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EVALUATING THE USE OF A BUTORPHANOL-AZAPERONE-

MEDETOMIDINE FIXED-DOSE COMBINATION FOR STANDING

SEDATION IN AFRICAN ELEPHANTS (LOXODONTA AFRICANA)

Liesel L. Laubscher, MSc, PhD, Silke Pfitzer, MSc, MMedVet, PhD, Peter S. Rogers, BVSc, Lisa L.

Wolfe, MSc, DVM,Michael W.Miller, DVM, PhD, Aleksandr Semjonov, DVM, and Jacobus P. Raath,

BVSc

Abstract: This study investigated the use of a fixed-dose combination of 30 mg/ml butorphanol, 12 mg/ml

azaperone, and 12 mg/ml medetomidine for the standing sedation of captive African elephants (Loxodonta

africana). In total, seven females (mean age 19.6 yr; range 6–31 yr) and six males (mean age 33.5 yr; range 9–35 yr)

were sedated. The estimated dose was 0.0005 6 0.0001 ml/kg and 0.006 6 0.001 ml/cm shoulder height, which

resulted in a dose of 0.016 6 0.002 mg/kg or 0.19 6 0.04 mg/cm shoulder height butorphanol, 0.006 6 0.0008 mg/

kg or 0.076 6 0.015 mg/cm shoulder height azaperone, and 0.006 6 0.0008 mg/kg or 0.076 6 0.015 mg/cm

medetomidine. First signs of sedation were observed within 3–10 min (mean 6 6 2 min) after darting, and

monitoring of the animals started on average at 24 6 9 min after darting. No bradycardia was observed in any of

the elephants (mean heart rate 40.0 6 6.55 beats/min), although all the animals were mildly hypotensive (mean

blood pressure 118.5/86 [94.5]). Rectal temperatures fell within acceptable ranges, and respiratory parameters

were stable in all the animals throughout sedation and fell within the standard ranges reported for conscious,

standing elephants. Only one elephant had clinically significant hypoxemia characterized by a partial pressure of

oxygen (PaO2) , 60 mm Hg. This elephant was also hypercapnic (PaCO2 . 50 mm Hg), although pH and

peripheral capillary oxygen saturation fell within acceptable ranges. None of the elephants reacted to moderately

painful stimuli while sedated. The combination was reversed with intramuscular injections of naltrexone (1 mg for

every 1 mg butorphanol) and atipamezole (5 mg for every 1 mg medetomidine). Recovery was smooth and calm in

all the animals. Time from injection of the reversals until the first signs of recovery was 4.6 6 2.01 min (range 1–8

min).

INTRODUCTION

Captive African elephants (Loxodonta africana),

such as those in zoos, sanctuaries, and rehabilita-

tion centers, regularly require veterinary interven-

tions. Sedation, chemical restraint, or both is

therefore necessary when elephants are not

trained to cooperate for a procedure, when

adequate handling facilities are lacking, or when

painful procedures have to be carried out. Seda-

tion not only makes the experience less traumatic

for the elephants, but it also allows for safer

access and handling of captive elephants.23,30,32 In

the wild, African elephants are usually anesthe-

tized with a potent opioid, such as etorphine or

thiafentanil, which results in complete recumben-

cy of the animals to handle them safely.14,45,46,53

However, in captive elephants, many procedures

can be performed without the need for lateral

recumbency. Standing sedation results in less

stress in group-housed animals because the

remaining animals in the herd are not witness to

an unnaturally recumbent conspecific and are

often unaware that the sedated animal underwent

a medical procedure.30 Standing sedation also

allows for access to both sides of the animal and

eliminates the potential risks involved with inap-

propriate recumbent positioning. When elephants

are immobilized with potent opioids to achieve

complete lateral recumbency, not only can recum-

bency with the head down on a slope lead to

compression of the lungs by the temporary

displacement of internal organs, but obstruction

of the upper airways by foreign objects or the

positioning of the trunk under the body can be

fatal. Nerve compression and muscle damage by a

hard surface or by rocks are an additional physical

risk to elephants going into lateral recumbency.

