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Immobilization of captive plains zebras
(Equus quagga) with a combination of
etorphine hydrochloride, acepromazine, and
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ABSTRACT. The plains zebra (Equus quagga) is a zebra species commonly kept in zoos around
the world. However, they are not tame like their domestic relatives and are difficult to immobilize.
J. Vet. Med. Sci. We immobilized 30 captive plains zebra with a combination of etorphine hydrochloride (2-4 mg),
84(1): 181-185, 2022 acepromazine (8 mg), and xylazine hydrochloride (30 or 50 mg) to perform physical examination

. . and blood sample collection for disease diagnostics. Physiological parameters including heart rate,
doi: 10.1292/jvms.21-0458 respiratory rate, body temperature, and hemoglobin oxygen saturation were recorded. All zebras
exhibited satisfactory anesthesia and fully recovered without re-narcotization. The results suggest
that etorphine hydrochloride-acepromazine-xylazine hydrochloride combination for plains zebra
immobilization is a safe and sufficient regimen for short procedures such as wellness examinations
and sample collection.
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Zebras are non-domestic equids commonly kept in captivity for different purposes. Zoos keep zebras for ex-situ conservation,
education, and for their aesthetic characteristics in display. Despite the similar anatomical and physiological characteristics to
its domesticated relatives, zebras have different behavior and temperament. Adults become aggressive and have unpredictable
responses to humans which could cause harm humans and to themselves [27]. Therefore, management of zebras in a captive
condition is a challenging task that requires knowledge and experience. Zebras, similar to other animals, benefit from routine health
exams by a veterinarian. In order to complete a thorough examination, physical examination and diagnostic tests are essential.
As prey animals, flight or fight response is expected and physical restraint for veterinary procedures is not recommended. Stress
induced capture myopathy can occur as well as fatal head or neck injuries from chasing and restraint [6]. Successful chemical
restraint for sedation and immobilization has been reported for non-domestic equids [2, 3, 5, 9, 12, 13, 18, 19, 21-23, 25, 28].
If performed cautiously, chemical restraint is considered safe for both animals and staff involved.

Different drug combinations were used for zebra sedation and immobilization. Butorphanol and detomidine were used
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as a combination for standing sedation in Grevy’s zebra (Equus grevyi) [2, 5] and Burchell’s zebra (Equus burcellii) [5]. If
immobilization is desired, etorphine is considered the primary drug of choice combined with azaperone or different alpha-2
adrenergic agonists (e.g. medetomidine, detomidine, or xylazine) for zebra immobilization [3, 6, 10, 13, 19, 23, 26]. Etorphine is
an ultra-potent opioid used for wildlife immobilization since the 1970’s [11]. Derived from thebaine, it is 500 times more potent
than morphine [7]. Advantages of etorphine are the rapid induction which is beneficial for easily excited animals such as zebras,
analgesic effects, and has specific antagonists (naltrexone and diphrenorphine) that allow complete reversal resulting in a reduced
recovery period. However, pronounced respiratory depression is commonly seen from immobilization with etorphine, along with
common opioid side effects such as poor muscle relaxation, excitement, bradycardia and tachycardia, and re-narcotization [20].
These adverse effects can be reduced by combining synergistic agents as cocktails for a good immobilization.

