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Medetomidine is effective for sedation in small ruminants and is often combined with opioids
to tailor depth and mitigate adverse effects. We conducted a randomized Latin-square crossover
study in goats (n=10) comparing five intravenous regimens: medetomidine 20 pg/kg alone (MED)
or combined with methadone 0.5 mg/kg (MME), morphine 0.5 mg/kg (MMO), tramadol 5 mg/
kg (MTR), or pethidine 1 mg/kg (MPE). Drugs were administered via the left jugular vein over
2 min. Blood was collected at 0, 120 min, and 24 h for WBC, PCV, cardiac troponin I (cTnlI), ho-
mocysteine (Hcy), and ALT/AST; bipolar-limb ECGs were recorded at 0, 5, and 120 min. Baseline
hematologic, biochemical, and ECG values did not differ across periods. cTnl remained within
assay reference limits with no within-regimen change, although between-regimen differences ap-
peared at 120 min and 24 h, with MED lower than methadone/tramadol at 120 min and lower
than pethidine/tramadol at 24 h. Hcy showed no intergroup differences but increased modestly
only with MED at 24 h. Hematologic effects were regimen-specific: WBC decreased with MMO
at2h (p < 0.05), and PCV decreased with MTR at 2-24 h (p < 0.05). Hepatic enzymes showed no
significant treatment or time effects. On ECG, PR and QT intervals lengthened over time (notably
with MED and MMO), RR intervals generally prolonged consistent with bradycardia, and MPE
increased T-wave amplitude (p < 0.05). Overall, medetomidine—opioid combinations produced
distinct hematologic and ECG signatures without detectable within-regimen cTnI elevation. These
data support individualized opioid selection with routine ECG monitoring when using medeto-
midine in goats.
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Introduction

nesthetic and sedative agents are essential in

both surgical and non-surgical procedures
for humans and animals alike [1, 2]. Alpha-2 adreno-
ceptor agonists' medications (such as medetomidine
and xylazine) are commonly performed in veterinary
medicine to induce sedation, provide analgesia, and
facilitate anesthesia [3]. Ruminants have a2 adren-
ergic receptors, which makes them sensitive to their
sedative effects [4].

Opioids such as tramadol, methadone, pethidine
and morphine are routinely used to provide sedation
and analgesia during surgery and also to control severe
arthritis pain, as well [5]. However, the compounds are
associated with several adverse side effects, including
notable respiratory depression, constipation, urinary
retention, and bradycardia [6].

Medetomidine has high a 2 receptor selectivity
and shows fewer significant side effects compared to
xylazine, detomidine and romifidine [7]. The com-
bination of medetomidine with selected opioids has
been shown to reduce adverse effects while providing
effective somatic analgesia and rapid sedation onset,
accompanied by minimal cardiorespiratory complica-
tions [8, 9].

There are several studies documenting changes in
hematologic and biochemical parameters following
anesthetic treatments in ruminants [10]. Biochemi-
cal parameters related to cardiovascular and hepatic
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function are the most important diagnostic tests, can
be an effective step in determining the effect of drugs
on the body of animals.

Hepatic enzyme evaluation remains a common
component of biochemical monitoring during seda-
tive and anesthetic protocols in veterinary medicine.
Although alanine aminotransferase (ALT) is a high-
ly specific indicator of hepatocellular injury in small
animals, its diagnostic value in ruminants is limited
because hepatic ALT activity is low and extrahepatic
tissues contribute minimally to serum levels. Never-
theless, ALT measurement can still provide supple-
mentary information when interpreted alongside
other markers. In contrast, aspartate aminotransfer-
ase (AST) is more widely distributed in ruminant liv-
er, cardiac, and skeletal muscle, and thus serves as a
sensitive but non-specific index of hepatocellular and
myocellular injury. The combined interpretation of
AST and ALT can therefore offer a broad overview of
hepatic and muscular enzyme activity during phar-
macologic interventions. In the absence of liver-spe-
cific enzymes such as sorbitol dehydrogenase (SDH)
or glutamate dehydrogenase (GLDH), simultaneous
measurement of AST and ALT remains a practical ap-
proach for evaluating general hepatocellular integrity
in ruminants under experimental or clinical condi-
tions [11-14].

