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Introduction

Description: Anesthesia and Analgesia in Nonhuman Primates: A Resource Guide is a
bibliography of biomedical and veterinary literature on the use of anesthesia and analgesia in
primate species commonly used in laboratory research published between 2000 to 2021. It
contains 570 citations. This bibliography updates 4 reference source for analgesia & analgesics
in animals compiled by Dr. Richard L. Crawford (AWIC Series 2000-02) published in December
2000 and archived in the National Agricultural Library Digital Collections.

Dr. Crawford subdivided the previous bibliography into twenty sections organized by individual
species or species groups. The bibliography covered most vertebrate and some invertebrate
animals, including commonly-used laboratory species such as mice, rats, rabbits and other
rodents, and primates. One section of the bibliography covered nonhuman primates. In the
twenty years since Dr. Crawford published this bibliography, the number of publications on
veterinary anesthesia and analgesia has increased greatly. Because of the large amount of
literature, AWIC staff members decided to compile a series of bibliographies, each one covering
a particular group of animals.

Scope: This guide covers peer-reviewed literature (articles in peer-reviewed journals, books,
book chapters, and conference proceedings) on anesthesia and analgesia use in nonhuman
primates published between 2000 and 2021. The following databases were searched:

e PubMed

e Web of Science (All Databases: Web of Science Core Collection as well as Biological
Abstracts, BIOSIS Citation Index, Current Contents Connect, KCI-Korean Journal
Database, Russian Science Citation Index, SciELO Citation Index, and Zoological
Record)

e Scopus

e EBSCO platform databases (Agricola, CAB Abstracts, eBook Collection (EBSCOhost),
Global Health, Zoological Record, Biological Abstracts, MEDLINE)

How to Use This Resource Guide

The sections within the bibliography are organized using two levels of headings: first by
species/genera or group, and then by topic. You can navigate directly to a section using the
hyperlinks in the Table of Contents.

Species Subheadings:

¢ General Nonhuman Primates: This section contains citations on anesthesia and
analgesia in nonhuman primates. These citations address nonhuman primates in general
or focus upon two or more species.

e Baboons: These citations concern nonhuman primates of the genus Papio.

e Great Apes and Gibbons: This section contains citations on anesthesia and analgesia for
great apes in a laboratory, zoo, or wild setting. Species covered include chimpanzees


https://naldc.nal.usda.gov/catalog/7004214
https://naldc.nal.usda.gov/catalog/7004214
https://www.nal.usda.gov/animal-health-and-welfare/animal-use-alternatives/reducing-animals-pain-and-distress

(Pan troglodytes) and bonobos (Pan paniscus). Gibbons (of the genus Hylobates) are also
included, even though they are classified as lesser apes.

e Macaques: Macaques are used extensively as animal models in biomedical research in
the United States and abroad.

e Callitrichids: Callitrichids are "New World" monkeys native to Central and South
America belonging to the subfamily Callitrichinae. These include marmosets and
tamarins.

e Other Nonhuman Primates: This section contains citations on anesthesia and analgesia
for other nonhuman primates including capuchin monkeys, prosimians, African Green
monkeys, squirrel monkeys, and Titi monkeys.

Citation Order: Citations are arranged in ascending order by the last name of the first author
within each section of the bibliography.

Keywords: Each citation is followed by a series of selected 'Keywords' derived from the citation
records of the database searched. This bibliography derives from multiple databases, so
Keywords may vary in form since databases may use different controlled vocabularies and
different indexing terms.

Finding Full-Text of Articles

You may check the National Agricultural Library’s (NAL) online catalog, AGRICOLA, to see
which books and periodicals that the library has in its holdings. Some online periodicals in
NAL’s holdings are only available to USDA employees through the Digitop portal. Other articles
are open access and may be downloaded for free. If you are not a USDA employee, check with
your local or institutional library to see whether your library subscribes to these periodicals or
can order them on interlibrary loan.

Information on how to request materials that are included in the National Agricultural Library
(NAL)’s collections can be found on the Request Library Materials page. USDA employees can
request books and articles through Document Delivery. All patrons are encouraged to explore
local library resources first before contacting the National Agricultural Library. If you are not a
USDA employee, you may visit the library during its hours of operation to request items from
our circulation desk or read electronic articles on-site. You may also request items on interlibrary
loan through your home library (check with your institutional, university, or public library’s loan
office for further information).

For more information: Contact the Animal Welfare Information Center at awic(@usda.gov or
visit our website at https://www.nal.usda.gov/programs/awic.

Acknowledgments:

AWIC would like to thank the following individuals for their help in completing this
bibliography:


https://agricola.nal.usda.gov/
https://digitop.nal.usda.gov/
http://www.nal.usda.gov/borrow-materials
mailto:awic@usda.gov
https://www.nal.usda.gov/programs/awic

e Dr. Aisha Ellis (former Technical Information Specialist, AWIC) and Dr. Gwendalyn
Maginnis (Nonhuman Primate Specialist Veterinary Medical Officer, Animal and Plant
Health Inspection Service) for reviewing citations and answering technical questions
about the bibliography.

e Daniel Clein, a graduate student in Animal Sciences at the University of Florida who
regularized citation Keywords and made style and formatting corrections to the
bibliography.

Disclaimer: This research guide is for informational purposes only. If you are a researcher
planning to use any of the anesthesia/analgesia drugs or methods mentioned in these citations
on amphibians and reptiles, you should always consult a veterinarian.

General Nonhuman Primates

This section contains citations on anesthesia and analgesia in nonhuman primates in general or
focusing upon more than one species.

Anesthesia

Description: This section includes anesthesia protocols and citations on monitoring of vital signs
during surgery for nonhuman primates, including general information applicable to all nonhuman
primate species or to multiple species. It also includes citations that describe anesthesia
protocols for a specific type of surgery (such as neurosurgery), for sedation/chemical restraint, or
for diagnostic imaging (such as MRIs).

Results (26):

Alstrup, A. K. O., & Smith, D. F. (2013). Anaesthesia for positron emission tomography
scanning of animal brains. Laboratory Animals, 47(1), 12—18.
https://doi.org/10.1258/1a.2012.011173

Keywords: Anesthesia/methods/*veterinary; Anesthetics/*pharmacology; Blood Volume;
Brain/blood supply/metabolism/*pathology; Laboratory Animal Science/methods;
Neuroimaging/methods/veterinary; Positron-Emission Tomography/methods/*veterinary;
Regional Blood Flow/drug effects; Synaptic Transmission/drug effects

Bee, W. H. (2001). Standardized electroretinography in primates: A non-invasive
preclinical tool for predicting ocular side effects in humans. Current Opinion in Drug
Discovery and Development, 4(1), 81-91. Scopus.

Keywords: anesthesia; animal experiment; animal model; controlled study; dark adaptation;
Drug Evaluation, Preclinical; drug research; drug safety; electroretinogram; Electroretinography;
Eye; eye toxicity; good laboratory practice; Haplorhini; ketamine; monkey; neurotoxicity; Non-


https://doi.org/10.1258/la.2012.011173

human primate; nonhuman; pentobarbital; prediction; Predictive Value of Tests; retina; review;
Species Specificity; Standard for clinical electroretinography; Standard for non-clinical
electroretinography

Bennett, A. J. (2003). Ketamine: The good, the bad, and the alternatives for physiological
and behavioral data collection in nonhuman primates. American Journal of Primatology,
60(Supplement 1), 89-89.

Keywords: Anesthesia; ketamine

Bertrand, H. G. M. J., Sandersen, C., & Flecknell, P. A. (2018). Reported analgesic and
anaesthetic administration to non-human primates undergoing experimental surgical
procedure: 2010-2015. Journal of Medical Primatology, 47(4), 217-225. Scopus.
https://doi.org/10.1111/jmp.12346

Keywords: althesin; analgesia; analgesic agent; anesthesia; anesthesiological procedure;
anesthetic agent; Animal Surgery and Non-drug Therapy; Animal Welfare; Article;
benzodiazepine; buprenorphine; carprofen; corticosteroid; dipyrone; disease classification;
disease severity; experimental surgery; fentanyl; general anesthesia; inhalation anesthetic agent;
intravenous anesthetic agent; isoflurane; ketamine; Laboratory Animal Science; Laws and
Regulations; local anesthetic agent; macaque; midazolam; nonhuman; nonsteroidal
inflammatory agent; opiate derivative; paracetamol; perioperative period; phenobarbital; practice
guideline; priority journal; propofol; remifentanil; steroid; surgery; surgical technique;
systematic review; thiopental; tiletamine plus zolazepam; Veterinary Pharmacology and
Anaesthesiology

Brash, M. G. 1. (2008). Wild animal anaesthesia. (V. Roberts, Ed.). British Veterinary
Zoological Society. Proceedings of the Satellite Meeting 2008, 2" April, 2008, ICC,
Birmingham. How to cope with more odd species: fish, primates, macropods, wildlife case
studies and wildlife capture and anaesthesia. ZOOREC:ZOO0OR14501008094; p. 32).

Keywords: Anesthesia; wild animals.

Cital, S. J. (2013). Non-human primate anesthesia: A general overview. NAVTA Journal,
August/September, 26-31. CAB Abstracts.

Keywords: adverse reactions; anesthesia; anesthetics; drug action; mechanism of drug action;
primates; Veterinary Pharmacology and Anaesthesiology; Zoo Animals

De Benedictis, G. M., Fante, F., Bellini, L., Bortolami, E., Pilla, T., Dedja, A., Ravarotto, L.,
Ancona, E., Cozzi, E., & Busetto, R. (2007). Refinement strategies in the anaesthetic

management of nonhuman primate xenotransplantation. Xenotransplantation, 14(5), 466—
466.

Keywords: Anesthesia; nonhuman primates; xenotransplantation


https://doi.org/10.1111/jmp.12346

Fahlman, A., Bosi, E. J., & Nyman, G. (2006). Reversible anesthesia of Southeast Asian
primates with medetomidine, zolazepam, and tiletamine. Journal of Zoo and Wildlife
Medicine, 37(4), 558-561. Zoological Record.

Keywords: Adrenergic alpha-Agonists/administration & dosage; Adrenergic alpha-
Antagonists/administration & dosage; Anesthesia Recovery Period; Anesthetics,
Combined/*administration & dosage/adverse effects; Animal Physiology and Biochemistry
(Excluding Nutrition); APEC countries; ASEAN Countries; Asia; Cercopithecidae;
Commonwealth of Nations; Developing Countries; Heart Rate/drug effects; Hylobates;
Hylobates lar; Hylobates/*physiology; Hylobatidae; Imidazoles/administration & dosage;
Macaca; Macaca fascicularis; Macaca fascicularis/*physiology; Macaca nemestrina; Macaca
nemestrina/*physiology; Medetomidine/administration & dosage; Pongidae; Pongo; Pongo
pygmaeus; Pongo pygmaeus/*physiology; Respiration/drug effects; South East Asia; Species
Specificity; Threshold Countries; Tiletamine/administration & dosage; Time Factors; Veterinary
Pharmacology and Anaesthesiology; Zolazepam/administration & dosage; Zoo Animals

Fish, R. E., Popilskis, S., Lee, D., & Elmore, D. (2008). Chapter 12—Anesthesia and
Analgesia in Nonhuman Primates. In Anesthesia and Analgesia in Laboratory Animals (2™
ed, pp. 335-363). Elsevier/Academic Press.

Keywords: Analgesia; anesthesia; experimental surgery; postoperative care
Goldstein, P. A. (2018). Nonhuman primates in anesthesia research: Have we reached the

end of the road? Anesthesia and Analgesia, 126(6), 2129-2134. Scopus.
https://doi.org/10.1213/ANE.0000000000002655

Keywords: abnormal behavior; acquired immune deficiency syndrome; adverse outcome;
anesthesia induction; anesthetic agent; Article; baboon; behavior; behavioral research;
biomaterial; chimpanzee; cognition; comparative study; consciousness; distress syndrome; drug
exposure; emotion; evidence based practice; genomics; gorilla; human development; in vitro
study; inflammation; isoflurane; Lemuridae; long term care; Lorisidae; Macaca; medical ethics;
medical research; mental health; monoclonal antibody; moral status; motor development; nerve
cell differentiation; nervous system inflammation; neurobiology; neurotoxicity; orangutan; pain
severity; pediatric anesthesia; postnatal care; primary prevention; priority journal; prosimian;
prospective study; psychological well-being; rhesus monkey; sacrum; skin; social competence;
social status; species differentiation; spinal anesthesia; systematic review (topic); tarsier

Hethcox, L. A., Calvert, C., Girkin, C. A., & Downs, J. C. C. (2014). The Effects of General
Anesthesia on IOP in Nonhuman Primates (NHP). Investigative Ophthalmology & Visual
Science, 55(13).

Keywords: Anesthesia; intraocular pressure
Horne, W. A. (2001). Primate anesthesia. The Veterinary Clinics of North America. Exotic

Animal Practice, 4(1), 239-266, viii—ix. Scopus. https://doi.org/10.1016/S1094-
9194(17)30059-2



https://doi.org/10.1213/ANE.0000000000002655
https://doi.org/10.1016/S1094-9194(17)30059-2
https://doi.org/10.1016/S1094-9194(17)30059-2

Keywords: *Anesthetics; Anesthesia; Anesthesia/*veterinary; anesthetic agent; animal disease;
Animals, Domestic; Animals, Domestic/*physiology; domestic animal; monitoring; Monitoring,
Physiologic; Monitoring, Physiologic/veterinary; physiology; Preanesthetic Medication;
Preanesthetic Medication/veterinary; premedication; Preoperative Care; Preoperative
Care/veterinary; Primates/*physiology; review

Ishizawa, Y., Patel, S., Ahmed, O. J., Sierra-Mercado, D., & Brown, E. N. (2014).
Differential neuronal dynamics in somatosensory versus higher-order cortices during
recovery from propofol anesthesia in primates. Anesthesia and Analgesia, 118, S179-S179.

Keywords: Anesthesia; propofol

Jasien, J. V., Hethcox, L., Turner, D., Girkin, C. A., & Downs, J. C. C. (2016). Comparison
of the Effects of Injectable and Inhalant Anesthesia on IOP in Nonhuman Primates as

Measured with Continuous IOP Telemetry. Investigative Ophthalmology & Visual Science,
57(12).

Keywords: Anesthesia, injectable and inhalant; intraocular pressure; monitoring
Kelz, M. B., & Mashour, G. A. (2019). The Biology of General Anesthesia from

Paramecium to Primate. Current Biology, 29(22), R1199-R1210. Scopus.
https://doi.org/10.1016/j.cub.2019.09.071

Keywords: Anesthesia

Laboratory Animal Anaesthesia: Non-human Primates 1 / [compiled by Paul Flecknell].
(2003, January 1). [CD Rom]. University of Newcastle Upon Tyne (UK); Agricola.
https://search.ebscohost.com/login.aspx?direct=true&db=agr& AN=CAT31029284&site=eh
ost-live

Keywords: Animal anesthesia -- Technique.; Primates as laboratory animals

Masters, N. (2008). Primate medicine & surgery in general practice. British Veterinary
Zoological Society. Proceedings of the Satellite Meeting 2008, 2nd April, 2008, ICC,
Birmingham. How to cope with more odd species: fish, primates, macropods, wildlife case
studies and wildlife capture and anaesthesia. (V. Roberts, Ed.;
ZOOREC:ZOOR14501008043; p. 20).