We chemically immobilized 30 plains zebras (Equus quagga) with a combination of median dose 3 (2—4) mg etorphine
hydrochloride (Captivon®, Wildlife pharmaceuticals (Pty) Ltd., Mpumalanga, South Africa), 8 mg acepromazine (Combistress,
Kela Laboratoria, Hoogstraten, Belgium), 30 (n=21) or 50 (n=9) mg xylazine hydrochloride (Ilium Xylazil-100, Troy Laboratories
Pty Limited, New South Wales, Australia). The drugs were mixed in a single dart and administered (intramuscularly) via a remote
drug delivery system (Dan-Inject® rifle, Dan-Inject APS, Berkop, Denmark). The zebras were kept captive in public and private
zoos from different regions of Thailand. The purpose for immobilization was for general health examination and collection of
blood samples as a part of an outbreak investigation of African horse sickness (AHS) in Thailand [8, 15, 24]. Target animals were
sub-adult and adult zebras of both sexes. Weight was estimated based on the age range and body condition [4, 6]. All animals
were fasted 68 hr prior to immobilization. All immobilization events took place during 06:00—11:00 hr to prevent hyperthermia.
When the animal is recumbent, we make sure that the airway is clear at all times, then the darts are carefully removed with
safety equipment consisting of safety goggles, examination gloves and pliers for manual manipulation of penetrated darts. Dart
wounds were cleaned with normal saline and disinfectants. The area of penetration was sprayed with visually identifiable color
paint and blindfolds were used to prevent visual stimulation during the anesthesia. The animals were transported by a large net
to the recovery area to perform required procedures. The animal is placed in a lateral recumbency (LR) position on a flat surface
with the neck straight and supported by hay. Physiological parameters were recorded immediately when the zebras achieved
recumbency and every 5 min until the antidote was administered. Heart rates were measured by auscultation, respiratory rates (RR)
were counted from chest excursions, body temperatures were recorded by inserting a thermometer in the rectum, and hemoglobin
oxygen saturation (S,0,) was assessed by a handheld pulse oximeter with the sensors attached to the tongue (VE-H100B, Edan
Instruments Inc., Shenzhen, China). Supplemental oxygen was provided via nasal insufflations at 4 1/min when S 0O, dropped lower
than 90%. Yohimbine (n=9; Reverzine®, Parnell Laboratories (AUST) Pty Ltd., New South Wales, Australia) with an equivalent
dose of xylazine or atipamezole with a dose of 0.15-0.25 mg/mg xylazine (n=21; Atipam®, Eurovet Animal Health, Noord-
Brabant, Netherlands), and Naltrexone (Trexonil®, Wildlife Pharmaceuticals (Pty) Ltd., Mpumalanga, South Africa) with a dose of
30 mg/mg etorphine were injected intramuscularly as antagonists when all procedures were finished. Animals were continuously
monitored until full recovery and released back into its pen. For safety measures, an ambulance with at least two emergency
medical technicians were notified of ultra-potent narcotic drug usage and were present with emergency drugs and the human opioid
antagonist drug naloxone during all immobilization events to respond as quickly as possible to accident exposures according to
Kreeger and Arnemo [11].

Descriptive statistics were calculated and displayed in Table 1 to summarize the immobilization event. The combination
induced a quick time to LR within 3.83 + 1.56 min and provided reliable recumbences without attempts to stand throughout the
LR time (10.37 = 2.40 min) of the immobilization. Recoveries from anesthesia were smooth, on average 2.5 + 1.01 min after
reversal. Zebras were considered fully recovered when they were able to walk in a calm and coordinated manner with no displays
of head dropping [11, 22]. All zebras had unremarkable full recoveries and returned to normal behavior (Fig. 1). Table 2 shows
the parameters recorded during immobilization. The average heart rates, RR, body temperature, and saturated oxygen recorded
were 86.61 +27.93 beats/min, 16.91 + 4.28 breaths/min, 38.31 + 0.93°C and 95.26 + 6.2% S0, respectively. The mean ambient
temperature recorded during each session was 27.13 + 1.43°C. Some zebras (n=6) presented signs of hypertonicity of the pelvic
limbs and tail but were in accepted levels of anesthesia [14]. Re-narcotization did not occur and all zebras were reported with
normal behavior and no losses were recorded one week post-immobilization.

Immobilization of captive zebras with a combination of etorphine hydrochloride, acepromazine, and xylazine hydrochloride
provide a rapid induction and stable anesthesia for short procedures such as general health exams and blood collection. Even
though hypertonicity of the pelvic limbs and tail movement was seen during immobilization in 6 animals, the depth of anesthesia
was decent enough to perform our procedures with caution. Our study coincides with Sahu ef al. [19] which uses the same
combination of immobilizing drugs on a non-weight bearing individual zebra. Parameters recorded were all in normal ranges when
compared to domestic horses [16] except for RR which were considered high on both studies. We speculate that pre-immobilization
excitement is the causes of the increase. When compared to combinations with detomidine instead of xylazine, we found that for
short durations, both combinations can be used depending on the availability of the drug and the anesthetic history of the animals
of different situations [1, 17].