Additionally, potent opioids that have to be used

to achieve reliable lateral recumbency in ele-
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phants have also been reported to lead to

pulmonary hypertension, resulting in potentially

fatal lung edema—so-called pink foam syndrome

in elephants.11,16,21 Potent opioids are also not

available in many countries, and avoiding the use

of potent opioids mitigates some of the risks

posed by these drugs to the management team.21

In captive elephants, a2 adrenoceptor agonists,

such as xylazine, medetomidine and detomidine,

are often used alone or combined with butorpha-

nol to induce standing sedation.7,18,20,23,35 The use

of xylazine alone has been shown to provide ‘‘fair’’

sedation that is adequate to load animals onto a

trailer, whereas its combination with butorphanol

provides better sedation and analgesia for minor

procedures.32 Azaperone, a butyrophenone, has

also been reported to provide excellent sedation

in captive African elephants, although it has no

analgesic properties and therefore requires local

anesthesia for painful procedures.32 The use of

medetomidine or detomidine in combination with

butorphanol has been successfully used to pro-

vide adequate standing sedation for minor proce-

dures in African elephants.23,30

A new fixed-dose combination consisting of 30

mg/ml butorphanol tartrate, 12 mg/ml azaperone

tartrate, and 12 mg/ml medetomidine hydrochlo-

ride (BAM, Wildlife Pharmaceuticals [Pty] Ltd,

White River, 1240, South Africa) is currently

being investigated in a wide variety of southern

African wildlife species. Medetomidine produces

sedation, muscle relaxation, and analgesia by

stimulating a2-receptors that exist pre- and post-

synaptically in tissues throughout the body.9,10,47

Butorphanol has potent analgesic properties be-

cause of agonistic j receptor activity,38 whereas

azaperone causes sedation and the potentiation of

anaesthesia.21,47 Additionally, azaperone is benefi-

cial in reducing the hypertensive effects of opioids

and a2-agonists because of its a1-receptor antago-

nistic activity that results in peripheral vasodila-

tion and bradycardia.21,25,26,31,47 In combination,

these drugs have proven useful for neuroleptan-

algesia in wildlife. In South Africa, the successful

use of BAM for the complete and reversible

immobilization of lions (Panthera leo), cheetah

(Acinonyx jubatus), and blesbok (Damaliscus pygar-

gus phillipsi) has already been investigated.39–41

Internationally, this combination has also been

successfully used for complete and reversible

immobilization of white-tailed deer (Odocoileus

virginianus),5,19,27,28 Rocky Mountain elk (Cervus

canadensis nelsoni),51 Nubian ibex (Capra nubi-

ana),22 captive caribou (Rangifer tarandus granti),12

bighorn sheep (Ovis canadensis),44 American bea-

ver (Castor canadensis),34 and black bear (Ursus

americanus).52

The aim of this study was to investigate the

effectiveness and physiological effects of BAM

for the standing sedation of trained African

elephants during routine medical procedures.

Antagonism with atipamezole and naltrexone

was also investigated.

MATERIALS AND METHODS

The study took place at Camp Jabulani in

Kapama Game Reserve (24825945.599S, 318009

50.199E, altitude 506 m) near Hoedspruit in

Limpopo province, South Africa. At the time of

the study, Camp Jabulani had a herd of 14

habituated, trained elephants that were previously

rescued from across southern Africa and were

used for elephant interactions and educational

purposes. The elephants were semicaptive, and

they were allowed to roam the reserve throughout

the day alongside their handlers and then returned

to rest and sleep in custom-built enclosures.

The butorphanol, azaperone, and medetomi-

dine fixed-dose combination used in this study

was produced by Wildlife Pharmaceuticals. Each

milliliter of the solution contained the active

pharmaceutical ingredients as 30 mg of butorpha-

nol tartrate, 12 mg of azaperone tartrate, and 12

mg of medetomidine hydrochloride. The animals

were sedated on two separate occasions: nine

animals during July 2016 and four animals during

October 2016. The youngest animal in the herd, a

6-yr-old female, was excluded from the study

because she could not successfully be separated

from her mother. All the animals were sedated

between 8 AM and 1 PM, with environmental

temperatures during these periods ranging from

16.78C to 39.38C and humidity from 10% to 68%.

