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Abstract: Handling of large felids is highly risky, hence immobilization is required for the safety of personnel. Data on the effects of
anesthetic drugs used for immobilizing Cougars Puma concolor are scarce. This study describes the anesthetic and cardiorespiratory effects
of a combination of tiletamine-zolazepam (2mg/kg), ketamine (1.6mg/kg) and xylazine (0.4mg/kg) in pumas. Five captive adult and clinically
healthy Cougars were included in this study. Animals were immobilized by remote injection using blow pipe and darts. The durations
of induction, immobilization and recovery periods and their qualities were recorded. Heart rate, respiratory rate, body temperature and
blood pressure were recorded at five minute intervals for 25 minutes. Then all animals received 0.125mg/kg of yohimbine, intramuscularly
administered. Central tendency and dispersal statistics were calculated for each parameter. The duration of the induction period was
10.4+6.4 minutes and the duration of the recovery period was 83.3+35.1 minutes. Induction, immobilization and recovery periods were
smooth and adequate anesthetic depth was achieved. The mean heart rate was 122+10 beats/minute, mean respiratory rate was 101
breaths/minute, mean body temperature was 39.1+0.2 °C and mean blood pressure was 139412 mmHg. No statistically significant
difference (p>0.05) was observed in vital parameters over the duration of the assessment. The tested anesthetic combination effectively
immobilized the cougars included in this study and provided safety for the personnel involved. Though vital signs were not significantly
affected, a degree of hypoventilation was observed and respiratory support is recommended when using this anesthetic combination in
cougars.
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INTRODUCTION

The Cougar Puma concolor or Mountain Lion is the
second largest American felid, only surpassed in size
by the Jaguar Panthera onca (Martinez et al. 2010;
Hernandez-Guzman et al. 2011). It is distributed from
British Columbia in Canada to Tierra del Fuego in Chile,
and has the largest distribution range of all neotropical
felids and terrestrial mammals in the Western
hemisphere (Caso et al. 2008; Macdonald et al. 2010).
It inhabits a wide range of ecological zones including
deserts, savannahs, tropical rainforests and alpine
steppes (Culver et al. 2000; Martinez et al. 2010). The
IUCN Red List of Threatened Species lists the species in
the category Least Concern, but the population trend is
decreasing (Caso et al. 2008; Macdonald et al. 2010).

Large felids are defined as having adult body weight
>20kg (Gunkel & Lafortune 2007) and anatomical
characteristics including large sharp claws, specialized
teeth for grabbing and tearing, and powerful mandibular
muscles (Fowler 2008; Macdonald et al. 2010) which
enable them to kill a person (Fowler 2008). For these
reasons handling of this group of animals is risky and
must be done under appropriate safety measures.
Chemical immobilization with anesthetic drugs allows
both the safe handling and the minimizing of stress
for the animal (Vesal & Tabatabaei 2007; Fowler 2008;
Rockhill et al. 2011).

Ideally, the anesthetic drug combinations used for
chemical restraint of wildlife should provide a rapid
and smooth induction, good muscular relaxation,
effective analgesia, physiological stability during
anesthesia, appropriate and predictable duration of
the anesthetic effect, should be reversible and have a
quick, uncomplicated recovery and minimal adverse
effects on hepatic and renal function (Lewandowski et
al. 2002; Jacquier et al. 2006). The development of safe
immobilization protocols, which are useful when working
in situ (e.g., translocation of animals, reintroduction of
animals, radiocollaring) and ex situ (e.g., medical control
of captive populations) is an important contribution
of veterinary medicine to wildlife conservation (Deem
2007; Kock et al. 2007; Nallar 2010; Johansson et al.
2013).

