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ABSTRACT: This study aimed to elucidate the sedative effect and physiological changes associated with the intramuscular injection of
detomidine combined with morphine in horses. Six healthy crossbred horses, aged 2 to 10 years, were included. A crossover experimental
design was used to compare the effects of intramuscular injection of 30 ug/kg of detomidine alone (IMD) and intramuscular administration of
30 ug/kg of detomidine and 0.1 mg/kg of morphine (IMDM). The degree of sedation, height of head above ground, were assessed at the time
points before and 5, 10, 20, 30, 40, 50, 60, 75, 90, 105, and 120 minutes after drug administration, and heart rate, respiratory rate, systolic
blood pressure, rectum temperature and intestinal motility were assessed at the time points before and 10, 20, 30, 40, 50, 60, 75, 90, 105, and
120 minutes after drug administration. The physiological parameters were analyzed using the Kruskal-Wallis test with Dunn's post-hoc test and
analysis of variance with t-test for independent samples and the sedation scores using the Friedman test and Mann Whitney U-test. P-values
<0.05 indicated a statistically significant difference. IMDM promoted a higher sedative effect as compared to IMD, but the sedation occurred
inconsistently. Additionally, a reduction in intestinal motility was observed with IMDM at 60, 75, 90, and 105 minutes after administration.
IMDM promoted more variable sedation and prolonged reduction in the intestinal motility in the horses as compared to IMD.
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Efeito sedativo e alteracdes fisiologicas em cavalos tratados
com injecdo intramuscular de detomidina e morfina

RESUMO: Este trabalho teve por objetivo elucidar o efeito sedativo e alteragées fisiologicas em cavalos associados a inje¢do intramuscular
de detomidina combinada com morfina. Seis cavalos saudadveis e sem raca definida, com idade de dois a 10 anos, foram incluidos.
Delineamento experimental cruzado foi usado para comparar os efeitos da administragdo intramuscular de 30 pg/kg detomidina isolada
(IMD) e da administragdo intramuscular de 30 ug/kg de detomidina associada a morfina a 0,1 mg/kg (IMDM). Avaliou-se o grau de sedagao,
a altura da cabega acima do solo nos momentos antes (M0) e 5, 10, 20, 30, 40, 50, 60, 75, 90, 105 e 120 minutos apos administragdo dos
farmacos, e frequéncia cardiaca, frequéncia respiratoria, pressdo arterial sistolica, temperatura retal e motilidade intestinal foram avaliados
nos momentos antes (M0) e 10, 20, 30, 40, 50, 60, 75, 90, 105 e 120 minutos apés administragdo dos farmacos. Para andlise estatistica foram
utilizados: teste de Kruskal-Wallis, com pos-teste de Dunn, e ANOVA associada ao teste t para amostras independentes para os parimetros
fisiologicos; e teste de Friedman e teste de Mann Whitney para os escores de sedagao. Valores de P < 0.05 indicaram diferenca significativa.
A administragdo de detomidina associada a morfina pela via intramuscular (IM) promoveu maior efeito sedativo, quando comparada a
administragdo isolada de detomidina IM. Contudo, a sedagdo ocorreu de forma inconsistente. Também foi observado, no IMDM, reducdo
da motilidade intestinal aos 60, 75, 90 e 105 minutos de avaliagdo. A associag¢do de morfina e detomidina pela via intramuscular promove
sedagdo de forma varidvel em cavalos, e resulta em redugdo da motilidade intestinal, mais prolongada quando comparada a administra¢ao
isolada de detomidina intramuscular.

Palavras-chave: profundidade sedativa, cavalos, hipnéticos e sedativos, detomidina, morfina.

INTRODUCTION facilitates and increases the safety of performing
diagnostic or surgical procedures with the animal

Stressed and poorly mannered horses are in the standing position (TAINTOR et al., 2016),
commonly seen in clinical and surgical practice. but also minimizes the risks of general anesthesia
The use of sedative drugs in these animals not only (DUGDALE & TAYLOR, 2016). The a2-adrenergic
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receptor agonists, such as detomidine, are the
most commonly used drugs for sedation in horses
(FIELDING et al., 2006), as they provide a reliable,
stable, and deep sedation degree in this species
(GRIMSRUD et al., 2014). The clinical and adverse
effects appear to be dependent on the drug dose and
administration route, which tend to be more intense
when it is administered intravenously (GRIMSRUD
etal., 2014).