Apart from the drugs, dosage, and natural factors such as ambient temperature and health status of animals, the teamwork of
the personal is vital for a successful immobilization. Safety measures should be included in the immobilization plan and trained
individuals for the use of ultra-potent narcotic drugs is essential. We encourage veterinarians involved in zoological medicine to
receive specific training and comply with local drug legislations in order to become familiar with these drugs and able to manage
different drug combinations according to the situation.
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Table 1. Summary data of 30 plains zebras remotely immobilized with a combination of etorphine hydrochloride (HCL), acepromazine, and
xylazine hydrochloride (HCL) detailing animal characteristics, drug dose, and anesthetic time effects

Animal  Sex Estimated Body  Etorphine Acepromazine Xylazine Atipamezole or  Naltrexone Timeto LR LR time Recovery

Weight (kg) HCL (mg) (mg) HCL (mg) Yohimbinet (mg) (mg) (min) (min) time (min)
1 M 150 2.5 8 30 7.5 75 1 8 2
2 M 150 2.5 8 30 5.0 75 3 9 1
3 F 150 2.5 8 30 5.0 75 4 13 2
4 F 150 2.5 8 30 5.0 100 5 9 2
5 M 180 3.0 8 30 7.5 60 8 14 2
6 F 180 3.0 8 30 5.0 100 2 7 2
7 M 200 3.0 8 30 7.5 100 3 9 3
8 M 200 3.0 8 30 5.0 100 3 10 2
9 F 200 3.3 8 30 5.0 100 3 7 2
10 M 200 33 8 30 5.0 100 4 8 1
11 M 200 33 8 30 5.0 100 4 10 5
12 M 200 33 8 30 5.0 100 3 9 3
13 M 250 32 8 30 5.0 100 2 11 2
14 M 250 3.2 8 30 5.0 100 4 11 4
15 F 250 33 8 30 7.5 100 3 9 3
16 F 250 33 8 30 5.0 100 4 8 4
17 F 250 33 8 30 5.0 100 3 8 1
18 F 300 33 8 50 7.5 100 4 11 2
19 F 350 4.0 8 50 7.5 120 4 9 3
20 F 350 4.0 8 50 7.5 120 4 10 2
21 F 350 4.0 8 50 7.5 120 3 9 2
22 F 150 2.0 8 30 30+ 60 8 15 2
23 F 150 2.0 8 30 30+ 60 3 9 4
24 F 180 3.0 8 30 30+ 100 7 14 4
25 M 180 3.0 8 30 30+ 60 4 13 2
26 F 200 3.0 8 50 50 100 5 15 3
27 M 200 3.0 8 50 50+ 100 4 10 3
28 F 200 3.0 8 50 50+ 100 3 9 3
29 F 200 3.0 8 50 50+ 100 4 14 3
30 F 250 3.0 8 50 50+ 100 3 13 1
5.95+1.24
Mean + SD 215.67+£59.23 3.06+0.48 8+0.0 36+9.32 94.17+17.07 3.83+1.56 1037+240 2.5+1.01

40.67 £ 11.147

*LR, lateral recumbency; SD, standard deviation. {Yohimbine dose.

Fig. 1. Recovery of immobilized zebras after administra-
tion of antidotes. (A) The zebra is placed in a holding pen
with hay to support its neck in a lateral recumbency posi-
tion. (B) The zebra gains consciousness and advances to
a sternal recumbency position. (C) The zebra has fully
recovered with no signs of ataxia, head dropping, and
over-excitement.
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Table 2. Parameters measured during remote immobilization of 30
plains zebras with a combination of etorphine hydrochloride,
acepromazine, and xylazine hydrochloride

Parameter
Heart Rate (beats/min) 86.61 +27.93 (36-200)
Respiratory Rate (breaths/min) 16.91 £4.28 (10-30)
Sp0; (%) 95.26 + 6.20 (76-100)
Body Temperature (°C) 38.31 £ 0.93 (36.06-39.78)
Ambient temperature (°C) 27.13 £ 1.43 (24-29)

Data are presented as mean + standard deviation with the range in the parentheses.

CONFLICT OF INTEREST. The authors declare that there are no conflicts of interest.

ACKNOWLEDGMENTS. We would like to acknowledge the Department of Livestock Development for organizing the African
horse sickness outbreak response in Thailand which consists of the anesthetic events involved and permission for data use. We

thank Dr. Nopphan Ponpai for smoothly coordinating the event. The zebras and personal are safe and healthy thanks to volunteers of
different occupations. We are also grateful to the facilities and owners that cooperated kindly with us.

REFERENCES

1.

2.

11.
12.

13.
14.

15.

16.
17.

19.

20.

21.

22.

23.

