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Abstract
Background Feline night monkeys are very susceptible to stress when handled, and because of that, the use of anesthetic and physical restraint methods should be carefully evaluated. To ensure a safer anesthesia to the animals
the present study aimed to observe the influence of four restraint protocols in
the blood pressure of Aotus azarae infulatus.
Methods Blood pressure was obtained from 10 animals subjected to restraining protocols using tiletamine and zolazepam, isoflurane, ketamine and
midazolam, and physical restraint and results were evaluated to determine
their effect on this exam.
Results Among the restraint protocols tested, the anesthetic isoflurane promoted lower blood pressure values and no differences were observed between
values measured in both arms in all groups.
Conclusion The results of our study suggest that all restraint protocols tested
significantly alter blood pressure in this species of primates.

Introduction
Brazil has the highest diversity of primates in the world,
with about 135 recognized taxa [11]. Among these, 70%
are located in the Amazon region, making the area a
true asset for biodiversity studies [7]. Feline night monkeys (Aotus azarae infulatus) are small neotropical primates with nocturnal habits. These monkeys are
extensively used as animal models for biomedical
research [13]. They are extremely susceptible to stress
when handled, so the use of anesthetics and physical
restraint methods should be carefully evaluated before
any procedure [14].
The anesthetic techniques used in primates have an
important role in veterinary medicine. In most cases,
non-human primates can be agile or aggressive, so they
require sedation or anesthesia to be submitted to clinical, diagnostic, or experimental procedures [22].
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Several studies have been conducted to find the ideal
anesthetics and tranquilizers that have low toxicity and
that can be used in individuals of advanced age, with
debilitation, or are easily stressed. The methods used
should also have low cost and be easily acquired [23].
Blood pressure is an important parameter for the
evaluation of the cardiovascular system [5]. Contradictions are found in the literature regarding the values of
blood pressure (BP) considered normal among various
animal species, which especially applies to primates.
Additionally, there are few reports about BP in these
animals. These values vary with age, sex, weight, and
species, and there is no consensus about the most appropriate method of measurement for routine veterinary
clinical examinations [18]. The objective of this study
was to evaluate the influence of four different restraint
protocols on blood pressure values measured in the
neotropical non-human primates Aotus azarae infulatus
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(feline night monkey), as both anesthetics and excessive
agitation can alter the physiological values of these animals.

restraint protocols, with the objective of verifying the
changes introduced by the restraint protocols in BP
values.

Materials and methods

Capture and restraint methods

We studied 10 adult male feline night monkeys, with
ages ranged from five to eight years, which had an average weight of 1 kg and were clinically healthy. For identification and control, all animals had a three-letter code
tattooed on the inner thigh and microchips implanted in
the dorsal portion of the interscapular region. The subjects were captive born and belonged to the breeding
colony of the National Primate Center (CENP) located
in the Ananindeua municipality in state of Par
a, Brazil
(latitude 1°380 26″, longitude 48°380 22″). This project
was approved by the Ethics in Research with Animals
Committee UNESP—Botucatu (Protocol No. 215/2012CEUA), and the Ministry of Environment—System
Authorization and Information on Biodiversity—Sisbio
(Protocol number 37034).
We evaluated the subjects’ health condition via clinical exams (inspection, auscultation) and clinical laboratory testing, including hemogram and biochemical
profile (alanine transaminase—ALT, aspartate transaminase—AST, alkaline phosphatase, albumin, total protein, urea, creatinine, and glucose). This was performed
during the selection of the animals, which occurred
15 days before the start of proceedings. Only individuals
considered healthy were selected for the experiment.
Then, the 10 animals were subjected to four restraint
protocols at one-week intervals to determine possible
changes in BP values presented by the same organism
when submitted to different restraint protocols. The
procedures were randomized to avoiding interference on
the results by acclimatizing, stress, or clinical status of
the animals.
The same animals were used in the four stages of the
project due to the fact that every individual has a different response to anesthesia. This study aims to evaluate the response of the same animal to the four

The animals were restrained manually using leather
restraint gloves in their enclosure and placed in a plastic
transport box. Then, they were transported to the exam
room and remained in the box for 15 minutes before the
procedure to reduce stress after handling. After that, the
animal was taken out of the transport box and held by
the animal keeper with the aid of leather restraint
gloves. They were held manually in a supine position for
the administration of anesthetic intramuscularly
(Fig. 1A) or by mask (Fig. 1B), or they were held in the
lateral decubitus position for examination.
The animals were weighed before any procedure to
determine the exact amount of anesthetic to be administered. Weighing was carried out with the animals still
inside the transport box based on the tare weight on an
electronic scale, and then they were subjected to
restraint protocols.

