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I. GENERAL INFORMATION:

File Number:
MIF 900-020

Requestor:

Wildlife Pharmaceuticals, Inc.
1230 W. Ash Street, Suite D
Windsor, CO 80550

Proprietary Name:

BupreLab-Mouse™

Established Name:

Buprenorphine extended-release injection

Pharmacological Category:

Analgesic; Drug Enforcement Agency (DEA) Schedule III (CIII) controlled substance

Dosage Form:

Extended-release injectable

Amount of Active Ingredient:
0.5 mg buprenorphine/ml

How Supplied:

5 ml multi-dose glass vials

Dispensing Status:
by Prescription (Rx)
Dosage/Dosage Regimen:

1-1.5 mg/kg body weight, single subcutaneous injection

Routes of Administration:

Subcutaneous (SC) injection

Species/Class:

Mice

Indications:

For the control of post-procedural pain in mice
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I1I. EFFECTIVENESS AND TARGET ANIMAL SAFETY:

In accordance with 21 CFR part 516, a qualified expert panel evaluated the target
animal safety and effectiveness of BupreLab-Mouse™ for the control of post-
procedural pain in mice to determine whether the benefits of using BuprelLab-
Mouse™ for the proposed use outweigh its risks to the target animals. The members
of the qualified expert panel were:

Patricia L. Foley, DVM, DACLAM, CPIA - Panel Leader
Mark E. Epstein, DVM, DABVP, DAAPM, CVPP
John V. Roughan, PhD

A. Findings of the Qualified Expert Panel:

The qualified expert panel performed a comprehensive review of published
literature on three related topics to evaluate the safety and effectiveness of
BupreLab-Mouse™: the pharmacokinetics of buprenorphine in mice and other
animal species, use of extended-release opioid formulations in laboratory
animals, and current dosing recommendations for buprenorphine in mice. The
qualified expert panel reviewed approximately 106 pieces of literature pertaining
to these topics. The literature reviewed included use of buprenorphine, both
immediate and extended-release formulations, in not only mice but also in rats,
dogs, cats, rabbits, non-human primates, pigs, sheep, and elephant seals.

The qualified expert panel states in their report that buprenorphine is the most
commonly used post-operative analgesic in rodent species. The literature
includes doses for the control of post-procedural pain ranging from 0.01 to 0.5
mg/kg body weight administered subcutaneously every 6 to 12 hours. The report
further states that there is a need for an extended-release analgesic for
laboratory mice because repetitive daily dosing results in peaks and troughs in
plasma levels rather than a steady state therapeutic level. Repeat dosing also
requires the animal to be restrained multiple times a day. Repeated restraint of
laboratory mice can result in a significant increase in post-procedural stress and
increase the analgesic dose requirements.

While much of the literature on use of extended-release buprenorphine in mice
reviewed by the qualified expert panel included formulations that are not identical
to BupreLab-Mouse™, there were two pieces of literature that discussed this
formulation. One article reviewed by the qualified expert panel examined the
pharmacokinetics of BupreLab-Mouse™ (Kendall et al. 2014). Female CD1 mice
were administered a subcutaneous injection of 0.6 mg/kg body weight. The
mean time to peak drug concentration (Tmax) was 4 hours and the highest
concentration of the drug in the blood (Cmax) was 14.5 ng/ml. At 24 hours post-
dose, mean plasma concentration was 4.2 ng/ml and plasma concentrations of
0.03 - 0.45 ng/ml were detectable at 72 hours after dosing.

The second article described a study conducted to evaluate the use of BuprelLab-
Mouse™ for post-procedural analgesia in mice (Kendall et al. 2016). Adult
female CD1 mice were administered a single subcutaneous injection 0.6 mg/kg
body weight of BupreLab-Mouse™ prior to a laparotomy. Post-procedural pain
was assessed using general activity of the mice, ability to construct a nest, and
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orbital tightening. The study found that mice treated with BupreLab-Mouse™
had improved activity and nesting ability as compared to an untreated control
group and a positive control group which received 0.1 mg/kg body weight of an
immediate-release formulation of buprenorphine.

The qualified expert panel notes in their report that skin lesions at the injection
site were the most common adverse effect reported in the literature. They
recommend an adjustment in injection technique to minimize the occurrence of
these lesions. Instructions on how to administer BupreLab-Mouse™ to help
minimize skin lesions are included in the package insert of the labeling.

