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TILETAMINE-ZOLAZEPAM-XYLAZINE ANESTHESIA IN EX
SITU BLACK-HANDED SPIDER MONKEYS (ATELES
GEOFFROYI SSP.)

Julio A. Mercado, MVZ, MPVM, Horacio de la Cueva, PhD, Jacobo Romano Noriega, MVZ,
Alejandro N. Rojas, MVZ, Alejandro Campos, MVZ, and Nadine Lamberski, DVM,
DACZM, DECZM (ZHM)

Abstract: Black-handed spider monkeys (Ateles geoffroyi ssp.) are endangered in Mexico. Safe anesthetic
protocols are important for in situ and ex situ conservation problems. Such protocols are scarce in the literature;
nor have safety and physiologic responses been reported. High doses and volume are a counter side for field
immobilizations. We tested an anesthetic protocol with a combination of tiletamine-zolazepam (5 mg/kg) plus
xylazine (1 mg/kg) in 14 black-handed spider monkeys under human care from two facilities in Mexico. Physio-
logical parameters such as HR, RR, T, SPO2, systolic arterial pressure (), diastolic arterial pressure (DAP), and
median arterial pressure (MAP) were obtained. HR and RR decreased over time, but T increased significantly
during the anesthetic time for the whole group; RR and T decreased for juveniles only. Variation between indi-
viduals was observed for HR, RR, and DAP. Volume reduction of drugs was achieved compared to previously
reported anesthesia protocols. Induction time was fast (6.2 6 10.4 min) and no tail prehension was seen. Recov-
ery was prolonged (mean and SD). Physiologic parameters remained stable throughout. The protocol proved to
be safe for the chemical immobilization of black-handed spider monkeys.

INTRODUCTION

Black-handed spider monkeys (Ateles geoffroyi
ssp.) are classified as endangered by the Mexican
official legislation NOM-059-SEMARNAT-2010
and the IUCN.8 Two subspecies are found inMex-
ico: the Mexican spider monkey (A. g. vellerosus)
and Yucatan spider monkey (A. g. yucatanensis).
Loss of habitat, illegal pet trade, and diseases are
the risks that affect these species and account for
some of the most common causes of the decline in
the population.21 The Mexican government has
implemented the Programa de Acción de Conser-
vación de Especies, PACE, a program for the con-
servation of priority species, and spider monkeys

are included within this legislation.21 Primates are
victims of the illegal pet trade and commonly des-
tined for rehabilitation and placed in a variety of
ex situ locations. Translocation of individuals and
reintroduction from ex situ populations into pro-
tected natural areas within their distribution range
could play an important role in the future for
maintaining a genetically viable and healthy popu-
lation in the wild.14,17,20

Standard procedures such as health assessment
and translocation of primates require safe restraint,
handling, and environment for the individual and
staff. These procedures cannot be carried out with-
out general anesthesia.3,6,7,10,20 Since chemical
immobilization plays a major role in both in situ
and ex situ settings, there is a need for a proper
anesthetic protocol that reduces risks during cap-
ture utilizing remote delivery of drugs and during
the anesthetic procedure.4,17 Specific literature on
safe anesthetic protocols for these primates is
scarce.2,10,13,16 The main drugs recommended for
species of the same genus have been ketamine
(7.6–29.8 mg/kg) on its own or in a tiletamine-zola-
zepam mixture (11.63–18.75 mg/kg).2,10,13 Both
protocols mentioned require large doses and vol-
umes. Dose and volume are of concern during
remote delivery and play a critical part in protocol
selection. Large volumes of anesthetic increase the
risk of serious injury for the primate. Previous pro-
tocols do not document the physiological drug-
related effects in this species.10,13,16,18 This study
validates the anesthetic and physiological response
in black-handed spider monkeys in human care
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exposed to a combination of tiletamine-zolaze-
pam/xylazine.

