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Summary 

Samimi, A. S., E. Sakhaee & F. Iranmanesh, 2020. Comparative evaluation of electrocar-
diographic effects of different doses of medetomidine and xylazine in calf-camels (Camelus 
dromedarius). Bulg. J. Vet. Med., 23, No 1, 89101. 
 
This experimental, prospective, randomised, and blinded study aimed to perform comparative evalua-
tion of electrocardiographic (ECG) effects of different doses xylazine and medetomidine in drome-
dary calves after intravenous (IV) administration. A total of twenty five clinically and paraclinically 
healthy male dromedary calves aged 15±2 weeks and weighing 95±5.5 kg were assigned randomly to 
five different groups (four experimental and one control). Groups XL and XH received a low (0.2 mg 
kg-1) and high (0.4 mg kg-1) dose of xylazine hydrochloride and groups ML and MH received a low 
(10 µg kg-1) and high (20 µg kg-1) dose of medetomidine hydrochloride once, IV. Finally, the control 
group (C) received normal saline in the same manner. ECG indices were evaluated on post treatment  
0, 5, 10, 15, 30, 60, 90, 120 min, and 24 h. There was no significant difference in heart rate (HR) in 
all experimental groups at T90. HR was significantly lower after high doses than after low doses of 
medetomidine and xylazine at T120. HR was significantly lower in XH than in other groups of study 
at T24. At T90 QRS amplitude in XH was statistically lower than in control and XL groups. Analysis 
of P wave duration revealed that in MH and XH it was significantly longer than in ML, XL and con-
trol at T5. Duration of P wave in control group was significantly shorter than in all experimental 
groups from T10 to T90. RR interval duration was significantly shorter at T5 and T10 in control 
group compared to experimental groups. At T120, RR interval duration in MH and XH was consid-
erably longer than that in ML, XL, and control. Compared with control group, cardiac arrhythmia 
scores were significantly lower than in all experimental groups from T5 to T60. At T90 and T120 in 
MH and XH, cardiac arrhythmia scores were significantly higher than those of XL, ML, and control. 
According to our findings, using low dose of medetomidine (10 µg kg-1) and xylazine (0.2 mg kg-1) 
was suggested in comparison with high dose of medetomidine (20 µg kg-1) and xylazine (0.4 mg kg-1) 
in dromedary calves with cardiac diseases in the field. 

Key words: different doses, dromedary calves, electrocardiographic indices, medetomidine, 
xylazine 
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INTRODUCTION 

Medetomidine and xylazine are imidazole 
α2-adrenergic (α2-adrenoreceptor) agonists  
that are white water-soluble crystalline 
substances. These compounds are non-
narcotic, sedative (superficial and vis-
ceral), and analgesic drugs (Shah et al., 
2013; de Carvalho et al., 2016). Adrener-
gic α-agonists are a class of sympa-
thomimetic agents that selectively stimu-
late α-adrenergic receptors (El-Maghraby 
& Al-Qudah, 2005; Ismail, 2016a). The α-
adrenergic receptors are two subgroups 
including α1 and α2. Alpha2-adrenergic 
agonists are associated with sympatho-
lytic properties. Different doses of α2-
adrenergic agonists are used to sedate 
animals for a variety of small operations 
(treatment of dental diseases and otitis, 
castration and some surgeries with local 
analgesia) and diagnostic procedures 
(such as restraint, radiologic, colono-
scopic, endoscopic, intubation, and cathe-
terisation) (Cardoso et al., 2014; Duke-
Novakovski et al., 2015; Ismail, 2016b). 
Alpha2-adrenergic agonists are dose-
dependent sedative agents, used to de-
crease minimum alveolar concentration of 
inhaled anaesthetic agents, premedication 
prior to general anaesthesia and reduction 
of the required amount of injectable an-
aesthetic. Further positive activities that 
influence alpha2-adrenergic agonists’ use 
are analgesic properties and their syner-
gistic action with opioids and anaesthetic 
drugs. In addition, α2-adrenergic agonists 
are relatively safe substances and their 
effects are reversible by antagonists such 
as atipamezole and yohimbine (de Paiva 
et al., 2014; Duke-Novakovski et al., 
2015; Azari et al., 2017; Samimi & Azari, 
2017).  

