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During 2014, approximately 150,000 rabbits were used for 
research in the United States, many of which were used in 
projects that involved painful procedures requiring analge-
sia.11 Among the many analgesic agents available, the opioid 
buprenorphine appears to be the analgesic used most often in 
rabbits.6 Unfortunately, deleterious side effects of opioids, such 
as gastrointestinal stasis and anorexia, may discourage the use 
of these agents.5,6,13

The effects of opioid analgesics can be antagonized with 
opioid antagonists, such as naloxone or naltrexone. However, 
these antagonist agents may also reverse the desirable effects 
of opioids, namely analgesia or sedation. Methylnaltrexone is a 
quaternary N-methyl derivative of naloxone that does not cross 
the blood–brain barrier. This peripheral opioid antagonist can 
therefore reverse opioid-induced gastrointestinal stasis without 
antagonizing the analgesic or sedative effects that depend on 
opioid-receptor activation in the CNS. Methylnaltrexone has 
been successfully used to treat opioid-induced gastrointestinal 
stasis in people7 and in horses.2

In the current investigation, we compared the effects of 
buprenorphine, methylnaltrexone and their combination on 
gastrointestinal motility in healthy New Zealand White rabbits. 
We hypothesized that buprenorphine would decrease gastro-
intestinal motility as evidenced by a decrease in fecal output 
and a delay in gastrointestinal transit time compared with 
those in an untreated control group. We further hypothesized 

that coadministration of methylnaltrexone with buprenorphine 
would prevent these deleterious side effects and that admin-
istration of methylnaltrexone alone would have no effect on 
gastrointestinal motility.

Materials and Methods
This study was approved by the IACUC of Cornell University 

(Ithaca, NY) and was conducted in an AAALAC-accredited 
facility in compliance with the Animal Welfare Act 1and Guide 
for the Care and Use of Laboratory Animals.8

Animals. Healthy, adult, male New Zealand White rabbits 
(Oryctolagus cuniculus; n = 8) were obtained from Charles River 
Laboratories (Wilmington, MA). The health surveillance report 
from the vendor indicated that the source colony of these rabbits 
was negative for Pasteurella spp., Helicobacter spp., Salmonella 
spp., Bordetella bronchiseptica, Clostridium piliforme, Lawsonia spp., 
Pseudomonas aeruginosa, Treponema spp., cilia-associated res-
piratory bacillus, Eimeria spp., Passalurus ambiguus, Cheyletiella 
parasitovorax, Psoroptes cuniculi, Leporacarus gibbus, reovirus, rabbit 
hemorrhagic disease virus, rotavirus, and lymphocytic chori-
omeningitis virus. Rabbits were housed individually in stainless 
steel cages (Allentown, NJ) with perforated floors that allowed 
collection of feces in a tray. Rabbits were fed Teklad Global Rabbit 
diet 2030 (Envigo, Madison, WI), and water was provided without 
restriction in glass water bottles. Hard plastic balls and 4-in. PVC 
pipe were provided as enrichment manipulanda to each animal. 
The housing room was maintained at 66 to 70 °F (18.9 to 21.1 °C), 
at 30% to 70% humidity, and on a 12:12-h light:dark cycle. All 
rabbits were acclimated for 2 wk prior to study.

Experimental design. Each rabbit was studied on 4 occasions 
in a crossover, randomized design, and data were collected for 5 
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the feces of all 8 rabbits in the control group and from 7 of the 8 
rabbits in each of the remaining 3 groups (Figure 1 A). The time 
to the appearance of spheres was 18 (18 to 18) h after control 
treatment, 30 (24 to 48) h in the buprenorphine group, 24 (18 to 
48) h in the B+M group, and 18 (18 to 24) h in the methylnal-
trexone group. The time to the appearance of the first sphere 
was longer for the buprenorphine group than for the control 
and methylnaltrexone groups (P = 0.0005); this parameter did 
not differ significantly between any other groups. In 2 rabbits 
receiving buprenorphine and in one animal in the B+M group, 
spheres first appeared 48 h after drug administration. In the 
control and methylnaltrexone groups, spheres first appeared in 
24 h or less in all rabbits. The cumulative recovery of spheres 
(absolute and percentage) is shown in Figure 1 B.

Effect of buprenorphine and methylnaltrexone on fecal output. 
The daily fecal weight was affected by both time (P < 0.0001) 
and treatment (P < 0.0001); it was lowest on day 1 and higher 
thereafter (Figure 2). When compared between treatments, daily 
fecal weight was highest (P < 0.0001) for methylnaltrexone, 
intermediate for control, and lowest for buprenorphine and 
B+M (did not differ between these 2 treatments). There was no 
significant interaction between time and treatment (P = 0.09).

