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Summary

The aim of the study was to investigate the sedative and analgesic biochemical and clinical effects of repeated
and increasing doses of xylazine HCI in sheep.

Five clinically healthy Akkaraman rams were used. Xylazine was administered intramuscularly at an initial
dose of 0.4 mg/kg to induce sedation. The second, third and fourth doses were 20% larger than the previous
dose, that is, 0.48, 0.57 and 0.68 mg/kg doses, respectively. They were administered intramuscularly four times
at 4-day intervals. The rectal temperature, heart rate and respiratory rate, as well as the rumen motility of all
animals, were evaluated before and after xylazine administration. The depths of sedation and analgesia and
the control of reflexes, along with various biochemical parameters, were studied. Although the respiration
rate increased until the 15" min, it approached the control value at the 30" min and decreased after the 45™
min. Ruminal contractions progressively decreased from the 5™ min to the 60" min. All levels of sedation were
observed in all sheep. The degree of analgesic effect was 0 during mild and moderate sedation periods, and
1-2 during deep sedation. Of all biochemical parameters assessed, only the glucose concentration increased.
It was therefore concluded that in order to obtain the same sedation level in sheep in the 4 days following an
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administration of xylazine, the previous dose should be increased by 20%.
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General anaesthesia is not widely used in livestock,
as its administration results in different additive effects,
such as ruminal tympanism, regurgitation of reticu-
loruminal ingredients and aspiration of esophageal
reflux or salivary material (23). Therefore, sedatives
and tranquilising drugs play an important role in day-
to-day veterinary practice (21), and a wide range of
such agents are used as painkillers and myorelaxants
in animals undergoing surgical procedures. They are
necessary in veterinary medicine, as they assist in pre-
venting the animal from struggling during inspection
and in sustaining anaesthesia, thus limiting the quan-
tity of anaesthetic used (18). The use of these agents
facilitates intravenous catheterisation, examination of
the rectum, uterus and vagina, and the performance
of surgical procedures (e.g., amputation of the tail,
dehorning and abscess opening) under local anaes-
thesia (9, 21).
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Xylazine hydrochloride, the first a-2 adrenergic
receptor agonist to be employed as a sedative in vet-
erinary practice, remains the most frequently adminis-
tered anaesthetic for ruminants (3, 10). Although clini-
cal sedative dosages of xylazine HCI do not provoke
hypoxaemia in dogs, its intravenous administration to
sheep at sedative and non-sedative doses has resulted
in severe hypoxaemia (3). Xylazine HCI generally
generates a dose-dependent sedative-hypnotic state,
and surgical anaesthesia can be achieved by its use in
combination with other anaesthetics. The administra-
tion of xylazine HCI to ruminants is associated with
moderate to deep cardiopulmonary depression and, at
higher doses, with ruminal stasis, apnoea and bradycar-
dia. The sedative is ineffective in excited animals, and
further disadvantages include prolonged induction and
recovery (10). It has cardiopulmonary effects, such as
bradycardia, changes in arterial blood pressure, tachy-
pnoea with pulmonary oedema and arterial hypoxae-
mia. However, despite these deep cardiopulmonary
effects, sedation may not be as marked as expected,
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and a lying down posture may not be achieved when
xylazine HCl is administered to sheep (2).

Our previous study showed that repeated sedation
of sheep with xylazine HCI reduced the degree of
sedation in the third and fourth administrations (11).
In a literature search, we were unable to find any study
in which the clinical, biochemical and sedative effects
of repeated and increasing doses of xylazine HCI on
sheep are examined. Therefore, the aim of the present
study was to investigate the sedative and analgesic bio-
chemical and clinical effects of repeated and increasing
doses of xylazine HCI in sheep.

Material and methods

Animals. Five healthy male sheep (Akkaraman breed)
aged 18-20 months and weighing 50-60 kg were used. The
animals were kept in the Yiiziincii Y1l University Research
and Application Farm, Van, Turkey, and received the same
feeding regime throughout the study duration. The consent
of the Ethics Council of the University of Yiiziincl Y1l was
obtained prior to beginning the study.

