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Abstract
The use of a combination of dissociative anesthetics and alpha-2-agonists for chronic experiments in laboratory animals is advisable in the case of studying the
functions of the limbic system. This requires the development of a protocol for withdrawing animals from this anesthesia, since frequent anesthesia leads to damage to
organs and tissues, the need to increase the dose with frequent use of anesthesia, and distortion of the research results. This article provides recommendations for the
elimination of chronic xylazine-Zoletil® anesthesia, including pharmacological therapy and additional care measures for experimental animals (based on a comparative
analysis of changes in respiration on a pneumogram, the nature of dysfunctions during the period of anesthesia and the mortality rate of animals that were or did not use
measures to withdraw from anesthesia).

Introduction
The progress of medicine at the present time is closely
related to the need to conduct experimental research on
laboratory animals [1]. For humane treatment of animals
in laboratory conditions, anesthesia and sedation are used,
the combination of which, as well as the technique of their
application on animals, are widely described in the literature
[2-5]. However, the technology providing the required level of
safety of chronic use of anesthesia and sedatives for the health
of laboratory animals has not been fully developed. This often
leads to damage to organs and tissues and, as a result, distortion
of research results and even death of animals. Frequent
anesthesia leads to a number of negative consequences at the
stage of recovery from anesthesia: severe salivation, bronchial
hypersecretion, the development of apnea, as well as tolerance
to anesthesia drugs and, as a result, the need to increase the
dose of drug to achieve the desired effect [6].
To neutralize the negative phenomena caused by anesthesia,
there are a number of measures, including pharmacological
therapy and additional care measures for experimental animals
after anesthesia procedures. These measures are described for
drugs such as acetaminophen, acetylsalicylic acid, butorphanol,

codeine, fentanyl + medetomidine, ibuprofen, ketamine
+ xylazine, mepiridine, methadone, morphine, nalbufen,
nalorphine, oxymorphine, phenobarbital / zolotophazine,
tylepaxol and a number of others [6]. For a combination of drugs
Zoletil® (Zoletil20, 50 or 100) and XilaVet (Xila (xylazine)),
measures that prevent the development of negative effects on
the animal’s body are insufficiently developed and described
in the literature [7,8], although the action of a combination
of dissociative anesthetics and alpha-2-agonists is detailed
investigated in laboratory animals [9-11]. Xilazine is an alpha2-adrenergic agonist, is a muscle relaxant and antihypertensive
agent. It is use as a treatment of chronic drug addiction is
considered justified [12]. Simultaneously, according to the ASA
(American Society of Anesthesiologists), the use of Zoletil®,
a complex injection anesthetic for veterinary medicine, has
a wide range of adverse effects. Thus, it is inappropriate for
use in the surgical stage of anesthesia. The reason for this is
the fact that Zoletil® can cause serious functional disorders of
the cerebral cortex. Nevertheless, the use of Zoletil® to study
functions controlled by the centers of the limbic system is
promising, since this drug induces dissociative anesthesia: it
inhibits only certain areas of the brain, such as the thalamus
and cortex, while other areas, in particular the limbic system
remain active [13].
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The purpose of this work is to develop a protocol for the
withdrawal of a laboratory animal from xylazine-Zoletil®
anesthesia and additional / concomitant drug therapy, as
well as measures for caring for the animal in order to reduce
negative symptoms caused by regular anesthesia with these
drugs.