Effect of buprenorphine and methylnaltrexone on body weight 
and water and food consumption. Neither treatment nor time 
affected either the absolute body weight or the change in body 
weight during the 5 d of observation (all P > 0.1; Figure 3). How-
ever, both time and treatment altered water and food intake (all 
P < 0.009). Water and food consumption were lower for groups 
buprenorphine and B+M than for either control or methylnal-
trexone, and food and water consumption were greater in the 
methylnaltrexone group than in control rabbits (P < 0.0001 for 
both comparisons; Figure 4).

Discussion
The main findings of this investigations suggest that: 1) the 

administration of buprenorphine 0.05 mg/kg SC twice daily for 
2 d prolonged gastrointestinal transit time, reduced the daily 
fecal output, and reduced the daily intake of water and food in 
healthy male New Zealand White rabbits; 2) coadministration 
of methylnaltrexone (1 mg/kg SC) with buprenorphine did not 
effectively counter the undesirable gastrointestinal effects of 
buprenorphine; and 3), the administration of methylnaltrexone 
alone increased daily food intake and fecal production in our 
animals.

Buprenorphine is likely the most commonly used opioid 
analgesic agent in rabbits.6 However, like most opioids, the ad-
ministration of buprenorphine can delay gastrointestinal transit 
time, constipation, and anorexia. In this investigation, we had 
hypothesized that buprenorphine, administered twice daily for 
2 d, would delay gastrointestinal transit and reduce the amount 
of feces excreted. To quantify gastrointestinal transit, we ad-
ministered 20 barium-filled spheres to isoflurane-anesthetized 
rabbits by using an orogastric tube. We had previously used 
this technique in horses, which each received 200 spheres.9,10 In 
horses, these spheres were recovered over several days, and a 
curve of recovery of spheres over time was plotted.2,10 In many 
of our rabbits, most of the spheres were excreted during the first 
day of data collection; we therefore focused the analysis on the 
time to first appearance of spheres and used that variable to 
reflect gastrointestinal transit time. Those results showed that 
gastrointestinal transit was fastest for the control group and 
significantly slower after buprenorphine; they also showed that 
coadministration of 1 mg/kg methylnaltrxone did not mitigate 
the hypomotility associated with buprenorphine in rabbits.

consecutive days during each treatment. A washout interval of 
at least 1 wk was allowed between the treatments. Husbandry 
parameters, including access to food and water, were not altered 
during the washout periods.

On day 1 of each study, the rabbits were weighed and then 
anesthetized in an induction chamber with isoflurane (5%) 
in oxygen until loss of righting reflex. The rabbits were then 
removed from the chamber, and 20 barium-filled spheres (di-
ameter, 3.2 mm diameter; weight, 20.5 g; density, 1.12 g/cm3; 
LDPE Barium-Filled Ball; Precision Plastic Ball Company, IL) 
were administered through an orogastric tube by using 20 mL 
water to flush. Prior to insertion, the tube length needed to reach 
the stomach was measured. Each rabbit received one of the 4 
treatments and was allowed to recover from anesthesia before 
returning to the cage. The treatment groups consisted of normal 
saline (1 mL SC, control group), buprenorphine (0.05 mg/kg SC; 
Buprenorphine Hydrochloride Injection, Hospira, Lake Forest, 
IL), methylnaltrexone (1 mg/kg SC; Relistor, Salix Pharmaceu-
ticals, Raleigh, NC), and buprenorphine and methylnaltrexone 
combined (0.05 and 1 mg/kg SC, respectively; B+M). Normal 
saline was added as a diluent to each treatment such that the 
final administered volume was 1 mL for all groups. A total of 
4 treatments were administered every 12 h for 2 d by the same 
personnel.

Data collection. The feces of each rabbit were collected and 
weighed every 6 h for 5 d; during the first 2 d, the feces were 
collected prior to treatment injection. The collected feces were 
radiographed to identify the presence of spheres. At each sam-
pling time, animals also were observed for signs of abdominal 
pain or abdominal distention, the presence of which would lead 
to subject removal from the study and treatment.

The rabbit’s body weight and the amount of food and water 
consumed (in grams) during the previous day was obtained 
daily at noon throughout the study period. Because the last data 
points pertaining to water and food consumption were recorded 
on the fifth day of each study period, consumption of food and 
water over the last day was not captured.

