpreted 
cautiously, because a review of the raw data revealed that the 
same animal with an elevated heart rate also had a marked 
decrease in standing behavior on day 4. The decrease in stand-
ing behavior in conjunction with an elevated heart rate further 
suggests that this single animal is the reason buprenorphine 
did not appear to provide adequate postoperative analgesia. 

Figure 5. Checking in (A) buprenorphine, (B) carprofen, and (C) 
buprenorphine+carprofen treatment groups of female olive baboons 
(n = 4 per group) during postoperative and baseline conditions. Drugs 
were administered on days 1 through 3 but not on days 4 through 6. 
Whole numbers refer to period of maximal analgesia; half-numbers 
refer to period of minimal analgesia. Data are presented as mean ± 
standard error. Checking was increased during the baseline condition 
as compared with the postoperative condition (P = 0.096). Postoperative 
checking was increased during days 1 through 3 as compared with days 
4 through 6 (P = 0.0209). 
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This animal might have benefited from the carprofen or the 
buprenorphine+carprofen treatment. Because the sample size 
was small, this animal influenced the results, making it appear 
that buprenorphine analgesia was ineffective for the entire 
group. As was seen with the postoperative heart rate data, 3 of 
4 animals in the buprenorphine group had congruent postop-
erative standing data. It appears that buprenorphine was an 
effective analgesic for these 3 animals.

The decreased checking seen in the postoperative condition as 
compared with the baseline condition (Figure 5) was expected 
because animals are less alert after anesthesia and surgery. 
Postoperative checking was increased during days 1 through 
3 as compared with days 4 through 6, suggesting that animals 
were more comfortable during drug treatment. Extending 
postoperative analgesic treatment beyond 3 d may have been 
beneficial; however, all other findings suggested 3 d of treatment 
were sufficient to control postoperative pain. 

One animal in the buprenorphine group had an elevated 
postoperative heart rate and stood less frequently during the 
postoperative period. These findings suggest that buprenor-
phine was not an effective postoperative analgesic for this 
baboon. In humans, variability in pharmacokinetics among 
patients may result in an opioid providing insufficient pain 
relief to some.23 Variability in pharmacokinetics is a possible 
explanation for this 1 baboon’s reaction to buprenorphine. 
Any single analgesic likely will not be effective in all animals, 
as was the case for the 1 animal in the buprenorphine group. 
Because of the small sample size (n = 4), this animal influenced 
the data analysis for the entire buprenorphine group. However, 
review of the raw data revealed that the other 3 animals in the 
buprenorphine group apparently had adequate analgesia. In the 
carprofen and buprenorphine+carprofen groups, all 4 animals 
in each group had similar postoperative and baseline data, 
indicating that the animals received adequate analgesia. 

Assessing analgesia in baboons has several inherent difficul-
ties. Evaluating pain in NHPs is a challenge in that often they 
will not display signs of mild to moderate pain to an observer. 
An observer cannot enter the room and watch an animal without 
agitating the animal to some degree. As a result, differentiating 
between whether an animal is in pain or is reacting to a human 
observer is difficult. In addition, baboons must be sedated prior 
to handling, making it difficult to assess reactions such as pain 
on palpation of an incision site. 

In conclusion, this study is the first report of which the 
authors are aware that attempts to evaluate the postopera-
tive analgesic effectiveness of buprenorphine, carprofen, and 
buprenorphine+carprofen in baboons by use of physiologic and 
behavioral parameters. Although the sample size is small and 
demonstrates, in part, the difficulty of obtaining large numbers 
of NHPs in a research environment, we found that a twice-daily, 
3-d dosing regimen for carprofen and buprenorphine+carprofen 
provided adequate and reliable analgesia for all animals in their 
respective groups. Buprenorphine provided adequate analge-
sia for 3 of the 4 animals in that group; the remaining baboon 
had elevated heart rates and decreased standing throughout 
the postoperative period, indicating inadequate analgesia. On 
the basis of our limited data, we recommend carprofen and 
buprenorphine+carprofen as more effective alternatives to 
buprenorphine for postoperative analgesia. Additional stud-
ies should be considered to further assess the reliability of 
buprenorphine for analgesia in baboons and to evaluate other 
NSAIDs, in particular those that can be administered orally or 
once daily.
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