Before darting, the shoulder height of each

animal was measured with the assistance of each

animal’s handler. These measurements were used

to estimate body weight from shoulder height on

the basis of data previously published, as well as

data collected over a number of years in the

Kruger National Park, South Africa (Malan and

Raath, pers. comm.).8 From these estimated

weights, a BAM dose was calculated on the basis

of a medetomidine dose of 0.006 mg/kg, which

has previously been used in African and Asian

elephants.23,35 A gas-powered dart gun (Pneu-Dart

X-Caliber, Pneu-Dart Inc, Palo Alto, CA 94020,

USA) and 5-ml darts (14 ga, 7.6-cm-long needle

with wire barb, Pneu-Dart Inc) were used to

deliver the drug. The entire herd stood alongside

each other on an open grass area while each
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animal was individually darted, moved away from

the herd by its handler, monitored, and returned

to the herd after reversal of sedation. Remote

darting was done at distances ranging from 10 to

20 m. All injections were administered into the

femoral muscle area. To antagonize the effect of

the medetomidine, atipamezole (20 mg/ml, Wild-

life Pharmaceuticals) at five times the medetomi-

dine dose in milligrams was used. Naltrexone

hydrochloride (Trexonil, Wildlife Pharmaceuti-

cals, 50 mg/ml) was used to antagonize butorpha-

nol at 1 mg for each milligram of butorphanol. All

the injections were given by hand injection

intramuscularly into femoral muscle area in all

the elephants. None of the animals exhibited signs

of severe agitation or stress while individual

counterparts were being sedated and monitored,

and all animals returned to the herd safely after

reversal.

Monitoring and manipulations of animals

Two stages of induction were timed. Stage I was

measured from time of darting until the first signs

of sedation. First signs included slowing of ear

and tail movement (as sedation deepens, move-

ment ceases), relaxation and ‘‘dropping’’ of the

ears forward, sonorous breathing, protrusion of

the penis from the prepuce, relaxation of the trunk

and its resting on the ground, widening of the

stance, and ataxia.11 Stage II was measured from

time of darting until monitoring could be safely

started, at which point, the darted animal had

been walked away from the herd to stand com-

pletely still in a shaded area while all the

monitoring equipment was attached.

Most animals could safely be monitored within

25–35 min after darting, although one older bull

exhibited initial excitement at first signs of

sedation and subsequently took longer to stand

still enough to be safely monitored. Monitoring of

this animal only started at 45 min after darting,

but no additional drugs were required to handle

this animal safely. During monitoring, physiolog-

ical parameters were recorded every 5 min for 25–

30 min. Heart rate (HR) was measured manually

by palpation of the pulse in the auricular artery.

Respiratory frequency (fR) was measured by

counting exhaled breaths. Peripheral oxygen sat-

uration (SpO2) was measured with a pulse oxim-

eter (Nonin PalmSAT 2500, Amsterdam, 1075,

The Netherlands) attached to the ear at the same

location on all the elephants. Rectal temperature

was measured by means of a hand-held digital

thermometer (Checktemp 1, Hanna Instruments

[Pty] Ltd, Woonsocket, Providence County, RI

02895, USA) inserted into the rectum and pressed

against the intestinal wall. Systolic blood pressure

(SBP), diastolic blood pressure (DBP), and mean

arterial pressure (MAP) was measured by means

of invasive intra-arterial measurements at the

auricular artery (arteria auricularis) with an

invasive blood pressure monitor (IntraTorr,

Meyer & Salter, Johannesburg, 2000, South

Africa) connected to a Deltran II pressure

transducer (Utah Medical, Midvale, UT 84047,

USA). This instrument also reliably measured

heart rate, thereby serving as a cross-reference to

the pulse oximeter and manual measurements.

The auricular artery was used to collect arterial

blood samples from each animal. Three arterial

blood samples were collected from each animal

at 0, 10, and 20 min of monitoring. The puncture

was done anaerobically with a heparinized sy-

ringe with an 18-ga needle. Blood sample analy-

sis was conducted immediately with a portable

analyzer and cartridges (i-STATt cartridges

CG4þ, CHEM8þ, Abaxis, Union City, CA

94587, USA). Variables measured included pH,

partial pressure of arterial oxygen (PaO2), partial

pressure of carbon dioxide (PaCO2), lactate,

hematocrit, sodium, potassium, chloride, urea,

creatinine, glucose, and ionized calcium levels.