(A)
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Restraint protocols
1 ZOL: In this group, tiletamine and zolazepam (Zoletil) were used at a dose of 5.5 mg/kg intramuscularly;
2 ISO: In this group, isoflurane anesthesia was provided
through a facemask with oxygen;
3 KET: In this group, 15 mg/kg of ketamine and 1 mg/
kg of midazolam were administered with the same
syringe by the intramuscular route;
4 PR: In this group, the animals were restrained with
leather restraint gloves and maintained in the lateral
position for the exam. Additionally, condensed milk
was administered to the animals with the aid of a tongue depressor to calm the animal for cooperation with
the test, allowing the animal to ingest the liquid but
without moving the arms or legs.

(B)

Fig. 1 Physical restraint in a supine position
using leather restraint gloves for anesthetic
administration by the intramuscular route (A)
or through a mask (B). Source: Research
protocol.
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After examination, the animals that had been subjected to the anesthetic protocols were kept in cages until
the anesthesia passed and then moved to the enclosure.
Blood pressure determination
To perform the exam, the animal was positioned in the
left lateral decubitus position to measure the BP of the
right forearm (Fig. 2A) and then placed in the right lateral decubitus position to measure BP on the left forearm (Fig. 2B).
For BP measurement, we used Pet MAP (Ramsey
Medical, Inc.; Florida-USA), which is a non-invasive
tool for measuring blood pressure by the oscillometric
method. This equipment has a set of seven cuffs of various sizes (2, 2.5, 3, 3.5, 4, 4.5, and 5.5 cm), which were
chosen before the exam based on the animal size and circumference of the forearm (which was measured with
the aid of a metric tape).
The cuffs were placed on the animal, and the exam
only started after the animal was quiet. At the end of
the procedure, the animal was placed in the transport
box and brought to the enclosure, where it was released.
To avoid the influence of different variables on the
experiment, data were collected only after correct positioning of the animal on the table, because excitement
from the physical restraint and improper anesthetic
plane could influence the measured BP values.
Three measurements were performed on each forearm, with three pressure readings. Once positioned, the
cuff was inflated and deflated automatically. The result
of pressure was calculated automatically by a microprocessor inside the pressure machine and displayed on the
pressure display panel in mmHg. Automatic measurements of systolic, diastolic, and mean blood pressure
were obtained in three cycles with an interval of one
minute for each forearm.
Statistical analysis
For comparison of the data obtained, we subjected the
results to one-way ANOVA (variance analysis) with

Fig. 2 Position of the animal to measure BP
in the right arm (A) and left arm (B). Source:
Research protocol.
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Tukey test to parametric data. The Wilcoxon test was
used for comparison of data between arms, to verify
whether there was significant difference between the
results obtained from each arm. For statistical analysis,
BioEstat 5.0 software was adopted [2]. All parametric
tests performed satisfy the assumptions of normality
and homoscedasticity. Statistical significance was determined by a p bilateral value equal to or less than 5%
(P ≤ 0.05).
Results
The distributions of heart rate (HR), systolic (SBP),
diastolic (DBP), and mean blood pressure (MBP) are
shown in Table 1. No statistically significant differences
were found in BP values from each arm in all groups
tested. There was no difference statistically significant
between HR values in all protocols tested.
The ISO group presented statistical difference in SBP
compared to ZOL (P < 0.01) and PR (P < 0.01) groups,
but no significant difference was observed compared to
the KET group. The analysis of SBP between the ZOL,
KET, and PR groups showed no significant difference.
In DBP, ISO group showed statistically significant
difference, with smaller values in relation to ZOL
(P < 0.05), CET (P < 0.01) and CF (P < 0.01). It was
also observed in PAM values, where ISO was statistically different from other groups evaluated (ZOL,
P < 0.05; CET, P < 0.01; CF, P < 0.01).
Discussion
During the restraint procedures or the administration of
anesthetics, clear signs of stress were observed in the
form of defecation, urination, and escape attempts each
time the animal was removed from the transport box.
Monteiro et al. [15] reported that even animals born
and raised in captivity are not adapted to restraint procedure.
Inhalation induction is the most common method of
induction for pediatric patients without venous access
[9] being considered very effective for induction in small