In felids, the use of ketamine or tiletamine-
zolazepam as a sole anesthetic agent tends to lead to
dysphoria, as well as long and rough recovery periods
(Pawson & Forsyth 2008; Moresko et al. 2009).
Consequently, the combination of this drug with
sedatives and tranquilizers is recommended. Among the
anesthetic drug combinations used for immobilization
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of large felids are: tiletamine-zolazepam/medetomidine
(TZM) (Jacquier et al. 2006; Gunkel & Lafortune 2007;
Johansson et al. 2013), ketamine/xylazine/midazolam
(KXMid), ketamine/medetomidine/midazolam
(KMMid) (Curro et al. 2004; Gunkel & Lafortune 2007),
medetomidine/butorphanol/midazolam (MBMid)
(Gunkel & Lafortune 2007), alphaxalone/alphadolone
(AA) (Gunkel & Lafortune 2007), tiletamine-zolazepam/
ketamine/xylazine (TZKX) (Lewandowski et al. 2002),
tiletamine-zolazepam (TZ) (Gunkel & Lafortune 2007),
ketamine/medetomidine (KM) (Tomizawa et al. 1997;
Miller et al. 2003; Gunkel & Lafortune 2007; Renddn
et al. 2007) and ketamine/xylazine (KX) (Larsson et al.
2008; Gunkel & Lafortune 2007; Deka et al. 2012).

Of these drug combinations only the use of TZ, KM
and KX have been reported in Puma concolor (Gomes
de Oliveira et al. 2001; Gunkel & Lafortune 2007);
however, detailed information on the effects of these
anesthetics in Puma concolor is scarce or non-existent.
This study aims to assess the efficacy of a tiletamine-
zolazepam/ketamine/xylazine (TZKX) combination for
immobilization of Puma concolor and to describe its
cardiorespiratory and anesthetic effects.

MATERIALS AND METHODS

Animals

Five adult Cougars of both sexes (four females and
one male) were included in this study. All animals
were kept at the Quistococha Zoo (lquitos, Peru). All
animals were clinically healthy and the reason for their
immobilization was to perform a routine health control.
All animals were fasted 24 hours before immobilization.

Chemical restraint

The following anesthetic drugs were used: tiletamine
hydrochloride and zolazepam hydrochloride (Zoletil,
Virbac, France), ketamine hydrochloride (Imalgene,
Merial, France) and xylazine hydrochloride (Dormi-xyl,
Agrovet Market, Peru). These drugs were administered
in combination by intramuscular remote injection (in
hindlimbs) by means of blowpipe and dart as described
by Gunkel & Lafortune (2007). Target dosages were:
2mg/kg of tiletamine-zolazepam, 1.6mg/kg of ketamine
and 0.4mg/kg xylazine. The most recently recorded
body weight of each animal was taken as base for the
calculation of the drug volume; when a record was
missing or the last record was older than one year, the
body weight was subjectively estimated based on size
and body condition. At the beginning of health control
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Image 1. Endotracheal tube placement in a Cougar.

procedure each animal was weighed and the actual
administered dosage was then calculated.

An endotracheal tube of 8.5mm diameter (Rlsch,
Teleflex Medical, Germany) was placed in each animal
(Image 1) and sodium chloride 0.9% was administered
at a rate of 10ml/kg/hour by a 22G intravenous catheter
(Safelet, Nipro Medical, USA) which was placed in the
lateral saphenous vein. Once the health control was
finished, 0.125mg/kg of yohimbine hydrochloride
(Yohimbine Vet Up, Richmond, Argentina) was
intramuscularly administered.

Data collection

Anesthetic data were recorded on prepared sheets,
following the model of Cracknell (2006). During each
immobilization the following data were recorded:

Assessment of length and quality of the anesthetic
period: During each immobilization the durations of the
following periods were recorded:

- Time to first effect: This was considered to be the
time from the dart injection moment to the appearance
of ataxia.

- Time to sternal/lateral recumbency: This was
considered to be the time from the dart injection to
the moment the animal laid down in sternal or lateral
recumbency.

- Induction time: This was considered to be the time
from the dart injection to the moment the animal was
unresponsive to external stimulus.

- Immobilization time: This was considered to be
the time from the end of induction time to the moment
yohimbine hydrochloride was administered.

- Sternal time: This was considered to be the time
from the yohimbine injection to the moment the animal
was able to keep itself in sternal recumbency.

- Recovery time: This was considered to be the time

Lescano et al.

Table 1. Scoring chart for induction, immobilization and recovery
periods’ quality in Puma concolor (modified from Bakker et al. 2013)

Score Quality Characteristics

Absence of vocalizations, ptyalism, sneezing
or licking. No increased attention to
injection site. Uncoordinated or involuntary
muscular activity is absent.