Keywords: Anesthesia; chemical restraint; wild animals
Mosley, C. A. (2017). Anesthesia Equipment. In Veterinary Anesthesia and Analgesia: The

Fifth Edition of Lumb and Jones (pp. 23—85). Wiley; Scopus.
https://doi.org/10.1002/9781119421375.ch3



https://doi.org/10.1016/j.cub.2019.09.071
https://search.ebscohost.com/login.aspx?direct=true&db=agr&AN=CAT31029284&site=ehost-live
https://search.ebscohost.com/login.aspx?direct=true&db=agr&AN=CAT31029284&site=ehost-live
https://doi.org/10.1002/9781119421375.ch3

Keywords: Anesthesia equipment; Endotracheal tube; Laryngeal mask airways; Nasotracheal
intubation; Orotracheal intubation; Retrograde intubation; Supraglottic airway devices;
Tracheostomy; Wire- or tube-guided techniques

Murphy, K. L., Baxter, M. G., & Flecknell, P. A. (2012). Chapter 17—Anesthesia and
Analgesia in Nonhuman Primates. In C. R. Abee, K. Mansfield, S. Tardif, & T. Morris
(Eds.), Nonhuman Primates in Biomedical Research (Second Edition) (pp. 403—435).
American College of Laboratory Animal Medicine. Academic Press.
https://doi.org/10.1016/B978-0-12-381365-7.00017-0

Keywords: Anesthesia; anesthetic depth; analgesia; body temperature; cardiac arrest; deep
sedation; endotracheal intubation; fluid administration; general anesthesia; hemorrhage;
hypotension; imaging; immobilization; injectable anesthesia; intraoperative monitoring;
intravenous cannula placement; Ketamine; neuromuscular blocking agents; neurosurgery;
obstetric anesthesia; oxygenation; pain assessment; pediatric anesthesia; preanesthetic drugs;
postanesthetic care; respiratory depression and arrest; suggested anesthetic protocols; ventilation;
volatile liquid and gas anesthetics.

Olberg, R.-A. (2007). Monkeys and Gibbons. In Zoo Animal and Wildlife Immobilization
and Anesthesia (G. West, D. Heard, & N. Caulkett, Eds.; BCI:BCI1201300567135; p. 386).

Keywords: Anesthesia; chemical restraint; gibbons; immobilization; monkeys; zoo animals
Olberg, R.-A., & Sinclair, M. (2014). Monkeys and Gibbons. In Zoo Animal and Wildlife
Immobilization and Anesthesia (G. West, D. Heard, & N. Caulkett, Eds.;
BCI:BCI201500234348; p. 571).

Keywords: Anesthesia; chemical restraint; gibbons; immobilization; monkeys; wild animals; zoo
animals

Roe, A. W. (2007). Long-term optical imaging of intrinsic signals in anesthetized and awake
monkeys. Applied Optics, 46(10), 1872—1880. https://doi.org/10.1364/A0.46.001872

Keywords: Anesthesia; behavioral studies; intrinsic signal imaging; neurological studies; optical
imaging

Sloan, T., & Rogers, J. (2009). Dose and timing effect of etomidate on motor evoked
potentials elicited by transcranial electric or magnetic stimulation in the monkey and
baboon. Journal of Clinical Monitoring and Computing, 23(4), 253-261. Scopus.
https://doi.org/10.1007/s10877-009-9190-z

Keywords: Action Potentials; Amines; Amplification; amplitude modulation; Anesthesia;
anesthesia induction; Anesthesiology; Anesthetics; Anesthetics, Intravenous; animal experiment;
article; atropine; Baboon; Bioelectric potentials; Compound action potentials; controlled study;
cortical electric motor evoked potential; cortical magnetic motor evoked potential; Cortical
stimulation; Diffusers (optical); dose response; Dose-Response Relationship, Drug; drug

10


https://doi.org/10.1016/B978-0-12-381365-7.00017-0
https://doi.org/10.1364/AO.46.001872
https://doi.org/10.1007/s10877-009-9190-z

megadose; Electric Stimulation; Electrophysiology; Etomidate; evoked muscle response; Evoked
Potentials, Motor; evoked somatosensory response; experimental monkey; Female; Haplorhini,
Intravenous injections; isoflurane; Isoflurane; Ketamine; latent period; low drug dose; Magnetic
stimulation; Magnetics; Monkey; Motor evoked potentials; Motors; muscle action potential;
Muscle response; Muscles; nonhuman; Papio; priority journal; single drug dose; Somatosensory
evoked potentials; Spinal cords; synaptic potential; Time Factors; Transcranial; transcranial
magnetic stimulation

Unwin, S. (2005). Anaesthesia. The Laboratory Primate. [Handbook of Experimental
Animals.]. (S. Wolfe-Coote, Ed.; ZOOREC:ZO0OR14206039385; p. 292).
https://doi.org/10.1016/B978-012080261-6/50018-0

Keywords: Anesthesia; laboratory animals

Ver Hoeve, J. N., Glatting, B., McIntyre, K. B., Christian, B. J., Nork, T. M., & Kim, C. B.
Y. (2014). Gender Differences in Anesthetized Primate ERG and Full-field Flash VEP.
Investigative Ophthalmology & Visual Science, 55(13).

Keywords: Anesthesia; gender differences; opthalmology

Weston-Murphy, H. (2001). Primate handling and anesthesia. Proceedings of the North
American Veterinary Conference, 15,925-927. Agricola.

Keywords: Anesthesia; Primates; restraint of animals

Analgesia

Description: This section includes citations on the use of analgesic drugs in nonhuman primates
to treat postoperative or other pain.

Results (10):

Coulter, C. A., Flecknell, P. A., & Richardson, C. A. (2009). Reported analgesic
administration to rabbits, pigs, sheep, dogs and non-human primates undergoing
experimental surgical procedures. Laboratory Animals, 43(3), 232—-238. Scopus.
https://doi.org/10.1258/1a.2008.008021

Keywords: *Analgesics; *Animal Welfare; Analgesia; Analgesia/statistics & numerical
data/*veterinary; analgesic agent; anesthetic agent; animal use refinement; Animal Welfare;
animal well-being; Laboratory; Animals, Laboratory/*surgery; article; Canis familiaris;
combination drug therapy; Dogs; drug therapy; experimental animal; frequency; general
anesthetics; laboratory animals; local anesthetics; nerve block; nonhuman; Oryctolagus
cuniculus; Ovis aries; Pain; Pain, Postoperative; Pain, Postoperative/prevention &
control/*veterinary; Rabbits; Refinement; research programs; research projects; Rodentia; Sheep;

11


https://doi.org/10.1016/B978-012080261-6/50018-0
https://doi.org/10.1258/la.2008.008021

skin incision; Species comparison; species differences; Species Specificity; Suidae; Surgery;
Surgery, Veterinary; Surgery, Veterinary/*methods; surgical technique; Swine; veterinary drugs

Ding, H., Cami-Kobeci, G., Husbands, S., & Ko, M. (2015). Bifunctional MOP/NOP
receptor agonist, BU10038, as a strong and safe analgesic in monkeys. Journal of Pain,
16(4), S59-S59. https://doi.org/10.1016/j.jpain.2015.01.250

Keywords: Analgesics

Ding, H., Hayashida, K., Suto, T., Sukhtankar, D. D., Kimura, M., Mendenhall, V., & Ko,
M. C. (2015). Supraspinal actions of nociceptin/orphanin FQ, morphine and substance P in
regulating pain and itch in non-human primates. British Journal of Pharmacology, 172(13),
3302-3312. https://doi.org/10.1111/bph.13124

Keywords: Analgesia; intrathecal administration; morphine; nociception/orphanin FQ peptide
receptor agonists; pain management; pruritis

DiVincenti, L. J. (2013). Analgesic use in nonhuman primates undergoing neurosurgical
procedures. Journal of the American Association for Laboratory Animal Science : JAALAS,
52(1), 10-16.

Keywords: Analgesia/methods/*veterinary; Analgesics/administration & dosage; Animal
Welfare; Neurosurgical Procedures/*veterinary; Pain Management/veterinary; Pain,
Postoperative/drug therapy/prevention & control/*veterinary; Primates/*surgery

Dykstra, L. (2007). Opioid analgesics: Mentors, monkeys and mice. Drug and Alcohol
Dependence, 87(2-3), 316-320. https://doi.org/10.1016/j.drugalcdep.2006.11.004

Keywords: Alcohol abuse; analgesics; drug abuse; opioid analgesics; substance abuse

Murphy, H. W. (2008). Get a hand on your patient: Primate restraint and analgesia. In
Small animal and exotics. Proceedings of the North American Veterinary Conference, Volume
22, Orlando, Florida, USA, 2008, pp. 1917-1919. CAB Abstracts.
https://search.ebscohost.com/login.aspx?direct=true&db=lah& AN=20093019031&site=eho
st-live

Keywords: Anesthesia; anesthetics; exotic organisms; exotic species; introduced organisms;
non-indigenous organisms; non-indigenous species; non-native organisms; non-native species;
nonindigenous species; pain killers; vertebrates; Veterinary Pharmacology and Anaesthesiology;
Zoo Animals

Paul-Murphy, J. (2001). Primate analgesia. Proceedings of the North American Veterinary
Conference, 15,913. Agricola.

Keywords: Analgesics

Vierboom, M. P. M., Breedveld, E., Keehnen, M., Klomp, R., & Bakker, J. (2017). Pain
Relief in Nonhuman Primate Models of Arthritis. In B. Clausen & J. Laman (Eds.),

12


https://doi.org/10.1016/j.jpain.2015.01.250
https://doi.org/10.1111/bph.13124
https://doi.org/10.1016/j.drugalcdep.2006.11.004
https://search.ebscohost.com/login.aspx?direct=true&db=lah&AN=20093019031&site=ehost-live
https://search.ebscohost.com/login.aspx?direct=true&db=lah&AN=20093019031&site=ehost-live

Inflammation: Methods and Protocols (BCI:BCI201700808735; Vol. 1559, pp. 411-417).
https://doi.org/10.1007/978-1-4939-6786-5 28

Keywords: Analgesia; analgesics; arthritis; collagen-induced arthritis; common marmosets;
inflammation; pain relief; rhesus macaques; translational medicine

Wiladischkin, K. A., Dysko, R. C., Collins, G. T., Ko, Y.-A., Winger, G., & Ko, M.-C.
(2012). Pharmacological characterization of NOP receptor agonists as abuse-free and
constipation-free analgesics in monkeys. FASEB Journal, 26.

Keywords: Analgesics; NOP receptor agonists; pharmacology

Adverse Effects

Description: The following citations address adverse effects of anesthetic or analgesic drugs on
nonhuman primates. Most of these citations address effects of these drugs on neonatal nonhuman
primates.

Results (18):

[Anonymous]. (2005). Comparison of the apoptotic effects of the anesthetic, ketamine, in
developing rat and monkey forebrain cultures. Birth Defects Research Part A-Clinical and
Molecular Teratology, 73(5), 302-302.

Keywords: Anesthetics; apoptosis; brain development; ketamine; neurotoxicity

Hansen, T. G., & Henneberg, S. W. (2010). Neurotoxicity of anesthetic agents and the
developing brain in rodents and primates: The time has come to focus on human beings.
Anesthesiology, 113(5), 1244—-1245. Scopus. https://doi.org/10.1097/ALN.0b013e3181f71092

Keywords: Humans; Time Factors; time; nonhuman; priority journal; human; Species
Specificity; growth, development and aging; drug effects; species difference; brain; rodent;
experimental animal; neurotoxicity; toxicity; nerve degeneration; apoptosis; Anesthetics;
Rodentia; Brain; letter; cognition; anesthetic agent; nerve cell plasticity; rhesus monkey; nerve
cell; Neurotoxicity Syndromes; n methyl dextro aspartic acid receptor blocking agent; brain
development; cell population; 4 aminobutyric acid receptor blocking agent

Ko, M.-C., & Husbands, S. (2008). Effects of a novel kappa opioid receptor agonist, TRK-
820, on intrathecal morphine-induced itch and analgesia in monkeys. FASEB Journal, 22.

Keywords: Analgesia; kappa opioid receptor agonist; morphine; pruritis

Koo, E., & Oshodi, T. (2012). Comparative neurotoxic effects of dexmedetomidine and
ketamine in prenatal monkey brains. Anesthesia and Analgesia, 114.

Keywords: Anesthetics; brain development; dexmedetomidine; ketamine; neurotoxicity

Maloney, S. E., Creeley, C. E., Hartman, R. E., Yuede, C. M., Zorumski, C. F., Jevtovic-
Todorovic, V., Dikranian, K., Noguchi, K. K., Farber, N. B., & Wozniak, D. F. (2019).
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Using animal models to evaluate the functional consequences of anesthesia during early
neurodevelopment. Neurobiology of Learning and Memory, 165, 106834.
https://doi.org/10.1016/j.nlm.2018.03.014

Keywords: Disease Models, Animal; *Behavior; Apoptosis/drug effects; * Apoptosis; *Non-
human primate; Anesthesia/*adverse effects; *Rodent; *Anesthetic; *Sedative agents;
Anesthetics/adverse effects; Neurodevelopmental Disorders/*chemically induced

McGowan Jr., F. X., & Davis, P. J. (2008). Anesthetic-related neurotoxicity in the
developing infant: Of mice, rats, monkeys and, possibly, humans. Anesthesia and Analgesia,
106(6), 1599-1602. Scopus. https://doi.org/10.1213/ane.0b013e31817330cf

Keywords: Humans; Rats; Disease Models, Animal; nonhuman; priority journal; rat; surgical
technique; human; pathology; disease model; risk factor; Risk Factors; Risk Assessment; Age
Factors; age; growth, development and aging; drug effect; Mice; mouse; chemically induced
disorder; risk assessment; neurotoxicity; nerve degeneration; nervous system; editorial;
experimental model; Haplorhini; Anesthetics, Inhalation; Anesthetics, Intravenous; inhalation
anesthetic agent; intravenous anesthetic agent; drug exposure; developmental stage;
Neurotoxicity Syndromes; toxicity and intoxication; Nervous System; brain development;
anesthesia complication; Nerve Degeneration

Neudecker, V., Perez-Zoghbi, J. F., Grafe, M., & Brambrink, A. (2019). GFAP expression
in the visual cortex is increased in juvenile non-human primates that were exposed to
anesthesia during infancy. Anesthesia and Analgesia, 128, 380-380.

Keywords: Anesthesia; brain development; visual cortex

Paule, M. (2011). Preclinical Neurotoxicity Assessments of Pediatric Anesthetics:
Translational Approaches Using a Nonhuman Primate Model. Neurotoxicology and
Teratology, 33(4), 506-507. https://doi.org/10.1016/j.ntt.2011.05.054

Keywords: Anesthetics; neurotoxicity; pediatrics; translational model

Raper, J., Simon, H. K., & Kamat, P. P. (2021). Long-term evidence of neonatal
anaesthesia neurotoxicity linked to behavioural phenotypes in monkeys: Where do we go
from here? British Journal of Anaesthesia, 127(3), 343-345. Scopus.
https://doi.org/10.1016/j.bja.2021.06.005

Keywords: nonhuman; behaviour; oxidative stress; phenotype; microglia; Phenotype;
neurotoxicity; Anesthetics; Editorial; Haplorhini; behavior disorder; anesthetic agent;
Anesthesia; drug exposure; Neurotoxicity Syndromes; toxicity and intoxication; nerve cell
differentiation; brain development; glial fibrillary acidic protein; astrocytosis; *non-human
primate; *Anesthesia; *behaviour; *anaesthetic neurotoxicity; *Anesthetics; *astrogliosis; *glial
fibrillary acidic protein; *neurodevelopment; *Neurotoxicity Syndromes/etiology; *paediatric
anaesthesia; astrogliosis; anaesthetic neurotoxicity; neurodevelopment; paediatric anaesthesia;
pediatric anesthesia; perirhinal cortex
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Rosado-Mendez, 1. M., Noguchi, K. K., Castafieda-Martinez, L., Kirvassilis, G., Wang, S.
H., Manzella, F., Swiney, B. S., Masuoka, K., Capuano, S. I., Brunner, K. G., Crosno, K.,
Guerrero, Q. W., Whitson, H., Brambrink, A., Simmons, H. S., Mejia, A. F., Zagzebski, J.
A., Hall, T. J., & Ikonomidou, C. (2019). Quantitative ultrasound and apoptotic death in
the neonatal primate brain. Neurobiology of Disease, 127, 554-562.
https://doi.org/10.1016/j.nbd.2019.03.032

Keywords: Animals, Newborn; Ultrasonography; Macaca mulatta; *Apoptosis; *Imaging;
*Primate; *Development; Sevoflurane/*pharmacology; *Sevoflurane; *Quantitative ultrasound;
*Thalamus; *Brain injury; *Neonatal; Apoptosis/drug effects/*physiology; Brain/*diagnostic
imaging/drug effects; Neurons/drug effects; Oligodendroglia/drug effects

Schenning, K. J., Miranda-Dominguez, O., Martin, L. D., Coleman, K., Neudecker, V.,
Perez-Zoghbi, J. F., Fair, D., & Brambrink, A. (2020). Changes in Brain Functional
Connectivity After Infant Anesthesia Exposure Are Associated With Alterations in Social
Behaviors in Juvenile Non-Human Primates. Anesthesia and Analgesia, 130, 501-501.