Initiation of sedation. Feeding was suspended starting
from 12 h prior to the study. To induce sedation, xylazine
HCI (Rompun 2%, Bayer) was administered intramuscularly
four times at four-day intervals. The initial dose was 0.40
mg/kg. The second, third and fourth doses were each larger
by 20% than the previous dose, that is, 0.48, 0.57 and 0.68
mg/kg doses, respectively.

Clinical and reflexes evaluation. To evaluate clinical,
reflexes, the degree of sedation, analgesic effect and bio-
chemical parameters, we used the method from our previous
study (11). Rectal temperature, pulse rate, respiration rate,
pulmonary sounds, rumen activity and reflexes were evalu-
ated at 0 min (before xylazine HCl administration — baseline)
and then at 5, 15, 30, 45, 60, 75, 90, 105 and 120 min fol-
lowing xylazine HCl administration. Rectal temperature was
measured with a digital thermometer. Reflexes (palpebral,
corneal, pupillary, patellar and triceps brachii reflexes and
eye movements) were controlled. Pulmonary sounds, rumen
activities, pulse rate and respiration rate were auscultated

Tab. 1. Scoring of sedation
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with a stethoscope. In addition, it was determined whether
oro-nasal discharge and urination began after the administra-
tion of xylazine HCI.

Evaluation of sedation. Sedation scoring was carried
out according to a modified scoring system of Kastner et al.
(13) (Tab. 1).

Evaluation of the analgesic effect. Analgesia was evalu-
ated before drug administration (baseline) and at 5-min inter-
vals after drug administration until complete recovery. The
onset and duration of analgesia were evaluated by applying
painful stimuli with a 23-gauge needle, which was inserted
through the skin and the underlying tissues in different parts
of the body (perineal, left front and hind limbs, interdigital
and corona regions). All procedures were performed at the
same points. Analgesic effects were evaluated by a single
investigator throughout the experiment, and the analgesic
assessment (Tab. 2) was made according to a modified scor-
ing system of Khan et al. (14).

Biochemical evaluation. In all administrations, blood
samples were taken from the jugular vein of all animals prior
to sedation, during sedation (at the 45" min after xylazine
HCl administration) and after sedation (at the 120" min after
xylazine HCI administration). The blood samples obtained
were centrifuged at 5,000 rpm to separate the serum, which
was then frozen at —18°C and stored until the day of the
analyses. The serum was then thawed, after which its glucose,
total bilirubin, blood urea nitrogen (BUN), aspartate ami-
notransferase (AST), alanine transaminase (ALT), alkaline
phosphatase (ALP), calcium (Ca?"), sodium (Na*), potassium
(K*) and chloride (Cl) values were measured with an analyser
(Roche — Hitachi, Germany).

Statistical evaluation. Numerical values obtained during
the applications were compared by the Statistical Package
for the Social Sciences program for Windows, version 21.0,
using Student’s t-test. A value of p < 0.05 was considered
statistically significant.

Results and discussion

Oro-nasal discharge and urination began 5 min after
injection at the earliest in all administrations, and con-
tinued at various intervals until the 75" min at the latest.

The animals urinated five times at

End of sedation

most during the 120 min duration.
Rectal temperature increased by

Sedation level Behaviour
No Sedation standing, alert, normal behaviour
Mild Sedation standing, alert, reduced head and ear

movements, head drop, ataxia

Moderate Sedation | sternal recumbency, head up or unable

to support head

Deep Sedation lateral recumbency, uncoordinated head

returned back to normal behaviour

attained a standing posture

attained sterno-abdominal or standing

- a maximum of 0.4°C above the con-
trol values in the first 30 min after
the injection in all administrations,
and then decreased by a maximum
of 0.6°C. The pulse rate was lower
than the control values at the 5" min

but there are responses to needle-prick stimulation of subcutaneous tissue)

5-6 deep analgesic effect (no response to insertion of the needle deep into
subcutaneous tissue — no leg movement, or contraction)

and leg movements or no movements posture in all administrations, and remained

Tab. 2. Scoring of analgesic effect lower for 120 min. The changes in
Analocs] o rectal temperature and the pulse
(IT0Es1 SO eeeriprion rate were not statistically significant

0 no analgesic effect (normal strong reaction to painful stimuli) (p > 0'05). Although the respiration

1-2 no analgesic effect (normal strong reaction to painful stimuli) rate increased until the 15" min, it

34 moderate analgesic effect (no response to needle-prick stimulation of the skin, approached the control value at the