Based on a thorough review of the literature and anecdotal experience, the
qualified expert panel came to a unanimous conclusion that the benefits of using
BupreLab-Mouse™, for the control of post-procedural pain in mice, outweigh the
risks to the target animals.

B. Literature Considered by the Qualified Expert Panel:

1. Abbo LA, Ko JC, Maxwell LK, Galinsky RE, Moody DE, Johnson BM, Fang WB,
2008. Pharmacokinetics of buprenorphine following intravenous and oral
transmucosal administration in dogs. Veterinary Therapeutics. 9:83-93.

2.  Adamson TW, Kendall LV, Goss S, Grayson K, Touma C, Palme R, Chen ]Q,
Borowsky AD. 2010. Assessment of carprofen and buprenorphine on
recovery of mice after surgical removal of the mammary fat pad. J. Am.
Assoc. Lab. Anim. Sci. 49:610-616.

3. Alhaddad H, Cisternino S, Decleves X, Tournier N, Schlatter J, Chiadmi F,
Risede P, Smirnova M, Besengez C, Scherrmann JM, Baud FJ], Megarbane B.
2012. Respiratory toxicity of buprenorphine results from the blockage of P-
glycoprotein-mediated efflux of norbuprenorphine at the blood-brain barrier
in mice. Crit. Care Med. 40:3215-3223.

4. Andaluz A, Moll X, Abellan R, Ventura R, Carbo M, Fresno L, Garcia F. 2009.
Pharmacokinetics of buprenorphine after intravenous administration of
clinical doses to dogs. Veterinary Journal. 181:299-304.

5. Andaluz A, Moll X, Ventura R, Abellan R, Fresno L, Garcia F. 2009. Plasma
buprenorphine concentrations after the application of a 70-ug/h transdermal
patch in dogs, preliminary report. J Vet Pharmacol Therap. 32:503-505.

6. Avsaroglu H, van der Sar AS, van Lith HA, van Zutphen LF, Hellebrekers LJ,
2007. Differences in response to anaesthetics and analgesics between
inbred rat strains. Laboratory Animals. 41:337-44.

7. Bender HM. 1998. Pica behavior associated with buprenorphine
administration in the rat. Laboratory Animal Science. 48:5.

8. Blaha MD and Leon LR. 2008. Effects of indomethacin and buprenorphine
analgesia on the postoperative recovery of mice. J. Am. Assoc. Lab. Anim.
Sci. 47:8-19.

9. Bomzon A. 2006. Are repeated doses of buprenorphine detrimental to
postoperative recovery after laparotomy in rats? Comparative Medicine.
56:114-8.
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Carbone ET, Lindstrom KE, Diep S, Carbone L. 2012. Duration of action of
sustained-release buprenorphine in 2 strains of mice. Journal of the
American Association for Laboratory Animal Science. 51:815-819.

Catbagan DL, Quimby JM, Mama KR, Rycbel JK, Mich PM. 2011. Comparison
of the efficacy and adverse effects of sustained-release buprenorphine
hydrochloride following subcutaneous administration and buprenorphine
hydrochloride following oral transmucosal administration in cats undergoing
ovariohysterectomy. Am J Vet Res. 72:461-466.

Chum HH, Jampachairsri K, McKeon CP, Yeomans DC, Pacharinsak C, Felt
SA. 2014. Antinociceptive effects of sustained-release buprenorphine in a
model of incisional pain in rats (rattus norvegicus). Journal of the American
Association for Laboratory Animal Science: JAALAS. 53:193-197.

Clark, Jr JA, Myers PH, Goelz MF, Thigpen JE, Forsytbe DB. 1997. Pica
behavior associated with buprenorphine administration in the rat. Lab.
Anim. Sci. 47:300-303.

Clark MD, Krugner-Higby L, Smith LJ, Heath TD, Clark KL, Olson D. 2004.
Evaluation of liposome-encapsulated oxymorphone hydrochloride in mice
after splenectomy. Comparative Medicine. 54:558-63.

Clark TS, Clark DD, Hoyt RFJ. 2014. Pharmacokinetic comparison of
sustained-release and standard buprenorphine in mice. Journal of the
American Association for Laboratory Animal Science: JAALAS. 53:387-391.