Adin, D. B., Maisenbacher, H. W., Ojeda, N., Fiorello, C. V., Estrada, A. H., Prosek, R. and Citino, S. B. 2007. Cardiac evaluation of anesthetized
Grevy’s zebras (Equus grevyi). Am. J. Vet. Res. 68: 148—152. [Medline] [CrossRef]

Bouts, T., Dodds, J., Berry, K., Arif, A., Taylor, P., Routh, A. and Gasthuys, F. 2017. Detomidine and butorphanol for standing sedation in a range of
zoo-kept ungulate species. J. Zoo Wildl. Med. 48: 616—626. [Medline] [CrossRef]

Gaudio, E., Hoffman, L. C., Schabort, G. A., Shepstone, C. A., Bauer, G. and De Benedictis, G. M. 2020. Evaluation of the quality of
immobilization and cardiorespiratory effects of etorphine-medetomidine-azaperone combination in plains zebras (Equus quagga): a pilot study. J.
Zoo Wildl. Med. 50: 988-992. [Medline] [CrossRef]

Grubb, P. 1981. Equus burchelli. Mamm. Species 157: 1-9. [CrossRef]

Hoyer, M., de Jong, S., Verstappen, F. and Wolters, M. 2012. Standing sedation in captive zebra (Equus grevyi and Equus burchellii). J. Zoo Wildl.
Med. 43: 10-14. [Medline] [CrossRef]

Janssen, D. L. and Allen, J. L. 2015. Equidae. pp. 559-567. In: Fowler’s Zoo and Wild Animal Medicine, Vol. 8. (Miller, R. E. and Fowler, M. E.
eds.), W.B. Saunders, St. Louis.

Jasinski, D. R., Griffith, J. D. and Carr, C. B. 1975. Etorphine in man. 1. Subjective effects and suppression of morphine abstinence. Clin.
Pharmacol. Ther. 17: 267-272. [Medline] [CrossRef]

King, S., Rajko-Nenow, P., Ashby, M., Frost, L., Carpenter, S. and Batten, C. 2020. Outbreak of African horse sickness in Thailand, 2020.
Transbound. Emerg. Dis. 67: 1764-1767. [Medline]

Klein, L. and Citino, S. B. 1995. Comparison of detomidine/carfentanil/Ketamine and medetomidine/ketamine anesthesia in Grevy’s zebra. Proc.
Joint Conf. AAZV WDA AAWYV 1995: 257-261.

Kock, M. and Burroughs, R. 2012. Chemical and Physical Restraint of Wild Animals: A Training and Field Manual for African Species, 2nd ed.,
IWVS, Greyton.

Kreeger, T. J. and Arnemo, J. M. 2018. Handbook of Wildlife Chemical Immobilization, 5th Ed., Published by authors, 472 pp.

Kuttner, C. and Wiesner, H. 1987. Changes of blood values in przewalski horses (Equus przewalski przewalski) and zebras (Equus zebra
hartmannae) during chemical immobilization. J. Zoo Anim. Med. 18: 144—147. [CrossRef]

Lance, W. R. and Collins, F. 2008. Exotic hoof stock anesthesia and analgesia: best practices. Proc. NAVC Conf. 2008: 1914-1916.

Lee, L. Anesthetic monitoring. n.d. https://www.westernu.edu/mediafiles/veterinary/vet-anesthesia-analgesia/anesthetic-monitoring.pdf [accessed on
August 8, 2021].

Lu, G., Pan, J., Ou, J., Shao, R., Hu, X., Wang, C. and Li, S. 2020. African horse sickness: Its emergence in Thailand and potential threat to other
Asian countries. Transbound. Emerg. Dis. 67: 1751-1753. [Medline]

Muir, W. W. and Hubbell, J. A. E. 2009. Equine anesthesia: monitoring and emergency therapy, 2nd ed., Saunders/Elsevier, St. Louis.

Myers, D. A., Citino, S. and Mitchell, M. A. 2008. Electrocardiography of Grevy’s zebras (Equus grevyi). J. Zoo Wildl. Med. 39: 298-304.
[Medline] [CrossRef]

. Nath, I., Samantara, S. and Panda, S. K. 2012. Deep gluteal abscess in a zebra (Equus burchelli boehmi). J. Equine Vet. Sci. 32: 201-204.

[CrossRef]

Sahu, S. K., Sahoo, N., Mohanty, B. and Mohapatra, D. 2020. Piroplasmosis in a captive Grant’s zebra Equus quagga boehmi (mammalia:
perissodactyla: equidae)—a case study. J. Threat. Taxa 12: 15646-15650. [CrossRef]

Schumacher, J. 2008. Side effects of etorphine and carfentanil in nondomestic hoofstock. pp. 455-461. In: Zoo and Wild Animal Medicine, 6th ed.
(Fowler, M. E. and Miller, R. E. eds.), W.B. Saunders, St. Louis.

