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With the rapid loss of individuals in the wild, semen cryopreservation has gained

importance to safeguard the genetic diversity of white rhinoceroses (Ceratotherium

simum). For semen collection via electro-ejaculation, immobilization of free-ranging

individuals requires the potent opioid etorphine, which is routinely combined with

azaperone, but causes hypoxemia, hypercarbia, acidemia, muscle rigidity, tachycardia,

and systemic hypertension. In this study, the suitability of two alternative immobilization

protocols including etorphine, medetomidine, and midazolam at different doses (high vs.

low etorphine) was evaluated in adult white rhinoceros bulls in two different management

systems (free-ranging vs. game-farmed) and undergoing electro-ejaculation. Fourteen

free-ranging (Group 1) and 28 game-farmed rhinoceroses (Group 2) were immobilized

with ≈2.5 µg/kg etorphine (high dose), ≈2.5 µg/kg medetomidine, ≈25 µg/kg

midazolam and 1,500–1,700 IU hyaluronidase and received ≈2.5 µg/kg of butorphanol

intravenously at first handling. Twenty game-farmed animals (Group 3) received≈1µg/kg

etorphine (low dose), ≈5 µg/kg medetomidine, ≈25 µg/kg midazolam and 1,700 IU

hyaluronidase. Respiratory rate, heart rate and peripheral hemoglobin oxygen saturation

(SpO2) were measured at 5-min intervals; non-invasive oscillometric blood pressures

and arterial blood gases at first handling and before reversal of the immobilization;

serum clinical chemistry analytes and hematocrit at first handling. Generalized mixed

models (fixed factors: group, time, recumbency; random factor: individual rhinoceros)

were applied to compare longitudinal changes between free-ranging and game-farmed
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rhinoceroses immobilized with the higher etorphine dose (Groups 1 and 2), and between

the two protocols tested in the game-farmed rhinoceroses (Groups 2 and 3). All

animals were successfully immobilized, presented with normal lactate concentrations

(<5 mmol/L), experienced no muscle tremors and recovered uneventfully. Hypoxemia

and hypertension persisted throughout the immobilization in all groups. Acidemia and

hypercarbia were absent in Group 1, but present in the game-farmed animals. The

lower etorphine dose in Group 3 resulted in significantly longer induction times, however,

tachycardia was not observed. SpO2 was higher for sternal vs. lateral recumbency.

Semen-rich fractions were recovered following electro-stimulation in 46 out of the

62 animals. Our findings suggest that etorphine-medetomidine-midazolam provides

effective immobilization with fewer side effects compared to previous reports in white

rhinoceroses and is suitable for successful electro-ejaculation.

Keywords: white rhinoceros (Ceratotherium simum), medetomidine, midazolam, arterial blood gases, blood

pressure, semen collection, immobilization, cardiorespiratory variables

INTRODUCTION

Similar to other rhinoceros species, southern white rhinoceros
(Ceratotherium simum simum) numbers in the wild have shown
a dramatic decrease associated with habitat loss and the ongoing
poaching crisis (1). Biobanking of gametes and other genetic
material and the use of assisted reproductive technologies have
gained importance in combating the loss of genetic diversity of
threatened or endangered species (2). Semen cryopreservation
is an effective method to safeguard viable genetics. In wild,
intractable species, electro-ejaculation is the most commonly
utilized method of semen collection, but requires chemical
restraint (3).

Potent, pure µ-receptor agonist opioids, such as etorphine
hydrochloride, are routinely used for rhinoceros immobilization.
However, these drugs are associated with dose-dependent
hypoxemia, hypercarbia, acidemia, muscle rigidity, excitability,
tachycardia, and systemic hypertension (4–12). These side effects
are believed to be more pronounced when capturing free-
ranging vs. captive animals due to a greater stress-induced
catecholamine release and hyperlactatemia associated with the
capture method (8, 13).