Cotroneo TM, Hugunin KM, Shuster KA, Hwang HJ], Kakaraparthi BN,
Nemzek-Hamlin JA. 2012. Effects of buprenorphine on a cecal ligation and
puncture model in C57BL/6 mice. J. Am. Assoc. Lab. Anim. Sci. 51:357-365.

Cowan A and Cowan A. 2003. Buprenorphine: New pharmacological aspects.
International Journal of Clinical Practice. Supplement.:3-8; discussion 23-4.

Cowan A, Doxey JC, Harry EJR. 1977. The animal pharmacology of
buprenorphine, an oripavine analgesic agent. British Journal of
Pharmacology. 60:547-554.

Curtin LI, Grakowsky JA, Suarez M, Thompson AC, DiPirro JM, Martin LB,
Kristal MB. 2009. Evaluation of buprenorphine in a postoperative pain model
in rats. Comparative Medicine. 59:60-71.

Deng ], St Clair M, Everett C, Reitman M, Star RA. 2000. Buprenorphine
given after surgery does not alter renal ischemia/reperfusion injury. Comp.
Med. 50:628-632.

Dum JE and Herz A. 1981. In vivo receptor binding of the opiate partial
agonist, buprenorphine, correlated with its agonistic, and antagonistic
actions. Brit J Pharmacol. 74:627-633.

Egger CM. 2003. Plasma fentanyl concentrations in awake cats and cats
undergoing anesthesia and ovariohysterectomy using transdermal
administration. Veterinary Anaesthesia & Analgesia. 30:229-36.

Evans HC and Easthope SE. 2003. Transdermal buprenorphine. Drugs.
63:1999-2010.

Faller KM, McAndrew DJ, Schneider JE, Lygate CA. 2015. Refinement of
analgesia following thoracotomy and experimental myocardial infarction
using the mouse grimace scale. Exp. Physiol. 100:164-172.
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FDA. SCOGS database; propylene glycol; SCOG-report number: 30:

Flume MZ. 2003. Final report on the safety assessment of triacetin. Int ]
Toxicol. 22 Suppl 2:1-10.

Flecknell PA. 2009. Laboratory animal anaesthesia. 304.

Foley PL, Henderson AL, Bissonette EA, Wimer GR, Feldman SH. 2001.
Evaluation of fentanyl transdermal patches in rabbits: Blood concentrations
and physiologic response. Comp. Med. 51:239-244.

Foley PL, Liang H, Crichlow AR. 2011. Evaluation of a sustained-release
formulation of buprenorphine for analgesia in rats. J. Am. Assoc. Lab. Anim.
Sci. 50:198-204.

Glerum LE, Egger CM, Allen SW, Haag M. 2001. Analgesic effect of the
transdermal fentanyl patch during and after feline ovariohysterectomy.
Veterinary Surgery. 30:351-358.

Goecke JC, Awad H, Lawson JC, Boivin GP. 2005. Evaluating postoperative
analgesics in mice using telemetry. Comp. Med. 55:37-44.

Hall LW and Clarke KW, Veterinary Anaesthesia. 9™ ed., Saunders, 1991.

Hayes KE, Raucci, Jr JA, Gades NM, Toth LA. 2000. An evaluation of
analgesic regimens for abdominal surgery in mice. Contemp. Top. Lab.
Anim. Sci. 39:18-23.

Healy JR, Tonkin JL, Kamarec SR, Saludes MA, Ibrahim SY, Matsumoto RR,
Wimsatt JH. 2014. Evaluation of an improved sustained-release
buprenorphine formulation for use in mice. Am. J. Vet. Res. 75:619-625.

Ho ST, Wang 13, Ho W, Hu QY. 1991. Determination of buprenorphine by
high-performance liquid chromatography with fluorescence detection:
Application to human and rabbit pharmacokinetic studies. J
Chromatography. 570:339-350.

http://wvrw.fda.gov/downloads/AnimalVeterinarv/Products/ApprovedAnimal
DrugProducts /FOIADrugSummaries/UCM314828.pdf..

Jablonski P, Howden BO, Baxter K. 2001. Influence of buprenorphine
analgesia on post-operative recovery in two strains of rats. Laboratory
Animals. 35:213-22.