1 Good

Presence of vocalizations, ptyalism,
compulsive licking, sneezing and discomfort
in injection site (finishing at five minutes as
maximum).

2 Satisfactory

Violent struggling or no immobilization.
Severe discomfort (increased attention) at
injection site. Excessive ptyalism, vomit,
compulsive licking, sneezing, involuntary
muscular activity (during more than five
minutes).

3 Unsatisfactory

from the yohimbine injection to the moment the animal
was able to securely stand and walk.

The quality of the anesthesia was given a numerical
score from 1 (good) to 3 (unsatisfactory) as described by
Bakker et al. (2013). The scoring criteria are presented
in detail in Table 1.

Assessment of anesthetic depth: Muscular relaxation
was judged on spontaneous movements, mandibular
toneandhandlingresponse aswellas pedaland palpebral
reflexes 15 minutes after successful drug application,
according to the scoring scheme described by Lee et al.
(2010). The handling response was assessed by lifting a
limb with one hand and letting it fall into the other hand.
The pedal reflex was assessed by applying intense digital
pressure on one digit of the animal. The palpebral reflex
was assessed by applying digital pressure on the medial
cantus of the eye. Scores ranged from 1 (increased) to 5
(absent) as presented in Table 2. All assessments were
performed by the same examiner. Pupil position was
descriptively assessed.

Monitoring of cardiorespiratory and thermoregu-
latory effects: After the induction period was over and
full anesthetic effect achieved, heart rate, respiration
rate, body temperature, blood pressure, pulse and
capillary refill time were monitored and recorded at
five minute intervals. Heart rate was measured by
thoracic auscultation for one minute. Respiratory rate
was measured by direct observation of respiratory
movements for one minute. Body temperature was
measured with a rectal digital thermometer. Blood
pressure was measured using a veterinary vital signs
monitor (VS2000V, uBox, China), placing the pressure
cuff around the base of the tail (Image 2) as suggested
by Gunkel & Lafortune (2007). Pulse was measured
by palpation of the sublingual artery and pulse rate
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Table 2. Scoring chart for anesthetic depth in Puma concolor (modified from Lee et al. 2010)

Score | Spontaneous movements Pedal reflex

Palpebral reflex

Muscle tone Handling response

Blinking accompanied by

Limb and another part of the

withdrawal

1 Whole-body movement Violent limb withdrawal movement of another part Increased muscle tone
body movement
of the body
. Immediate weak limb L o .
2 Movement of one limb . Normal blinking Normal muscle tone Rapid limb withdrawal
withdrawal
. Delayed weak limb . S . .
3 Facial movements Immediate weak blinking Decreased muscle tone Weak limb withdrawal

Twitching on fore or hind
limbs

Fingers are flexed or
extended

Delayed weak blinking

Fingers are flexed or

Minimal muscle tone
extended

5 No movement No movement

No movement

No muscle tone No response

was counted for one minute. Capillary refill time was
assessed exerting digital pressure on the oral mucosa
and counting the seconds it required to regain color. In
addition environmental temperature was recorded with
a digital room thermometer.

Statistical Analysis

The recorded values for heart rate, respiratory
rate, body temperature, and blood pressure were
evaluated for normal distribution with the Shapiro-Wilk
test. When the data were normally distributed the
differences within each recorded parameter between
the different time points (0", 5%, 10", 157, 20", 25°) were
assessed using the ANOVA test. When data were not
normally distributed the differences were assessed with
the Kruskal Wallis test. All statistical analyses were
performed with 95% level of significance and using SPSS
software (IBM Corporation, USA).

RESULTS

The mean age of the immobilized Cougars was
13.0+3.7 years (range 8-18 years). The mean body
weight of the immobilized Cougars was 33.6+8.1 kg
(range 28-48 kg). The actual dosages of administered
anesthetic drugs were 2.2+0.2 mg/kg of tiletamine-
zolazepam, 1.8+0.2 mg/kg of ketamine, and 0.5+0.1 mg/
kg of xylazine.