Partial antagonists such as butorphanol and diprenorphine
are usually administered to reduce the etorphine-induced
side effects and sedatives and/or tranquilizers are combined
with opioids to achieve better muscle relaxation (6, 13). The
butyrophenone tranquilizer azaperone is most frequently
combined with etorphine (14) as it reduces opioid-induced
hypertension (4, 10). Nevertheless, muscle rigidity, tachycardia,
hypoxemia, hypercarbia, and acidemia still occur (6, 11, 14–16).
Alpha1-receptors antagonists like azaperone, have detrimental
dose-dependent effects on semen emission and were found
to result in ejaculates with no or low sperm concentrations
(17–19). Hence, alternative immobilization protocols that
allow for safe and effective semen collection via electro-
ejaculation (EE) in rhinoceroses are required. Free-ranging black
rhinoceroses undergoing EE were successfully immobilized with
a combination of etorphine-medetomidine-midazolam (20).

Specific α2-adrenoreceptor agonists, including medetomidine
and detomidine, provide dose-dependent sedation, analgesia,
muscle relaxation and anxiolysis (21) and have a sympatholytic
effect, which may reduce stress- and etorphine-induced
catecholamine release and associated side effects (21).
Additionally, as the ejaculatory reflex and semen emission
are α-adrenergically mediated (22), α2-agonists were found to
increase semen emission in felids (23) and stallions (24), and
were suggested for the use in rhinoceroses undergoing electro-
ejaculation (25). Midazolam, a benzodiazepine receptor agonist
and potent sedative and muscle relaxant, was more recently
incorporated in white rhinoceros immobilization protocols
(12, 15, 26, 27). By reducing muscle spasms and rigidity (28),
ventilation is improved and the risk of hyperthermia and capture
myopathy reduced (29).

The goal of this study was to test the safety and efficacy of
two different doses of an etorphine-medetomidine-midazolam
combination for the immobilization of free-ranging and
game-farmed white rhinoceroses undergoing semen collection
using electro-stimulation.

To assess this combination, cardiovascular, respiratory, and
acid-base statuses were monitored from induction through to
reversal of the drugs. The primary aims were to investigate if:
1) free-ranging rhinoceroses experience greater cardiopulmonary
side-effects compared to game-farmed rhinoceroses, 2) a higher
etorphine dose results in greater cardiopulmonary side effects
compared to a lower dose in combination with a higher
medetomidine dose and 3) semen can be successfully collected
from white rhinoceros bulls immobilized with etorphine-
medetomidine-midazolam combinations by electro-ejaculation.
Additionally, the effect of recumbency (lateral vs. sternal)
was evaluated.

MATERIALS AND METHODS

Animals and Study Areas
A total of 62 sexually mature male white rhinoceroses
(Cerothoterium simum simum), whereof 14 free-ranging
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and 48 game-farmed, were immobilized for management
purposes such as dehorning and breeding soundness
evaluations. Immobilizations were carried out during the
winter months of the southern hemisphere (June–August)
in the provinces of Limpopo and the Northern Cape
of South Africa. Animals were declared healthy based on
behavior, body condition, and clinical examination following
immobilization. Body condition was scored according to criteria
based on subjective evaluation of fat deposits and muscle
mass (good, fair, poor, very poor) as described previously
(30). Ambient temperatures, recorded using the smart
phone’s weather widget for the respective location, typically
ranged between 18–25◦C in the Northern Cape and 25–32◦C
in Limpopo.

Animals in the Northern Cape were housed in closely
supervised camps on a private game reserve with supplementary
feeding consisting of hay, Lucerne, molasses and maize meal. For
security reasons, the animals were housed in smaller enclosures
during the night, whereas during the day, they had access to
larger camps.