Statistical analysis. The distribution of the residuals was 
evaluated for all results. The first appearance of barium-filled 
spheres in feces was compared between the groups by using 
Kruskal–Wallis one-way ANOVA. The weight of feces collected 
and water and food consumption were normalized to the daily 
body weight of each rabbit, and the daily change in body weight 
(as a percentage) was calculated. The effects of treatment and 
time (and their interaction) on daily fecal weight (measured in 
grams), change in body weight, and daily consumption of food 
and water were compared by using individual mixed-effect 
models and posthoc Tukey tests, with subject as the random 
effect and time and treatment (and their interaction) as fixed 
effects. Differences were considered significant when the P value 
was less than 0.05. Nonparametric results are summarized as 
median and range, and parametric data are summarized as the 
mean ± SE. All statistical analyses were performed by using JMP 
Pro (version 12.0.1. SAS Institute, Cary, NC).

Results
During this study, none of the rabbits in any treatment 

group exhibited any abnormal signs, except for one rabbit in 
the buprenorphine group, which showed signs of poor hydra-
tion on physical examination on day 6 (1 d after completing 
data collection); the signs resolved after the administration of 
subcutaneous fluid.

Effects of buprenorphine and methylnaltrexone on gastrointes-
tinal motility. Barium-containing spheres were recovered from 
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gastrointestinal tract but also reduced the amount of feces pro-
duced, likely secondary to a reduction in food intake. Although 
fecal production increased over time in the rabbits that received 
buprenorphine, daily fecal output remained substantially de-
creased compared with that of the control group, even on day 
5. Given that buprenorphine is commonly administered as an 
analgesic, its negative effects on gastrointestinal motility and ap-
petite may exceed the duration of its perceived analgesic effects.

Although buprenorphine delayed gastrointestinal transit 
and reduced fecal output, no severe consequences requiring 
medical intervention occurred during the experimental period, 
with the exception of one rabbit that required supplemental 
subcutaneous fluids after the experimental period. This pat-
tern was true even though buprenorphine was administered 
at a high dose and to rabbits that did not receive supplemen-
tary fiber in their diet or did not exercise routinely. Therefore, 
even though buprenorphine has an undeniably negative effect 
gastrointestinal motility, the clinical consequences of buprenor-
phine administration are not always grave necessarily and may 
not require treatment in many subjects. Moreover, the use of 
buprenorphine in rabbits that underwent ovariohysterectomy 
was no more detrimental to gastrointestinal motility than was 
a NSAID.5 These combined data suggest that buprenorphine 
can be used in the postoperative period as long as food intake 
and fecal output are monitored.

The coadministration of methylnaltrexone with buprenorphine 
failed to normalize fecal output and consumption of water and 
food. Methylnaltrexone is a competitive antagonist of opioid 
receptors, and its ability to antagonize the effects of an opioid 
agonist may potentially be affected, at least in part, on the dose, 
and the affinity with which each agent might interact with the 
receptor.3 Buprenorphine is considered a potent opioid with 
high affinity for the receptors and a long dissociation constant.4 
The dissociation constant of methylnaltrexone is shorter than 
that of buprenorphine, and these characteristics may reduce 
the ability of methylnaltrexone to antagonize the effects of bu-
prenorphine.4 Nevertheless, the opioid antagonist naloxone can 
reverse buprenorphine-induced respiratory depression in man, 
albeit only when high doses are administered;12 naloxone, like 
methylnaltrexone, has a shorter dissociation constant than that 
of buprenorphine.4 Therefore perhaps the dose of methylnal-
trexone used in this study was simply insufficient to effectively 
antagonize buprenorphine and that more effective antagonism 
might be achieved with higher doses, as occurs when naloxone 

Approximately 60% of the total spheres administered were 
recovered in the control and methylnaltrexone groups, com-
pared with 25% to 38% of the spheres in the groups that received 
buprenorphine. We expected that buprenorphine would delay 
transit time but not that fewer spheres would be recovered 
during the observation period. Moreover, in one animal in each 
treatment group (except for the control group), no spheres were 
recovered in the feces; dorsoventral abdominal radiography of 
these rabbits failed to identify any spheres once data collection 
was complete. However, we observed opacities that appeared 
to be fragments of spheres. Perhaps several spheres were elimi-
nated with cecotropes and reingested. Those spheres could then 
be masticated and account for the absence of intact spheres in 
feces and the presence of small radiopaque fragments. Because 
the feces were collected from a stainless steel tray situated under 
the rabbits’ cages, we could confirm that no feces or spheres 
were missed during sample collection.