Research methods
This project was approved by the Commission on the Ethics
of Animal Experiments at the Southern Federal University
(Russia) (protocol No. 1, April 28, 2018), which operates in
accordance with the European Convention for the Protection
of Vertebrate Animals used for Experiments or for Other
Scientific Purposes (1986), “Rules for Conducting Work with
Experimental Animals” [14].
We used adult male Norway domesticated rats (Rattus
norvegicus) (n = 93) weighing 490 grams, which underwent
implantation of a matrix of microelectrodes into the dorsal
region of the olfactory bulb for the chronic study of the
functions of the olfactory system. After a recovery period of at
least 7 days, the animals were introduced into the experiment,
during which every 14 days for 6 months they were subjected to
xylazine-Zoletil® anesthesia, after which the bioelectric activity
of the olfactory bulb was studied, including the registration of
pneumogram.
The animals were kept in a conventional vivarium in
individual cages with an area of 1176 cm2 (model R-1) at a
temperature of 22-24 ° C and a humidity of 65-75%. A mixture
of sawdust of the third fraction and compressed absorbent
pellets made of wood material was used as a bedding material.
Feeding was carried out with complete ration feed PK 120-2_35
at the rate of 35-45 grams per day per head; water without
restrictions on consumption.
The drugs Xyla (xylazine) (Interchemie werken “De Adelaar”
BV, Netherlands) and “Zoletila 50” (Zoletil 50) (Virbac Sante
Animale, France) were used for anesthesia, the introduction of
which was carried out according to the following scheme: the
mixture was injected intramuscularly Xyla (0.05 ml/kg weight)
and Zoletila50 (0.5 mg/kg weight).
The animals were divided into groups: control (n = 43)
and experimental (n = 50). The control group was treated
according to the standard scheme [13]. The experimental

The following changes have been made to the rules for the
care and maintenance of this group of animals. The animals
were on a starvation diet 12 hours before anesthesia. During the
recovery from anesthesia, the animal was placed in a cage with
sides insulated from the outside, located on a heating pad. The
temperature of the pad was adjusted manually at the control
unit to maintain body temperature of 37.5°C. After coming out
of anesthesia (after about 5.5 hours), the animal was placed in
a cage with normal conditions.

Research results
One of the most controllable indicators of the effect
of anesthesia on the animal organism is monitoring the
frequency and depth of breathing [15]. The study of respiration
during experimental sessions accompanied by xylazineZoletil® anesthesia showed that cases with a favorable
outcome of anesthesia with the use of these drugs are
characterized by the following changes in the pneumogram
of rats: compared with the state of wakefulness (Figure 1),
after entering the deep stage of anesthesia, the frequency
respiration is significantly reduced, while the nature of the
teeth of the pneumogram, as a rule, changes during this stage
of anesthesia (Figure 2A-B). Recovery from anesthesia is
characterized by an increase in the respiratory rate (Figure 3).
A negative reaction to xylazine-Zoletil® anesthesia was
characterized by the formation of irregular breathing with
a significant change in the amplitude of the teeth on the
pneumogram up to respiratory arrest (Figure 4).
During anesthesia, in animals with a negative reaction
to xylazine-Zoletil® anesthesia, in addition to disturbances
in the rhythm and frequency of respiratory movements,
hypersalivation and apnea were noted. With each subsequent
drug addiction, negative symptoms intensified. At the stage of
recovering from anesthesia, the animals showed a perversion
of appetite and choking with vomit were often observed.
Long-term use of xylazine-Zoletil® anesthesia led to the
development of tolerance to Zoletil® and the need to increase
its dose (up to double) to achieve the desired effect (Figure5).
In these cases, the cause of death was polyetiological in nature
(myocardial infarction, pulmonary edema and cerebral edema,
in some cases - oncology).
According to the analysis, the percentage of death of animals
in the control group was higher than in the experimental group
throughout the experiment (Figure 6).

group used the following therapeutic measures to reduce
the level of salivation, bronchial hypersecretion during the
experiment and at the stage of recovery from xylazine-Zoletil®
anesthesia. 30 minutes before the introduction of xylazine,
premedication with atropine sulfate at a dose of 0.1 ml / kg of
body weight was carried out intramuscularly. After the end of
the experiment (average duration of 1.5 hours), the animal was
injected intramuscularly with Cordiamine at a dose of 0.3 ml/
kg of body weight, Antisedan® at a dose of 1: 1 of the calculated
dose of Xila® for this animal, subcutaneously - Ringer-Locke’s
solution mixed with glucose 40% at a dose of 1.5 ml and 0.5 ml,
respectively.