Capture Method, Doses and
Administration of Drugs
Rhinoceroses, location, immobilization protocols and
recumbency position are summarized in Table 1. All doses
were calculated based on standardized estimated weights
(∼2,000 kg). Fourteen free-ranging rhinoceroses (Group 1)
in Limpopo were located using a fixed-wing aircraft. Once
located, the animals were darted with a combination of
≈2.5 µg/kg etorphine (etorphine hydrochloride 9.8 mg/mL,
Captivon; Wildlife Pharmaceuticals, Karino, South Africa),
≈2.5 µg/kg medetomidine (20 mg/mL, Kyron Laboratories,
Benrose, South Africa), ≈25 µg/kg midazolam (midazolam
hydrochloride 50 mg/mL, Dazonil; Wildlife Pharmaceuticals)
and 1,500–1,700 IU hyaluronidase (lyophilised hyalase,
Kyron Laboratories) delivered by dart gun (Pneu-Dart 389,
Pneu-dart, Inc., Williamsport, Pennsylvania, USA) from a
helicopter into the gluteal muscle-mass using 2.0mL Pneu-
dart darts (Pneu-dart Type C, Pneu-dart, Inc.) with 2.5-inch
uncollared needles. The game-farmed animals (Groups 2
and 3) were darted on foot using the same dart gun and
3.0mL Pneu-dart darts (Pneu-dart Type C, Pneu-dart, Inc.),
either into the hindquarter or nuchal hump. Twenty-eight
of these rhinoceroses (Group 2), were immobilized using the
above-described combination of etorphine (M99; Novartis,
Kempton Park, South Africa), medetomidine and midazolam
and 20 rhinoceroses (Group 3) with ≈1 µg/kg etorphine,
≈5 µg/kg medetomidine, ≈25 µg/kg midazolam and 1,700
IU hyaluronidase.

Once immobilized, all animals were carefully approached,
blindfolded and earplugs were applied. At first handling (t0),
animals in Group 1 and 2 (higher dose of etorphine) received
≈2.5 µg/kg of butorphanol (50 mg/ml; Kyron Laboratories)
intravenously in an auricular vein. Animals in Group 3 did
not receive butorphanol as the etorphine-induced respiratory
depression was expected to be less severe.

Time from darting to recumbency (induction time) and total
time in recumbency were recorded. The time of reversal (tR)
depended on the duration of the procedures.

Etorphine was antagonized with ≈25 µg/kg naltrexone HCL
(Trexonil 50 mg/ml, Wildlife Pharmaceuticals) administered
intravenously. To antagonize the medetomidine, 5–10 µg/kg
atipamezole HCL (5 mg/mL mg; Atipamezole, Vtech, Midrand,
South Africa or Antisedan, Zoetis, Sandton, South Africa,
depending on availability) were administered intravenously (1/3
of the dose) and intramuscularly (2/3 of the dose; Table 1),
respectively. Midazolam was not antagonized.

Cardio-Respiratory Monitoring
Animals were continuously monitored for visible muscle tremors
and vital signs were recorded at 5-min intervals from 5min
after first handling (t5) until reversal of immobilization (tR).
Respiratory rate (fR) was determined by counting exhalations
from the nostrils. A pulse-oximeter (SunTech Vet30E,
Morrisville, NC, USA) using a Y-lingual sensor (AccuVet)
was applied on a scarified edge of the pinna to record heart rate
(HR), peripheral hemoglobin oxygen saturation (SpO2) and
body temperature.

Oscillometric mean arterial (MAP), systolic (SAP), and
diastolic (DAP) blood pressures were measured on the coccygeal
artery at the base of the tail with a portable blood pressure
monitoring device (SunTech, Vet30E, Morrisville, NC, USA),
with an algorithm for indirect non-invasive measurement of
blood pressure in horses. A 17–25 cm cuff was fitted around the
tail (25 cm below the tail base and ∼30–35 cm above the height
of the right atrium) and single readings were recorded at t0 and
tR. Serial measurements were not possible during the procedures
due to the position of the rectal electro-ejaculator probe. It was
estimated that the cuff was on heart level in animals in lateral
position. In rhinoceroses in sternal position, however, indirect
blood pressures were corrected to heart level using the formula
Corrected Blood Pressure = ([distance in cm from center of cuff
on tail to heart base/1.36] + actual coccygeal blood pressure) as
previously described (31).