Actual base excess, actual bicarbonate, oxygen

saturation, and hemoglobin were calculated au-

tomatically from the measured values.

After monitoring was completed and all the

monitoring equipment was removed, the animal

was given the reversal and walked back to the

herd. Antagonists were injected intramuscularly

into the femoral muscle area, and the time elapsed

from injection until the first signs of recovery

(voluntary trunk and ear movements) were re-

corded.

Statistical analysis

For the analysis of anesthetic effects, the

elephant’s HR, rectal temperature, fR, SBP,

DBP, MAP, SpO2, PaO2, PaCO2, pH, and lactate

were measured, and the area under the curve

(AUC) was calculated by a trapezoid method for

every measurement for the immobilization peri-

od (30 min). The mean AUC were used as

response variables in linear regression models.

The bodyweight (estimated from measured

shoulder height), shoulder height, and dose (ml)

were used as continuous explanatory variables.

Gender was included in models to control for a

possible confounding effect. For evaluation of fR
effect on PaO2 and SpO2, linear regression

models with PaO2 or SpO2 mean AUC as
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response variables and fR as an explanatory

variable were used. For evaluation of the ele-

phant’s HR, rectal temperature, fR, SBP, DBP,

MAP, SpO2, PaO2, PaCO2, pH, and lactate over

time, monitoring times were assigned as either

20–30 min, 30–40 min, 40–50 min, or 50–60 min

after darting. Responses over time intervals were

analyzed by a restricted maximum likelihood

estimation (REML) model. Data analysis was

performed by the Variance Estimation and Pre-

cision module of Statistica 13.5.0 software pro-

gram (TIBCO, Palo Alto, CA 94020, USA). For

analysis of the effect of BAM on induction (time

to first sign of sedation) and recovery time, linear

regression models were used. Normality was

verified by scatter and normality plots of stan-

dardized residuals. For all statistical analyses,

Statistica 13.5.0 software was used; P � 0.05 were

considered statistically significant. Data are

reported as mean 6 SD (range). The Kolmogor-

ov–Smirnov and Lilliefors test for normality

showed that physiological data were not normal-

ly distributed, and this data is presented as

median 6 SD (interquartile range).

RESULTS

In total, seven females (ages 6–31 yr) and six

males (ages 9–35 yr) were sedated (mean 19 6 10

yr). Estimated elephant weights ranged from

1,750 to 5,250 kg (mean 3,140 6 1,166 kg). The

smallest elephant in the study group was an 8-yr-

old female, and the largest was a 35-yr-old male.

In all 13 monitored animals, complete sedation

occurred after a single administration of BAM.

The doses used are given in Table 1.

First signs of sedation were observed within 3–

10 min (mean 6 6 2 min) after darting, and

monitoring of the animals started on average at 24

6 9 min after darting. A weak association was

found between the BAM dose (ml) and first sign

of sedation (P ¼ 0.04; R2 ¼�0.22) so that higher

BAM doses resulted in faster induction times. All

inductions observed were calm and smooth,

although the second largest bull in the herd (age

27 yr; 310 cm shoulder height; estimated weight

4,900 kg) showed initial excitation at the first

signs of sedation and proceeded to run away when

its handler tried to walk it away from the herd for

monitoring. The handler managed to calm it

down, and it could eventually be monitored safely

at 45 min after darting for the complete monitor-

ing period of 25–30 min. Hypersalivation was

observed in four of the elephants. None of the

elephants showed reaction to minor procedures

such as blood sampling, vaccination, or micro-

chipping. One elephant required treatment of an

abscess and showed no response to laceration,

draining, and flushing of the abscess. None of the

elephants became recumbent or responsive dur-

ing monitoring.

Arterial blood gas values were at acceptable

levels throughout sedation: mean PaO2 ¼ 83.0 6

10.64 mm Hg; mean PaCO2¼48.0 6 6.32 mm Hg.

There was no association between fR and PaO2 (P

¼ 0.226) or fR and SpO2 (P ¼ 0.836). Table 2

presents the median 6 SD and range of the main

parameters measured during monitoring and the

results of the blood gas analyses. None of the

physiological parameters measured differed over

the monitoring periods (P . 0.05), except for

PaO2, which was significantly lower (P¼ 0.024) at

20–30 min after darting (73.4 6 11.52 mm Hg)

compared with 40–50 min after darting (84.8 6

5.79 mm Hg).