30" min and decreased after the 45"
min. The changes in the respiration
rate were statistically significant
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(p < 0.05) (Tab. 3). Ruminal contractions
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Tab. 3. Average respiration rate according to application periods

Respiration rate (breaths/min)

decreased from the 5" min, reaching the [
minimum level at the 30™ min. An increase | (min)
in ruminal contractions was determined from 0
the 45™ to the 120" min, and the values at the
45™ and 60™ min were statistically significant g
(p <0.05) (Tab. 4). 15

Reflexes (palpebral, corneal, pupillary, 30
patellar and triceps brachii reflexes and eye 45
movements) were lost only during deep seda- -
tion periods.

At the first administration, one animal was [
mildly sedated, two animals were moderately 90
sedated, and two were deeply sedated. In the | 120

1st application 2" application 3 application 4" application
38.0+1.78 38.6 +2.46 41.8+2.63 36.0 + 6.51

57.4 £2.55** 56.6 +3.12** 56.4 + 8.04** 50.6 +2.32**
50.4 +2.82** 51.0 £4.01* 50.4 +4.30* 45.0 + 3.22*
39.6 £3.23 39.0+4.80 31.4+7.18 35.4 £2.46

34.0x2.12 31.4+2.22* 32.6 +1.88* 30.8 +1.83*
29.4 +1.66* 30.6 +3.12* 26.8 +2.63** 27.2 +3.26**
27.4 £1.23** 31.0+1.87* 27.0 £3.27** 27.2 + 2.55**
30.6 +1.30* 30.4+3.17* 31.6 + 3.52* 27.8 +2.22*
36.4+£1.97 34.0+2.07 36.0+£3.93 31.2+2.88*

subsequent administrations, mild sedation
occurred in two animals, one animal was
moderately sedated, and two were deeply

Explanations: * p <0.05, ** p <0.01

Tab. 4. Average ruminal contraction according to application periods

sedated. At the first and third administrations,

Ruminal contraction (contractions/5 min)

one animal entered the mild sedation stage (T,:,T:)
after showing moderate sedation at the stage 0
of awakening from deep sedation. Other ani-
mals entered mild sedation without entering g
the moderate sedation stage. The sedation 15
findings are presented in Table 5. 30
In pain tests, the analgesic score was 0 45
(normal, strong reaction to painful stimuli) i
during periods of mild and moderate seda-
tion, and 1-2 (depressed reaction to painful 75
stimuli) during deep sedation. The duration 90
of analgesia ranged from 10 to 40 min. 120

1st application 2" application 31 application 4" application
5.6+0.24 4.4+0.40 4.2+0.37 46x0.24
1.8+0.97* 1.2+ 0.58* 0.8+0.48** 1.2+0.37**
1.6+0.67** 0.4 +0.25** 0.4 £0.40** 0.4 £0.25***
1.2+ 0.58*** 0.8+0.20** 0.60 £ 0.24** 0.8+0.37**
2.4+0.81* 1.6 £0.50** 1.2+037** 1.0 £0.54**
3.2+0.80 2.4+0.75* 3.0+0.31 2.8+0.37*
4.2+0.58 3.4:0.60 4.2+0.48 4.0:0.44
4.2+0.37 3.8+0.58 4.4+0.75 4.0:0.54
4.8+0.20 4.2+0.49 4.0+0.37 4.4+0.40

The examination of the biochemical param-
eters showed that xylazine HCI caused hyper-
glycaemia (p <0.01). However, changes in some of the
other parameters (total bilirubin, BUN, AST, ALT, ALP,
Ca?, Na*, K* and Cl) were statistically insignificant
(p>0.01).

Xylazine HCI was the first a2-adrenergic agonist
to be used in veterinary medicine, and its clinical use
was first described in 1969 in a number of species (19).
Ruminants are 10-20 times more sensitive to xylazine
HCI than other species, and goats are more sensitive
than sheep. In sheep, the half-life of xylazine HCI is
short, and excretion from plasma is rapid when xylazine
HCI is administered intravenously or intramuscularly
(12). Xylazine HCI in ruminants may lead to excessive
salivation due to decreased swallowing, and animals
tend to drool saliva. It also results in polyuria due to
hyperglycaemia (5, 8). Previous studies have shown
that xylazine HCI administration can lead to oro-nasal
discharge and urination (6, 9, 14, 20). In a study by
Carvalho et al. (2), who intravenously administered
0.1 mg/kg xylazine HCI, oro-nasal discharge was
observed between the 15" and the 90" min, while urina-
tion was determined at the 60%, 75" and 90 min. In our
study, oro-nasal discharge began as early as 5 min after
injection and continued at various intervals until the 75™
min at the latest. Urination was observed five times at
most, between the 5™ and the 120™ min after injection.