Homocysteine (Hcy) is a sulfur-containing amino
acid and is a byproduct of methionine metabolism. It
has been reported that high level of serum Hcy can be
employed as a risk factor for a number of disorders
including vascular and neurodegenerative and renal
diseases [15]. Cardiac troponin I (cTn I) is a 23.8 kDa
cardiac protein, acting to inhibit muscle contraction
in the absence of calcium [16]. It is a highly specific
and sensitive biomarker for a spectrum of cardiovas-
cular disease such as acute myocardial infarction, cor-
onary heart disease, and heart failure [17]. The effects
of various anesthetics on cardiovascular and hepatic
functions are not yet well demonstrated in goats.

Analysis of electrocardiographic variables is es-
sential for evaluating health, nutritional status, dis-
ease differential diagnosis, and drug pharmacody-
namics in animals [18, 19]. Electrocardiography is a
noninvasive, affordable, and valuable diagnostic tool
for assessing cardiac electrical activity [20]. The sig-
nificance of electrocardiographic parameters follow-
ing the administration of adrenergic a2-agonists in
specific animal species has been highlighted [21, 22].

Our hypothesis proposed that administering me-
detomidine, alone and in combination with intrave-
nous opioids, could induce changes in electrocardio-
graphic and biochemical parameters related to cardiac
and hepatic functions in goats. This would enable us
to identify the most effective sedative combination for
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livestock.

To the best of our knowledge, this is the first report
that combines medetomidine, medetomidine with opi-
oids (tramadol, methadone, pethidine, and morphine)
and compares changing in hepatorenal, cardiovascular
and electrocardiographic parameters in goats.

Results

Descriptive parameters for the WBC variable
across the studied groups are presented in Fig 1. A
significant difference was observed in the morphine
group (p < 0.05). Furthermore, the paired samples
t-test revealed that the WBC variable in the morphine
group demonstrated a significant decrease at 2 hours
after treatment compared to the pre-treatment time
(time 0) (p < 0.05).

T ' 1
Baseline(0) 2

Time (Hour)

The PCV showed a significant time effect only in
the tramadol group (p < 0.05), whereas no temporal
changes were detected in the other groups (p = 0.05).
A statistically significant decrease in the PCV variable
level in the tramadol group 24 hours after treatment
compared to the time before treatment. (p < 0.05) (Fig
2).

The results showed significant differences in the
mean WBC variable among the treatment groups at
the time points (p < 0.05). The mean WBC variable
at 0 time was significantly higher in the methadone
and tramadol treatments compared to the other treat-
ments (p < 0.05). The mean WBC variable at 2 hours
after treatment in the tramadol group was significant-
ly higher than in both the morphine and pethidine
groups (p < 0.05). At 24 hours after treatment, the
mean WBC variable in the tramadol treatment was sig-
nificantly higher than in the morphine, medetomidine,
and pethidine treatments (p < 0.05). However, no sig-
nificant differences were noted between the tramadol
and methadone treatments, nor among the morphine,
pethidine, methadone, and medetomidine treatments
(p > 0.05). Additionally, no significant differences in
the mean PCV variable among the studied treatments
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at the studied time points.

Baseline mean cTnl values were similar among
all groups (p > 0.05), indicating comparable pre-dose
conditions. Repeated-measures ANOVA showed no
significant time-dependent changes in ¢Tnl within
any treatment (p > 0.05 for all). Mean concentrations
remained within assay-appropriate reference limits
throughout the 24-hour period.

However, between-group comparisons revealed
significant differences in ¢Tnl at 120 minutes (F4,45 =
3.81, p < 0.05) and 24 hours (F4,45s = 4.20, p < 0.05)
post-injection. Post hoc Tukey testing demonstrat-
ed that cTnl levels at 120 minutes were significantly
lower in the medetomidine group compared with the
methadone and tramadol groups (p < 0.05). Similarly,
at 24 hours, cTnl was significantly lower in medeto-

=3 Medetormidine
Ea Morphine
Methadone )
Figure 1.
Tramadol The changes in white
ma Pethidine blood cells (WBC) in

various treatment groups
at different time points.
Different letters indicate
statistically ~ significant
differences (p < 0.05)

midine-treated animals than in those receiving pethi-
dine or tramadol (p < 0.05). No other between-group
differences were observed. Overall, cTnl values across
all regimens remained within physiological limits,
suggesting no biochemical evidence of myocardial in-
jury (Fig 3).