The average time from darting until the reversal

was injected was 57.7 6 9.07 min. Recovery was

smooth and calm in all animals. Time from

injection until the first signs of recovery was 4.6

6 2.01 min (range 1–8 min). There was no

association between time to first sign of recovery

and the BAM dose (ml, P . 0.05). The average

time elapsed from darting until monitoring was

complete was 51.5 6 9.01 min. No mortalities

occurred during the study, and no subsequent

adverse effects were noted.

Table 1. BAM doses for the standing sedation of African elephant (Loxodonta africana). Doses are given as mean
6 SD (range).

Dose BAM (ml) Butorphanol (mg) Azaperone (mg) Medetomidine (mg)

Total dose 1.66 6 0.51

(1.0–2.7)

49.88 6 15.41

(30.0–81.0)

19.95 6 6.17

(12.0–32.4)

19.95 6 6.17

(12.0–32.4)

Dose/cm shoulder height 0.006 6 0.001

(0.005–0.009)

0.19 6 0.04

(0.14–0.26)

0.076 6 0.015

(0.055–0.102)

0.076 6 0.015

(0.055–0.102)

Estimated dose/kg 0.0005 6 0.0001

(0.0004–0.0007)

0.016 6 0.002

(0.013–0.02)

0. 006 6 0.0008

(0.005–0.008)

0. 006 6 0.0008

(0.005–0.008)
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DISCUSSION

Published reports on the standing sedation of

African elephants are limited.23,30,42 The doses

used in the current study were based on ranges

similar to those reported for medetomidine and

butorphanol in elephants, although the azaperone

dose was very low compared with previously

reported ranges of 0.068–0.107 mg/kg.32 Some of

the earliest reports on standing sedation of

captive and trained African elephants used only

azaperone.42 It was noted that the ideal neurolep-

tic to achieve standing sedation in this species

should have a wide margin of safety, be as small an

injection volume as possible, produce consistently

predictable results, have a rapid induction and a

recovery within 1–2 hr, and should sedate the

animal enough for minor procedures and handling

while still maintaining the elephant in a standing

position without excessive restraint.42 The results

from the current study indicate that the BAM

combination possesses all these qualities. Injec-

tion volumes did not exceed 3 ml, physiological

parameters were consistently stable throughout

sedation, sedation was observed within 10 min

and animals could be safely monitored within 25

min after darting, and recovery commenced

within 5 min after injection of the antagonists.

Additionally, none of the animals became unsta-

ble or recumbent, and none of the elephants

required additional drugs to maintain sedation

throughout monitoring.

Similar induction times have been reported as in

the current study with a combination of butorpha-

nol (0.03 6 0.007 mg/kg) andmedetomidine (0.009

6 0.002 mg/kg) in captive African elephants.23

However, it was reported that a supplemental

injection of 0.003 6 0.001 mg/kg medetomidine

and 0.007 6 0.003 mg/kg butorphanol was re-

quired for 11 out of 33 of the sedations. Induction

times were also reduced with the addition of

hyaluronidase (1,000–2,000 IU) during eight seda-

tions. The addition of hyaluronidase to BAM may

improve induction times, as well, and should be

further investigated. The use of detomidine (0.013–

0.020 mg/kg) and butorphanol (0.013–0.020 mg/

kg) in three African elephants requiring 14 stand-

ing sedation procedures has also been reported.30

First signs of sedation were observed within 11.6 6

5.9 min. This initial sign of sedation was ranked as

‘‘mild’’ in four of the sedation procedures, and

these animals received subsequent supplemental

doses. Two additional sedation events that re-

quired prolonged procedures also received supple-

mental doses to extend sedation and analgesia. For

seven of the eight procedures not requiring

supplemental doses, maximal drug effect appeared

to occur at 25–30 min after injection.30 These

results are similar to those observed in the current

study, although none of the animals in the current

study required supplemental doses to maintain

sedation, which suggests an advantage of BAM

over detomidine-butorphanol. This result may in

part be a result of the addition of azaperone in the

BAM combination, resulting in the potentiation of

sedation, as well as the high selectivity of medeto-

midine for a2 receptors compared with detomi-

dine.43,47

Medetomidine is a potent a2 adrenoreceptor

agonist, with specific actions at the receptors

responsible for sedation and analgesia.6,9,37,49 Al-

Table 2. The physiological response of elephants to standing sedation with a butorphanol-azaperone-
medetomidine fixed-dose combination (BAM) over a 25–30-min period.