MATERIALS AND METHODS

Fourteen black-handed spider monkeys, eight
males and six females, were immobilized. The indi-
viduals were later classified as 10 full-grown juve-
niles and four adults, weighing 5–8.6 kg, from two
ex situ facilities in Baja California, Mexico. Immobi-
lization was carried out with the following protocol:
tiletamine/zolazepam (Zelazolw Reg. SAGARPA
Q-1196-00, ZoetisMéxico, Paseo de los Tamarindos
#60 PB, Col. Bosques de las Lomas, Alcandía Cuaji-
malpa de Morelos, C.P. 05120, CDMX, México)
5 mg/kg, and xylazine (ProcinwEquus Xilazina 10%,
Reg. SAGARPA Q-7833-111, Avenue Guadalajara
2502, Hogares de Nuevo México, 45134 Nuevo
México, Jalisco, Mexico) 1 mg/kg (TZX). Doses
were selected using previous clinical observation tri-
als while searching for a lower-volume protocol.
Body weights were recorded individually before the
administration of the protocol. In those patients
where exact body weight was not obtained, the
actual body weight was obtained during the anes-
thetic procedure. Primates were darted with a 1 cc
dart using a blowpipe while in a wire mesh cage of
2.5 3 1.5 3 1 m with a wooden perch at 2 m height
and padded floor mat. Time to the first effect and
time to full recumbency were recorded. Recovery
time, defined as the time when the monkey could sit
inside the recovery cage, was recorded. Once recum-
bent and safe to handle, physiologic parameters
were recorded every 5 min during the entire proce-
dure: HR), RR, body temperature (T °C), and SPO2.
Indirect blood pressure such as systolic arterial pres-
sure (SAP), diastolic arterial pressure (DAP), and
median arterial pressure (MAP)were obtained using
a Passport XG w Datascope (Mindray, 800 MacAr-
thur Boulevard, Mahwah, NJ 07430, USA), the cuff
bladder was placed in the middle of the forearm fol-
lowing American Heart Association guidelines,
which correspond to a width of 40% of the forearm
and 80% of the arm circumference; however, this
was not strictly possible because this primate species
has thin and long arms, so an SPO2 clamp was
placed on one finger. No endotracheal tubing or
oxygen was supplemented during these procedures.
Anesthesia depth was recorded. During the proce-
dure, a blood sample was obtained from the cephalic
or saphenous vein for a complete blood count and
serum chemistry panel. Statistical tests were used to
determine if the anesthetic dose used had effects on
weight, sex, or age, and physiologic parameters dur-
ing anesthesia. A paired t-test was used to compare

the actual weight for all monkeys and by age group
(adults vs. juveniles). An unequal sample size t-test
was used to test for differences in recovery time
between adults and juveniles. Regressions were per-
formed on the measured physiologic parameters vs.
initial injection time to test the effects of the anes-
thetic protocol on physiologic response. All subjects
were considered for the t-tests. If null hypotheses
are not rejected for both the t-tests and regression
slope tests, the protocol works equally for groups
and individuals.

RESULTS

Time to first effects was 2 to 5 min (mean 6 SD,
2.5 6 2.9), time to full recumbency was 3 to 19 min
(mean6 SD, 6.26 10.4). All monkeys showed good
muscle relaxation and dropped to the padded mat-
tress, and none remained hanging from tail or hands.
All animals appeared healthy on physical examina-
tion, except for an old female that showed an
increase thickness of the uterine wall. Physiologic
parameters are presented in Table 1. Blood values
were within normal values for the species. Time to
recovery ranged from 38 to 137min (84.356 31.01).
The paired t-test failed to show significant differ-
ences between actual and estimated weights: adults
P ¼ 0.36, juveniles P ¼ 0.86. There were significant
differences in recovery time between adults 61.8 6