Keywords: Anesthesia; brain function; neurodevelopment; pediatrics; social behaviors

Slikker, W., Han, X., Liu, F., Zhang, X., Gu, Q., Liu, S., Paterson, T. A., Paule, M. G.,
Hanig, J. P., & Wang, C. (2018). Identifying Potential Biomarkers, Mechanisms and
Protective Strategies for General Anesthetic-Induced Neurotoxicity in the Developing
Nonhuman Primate. FASEB Journal, 32(1).

Keywords: Anesthetics; biomarkers; brain development; neurodevelopment; neurotoxicity

Slikker, W., Jr., Zhang, X., Paule, M. G., Newport, G. D., Liu, F., Callicott, R., Liu, S.,
Berridge, M., Apana, S. M., & Wang, C. (2013). MicroPET/CT Imaging of [18F]-FEPPA in
the Nonhuman Primate: A Potential Biomarker of Pathogenic Processes Associated with
Anesthetic-Induced Neurotoxicity. Birth Defects Research Part A-Clinical and Molecular
Teratology, 97(5), 312-312.

Keywords: Anesthetics; biomarkers; brain development; Computed Tomography; imaging;
neurodevelopment; neurotoxicity; Positron Emission Tomography

Yan, J., Li, J., Cheng, Y., Zhang, Y., Zhou, Z., Zhang, L., & Jiang, H. (2020). Dusp4
Contributes to Anesthesia Neurotoxicity via Mediated Neural Differentiation in Primates.
Frontiers in Cell and Developmental Biology, 8. Scopus.
https://doi.org/10.3389/fcell.2020.00786

Keywords: Animal experiment; animal model; animal tissue; nonhuman; human; Article;
controlled study; in vitro study; human cell; unclassified drug; down regulation; protein
expression; embryo; anesthesia; sevoflurane; neurotoxicity; RNA sequencing; prefrontal cortex;
nerve cell differentiation; dual specificity phosphatase; dual specificity protein phosphatase 4;
DUSP4; human embryonic stem cell; neural differentiation
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Yu, W., Wu, Z., & Zhao, P. (2020). Neurotoxicity effects of anesthetic exposure on the
developing brain of non-human primates. Medical Hypotheses, 140. Scopus.
https://doi.org/10.1016/j.mehy.2020.109647

Keywords: Animal experiment; animal tissue; nonhuman; Article; histopathology; anesthesia;
neurotoxicity; developmental toxicity; nerve degeneration; non invasive procedure;
neuroimaging; Neurotoxicity; brain region; brain function; brain tissue; anesthetic agent; drug
exposure; Brain development; General anesthetic; mental disease assessment; minimally
invasive procedure; Neuroimaging methodologies; tissue structure

Zou, X., Patterson, T. A., Divine, B. L., Sadovova, N., Zhang, X., Hanig, J. P., Paule, M. G.,
Slikker, W. J., & Wang, C. (2009a). Gaseous anesthetics- Induced neurodegeneration in the

developing monkey brain. Society for Neuroscience Abstract Viewer and Itinerary Planner,
39.

Keywords: Anesthetics; brain development; inhalation anesthetics; neurodevelopment;
neurotoxicity

Zou, X., Patterson, T. A., Divine, R. L., Sadovova, N., Zhang, X., Hanig, J. P., Paule, M. G.,
Slikker, W., Jr., & Wang, C. (2009b). Prolonged exposure to ketamine increases
neurodegeneration in the developing monkey brain. International Journal of Developmental
Neuroscience, 27(7), 727-731. https://doi.org/10.1016/j.ijdevneu.2009.06.010

Keywords: Anesthetics; brain development; infants; ketamine; neurodevelopment; neurotoxicity;
pediatrics

Zou, X., Sadovova, N., Patterson, T., Divine, B., Paule, M., Slikker, W., William, & Wang,
C. (2008). Genotoxicity of ketamine and potential protection by midazolam in neonatal
monkey cerebral cortical culture. Society for Neuroscience Abstract Viewer and Itinerary
Planner, 38.

Keywords: Anesthetics; brain development; cerebral cortex; genotoxicity; midazolam; infants;
neurodevelopment; neurotoxicity; pediatrics

Human Pain and Nociception Research, Pharmacology, and Drug
Development

Description: These articles describe using nonhuman primates as models for studying pain and
nociception in humans as well as for drug development, pharmacokinetics, and
pharmacodynamics.

Results (7):
Ding, H., Kiguchi, N., Perrey, D. A., Thuy Nguyen, Czoty, P. W., Zhang, Y., & Ko, M.-C.

(2018). Reinforcing, Antinociceptive, and Pruritic Effects of a G Protein-Biased Mu Opioid
Receptor Agonist, PZM21, in Primates. FASEB Journal, 32(1).
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Keywords: Drug antinociceptive effect; itch; meeting abstract; pruritis; thermal allodynia

Grace, J., Wong, H., Sinz, M., & Lentz, K. (2009). Comparison of the formation Kinetics of
acetaminophen in chimpanzee, cynomolgus monkey, marmoset, rhesus monkey and human
liver microsomes. Drug Metabolism Reviews, 41, 58-59.

Keywords: Acetaminophen; analgesics; chimpanzees; cynomolgus monkeys; liver microsomes;
marmosets; pharmacology; rhesus macaques; symposia, transactions and proceedings

Kiguchi, N., & Ko, M.-C. (2019). Effects of NOP-related ligands in nonhuman primates. In
Handbook of Experimental Pharmacology (Vol. 254, p. 343). Springer New York LLC;
Scopus. https://doi.org/10.1007/164 2019 211

Keywords: Humans; nonhuman; priority journal; human; metabolism; chemistry; drug efficacy;
drug effect; pain; neuropathic pain; chronic pain; Analgesics; Ligands; drug safety; positron
emission tomography; evidence based medicine; Opioids; analgesic activity; Analgesics, Opioid;
narcotic analgesic agent; Chronic pain; rhesus monkey; EC50; drug protein binding; Parkinson’s
disease; mu opiate receptor agonist; Opioid Peptides; 8 (2,3,3a,4,5,6 hexahydro 1h phenalen 1 yl)
1 phenyl 1,3,8 triazaspiro[4.5]decan 4 one; at 121; Bifunctional ligands; bu 08028;
cebranopadol; Drug abuse; drug dependence; Inflammatory pain; MOP receptor; nociceptin;
nociceptin receptor; nociceptin receptor agonist; NOP receptor; opiate receptor; Receptors,
Opioid; sch 221510; Spinal cord; sr 16435; ufp 112

Rauch, A., Rainer, G., Augath, M., Oeltermann, A., & Logothetis, N. K. (2008).
Pharmacological MRI combined with electrophysiology in non-human primates: Effects of
Lidocaine on primary visual cortex. Neurolmage, 40(2), 590-600. Scopus.
https://doi.org/10.1016/j.neuroimage.2007.12.009

Shidahara, Y., Awaga, Y., Nakamura, M., Ogawa, S., Takashima, M., Hama, A., Matsuda,
A., Takamatsu, H., & Umemura, K. (2016). Differential effects of clinical analgesics in a

nonhuman primate and rat model of oxaliplatin-induced peripheral neuropathy. Journal of
Pharmacological Sciences, 130(3), S97-S97.

Keywords: article; nonhuman; priority journal; controlled study; male; dose response; drug
effect; Lidocaine; nuclear magnetic resonance imaging; pharmacodynamics; Magnetic
Resonance Imaging;; Haplorhini; brain region; local anesthesia; Anesthetics, Local;
Electrophysiology; independent component analysis; Visual Cortex; visual stimulation; brain
electrophysiology; electric potential; evoked visual response; ICA; Independent component
analysis; phMRI

Yeomans, D., Lu, Y., Laurito, C., Votta-Velis, G., & Wilson, S. (2003). Cutaneous
application of HSV vectors encoding human preproenkephalin produces analgesia in

primates. Experimental Neurology, 181(1), 110-110.

Keywords: Analgesia; meeting abstract; neurology; preproenkephalin
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Baboons

This section contains citations on anesthesia and analgesia in baboons (genus Papio). Since
baboons are a popular model in research in the area of xenotransplantation, we have added
section on anesthesia and analgesia for this particular area of research.

Hamadryas baboon. Courtesy of Adobe Stock Photos.

Anesthesia

Description: Information on anesthesia protocols and monitoring of vital signs for baboons.
Also includes citations that describe anesthesia protocols for a specific type of surgery (fetal
surgery, stroke model), for chemical restraint, or for imaging.

Results (20):

Alsobayil, F., Sadan, M., & Al-Shoshan, A. A. (2018). Comparison between the anaesthetic
effects of xylazine-ketamine and diazepam-ketamine: Physiological and blood parameters
in young hamadryas baboons (Papio hamadryas). Turkish Journal of Veterinary and Animal
Sciences, 42(1), 40—48. Scopus. https://doi.org/10.3906/vet-1701-87
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Keywords: anesthesia; Animal and in-vitro Models for Pharmaceuticals; animal experiment;
Animal Models of Human Diseases; Animal Physiology and Biochemistry (Excluding
Nutrition); Article; Biological Resources (Animal); blood gas; blood pressure; bradycardia;
breathing rate; Cercopithecidae; comparative study; cornea reflex; Diazepam; Hamadryas
baboons; heart rate; hyperglycemia; hypothermia; Ketamine; lactic acid; male; mean arterial
pressure; micturition; Non-Communicable Diseases and Injuries of Animals; nonhuman; oxygen
affinity; oxygen saturation; Papio; Papio hamadryas;; rectal temperature; Veterinary
Pharmacology and Anaesthesiology; Xylazine

Bentson, K. L., Capitanio, J. P., & Mendoza, S. P. (2003). Cortisol responses to
immobilization with Telazol or ketamine in baboons (Papio cynocephalus/anubis) and
rhesus macaques (Macaca mulatta). Journal of Medical Primatology, 32(3), 148—-160.
Scopus. https://doi.org/10.1034/j.1600-0684.2003.00018.x

Keywords: analysis of variance; Anesthetics, Dissociative; Anesthetics,
Dissociative/*pharmacology; animal cell; animal experiment; arm movement; article; baboon;
Benzodiazepine receptors; Benzodiazepines; Biorhythm; blood sampling; Blood sampling
venipuncture; Circadian; controlled study; Drug Combinations; drug effect; Hydrocortisone;
hydrocortisone blood level; Hydrocortisone/*blood; Immobilization,;
Immobilization/*physiology; immunological parameters; injection; Ketamine;
Ketamine/*pharmacology; leukocyte count; Leukocytes; Lymphocytes; Macaca; Macaca
mulatta; Macaca mulatta/*blood; Male; nonhuman; Novelty; Papio; Papio anubis; Papio
cynocephalus; Papio hamadryas; Papio/*blood; priority journal; Psychoneuroimmunology;
rhesus monkey; sodium chloride; species difference; Species Specificity; telazol; Tiletamine;
Tiletamine/*pharmacology; time; Training; Zolazepam; Zolazepam/*pharmacology

Giffard, C., Young, A. R., Mézenge, F., Derlon, J.-M., & Baron, J.-C. (2005).
Histopathological effects of delayed reperfusion after middle cerebral artery occlusion in
the anesthetized baboon. Brain Research Bulletin, 67(4), 335-340. Scopus.
https://doi.org/10.1016/j.brainresbull.2005.08.001

Keywords: *Anesthesia; *Reperfusion; Anesthesia*; animal experiment; animal model; animal
tissue; article; Baboon; brain hemorrhage; Brain Infarction; brain infarction size; Brain
Infarction/*pathology; Brain Infarction/etiology; Brain Infarction/etiology/*pathology; brain
ischemia; cadaver; capsula interna; caudate nucleus; Cerebral ischemia; controlled study;
Disease Models, Animal; frontal cortex; histopathology; Infarction, Middle Cerebral Artery;
Infarction, Middle Cerebral Artery/*pathology; Infarction, Middle Cerebral
Artery/complications; Infarction, Middle Cerebral Artery/complications/*pathology; Magnetic
Resonance Imaging; Magnetic Resonance Imaging/methods; Male; Middle cerebral artery
occlusion; nonhuman; Papio anubis; priority journal; putamen; Reperfusion; reperfusion injury;
Reperfusion*; Staining and Labeling; stereology; Stroke; survival; Time Factors; tissue fixation;
validation process

Ikai, A., Riemer, R. K., Ramamoorthy, C., Malhotra, S., Cassorla, L., Amir, G., Hanley, F.
L., & Reddy, V. M. (2005). Preliminary results of fetal cardiac bypass in nonhuman
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primates. The Journal of Thoracic and Cardiovascular Surgery, 129(1), 175-181.
https://doi.org/10.1016/j.jtcvs.2004.09.003

Keywords: *Pregnancy, Animal; Anesthesia, General/methods; Anesthetics,
Intravenous/*administration & dosage; Blood Gas Analysis; Blood Pressure Determination;
Cardiac Output; Cardiopulmonary Bypass/*methods; Female; Fentanyl/administration & dosage;
Fetal Heart/abnormalities/*surgery; Hemodynamics/physiology; Isoflurane/administration &
dosage; Papio; Pregnancy; Sensitivity and Specificity; Statistics, Nonparametric; Treatment
Outcome

Isbell, L. A., Bidner, L. R., Omondi, G., Mutinda, M., & Matsumoto-Oda, A. (2019).
Capture, immobilization, and Global Positioning System collaring of olive baboons (Papio
anubis) and vervets (Chlorocebus pygerythrus): Lessons learned and suggested best
practices. American Journal of Primatology, 81(6), €22997—-€22997. Zoological Record.