In addition, rabbits treated with buprenorphine had de-
creased fecal excretion and water and food consumption, when 
compared with the control and methylnaltrexone groups. The 
reduction in fecal excretion during the days of treatment was 
not compensated by an increase in fecal output during subse-
quent days (Figure 2). This finding suggests that treatment with 
buprenorphine not only delayed transit of feces through the 

Figure 1. (A) Number (mean ± SE) number of spheres in feces and (B) cumulative spheres (absolute number and percentage) in 8 New Zealand 
White rabbits receiving normal saline, buprenorphine (BUP, 0.05 mg/kg), methylnaltrexone (MTX, 1 mg/kg), or both agents combined (B+M). 
Treatments were administered subcutaneously at 0, 12, 24 and 36 h. Rabbits received 20 spheres at 0 h. The time to appearance of the first sphere 
was significantly (P = 0.0005) longer for buprenorphine group than for control and methylnaltrexone groups.

Figure 2. Fecal weight to body weight (mean ± SE) in in 8 New Zea-
land White rabbits receiving normal saline, buprenorphine (BUP, 0.05 
mg/kg), methylnaltrexone (MTX, 1 mg/kg), or both agents combined 
(B+M). Treatments were administered subcutaneously at 0, 12, 24, and 
36 h. Fecal weight was greatest (P < 0.0001) for methylnaltrexone, in-
termediate for the control treatment, and lowest for buprenorphine 
and B+M.
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therefore, buprenorphine will not necessarily worsen postop-
erative gastrointestinal hypomotility in rabbits. The method 
for measuring gastrointestinal transit time, the administration 
of radiopaque spheres, likely affected gastrointestinal motility, 
because it required general anesthesia. Moreover, gastrointes-
tinal transit can differ with various diets. Therefore, our results 
regarding gastrointestinal transit time do not represent normal 
transit time in rabbits but rather may only apply to these par-
ticles. However, because this technique was used in the same 
way in all treatment groups, assessment of gastrointestinal time 
is still a useful parameter when comparing the effects of drugs 
on gastrointestinal motility.

In conclusion, twice-daily treatment of healthy rabbits with 
buprenorphine (0.05 mg/kg ) for 2 d decreased food and wa-
ter consumption, prolonged gastrointestinal transit time, and 
decreased fecal output. However, no serious complications 
requiring intervention occurred during the experimental period. 
The coadministration of methylnaltrexone (1 mg/kg SC) did 
not alleviate these negative side effects.
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interacts with buprenorphine. Methylnaltrexone doses of 1 mg/
kg or less have been successfully used in humans and horses 
to antagonize morphine-induced gastrointestinal ileus.2,14 The 
discrepancies between those previous results and our current 
findings may reflect interspecies differences or differences in the 
efficacy of methylnaltrexone when other opioid agonists are used.

Unexpectedly, the administration of methylnaltrexone alone 
increased water and food consumption and fecal production. 
The increase in fecal production might simply reflect the in-
creased food consumption in these rabbits. Our data do not 
allow us to determine whether this increase was due to a direct 
effect of methylnaltrexone on appetite or to an antagonistic effect 
on endogenous endorphins, which might have been upregu-
lated subsequent to the stress associated with general anesthesia 
and orogastric intubation. In horses, the administration of meth-
ylnaltrexone increased the quantity of feces excreted, however, 
whether food consumption increased as well is not reported.2

Several study limitations should be considered: buprenor-
phine typically is administered to relieve pain, whereas our 
rabbits had not been exposed to any noxious stimulus, and the 
effects of buprenorphine on gastrointestinal transit might differ, 
at least in their magnitude, when animals experience painful 
stimuli. Reduced fecal output occurs in rabbits during the post-
operative period, regardless of the method of analgesia used;5 

Figure 3. (A) Body weight (mean ± SE) and (B) change in body weight (mean ± SE) in 8 New Zealand White rabbits receiving normal saline, 
buprenorphine (BUP, 0.05 mg/kg), methylnaltrexone (MTX, 1 mg/kg), or both agents combined (B+M).

Figure 4. (A) Water and (B) food consumption (mean ± SE) in 8 New Zealand White rabbits receiving normal saline, buprenorphine (BUP, 0.05 
mg/kg), methylnaltrexone (MTX, 1 mg/kg), or both agents combined (B+M). Water and food consumption were significantly (P < 0.0001) lower 
for rabbits treated with buprenorphine or B+M than for control and methylnaltrexone groups; in addition, food and water consumption were 
greater in the methylnaltrexone group than in control animals (P < 0.0001 for both comparisons).
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