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1  | INTRODUC TION

Butorphanol and buprenorphine are mixed opioid receptor agonist-
antagonist drugs1 widely used as analgesics in people and ani-
mals.2–5 Both drugs have complex actions on multiple receptors, 
with conflicting pharmacological effects. In fact, although butor-
phanol is considered a μ-opioid receptor antagonist,3,4 it may have 
agonistic effects on antinociception in some laboratory animals.6–8 
Furthermore, the agonism of the κ-opioid receptor in its analgesic 
effects has been reported,9 whereas the role of δ-opioid receptors 
in the antinociceptive effect remains unclear. Buprenorphine has 
a unique mechanism of action involving μ- and nociception/orph-
anin FQ receptors-mediated partial agonistic antinociception as 
well as the agonism of κ- and δ-opioid receptors,10–13 while κ-opioid 

receptor inverse agonism and δ-opioid receptor antagonism have 
also been reported.14 Currently, the combined use of buprenorphine 
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.6 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 opioids15; thus, their antinociceptive effects, when 
combined with other opioids, remain unclear.11,16 Furthermore, 
the product information17 and global veterinary medical guidelines 
contain statements on the careful administration of this combined 
therapy.18 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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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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2  | MATERIAL S 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 
reach a plateau at a dose of approximately 1–3 mg/kg,7,19 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.20 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 

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.3,4,21,22 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.21 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 µ-opioid receptor agonistic role 
of butorphanol with regard to its antinociceptive effects in rats8 and 
cats.6 Furthermore, Ide et al reported that thermal antinociceptive 

F I G U R E  1   Experimental design. But, butorphanol; Bup, 
buprenorphine; T1, Test 1; T2, Test 2
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effects of butorphanol were eliminated in µ-opioid receptor knock-
out mice.7 On combining these mixed opioids, the µ-opioid receptor 
may have a central role in antinociception regardless of agonistic or 
antagonistic actions to κ-opioid receptors of each drug. We specu-
late that δ-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 δ-opioid receptors, butorphanol 
may act as an agonist,23 whereas buprenorphine is considered an-
tagonistic to these receptors.10 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 δ-opioid receptors in the spinal cord,24 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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F I G U R E  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

http://www.editage.jp
https://orcid.org/0000-0003-3895-9973
https://orcid.org/0000-0003-3895-9973
https://orcid.org/0000-0001-8342-0278
https://orcid.org/0000-0001-8342-0278
https://orcid.org/0000-0002-9955-629X
https://orcid.org/0000-0002-9955-629X


     |  525SASAKI et al.

R E FE R E N C E S
	 1.	 Gress K, Charipova K, Jung JW, Kaye AD, Paladini A, Varrassi 

G, et al. A comprehensive review of partial opioid agonists for 
the treatment of chronic pain. Best Pract Res Clin Anaesthesiol. 
2020;34:449–61.

	 2.	 Nelson KE, Eisenach JC. Intravenous butorphanol, meperidine, 
and their combination relieve pain and distress in women in labor. 
Anesthesiology. 2005;102:1008–13.

	 3.	 Kukanich B, Wiese AJ. In: Grimm KA, Lamont LA, Tranquilli WJ, 
Greene SA, Robertson SA, editors. Opioids. Veterinary anesthe-
sia and analgesia. 5th ed. Oxford, UK: Wiley Blackwell; 2015. p. 
207–26.

	 4.	 Frecknell P. Analgesia and pot-operative care. In: Frecknell P, edi-
tor. Laboratory animal anaesthesia. 4th ed. Oxford, UK: Academic 
Press; 2016. p. 141–92.

	 5.	 Aiyer R, Gulati A, Gungor S, Bhatia A, Mehta N. Treatment of 
chronic pain with various buprenorphine formulations: a systematic 
review of clinical studies. Anesth Analg. 2018;127:529–38.

	 6.	 Johnson JA, Robertson SA, Pypendop BH. Antinociceptive effects 
of butorphanol, buprenorphine, or both, administered intramuscu-
larly in cats. Am J Vet Res. 2007;68:699–703.

	 7.	 Ide S, Minami M, Ishihara K, Uhl G, Satoh M, Sora I, et al. Abolished 
thermal and mechanical antinociception but retained visceral 
chemical antinociception induced by butorphanol in mu-opioid re-
ceptor knockout mice. Neuropharmacology. 2008;54:1182–8.

	 8.	 Abreu M, Aguado D, Benito J, Gómez de Segura IA. Reduction of 
the sevoflurane minimum alveolar concentration induced by meth-
adone, tramadol, butorphanol and morphine in rats. Lab Anim. 
2012;46:200–6.