The dromedary camels (Camelus dro-
medarius), because of their rarity, impor-
tance in transportation, beauty festival and 

riding races in some countries, have a 
unique place among all domesticated ani-
mals. They also have a high socioeco-
nomic role because of wool, meat and 
milk (Azari et al., 2012a). Nowadays, the-
re is a large number of dromedaries in the 
Mediterranean regions including Africa, 
the Middle East, South America, and a 
smaller number in Australia as well as 
Iran (Samimi & Tajik, 2017; Samimi, 
2018).  

Animal health can be defined as the 
absence of disease determined by clinical 
examinations combined with various 
paraclinical tests. Analysis of electrocar-
diographic (ECG) variables is a necessary 
and reliable part of the evaluation of 
health, nutritional status, disease differen-
tial diagnosis and drugs pharmacodynam-
ics in animals (Smith, 2015; Constable et 
al., 2017; Samimi, 2018). ECG is a non-
invasive, available, inexpensive and help-
ful diagnostic technique used to assess 
cardiac electrical activity (Samimi & Ta-
jik, 2017). The importance of ECG pa-
rameters after administration of adrener-
gic α2-agonist for specific species of ani-
mals has been emphasised (Azari et al., 
2012b; Samimi & Azari, 2017). 

To the best knowledge of the authors, 
there is no published study documenting 
the comparison between effects of mede-
tomidine and xylazine on ECG in camel 
calves. The aim of this study is to evaluate 
the effects of single intravenous (IV) ad-
ministration of different doses of xylazine 
and medetomidine on ECG indices in 
dromedary calf-camels. Our hypothesis 
was that ECG indices following single 
administration of xylazine and mede-
tomidine at various doses would be differ-
ent in dromedary calves and that some 
unpredictable results in camel calves 
could occur.  
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MATERIALS AND METHODS 

Animals 

Twenty five male dromedary calf-camels 
(Camelus dromedarius) with a mean± 
standard deviation (SD) age of 15±2 
weeks and mean±SD weight of 95±5.5 kg 
were used. Two months before commen-
cing the experiments, animals were treated 
with albendazole 15 mg kg-1 orally 
(Dieverm600, Razak Pharmaceutical Co, 
Tehran, Iran) and Ivermectin 0.2 mg kg-1, 
SC (Erfamectin1%; Erfan Pharmaceutical 
Co, Tehran, Iran) to control internal and 
external parasites. All calves were housed 
under the same husbandry and manage-
ment conditions in the same group pen. 
The ration included mainly alfalfa hay and 
corn silage. Also, mineral supplements 
and fresh water were provided on a daily 
basis. Calves were checked to be in nor-
mal health based on clinical and paraclini-
cal evaluations prior to the study. Pre-
study paraclinical evaluation included 
haematological (haemoglobin, RBC, 
WBC, PCV, and differential leukocyte 
counts), biochemical (metabolic profile, 
electrolytes, renal and hepatic bio-
markers), and faecal parasitologic exami-
nations. Food was withheld for one day 
and water for 12 h prior to the beginning 
of the trials. The experiment was con-
ducted in the morning. The ambient rela-
tive humidity and air temperature during 
the study were 12–15% and 18–22 ºC, 
respectively. Duration of experiment was 
10 days. In one day, five calves of one 
group were moved to the experimental 
area and bound up (by the belt and rope) 
in a quiet sternal position on a soft and 
comfortable mattress, separately. The ex-
perimental area has been roofed and 5×6 
m plots. The skin sites for attachment of 
ECG electrodes were aseptically prepared. 
 

Experimental procedures 

The calves were assigned randomly (by 
drawing of lots) to five different groups 
(four experimental and one control). Ex-
perimental groups were divided as fol-
lowed. Groups XL and XH received a low 
(0.2 mg kg-1) and high (0.4 mg kg-1) dos-
age of xylazine hydrochloride (Xyla ®, 
2%, Interchemie werken “De Adelaar, 
Venray, Holland) and groups ML and MH 
received a low (10 µg kg-1) and high (20 
µg kg-1) dosage of medetomidine hydro-
chloride (Dorbene® vet, 0.1%, N-vet AB, 
Uppsala, Finland) once, IV. Finally, the 
control group (C), received normal saline 
in the same manner. Each drug was ad-
justed to 5 mL with 0.9% sodium chloride 
to comfort blinded IV administration via 
the jugular catheter. 