Explanations: * p <0.05, ** p <0.01, *** p <0.001

The administration of a2-agonists may result in
a decrease in body temperature, caused by the depres-
sion of the central nervous system (CNS) and reduced
muscular activity (19). In more recent studies (9, 10, 14),
it was observed that rectal temperature decreases for
a short period of time in sheep that have received xyla-
zine HCI. In our study, the rectal temperature increased
by a maximum of 0.6°C above the control values in the
first 90 min after the injection in all administrations.

Xylazine HCI administration provokes certain
respiratory side effects as a result of the secondary
depression of the CNS (23). The occurrence of xylazine
HCl-induced hypoxaemia varies significantly from one
sheep breed to another, and from one individual animal
to another. The extent of hypoxaemia does not depend
on the specific a-2 adrenergic receptor agonist used,
but on the dose and resulting plasma concentration.
Consequently, it is most serious following intravenous
bolus injection (13). Several studies have shown that
the respiratory rate decreased in animals after xylazine
HCI administration (4, 9, 14). In contrast, Ismaila et al.
(10) reported an increase in the respiratory rate. Some
authors have claimed that a-2 agonists cause tachypnoea
in sheep and bradypnoea in other ruminants. In addition,
they also have stated that a-2 receptor agonists have
different effects on different sheep species and there
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Tab. 5. Findings of sedation

an

Starting time Duration I?uration :
FillelG Dfa?:;lrdx;f:zai::“ Durati(_m of n]ild ofDn:l::ittia?:t . Duratit_)n of dgep seﬂaﬂg:?l?rt;g ?Itulr‘;rlll: ?:ct:)avt;?'\r; T?)t'asl eddu;t?:)i: f
Tt sedation (min) sedation (min) sedation (min) recovery Irt_Jm from deep (min)
(min) deep sqdatlun and rpudera_te
(min) sedation (min)
1stapplication
The first animal i 10 13 * * 30 53
The second animal 4n 11 4 * * 16 68
The third animal [ 9 18 1 * 34 72
The fourth animal 4 6 11 24 35 15 91
The fifth animal G 55 * * * * 55
2" application
The first animal 6 60 * * * * 60
The second animal 5 10 20 * * 35 65
The third animal 4 8 5 40 * 30 83
The fourth animal 3 7 21 47 * 17 92
The fifth animal o 50 * * * * 50
3 application
The first animal 4 65 * * * * 65
The second animal 5t 25 30 * * 15 70
The third animal 6" 22 * 30 12 22 86
The fourth animal 3rd 5 5 25 * 38 73
The fifth animal 7t 67 * * * * 67
4" application
The first animal 6" 52 * * * * 52
The second animal 4t 8 5 40 * 20 73
The third animal 3 7 73 * * 15 95
The fourth animal 4t 10 7 23 * 30 70
The fifth animal 7 62 * * * * 62

Explanation: * did not occur

are even individual differences within species (26). In
our study, the respiration rate increased until the 15%
min, approached the control value at the 30" min and
decreased after the 45" min.

Xylazine HCI reduces reticuloruminal activity and
increases the chance of tympanism because it reduces
eructation. It also decreases gastrointestinal motility
by reducing acetylcholine release from the presynaptic
terminals of post ganglionic parasympathetic fibres in
the intestinal wall (5). Several previous studies (9, 10,
17, 20, 25) have indicated that xylazine HCI decreases
ruminal activity in sheep and causes tympanism. In the
present study, rumen activity decreased until the 30™
min in all administrations, after which it increased until
the 120" min, but failed to reach the control values.