Keywords: Chlorocebus pygerythrus, Papio anubis: Trapping; Tagging, Global positioning
system collaring; Sedation, Immobilization; Tracking techniques; Injuries; Mortality, Mortality
rate; Kenya; Cercopithecidae; Systematics: Cercopithecidae, Chlorocebus pygerythrus;
Cercopithecidae, Papio anubis

Ivanov, V. A., Wolf, R. F., Papin, J. F., Anderson, M. P., Hill, C. L., & Welliver, R. C., Sr.
(2018). Apnea induction for invasive lung function testing in infant olive baboons:
Comparison of intravenous propofol versus hyperventilation. Journal of Medical
Primatology, 47(1), 46—50. Scopus. https://doi.org/10.1111/jmp.12306

Keywords: *Papio anubis; *apnea induction; *CO2 washout; *hypocapnia; *lung function tests;
Anesthetics, Intravenous; Anesthetics, Intravenous/*adverse effects; Anesthetics,
Intravenous/administration & dosage; Anesthetics, Intravenous/administration &
dosage/*adverse effects; animal experiment; Animals, Newborn; Ape Diseases; Ape
Diseases/*etiology; Ape Diseases/chemically induced; Ape Diseases/chemically
induced/*etiology; Apnea; apnea induction; apnea induction®; Apnea/*etiology;
Apnea/chemically induced; Apnea/chemically induced/*etiology; Article; carbon dioxide;
chemically induced; CO2 washout*; comparative study; disease severity; Female;
Hyperventilation; Hyperventilation/*etiology; hypocapnia®*; infant; intermethod comparison;
intravenous anesthetic agent; invasive lung function testing; lung compliance; lung function
tests™; measurement accuracy; medical procedures; newborn; nonhuman; peak expiratory flow;
peak inspiratory flow; positive end expiratory pressure; priority journal; procedures; propoflo 28;
Propofol; Propofol/*adverse effects; Propofol/administration & dosage/*adverse effects;
Respiratory Function Tests; Respiratory Function Tests/*methods; therapeutic hyperventilation;
trend study

Joshi, S., Hartl, R., Sun, L. S., Libow, A. D., Wang, M., Pile-Spellman, J., Young, W. L.,
Connolly, E. S., & Hirshman, C. A. (2003). Despite in vitro increase in cyclic guanosine
monophosphate concentrations, intracarotid nitroprusside fails to augment cerebral blood
flow of healthy baboons. Anesthesiology, 98(2), 412—419. Scopus.
https://doi.org/10.1097/00000542-200302000-00022
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Keywords: anesthesia; animal experiment; animal tissue; arteriole; artery resistance; artery tone;
article; baboon; Blood Pressure; brain blood flow; brain circulation; carotid artery; Carotid
Artery, Internal; Cerebrovascular Circulation; concentration response; controlled study; Cyclic
GMP; diagnostic agent; drug effect; drug infusion; hypertension; in vitro study; in vivo study;
Injections, Intra-Arterial; internal carotid artery; intraarterial drug administration; Iohexol; mean
arterial pressure; metabolism; neuropharmacology; Nitroprusside; nitroprusside sodium;
nonhuman; Papio; phenylephrine; priority journal; protein determination; radioimmunoassay;
Vasodilator Agents; verapamil; xenon; Xenon Radioisotopes

Kamau, M. W,, Hassell, J. M., Milnes, E. L., Hayek, L.-A. C., Mutinda, M. M., Harel, R.,
Matsumoto-Oda, A., Yu, J. H., Zimmerman, D., Crofoot, M., & Murray, S. (2021). Point of
Care Blood Gas and Electrolyte Analysis in Anesthetized Olive Baboons (Papio anubis) in a
Field Setting. International Journal of Primatology, 42(5), 667-681. Scopus.
https://doi.org/10.1007/s10764-021-00241-3

Keywords: ACP Countries; Africa; Africa South of Sahara; anesthetic; Anglophone Africa;
Animal Welfare; Baboons; Biological Resources (Animal); blood; Blood gas; Cercopithecidae;
Commonwealth of Nations; detection method; Developing Countries; East Africa; Electrolytes;
Free ranging; Kenya; Laikipia; Olive baboons; Papio anubis; partial pressure; Physiology and
Biochemistry (Wild Animals); Reference intervals; Veterinary Pharmacology and
Anaesthesiology

Langoi, D. L., Mwethera, P. G., Abelson, K. S. P., Farah, I. O., & Carlsson, H. E. (2009).
Reversal of Ketamine/Xylazine combination anesthesia by Atipamezole in olive baboons
(Papio anubis). Journal of Medical Primatology, 38(6), 404—410. Scopus.
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Keywords: *Papio anubis; Adrenergic alpha-Antagonists; Adrenergic alpha-
Antagonists/*pharmacology; alpha adrenergic receptor blocking agent; anesthesia induction;
anesthesia mechanism; anesthetic agent; Anesthetics, Dissociative; Anesthetics,
Dissociative/*antagonists & inhibitors; Anesthetics, Dissociative/administration & dosage;
Anesthetics, Dissociative/administration & dosage/*antagonists & inhibitors; animal experiment;
animal model; Animal Welfare; arousal; article; atipamezole; Atipamezole; Baboon; Blood
Pressure; Blood Pressure/drug effects; breathing rate; cardiopulmonary hemodynamics;
Cercopithecidae; controlled study; drug antagonism; drug dose comparison; drug effect; Female;
Heart Rate; Heart Rate/drug effects; hemoglobin; imidazole derivative; Imidazoles;
Imidazoles/*pharmacology; Injections, Intramuscular; intramuscular drug administration;
Ketamine; ketamine HCL; Ketamine/*antagonists & inhibitors; Ketamine/administration &
dosage; Ketamine/administration & dosage/*antagonists & inhibitors; Laboratory Animal
Science; male; Male; nonhuman; oxygen; oxygen saturation; Papio anubis; Papio anubis*;
priority journal; rectum temperature; Respiratory Rate; Respiratory Rate/drug effects; Reversal
anesthesia; salivation; sedation; Surgery; systolic blood pressure; unclassified drug; Veterinary
Pharmacology and Anaesthesiology; vomiting; Xylazine; xylazine 100; Xylazine/*antagonists &
inhibitors; Xylazine/administration & dosage; Xylazine/administration & dosage/*antagonists &
inhibitors
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Kangarlu, A. (2010). Techniques for in utero, longitudinal MRI of fetal brain development
in baboons at 3 T. Methods, 50(3), 147-156. Scopus.
https://doi.org/10.1016/j.ymeth.2009.03.019

Keywords: *Cerebrum/anatomy & histology/embryology; 3 T; Anesthesia;
Anesthesia/*methods; animal experiment; article; baboon; brain development; Brain
development; Cerebrum; Cerebrum*/anatomy & histology; Cerebrum*/embryology; Diffusion
Tensor Imaging; Diffusion Tensor Imaging/*methods; Female; Fetal baboon; Fetus; fetus
development; gestational age; Gestational Age; gray matter; Image Processing, Computer-
Assisted; Image Processing, Computer-Assisted/*methods; In utero; Longitudinal; Models,
Animal; MRI; neuroanatomy; neuroimaging; nonhuman; nuclear magnetic resonance imaging;
Papio; Pregnancy; priority journal; Uterus; Uterus/embryology; white matter

Liu, F., Garland, M., Duan, Y., Stark, R. L., Xu, D., Dong, Z., Bansal, R., Peterson, B. S., &
Kangarlu, A. (2008). Study of the development of fetal baboon brain using magnetic
resonance imaging at 3 Tesla. Neurolmage, 40(1), 148—159. Scopus.
https://doi.org/10.1016/j.neuroimage.2007.11.021

Keywords: 3 T; Adjuvants, Anesthesia; Algorithms; anesthesia; Anesthesia; Anesthetics,
Dissociative; animal experiment; animal tissue; article; Artifacts; Atropine; baboon; Body
Temperature; Brain; brain development; Brain development; brain scintiscanning;
Brain/*anatomy & histology; Brain/*anatomy & histology/*embryology; Brain/*embryology;
Diffusion Magnetic Resonance Imaging; Fetal baboon; fetus; Gestational Age; gray matter;
Hypnotics and Sedatives; Image Processing, Computer-Assisted; Ketamine; Magnetic
Resonance Imaging; Magnetic Resonance Imaging/*methods; MRI; nonhuman; nuclear
magnetic resonance imaging; Papio papio; Papio papio/*physiology; pregnancy; Pregnancy;
priority journal; relaxation time; Relaxation times; T1; T2; Urinary Bladder; Urinary
Bladder/physiology; white matter

Mutinda, M., Crofoot, M. C., Kishbaugh, J. C., Hayek, L.-A. C., Zimmerman, D., Tunseth,
D. A., & Murray, S. (2019). Blood Biochemical Reference Intervals for Free-Ranging Olive
Baboons (Papio anubis) in Kenya. International Journal of Primatology, 40(2), 187-196.
Scopus. https://doi.org/10.1007/s10764-018-0074-2

Keywords: abnormality; biochemistry; blood; Chemical immobilization; Health status;
immobilization; Kenya; Papio anubis; phosphatase; phosphorus; serum; Serum chemistry; wild
population

Saba, W., Goutal, S., Kuhnast, B., Dollé, F., Auvity, S., Fontyn, Y., Cayla, J., Peyronneau,
M.-A., Valette, H., & Tournier, N. (2015). Differential influence of propofol and isoflurane
anesthesia in a non-human primate on the brain kinetics and binding of [18F|DPA-714, a
positron emission tomography imaging marker of glial activation. European Journal of
Neuroscience, 42(1), 1738—1745. Scopus. https://doi.org/10.1111/ejn.12946

23


https://doi.org/10.1016/j.ymeth.2009.03.019
https://doi.org/10.1016/j.neuroimage.2007.11.021
https://doi.org/10.1007/s10764-018-0074-2
https://doi.org/10.1111/ejn.12946

Keywords: Anesthetic; anesthetic agent; Anesthetics, General; Anesthetics,
General/*pharmacology; animal cell; animal experiment; animal tissue; Article; Baboon; Brain;
brain tissue; Brain/*diagnostic imaging/drug effects/metabolism; controlled study; dpa 714 { 18;
drug binding; drug distribution; drug effects; drug elimination; drug metabolism;
Fluorodeoxyglucose F18; glia; In vitro binding; in vitro study; in vivo study; Isoflurane;
Isoflurane/*pharmacology; Male; metabolism; n sec butyl 1 (2 chlorophenyl) n methyl 3
isoquinolinecarboxamide; N,N-diethyl-2-(2-(4-(2-fluoroethoxy)phenyl)-5,7-
dimethylpyrazolo(1,5-a)pyrimidin-3-yl)acetamide; Neuroglia; Neuroglia/*diagnostic
imaging/drug effects/metabolism; neuroinflammation; Neuroinflammation; nonhuman; Papio;
Papio anubis; Peripheral benzodiazepine receptor; positron emission tomography; Positron-
Emission Tomography; Positron-Emission Tomography/*methods; priority journal; procedures;
Propofol; Propofol/*pharmacology; pyrazole derivative; Pyrazoles;
Pyrazoles/*pharmacokinetics; pyrimidine derivative; Pyrimidines;
Pyrimidines/*pharmacokinetics; radioactivity; radioligand; scintiscanning; unclassified drug

Schuerch, F. S., Brown, G., O’Brien, J. K., Heffernan, S., Vogelnest, L., Dart, C., Thomson,
P. C., & McGreevy, P. D. (2004). The effect of repeated oral administration of drugs for
chemical restraint on behavioural responses in male baboons (Papio hamadryas). Folia
Primatologica, 75, 411-411.

Keywords: Anesthetic drugs; baboons; behavioural response; chemical restraint; immobilization;
oral restraining agents; Papio hamadryas

Sloan, T., Sloan, H., & Rogers, J. (2010). Nitrous oxide and isoflurane are synergistic with
respect to amplitude and latency effects on sensory evoked potentials. Journal of Clinical
Monitoring and Computing, 24(2), 113—123. https://doi.org/10.1007/s10877-009-9219-3

Keywords: Anesthetics, Inhalation/administration & dosage; Dose-Response Relationship, Drug;
Drug Synergism; Evoked Potentials, Somatosensory/*drug effects/*physiology;
Isoflurane/*administration & dosage; Nitrous Oxide/*administration & dosage; Papio; Reaction
Time/*drug effects/*physiology

Undar, A., Eichstaedt, H. C., Clubb Jr., F. J., Lu, M., Bigley, J. E., Deady, B. A., Porter, A.,
Vaughn, W. K., & Fung, M. (2004). Anesthetic induction with ketamine inhibits platelet
activation before, during, and after cardiopulmonary bypass in baboons. Artificial Organs,
28(10), 959-962. Scopus. https://doi.org/10.1111/j.1525-1594.2004.07377.x

Keywords: Amines; Analysis of Variance; anesthesia induction; Anesthetics; Anesthetics,
Dissociative; Anesthetics, Dissociative/pharmacology; Anesthetics, Intravenous; Anesthetics,
Intravenous/pharmacology; animal experiment; Antibodies, Monoclonal; Antibodies,
Monoclonal/pharmacology; Baboons; blood sampling; breathing rate; Cardiopulmonary Bypass;
Cardiopulmonary Bypass*; Chemical activation; complement; Complement Factor D;
Complement Factor D/immunology; conference paper; controlled study; cytokine production;
cytometry; Diazepam; Diazepam/pharmacology; drug effect; Hypothermic;
immunofluorescence; induced hypothermia; inspiratory capacity; Intramuscular injections;
intravenous catheter; Isoflurane; Ketamine; Ketamine/*pharmacology; leukocyte activation; Mab

24


https://doi.org/10.1007/s10877-009-9219-3
https://doi.org/10.1111/j.1525-1594.2004.07377.x

166-32; Mean weight; Models, Animal; Monoclonal antibodies; monoclonal antibody 166 32;
Monoclonal antibody 166-32; monocyte; nonhuman; PADGEM protein; pancuronium bromide;
Papio; paralysis; Platelet Activation; Platelet Activation/*drug effects; Platelet Activation/*drug
effects/physiology; Platelet Activation/physiology; Platelet inhibition; Platelets; priority journal,
protein expression; sodium chloride; thrombocyte activation; tidal volume; Time Factors;
Treatment Outcome; unclassified drug

Valette, H., Bottlaender, M., Coulon, C., Ottaviani, M., & Syrota, A. (2002). Anesthesia
affects the disposition of [18F]|Fluoro-A-85380: A PET study in monkeys. Synapse, 44(1),
58-59. Scopus. https://doi.org/10.1002/syn.10047

Keywords: 3 (2 azetidinylmethoxy)pyridine; Adrenergic alpha-Agonists; Adrenergic alpha-
Agonists/*pharmacology; Anesthetics, Dissociative; Anesthetics, Dissociative/*pharmacology;
animal experiment; animal model; article; Azetidines; Azetidines/*metabolism; Brain;
Brain/diagnostic imaging/*drug effects; controlled study; drug clearance; drug disposition; drug
distribution; Drug Interactions; Drug Interactions/physiology; drug metabolism; drug
potentiation; Fluorine Radioisotopes; Fluorine Radioisotopes/*metabolism; fluorodeoxyglucose f
18; general anesthesia; isoflurane; Ketamine; Ketamine/*pharmacology; Metabolic Clearance
Rate; Metabolic Clearance Rate/drug effects/physiology; monkey; Neurons; Neurons/diagnostic
imaging/*drug effects; nicotinic receptor; nonhuman; Nonlinear Dynamics; Papio; positron
emission tomography; priority journal; Receptors, Nicotinic; Receptors, Nicotinic/*drug
effects/metabolism; Tomography, Emission-Computed; Xylazine; Xylazine/*pharmacology

Wey, H.-Y., Li, J., Szabo, C. A., Fox, P. T., Leland, M. M., Jones, L., & Duong, T. Q.
(2010). BOLD fMRI of visual and somatosensory-motor stimulations in baboons.
Neurolmage, 52(4), 1420-1427. Scopus. https://doi.org/10.1016/j.neuroimage.2010.05.014

Keywords: anesthesia induction; Anesthetic; animal experiment; Animal models; article;
baboon; Blood oxygenation level-dependent (BOLD) fMRI; brain function; Brain mapping;
Cerebral blood flow; Evoked Potentials, Somatosensory; Evoked Potentials, Visual; evoked
response; female; functional magnetic resonance imaging; hemodynamics; hypercapnia;
isoflurane; ketamine; lateral geniculate nucleus; Magnetic Resonance Imaging; motor activity;
motor cortex; nonhuman; Oxygen Consumption; Papio hamadryas; paralysis; Photic Stimulation;
Physical Stimulation; priority journal; Somatosensory Cortex; somatosensory stimulation;
Thalamus; vecuronium; Visual Cortex; visual stimulation

