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1 | INTRODUCTION

| Tatsuya Ishikawa®' | Kazutaka lkeda?®

| Shinya Kasai?

Abstract

Butorphanol and buprenorphine are mixed opioid receptor agonist-antagonist drugs
widely used as analgesics in people and animals. There are few reports concerning
the interaction of multiple opioids, and their antinociceptive effects, when combined
with other opioids, remain unclear. Therefore, we report the preliminary findings of
the antinociceptive effects of the combined use of butorphanol and buprenorphine
in C57BL/6JJcl mice. Both drugs were administered either simultaneously or in dif-
ferent orders. Compared with the baseline values, the tail-flick and hot-plate test
latencies increased regardless of the order of administration. Furthermore, enhanced
latencies were observed on administration of butorphanol followed by buprenor-
phine. Combined use of these drugs may not attenuate analgesic efficacy. Besides,
enhancement of these effects can be obtained by changing the order of the adminis-
tration of these drugs. It is necessary to further investigate the molecular basis of the

underlying mechanism in future definitive studies.
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receptor inverse agonism and 5-opioid receptor antagonism have

also been reported.* Currently, the combined use of buprenorphine

Butorphanol and buprenorphine are mixed opioid receptor agonist-
antagonist drugs® widely used as analgesics in people and ani-
mals.2”> Both drugs have complex actions on multiple receptors,
with conflicting pharmacological effects. In fact, although butor-
phanol is considered a p-opioid receptor antagonist,3’4 it may have
agonistic effects on antinociception in some laboratory animals.%8
Furthermore, the agonism of the x-opioid receptor in its analgesic
effects has been reported,” whereas the role of §-opioid receptors
in the antinociceptive effect remains unclear. Buprenorphine has
a unique mechanism of action involving p- and nociception/orph-
anin FQ receptors-mediated partial agonistic antinociception as

10-13

well as the agonism of k- and 5-opioid receptors, while x-opioid

and butorphanol is not a common practice in the clinical setting, but
there is interest in the antinociceptive effects of the combined use
of these drugs in veterinary medical sciences.® However, in addition
to the conflicting information on the pharmacological profiles of
each drug as described earlier, there are few reports on the interac-
tion of multiple opioids®’; thus, their antinociceptive effects, when
combined with other opioids, remain unclear.!'® Furthermore,
the product information'” and global veterinary medical guidelines
contain statements on the careful administration of this combined
therapy.*® Therefore, we conducted a brief investigation and report
preliminary findings of the antinociceptive effects of the combined
use of butorphanol and buprenorphine in C57BL/6JJcl mice.
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2 | MATERIALS AND METHODS
2.1 | Animals

We purchased male C57BL/6JJcl mice (age: 27-35 weeks) from
CLEA Japan, Inc (Tokyo, Japan). All mice were housed in pairs
(five to six per cage) in a temperature-controlled animal holding
room at 23 + 1°C, with a relative humidity of 55 + 10% under
a 12-hours/12-hours light/dark cycle (lights on 8:00 AM - off
8:00 PM). They were given ad libitum access to a commercial diet
and tap water. All animals were considered healthy based on phys-

ical examination.

2.2 | Drugs

Butorphanol tartrate and buprenorphine hydrochloride were pur-
chased from Sigma Chemical Co. (St. Louis, MO, USA). All drugs were
dissolved in saline and intraperitoneally injected at 3 mg/kg, with a
volume of 100 mL/kg for each administration. Because both drugs
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reach a plateau at a dose of approximately 1-3 mg/kg,”*” we used a

dose of 3 mg/kg.

2.3 | Nociceptive tests

For each tail-flick and hot-plate test, the animals were divided into
three groups according to the drug administration: simultaneous
butorphanol and buprenorphine (Group 1; n = 6); butorphanol
followed by buprenorphine (Group 2; n = 6); and buprenorphine
followed by butorphanol (Group 3; n = 6). We conducted modi-
fied tail-flick and hot-plate tests between 9:00 AM and 6:00 PM,
as previously described.?® Briefly, during the tail-flick test, we fo-
cused a light beam on the tail approximately 1-3 cm from the base;
subsequently, the latency to flick the tail after the heat stimulus
was measured with a 15-second cutoff time using a specific ap-
paratus (Model MK-330A; Muromachi Kikai). We measured the
latencies twice per mouse and used the average value. During
the hot-plate test, the hot-plate apparatus (Model MK-350A;
Muromachi Kikai) was maintained at 52 + 0.5°C; the latency to
lick the hind paws or jump after the heat stimulus was measured
using a 60-s cutoff time. The latency measurement was performed
once per mouse. After completing the baseline nociceptive test,
each test (Test 1 [T1] and Test 2 [T2]) was conducted at 15-minutes

intervals (Figure 1).