All a-2 adrenergic receptor agonists are associated
with cardiovascular effects, such as bradycardia and
related arrhythmia, a drastic reduction in cardiac output,
by up to 50%, and enhanced systemic vascular resis-
tance (23). Dose-dependent xylazine HCl-associated
cardiovascular depression is less notable following
intramuscular and extradural administration. A number

of previous studies have reported a reduced pulse rate
after 0-2 agonist administration (2, 4, 9, 10, 14). It has
been found that intramuscular (0.05 mg/kg) or intra-
venous (0.02 mg/kg) administration of xylazine HCI
has no notable effect on the heart rate in sheep (7).
Intravenous administration of 0.015 mg/kg xylazine
HCI results in only a slight cardiovascular response
(4). In our study, a decrease in the heart rate relative to
the baseline was noted at every time point during every
treatment, but it was not statistically significant.
Xylazine HC] administration results in dose-related
sedation and nervous depression in sheep and goats
(12). The duration of sedation and the level of analgesia
are dose-dependent. Smaller doses produce moder-
ate sedation of a shorter duration, while higher doses
can produce deep sedation of a longer duration (19).
Xylazine HCl-induced sedation primarily results from
stimulation of central a2 receptors (8). The degree of
sedation is dose-dependent and correlates well with
plasma drug concentrations (16). It was shown that
rams that received an intramuscular administration of
0.3 mg/kg (24) or 0.2 mg/kg xylazine HC1 (14) lay down
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15 min after injection. Recumbency was not observed
in any animal after an intravenous administration of
0.1 mg/kg xylazine HCI (2). In our study, the sheep
assumed a lying posture 8-30 min after the drug was first
administered in all treatments. It was previously shown
that sheep under sedation remained in a lying posture
for 55 min (24), or for 90-105 min, according to Khan
et al. (14). In our study, the sedation time for animals
that were only mildly sedated varied between 50 and
67 min, whereas sedation times for animals in moderate
sedation varied between 13 and 73 min. Sedation times
for animals in deep sedation ranged from 11 to 47 min.

a-2 agonists produce profound analgesia, and can
be administered parenterally and neuraxially (e.g.,
epidurally). Analgesia is produced by activation of a-2
receptors in the CNS in the locus coeruleus and in the
substantia gelatinosa of the dorsal horn of the spinal
cord (19). Khan et al. (14) evaluated the xylazine HCI
analgesia level in sheep with a score of between 4 and 6.
Grant and Upton (7), however, claim that a complete
analgesic effect does not occur in sheep when xylazine
HCIl is administered intramuscularly. The analgesic
effect of xylazine HCI differs among sheep species
(15). In the present study, the degree of analgesia was
determined as a score of only 1-2 during deep sedation.
We believe that xylazine HCI has a mild analgesic effect
on sheep during deep sedation.

Hyperglycaemia that has been reported in horses,
cattle, sheep and dogs after the use of xylazine HCl is
due to a decrease in insulin release from f3 cells and/or
an increase in glucagon release from a cells (8, 16, 19).
In previous studies, administration of xylazine HCI to
sheep led to an increase in serum glucose concentration
(1, 22). The results of the present study support previ-
ous findings in that xylazine HCI continued to produce
a hyperglycaemic effect for a period of at least 120 min
following its administration. It has previously been
reported that xylazine HCI does not statistically alter
serum Na*, K*, Ca?"and Cl levels in sheep (2). In our
study, there were no statistically significant differences
in the values of some of the parameters (total bilirubin,
BUN, AST, ALT, ALP, Ca*", Na*, K" and Cl).

In the present study, even though xylazine HCI
administration resulted in only minor cardiovascular
and rectal temperature changes, it decreased the respira-
tory rate (at all time points) and rumen motility (during
the first 45-60 min after administration) in all treat-
ments. It has a hyperglycaemic and weak anaesthetic
effect in sheep. Repeated doses of xylazine HCI over
several days are accompanied by the development of
tolerance to the drug. This could be due to receptor
downregulation/desensitisation or to the induction of
hepatic microsomal enzymes for its metabolism (5).
In the present study, four administrations were made at
4-day intervals. In all administrations in which the dose
was increased by 20% relative to the previous admin-
istration, the same degree of sedation was obtained in
four out of five sheep. Accordingly, it was concluded
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that in order to obtain the same sedation level in sheep
in the 4 days following an administration of xylazine,
the previous dose should be increased by 20%.
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