9.7 min, and juveniles 93.4 6 10.3; t ¼ 2.178, p ¼
0.05, nA ¼ 4, nJ ¼ 10). There was a weak but signifi-
cant negative regression between weight (X) and
total anesthetic time (Y). Y ¼ 205.7 þ 17.94X, t ¼
25.667, p, 0.001, r2 ¼ 0.30, i.e., only 30% of the var-
iation is explained by the equation. For the whole
group, only temperature increased significantly with
time (slope (b) ¼ 0.8419, Fcalc,1,12 ¼ 20.020, p , ¼
0.001, r2 ¼ 0.19). In adults, only HR decreased over
time (b ¼ �1.01, Fcalc,1,.2 ¼ 5.098, p ¼ 0.04, r2 ¼
0.20, and RR b ¼ �0.72, Fcalc,1,2 ¼ 4.522, p ¼ 0.05,
r2 ¼ 0.18 decreased through time. In juveniles only
RR (b ¼ �0.48, Fcalc,1,9 ¼ 6.333, p ¼ 0.01, r2 ¼ 0.08)
and temperature (b ¼ �0.11, Fcalc,1,9 ¼ 26.51,
p ,0.001, r2 ¼ 0.30) decreased over time. Although
in all cases the r2, regression coefficient was, 0.40.

Table 1. Selected physiological parameters in black
handed spider monkeys anesthetized with intramus-
cular tiletamine-zolazepam-xylazine. Mean, SD, and
sample size of physiologic parameters measured.

HR RR T SpO2 SAP DAP MAP

Mean 102.7 27.8 36.8 91.2 126.5 70.5 82.9
SD 20.9 15.2 1.8 11.2 26.5 24.4 21.9
N 90 90 85 87 73 71 71
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Indirect blood pressure (mmHg) resulted in an
SAP (126.5 6 26.5), DAP (70.5 6 24.4) and MAP
(82.9 6 21.9) were obtained consistently with the
cuff size selected, a partial oxygen saturation
SpO2% (91.2 6 11.2) was obtained consistently
with the clamp placed in a finger.

There is a large individual variation regarding
the physiological parameters measured. Table 2
shows the significance, acceptable slope, and
r2 values of the individual regression parameters.
We only report equations that are statistically
significant, have a slope . |0.30|, and r2 . 0.40.
Of the 95 individual regression equations, only
16 passed the triple filter. The equations involved
2/3 female adults, 3/3 female juveniles, and
5/7 male juveniles, but no adult males. Five indi-
viduals showed significant changes in HR, one in
RR, one in systolic pressure, three in diastolic
pressure, and five in median arterial pressure.
Individual regression sample size range was
2–9 points. No regressions were run when n ¼ 2.
All statistics were solved parametrically with
a ¼ 0.05. If the slope of regression was signifi-
cant, slopes, ¼ b , |0.30| were considered as
not different from zero, and regression coeffi-
cients, r2 , 0.40 were also considered as not
explaining variation in the animal’s response to
the anesthetic procedure. The regression tests
show that physiologic parameters are not
affected negatively by the anesthetic protocol.
Individual variation is expected, and care should
be taken if an individual¨s parameters surpass
acceptable standard physiologic limits.

DISCUSSION

The subspecies of our study subjects could not
be determined since the origin of these monkeys
was mainly by confiscation from the illegal pet
trade. Since the subspecies classification is based
in the geographical distribution in the wild, no
physiological or morphometric differences are
considered to exist between the two subspecies.