	 9.	 Ji J, Lin W, Vrudhula A, et al. Molecular interaction between butor-
phanol and κ-opioid receptor. Anesth Analg. 2020;131:935–42.

	10.	 Huang P, Kehner GB, Cowan A, Liu-Chen LY. Comparison of phar-
macological activities of buprenorphine and norbuprenorphine: 
norbuprenorphine is a potent opioid agonist. J Pharmacol Exp Ther. 
2001;297:688–95.

	11.	 Lutfy K, Cowan A. Buprenorphine: a unique drug with complex 
pharmacology. Curr Neuropharmacol. 2004;2:395–402.

	12.	 Brown SM, Holtzman M, Kim T, Kharasch ED. Buprenorphine me-
tabolites, buprenorphine-3-glucuronide and norbuprenorphine-
3-glucuronide, are biologically active. Anesthesiology. 
2011;115:1251–60.

	13.	 Cremeans CM, Gruley E, Kyle DJ, Ko MC. Roles of μ-opioid receptors 
and nociceptin/orphanin FQ peptide receptors in buprenorphine-
induced physiological responses in primates. J Pharmacol Exp Ther. 
2012;343:72–81.

	14.	 Grinnell SG, Ansonoff M, Marrone GF, Lu Z, Narayan A, Xu J, 
et al. Mediation of buprenorphine analgesia by a combination 

of traditional and truncated mu opioid receptor splice variants. 
Synapse. 2016;70:395–407.

	15.	 Kögel B, Christoph T, Strassburger W, Friderichs E. Interaction of 
mu-opioid receptor agonists and antagonists with the analgesic ef-
fect of buprenorphine in mice. Eur J Pain. 2005;9:599–611.

	16.	 Rudolf GD. Buprenorphine in the treatment of chronic pain. Phys 
Med Rehabil Clin N Am. 2020;31:195–204.

	17.	 Nissin Pharmaceutical Co. L. Buprenorphine Inj. 0.2  mg 0.3  mg 
"NISSIN". Yamagata, Japan: Nissin Pharmaceutical Co; 2020 [ac-
cessed 2021 July 15]. Available from https://www.yg-nissin.co.jp/
produ​cts/PDF/4486_t1.pdf

	18.	 WSAVA Global Pain Council Members. Guidelines for recognition, 
assessment and treatment of pain. 2014 [accessed 2021 July 15]. 
Available from https://wsava.org/wp-conte​nt/uploa​ds/2020/01/
Recog​nitio​n-Asses​sment​-and-Treat​ment-of-Pain-Guide​lines.pdf

	19.	 Ide S, Minami M, Satoh M, Uhl GR, Sora I, Ikeda K. Buprenorphine ant-
inociception is abolished, but naloxone-sensitive reward is retained, 
in mu-opioid receptor knockout mice. Neuropsychopharmacology. 
2004;29:1656–63.

	20.	 Kasai S, Ikeda K. Reduced supraspinal nociceptive responses and 
distinct gene expression profile in CXBH recombinant inbred mice. 
J Pain. 2013;14:648–61.

	21.	 Webster L. Efficacy and safety of dual-opioid therapy in acute pain. 
Pain Med. 2012;13(Suppl. 1):S12–20.

	22.	 van Niel JC, Schneider J, Tzschentke TM. Efficacy of full µ-opioid 
receptor agonists is not impaired by concomitant buprenorphine 
or mixed opioid agonists/antagonists - preclinical and clinical evi-
dence. Drug Res. 2016;66:562–70.

	23.	 Jaw SP, Hoskins B, Ho IK. Opioid antagonists and butorphanol de-
pendence. Pharmacol Biochem Behav. 1993;44:497–500.

	24.	 Mansour A, Khachaturian H, Lewis ME, Akil H, Watson SJ. Anatomy 
of CNS opioid receptors. Trends Neurosci. 1988;11:308–14.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Sasaki K, Ishikawa T, Ikeda K, Kasai S. 
Antinociceptive effects of the combined use of butorphanol 
and buprenorphine in mice. Neuropsychopharmacol Rep. 
2021;41:522–525. https://doi.org/10.1002/npr2.12202

https://www.yg-nissin.co.jp/products/PDF/4486_t1.pdf
https://www.yg-nissin.co.jp/products/PDF/4486_t1.pdf
http://wsava.org/wp-content/uploads/2020/01/Recognition-Assessment-and-Treatment-of-Pain-Guidelines.pdf
http://wsava.org/wp-content/uploads/2020/01/Recognition-Assessment-and-Treatment-of-Pain-Guidelines.pdf
https://doi.org/10.1002/npr2.12202