The quality of the induction and immobilization
periods was good (mean score 1+0), whereas the quality
of recovery period was good to satisfactory (mean score
1.75+0.5). The achieved anesthetic depth was sufficient
to perform health control procedures such as vaccination
and biometry. Muscle tone and handling response were
absent (mean score 0+0) in all immobilized Cougars, but
pedal and palpebral reflexes remained weakly presentin
one individual (mean score 0.25+0.5) and spontaneous
movements were observed in another animal (mean

Image 2. Vital signs monitoring in an immobilized Puma concolor.
Note the location of the pressure cuff around the base of the tail.

score 0.5+1).

The mean heart and respiration rates during the
entire period of immobilization were 122+10 beats/
minute and 10+1 breaths/minute. The mean body
temperature during the period of immobilization was
39.140.2 °C with an average environmental temperature
of 32+1.2 °C. Systolic, diastolic and mean blood
pressures were 177+11 mm Hg, 121+11 mm Hg and
139+£12 mm Hg. The sublingual pulse was perceptible
during the period of immobilization and capillary refill
time remained below two seconds.

Heart rate, systolic, diastolic and mean blood
pressure values were normally distributed (p>0.05).
Respiratory rate and body temperature were non-
normally distributed (p<0.05). No statistical difference
(p>0.05) was observed in heart rate, respiratory rate,
body temperature, systolic pressure, diastolic pressure
and mean blood pressure over the immobilization
period.

The monitored vital signs are presented in Table 3.
Heart rate (HR), respiratory rate (RR), body temperature
(T), systolic blood pressure (SBP), diastolic blood
pressure (DBP) and mean blood pressure (MBP) are
shown in the following units respectively: beats per
minute (beat/min), breaths per minute (breath/min),
degree Celsius (°C) and millimeters of mercury (mmHg)
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Table 3. Vital signs (mean * standard deviation) of immobilized Puma concolor by using tiletamine-zolazepam/ketamine/xylazine
combination

Time of assessment (in minutes)
Parameter (Unit) 0 5 10 15 20 25 Mean
HR (beat/min) 123+7 127 £13 128 +12 126+ 8 125+ 16 101 +15 122 +10
RR (breath/min) 8+4 9+2 10+5 105 12+9 11+4 10+1
T(°C) 39.3+0.6 39.2+04 39.3+0.4 39.0+0.2 39.0+0.1 38.8+0.3 39.1+0.2
SBP (mmHg) 197 £ 22 181 +29 175+34 175+39 172 £ 36 163 £ 40 177 £11
DBP (mmHg) 141 £ 12 117 £35 117 £31 121+33 119+31 110+ 34 121+11
MBP (mmHg) 159 +13 135+32 134 + 30 150+ 19 129+ 25 128 £ 35 139+12
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Figure 1. Mean variation of heart rate (beats/minute), respiratory rate (breaths/minute), body temperature (°C) and blood pressure (systolic,
diastolic and mean) (mmHg) of Puma concolor immobilized by using tiletamine-zolazempam/ketamine/xylazine combination

for all blood pressure values. time, sternal time and recovery time.
Trends of the vital signs over the immobilization
period are presented in Fig. 1. DISCUSSION
Durations of the various stages of anesthesia are
presented in Table 4; time to first effect, time to sternal/ This article describes for the first time the use of a

lateral recumbency, induction time, immobilization combination of tiletamine-zolazepam, ketamine and
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Table 4. Duration of anesthetic periods (in minutes) during the
immobilization of Cougars Puma concolor by using tiletamine-
zolazepam/ketamine/xylazine combination.

Period Mean + SD Range
Time to first effect 1.7+0.6 1-2.4
Time to sternal/lateral recumbency 6.9+4.8 2.6-12.1
Induction time 10.4+6.4 4.1-19.2
Immobilization time 48.3+12.9 34-59
Sternal time 32.5+17.7 20-45
Recovery time 83.3+35.1 50-120

xylazine (TZKX) combination for chemical immobilization
of Cougars Puma concolor and its effects on physiologic
parameters of this species. Furthermore, this article
gives the first record of blood pressure in anesthetized
Puma concolor.

The mean age of animals included in this study
(13.043.7 years) was within the reported lifespan (24
years) for this felid in captivity (Lamberski 2015), but
it was higher than the reported lifespan (12 years) for
free-ranging Pumas (Currier 1983). Hence, animals
included in this study should be considered old, and it
should be noted that age might influence the clinical
pharmacology of anesthetic drugs (Page & Maddison
2008).