Jacobsen KR, Fauerby N, Raida Z, Kalliokoski O, Hau J, Johansen FF,
Abelson KS. 2013. Effects of buprenorphine and meloxicam analgesia on
induced cerebral ischemia in C57BL/6 male mice. Comp. Med. 63:105-113.

Jacobson C. 2000. Adverse effects on growth rates in rats caused by
buprenorphine administration. Lab. Anim. 34:202-206.

Jirkof P, Tourvieille A, Cinelli P, Arras M. 2015. Buprenorphine for pain relief
in mice: Repeated injections vs sustained-release depot formulation. Lab.
Anim. 49:177-187.

Johnson RE, Fudala PJ, Payne R. 2005. Buprenorphine considerations for
pain management. Journal of Pain Symptom Management. 29:297-326.

Jones CP, Carver S, Kendall LV. 2012. Evaluation of common anesthetic and
analgesic techniques for tail biopsy in mice. J. Am. Assoc. Lab. Anim. Sci.
51:808-814.
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Kendall LV, Wegenast D], Smith BJ], Dorsey KM, Kang S, Lee NY, Hess AM.
2016. Efficacy of sustained-release buprenorphine in an experimental
laparotomy model in female mice. J. Am. Assoc. Lab. Anim. Sci. 55:66-73.

Kendall LV, Hansen RJ, Dorsey K, Rang S, Lunghofer PJ, Gustafson DL.
2014. Pharmacokinetics of sustained-release analgesics in mice. Journal of
the American Association for Laboratory Animal Science: JAALAS. 53:478-
484.

Khroyan TV, Wu ], Polgar WE, Cami-Kobeci G, Fotaki N, Husbands SM, Toll
L. 2015. BU08073 a buprenorphine analogue with partial agonist activity at
mu-receptors in vitro but long-lasting opioid antagonist activity in vivo in
mice. Br. J. Pharmacol. 172:668-680.

Ko JC, Freeman L], Barletta M, Weil AB, Payton ME, Johnson BM, Inoue T.
2011. Efficacy of oral transmucosal and intravenous administration of
buprenorphine before surgery for postoperative analgesia in dogs
undergoing ovariohysterectomy. J. Am. Vet. Med. Assoc. 238:318-328.

Krotscheck U, Boothe DM, Little AA. 2008. Pharmacokinetics of
buprenorphine following intravenous administration in dogs. American
Journal of Veterinary Research. 69:722-7.

Krugner-Higby L, KuKanich B, Schmidt B, Heath TD, Brown C. 2011.
Pharmacokinetics and behavioral effects of liposomal hydromorphone
suitable for perioperative use in rhesus macaques. Psychopharmacology.
216:511-23.

Krugner-Higby L, KuKanich B, Schmidt B, Heath TD, Brown C, Smith LJ.
2009. Pharmacokinetics and behavioral effects of an extended-release,
liposome-encapsulated preparation of oxymorphone in rhesus macaques.
Journal of Pharmacology & Experimental Therapeutics. 330:135-41.

Krugner-Higby L, Smith L, Clark M, Heath TD, Dahly E, Schiffman B,
Hubbard-VanStelle S, Ney D, Wendland A. 2003. Liposome-encapsulated
oxymorphone hydrochloride provides prolonged relief of postsurgical
visceral pain in rats. Comparative Medicine. 53:270-9.

Krugner-Higby L, Smith L, Schmidt B, Wunsch L, Smetana A, Brown C,
Heath TD. 2011. Experimental pharmacodynamics and analgesic efficacy of
liposome-encapsulated hydromorphone in dogs. Journal of the American
Animal Hospital Association. 47:185-95.

Kyles AE, Papich MG, Hardie EM. 1996. Disposition of transdermally
administered fentanyl in dogs. Am J Vet Res. 57:715-719.

Leach MC, Bailey HE, Dickinson AL, Roughan 1V, Flecknell PA. 2010. A
preliminary investigation into the practicality of use and duration of action
of slow-release preparations of morphine and hydromorphone in laboratory
rats. Laboratory Animals. 44:59-65.