Wey, H.-Y., Wang, D. J., & Duong, T. Q. (2011). Baseline CBF, and BOLD, CBF, and
CMRO2 fMRI of visual and vibrotactile stimulations in baboons. Journal of Cerebral Blood
Flow and Metabolism, 31(2), 715-724. Scopus. https://doi.org/10.1038/jcbfm.2010.154

Keywords: Algorithms; Anesthesia; Anesthetics, Dissociative; Anesthetics, Inhalation; animal
experiment; article; baboon; blood oxygenation; Brain; brain blood flow; Brain/pathology;
Calibration; cerebral blood flow; cerebral metabolic rate of oxygen; Cerebrovascular Circulation;
Cerebrovascular Circulation/*physiology; epilepsy; Female; functional magnetic resonance
imaging; gray matter; hemodynamic response; Hypercapnia; Hypercapnia/physiopathology;
Image Processing, Computer-Assisted; [soflurane; Ketamine; Kinetics; Magnetic Resonance

25


https://doi.org/10.1002/syn.10047
https://doi.org/10.1016/j.neuroimage.2010.05.014
https://doi.org/10.1038/jcbfm.2010.154

Imaging; Magnetic Resonance Imaging/*methods; neurovascular coupling; nonhuman; Oxygen;
Oxygen Consumption; Oxygen Consumption/*physiology; Oxygen/*blood; Papio; Perfusion
Imaging; Photic Stimulation; Physical Stimulation; priority journal; pseudo-continuous ASL;
quantitative analysis; Spin Labels; stroke; tactile stimulation; Touch; Touch/physiology;
Vibration; visual stimulation; white matter

Yeung, K. R., Lind, J. M., Heffernan, S. J., Sunderland, N., Hennessy, A., & Makris, A.
(2014). Comparison of indirect and direct blood pressure measurements in baboons during
ketamine anaesthesia. Journal of Medical Primatology, 43(4), 217-224. Scopus.
https://doi.org/10.1111/jmp.12113

Keywords: *Papio hamadryas; Anesthesia*; anesthetic agent; Anesthetics, Dissociative; animal
experiment; Animal Physiology and Biochemistry (Excluding Nutrition); article; automated
oscillometry; Blood Pressure Determination; Blood Pressure Determination/*methods; blood
pressure measurement; blood pressure meter; Cardiovascular; Cercopithecidae; comparative
study; controlled study; correlation coefficient; diastolic blood pressure; evaluation study;
Female; intermethod comparison; Intra-arterial radiotelemetry; Ketamine; Male; mercury
sphygmomanometer; nonhuman; oscillometer; Oscillometry; Papio hamadryas; Papio
hamadryas*; Pregnancy; priority journal; procedures; Sphygmomanometry; systolic blood
pressure; Techniques and Methodology; Telemetry; Veterinary Pharmacology and
Anaesthesiology

Analgesia

Description: Information on the use of analgesic drugs in baboons to treat postoperative pain.
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Adverse Effects

Description: This section features citations about adverse effects of anesthetic or analgesic drugs
on baboons. Most of these citations address effects of these drugs on fetal or neonatal baboons.
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Description: Below is a single baboon case study involving anesthesia or analgesia
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Human Pain and Nociception Research, Pharmacology, and Drug
Development

Description: These articles describe using baboons as models for studying pain and nociception
in humans as well as for drug development, pharmacokinetics, and pharmacodynamics.
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Xenotransplantation Research

Description: Baboons have become the prominent model for xenotransplantation research for
transplanting porcine organs (pig-to-baboon transplantation). The following citations describing
anesthesia and analgesia protocols for surgery for xenotransplantation research.

Results (7):
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Great Apes and Gibbons
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Chimpanzee. Courtesy Adobe Stock Photos.

Description: This section contains citations on anesthesia and analgesia for great apes in a
laboratory, zoo, or wild setting. Species covered include chimpanzees (Pan troglodytes) and
bonobos (Pan paniscus). Gibbons (of the genus Hylobates) are also included, even though they
are classified as lesser apes.

Anesthesia

Description: This section includes anesthesia protocols and citations on monitoring of vital signs
during surgery for great apes and gibbons. It also includes citations that describe anesthesia
protocols for a specific type of surgery (such as neurosurgery or eye surgery), for

sedation/chemical restraint, or for diagnostic imaging (such as MRIs).

Results (27):
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Keywords: *Anesthetics, Combined; Anesthesia; Anesthesia Recovery Period;
Anesthesia/*veterinary; anesthetic agent; anesthetic recovery; Anesthetics, Combined*;
Anesthetics, Dissociative; Anesthetics, Inhalation; Anesthetics, Intravenous; Animal Physiology
and Biochemistry (Excluding Nutrition); Antipsychotic Agents; Blood Gas Analysis; Blood Gas
Analysis/veterinary; chimpanzees; Clopenthixol; Hypnotics and Sedatives; inhalation anesthetic
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troglodytes/anatomy & histology; physical examination; physiology; Pongidae; reference value;
Reference Values; systolic blood pressure; tissue Doppler imaging; veterinary medicine;
Veterinary Pharmacology and Anaesthesiology; wild animal; zoo animal

Hess, L., Votava, M., Schreiberova, J., Malek, J., & Horacek, M. (2010). Experience with a
naphthylmedetomidine-ketamine-hyaluronidase combination in inducing immobilization in
anthropoid apes. Journal of Medical Primatology, 39(3), 151-159.
https://doi.org/10.1111/j.1600-0684.2010.00404.x

Keywords: *Pan troglodytes; *Pongo; Hyaluronoglucosaminidase/*administration & dosage;
Immobilization/methods/*veterinary; Ketamine/*administration & dosage;
Medetomidine/administration & dosage/*analogs & derivatives

Hill, L. R., Lee, R. D., & Keeling, M. E. (2001). Surgical technique for ambulatory
management of airsacculitis in a chimpanzee (Pan troglodytes). Comparative Medicine,
51(1), 80—84. Scopus.

Keywords: Air Sacs; airsacculitis; ambulatory care; animal experiment; animal model; Animal
Surgery and Non-drug Therapy; Anti-Bacterial Agents; antibiotic agent; antibiotic sensitivity;
antimicrobial activity; article; bacterial infection; case studies; cephalexin; cephalosporins;
chimpanzees; Combined Modality Therapy; controlled study; Drainage; Escherichia coli;
Escherichia coli Infections; Escherichia infections; exudates; healing; intermethod comparison,;
laboratory mammals; leukocyte count; lung infection; Monkey Diseases; nonhuman; Pan; Pan
troglodytes; Pongidae; postoperative period; Respiratory Tract Infections; stoma; surgery;
surgical drainage; surgical technique; treatment planning; Veterinary Pharmacology and
Anaesthesiology

Hyeroba, D., Apell, P., Goldberg, T., Shafer, L. A., Kidega, T., & Asimwe, C. (2013).
Ketamine-medetomidine regimen for chemical immobilisation of free-ranging chimpanzees
(Pan troglodytes schweinfurthii) in Uganda. The Veterinary Record, 172(18), 475.
https://doi.org/10.1136/vr.101336

41


https://doi.org/10.2460/ajvr.80.6.547
https://doi.org/10.1111/j.1600-0684.2010.00404.x
https://doi.org/10.1136/vr.101336

Keywords: ACP Countries; Africa; Africa South of Sahara; anesthesia; Anesthesia Recovery
Period; anesthetic agent; anesthetic recovery; Anesthetics, Dissociative; Anesthetics,
Dissociative/administration & dosage/adverse effects/antagonists & inhibitors; Anglophone
Africa; animal disease; Animals, Wild; chimpanzees; Commonwealth of Nations; Conservation
medicine; Developing Countries; drug antagonism; East Africa; Human-animal interaction;
hypnotic sedative agent; Hypnotics and Sedatives; Hypnotics and Sedatives/administration &
dosage/adverse effects/antagonists & inhibitors; Immobilization;
Immobilization/methods/*veterinary; Ketamine/*administration & dosage/adverse
effects/antagonists & inhibitors; Least Developed Countries; Medetomidine;
Medetomidine/*administration & dosage/adverse effects/antagonists & inhibitors; methodology;
Pan; Pan troglodytes; Pan troglodytes/*physiology; Pathogens, Parasites and Infectious Diseases
(Wild Animals); physiology; Pongidae; short survey; Uganda; Veterinary Pharmacology and
Anaesthesiology; wild animal; Wildlife

Johnson, J. A., Atkins, A. L., & Heard, D. J. (2010). Application of the laryngeal mask
airway for anesthesia in three chimpanzees and one gibbon. Journal of Zoo and Wildlife
Medicine : Official Publication of the American Association of Zoo Veterinarians, 41(3), 535-
537. https://doi.org/10.1638/2009-0120.1

Keywords: Anesthesia; Anesthesia, General; Anesthesia, General/instrumentation/*veterinary;
animal disease; article; case report; chimpanzees; Farm and Horticultural Structures; general
anesthesia; gibbon; Hominidae; Homo; *Hylobates; Hylobatidae; Industrial Wastes and
Effluents; instrumentation; laryngeal mask airway; Laryngeal Masks; Laryngeal
Masks/*veterinary; man; Non-communicable Human Diseases and Injuries; Non-drug Therapy
and Prophylaxis of Humans; Pan; *Pan troglodytes; Pongidae

Magden, E. R., Sleeper, M. M., Buchl, S. J., Jones, R. A., Thiele, E. J., & Wilkerson, G. K.
(2016). Use of an Implantable Loop Recorder in a Chimpanzee (Pan troglodytes) to Monitor
Cardiac Arrhythmias and Assess the Effects of Acupuncture and Laser Therapy.
Comparative Medicine, 66(1), 52—-58. MEDLINE.

Keywords: Acupuncture Therapy/*veterinary; America; anesthetics; Animal Surgery and Non-
drug Therapy; Ape Diseases/*diagnosis; Ape Diseases/*therapy; Ape Diseases/physiopathology;
APEC countries; chimpanzees; circulatory system; clinical picture; coronary diseases;
Developed Countries; Diagnosis of Animal Diseases; ECG; Electrocardiography,
Ambulatory/*veterinary; Electrocardiography, Ambulatory/instrumentation; Equipment Design;
Heart Rate; laser beams; laser radiation; Laser Therapy/*veterinary; Non-Communicable
Diseases and Injuries of Animals; North America; OECD Countries; Pan; Pan troglodytes*;
Pongidae; Predictive Value of Tests; Time Factors; Treatment Outcome; United States of
America; Ventricular Premature Complexes/*veterinary; Ventricular Premature
Complexes/diagnosis; Ventricular Premature Complexes/physiopathology; Ventricular
Premature Complexes/therapy

42


https://doi.org/10.1638/2009-0120.1

Melis, S., Schauvliege, S., van Bolhuis, H., Hoyer, M., & Gasthuys, F. (2012). Chemical
immobilization of chimpanzees (Pan troglodytes) using a combination of detomidine and
ketamine. Veterinary Anaesthesia and Analgesia, 39(5), 520-528.
https://doi.org/10.1111/j.1467-2995.2012.00758.x

Keywords: adults; Anesthetics, Combined/administration & dosage/*pharmacology; Animal
Physiology and Biochemistry (Excluding Nutrition); Animals, Zoo; antagonists; Atipamezole;
body temperature; Chemical immobilization; Chimpanzees; Cleaning, Grading, Handling,
Storage and Transport Equipment; Detomidine; Drug Therapy, Combination; heart rate;
hemoglobin; Humans; Imidazoles/administration & dosage/*pharmacology;
Immobilization/*veterinary; Ketamine; Ketamine/administration & dosage/*pharmacology;
observational studies; oxygen; Pan; Pan troglodytes; Pongidae; Veterinary Pharmacology and
Anaesthesiology

Milnes, E. L., Calvi, T., Feltrer, Y., Drane, A. L., Howatson, G., Shave, R. E., Curry, B. A.,
Tremblay, J. C., & Williams, D. L. (2020). Factors affecting tear production and
intraocular pressure in anesthetized chimpanzees (Pan troglodytes). Journal of Zoo and
Wildlife Medicine : Official Publication of the American Association of Zoo Veterinarians,
51(3), 687—690. https://doi.org/10.1638/2020-0014

Keywords: Anesthesia; Anesthesia/veterinary; anesthetic agent; Anesthetics; Anesthetics,
Combined; Anesthetics, Combined/*administration & dosage; Anesthetics/*administration &
dosage; animal experiment; Animal Physiology and Biochemistry (Excluding Nutrition); Article;
Biological Resources (Animal); body position; chimpanzees; contraceptive agent; Diagnosis of
Animal Diseases; Combinations; drug effect; echocardiography; electrocardiogram; eye
examination; Intraocular Pressure; Intraocular Pressure/*physiology; Intraocular Pressure/drug
effects; Intraocular Pressure/drug effects/*physiology; lacrimal fluid; Medetomidine;
Medetomidine/*administration & dosage; mouth examination; Non-Communicable Diseases and
Injuries of Animals; nonhuman; ophthalmoscopy; Pan; Pan troglodytes; Pan
troglodytes/*physiology; physical examination; physiology; Pongidae; primates; Random
Allocation; randomization; recumbency; Tears; Tears/*physiology; Tears/drug effects;
Tears/drug effects/*physiology; Tiletamine; tiletamine plus zolazepam,; tiletamine, zolazepam
drug combination; Tiletamine/*administration & dosage; tonometry; veterinary medicine;
Veterinary Pharmacology and Anaesthesiology; Zolazepam; Zolazepam/*administration &
dosage

Miyabe-Nishiwaki, T., Kaneko, A., Yamanaka, A., Maeda, N., Suzuki, J., Tomonaga, M.,
Matsuzawa, T., Muta, K., Nishimura, R., Yajima, 1., Eleveld, D. J., Absalom, A. R., &
Masui, K. (2021). Propofol infusions using a human target controlled infusion (TCI) pump
in chimpanzees (Pan troglodytes). Scientific Reports, 11(1), 1214.
https://doi.org/10.1038/s41598-020-79914-7

43


https://doi.org/10.1111/j.1467-2995.2012.00758.x
https://doi.org/10.1638/2020-0014
https://doi.org/10.1038/s41598-020-79914-7

Keywords: Anesthesia, General; Anesthesia, General/methods; Anesthesia, Intravenous;
Anesthesia, Intravenous/methods; Anesthetics, Intravenous; Anesthetics,
Intravenous/*administration & dosage; biological model; general anesthesia; Humans; Infusion
Pumps; Infusions, Intravenous; Infusions, Intravenous/methods; intravenous anesthesia;
intravenous anesthetic agent; intravenous drug administration; Models, Biological; Pan
troglodytes; procedures; Propofol; Propofol/*administration & dosage

Moittié, S., Dobbs, P., Redrobe, S., Liptovszky, M., & White, K. (2021). Evaluation of the
agreement of two oscillometric blood pressure devices with invasive blood pressure in
anaesthetized chimpanzees (Pan troglodytes). Veterinary Anaesthesia and Analgesia, 48(5),
688—696. MEDLINE. https://doi.org/10.1016/j.vaa.2021.01.010

Keywords: adult; anesthesia; anesthesia induction; animal experiment; animal model; Arterial
Pressure*; Article; Blood Pressure; Blood Pressure Determination*/veterinary; Blood Pressure
Monitors/veterinary; chimpanzee; controlled study; correlation analysis; diastolic arterial
pressure; invasive blood pressure; isoflurane; ketamine; limit of agreement; medetomidine;
midazolam; nonhuman; noninvasive blood pressure; Pan troglodytes*; Prospective Studies;
prospective study; systolic arterial pressure; tiletamine plus zolazepam; validation

Mosley, C. A. (2017). Anesthesia Equipment. In Veterinary Anesthesia and Analgesia: The
Fifth Ed. of Lumb and Jones (pp. 23—85). Wiley; Scopus.
https://doi.org/10.1002/9781119421375.ch3