Variablea Unit

Time after darting

20–30 min 30–40 min 40–50 min 50–60 min Overall (range)

HR beats/min 40.0 6 6.94 38.0 6 6.45 42.0 6 7.38 38.5 6 5.38 40.0 6 6.55 (35–44)

fR breaths/min 6.0 6 1.6 6.0 6 1.91 6.0 6 1.65 6.0 6 1.47 6.0 6 1.67 (5–8)

SpO2 % 100.0 6 1.93 100.0 6 1.32 99.0 6 1.62 99.0 6 1.38 99.5 6 1.62 (98–100)

T 8C 36.6 6 0.48 35.8 6 0.57 36.4 6 0.39 36.3 6 0.6 36.3 6 0.53 (35.8–36.5)

SP mm Hg 122.0 6 22.84 115.0 6 18.32 114.0 6 20.48 119.0 6 26.13 118.5 6 20.22 (107–131)

DP mm Hg 80.0 6 20.07 87.5 6 13.78 84.0 6 15.39 86.0 6 13.81 86.0 6 15.0 (77–95)

MAP mm Hg 95.0 6 20.47 94.0 6 14.26 92.0 6 17.3 97.0 6 17.3 94.5 6 16.12 (88–108)

PaO2 mm Hg 78.0 6 11.53 83.0 6 10.72 85.5 6 5.79 87.0 6 7.1 83.0 6 10.64 (75–87)

PaCO2 mm Hg 51.0 6 5.77 49.7 6 7.99 47.0 6 5.72 44.0 6 1.74 48.0 6 6.32 (45–54)

Lactate mmol/L 0.8 6 0.28 0.77 6 0.24 0.73 6 0.28 0.74 6 0.28 0.74 6 0.25 (0.61–0.91)

pH 7.37 6 0.03 7.36 6 0.07 7.37 6 0.04 7.36 6 0.04 7.36 6 0.05 (7.34–7.38)

a HR indicates heart rate; fR, respiratory frequency; SpO2, peripheral capillary oxygen saturation; T, rectal temperature; SP,

systolic pressure; DP, diastolic pressure; MAP, mean arterial pressure; PaO2, partial pressure of oxygen; PaCO2, partial pressure

of carbon dioxide.
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though it is commonly used as a sedative in