Blood Sampling and Analyses
Arterial blood samples, collected from the auricular artery at
t0, after butorphanol administration (tB; only Group 1 and
2) and at tR in 1mL heparinized syringes (Arterial Blood
Sampler Aspirator, Radiometer Medical ApS, Denmark), were
promptly analyzed using a portable blood gas analyzer (i-STAT
Portable Clinical Analyzer and i-STAT CG4+ cartridges, Zoetis,
Germany). Blood pH, partial pressure of oxygen (PaO2), partial
pressure of carbon dioxide (PaCO2) and lactate concentration
(Lac) were measured, while base excess (BE), bicarbonate
(HCO−

3 ) and hemoglobin oxygen saturation (SaO2) were
calculated by the analyzer based on an internal algorithm. All
blood gas results were interpreted at a fixed body temperature of
37◦C (alpha-stat analysis) by the analyzer. Additionally, sodium
(Na), potassium (K), chloride (Cl), ionized calcium (iCa), glucose
(Glu), urea (BUN), creatinine (Crea), and hematocrit (Hct) were
measured at t0 (i-STAT Chem8+ cartridges, Zoetis, Germany).
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TABLE 1 | Immobilization protocols of free-ranging (Limpopo Province) and game-farmed (Northern Cape) rhinoceroses, showing capture method, drug doses, and

routes of administration (i.m., intramuscularly; i.v., intravenously) in Groups 1, 2, and 3 with n = number of animals.

Group

1 2 3

n 14 28 20

Origin management Limpopo, free-ranging Northern Cape, game-farmed Northern Cape, game-farmed

Capture method Darted from helicopter Darted on foot Darted on foot

Induction

Etorphine i.m. ≈2.5 µg/kg ≈2.5 µg/kg ≈1 µg/kg

Medetomidine i.m. ≈2.5 µg/kg ≈2.5 µg/kg ≈5 µg/kg

Midazolam i.m. ≈25 µg/kg ≈25 µg/kg ≈25 µg/kg

Hyalase i.m. 1,500 IU 1,500 IU 1,700 IU

Butorphanol i.v. (auricular vein)a ≈2.5 µg/kg ≈2.5 µg/kg -

Reversal

Naltrexone i.v. ≈25 µg/kg ≈25 µg/kg ≈25 µg/kg

Atipamezole i.v. or i.v. and i.m.b ≈5–10 µg/kg ≈5–10 µg/kg ≈5–10 µg/kg

Recumbency position Sternal Sternal (n = 16), lateral (n = 9), sternal + lateral (n = 3) Sternal (n = 12), lateral (n = 8)

Body conditionc Fair Good Good

aAdministered once recumbent.
b1/3 of the dose i.v. and 2/3 i.m.
cAccording to Keep (1971) (30).

Electro-Ejaculation
All animals underwent electro-ejaculation (EE) by methods
previously described elsewhere (32). The EE was performed
with a portable, battery-powered electro-ejaculator (El Toro
3, Electronic Research Group, South Africa) and a specifically
designed, custom-made rectal probe which the authors
previously also applied in wild black rhinoceroses (20). Sets
of stimuli, each consisting of 8–10 stimulations lasting 3 s,
with a 2-s pause in between, were applied. With each set, the
voltage was slowly increased to reach a maximum of 10V and
277 mA.

Data Analyses
Statistical analysis was performed with the software R version
3.6.1 (33). Data were assessed for normality by calculating
descriptive statistics and plotting of histograms. Median
and range were calculated for each parameter per group
and interval plots were generated for descriptive purposes.
Generalized mixed models (fixed factors: group, time, and
recumbency; random factor: individual rhinoceros) were used
to compare differences in cardiopulmonary and blood gas
variables between free-ranging and game-farmed rhinoceroses
(Groups 1 and 2), and between the two protocols tested
in the game-farmed rhinoceroses (Groups 2 and 3). Due
to the small sample size, non-parametric analyses were
applied to compare induction time, time in recumbency, and
blood chemistry results between the groups by using one-
way ANOVA analysis on ranks. HR before the onset and
5min after commencement of EE were compared using a
Wilcoxon rank sum test. Differences were considered significant
when p ≤ 0.05.