Keywords: Anesthesia equipment; Endotracheal tube; Laryngeal mask airways; Nasotracheal
intubation; Orotracheal intubation; Retrograde intubation; Supraglottic airway devices;
Tracheostomy; Wire- or tube-guided techniques

Mulreany, L. M., Cushing, A. C., Ashley, A. L., & Smith, C. K. (2020). Potential for
electroencephalographic monitoring of anesthetic depth in captive chimpanzees (Pan
troglodytes) using a novel brain function monitor. Journal of Zoo and Wildlife Medicine :
Official Publication of the American Association of Zoo Veterinarians, 51(3), 729-732.
https://doi.org/10.1638/2019-0193

Keywords: algorithm; alopecia; Anesthesia; anesthesia induction; anesthesia level;
Anesthesia/*veterinary; anesthetic agent; anesthetic recovery; Anesthetics;
Anesthetics/*metabolism; animal welfare; Article; atipamezole; atracurium besilate; Biological
Resources (Animal); bispectral index; brain function; breathing rate; capnometry; case report;
chimpanzees; clinical article; devices; dexmedetomidine; Diagnosis of Animal Diseases;
echocardiography; electrocardiography; electroencephalogram; Electroencephalography;
Electroencephalography/*methods; Electroencephalography/*veterinary;
Electroencephalography/instrumentation;
Electroencephalography/instrumentation/*methods/*veterinary; endotracheal intubation;
extubation; eye position; fentanyl; general anesthesia; guinea pig; heart rate; intensive care unit;

44


https://doi.org/10.1016/j.vaa.2021.01.010
https://doi.org/10.1002/9781119421375.ch3
https://doi.org/10.1638/2019-0193

isoflurane; ketamine; larynx spasm; metabolism; midazolam; Monitoring, Physiologic; Non-
Communicable Diseases and Injuries of Animals; nonhuman; Pan; Pan troglodytes; patient
monitoring; physiologic monitoring; Pongidae; predictive value; procedures; propofol; sedation;
seizure; squamous cell carcinoma; tibial artery; veterinary medicine; Veterinary Pharmacology
and Anaesthesiology; waveform; Zoo Animals

Naples, L. M., Langan, J. N., & Kearns, K. S. (2010). Comparison of the anesthetic effects
of oral transmucosal versus injectable medetomidine in combination with tiletamine-
zolazepam for immobilization of chimpanzees (Pan troglodytes). Journal of Zoo and
Wildlife Medicine : Official Publication of the American Association of Zoo Veterinarians,
41(1), 50—62. https://doi.org/10.1638/2009-0096.1

Keywords: *Pan troglodytes; Administration, Topical; Althaea; Anesthesia; anesthetic agent;
Anesthetics; Anesthetics/administration & dosage; Anesthetics/administration &
dosage/pharmacology; Anesthetics/pharmacology; animal disease; Animals, Zoo; article;
chimpanzees; clinical trial; Control; controlled clinical trial; controlled study; Drug
Combinations; hypnotic sedative agent; Hypnotics and Sedatives; Hypnotics and
Sedatives/administration & dosage; Hypnotics and Sedatives/administration &
dosage/pharmacology; Hypnotics and Sedatives/pharmacology; Immobilization;
Immobilization/*veterinary; Injections, Intramuscular; intramuscular drug administration;
Medetomidine; Medetomidine/*pharmacology; Medetomidine/administration & dosage;
Medetomidine/administration & dosage/*pharmacology; Pan; Pan troglodytes; Pan troglodytes*;
Pesticides and Drugs; Pongidae; randomized controlled trial; Tiletamine; Tiletamine-zolazepam:;
tiletamine, zolazepam drug combination; Tiletamine/*pharmacology; Tiletamine/administration
& dosage; Tiletamine/administration & dosage/*pharmacology; topical drug administration;
veterinary; Veterinary Pharmacology and Anaesthesiology; Zolazepam;
Zolazepam/administration & dosage/*pharmacology; zoo animal

Olberg, R.-A. (2007). Monkeys and Gibbons. In Zoo Animal and Wildlife Immobilization
and Anesthesia (G. West, D. Heard, & N. Caulkett, Eds.; BCI:BCI1201300567135; p. 386).

Keywords: Anesthesia; gibbons; Hylobates

Olberg, R.-A., & Sinclair, M. (2014). Monkeys and Gibbons. In Zoo Animal and Wildlife
Immobilization and Anesthesia, Second Edition (G. West, D. Heard, & N. Caulkett, Eds.;
BCI:BCI201500234348; p. 571).

Keywords: Anesthesia; gibbons; Hylobates
Sigmund, A. B., Cushing, A. C., & Hendrix, D. V. H. (2020). Ophthalmic findings in 10

captive, anesthetized chimpanzees (Pan troglodytes). Veterinary Ophthalmology, 23(4), 760—
763. Scopus. https://doi.org/10.1111/vop.12766

45


https://doi.org/10.1638/2009-0096.1
https://doi.org/10.1111/vop.12766

Keywords: America; animal experiment; Animals, Zoo; APEC countries; Article; atipamezole;
blood sampling; case report; chimpanzees; conjunctivitis; controlled study; corneal surface;
Developed Countries; dexmedetomidine; Diagnosis of Animal Diseases; dorsal recumbency;
eye; eye examination; eye position; Intraocular Pressure; ketamine; lipid storage; medical
information; midazolam; miosis; mydriasis; Non-Communicable Diseases and Injuries of
Animals; nonhuman; North America; novaplus; oculoplethysmography; OECD Countries;
ophthalmoscopy; Pan; Pan troglodytes; physical examination; physiology; Pongidae; pupil;
pupillary diameter; recumbency; refraction error; Schirmer test; slit lamp microscopy; tear
production; Tonometry, Ocular; tropicamide; tuberculosis control; veterinary medicine;
Veterinary Pharmacology and Anaesthesiology; visual acuity; visual impairment; visual system
parameters; Zoo Animals

Strong, V., Moller, T., Tillman, A.-S., Traff, S., Guevara, L., Martin, M., Redrobe, S., &
White, K. (2018). A clinical study to evaluate the cardiopulmonary characteristics of two
different anaesthetic protocols for immobilization of healthy chimpanzees (Pan troglodytes).
Veterinary Anaesthesia and Analgesia, 45(6), 794-801.
https://doi.org/10.1016/j.vaa.2018.06.015

Keyword: anesthesia; anesthesia level; anesthetic agent; anesthetic recovery; Anesthetics;
Anesthetics, Combined; Anesthetics, Combined/pharmacology; Anesthetics/*pharmacology;
animal experiment; Animal Physiology and Biochemistry (Excluding Nutrition); arterial oxygen
saturation; arterial pressure; Article; atipamezole; auscultation; biomarkers; blood pressure
monitoring; body weight; breathing; breathing rate; cardiopulmonary function; cardiovascular
diseases; cardiovascular parameters; chimpanzees; Clinical Protocols; clinical trial; color;
comparative study; diastolic blood pressure; drug activity; Drug Combinations; drug effect;
echocardiography; electrocardiography; endotracheal intubation; eye position; eyelid reflex;
heart function; heart rate; heart ventricle septum defect; hematology; Hemodynamics;
Hemodynamics/*drug effects; hemoglobin; hypotension; immobilization; ketamine; ketaminol;
left ventricular end diastolic diameter; left ventricular end systolic diameter; Longitudinal
Studies; mean arterial pressure; Medetomidine; Medetomidine/*pharmacology; midazolam;
mucosa; muscle relaxation; muscles; Non-Communicable Diseases and Injuries of Animals;
nonhuman; oxygen; oxygen affinity; oxygen saturation; Pan; Pan troglodytes; Pongidae;
Prospective Studies; prospective study; pulse rate; rectal temperature; Respiration,;
Respiration/*drug effects; respiratory rate; systolic blood pressure; t-test; Techniques and
Methodology; temperature; Tiletamine; tiletamine plus zolazepam; tiletamine—zolazepam,;
tiletamine, zolazepam drug combination; Tiletamine/*pharmacology; Veterinary Pharmacology
and Anaesthesiology; voluntary movement; zalopine; Zolazepam; Zolazepam/*pharmacology

Unwin, S. J. (2007). Is a crush cage a viable alternative to darting when anaesthetising
chimpanzees? In Proceedings of the Institute for Zoo and Wildlife Research, Berlin (G.
Wibbelt, N. Bergholz, S. Seet, & H. Hofer, Eds.; Issue No.7, pp. 76—81). Institute for Zoo
and Wildlife Research; CAB Abstracts.

46


https://doi.org/10.1016/j.vaa.2018.06.015

https://search.ebscohost.com/login.aspx?direct=true&db=lah& AN=20083077018 &site=eho
st-live

Keywords: Animal Welfare; British Isles; chimpanzees; Commonwealth of Nations; Developed
Countries; Europe; European Union Countries; OECD Countries; Pan; Pongidae; Veterinary
Pharmacology and Anaesthesiology; Western Europe; Zoo Animals

Analgesia

Description: This section features information on the use of analgesic drugs and therapies such
as acupuncture in great apes and gibbons to treat postoperative or other pain.
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Adverse Effects:

Description: This section contains citations about adverse effects of anesthetic or analgesic
drugs on great apes and gibbons.
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Case Studies

Description: Here are six anesthesia or analgesia case studies featuring individual wild and
captive chimpanzees (Pan troglodytes) and a gibbon/Siamang monkey (Hylobates syndactylus).

Results (6):
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Human Pain and Nociception Research, Pharmacology, and Drug
Development

Description: These articles describe great apes as models for studying pain and nociception in
humans as well as for drug development, pharmacokinetics, and pharmacodynamics.
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Positive Reinforcement Training

Description: These citations describe the use of positive reinforcement training (PRT)
techniques to train chimpanzees (Pan troglodytes), orangutans (genus Pongo); and gorillas
(Gorilla gorilla) to accept the administration of anesthetic and analgesic drugs or to submit to
certain procedures without sedation or anesthesia.

Results (10):
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Macaques

A macaque family. Courtesy of Adobe Stock Photos.

Anesthesia

Description: This section features information on anesthesia protocols and monitoring of vital
signs for macaques (genus Macaca). This section also includes citations that describe anesthesia
protocols for a specific type of surgery (such as neurosurgery or eye surgery), for chemical
restraint, or for imaging.
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Analgesia

Description: This section contains information on the use of analgesic drugs and therapies such
as acupuncture in macaques (genus Macaca) to treat postoperative or other pain.
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Callitrichids

Goeldi's monkey/marmoset. Courtesy of Adobe Stock Photos.
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Description: This section of the bibliography contains citations describing anesthesia protocols
and monitoring of vital signs for nonhuman primates of the subfamily Callitrichinae that consists
of four genera: Callithrix (marmosets), Callimico (Goeldi's monkey), Leontopithecus (lion
tamarins), and Saguinus (long-tusked tamarins). All members of the subfamily Callitrichinae are
forest-dwelling “New World monkeys” native to Central and South America. This section also
includes citations that describe anesthesia protocols for a specific type of surgery (such as
neurosurgery or eye surgery), for chemical restraint, or for imaging.
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Keywords: Accommodation, Ocular/drug effects/physiology; Administration, Ophthalmic;
Animals, Newborn; Atropine/*administration & dosage; Axial Length, Eye/*drug effects;
Callithrix; Emmetropia/physiology; Eye/*growth & development; Male; Muscarinic
Antagonists/*administration & dosage; Myopia/*etiology/physiopathology; Ophthalmic
Solutions; Retinoscopy; Vitreous Body/drug effects

Case Studies

Description: Below are two anesthesia or analgesia case studies involving individual
callithrichids.

Results (2):

Choi, E., Childs-Sanford, S. E., Abou-Madi, N., King, E. E., Caserto, B. G., Priest, H.,
Behling-Kelly, E., & Miller, A. D. (2016). Hepatic osteodystrophy in a golden lion tamarin
(Leontopithecus rosalia). Journal of Zoo and Wildlife Medicine, 47(3), 907-911. Scopus.
https://doi.org/10.1638/2015-0201.1

Keywords: Alanine transaminase; alkaline phosphatase; anesthesia; Animal Physiology and
Biochemistry (Excluding Nutrition); aspartate transaminase; blood pressure; blood serum; Bone
Diseases, Metabolic; bones; Callitrichidae; case report; Cirrhosis; clinical examination,;
developmental orthopedic disease; Fatal Outcome; fatality; females; Golden lion tamarin; hepatic
osteodystrophy; hyperbilirubinemia; hypoglycemia; hypotension; hypothermia; Leontopithecus;
Leontopithecus rosalia; leukemia; liver; liver cirrhosis; Liver Diseases; metabolic bone disease;
microscopy; monitoring; Monkey Diseases; Non-Communicable Diseases and Injuries of
Animals; osteomalacia; osteopenia; pathology; Protozoan, Helminth, Mollusc and Arthropod
Parasites of Animals; veterinary; Veterinary Pharmacology and Anaesthesiology; weight loss

Nimittritip, U. (2016). Anesthesia in common marmoset with isoflurane: A case report.
Thai Journal of Veterinary Medicine 46(Supplement), 311. CAB Abstracts.
https://search.ebscohost.com/login.aspx?direct=true&db=lah& AN=20183121575&site=eho
st-live

Keywords: APEC countries; ASEAN Countries; Asia; Callithrix; Callitrichidae; Developing
Countries; marmosets; Pets and Companion Animals; South East Asia; Veterinary Pharmacology
and Anaesthesiology
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Human Pain and Nociception Research, Pharmacology, and Drug
Development

Description: These articles describe using callitrichids as models for studying pain and
nociception in humans as well as for drug development, pharmacokinetics, and
pharmacodynamics.