veterinary medicine, bradycardia and hypotension

are inherent side effects that have been reported.10

Medetomidine causes peripheral vasoconstriction

by activating postsynaptic a2B adrenoceptor sub-

types in the vascular smooth muscle.43,49 As a

result, an initial increase in blood pressure may be

seen because of an increase in systemic vascular

resistance, followed by a decrease in blood

pressure from the baroreceptor reflex and the

suppression of cardiac output.29,36 No bradycardia

was observed in any of the elephants treated with

BAM. The heart rates of conscious, standing

African and Asian elephants has been reported

to be 24–55 beats/min.11,15 AMAP of 100–191 mm

Hg, SBP of 138–239 mm Hg, and DBP of 70–164

mm Hg has also been reported in conscious,

standing elephants.15 Most of the animals in the

current study were mildly hypotensive, although

one elephant, a 29-yr-old male with an estimated

weight of 4,550 kg, was moderately hypotensive

throughout sedation with a mean systolic/diastol-

ic (mean) blood pressure of 100/73 (82). Howev-

er, blood pressure was not low enough to warrant

reversal, and it is unclear what caused this mild to

moderate hypotension. Cardiovascular side ef-

fects that have been reported in other species with

the use of medetomidine include transient hyper-

tension and an increase in vascular resistance

during the loading phase, bradycardia, and a

reduction in cardiac output followed by hypoten-

sion.43,50 This pattern of effect was not noted, with

no initial hypertension observed in any of the

animals. Azaperone is a butyrophenone that

causes peripheral vasodilation by blocking the a1

adrenergic receptors and inducing vasodilation in

striated muscle arterioles, thereby reducing vas-

cular resistance and reducing blood pressure.24,33

Azaperone is often included in opioid-based

immobilization protocols in large species, such

as elephant, to counteract the hypertensive effects

of the opioids.13,14 The inclusion of azaperone in

the BAM combination may have contributed to

the mild hypotension observed but was likely not

the predominant cause because comparatively

low doses were used compared with doses report-

ed for African elephants.33

Rectal temperatures fell within acceptable

ranges reported for elephants.11 Respiratory pa-

rameters were stable in all the animals throughout

sedation and fell within the normal ranges report-

ed for conscious, standing elephants.11,15,50 In

conscious, standing African elephants, PaO2 and

PaCO2 values of 96.21 6 1.55 and 44.19 6 0.48

mm Hg, respectively, have been reported in

conscious, standing African elephants, whereas

in Asian elephants, PaO2 and PaCO2 values of 103

6 2 and 39.4 6 0.3 mm Hg, respectively, have

been reported.15,17 In the current study, only one

elephant had clinically significant hypoxemia

characterized by a PaO2 , 60 mm Hg.46 This

elephant was also hypercapnic (PaCO2 . 50 mm

Hg), although pH and SpO2 fell within acceptable

ranges. The former indicates mild hypoventila-

tion, although the animal had fR values ranging

from 6 to 9 breaths/min. Hypoventilation in

white-tailed deer immobilized with butorphanol,

azaperone, and medetomidine has been reported

and attributed to the respiratory depressant effect

of both butorphanol and medetomidine.27 It must

be noted that doses of 0.43 mg/kg butorphanol,

0.36 mg/kg azaperone, and 0.14 mg/kg medeto-

midine were used, which were significantly higher

than those used in the elephants. Butorphanol is a

synthetic opioid that is centrally acting with

mixed agonist-antagonistic activity at l-opioid
receptors and agonistic activity at j-opioid recep-

tors.20 Although it is less likely to induce respira-

tory depression compared with pure l agonists,1,48

its combination with medetomidine may adverse-

ly affect respiration because of their synergistic

effect. a2 Agonists have been reported to have

negative effects on respiration because of the

significant decrease in oxygen delivery as a result

of a drop in cardiac output.2–4 This outcome would

likely also explain the generally lower PaO2 values

of the remaining group of elephants in the current

study compared with the values reported for fully

conscious elephants.

Recoveries in all the animals were smooth and

uneventful, and animals could be moved back to

the remainder of the herd without any observable

stress elicited in either the individual or the rest of

the herd. Recoveries were quicker than reported

when yohimbine was used to antagonize detomi-

dine.30 This result was probably due to the use of

atipamezole in the current study, because atipa-

mezole has the highest a2 receptor affinity of all

the available a2 antagonists and is therefore

preferred for antagonizing medetomidine.43 Slow-

er recoveries compared with the current results

have also been reported with the use of a lower

atipamezole : medetomidine ratio.22

CONCLUSIONS

Overall, BAM produced a good level of sedation

in all the animals. Inductions and recoveries were

uneventful and quick, and all animals could safely

be handled throughout the monitoring period

without the need for additional doses. The butor-

292 JOURNAL OF ZOO AND WILDLIFE MEDICINE

Downloaded From: https://bioone.org/journals/Journal-of-Zoo-and-Wildlife-Medicine on 14 Apr 2021
Terms of Use: https://bioone.org/terms-of-use	Access provided by American Association of Zoo Veterinarians



phanol in the combination provided adequate

analgesia for minor procedures, such as vaccina-

tions and wound treatments, and none of the

animals exhibited any signs of discomfort. Al-

though all the animals were mildly hypotensive,

physiological parameters were stable throughout

monitoring and indicated safe sedation of all the

animals. The use of this combination can be

recommended in captive, trainedAfrican elephants

at a dose of 0.006 6 0.001 ml/cm shoulder height.

Reversal with intramuscular naltrexone at a dose of

1 mg/mg butorphanol and atipamezole at a dose of

5 mg/mg medetomidine is also recommended.
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