Mean induction time was 5.78 min (64.02), which
is an acceptable time to recumbency in captive as
well as free-ranging spider monkeys and did not
show tail prehension. The lack of tail prehension is
important if this protocol is used in the field, as the
monkey needs to fall from the tree in which it is
darted. This is an asset of this combination that
could have a positive effect on capture in the wild.
Recovery timewas variable, age dependent, and pro-
longed; this is a common report with the use of tilet-
amine/zolazepam in other species.1,5,11–13 Recovery
was smooth and adequate respiratory quality and
depth was observed throughout this period. Respira-
tory rate was similar to that reported in A. paniscus
chamek using a telazol-only protocol (11.63–18.75
mg/kg), but temperature and heart rate were
lower.10 The lower heart rate was very likely due to
the bradycardia commonly associated with the use
of alpha-2 agonist medications. Heart and respira-
tory rates reported in Cebus capucinus anesthetized
with tiletamine zolazepam were higher than those
reported in this study. Inmacaques (Macaca mulatta)
and dogs anesthetized with tiletamine zolazepam,
such tendency for higher heart rates and respiratory

Table 2. Statistical significance of physiologic parameters per individual black handed spider monkeys anes-
thetized with intramuscular tiletamine-zolazepam-xylazine. Sex (M ¼ male, F ¼ female), age (A ¼ adult,
J ¼ juvenile), total sample size (N), nm ¼ smallest n for regression per individual, nX ¼ largest n for regres-
sion per individual. P ¼ p � 0.05, b ¼ slope . |0.30|, r2 ¼ regression coefficient . 0.40, n ¼ sample size for
mean and standard error of physiologic parameters.

Subject No. Sex Age nm nX HR RR T SPO2 SAP DAP MAP

1 F A 3 7 P P P b r2

2 M J 5
3 M J 5 P b r2 P P b r2

4 M J 5 P b r2 P b r2

5 M J 5 9 P
6 F J 3 7 P P b r2

7 F J 5 6 P P b r2 P b r2 P b r2

8 M J 6 7 P P b r2

9 M J 4 7 P b r2

10 M J 6 P b r2 P P
11 F J 6 P b r2 P P b r2

12 M A 5 P
13 F A 5 P b r2 P b r2

14 F A 2 5 P
N 90 90 85 87 65 65 65
Mean 102.7 27.8 36.8 91.2 124.4 67.0 81.0
SE 2.2 1.6 0.2 1.2 3.1 3.3 3.1
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rates is observed as well. But when xylazine was
added such parameters were lower.3,9,11

Indirect blood pressure (mmHg) (126.5 6 26.5),
DAP (70.5 6 24.4), and MAP (82.9 6 21.9) were
obtained consistently with the cuff size selected.
Similar systolic blood pressure (110–128mmHg) has
been reported for Allouata guariba clamitans under
tiletamine-zolazepam. Blood pressures reported for
Aoutus azarae were higher than the pressures
reported here and are consistent with the smaller
size of such Cebidae species.5,19 Blood pressures
reported in Sapajus sp. were slightly lower for ani-
mals anesthetized with tiletamine-zolazepam than
those reported here.13 Comparison or extrapolation
between species, although taxonomically grouped, is
not recommended because physiological response
seem variable and dependent on species. It is also
important to take into consideration when adding
alpha-2 to a combination its effects in cardiac rate,
with a tendency for bradycardia and higher blood
pressures due to vasoconstriction and enhanced
vagal response.9 Partial oxygen saturation SPO2%
(91.2 6 11.2) obtained were lower than those
reported for Allouata guariba clamitans and Sapajus
sp. anesthetized with tiletamine/zolazepam that stay
around (94–98%), the addition of an alpha-2 could be
associated with such observation; therefore, oxygen
supplementation is recommended for our combina-
tion.13,15,18 Higher doses of anesthetic have been
reported for other free-ranging Cebidae. Vie et al
(1998) reported a synergistic effect of ketamine com-
bined with an alpha-2 agonist, demonstrating a
reduction in the total dose of ketamine needed for
Alouatta seniculus.22 The anesthetic combination pre-
sented proved to reduce drug volumes and maintain
proper and safe anesthetic levels by comparing the
physiological responses within individuals exposed.
No additional anesthetic supplementation was nec-
essary. Further studies with other alpha-2 agonists
and their reversal agents are encouraged. Further
application of this combination in semi-free condi-
tions needs to be performed before attempting its
use in the wild.
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