A significant time effect of Hcy only in the me-
detomidine group (F,,1s = 4.58, p = 0.025, n* = 0.34,
power = 0.70). Paired-sample t-test analysis indicat-
ed that Hcy in this group increased significantly at 24
hours compared with baseline by 0.61 umol/L (95%
CI: 0.09-1.13; p = 0.01). In contrast, changes in Hcy
over time were not statistically significant in the mor-
phine, methadone, tramadol, or pethidine groups (p>
0.05).

One-way ANOVA demonstrated no significant
intergroup differences in Hcy concentrations at base-
line, 120 minutes, or 24 hours (all p > 0.05). Thus, the
transient increase observed with medetomidine likely
reflects a mild, regimen-specific metabolic response
rather than a pathologic effect (Fig 4).

The changes in the studied liver biomarkers
among the treatment groups at the time points are il-
lustrated in the following figures (Fig 5 and 6).
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Results of the friedman test showed no signifi-
cant effect of sampling times on the mean P ampli-
tude component in the medetomidine (x*=0.333, p
= 0.846), methadone (x*=3.938, p=0.140), and peth-
idine (x*=1.727, p = 0.422) groups. However, signifi-
cant temporal differences were observed in the mor-
phine (x*=8.720, p = 0.013) and tramadol (x*<7.00, p
= 0.030) groups. Results of the Wilcoxon signed-rank
tests indicated a significant decrease in mean P am-
plitude at 120 minutes post-injection compared to
baseline in both morphine and tramadol groups (p <
0.05) (Fig 7). For QRS amplitude, no significant time
effect was found in morphine, methadone, tramadol,
and pethidine groups, but medetomidine showed
a significant increase at 120 minutes post-injection
compared to 5 minutes post-injection (x*=6.414, p =
0.040; Wilcoxon p < 0.05) (Fig 8). Regarding T ampli-
tude, significant changes over time were only noted in
the pethidine group (x*=13.130, p = 0.001), with in-
creases at 5 and 120 minutes post-injection compared
to baseline (Wilcoxon p < 0.05) (Fig 9).

Results of the Kruskal-Wallis test revealed no
significant differences among groups in mean P am-
plitude before injection (p = 0.372) or at 120 minutes
post-injection (p = 0.349), but a significant differ-
ence at 5 minutes post-injection (p = 0.024). Pairwise
Mann-Whitney tests showed medetomidine differed

P Amplitude (S)

P
A

TR
A A A,

b

Baseline(0) 2 24

Time (Hour)
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= Tramadol
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Figure 6.
The changes in alanine

aminotransferase (ALT) in
various treatment groups at
different time points.

significantly from morphine, tramadol, and metha-
done at this time point. For QRS amplitude, no group
differences were found before injection or at 5 min-
utes, but significant differences emerged at 120 min-
utes post-injection (p = 0.0090, with medetomidine
differing from pethidine, tramadol, and methadone.
T amplitude showed no baseline differences, but sig-
nificant group differences were found at 5 and 120
minutes post-injection(p < 0.05). Pairwise compari-
sons indicated significant differences involving mede-
tomidine, pethidine, tramadol, and morphine groups
at these times.

No significant temporal changes in P duration
were observed in medetomidine, morphine, meth-
adone, or tramadol groups, but pethidine showed a
significant increase at 120 minutes post-injection (p
= 0.009) (Fig 10). QRS duration showed significant
time effects in morphine (p = 0.048) and pethidine (p
= 0.028) groups, with morphine showing a decrease
at 120 minutes compared to 5 minutes, and pethidine
showing decreases at 5 and 120 minutes compared to
baseline (Fig 11). T duration was significantly altered
only in the morphine group (p = 0.025), with an in-
crease at 120 minutes compared to 5 minutes post-in-
jection (Fig 12).

No significant differences among groups were
found for P duration at any time point. Similarly, QRS

= Medetomidine Figure 7.

B3 Morphine Trend of changes (mean
+ standard error) in the

Methadone P Amplitude component

Tramadol across the studied groups

&3 Pethidine before and after drug ad-

ministration. At each time
point, treatments with iden-
tical letters do not differ
significantly based on the
Mann-Whitney test at the
95% confidence level.
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Figure 8.

Trend of changes (mean +
standard error) in the QRS
Amplitude component
across the studied groups
before and after drug ad-
ministration. At each time
point, treatments with iden-
tical letters do not differ
significantly based on the
Mann-Whitney test at the
95% confidence level.

Figure 9.

Trend of changes (mean
+ standard error) in the
T Amplitude component
across the studied groups.
At each time point, treat-
ments with identical letters
do not differ significantly
based on the Mann-Whit-
ney test at the 95% confi-
dence level.