The combination use of opioids and 02-
adrenergic agonists is quite common. This induces
neuroleptoanalgesia, promotes a higher degree of
sedation and analgesia, and has a prolonged effect
(SOLANOetal.,2009; GOZALO-MARCILLA etal.,
2017). In donkeys, the intramuscular administration
of detomidine (60 pg/kg) with butorphanol (50 pg/
kg) resulted in a sedative effect in all the animals, with
10-minute latency and a mean sedation time of 38.8 =
5.2 minutes (EVANGELISTAetal.,2018). Inacaptive
zebra (Equus burchelli boehmi), the combination of
detomidine (30 pg/kg) and acepromazine (0.02 mg/
kg) resulted in a sedative effect 15 minutes after
administration (BHARATHIDASAN, 2015). Other
studies investigated the sedative effect of intravenous
detomidine in combination with opioids such as
buprenorphine, morphine, and methadone in horses
(TAYLORetal.,2014; GUILHEN etal.,2015; POTTER
etal., 2016; GOZALO-MARCILLA et al., 2017).

A previous study compared the sedative
and physiological effects of detomidine administered
intravenously and intramuscularly in horses (MAMA
et al., 2009). Therefore, this study aimed to elucidate
the sedative effect and physiological variables of
intramuscularly administered detomidine with
morphine in horses, as there are no studies on this
in the literature. The hypothesis is that intramuscular
administration of detomidine with morphine promotes
greater sedation than the intramuscular administration
of detomidine alone.

MATERIALS AND METHODS

Six adult horses weighing 355 kg (£ 42),
aged between 2 and 10 years, and considered healthy
after clinical and laboratory examinations (complete
blood count) were included in this study, regardless
of the breed and sex. The horses underwent a 3-week
adaptation process to adapt to the place of study
and the people involved in the experiment, such as
evaluators and those responsible for handling and
instrumentation the animals.

In this crossover design, the horses were
subjected to two experimental sedation methods

with a washout period of 7 days (GRIMSRUD et
al., 2009). The methods included intramuscular
administration of 30 pg/kg of detomidine (Dormiun
V — Agener Unido Satde Animal®, Sdo Paulo, SP,
Brazil) (IMD) and intramuscular administration of 30
pg/kg of detomidine in combination with 0.1 mg/kg
of morphine (Dimorf — Cristalia Produtos Quimicos
Farmacéuticos Ltda ®, Sio Paulo, SP, Brazil) (IMDM).

In the pre-experimental period, the horses
were taken to the experimental site and weighed.
Following this, catheterization of the right jugular
vein was performed with a 14-gauge caliber catheter
(Jelco®, USA), as asafety measure, in case intervention
was needed in any emergency situation during the
experimental period. During the experimental period,
the horses were housed in a containment stall, where
they remained until the end of the evaluation period.
After the experiment, the horses were returned to the
pasture or stall.

The sedation was assessed by measuring
the height of head above ground (HHAG) from the
level of the lower lip to the ground using a tape
measure present in the containment bay next to the
animal’s head (RINGER et al., 2012; MARLY et al.,
2014). Subsequently, the numerical rating scale (NRS)
proposed by RINGER et al. (2013) was applied to assess
postural instability and behavioral responses based
on visual, tactile, and sound stimulations. These
variables were assessed at the time points before
(MO) and 5, 10, 20, 30, 40, 50, 60, 75, 90, 105, and 120
minutes after administration of the drugs (M5 to M 120,
respectively) by an evaluator blinded to the treatment.

The tactile stimulation was gentle,
gradually increasing pressure for 3 seconds against
the coronary band of the pelvic limb, using a pole
with a blunt nail, and the reaction was scored using
the NRS. Visual stimulation was performed by
opening an umbrella in front of the horse, acoustic
stimulation was assessed and scored with a palm
clap outside the animal’s visual field, and postural
instability was assessed and scored using the NRS
(Table 1) (RINGER et al., 2013).