Results (17):

Bookser, B. C., Ugarkar, B. G., Matelich, M. C., Lemus, R. H., Allan, M., Tsuchiya, M.,
Nakane, M., Nagahisa, A., Wiesner, J. B., & Erion, M. D. (2005). Adenosine kinase
inhibitors. 6. Synthesis, water solubility, and antinociceptive activity of 5-phenyl-7-(5-
deoxy-beta-D-ribofuranosyl)pyrrolo[2,3-d]pyrimidines substituted at C4 with
glycinamides and related compounds. Journal of Medicinal Chemistry, 48(24), 7808-7820.
https://doi.org/10.1021/jm050394a

Keywords: Adenosine Kinase/*antagonists & inhibitors; Analgesics/*chemical
synthesis/chemistry/pharmacology; Biological Availability; Callithrix; Dogs; Drug Stability;
Glycine/*analogs & derivatives/chemistry; Humans; In Vitro Techniques; Male; Microsomes,
Liver/metabolism; Nucleosides/*chemical synthesis/chemistry/pharmacology; Pain
Measurement; Pyrimidine Nucleosides/chemical synthesis/chemistry/pharmacology; Rats;
Solubility; Structure-Activity Relationship; Water

Bowes, C., Burish, M., Cerkevich, C., & Kaas, J. (2013). Patterns of cortical reorganization
in the adult marmoset after a cervical spinal cord injury. Journal of Comparative
Neurology, 521(15), 3451-3463. Scopus. https://doi.org/10.1002/cne.23360

Keywords: anesthesia induction; animal experiment; animal tissue; arcuate fasciculus; article;
brain cortex; Brain Mapping; Brain Stem; Callithrix; Callitrichinae; Cerebral Cortex; cervical
spinal cord injury; Cholera Toxin; controlled study; Cortical plasticity; craniotomy;
Electrophysiological Processes; Fingers; Forelimb; Functional Laterality; Hand; Male;
microelectrode; New World monkey; nonhuman; priority journal; Somatosensory;
Somatosensory Cortex; Spinal Cord; Spinal Cord Injuries; spinal cord lesion

Clapp, N. K., Nardi, R. V., & Tobi, M. (2018). Future directions for colon disease research
using cotton-top tamarins. In A Primate Model for the Study of Colitis and Colonic
Carcinoma the Cotton-Top Tamarin (Saguinus oedipus) (pp. 319-324). CRC Press; Scopus.
https://doi.org/10.1201/9781351069410

Keywords: Anesthesia; colon disease research; cotton-top tamarin; European code; rhesus
monkey; Saguinus oedipus

Crofts, H. S., Wilson, S., Muggleton, N. G., Nutt, D. J., Scott, E. A. M., & Pearce, P. C.
(2001). Investigation of the sleep electrocorticogram of the common marmoset (Callithrix
Jjacchus) using radiotelemetry. Clinical Neurophysiology, 112(12),2265-2273. Scopus.
https://doi.org/10.1016/S1388-2457(01)00699-X
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Keywords: Anesthesia; animal experiment; article; brain electrophysiology; Callithrix; Cerebral
Cortex; controlled study; data analysis; Electrocardiography; Electrocorticogram;
electrocorticography; Electroencephalogram; Feasibility Studies; implantation; laboratory;
Marmoset; night sleep; nonhuman; nonREM sleep; priority journal; Reaction Time; REM sleep;
sleep pattern; Sleep Stages; sleep time; sleep waking cycle; Telemetry; Time Factors;
videorecording; Wakefulness

Gouarderes, C., Puget, A., & Zajac, J. (2004). Detailed distribution of neuropeptide FF
receptors (NPFF1 and NPFF2) in the rat, mouse, octodon, rabbit, guinea pig, and
marmoset monkey brains: A comparative autoradiographic study. Synapse, 51(4), 249-269.
https://doi.org/10.1002/syn.10305

Keywords: autoradiography; Callithricidae; guinea pig; marmoset; mouse; nervous system
(neural coordination); neuropeptide FF; octodon; rabbit; rat; receptor; sensory input

Grace, J., Wong, H., Sinz, M., & Lentz, K. (2009). Comparison of the formation kinetics of
acetaminophen in chimpanzee, cynomolgus monkey, marmoset, rhesus monkey and human liver
microsomes. Drug Metabolism Reviews, 41, 58—59.

Keywords: Acetaminophen; analgesics; chimpanzees; cynomolgus monkeys; liver microsomes;
marmosets; pharmacology; rhesus macaques; symposia, transactions and proceedings

Marshall, J. W. B., & Ridley, R. M. (2003). Assessment of cognitive and motor deficits in a
marmoset model of stroke. ILAR Journal, 44(2), 153-160. Scopus.
https://doi.org/10.1093/ilar.44.2.153

Keywords: Alfaxalone; althesin; animal behavior; animal care; animal experiment; animal
model; clomethiazole; cognitive defect; controlled study; drug effect; drug efficacy; drug
mechanism; flunixin meglumine; histology; marmosets; Motor deficit; motor dysfunction;
Neglect; neuroprotection; neurosurgery; nonhuman; postoperative care; review; Stroke; task
performance

Nakanishi, K., Uehara, S., Kusama, T., Inoue, T., Shimura, K., Kamiya, Y., Murayama, N.,
Shimizu, M., Uno, Y., Sasaki, E., & Yamazaki, H. (2018). In vivo and in vitro diclofenac 5-
hydroxylation mediated primarily by cytochrome P450 3A enzymes in common marmoset
livers genotyped for P450 2C19 variants. Biochemical Pharmacology, 152, 272-278.
https://doi.org/10.1016/j.bcp.2018.04.002

Keywords: *CYP2C19; *CYP3A4; *Genetic Variation; *Marmoset; *PBPK; *Polymorphism;
Anti-Inflammatory Agents, Non-Steroidal/*metabolism/pharmacokinetics; Callithrix;
Cytochrome P-450 CYP2C19/*genetics; Cytochrome P-450 CYP3 A/genetics/*metabolism;
Diclofenac/*metabolism/pharmacokinetics; Gene Expression Regulation, Enzymologic;
Genotype; Hydroxylation; Liver/enzymology/metabolism

Oshio, T., Uehara, S., Uno, Y., Inoue, T., Sasaki, E., & Yamazaki, H. (2019). Marmoset
cytochrome P450 2B6, a propofol hydroxylase expressed in liver. Xenobiotica; the Fate of
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Foreign Compounds in Biological Systems, 49(3), 265-269.
https://doi.org/10.1080/00498254.2018.1439204

Keywords: Callithrix/*metabolism; Common marmoset; Coumarins/metabolism; CYP2B6;
Cytochrome P-450 Enzyme System/chemistry/metabolism/*physiology; drug oxidation;
Escherichia coli/genetics; Liver/*enzymology; Oxazines/metabolism; Oxidation-Reduction;
Propofol/*metabolism; Real-Time Polymerase Chain Reaction; RNA, Messenger/metabolism;
Sequence Homology; Testosterone/metabolism

Soars, M. G., Riley, R. J., & Burchell, B. (2001). Evaluation of the marmoset as a model
species for drug glucuronidation. Xenobiotica, 31(12), 849—-860. Scopus.
https://doi.org/10.1080/00498250110069690

Keywords: 1 naphthol; androstanediol; animal tissue; article; bilirubin; Callithrix;
Callithrix/*metabolism; Canis familiaris; codeine; conjugation; drug glucuronidation;
ethinylestradiol; furosemide; gemfibrozil; Glucuronates; Glucuronates/*metabolism;
glucuronosyltransferase; human; human tissue; hydromorphone; hyodeoxycholic acid;
Imipramine; Imipramine/pharmacokinetics; Inactivation, Metabolic; ketoprofen; Kidney;
Kidney/drug effects/*metabolism; liver microsome; marmosets; Metabolic Detoxication, Drug;
Microsomes, Liver; Microsomes, Liver/*drug effects/*metabolism; model; Models, Animal*;
Morphine; Morphine/pharmacokinetics; naloxone; naproxen; nonhuman; Propofol;
Propofol/pharmacokinetics; Rats; Rats, Sprague-Dawley; Species Specificity; valproic acid

Toda, A., Shimizu, M., Uehara, S., Sasaki, T., Miura, T., Mogi, M., Utoh, M., Suemizu, H.,
& Yamazaki, H. (2021). Plasma and hepatic concentrations of acetaminophen and its
primary conjugates after oral administrations determined in experimental animals and
humans and extrapolated by pharmacokinetic modeling. Xenobiotica; the Fate of Foreign
Compounds in Biological Systems, 51(3),316-323.
https://doi.org/10.1080/00498254.2020.1849872

Keywords: Acetaminophen/*pharmacokinetics; Administration, Oral; Callithrix; common
marmoset; cynomolgus monkey; humanised-liver mouse; Humans; Liver/*chemistry; Macaca
fascicularis; Mice; minipig; paracetamol; Physiologically based kinetic model;
Plasma/*chemistry; Rats; Swine; Swine, Miniature

Toda, A., Uehara, S., Inoue, T., Utoh, M., Kusama, T., Shimizu, M., Uno, Y., Mogi, M.,
Sasaki, E., & Yamazaki, H. (2018). Effects of aging and rifampicin pretreatment on the
pharmacokinetics of human cytochrome P450 probes caffeine, warfarin, omeprazole,
metoprolol and midazolam in common marmosets genotyped for cytochrome P450 2C19.
Xenobiotica; the Fate of Foreign Compounds in Biological Systems, 48(7), 720-726.
https://doi.org/10.1080/00498254.2017.1353716

Keywords: Administration, Intravenous; Aging/drug effects/*physiology;
Caffeine/administration & dosage/blood/*pharmacokinetics/pharmacology; Callithrix;
Cytochrome P-450 CYP2C19/*genetics; Genotype; Hepatic clearance; Humans; induction;
Male; marmoset; Metoprolol/administration & dosage/blood/*pharmacokinetics/pharmacology;
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Midazolam/administration & dosage/blood/*pharmacokinetics/pharmacology;
Omeprazole/administration & dosage/blood/*pharmacokinetics/pharmacology; P450 substrates;
Rifampin/*pharmacology; Substrate Specificity/drug effects; Warfarin/administration &
dosage/blood/*pharmacokinetics/pharmacology

Uehara, S., Inoue, T., Utoh, M., Toda, A., Shimizu, M., Uno, Y., Sasaki, E., & Yamazaki, H.
(2016). Simultaneous pharmacokinetics evaluation of human cytochrome P450 probes,
caffeine, warfarin, omeprazole, metoprolol and midazolam, in common marmosets

(Callithrix jacchus). Xenobiotica; the Fate of Foreign Compounds in Biological Systems,
46(2), 163-168. https://doi.org/10.3109/00498254.2015.1057270

Keywords: Administration, Intravenous; Administration, Oral; Biological Availability;
Caffeine/blood/*pharmacokinetics; Callithrix/metabolism; Chromatography, Liquid; CYP3A4;
Cytochrome P-450 CYP3A/genetics/*metabolism; Dose-Response Relationship, Drug; hepatic
clearance; Humans; Intestine, Small/drug effects/metabolism; Liver/drug effects/metabolism;
marmoset; Metoprolol/blood/*pharmacokinetics; Midazolam/blood/*pharmacokinetics; Models,
Animal; Omeprazole/blood/*pharmacokinetics; P450 substrates; Tandem Mass Spectrometry;
Warfarin/blood/*pharmacokinetics

Uehara, S., Shimizu, M., Uno, Y., Inoue, T., Sasaki, E., & Yamazaki, H. (2017). Marmoset
Flavin-Containing Monooxygenase 3 in the Liver Is a Major Benzydamine and Sulindac
Sulfide Oxygenase. Drug Metabolism and Disposition: The Biological Fate of Chemicals,
45(5), 497-500. https://doi.org/10.1124/dmd.117.075184

Keywords: Amino Acid Sequence; Benzydamine/*pharmacokinetics;
*Callithrix/genetics/metabolism; Drug Evaluation, Preclinical/methods; Escherichia
coli/genetics; Female; Hot Temperature; Humans; Liver/*enzymology; Male; Microsomes,
Liver/enzymology; Organ Specificity; Oxygenases/genetics/*metabolism; Sequence Homology,
Amino Acid; Species Specificity; Sulindac/*analogs & derivatives/pharmacokinetics

Uehara, S., Uno, Y., Inoue, T., Kawano, M., Shimizu, M., Toda, A., Utoh, M., Sasaki, E., &
Yamazaki, H. (2015). Novel Marmoset Cytochrome P450 2C19 in Livers Efficiently
Metabolizes Human P450 2C9 and 2C19 Substrates, S-Warfarin, Tolbutamide,
Flurbiprofen, and Omeprazole. Drug Metabolism and Disposition: The Biological Fate of
Chemicals, 43(10), 1408—1416. https://doi.org/10.1124/dmd.115.066100

Keywords: Amino Acid Sequence; Callithrix; Cytochrome P-450
CYP2C19/genetics/*metabolism; Cytochrome P-450 CYP2C9/genetics/*metabolism;
Flurbiprofen/*metabolism; Humans; Macaca fascicularis; Microsomes, Liver/*enzymology;
Molecular Sequence Data; Omeprazole/*metabolism; Phylogeny; Species Specificity; Substrate
Specificity; Tolbutamide/*metabolism; Warfarin/*metabolism

Uehara, S., Uno, Y., Nakanishi, K., Ishii, S., Inoue, T., Sasaki, E., & Yamazaki, H. (2017).
Marmoset Cytochrome P450 3A4 Ortholog Expressed in Liver and Small-Intestine Tissues
Efficiently Metabolizes Midazolam, Alprazolam, Nifedipine, and Testosterone. DRUG
Metabolism and Disposition, 45(5), 457-467. https://doi.org/10.1124/dmd.116.074898
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Keywords: Alprazolam; Callitrichidae; Callithrix jacchus; common marmosets; Digestive
System(Ingestion and Assimilation); liver disease; midazolam; nifedipine; neuropharmacology;
testosterone

Zinke, W., Roberts, M. J., Guo, K., McDonald, J. S., Robertson, R., & Thiele, A. (2006).
Cholinergic modulation of response properties and orientation tuning of neurons in
primary visual cortex of anaesthetized Marmoset monkeys. The European Journal of
Neuroscience, 24(1), 314-328. MEDLINE. https://doi.org/10.1111/j.1460-9568.2006.04882.x

Keywords: Acetylcholine/*physiology; Acetylcholine/pharmacology; Action Potentials;
Anesthesia; Callithrix; Neurons/*physiology; Neurons/drug effects; Normal Distribution;
Orientation*; Photic Stimulation; Visual Cortex/cytology; Visual Cortex/drug effects

Training

Description: The following citation demonstrates how to combine training and a nest box to
reduce callitrichid stress during handling and sedation.

Results (1):

Farmerie, M. (2004). Designing a multifunctional callitrichid nest box to combine with
operant conditioning to increase animal husbandry and decrease the potential for stress
when chemical restraint is necessary. Proceedings of the National Conference of the
American Association of Zoo Keepers Inc, 30, 177-181. Zoological Record.

Keywords: Callitrichidae: Behavioural techniques, Operant conditioning for husbandry purposes,
use of multifunctional nest box; Care in captivity, meeting paper; Multifunctional nest box for
operant conditioning protocols & stress reduction during handling; Sedation, Use of
multifunctional nest box to reduce stress during handling
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Other Nonhuman Primates

Baby and a parent squirrel monkeys. Courtesy Adobe Stock Photos.

Description: This section of the bibliography includes citation on the use of anesthesia and
analgesia in other non-human primate species (both Old and New World monkeys) not included
in the previous categories. These include:

e African green monkeys or vervets (Chlorocebus aethiops)

e (Capuchin monkeys (Genera Cebus or Sapajus) which are a popular model for laboratory
research.

e Howler monkeys (Genus Alouatta)

e Mangabeys (Genus Cercocebus)

e Owl monkeys (also known as night monkeys) (Genus Aotus)

e Patas monkey (Erythrocebus patas)

e Prosimians (Strepsirhini), a primate suborder, including true lemurs (Lemuridae family),
lemurs (Genus Lemur), lorises (Lorsidae family), pottos (Perodicticus potto), galagos or
bushbabies (Otolemur garnettii), and Verreaux’s sifakas (Propithecus verreauxi).

e Spider monkeys (Ateles geoffroyi)

e Squirrel monkeys (Genus Saimiri)

e Tarsiers (Tarsiidae family)
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e Titi monkeys (Genus Callicebus)

Anesthesia

Description: This section contains information on anesthesia protocols and monitoring of vital
signs for non-human primates as described above. It also includes citations that describe
anesthesia protocols for a specific type of surgery (fetal surgery, stroke model), for chemical
restraint, or for imaging.