Figure 10.

Trend of changes (mean
+ standard error) in the P
Duration component across
the studied groups. At each
time point, treatments with
identical letters do not differ
significantly based on the
Mann-Whitney test at the
95% confidence 1

Figure 11.

Trend of changes (mean
+ standard error) in the
QRS Duration component
across the studied groups
before and after drug ad-
ministration. At each time
point, treatments with iden-
tical letters do not differ
significantly based on the
Mann-Whitney test at the
95% confidence level.
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duration and T duration showed no significant group
differences before or after injection.

PR interval showed no significant time effect in
methadone, tramadol, or pethidine groups, but sig-
nificant increases over time were found in medetomi-
dine and morphine groups (p = 0.001) (Fig 13). Wil-
coxon tests confirmed significant increases at 5 and
120 minutes post-injection compared to baseline. QT
interval showed significant temporal changes in all
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Medetomidine Figure 12.
Morphine Trend of changes (mean
Methadone + standard error) in the
T Duration component
across the studied groups
before and after drug ad-
ministration. At each time
point, treatments with iden-
tical letters do not differ
significantly based on the
Mann-Whitney test at the
95% confidence level.

Tramadol

=
E3
=3 Pethidine

groups (p < 0.05). Wilcoxon tests indicated significant
increases at 5 and 120 minutes post-injection com-
pared to baseline in morphine, methadone, tramadol,
and pethidine groups; medetomidine showed a signif-
icant increase at 5 minutes (Fig 14). RR interval was
not significantly changed over time in tramadol but
showed significant increases in medetomidine, mor-
phine, methadone, and pethidine groups at various
post-injection times (Fig 15).

=3 Medetomidine

Ea Morphine Figure 13.

Methadone Trend of changes (mean =+

=3 Tramadol standard error) in the PR

ma Pethidine Interval component across
the studied groups. At each
time point, treatments with
identical letters do not differ
significantly based on the
Mann-Whitney test at the
95% confidence level.

= Medetomidine

E Morphine Figure 14.

Methadone Trend of changes (mean +

Tramadol standard error) in the QT

@ Pethidine Interval component across

the studied groups before
and after drug administra-
tion. At each time point,
treatments with identical
letters do not differ sig-
nificantly based on the
Mann-Whitney test at the
95% confidence level.

Salarpoor et al., IJVST 2026; Vol.18, No.1
DOI:10.22067/ijvst.2025.93655.1555



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

0.8

RR Interval (S)
= =
= =)
1 1

=
o
1

AT SSA TSI,

=
=
1

2

Time (Hour)

Various a2 agonist drugs and opioids are widely
used to provide sedation, analgesia, and restraint in
small ruminants [3, 23].

There was a synergistic effect in combining a2
agonist drugs with opioids. Alpha-2 agonist drugs
act by binding to a2 receptors in the brain and spinal
cord. The present study aimed to evaluate the effects
of medetomidine administered alone and in combi-
nation with intravenous opioids in order to determine
the most effective sedative protocol for livestock. The
doses of medetomidine, tramadol, morphine, meth-
adone, and pethidine used were based on previous
studies on small ruminants [24, 25].

Alpha-2 agonist drugs can cause hypoxemia in
healthy ruminants and serious complications in an-
imals with pre-existing hypoxia. Therefore, it is im-
portant to check PCV before anesthetic drugs because
animals with a PCV of less than 25% can be at risk of
complications during anesthesia [26].

Our results demonstrated that the mean PCV
variable in the medetomidine, morphine, methadone,
and pethidine groups did not show statistically signif-
icant differences at studied time points which indicat-
ing overall stability in red blood cell volume[1]. But
tramadol caused a significant reduction of PCV, 24
hours after treatment that was similar to that report-
ed with the use of dexmedetomidine and xylazine. A
previous study showed that dexmedetomidine and
xylazine cause a severe drop in PCV in sheep [10].
This finding was not consistent with the report of Bani
Ismail et al. In their study, they investigated the effect
of diazepam, xylazine, and ketamine anesthesia on
clinical pathological factors in small ruminants . Their
results showed that PCV was significantly increased
after 24 h in sheep and 2 h in goats [27].Clinically, all
PCV values, remained within caprine reference rang-
es, indicating preserved oxygen-carrying capacity; the
drop likely reflects transient hemodilution/splenic se-
questration and merits observation only [41].
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Medetomidine
Morphine Figure 15.
Methadone Trend of changes (mean +
Tramadol standard error) in the RR
Pethidine Interval component across

the studied groups. At each
time point, treatments with
identical letters do not differ
significantly based on the
Mann-Whitney test at the
95% confidence level