The dosage of ketamine used in this study for the
immobilization of Pumas (1.8mg/kg) was slightly lower
than the dosage recommended by Gunkel & Lafortune
(1.9-5.7 mg/kg), who used ketamine in combination
with medetomidine. It was considerably lower than the
dosage recommended by Gomez de Oliveira et al (2001)
(10mg/kg), who combined ketamine with xylazine
(Gomes de Oliveira et al. 2001).

The dosage of tiletamine-zolazepam used in
this study (2.2mg/kg) was lower than the dosage
recommended (4-11mg/kg) when using this drug as the
sole agent for the immobilization of Pumas (Gunkel &
Lafortune 2007). And finally the dosage of xylazine used
in this study (0.5mg/kg) was also lower than the dosage
(1mg/kg) recommended when combining this drug with
ketamine in Pumas (Gomes de Oliveira et al. 2001).

The combination of the drugs in this study enhanced
the individual potency of each drug, decreasing their
required dosages. A balanced depression of the central
nervous system was achieved by combining the effect
of a GABA-mimetic drug (zolazepam), an a2 adrenergic
receptor agonist (xylazine), and two NMDA receptor
blockers (tiletamine and ketamine) (Paddleford 1999). It
should be noted that the combined use of ketamine and
tiletamine decreases the individual dosages of each drug
as both of them belong to the group of phencyclidines
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and are identical in site of action and effect, being
different only in their intensity and duration (Thurmon
et al. 1999).

The observed heart rate remained stable between
120-130 beats/min during the first 20minutes of the
immobilization period, with a mean of 122 beats/min.
At minute 25 of the immobilization period, a slight
decrease to 100 beats/min was observed; however, this
variation was not statistically significant. Stimulating
effects of ketamine and tiletamine on the cardiovascular
system might explain the high heart rate observed at
the beginning of the immobilization period (Branson
2001; Pawson & Forsyth 2008). The observed decrease
in heart rate thus does not represent bradycardia, as
bradycardia in large felids is defined as a heart rate
below 40—-60 beats/min (Gunkel & Lafortune 2007).

The mean heart rates observed in this study (122
beats/min) were higher than those observed in Cheetah
Acinonyx jubatus immobilized with TZKX (100 beats/
min) (Lewandowski et al. 2002), in Snow Leopards
Panthera uncia immobilized with TZM (97 beats/min)
(Johansson et al. 2013), in Siberian Tigers Panthera
tigris immobilized with KX (82 beats/min) (Larsson et al.
2008), KXMid (105 beats/min) and KMMid (88 beats/
min) (Curro et al. 2004) and in African Lions Panthera
leo immobilized with TZM (56 beats/min) (Jacquier et al.
2006) and KX (64 beats/min) (Larsson et al. 2008).

Mean respiratory rates observed in Puma concolor
in this study (10 breaths/min) were lower than those
observed in Panthera leo immobilized with TZM (17
breaths/min) (Jacquier et al. 2006), in Panthera tigris
immobilized with KM (23 breaths/min) (Miller et al.
2003), KXMid (23 breaths/min) and KMMid (19 breaths/
min) (Curro et al. 2004), in Panthera uncia immobilized
with TZM (26 breaths/min) (Johansson et al. 2013),
and in Acinonyx jubatus immobilized with TZKX (>12
breaths/min). No animal participating in this study
developed cyanosis or apnea; however, due to the
observed bradypnea, positive pressure ventilation
was performed intermittently as supportive measure.
Hypoventilation is commonly observed in anesthesia
of large felids and it is usually caused by an excessive
anesthetic depth (Gunkel & Lafortune 2007). It should
be noted that respiratory rate trended to increase over
the immobilization period, which might indicate passage
to more superficial anesthetic levels.