Results (66):

Achcar Capriglione, L. G., Garcia Soresini, G. C., Fuchs, T., Sant’ Anna, N. T., D’ Amico
Fam, A. L., Pimpao, C. T., & Sarraff-Lopes, A. P. (2013). Electrocardiographic assessment
of capuchin monkeys (Sapajus apella) under chemical contention with midazolam and
propofol. Semina-Ciencias Agrarias, 34(6), 3801-3810. https://doi.org/10.5433/1679-
0359.2013v34n6Supl2p3801

Keywords: Anesthesia; capuchin monkeys; electrocardiogram; midazolam; propofol; Sapajus
apella

Alfonso, J., Lescano, J., Quevedo, M., & Fernandez, V. (2020). Comparison of three
reversible injectable chemical restraint protocols in Spix’s Owl monkeys (4otus vociferans)
using ketamine, xylazine and midazolam. Journal of Medical Primatology, 49(3), 136—143.
Scopus. https://doi.org/10.1111/jmp.12462

Keywords: *anaesthesia; *flumazenil; *hypotension; adult; America; analgesic agent;
Analgesics; Analgesics/*pharmacology; anesthesia induction; anesthesia level; anesthetic
recovery; animal experiment; Animal Health and Hygiene (General); Animal Physiology and
Biochemistry (Excluding Nutrition); Animal Welfare; Aotidae; Aotidae/*physiology; Aotus;
Aotus (Mammalia); Aotus vociferans; arterial pressure; Article; Biological Resources (Animal);
breathing rate; cardiopulmonary insufficiency; Cebidae; comparative effectiveness; comparative
study; controlled study; Cross-Over Studies; crossover procedure; dormixyl 2; double blind
procedure; Double-Blind Method; Drug Combinations; flumazenil; hemoglobin; hypotension,;
hypothermia; Immobilization; Immobilization/*veterinary; Injections, Intramuscular; Injections,
Intramuscular/veterinary; intramuscular drug administration; Ketamine;
Ketamine/*pharmacology; midanex; Midazolam; Midazolam/*pharmacology; muscle relaxation;
nonhuman; oxygen saturation; physical parameters; physiological process; physiology;
Physiology and Biochemistry (Wild Animals); priority journal; protocol compliance; pulse rate;
quality control; rectal temperature; veterinary medicine; Veterinary Pharmacology and
Anaesthesiology; *wildlife; Xylazine; Xylazine/*pharmacology; yohimbine

Barros Monteiro, F. O., Barros Monteiro, M. V., Scofield, A., Whiteman, C. W., Alfieri, A.

F., & Alfieri, A. A. (2015). Hematological and biochemistry evaluation in capuchin
monkeys from the illegal captivity. Acta Veterinaria Brasilica, 9(4), 92-97.
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Keywords: Anesthesia; animals and man; biochemistry; biometrics; blood; Brazil; capuchin
monkeys; circulatory system; commercial activities; disturbance by man; illegal capture land
zones; neotropical region; reproduction; Sapajus; serum biochemistry; South America; trade in
animals

Boyett-Anderson, J. M., Lyons, D. M., Schmitt, J. E., Buckmaster, C., & Menon, V. (2001).
FMRI of olfactory processing in unconscious squirrel monkeys (Saimiri sciureus). Society
for Neuroscience Abstracts, 27(2), 1926-1926.

Keywords: Anesthesia; atropine; functional magnetic resonance imaging (fMRI); ketamine;
lateral temporal cortex; meeting abstract; nervous system; odor-related activation; olfactory
processing; piriform cortex; prefrontal cortex; Saimiri sciureus; squirrel monkeys; xylazine

Braun Chagas, J. A., Oleskovicz, N., de Moraes, A. N., Flores, F. N., Correa, A. L., Souza
Junior, J. C., Soares, A. V., & Costa, A. (2010). S(+) ketamine and midazolam association
by the conventional method of calculation and allometric extrapolation in red howler
monkeys (Alouatta guariba clamitans)—Clinical and cardiopulmonary response. Ciencia
Rural, 40(1), 109—-114. https://doi.org/10.1590/S0103-84782010000100018

Keywords: Allometric extrapolation; Alouatta guariba clamitans; anesthesia; capillary refill
time; cardiorespiratory depression; caudal reflex; Cebidae; clinical response; heart rate;
interdigital pinch; ketamine (S plus ); midazolam; muscle relaxation; non invasive systolic
arterial pressure; pedal reflex; recovery time; rectal temperature; recumbency time; red howler
monkeys; respiratory rate

Caramalac, S. M., de Souza, A. F., Caramalac, S. M., de Albuquerque, V. B., da Silva
Azuaga, L. B., & Frazilio, F. de O. (2022). Comparative study between ketamine-S-
dexmedetomidine and ketamine-S-midazolammethadone in the anesthesia of capuchin
monkeys (Sapajus apella). Ciencia Rural, 52(4). https://doi.org/10.1590/0103-
8478¢cr20200823

Keywords: Alpha-2 adrenergic agonist; anesthesia; arterial blood gas; benzodiazepine; capuchin
monkeys; Cebidae; diastolic arterial pressure; heart rate; immobilization; ketamine-S-
dexmedetomidine; ketamine-S-midazolammethadone; mean blood pressure; opioid; respiratory
rate; Sapajus apella

Chagas, J. A. B., Santos, L. C. P, Silva Filho, J. R., & Bondan, C. (2018). Anaesthetic and
cardiorespiratory effects of ketamine plus dexmedetomidine for chemical restraint in black

capuchin monkeys (Sapajus nigritus). New Zealand Veterinary Journal, 66(2), 79-84.
Scopus. https://doi.org/10.1080/00480169.2017.1403975

Keywords: analgesia; anesthesia; anesthetic agent; Anesthetics, Dissociative; Anesthetics,
Dissociative/*pharmacology; Animal Physiology and Biochemistry (Excluding Nutrition);
arrhythmia; body temperature; Brazil; breathing rate; Capuchin monkey; Cebidae; Cebus;
chemical restraint; clinical examination; Dexmedetomidine; Dexmedetomidine/*pharmacology;
dose response; Dose-Response Relationship, Drug; Drug Combinations; drug effect;

142


https://doi.org/10.1590/S0103-84782010000100018
https://doi.org/10.1590/0103-8478cr20200823
https://doi.org/10.1590/0103-8478cr20200823
https://doi.org/10.1080/00480169.2017.1403975

electrocardiography; Heart Rate; Heart Rate/*drug effects; hypnotic sedative agent; Hypnotics
and Sedatives; Hypnotics and Sedatives/*pharmacology; Ketamine; Ketamine/*pharmacology;
Monitoring, Physiologic; Monitoring, Physiologic/veterinary; muscles; physiologic monitoring;
Random Allocation; randomization; Respiratory Rate; Respiratory Rate/*drug effects; Sapajus;
sedation; systolic blood pressure; veterinary; Veterinary Pharmacology and Anaesthesiology

Chaves, R. H. F., de Souza, N. F., Imbeloni, A. A., Neves, A. C. S., Teixeira, R. K. C., & dos
Santos, C. C. (2015). Evaluation of blood pressure in feline night monkeys (4otus azarae

infulatus) under different restraint protocols. Journal of Medical Primatology, 44(6), 349—
354. Scopus. https://doi.org/10.1111/jmp.12183

Keywords: adult; agitation; Anesthesia; anesthesiological procedure; anesthetic agent;
Anesthetics; Anesthetics/*pharmacology; animal experiment; Animal Welfare; Aotidae;
Aotidae/*physiology; Aotus; Aotus (Mammalia); Aotus azarae; Aotus azarae infulatus; Article;
Blood Pressure; blood pressure measurement; Blood Pressure/*drug effects/*physiology;
Cebidae; clinical protocol; controlled study; diastolic blood pressure; drug effects; exercise;
immobilization stress; intermethod comparison; isoflurane; ketamine; Laboratory Animal
Science; male; mean arterial pressure; midazolam; nonhuman; normal value; Oscillometric
method; Physical restraint; physiology; priority journal; procedures; Restraint, Physical;
Restraint, Physical/methods/*veterinary; systolic blood pressure; tiletamine plus zolazepam;
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Web Resources

General Resources:

Choosing An Anesthetic Learning Module, National Centre for the Replacement,
Refinement, and Reduction of Animals in Research (NC3Rs),
https://module.researchanimaltraining.com/nc3rs/21-2/#/

173


https://doi.org/10.1016/j.neuroimage.2017.04.067
https://module.researchanimaltraining.com/nc3rs/21-2/#/

Description: The NC3Rs offers online e-learning modules for laboratory animal professionals
including this course which covers the principles of anesthesia for all laboratory species. The
module covers such topics as choosing an inhalation or injectable anesthetic and balanced
anesthesia.

National Research Council. (2011). Guide for the Care and Use of Laboratory Animals:
Eighth Edition. Washington, DC: National Academies Press. https://doi.org/10.17226/12910

Description: The Guide is the standard in the United States for care and husbandry of laboratory
animal species. Eighth edition also available in Japanese and Thai.

IPS Captive Care Committee (2007). IPS International Guidelines for the Acquisition,
Care and Breeding of Nonhuman Primates, Second Edition. International Primatological
Society.
http://www.internationalprimatologicalsociety.org/policy-statements-and-guidelines/

Description: These guidelines, prepared by the Captive Care and Breeding Committee, aim to
promote good practice in the acquisition, care and breeding of primates and the enhancement of
welfare. Includes translated editions into French, Spanish, Chinese, Japanese, and Thai.

Primate Info Net. Wisconsin National Primate Research Center.
https://primate.wisc.edu/primate-info-net/

Description: Primate Info Net (PIN) is designed to cover the broad field of primatology,
providing original content and links to resources about non-human primates in research,
education and conservation. Through e-mail lists, Google Groups and other resources, PIN also
supports an informal “primate information network” comprised of thousands of individuals
around the world working with non-human primates.

Organizations

Academy of Veterinary Technicians in Anesthesia & Analgesia (AVTAA).
https://www.avtaa-vts.org/index.pml.

Description: The Academy of Veterinary Technicians in Anesthesia and Analgesia (AVTAA)
exists to promote interest in the discipline of veterinary anesthesia. The Academy provides a
process by which a veterinary technician may become credentialed as a Veterinary Technician
Specialist (Anesthesia & Analgesia). The Academy provides the opportunity for members to
enhance their knowledge and skills in the field of veterinary anesthesia. Includes a free online
library of resources on veterinary anesthesia.

American Board of Veterinary Specialties (American Veterinary Medical Association).
https://www.avma.org/education/veterinary-specialties.

Description: There are 22 AVMA-Recognized Veterinary Specialty Organizations™ comprising
46 distinct AVMA-Recognized Veterinary Specialties™. More than 16,500 veterinarians have
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been awarded Diplomate status in one or more of these specialty organizations after completing
rigorous postgraduate training, education, and examination requirements. Board-certified
veterinary specialists serve animals and the public through collaboration and teamwork with
primary care veterinarians, human medical professionals, research scientists, and public health
officials.

American College of Laboratory Animal Medicine (ACLAM). https://www.aclam.org/

Description: The American College of Laboratory Animal Medicine advances the humane care
and responsible use of laboratory animals through certification of veterinary specialists,
professional development, education and research. ACLAM produces publications about
laboratory animal medicine, including Nonhuman Primates in Biomedical Research (2012)
which has a chapter on Anesthesia and Analgesia in Nonhuman Primates.

American College of Veterinary Anesthesia and Analgesia (ACVAA). https://acvaa.org/

Description: The American College of Veterinary Anesthesia and Analgesia exists to promote
the highest standards of clinical practice of veterinary anesthesia and analgesia and defines
criteria for designating veterinarians with advanced training as specialists in the clinical practice
of veterinary anesthesiology. The ACVAA issues certificates to those meeting these criteria,
maintains a list of such veterinarians, and advances scientific research and education in
veterinary anesthesiology and analgesia.

American Society of Primatologists (ASP). https://www.asp.org/

Description: The American Society of Primatologists is an educational and scientific
organization whose purpose is to promote the discovery and exchange of information regarding
primates, including all aspects of their anatomy, behavior, development, ecology, evolution,
genetics, nutrition, physiology, reproduction, systematics, conservation, husbandry, and use in
biomedical research. ASP’s website features pages on animal training, social housing, and
environmental enrichment. The society also publishes the peer-reviewed journal, American
Journal of Primatology.

Association of British Wild Animal Keepers (ABWAK). https://abwak.org

Description: ABWAK is a non-profit organization specializing in improving cooperation among
wild animal keepers. The site has links to information about the journal Ratel, training and
professional development, and job openings.

Association of Primate Veterinarians (APV). https://www.primatevets.org

Description: The members of the APV are veterinarians working with nonhuman primates in
zoos and research settings as well as breeders.

Association of Veterinary Anesthetists (AVA). https://ava.eu.com/
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Description: A group of veterinary surgeons and others (e.g. researchers, technicians,
pharmacologists) who share an interest in animal anaesthesia, analgesia and animal welfare.
AVA holds meetings twice a year at various venues in Europe which are open to all those who
share common interest. The association brings together over 450 veterinary professionals
working in more than 35 countries.

Association of Zoos and Aquariums (AZA). https://www.aza.org/

Description: Formerly called the American Zoo and Aquarium Association, AZA is a nonprofit
organization dedicated to the advancement of zoos and aquariums in the areas of conservation,
education, science, and recreation. The AZA Office of Conservation and Science coordinates
Taxon Advisory Groups (TAG) which monitor the status of particular species in captivity and
provide recommendations on species management in captivity and with respect to conservation
efforts. Primate TAGs include New World Primate, Old World Monkey, and Prosimian. TAGs
prepare animal care manuals which are available for free download. Committees, such as the
Behavior and Husbandry Advisory Committee, specialize in broad scientific areas and are
coordinated to serve in advisory capacities for TAGs. The AZA holds regional and annual
conferences at which environmental enrichment at zoos is often discussed. Services are geared
towards member institutions, but anyone may contact members of these groups for information.
There are fees for AZA membership, published membership directories, reports, and conference
proceedings.

EUPRIM-Net Project. https://www.euprim-net.eu/

Description: An EU funded project that networks eight European primate centers and is aimed at
advancing knowledge and competence in biological and biomedical research, animal keeping
and breeding. The project objectives focus on animal welfare, the standardization of procedures
and methods, the enhanced availability of non-human primates and training for those working
with primates.

International Primatological Society
(IPS).http://www.internationalprimatologicalsociety.org/

Description: The International Primatological Society was created to encourage all areas of non-
human primatological scientific research, to facilitate cooperation among scientists of all
nationalities engaged in primate research, and to promote the conservation of all primate species.
The Society is organized exclusively for scientific, educational and charitable purposes.

North American Veterinary Anesthesia Society (NAVAS). https:/www.mynavas.org/.

Description: The North American Veterinary Anesthesia Society (NAVAS) helps veterinary
professionals and caregivers advance and improve the safe administration of anesthesia and
analgesia to all animals. Includes resources section with practice guidelines, drug information
and formularies, and pain assessment tools and scales.

U.S. National Primate Centers
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National Primate Research Centers. https:/www.nprcresearch.org/primate/. Public
website: https://nprc.org/

Description: There are seven National Primate Research Centers (NPRCs) that are specialized
facilities for research using nonhuman primates (NHP). Staffed with experienced research and
support personnel, each center provides the appropriate research environment to foster the
development of NHP models of human health and disease for biomedical investigations. The
NPRC:s are affiliated with academic institutions and are accessible to eligible biomedical and
behavioral investigators supported by research project grants from the NIH and other sources.
The National Primate Research Centers were formerly called Regional Primate Research
Centers. The name was changed in April 2002 to reflect the expanded role of the centers

The NPRC website maintains online bibliography on Health and welfare research in captive and

wild primates (2000 to present).

e (California National Primate Research Center, University of California-Davis,
https://cnprc.ucdavis.edu/

e Oregon National Primate Research Center, Oregon Health and Science University,
https://www.ohsu.edu/onprc

e Southwest National Primate Research Center, Texas Biomedical Research Institute,
https://snprc.org/

e Tulane National Primate Research Center, Tulane University, https://tnprc.tulane.edu/

e Washington National Primate Research Center, University of Washington,
https://wanprc.uw.edu/

e Wisconsin National Primate Research Center, University of Wisconsin-Madison,
https://primate.wisc.edu/

e Yerkes National Primate Research Center, Emory University,
http://www.yerkes.emory.edu/

Additional Primate Centers and Animal Colonies

Caribbean Primate Research Center, University of Puerto Rico, http://cprc.rcm.upr.edu/

Duke Lemur Center, Duke University, https://lemur.duke.edu/

Living Links: Center for the Advanced Study of Human and Ape Evolution (part of Yerkes
National Primate Research Center, Emory University),
https://www.emory.edu/LIVING LINKS/
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