Figure 1: An example of a pneumogram of a rat in the waking state.
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The greatest increase in the mortality rate of animals in
the control group fell on 5-6 months of the experiment. At
the same time, in the control group, 72% of the animals died
during the entire observation period, and in the experimental
group - only 24%. The most common causes of death are
shown in Table 1.

Conclusion
The use of xylazine-Zoletil® anesthesia in a chronic
experiment has features. The advantage of this type of
anesthesia is the ability to conduct studies of body functions
controlled by the structures of the limbic system. However, the
presence of serious side effects of this type of anesthesia is the
basis for limiting its use during chronic anesthesia [6].

Figure 4: An example of a pneumogram of rats with a negative reaction to xylazineZoletil® anesthesia.

The results of the study prove the possibility of using
xylazine-Zoletil® anesthesia for this purpose as well. The
condition for the success of its chronic use is the observance of
the measures described in this work for the conduct of therapy
and the observance of special measures for the care of animals
after each anesthesia.
The use of therapeutic measures and changes in the
conditions of keeping the animals of the experimental group
made it possible to reduce the mortality rate, as well as to

Figure 5: Changing the dosage of Zoletil® in the dynamics of the experiment
conducted on rats of the control group.

Figure 6: The mortality rate of animals in the control and experimental groups in the
dynamics of a chronic experiment, the total number of dead rats.

Figure 2: Changes in the nature of the pneumogram of rats at different times after
the development of the stage of deep anesthesia: 0.5 h (A), 1.0 h (B), 1.5 h (C).

Figure 3: An example of a pneumogram of rats upon recovery from anesthesia.

increase their resistance to chronic drug addiction. Thus, the
use of atropine sulfate as a premedication made it possible
to minimize of salivation and salivation during and after
anesthesia, which reduced the cases of flooding with saliva and
minimized the effect of salivation on the results of the study of
the olfactory system function. The introduction of Cordiamine
after each session of the experiment helped to reduce the
phenomenon of apnea at the stage of recovery from anesthesia.
So, if in the control group, after 3 months of the experiment
during anesthesia, the development of apnea was observed
in all animals, in the experimental group this phenomenon
was characteristic for 1/4 of the animals at the 3rd month of
the experiment, at 4-5 months - for 1/3, on the 6th month of
the experiment - for 1/2 rats (out of the number of survivors).
The introduction of Antisedan® provided a decrease in the
time of recovery from the state of anesthesia by about half.
Transferring the animal to a starvation diet 12 hours before
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Table 1: Causes of death of animals under conditions of chronic xylazine-Zoletil®
anesthesia.
Cause of death

Number of deaths /
(% of the number of rats in the group)
Control group

Experimental group

Respiratory arrest of central origin

13 / (30%)

5(10%)

Edema of the brain and lungs

7 / (16%)

3(6%)

Other reasons: myocardial infarction,
hemorrhagic stroke, etc.

8 / (18%)

4(8%)

anesthesia made it possible to exclude vomiting during and
after anesthesia. If the animals were not transferred to a diet, in
2
/3 of the cases, in the dead animals after anesthesia, abundant
discharge from the mouth was revealed, in the esophagus and
stomach - mushy contents.
The use of a heating pad after the operation eliminated the
influence of external temperature changes on the animal’s
body. General detoxification therapy using subcutaneous
injection of Ringer-Locke’s solution with glucose [16] has
shown its effectiveness in preventing the development of
anesthesia tolerance: chronic anesthesia for six months did not
lead to the need to increase the dose of anesthesia to achieve
the desired effect. If signs of respiratory distress appear on the
pneumogram in response to xylazine-Zoletil® anesthesia, it
is necessary to suspend the experiment, perform therapeutic
procedures (administration of Cordiamine, Antisedan® and
detoxification therapy), followed by placing the animal in an
individual cage with a heating pad to maintain a constant body
temperature.
These recommendations can form the basis for the
formation of a protocol for animal management when using
chronic xylazine-Zoletil® anesthesia.
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