Electrocardiography  

The ECGs were obtained from each ani-
mal at 0, 5, 10, 15, 30, 60, 90, 120 min, 
and 24 h after treatments on a bipolar 
base-apex lead system using a multi-
channel ECG machine (Cardiocare-2000, 
Bionet Co., Ltd, Korea) with a calibration 
of 1 cm equal to 1 mV and speed of paper 
movement of 2.5 cm s-1 (Samimi & Tajik, 
2017). In the base-apex lead system, the 
left hand lead (positive electrode with 
yellow colour), the right hand lead (nega-
tive electrode with red colour), and the 
wither’s lead (earth electrode with black 
colour) were retained by alligator clips 
(after shaving and using ultrasonographic 
jelly) to the sixth intercostal space skin 
(behind the olecranon), the lower of the 
neck (on the jugular groove) and withers, 
respectively (Constable et al., 2017; Sa-
mimi & Azari, 2017; Samimi, 2018). The 
precision of duration of interval was 0.02 
sec and of its amplitude was 0.05 mV. A 
magnifier was used for measuring ECG 
indices. Intervals of each trace the heart 
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rate (HR) were calculated by measuring 
the average six RR. Cardiac rhythm was 
scored in each animal using a four-point 
scale, where cardiac rhythm scale corre-
sponded to: 1 = normal rhythm; 2 = sinus 
arrhythmias; 3 = sinus bradycardia and 4 
= sinus bradycardia plus sinus arrhyth-
mias. 

Statistical analysis 

All statistical analyses were carried out by 
SPSS 23.0 (SPSS Inc, Chicago) and data 
were tested for normality using the Kol-
mogorov-Smirnov test. ECG indices and 
cardiac arrhythmia scores were compared 
among different groups and between two 
groups in each time using the non-
parametric Kruskal-Wallis and U Mann-
Whitney tests, respectively. Data were ex-
pressed as median scores (with minimum 
and maximum ranges) in non-parametric 
statistical analysis. Differences were con-
sidered statistically significant when the 
calculated P-value was less than 0.05. 

RESULTS  

All animals enrolled in the study com-
pleted the 120 min evaluation period, re-
covering without complications. Corneal 
and palpebral reflexes were normal during 
the experiment. 

In comparison with control group, HR 
was significantly lower from T5 to T90 in 
all experimental groups (P<0.05) (Table 
1). At T15, T30, and T60, HR was statis-
tically insignificant in ML, XH, and MH 
and also in ML and XL. There was no 
significant difference in all experimental 
groups at T90 in HR. HR was signifi-
cantly lower in high doses than low doses 
of medetomidine and xylazine at T120. It 
was significantly lower in XH than in 
other groups of study at T24 (Table 1).    

 

The changes in several important ECG 
indices during the experiment in different 
groups are demonstrated in Tables 2 and 
3. There were no statistically significant 
differences in T and P wave amplitude, 
PR and QT interval duration and duration 
of QRS wave in either comparison with a 
control group and among experimental 
groups from T0 to T24 h. At T90, QRS 
amplitude in XH was statistically lower 
than in control and XL groups. At this 
time, QRS wave amplitude was not 
statistically different in MH, XH, and ML. 
QRS wave amplitude in all experimental 
groups was statistically lower in compari-
son to the control group at T120, but there 
were no significant differences among 
MH, ML, and XL and also among XH, 
MH, and ML. T wave duration was sig-
nificantly longer in MH than XL and con-
trol but there were no statistical differ-
ences among MH, XH, and ML at T60 
and T90. Analysis of P wave duration 
revealed that in MH and XH it was sig-
nificantly longer than in ML, XL and con-
trol at T5. Duration of P wave in control 
group was significantly shorter than in all 
experimental groups from T10 to T90. RR 
interval duration was significantly shorter 
at T5 and T10 in control group compared 
to experimental groups. At T15, T30 and 
T60 durations of RR interval were signifi-
cantly shorter in control group compared 
to XL and in XL compared to ML, XH, 
and MH. In MH and XH, RR interval 
duration was significantly longer than in 
ML and XL, and also in XL and ML, it 
was longer vs control group at T90. At 
T120, RR interval duration in MH and 
XH was considerably longer than that in 
ML, XL, and control animals.  

Compared with control group, cardiac 
arrhythmia scores were significantly lower 
than in all experimental groups from T5 to 
T60  (Table 1,  Fig. 1 and 2). At  T90 and  
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T120 cardiac arrhythmia scores in MH 
and XH, were significantly higher than in 
XL, ML, and control (Table 1, Fig. 3). 
However, no clinical signs of cardiac in-
sufficiency or diseases were diagnosed in 
any animal. 