Senthilkumar, K., Thirumurugan, R. and Khan, P. N. 2005. Chemical immobilization of Grant’s zebra Equus burchelli boehmi for examination and
treatment of lameness. Zoos’ Print J. 20: 1914. [CrossRef]

Stemmet, G. P., Meyer, L. C. R., Bruns, A., Buss, P., Zimmerman, D., Koeppel, K. and Zeiler, G. E. 2019. Compared to etorphine-azaperone,

the ketamine-butorphanol-medetomidine combination is also effective at immobilizing zebra (Equus zebra). Vet. Anaesth. Analg. 46: 466-475.
[Medline] [CrossRef]

Stuchin, M., Mama, K. R., Zuba, J. R., Oosterhuis, J. E., Lamberski, N. and Olea-Popelka, F. 2019. A comparison of opioid-based protocols for

J. Vet. Med. Sci. 84(1): 181-185, 2022 184


http://www.ncbi.nlm.nih.gov/pubmed/17269879?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.68.2.148
http://www.ncbi.nlm.nih.gov/pubmed/28920785?dopt=Abstract
http://dx.doi.org/10.1638/2016-0047.1
http://www.ncbi.nlm.nih.gov/pubmed/31926533?dopt=Abstract
http://dx.doi.org/10.1638/2018-0157
http://dx.doi.org/10.2307/3503962
http://www.ncbi.nlm.nih.gov/pubmed/22448505?dopt=Abstract
http://dx.doi.org/10.1638/2010-0093.1
http://www.ncbi.nlm.nih.gov/pubmed/1091396?dopt=Abstract
http://dx.doi.org/10.1002/cpt1975173267
http://www.ncbi.nlm.nih.gov/pubmed/32593205?dopt=Abstract
http://dx.doi.org/10.2307/20094827
http://www.ncbi.nlm.nih.gov/pubmed/32406171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18816990?dopt=Abstract
http://dx.doi.org/10.1638/06-038.1
http://dx.doi.org/10.1016/j.jevs.2011.08.022
http://dx.doi.org/10.11609/jott.4411.12.5.15646-15650
http://dx.doi.org/10.11609/JoTT.ZPJ.1330a.1914
http://www.ncbi.nlm.nih.gov/pubmed/31176572?dopt=Abstract
http://dx.doi.org/10.1016/j.vaa.2019.01.008

The Journal of

Veterinary

Medical

Science CAPTIVE ZEBRA IMMOBILIZATION

24.

25.

26.

27.

28.

immobilization of captive Grevy’s zebra (Equus grevyi). J. Zoo Wildl. Med. 50: 258-261. [Medline] [CrossRef]

Toh, X., Wang, Y., Rajapakse, M. P., Lee, B., Songkasupa, T., Suwankitwat, N., Kamlangdee, A., Judith Fernandez, C. and Huangfu, T. 2021. Use of
nanopore sequencing to characterize african horse sickness virus (AHSV) from the African horse sickness outbreak in thailand in 2020. Transbound.
Emerg. Dis. 00: 1-10. [Medline]

Vitali, F., Kariuki, E., Njoroge, M., Kaitho, T., Curone, G., Mijele, D. and Ravasio, G. 2013. Physiological response to chemical immobilization: a
case study of etorphine-azaperone in free-ranging plains zebra (Equus quagga) in Kenya. Proc. Vet. Ani. Sci. Days 2018: 77-78.

Walzer, C. 2014. Nondomestic equids. pp. 719-728. In: Zoo Animal and Wildlife Immobilization and Anesthesia, 2nd ed. (West, G., Heard, D. and
Caulkett, N. eds.), John Wiley & Sons, Inc., Hoboken.

Wiedner, E. B., Lindsay, W. A. and Isaza, R. 2012. Management of zebras and zebra hybrids (zebroids). Compend. Contin. Educ. Vet. 34: E4.
[Medline]

Zabek, M. A., Wright, J., Berman, D. M., Hampton, J. O. and Collins, C. W. 2014. Assessing the efficacy of medetomidine and tiletamine—
zolazepam for remote immobilisation of feral horses (Equus caballus). Wildl. Res. 41: 615-622. [CrossRef]

J. Vet. Med. Sci. 84(1): 181-185, 2022 185


http://www.ncbi.nlm.nih.gov/pubmed/31120687?dopt=Abstract
http://dx.doi.org/10.1638/2018-0108
http://www.ncbi.nlm.nih.gov/pubmed/33682298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23705207?dopt=Abstract
http://dx.doi.org/10.1071/WR14108