RESULTS

All animals were successfully immobilized, no emergency or
corrective interventions were required, and no mortalities
occurred. One animal in Group 1 and three animals in Group 3
failed to respond to the initial dart, which was due to malfunction
of the dart. After re-administration using the same protocol,
the animals responded similarly to animals in the same group.
These individuals were excluded, however, from the induction
time data.

Mean induction time of Group 3 (20.4 ± 4.5min) was
significantly longer (p = 0.001) than the times of Groups 1 (10.5
± 2.2min) and 2 (13.7± 4.5min). Times in recumbency did not
differ significantly between groups and were 38.6 ± 11.5min,
39.3 ± 10.0min, and 41.6 ± 13.7min for Groups 1, 2 and 3,
respectively. All 14 animals in Group 1, 16 in Group 2 and 12 in
Group 3were positioned in sternal, and nine in Group 2 and eight
in Group 3 in lateral recumbency. Three animals in Group 2 were
moved from sternal into lateral recumbency during the course
of the anesthesia. Body position had a significant effect on SpO2

and non-invasive indirect blood pressures. SpO2, MAP, SAP, and
DAP were higher in rhinoceroses positioned in sternal compared
to lateral recumbency (p < 0.05; Supplementary Tables S5, S6).

After reversal, all animals recovered from the effects of the
immobilizing drugs within 2.4min (2.4 ± 1.1min). Electro-
stimulations started after 27.5 ± 11.7min. Semen-rich fractions
were recovered 15.48 ± 9.13min after start of stimulation in
46 of the 62 animals. HR immediately before the onset of
stimulations (52 [26–125] bpm) was lower (p < 0.001) than
after commencement of stimulation (85.5 [30–142] bpm). Body
temperature did not differ significantly between Groups at t0
(Group 1: 37.4◦C [36.0–39.4], Group 2: 36.3◦C [35.0–37.9];
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Group 3: 36.4◦C [36.3–37.2]), however, at tR body temperature
was higher in Group 1 (38.0◦C [36.0–39.7]) than in Group 2
(35.9◦C [34.6–38.3], p = 0.004) and 3 (35.8◦C [35.6–36.6], p
= 0.004).

Descriptive analyses of HR, fR and SpO2, MAP, SAP and DAP,
pH, PaCO2, PaO2, HCO3-, BE, SaO2 and Lac, and Na, K, Cl,
BUN, Crea, Glu, iCA, and Hct and statistical significances are
shown in the Supplementary Tables S1–S6.

Effect of Free-Ranging vs. Game-Farmed
Rhinoceroses on Variables
There was no significant effect of Group on HR, fR and
SpO2 between free-ranging and game-farmed rhinoceroses
immobilized with the same protocol (Figure 1). Oscillometric
MAP was higher in Group 2 compared to Group 1 (p = 0.039).
Group had a significant effect on arterial blood gases. The pH
was higher in Group 1 compared to 2 (p < 0.001) and PaCO2,
HCO3-, and BE were lower in Group 1 compared to Group 2 (p
< 0.001 all variables, except for BE p= 0.011; Figure 2). K, Cl and
Crea concentrations were higher in Group 1 compared to Group
2 (p < 0.001) and iCa concentrations were lower in Group 1 than
Group 2 (p < 0.001).

Time had a significant effect on HR and fR, with both
increasing over time (p < 0.001).

Effect of Etorphine and Medetomidine
Doses in Game-Farmed Rhinoceroses
Model based analysis revealed that there was a significant effect
of Group on HR and fR, which were higher in Group 2
(high etorphine, low medetomidine) compared to Group 3 (low
etorphine, high medetomidine). There was no significant effect
of Group on oscillometric blood pressure measurements and
arterial blood gas concentrations. Na, Cl and iCa concentrations
were lower in Group 3 than Group 2 (p = 0.012, 0.005, and
0.042, respectively). Glu concentrations were higher in Group 3
compared to Group 2 (p = 0.004), whereas Hct was higher in
Group 2 than Group 3 (p < 0.001).

Again, HR and fR increased over time (p < 0.001). Lac
concentrations of Group 3 increased over time (p= 0.002).