2.4 | Statistical analysis

The estimated sample size was 5-7 mice per group to detect a 20%
effect on tail-flick and hot-plate latencies with a significance level and
power of 0.05% and 80%, respectively. Continuous variables were

tested for normality using the Shapiro-Wilk test. Antinociceptive
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FIGURE 1 Experimental design. But, butorphanol; Bup,
buprenorphine; T1, Test 1; T2, Test 2

effects were evaluated using paired t tests. P < 0.05 was considered
statistically significant. Statistical analyses were performed using
IBM SPSS Statistics software version 24 (IBM Japan Ltd.).

3 | RESULTS

In Group 1, latency increased compared with baseline values of
the tail-flick test (P = 0.047 [T1] and P = 0.010 [T2]) and hot-plate
test (P = 0.010 [T1] and P = 0.046 [T2]) (Figure 2). In Group 2, la-
tency increased compared with baseline values of the tail-flick test
(P=0.004 [T1] and P = 0.001 [T2]) and hot-plate test (P = 0.017 [T1]
and P = 0.009 [T2]) (Figure 2). The enhancement of antinociceptive
effect on the tail-flick test and hot-plate test was observed in Group 2
(P=0.029 and P = 0.034 [T1 vs T2], respectively) (Figure 2). In Group
3, latency increased compared with baseline values of the tail-flick test
(P=0.006 [T1] and P = 0.006 [T2]) and hot-plate test (P = 0.006 [T1])
(Figure 2). None of the mice showed clinically obvious experiment-

related adverse events at 24 hours after the nociceptive test.

4 | DISCUSSION

The intraperitoneal administration of combined butorphanol and bu-
prenorphine did not attenuate the antinociceptive effects against a
thermal stimulus. Traditionally, the combined use of multiple opioids
is controversial in people and animals because of the potential side
effects.®>*?122 The combined use of multiple opioids for antinocic-
eption is a new concept, but the possible combination of morphine
and oxycodone for effective treatment on postoperative analgesia
in people has been reported.?! In the present study, we observed
the influence of the order of administration on the antinociceptive
effects of this combination of mixed opioids. As described earlier,
molecular actions of butorphanol and buprenorphine are still con-
troversial; thus, we could not develop the discussion at this stage.
However, we may interpret our findings on the basis of previous re-
ports, which indicated the possible p-opioid receptor agonistic role
of butorphanol with regard to its antinociceptive effects in rats® and

cats.® Furthermore, Ide et al reported that thermal antinociceptive
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FIGURE 2 Antinociceptive effects of butorphanol and
buprenorphine during the tail-flick and hot-plate tests. Nociceptive
latencies in seconds for C57BL/6JJcl mice. *P < 0.05 and

**P < 0.01, paired t test. But, butorphanol; Bup, buprenorphine; T1,
Test 1; T2, Test 2. Each bar represents the mean + SEM

effects of butorphanol were eliminated in p-opioid receptor knock-
out mice.” On combining these mixed opioids, the u-opioid receptor
may have a central role in antinociception regardless of agonistic or
antagonistic actions to k-opioid receptors of each drug. We specu-
late that 8-opioid receptors could contribute to the antinociception,
as observed in Group 2 (administration of butorphanol followed by
buprenorphine). Although there are few reports on the pharmaco-
logical actions of these drugs on the §-opioid receptors, butorphanol
may act as an agonist,23 whereas buprenorphine is considered an-
tagonistic to these receptors.’® Although there were no statistically
significant differences, decreased hot-plate latencies were observed
on the administration of buprenorphine followed by butorphanol
(Group 3). Considering the results of the tail-flick test and lower
expression levels of 5-opioid receptors in the spinal cord,?* butor-
phanol might act on the supraspinal area under the administration
order. Additional molecular-based research is required for further
clarification.

This study had several limitations. First, the study was not ran-
domized or blinded. Second, the study was conducted at a specific

age for male C57BL/6JJcl mice. Third, we only tested thermal stimuli;

therefore, further research of other nociceptive stimuli is necessary.
Finally, we examined single-administration doses; thus, the dose-
dependent antinociceptive effects remain unclear.

In conclusion, the use of combined butorphanol and buprenor-
phine did not attenuate the antinociceptive effects on spinal reflec-
tion against thermal stimuli. However, the administration order of
these drugs may diminish their antinociceptive effects on supraspi-
nal response in C57BL/6JJcl mice. Further research to elucidate solid
evidence of the combined use of these drugs and to clarify the un-

derlying mechanism is necessary.
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