DISCUSSION 

ECG indices may provide a valid measure 
and an alternative means of monitoring 
animal health and drugs pharmacodynam-
ics due to relatively systemic responses to 
an initiating stimulus at the time of drug 
injection in animals (Smith, 2015; Con-
stable et al., 2017). Research has been 

done to study various sedative effects of 
medetomidine in horses (Plumb, 2002), 
camels (Boardman et al., 2014), sheep 
(Kastner et al., 2003) and wild animals 
(Chittick et al., 2001; de Paiva et al., 
2014). Although there are several reports 
on the effects of xylazine on ECG indices 
in adult dromedary camels, we could not 
find information on the effects of xylazine 
on ECG indices in dromedary calves. 
Moreover, equipotent doses of xylazine 
and medetomidine for calf-camels were 
reported in the literature. Consequently, 
the dose rates used in present study were 
based on studies comparing xylazine and 
medetomidine in ruminants. Moreover, 
camelids may be particularly susceptible 

 
Fig. 1. Electrocardiogram (ECG) tracing (in base-apex lead system) from calf-camel (Camelus dro-
medarius) in low dosage medetomidine (ML) group (10 µg kg-1) at T90 after IV administration, af-
fected with sinus arrhythmia (paper speed: 25 mm s-1; calibration: 10 mm mv-1).  

 

Fig. 2. Electrocardiogram (ECG) tracing (in base-apex lead system) from calf-camel (Camelus dro-
medarius) in high dosage xylazine (XH) group (0.4 mg kg-1) at T90 after IV administration showing 
with sinus arrhythmia plus bradycardia (paper speed: 25 mm s-1; calibration: 10 mm mv-1). 

 

Fig. 3. Electrocardiogram (ECG) tracing (in base-apex lead system) from calf-camel (Camelus dro-
medarius) in high dosage medetomidine (MH) group (20 µg kg-1) at T90 after IV administration 
demonstrating sinus bradycardia (paper speed: 25 mm s-1; calibration: 10 mm mv-1).  
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to mentioned drugs intoxication by doses 
harmless for other ruminants (Plumb, 
2002; Pereira et al., 2006; Azari et al., 
2012b; de Carvalho et al., 2016). Chosen 
time course of 24 h was based on what is 
known about the pharmacokinetic charac-
teristic of α2-adrenergic agonist drugs in 
ruminants (Plumb, 2002). Lack of infor-
mation about ECG effects and comparison 
of α2-adrenergic agonist drugs such as 
xylazine and medetomidine in camel 
calves can lead to failure in diagnostic 
procedures. Furthermore, this study com-
pared the effects of medetomidine and 
xylazine at low and high doses on ECG 
indices in dromedary calves. According to 
previous published articles, high dose of 
α2-adrenergic agonists compared to low 
dose resulted in higher antinociception 
grade (Azari et al., 2012b; de Carvalho et 
al., 2016). 

In cattle, camel and buffalo calves, the 
HR was reported within 75 to 95 beats 
min-1 (Smith, 2015; Constable et al., 
2017). Our results showed similar findings 
in all groups of study at T0. According to 
our results, all of the animals showed bra-
dycardia 5 min after xylazine and mede-
tomidine (low and high dose) injection. 
Similar findings have been reported in 
other species after sedation with α2-
adrenergic agonists in goats (Shah et al., 
2013), sheep (de Carvalho et al., 2016), 
horses (Duke-Novakovski et al., 2015), 
dogs (Cardoso et al., 2014), and adult 
camels (Samimi & Azari, 2017). Sinus 
bradycardia occurred due to a significant 
decrease in HR below the normal range 
(Constable et al., 2017). During sedation 
by adrenergic α2-agonists as a result of 
bradycardia following decreased HR, a 
decrease in CNS activity and sympathetic 
output occurred. In our study, HR was 
statistically lower after high doses than 
after low doses of medetomidine and xy-

lazine at T120 (P<0.05). de Carvalho et 
al. (2016) reported that after 120 min (in 
IV administration of 0.1 mg kg-1 xylazine) 
HR did not return to the normal value in 
sheep. Samimi & Azari (2017) and Duke-
Novakovski et al. (2015) showed that HR 
returned to normal level after 90 min in 
IV administration of 50 µg kg-1 de-
tomidine in camels and 1.5 µg kg-1 dex-
medetomidine in horses. In our study, HR 
was significantly lower in XH than other 
groups at T24. It may be due to hepatic 
insufficiency for drug metabolisation, a 
higher proportion of water to total body 
weight, and unpredictable responses to 
experimental studies in calves (versus 
adults), which has been considered in pedi-
atric anaesthesiology (Smith, 2015; Grimm 
et al., 2015; Constable et al., 2017). 