The mean body temperature remained about 39°C
and showed a slight decrease over the immobilization
period. The difference between body temperature at
the beginning and at the end of immobilization period
was about 0.5°C. Assuming that the body temperature
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range of healthy domestic cats (36—39 °C) (ISIS 2002)
provides a valid reference for wild felids (Gunkel &
Lafortune 2007) this decrease appears insignificant; we
conclude that the TZKX combination has no clinically
important thermoregulatory effects in the Pumas
immobilized in this study. The mean body temperature
observed in this study was similar to that observed
in Acinonyx jubatus immobilized using TZKX (39.1°C)
(Lewandowski et al. 2002). The stability and absence
of extreme values in the body temperatures observed
in all immobilized Cougars in this study differs from
observations in Panthera leo immobilized with KM
(Tomizawa et al. 1997) which showed a decrease in
body temperature, in Panthera tigris immobilized with
KM (Miller et al. 2003) which showed hyperthermia and
then decrease of body temperature, and in Panthera
tigris altaica immobilized with KXMid (Curro et al. 2004)
which showed hyperthermia.

There is little information on physiological blood
pressure values in wild felids, but it is assumed that
maintaining blood pressure between 60 and 150 mmHg
during anesthesia provides adequate tissue perfusion
and oxygenation (Gunkel & Lafortune 2007). The mean
blood pressure in this study remained mostly within the
mentioned range. The highest mean blood pressure
values were observed at the beginning of immobilization,
at this stage slightly exceeding the recommended
range. Values then decreased, but never fell below the
recommended range suggesting hypotension. Overall
the variations of systolic, diastolic and mean blood
pressure values during the immobilization period were
not significant.

The blood pressure values observed in this study
were similar to those reported in Panthera tigris altaica
immobilized with KXMid or with KMMid (Curro et al.
2004). A similar variation in blood pressure values as
observed in our study was reported by Langan et al.
(2000), who described initial increase and later decrease
of blood pressure in Leptailurus serval immobilized with
a ketamine/ medetomidine/ butorphanol combination,
suggesting that this variation is caused by the central
adrenergic effect of medetomidine.

The observed variation in blood pressure might also
be associated with the effect of xylazine, tiletamine
or both drugs; a2-adrenergic agonists have a biphasic
effect on blood pressure causing and initial hypertension
followed by a sustained decrease below the basal value,
but not as low as to reach critical levels (hypotension)
(Gross 2001; Pawson 2008). Blood pressure of domestic
catsimmobilized with tiletamine reached their minimum
level 30 minutes after injection and returned later to
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their basal values (Branson 2001).

The dosage of xylazine used in this study was close
to the lower limit of the dosage range recommended
for wild felids (0.3—4 mg/kg) when used in combination
with other drugs (Stander & Morkel 1991; Ferreras et al.
1994; Goodrich et al. 2001; Gunkel & Lafortune 2007;
Vesal & Tabatabaei 2007; Larsson et al. 2008; Rockhill
et al. 2011; Deka et al. 2012). The dosage of tiletamine-
zolazepam used in this study was below the dosages
recommended for domestic cats (6—15.8 mg/kg) when
used as a sole drug (Branson 2001; Pawson & Forsyth
2008) and near the lower limit of the recommended
dosage range for large felids (1.6-11 mg/kg) (Gunkel
& Lafortune 2007) when used as a sole drug. As the
dosages of xylazine and tiletamine-zolazepam used in
our study were both low, their effects on the overall
blood pressure profile cannot be determined.

The mean time to the first anesthetic effect (1.7
minutes) was shorter in our study than the mean time
to first effects observed in Acinonyx jubatus immobilized
with TZKX (4.75 minutes) (Lewandowski et al. 2002).
The mean induction time (10.4 minutes) was, however,
similar to the mean induction times observed in
Acinonyx jubatus immobilized with TZKX (10.2 minutes)
(Lewandowski et al. 2002) and in Panthera uncia
immobilized with TZM (10 minutes) (Johansson et al.
2013), shorter than the mean induction time observed
in Panthera leo immobilized with TZM (14.1minutes)
(Jacquier et al. 2006) and longer than mean induction
time reported in Panthera tigris immobilized with
(8.7minutes) (Miller et al. 2003).