Occurrence of any adverse effects was
assessed by measuring the following physiological
parameters: heart rate and respiratory rate assessed
with a stethoscope for a period of 1 minute
(MASSONE, 2011); non-invasive systolic blood
pressure measured using the Doppler method (Parks
Medical®, Nevada, USA) at the coccygeal artery
with a cuff size 40% of the width of the animal’s tail
circumference (MASSONE, 2011); rectal temperature
measured using a digital clinical thermometer; and
intestinal motility assessed by auscultation of the
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Table 1 - Numerical rating scale scores assessing sedation in horses with scores for postural instability and behavioral responses based
on tactile, visual, and sound stimulations (adapted from RINGER et al., 2013).

Postural

NRS bl Tactile stimulation

0 No signs of Exaggerated reaction after light
instability pressure: fast movement of the leg

1 Stable but Animal elevates the front leg after

swaying slightly normal pressure
5 Swaying clearly Slightly diminished response with
normal to strong pressure
3 Nearly falling No response even with strong
down pressure
4 Horse falling

down

NRS, Numerical rating scale.

four abdominal quadrants and using a score system
described by (GOMES & FILHO 2012). These
parameters were measured by a second evaluator
blinded to the treatment at MO and from MI10 to
M120 after administration of the drugs.

For statistical analysis, the non-parametric
data were tested using the Kruskal-Wallis test with
Dunn'’s post-hoc test, analysis of variance associated
with the t-test for independent samples, and the Shapiro
Wilk normality test for the physiological parameters.
The Friedman test and Mann Whitney U-test were
performed for the sedation scores compared over
time from MO. P-values <0.05 indicated a significant
difference. Data were analyzed using BioEstat
5.3 (free software, Instituto de Desenvolvimento
Sustentavel Mamiraud, Brazil).

RESULTS AND DISCUSSION

The effects of sedation present different
characteristics with respect to depth, quality of
sedation, and degree of ataxia, which represents the
individual responses of the horses (SCHAUVLIEGE
et al, 2019). The responses to tactile, visual, and
auditory stimulations predict how the horse would
respond to a clinical or surgical procedure under
sedation, representing the quality of sedation (RINGER
et al, 2013; GOZALO-MARCILLA et al., 2017).
Thus, theoretically, the sedation scale used in this
study should assess these different aspects. The
results showed no increase in the sedation scores of
the animals receiving IMD or IMDM as compared to
the MO scores (Table 2). Furthermore, IMDM did not

Undiminished response,
animal moves away vigorously

Muted response, subdued
reaction and movements

subdued, elevates head slightly

No signs of visual arousal

Visual stimulation Acoustic stimulation
Undiminished response, animal
turns vigorously
Muted response, subdued reaction
and movements
No appreciable response, but
evidence of hearing (movement of
ears)

Reaction significantly

No sign of noise recognition

present more intense sedation than that of IMD, and
neither IMDM nor IMD changed the sedation scores
obtained at MO.

HHAG and postural instability are the
parameters used to assess the depth of sedation
(RINGER et al., 2013; MARLY et al., 2014). There
was a significant reduction in the HHAG over time with
IMDM (p < 0.0001) at M30, M40, M50, and M60 as
compared to MO (Table 2), but there was no change in
this parameter with IMD. Additionally, there was no
difference observed between IMD and IMDM.

Considering that a reduction in HHAG of
>50% of the value presented when awake indicates
sedation (RINGER et al., 2012; MARLY et al.,
2014), it was possible to observe sedation in animals
after being subjected to IMD and IMDM. In the
IMD group, only two animals presented sedation
values, starting after 10 minutes and continuing up
to M75 and M105. In the IMDM group, four animals
presented sedation values, starting at M40, M50,
M20, and M 10 and continuing up to M60, M50, M75,
and M60, respectively. Although both the proposed
methods achieved some degree of sedation, only the
IMDM group demonstrated a significant reduction in
HHAG, which is characteristic of sedation with a2-
adrenergic agonists (RINGER et al., 2012; MARLY
etal., 2014).

Although the addition of morphine
promoted sedation in 66% of the animals, it was
inconsistent with respect to the onset and duration
of the effect. These results differ from those of
another study that evaluated the addition of opioids
such as morphine (0.1 mg/kg), methadone (0.1 mg/
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Table 2 - Comparison of the scores of the tactile, visual, and acoustic stimuli responses and mean reduction in head height above ground

Sedation degree (median and range)

in horses subjected to intramuscular detomidine administration and intramuscular detomidine with morphine administration.