Our results revealed that at T90, the 
QRS amplitude in XH was statistically 
lower than in control and XL groups. At 
this time, QRS wave amplitude was not 
significantly different in MH, XH, and 
ML. During sedation periods in animals, 
as a result of a decrease in cardiac con-
tractility following decreased QRS wave 
amplitude, cardiac output and blood flow 
to tissues was reduced. Moreover, there is 
a positive correlation between ECG 
wave’s amplitude and cardiac contractility 
(Zarifi et al., 2012, Constable et al., 
2017). In conditions such as cardiac and 
circulatory failure, hypotension, and anae-
mia cases, the low dose of xylazine was 
suitable for use in calf-camels.  

There were negative correlations be-
tween ECG wave's indices (such as dura-
tion of P waves and RR intervals) and HR 
(Constable et al., 2017). In our study, 
duration of T waves and RR intervals 
were longer in MH and XH during differ-
ent times of study after drug administra-
tion. In conditions such as pathological 
arrhythmia, myocarditis, endocarditis, 
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hypothyroidism, and electrolyte imbal-
ances, high dose of medetomidine and 
xylazine was not recommended for seda-
tion in calf-camels. Also, beta-blockers 
and antiarrhythmic drugs may limit the 
use of high dose of xylazine and mede-
tomidine in calf-camels.   

The increase in QT and RR interval 
durations (a less than twice increase in the 
normal value in QT and RR interval dura-
tions), increase in RR interval and a 
decrease in HR below normal value 
showed the presence of sinus arrhythmias 
and sinus bradycardia, respectively. 
Pathological (myocardial disease, acid-
base, and electrolytes imbalances) and 
physiological conditions (variation in 
autonomic nervous system discharge) can 
affect the rhythm and rate of heart (Con-
stable et al., 2017). In the present study, at 
T90 and T120 in MH and HX, cardiac 
arrhythmia scores were significantly 
higher than XL, ML, and control. How-
ever, no clinical signs of cardiac insuffi-
ciency or diseases (e.g., jugular engorge-
ment and pulsation, ascites, submandibu-
lar edema in observation, and cardiac 
murmur in auscultation) were diagnosed 
in any animal. Pourjafar et al. (2011) re-
ported sinus bradycardia and sinus ar-
rhythmia that could be accepted as physio-
logical arrhythmias without clinical signs 
of a cardiac problem in camelids (Pour-
jafar et al., 2011). In the current study, 
changes in ECG indices probably were no 
related with serum concentrations of elec-
trolytes and acid-base imbalances during 
120 min after drug administration in 
camel calves. Moreover, these changes 
could be due to stimulation of autonomic 
nervous system (α2-adrenoreceptor medi-
ate sedation) and decreased output from 
the sympathetic nervous system by α2-
adrenergic agonists. At the same time, α2-
adrenergic agonists produced bradycardia 

accompanied often by the development of 
sinus arrhythmias, first degree sinoatrial 
block, and occasionally second degree of 
atrioventricular block (Samimi & Azari, 
2017), which could be the result of vagal 
reflex (Plumb, 2002; Berton & Horspool, 
2004; Constable et al., 2017). Endocardi-
tis, myocarditis, pericarditis, and cardiac 
failure may limit the use of systemic α2-
adrenergic agonists for sedation in calf-
camels. 

It was concluded that a single high 
dose of either medetomidine (20 µg kg-1) 
or xylazine (0.4 mg kg-1) showed more 
cardiac dysrhythmia and imbalances in 
ECG indices which may be categorised as 
side effects, compared to a low dose after 
IV administration in dromedary calf-
camels. According to our findings, low 
doses of medetomidine (10 µg kg-1) and 
xylazine (0.4 mg kg-1) are suggested in 
comparison with high doses in dromedary 
calves with cardiac diseases in the field. 
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