Liles JH and Flecknell PA. 1992. The effects of buprenorphine, nalbuphine
and butorphanol alone or following halothane anaesthesia on food and water
consumption and locomotor movement in rats. Lab. Anim. 26:180-189.

Linn BS, Linn MW, Klimas NG. 1988. Effects of psychophysical stress on
surgical outcome. Psychosom. Med. 50:230-244.
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Liu R, Barry JE, Weinman J. 1994. Effects of background stress and anxiety
on postoperative recovery. Anaesthesia. 49:382-386.

Mclnnes F, Clear N, James G, Stevens HN, Vivanco U, Humphrey M. 2008.
Evaluation of the clearance of a sublingual buprenorphine spray in the
beagle dog using gamma scintigraphy. Pharm. Res. 25:869-874.

McKeon GP, Pacharinsak C, Long CT, Howard AM, Jampachaisri K, Yeomans
DC, Felt SA. 2011. Analgesic effects of tramadol, tramadol-gabapentin, and
buprenorphine in an incisional model of pain in rats (rattus norvegicus).
JAALAS. 50:192-197.

Meert TF and Vermeirsch HA. 2005. A preclinical comparison between
different opioids: Antinociceptive versus adverse effects. Pharmacol.
Biochem. Behav. 80:309-326.

Moll X, Fresno L, Garcia F, Prandi, Andaluz A. 2011. Comparison of
subcutaneous and transdermal administration of buprenorphine for pre-
emptive analgesia in dogs undergoing elective ovariohysterectomy.
Veterinary Journal. 187:124-28.

Molter CM, Barbosa L, Johnson S, Knych HK, Chinnadurai SK, Wack RF.
2015. Pharmacokinetics of a single subcutaneous dose of sustained release
buprenorphine in northern elephant seals (Mirounga angustirostris). J. Zoo
Wildl. Med. 46:52-61.

Murrell JC, Robertson SA, Taylor PM, McCown JL, Bloomfield M, Sear JW.
2007. Use of a transdermal matrix patch of buprenorphine in cats:
Preliminary pharmacokinetic and pharmacodynamic data. Vet Record.
160:578-83.
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Association for Laboratory Animal Science. 52:48-56.

Nunamaker EA, Stolarik DF, Ma J, Wilsey AS, Jenkins GJ], Medina CL. 2014.
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postoperative analgesia in beagle dogs undergoing ovariohysterectomy.
Journal of the American Association for Laboratory Animal Science: JAALAS.
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III. USER SAFETY:

The product labeling contains the following information regarding safety to humans
handling, administering, or exposed to BupreLab-Mouse™:

WARNING:

ABUSE POTENTIAL

BupreLab-Mouse contains a high concentration (0.5mg/ml) of buprenorphine,
an opioid agonist and Schedule III controlled substance with an abuse
potential similar to other Schedule III opioids.

Buprenorphine has certain opioid properties that in humans may lead to
dependence of the morphine type. Abuse of buprenorphine may lead to
physical dependence or psychological dependence. The risk of abuse by
humans should be considered when storing, administering, and disposing of
BupreLab-Mouse.

Persons at increased risk for opioid abuse include those with a personal or
family history of substance abuse (including drug or alcohol abuse or
addiction) or mental iliness (suicidal depression).

HUMAN SAFETY

Because of human safety risks, this drug should be used only with veterinary
supervision. Do not dispense BupreLab-Mouse.

Life Threatening Respiratory Depression

Respiratory depression, including fatal cases, may occur in people with the
abuse of BupreLab-Mouse.

Additive CNS Depressant Effects

BupreLab-Mouse has additive CNS depressant effects when used with alcohol,
other opioids, or illicit drugs that cause central nervous system depression.

ACCIDENTAL EXPOSURE

Because of the potential for adverse reactions associated with accidental
injection, BupreLab-Mouse should only be administered by veterinarians,
veterinary technicians, or laboratory staff who are trained in the handling of
potent opioids.

See Human Safety for detailed information.
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IV.

Freedom of Information Summary
MIF 900-020

HUMAN SAFETY WARNINGS: Not for use in humans. Keep out of the reach of
children.

Human User Safety while handling BupreLab-Mouse in the laboratory:

Two trained staff for administration: BupreLab-Mouse should only be handled and
administered to mice by veterinarians, veterinary technicians, or laboratory staff
trained in the handling of potent opioids. To prevent human adverse reactions or
abuse, at least 2 trained administrators should be present during injection of
BupreLab-Mouse.