Head height above ground
(percentage of reduction)

Time IMD IMDM IMD IMDM
point Tactile Visual Acoustic Tactile Visual Acoustic

0 0 (0-0) 0 (0-0) 0 (1-0) 0 (1-0) 0 (1-0) 0 (1-0) 0+0 0+0

5 0 (1-0) 0.5 (1-0) 0.5 (2-0) 0 (1-0) 0 (0-0) 0 (1-0) 12.7£29.3 6.8+£7.5
10 0 (3-0) 0 (3-0) 0 (2-0) 0 (1-0) 0 (1-0) 0 (1-0) 27.6+35.9 24.8+13.4
20 0.5 (2-0) 0.5 (3-0) 0.5 (2-0) 0 (3-0) 1 (2-0) 1 (2-0) 40.8+32.7 40.3£25.9
30 0 (2-0) 1 (3-0) 0.5 (3-0) 0(3-1) 1(2-0) 1 (2-0) 40.3£31.5 45.8+20.5"
40 1 (2-0) 0.5 (3-0) 1 (2-0) 1 (3-1) 0.5(2-1) 1 (2-1) 43.7+28.5 53.6+17.8 "
50 0.5 (2-0) 1 (3-0) 1 (3-0) 0.5 (2-1) 0.5 (2-0) 1 (2-0) 43.5£24.8 50.1+153 °
60 0 (1-0) 0 (3-0) 0.5 (2-0) 1 (2-1) 1(2-1) 1 (2-0) 39.3+£26.0 48.1£17.1 "
75 0 (1-0) 0 (2-0) 1 (2-0) 0 (2-0) 0 (2-0) 1 (2-0) 31.8+£26.9 37.7+£16.7
90 0 (2-0) 0 (2-0) 0.5 (2-0) 0.5 (2-0) 0.5 (2-0) 0 (2-0) 26.6:£16.8 26.6+8.1
105 0 (1-0) 0 (2-0) 0 (2-0) 0 (2-0) 0 (2-0) 0 (2-0) 23.0+£22.7 23.8+14.8
120 0 (0-0) 0 (1-0) 0 (2-0) 0 (1-0) 0 (1-0) 0 (1-0) 18.8+28.5 15.4+8.7

" indicates difference when compared to baseline.
IMD, intramuscular detomidine administration (30 pg/kg); IMDM, intramuscular detomidine with morphine administration (30 pg/kg of

detomidine and 0.1 mg/kg of morphine).

kg), and butorphanol (0.05 mg/kg) after intravenous
detomidine administration (10 pg/kg) in horses and
observed greater sedation and lesser responsiveness
to external stimuli as compared to detomidine alone
(CLARKE & PATON, 1988). Nevertheless, another
study concluded that although the use of methadone
(0.2 mg/kg) potentiated the antinociceptive effect
produced by intravenous detomidine administration
(5 pgkg), it did not produce greater sedative
effects than that of detomidine alone (GOZALO-
MARCILLA et al., 2017). The outcomes observed
could be attributed to the intramuscular route of
administration, which is associated with a lower
plasma peak and a longer time to attain maximum
drug concentration (MAMA et al., 2009; DEVINE
et al., 2013). The variation in HHAG of the IMD
group was similar to that in the study by MAMA et
al. (2009) that compared the effects of intravenous
and intramuscular administration of 30 pg/kg of
detomidine. In that study, higher sedative effects
were observed at 10 minutes in the animals receiving
intravenous administration and at 60 minutes in those
receiving intramuscular administration.

Table3 presentsthedataonthephysiological
parameters. The common adverse effects of a2-
adrenergic agonists include bradycardia, second-
degree atrioventricular block, and hypertension
followed by hypotension (MEDEIROS et al., 2017).