(B)

(A)

3

4

173.49
190.99
128.82
152.83
HR
Systolic BP
Diastolic BP
Mean BP
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*The averages followed by the same letter horizontally do not differ by Tukey test (P < 0.05).
Source: Research protocol.
Data from CENP, Ananindeua, Para, Brazil (2013).
HR = heart rate (bpm); BP = blood pressure (mmHg); RA = right arm; LA = left arm; ZOL=zoletil; ISO = isoflurane; KET = ketamine and midazolam; PR = physical restraint; () standard deviation.
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Table 1 Data obtained from the Pet Map blood pressure machine measured in Aotus azarae infulatus subjected to four restraint protocols
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primates, because only require a previous physical
restraint [1]. This prevents stress caused by the administration of some injectable agent. Due to the small size of
the animals, the mask induction was chosen because
allow better control of anesthesia compared to the use
of induction chamber.
HR was considered high in all protocols tested compared to data obtained by Smith and Astley [24] in Aotus nancymai in resting condition. However, the values
found confirm what was described in other studies for
anesthetized Aotus azarae infulatus [3, 8, 21]. It is known
that all anesthetic protocols used increase HR, but
stressing factors such as physical restraints also increase
these values [24].
Ketamine produces more increases in HR, in contrast
to midazolam, which usually does not alter this parameter [20]. Although tiletamine belongs to the same pharmacological group as ketamine, the association of
tiletamine and zolazepam (Zoletil) produces minimal
cardiovascular effects, whereas isoflurane may cause a
slight decrease in HR [17]. Anesthesia can be a source of
variability in the results of the BP, but the values of
blood pressure found in this study are consistent with
the references for Aotus under anesthesia [3, 21]. Smith
and Astley [24] found similar values to those obtained in
this work in Aotus subjected to a stressful stimulus, but
they found significantly lower BP values in animals at
rest that were not anesthetized. These results confirm
the literature data about the pressure increase caused by
ketamine [25] and Zoletil [10, 27].
Although midazolam is to be considered among the
benzodiazepines, which further reduce blood pressure
[12, 20], this was not observed in the KET group. However, pressure reduction occurred with the use of isoflurane, confirming literature reports [6, 16], and with
findings by Vasconcellos et al. [26] in Cebus apella. In
the physical restraint group, the blood pressure values
were higher compared to the resting pressure [24]. This
probably happened because of the stress caused by
restraint, which causes the release of catecholamine,
thereby increasing the values of BP. According to Smith
and Astley [24], studies indicate that Aotus reacts to
stressful situations in a laboratory environment, such as
blood collection, with significant and prolonged elevations in blood pressure. Hypertension naturally occurs
in Aotus sp. [24]. However, in this work, it was not possible to conclude whether the values found were the
results of natural hypertension, the action of the anesthetics used, or the high level of stress caused by physical restraints.
Different measures of blood pressure in the arms may
indicate a high risk for vascular disease [19]. This result
reaffirms the importance of the guidelines established by
J Med Primatol (2015) 1–6
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the Brazilian Society of Cardiology (for humans), in
that it is necessary to measure blood pressure in both
arms of the patient. In the present study, there was no
significant statistical difference between the values
obtained in the left arm and right arm in all restraint
protocols tested. We chose to use an oscillometric
method in determining the BP rather than the vascular
Doppler method. Cabral et al. [4] concluded in a study
on dogs that the results of SBP did not differ between
the two methods, but the values found in DBP were not
similar.

blood pressure with no difference in the values
obtained in the right and left arms of the animals.
Additionally, it was observed that all restraint protocols significantly raised blood pressure, however, animals in the isoflurane group showed lower values
compared to the other groups. Methods that can
verify the BP without restraint are very expensive
and difficult to apply in some centers; therefore, it is
suggested that research be expanded in this direction
to define standards of normality in animals under
restraint.

Conclusion
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