The mean recovery time in this study (83.3minutes)
was longer than the mean recovery time observed in
Panthera tigris altaica immobilized with KXMid and
antagonized with 11mg/kg yohimbine (40minutes)
or immobilized with KMMid and antagonized with
0.25mg/kg atipamezole (21 minutes) (Curro et al. 2004).
Tiletamine-zolazepam is known to lead to prolonged
recovery times in felids, which has been assumed to be
a result of its prolonged presence in the blood when
compared to dogs (Branson 2001; Gunkel & Lafortune
2007). The difference in recovery times is probably due
to the use of tiletamine-zolazepam in this study and the
absence of this drug in the study of Curro et al. (2004).

The mean recovery time in this study was
considerably shorter than the mean recovery time
observed in Acinonyx jubatus immobilized with TZKX
and antagonized with 0.1-0.2 mg/kg yohimbine (251.4
minutes) (Lewandowski et al. 2002). It should be noted
that Lewandowski et al. (2002) did not mention, and
therefore probably did not apply, fluid therapy in the
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immobilized Acynonix jubatus; in the present study all
immobilized Puma concolor received such therapy.
Fluid therapy helps to maintain circulation and improves
metabolism of anesthetic drugs (Longley 2008), as it
enhances glomerular filtration and accelerates both
drug flow in the bloodstream and their excretion
(Katzung 2004). Hence, fluid therapy might explain the
shorter recovery times observed in our study.

In general, the anesthetic effects of the TZKX
combination used in this study to immobilize Puma
concolor were similar to the anesthetic effects observed
in Acinonyx jubatus immobilized with the same drug
combination (Lewandowski et al. 2002). It should be
noted that this study specifically assessed the TZKX
combination in captive Pumas, and it may not be suitable
for free-ranging ones as these might need a higher dose
of drugs (Gunkel & Lafortune 2007).

CONCLUSIONS

The combination tiletamine-zolazepam/ketamine/
xylazine effectively immobilized captive Puma concolor
of both sexes. Blood pressure (systolic, diastolic and
mean), body temperature and heart rate remained
stable throughout immobilization without significant
variations. However a degree of hypoventilation, was
observed, and though this was not clinically relevant,
we recommend providing respiratory support when
using this drug combination in Puma concolor. Also, we
recommend applying fluid therapy as our study suggests
it shortens recovery time.
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Spanish Resumen: La manipulacidn de grandes felinos es muy riesgo-
sa, por lo tanto se requiere de inmovilizarlos para garantizar la seguri-
dad del personal. Los datos sobre los efectos de las drogas anestésicas
empleadas para inmovilizar pumas (Puma concolor) son escasos. Este
estudio describe los efectos cardiorrespiratorios y anestésicos de una
combinacion de tiletamina-zolazepam (2mg/kg), ketamina (1.6mg/
kg) y xilacina (0.4mg/kg) en pumas. Se incluyeron cinco pumas adul-
tos y clinicamente sanos. Los animales fueron inmovilizados mediante
inyeccion remota empleando dardos y cerbatana. Se registraron la
duracién y calidad de los periodos de induccidon, inmovilizaciéon y recu-
peracion. La frecuencia cardiaca, frecuencia respiratoria, temperatura
corporal y presién sanguinea fueron registradas a intervalos de cinco
minutos durante 25 minutos. Posteriormente, los animales recibi-
eron 0.125mg/kg de yohimbina por via intramuscular. Se calcularon
estadisticos de tendencia central y dispersion para cada pardmetro.
La duracion del periodo de induccién fue 10.44+6.4 minutos y la dura-
cién del periodo de recuperacién fue 83.3+35.1 minutos. Los periodos
de induccién, inmovilizacién y recuperacién fueron tranquilos y se
alcanzé profundidad anestésica adecuada. La frecuencia cardiaca pro-
medio fue 122+10 latidos/minuto, la frecuencia respiratoria promedio
fue 10+1 respiraciones/minuto, la temperatura corporal promedio fue
39.140.2 °C y la presién sanguinea media fue 139+12 mmHg. No se
observo diferencia estadisticamente significativa (p>0.05) en los para-
metros vitales a lo largo del periodo de evaluacién. La combinacién
anestésica evaluada inmovilizé efectivamente a los pumas incluidos
en este estudio y brindd seguridad al personal involucrado. A pesar
que los signos vitales no fueron afectados significativamente, se ob-
servé un grado de hipoventilacién y se recomienda brindar apoyo res-
piratorio cuando se emplee esta combinacion anestésica en pumas.
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