DISCUSSION

Immobilizations with both combinations of etorphine-
medetomidine-midazolam were uncomplicated and
without visible muscle tremors, but significant changes in
cardiorespiratory and blood gas variables occurred. Median
respiratory rates, indirect oscillometric blood pressure and blood
oxygenation in all three groups and during each sampling time
point deviated from those recorded in unrestrained standing
captive white rhinoceroses (31). This finding is consistent with
other studies where white rhinoceroses were immobilized with
etorphine-combinations (6, 11, 12, 14, 16).

Hypoxemia, hypercarbia, and respiratory and
metabolic (lactic acid) acidemia are consistent findings
in white rhinoceroses immobilized with etorphine-
based combinations (6, 11, 12, 14–16, 26), and caused

by several factors including pulmonary hypertension,
hypoventilation, and hypermetabolism associated with
the µ-receptor-related and sympathetic effects of the
etorphine (34–36).

Hypoxemia was present in all groups and similar to previous
reports in etorphine-immobilized white rhinoceroses (6, 7,
27). However, hypercarbia and respiratory acidemia were only
present in the game-farmed rhinoceroses (Groups 2 and 3)
and similar, or less profound, compared to studies where
etorphine was combined with either azaperone (6, 11, 14, 16)
or midazolam (26, 27). Hypoventilation is common and results
from ventilation–perfusion mismatch, a central inhibitory effect
of etorphine on the respiration, respiratory muscle rigidity,
increased upper airway resistance and the reduced expansion of
the lungs due to the pressure of the viscera on the diaphragm
(6, 11, 12, 15, 27, 37, 38). Positioning is an important factor
in this regard. Similar to other studies, oxygenation was
improved in rhinoceroses positioned in sternal compared to
lateral recumbency indicating a decreased dead-space ventilation
(12, 13, 39). Interestingly, in the free-ranging rhinoceroses
(Group 1), PaCO2 and pH were within the reference ranges
of unsedated animals [44.4–53.7 mmHg and 7.346–7.431 (31)].
The lower body condition and better fitness of the free-ranging
compared to the game-farmed rhinoceroses, may have improved
ventilation (38). The generally lower PaCO2 and higher pH in
the rhinoceroses of all groups compared to previous reports in
etorphine-azaperone immobilized white rhinoceroses (6, 7, 11,
14–16, 27, 40) indicate that ventilation was better, despite an
apparently lower fR. Similar results were previously obtained in
black rhinoceroses immobilized with etorphine-medetomidine-
midazolam (20). The absence of muscle tremors and an improved
muscle relaxation induced by medetomidine and midazolam
possibly resulted in a decreased chest wall rigidity, reduced
global ventilation-to-perfusion mismatch and improved gas
exchange through enhanced respiratory excursions (14). The
improved muscle relaxation in this study, may additionally
explain the consistent gradual increase of the fR over time,
compared to etorphine-azaperone immobilized rhinoceroses
where fR increased only transiently after the administration
of butorphanol (41). In support of these assumptions, deeper
breaths in animals immobilized with etorphine-medetomidine-
midazolam compared to etorphine-azaperone were observed by
one of the authors (BT), who has extensive experience in white
rhinoceros immobilization. However, further studies comparing
respiratory flows and volumes of rhinoceroses immobilized with
etorphine-medetomidine-midazolam and etorphine-azaperone
are required to confirm this subjective perception. Even though
rhinoceroses of Group 3 did not receive butorphanol, their
hypoxemia was not worse compared to the two other groups; a
result that was likely due to a lower etorphine dose. Interestingly,
in this group, lactate concentrations increased over time.
Possibly, butorphanol alleviated this increase and the associated
hypoxemia in animals of Groups 1 and 2 (6) and needs to be
tested. However, lactic acidosis was absent in the rhinoceroses of
all three groups as the concentrations remained within normal
limits for the species (42), which we additionally observed in
black rhinoceroses previously (20). These results may reflect the
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FIGURE 1 | Blood pH, PaCO2 and HCO3− of white rhinoceroses (Ceratotherium simum simum) per group: Group 1, free-ranging (n = 14), immobilized with