Protective covering: To prevent direct contact of BupreLab-Mouse with human skin or
mucous membranes when handling the solution, protective clothing is
recommended.

Mucous membrane or eye contact during administration: Direct contact of BuprelLab-
Mouse with the eyes, oral or other mucous membranes of humans could result in
absorption of buprenorphine and the potential for adverse reactions. If accidental
eye, oral or other mucous membrane contact is made during administration, flush
the area with water and contact a physician.

Skin contact during administration: If human skin is accidentally exposed to
BupreLab-Mouse, wash the exposed area with soap and water and contact a
physician. Accidental exposure could result in absorption of buprenorphine and the
potential for adverse reactions.

DRUG ABUSE, ADDICTION AND DIVERSION OF OPIOIDS: Controlled
Substance: BuprelLab-Mouse contains buprenorphine, a mu opioid partial agonist and
Schedule III controlled substance with an abuse potential similar to other Schedule
III opioids. BupreLab-Mouse can be abused and is subject to misuse, abuse,
addiction, and criminal diversion. BupreLab-Mouse should be handled appropriately
to minimize the risk of diversion, including restriction of access, the use of
accounting procedures, and proper disposal methods, as appropriate to the
laboratory setting and as required by law.

Abuse: Abuse of BupreLab-Mouse poses a hazard of overdose and death. This risk is
increased with concurrent abuse of alcohol and other substances including other
opioids and benzodiazepines. Buprenorphine has been diverted for non-medical use
into illicit channels of distribution. All people handling opioids require careful
monitoring for signs of abuse. Drug abuse is the intentional non-therapeutic use of a
prescription drug for its rewarding psychological or physiological effects. Abuse of
opioids can occur in the absence of true addiction.

PHYSICIAN INFORMATION: BupreLab-Mouse injectable solution is a mu opioid
partial agonist (0.5 mg buprenorphine/mL). In the case of an emergency, provide
the physician with the package insert. Naloxone may not be effective in reversing
respiratory depression produced by buprenorphine. The onset of naloxone effect may
be delayed by 30 minutes or more. Doxapram hydrochloride has also been used as a
respiratory stimulant.

AGENCY CONCLUSIONS:

The information submitted in support of this request for BupreLab-Mouse™ for
addition to the Index of Legally Marketed Unapproved New Animal Drugs for Minor
Species (Index) for the control of post-procedural pain in mice satisfies the
requirements of section 572 of the Federal Food, Drug, and Cosmetic Act and 21 CFR
part 516:
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A. Determination of Eligibility for Indexing:

As part of the determination of eligibility for inclusion in the Index, FDA
determined that the drug for this intended use was safe to the user, did not
individually or cumulatively have a significant effect on the human environment,
and that the description of the methods used in, and the facilities and controls
used for, the manufacture, processing, and packaging of the new animal drug
was sufficient to demonstrate that the requestor has established appropriate
specifications for the manufacture of the new animal drug. Additionally, the
requestor has committed to manufacture the drug in accordance with current
good manufacturing practices (CGMP).

The Index is only available for new animal drugs intended for use in minor
species for which there is a reasonable certainty that the animal or edible
products from the animal will not be consumed by humans or food-producing
animals and for new animal drugs intended for use only in a hatchery, tank,
pond, or other similar contained man-made structure in an early, non-food life
stage of a food-producing minor species, where safety for humans is
demonstrated in accordance with the standard of section 512(d) of the act.
Because this new animal drug is not intended for use in food-producing animals,
FDA did not require data pertaining to drug residues in food (i.e., human food
safety) for granting this request for addition to the Index.

B. Qualified Expert Panel:
The qualified expert panel for BupreLab-Mouse™ met the selection criteria listed in
21 CFR 516.141(b). The panel satisfactorily completed its responsibilities in
accordance with 21 CFR part 516 in determining the target animal safety and
effectiveness of BupreLab-Mouse™ for the control of post-procedural pain in mice.
C. Marketing Status:
BupreLab-Mouse™ will be marketed by prescription.

D. Exclusivity:

Products listed in the Index do not qualify for exclusive marketing rights.
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