These effects are influenced by the dose and routes
of administration (GRIMSRUD et al., 2014). Several
studies have shown that the administration of opioids,
such as morphine at doses of 0.12 mg/kg (MUIR et
al., 1978) and 0.66 mg/kg (KALPRAVIDH et al.,
1984), meperidine at 1.1 mg/kg, oxymorphone at
0.03 mg/kg, methadone at 0.12 mg/kg (MUIR et al.,
1978), and buprenorphine at 3.0 mg/kg and 10.0 mg/
kg (SZOKE et al., 1998; CARREGARO et al., 2006),
increased the heart rate and/or blood pressure for
variable periods. In the study by MAMA et al. (2009),
IMD (30 pg/kg) presented a difference in the heart
rate from that of the baseline only at M30, whereas
in this study, only IMDM promoted a reduction in
the heart rate due to the depressive effect of the a2-
adrenergic agonist. Compared to the baseline time
point, the IMDM promoted a significant reduction in
the heart rate at M30.

Respiratory depression was expected in
this study because of the use of both opioids and
o2-adrenergic agonist (CLUTTON, 2010). In both
groups, there was a reduction in the respiratory rate
as compared to the initial value (Table 3), with no
difference between IMD and IMDM. Unlike the study
by Devine et al. (2013), no differences were found in
the respiratory rate of the horses treated with 0.1 mg/kg
morphine intramuscularly. However, the arterial blood
gas analysis could provide a more adequate assessment
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Table 3 - Comparison of the heart rate, respiratory rate, systolic arterial pressure, and degree of intestinal motility in horses subjected to
intramuscular detomidine administration and intramuscular detomidine with morphine administration.

------- Heart rate------  ---------Respiratory rate---------  -Systolic arterial pressure-  ----------Intestinal motility---------

Time point IMD IMDM IMD IMDM IMD IMDM IMD IMDM
0 49+9 5011 25.447.1 25.4+8.9 110+11 101+14 11 (12-8) 9 (12-8)
10 39+14 37+11 16.749.3 15.3£5.8 118+15 103+14 8 (12-6) 8 (9-4)
20 42+19 3443 14.7+6.0 13.3+3.9 118+21 102+14 7 (10-5) 6.5 (8-4)
30 35£12 32+45° 14.0+£5.5 12.0+£2.5" 105+13 91+£15 6.5 (10-4) 5(8-4)
40 35+8 3343 13.3+6.0" 12.742.7 110+17 98+19 7 (9-4) 4 (8-4)
50 3346 3343 12.7£3.7" 12.3+3.2 11422 95+20 6.5 (8-5) 5(8-4)
60 3446 3542 13.0+3.5" 13.3£3.0 103+14 94+17 6 (9-4) 4 (8-4)
75 37£10 3742 13.3£3.3 13.3£3.0 102+17 93+16 6.5 (8-4) 5.5(7-4)
90 35+2 3845 14.3+3.7 13.7+3.2 10119 85+16 6 (8-5) 4.5(7-4)" t
105 3949 40+6 14.3£2.7 15.0£3.3 94+13 89+18 7 (8-4) 4.5(6-4)" 1
120 3943 44+8 14.8+4.4 16.0£2.2 98+13 91+14 7 (8-4) 6 (8-4)

" indicates difference when compared to baseline; 1 indicates difference from the IMD.
IMD, intramuscular detomidine administration (30 pg/kg); IMDM, intramuscular detomidine with morphine administration (30 pg/kg of
detomidine and 0.1 mg/kg of morphine).

A reduction in the intestinal motility
was observed with both IMD and IMDM (Table 3).
The reduction in motility in horses can occur with
the use of a2-adrenergic agonists (de VRIES et al.,
2016). However, the reduction in motility promoted
by opioids reported in the literature is contradictory.
Accordingto DEVINE etal. (2013), the administration
of morphine at a dose of 0.1 mg/kg did not reduce the
intestinal motility in horses, whereas higher doses of
0.5 or 1 mg/kg may cause a decrease in the cecocolic
activity (CLUTTON, 2010). In this study, IMDM
reduced intestinal motility for up to 105 minutes.
This could be attributed to the synergistic effect of
opioids and o2-adrenergic agonists on intestinal
motility, as well as the dose-dependent reduction
with a combination of detomidine and methadone
(GOZALO-MARCILLA et al., 2017).

CONCLUSION

Although IMDM provided variable
sedation in the horses, the results presented an
acceptable degree of sedation for clinical use. It
did not generate any significant variations in the
physiological variables and resulted in a more
prolonged reduction in intestinal motility in the
horses as compared to IMD.
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