≈2.5 µg/kg etorphine (high dose), ≈2.5 µg/kg medetomidine, ≈25 µg/kg midazolam and 1,500–1,700 IU hyaluronidase; Group 2, game-farmed (n = 28),

immobilized with ≈2.5 µg/kg etorphine (high dose), ≈2.5 µg/kg medetomidine, ≈25 µg/kg midazolam and 1,500–1,700 IU hyaluronidase and Group 3,

game-farmed animals (n = 20) ≈1 µg/kg etorphine (low dose), ≈5 µg/kg medetomidine and ≈25 µg/kg midazolam. Time sampling points: t0) at first handling, tB)

after butorphanol administration and tR) at reversal. Data presented as Median (range).

FIGURE 2 | Heart rate, respiratory rate and SpO2 of white rhinoceroses (Ceratotherium simum simum) per group: Group 1, free-ranging (n = 14), immobilized with

≈2.5 µg/kg etorphine (high dose), ≈2.5 µg/kg medetomidine, ≈25 µg/kg midazolam and 1,500–1,700 IU hyaluronidase; Group 2, game-farmed (n = 28),

immobilized with ≈2.5 µg/kg etorphine (high dose), ≈2.5 µg/kg medetomidine, ≈25 µg/kg midazolam and 1,500–1,700 IU hyaluronidase and Group 3,

game-farmed animals (n = 20) ≈1 µg/kg etorphine (low dose), ≈5 µg/kg medetomidine and ≈25 µg/kg midazolam. Time sampling points: five to 35min after

recumbency in 5-min intervals. Data presented as Median (range).

rapid and smooth induction achieved with the drug combination
used (6), even in rhinoceroses darted from the helicopter.

Severe tachycardia and systemic hypertension are consistent
findings in white rhinoceroses immobilized with etorphine
combinations (8) and are believed to be a result of an etorphine-
induced upregulated sympathetic activity (7).

The HR was elevated in rhinoceroses of Groups 1 and 2,
which is in agreement with previous findings (7, 15). However,
in both groups, the HR was initially lower than reported

with etorphine-azaperone [130–144 bpm (15)] and in Group 3
(lower doses of etorphine), the HR was largely within normal
ranges quoted for unsedated rhinoceroses (32–42 bpm) (31).
Medetomidine is known to cause bradycardia in response
to vasoconstriction (reflex-bradycardia), through a reduced
sympathetic tone and suppression of the cardiovascular center
(43, 44). Thus, it may have compensated for the effects of the
etorphine (31). However, the lower etorphine dose likely caused
less etorphine-induced sympathetic stimulation and associated
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tachycardia. Further research is required to differentiate the
effects of the highermedetomidine dose from the lower etorphine
dose administered in rhinoceroses of Group 3. Nevertheless, the
results demonstrate a desirable effect of this protocol on HR with
longer induction times as a disadvantage. The protocol therefore
appears suited for rhinoceroses under captive or controlled
settings rather than free-ranging individuals.

In contrast to previous studies in etorphine-azaperone
immobilized white rhinoceroses (10, 15), HR gradually increased
over time in all three groups. However, they remained similar
or lower compared to previously reported values (11, 15). This
gradual increase in HR may reflect a decrease in systemic
medetomidine concentrations, which is known to occur 10–
20min after intramuscular administration (45). Additionally,
sympathetic activation caused by the EE, may have contributed
since the HR increased after the commencement of stimulations.
Besides the direct cardiovascular- and sympathetic-tone reducing
effects of medetomidine, its sedative properties may also have
influenced HR by providing a deeper anesthesia. Further research
in a more controlled setting is needed to elucidate the proposed
effects of the medetomidine, as well as tease out the effects of the
other drugs and procedures in the rhinoceros.

In this study, indirect blood pressures varied greatly amongst
the individuals and clinical hypertension was observed in less
than half of the rhinoceroses [reference range for unsedated
white rhinoceroses: MAP: 92–130 mmHg; SAP: 123–157 mmHg;
DAP: 66–89 mmHg (30)]. Medetomidine, which causes initial
peripheral vasoconstriction (21, 43), may have influenced
readings and possibly contributed to these differences. The
higher MAP in Group 2 compared to Group 1 was surprising.
Possibly the confinement to smaller enclosures prior to the
immobilization may have increased stress status of the game-
farmed rhinoceroses (46). Interestingly, indirect blood pressure
measurements were higher in animals in sternal recumbency.
Vascular compression by the viscera in lateral recumbency
may reduce venous return and thus, blood pressure (47).
Unfortunately, serial measurement of indirect blood pressure
on the tail during EE was not possible, given the position of
the rectal probe. Continuous measurement of direct arterial
blood pressure would be advisable to further investigate
the cardiovascular effects associated with this immobilization
protocol in future studies.

Rhinoceroses from Group 3 had a lower Hct compared
to Group 2. An increased Hct is proposed to be associated
with etorphine-induced catecholamine release (48). On the
other hand, the higher glucose concentration in rhinoceroses
of Group 3, is possibly related to a higher medetomidine
dose, which has been shown to increase blood glucose
concentrations in domestic animals (49). Differences in blood
electrolyte and Crea concentrations likely reflected differences
in hydration and nutritional status of the animals (50).
Higher iCa concentrations in the game-farmed than in
the free-ranging animals conforms with the findings of a
previous report (51). However, significant differences in Na,
Cl and iCa between Group 2 and 3 (game-farmed animals
under same environmental conditions) may be related to the
immobilization protocol.

The inclusion of α2-adrenoreceptor agonists in
immobilization protocols of white rhinoceroses undergoing
electro-ejaculation, has previously been suggested (25). In
this study, viable semen samples were collected from 74% of
the bulls, confirming the suitability of these immobilization
protocols for EE.

Study Limitations
Data collection time points were pre-determined by the
planned procedures. Rhinoceroses of Group 3 received no
butorphanol whereas those in Groups 1 and 2 (high etorphine)
did. Butorphanol is commonly administered to reduce the
etorphine-induced side effects, which were expected to be
more prominent in Groups 1 and 2. Moreover, the dose of
etorphine was lowered in Group 3 while the medetomidine
dose was increased to achieve sufficient immobilization, making
it difficult to distinguish the effects of the two individual
drugs. Within Groups 2 and 3, animals were either placed
in lateral or sternal position, while all animals in Group
1 were positioned sternally. We dealt with this issue by
including the main confounder, recumbency, as fixed effects
in the generalized mixed models together with the effect
of time.

Different environmental conditions at the two locations as
well as the differences in body condition and nutrition may also
have influenced our findings.

Additionally, non-invasive blood pressure devices have not
been validated for the use in rhinoceroses and positioning of
the cuff proved rather challenging due to the anatomy of the
tail. Instead, the equine-specific algorithm (VetBP; SunTech
Medical Inc., NC, USA) were applied. However, no published
information was found on the reliability and accuracy of non-
invasive blood pressuremonitored with this equipment in horses.
The blood pressures were furthermore corrected to heart level in
animals in sternal position using an estimated distance between
cuff and heart base and paired measurements were still able to
register changes in blood pressure during the immobilization
with etorphine-medetomidine-midazolam. Differences between
groups were only seen in MAP, which is the most reliable non-
invasive method of measuring blood pressure in horses (52).
Scarified SpO2 readings have not been validated in rhinoceroses.
However, SpO2 readings were consistent with SaO2.

CONCLUSIONS

Immobilizations with etorphine-medetomidine-midazolam were
uncomplicated, resulted in mostly acceptable blood gas and
cardiorespiratory parameters and allowed for successful semen
collection via electro-ejaculation. Severe hypoxemia as previously
described indicates a need for oxygen supplementation during
semen collection. These results suggest that etorphine in
combination with medetomidine and midazolam, provides a
safe and effective immobilization protocol for free-ranging white
rhinoceroses and may be recommended for semen collection
using electro-ejaculation.
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