In ruminants, hypoxemia with a2-agonists main-
ly stems from effects in the lungs: they quickly disturb
ventilation; perfusion balance and make the air-blood
barrier leaky, a response amplified by resident intra-
vascular macrophages. The accompanying fall in PCV
most likely reflects temporary pooling of red cells in
the spleen and mild dilution of the blood, rather than
true anemia, supporting straightforward measures
such as oxygen supplementation and routine hemo-
dynamic monitoring during a2-based sedation [28,
29].

Our results indicated that the mean WBC vari-
able for the medetomidine, methadone, tramadol,
and pethidine groups did not exhibit statistically sig-
nificant differences at the time points. These findings
were in agreement with the previous studies after
xylazine-ketamine and ketamine alone administra-
tion in sheep [30, 31].

In the present study, a significant reduction in
WBC was observed in morphine group, these changes
can be attributed to the stress of moving the animal
and the pain caused by the jugular intravenous injec-
tion during anesthesia [32]. Because a differential was
not performed, the observed WBC change is com-
patible with (but not diagnostic of) a stress response.
Future work should include manual/automated differ-
entials (neutrophils, lymphocytes, eosinophils, eosin-
ophils, monocytes) and adjunct measures to confirm
mechanism.

Previous studies have shown that anesthetic drugs
can modulate immune responses, potentially leading
to changes in WBC. Clinically, all WBC values stayed
within caprine reference ranges. The morphine-asso-
ciated drop is most consistent with a transient stress
response, not clinically significant leukopenia.

In addition, the reason for the decrease in PCV
and WBC could be due to the decrease in the accu-
mulation of circulating blood cells in the spleen due
to the decrease in sympathetic activity. Also, the de-
crease in PCV during the anesthesia period may be
attributed to the transfer of fluid from the extravascu-
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lar to the intravascular compartment of the animals to
maintain normal cardiac output [33].

The importance of analyzing cardiovascular bio-
markers during sedation by a2 adrenergic agonists
has been emphasized for specific animal species [34].
Hcy and c¢Tn I are known as cardiovascular biomark-
ers [35].

In our crossover study, baseline levels of cTnl and
homocysteine (Hcy) were comparable across treat-
ment groups, supporting reliable within-subject anal-
yses. Throughout the 24-hour period, c¢Tnl levels re-
mained stable within each regimen and stayed within
assay-specific reference ranges. Minor inter-regimen
differences; where certain opioid combinations pro-
duced slightly higher values than medetomidine, are
more likely due to pharmacodynamic effects rather
than myocardial injury. This observation aligns with
existing data on healthy goats, which typically show
minimal cTnl levels [37], though it contrasts with
reports in other species (e.g., canines),[38] where
a,-agonists or a,-opioid combinations have been
associated with slight post-sedation increases. These
findings highlight the importance of species- and pro-
tocol-specific interpretations. Homocysteine showed
a modest increase only in the medetomidine group,
with stable levels in others. Given the lack of stan-
dardized diagnostic thresholds for Hcy in goats and its
known sensitivity to metabolic and stress-related vari-
ables, this isolated elevation carries uncertain clinical
weight. Overall, the biomarker pattern (cTnl remain-
ing within normal limits and a regimen-specific but
limited Hcy change) suggests no evidence of myocar-
dial injury over 24 hours. These results support clin-
ical monitoring over intervention in healthy animals,
though isolated biomarker fluctuations should not be
overinterpreted without corresponding clinical signs,
echocardiography, or extended follow-up.

Liver biomarker concentrations (ALT, AST) are
changed by conditions such as hepatocytes, fibrosis
and cirrhosis, hepatomegaly, and inflammatory con-
ditions such as hepatitis. The use of sedatives and
narcotics (inappropriately or in high doses) can cause
hepatotoxicity [39, 40]. The results of our study indi-
cated that hepatic biomarkers did not show statistical-
ly significant differences 24 hours after administration,
which is consistent with a previous study [34]. Other
previous studies were not consistent with the results
of the present study and reported that liver enzyme
levels changed significantly 24 hours after adminis-
tration [42]. Another study reported that tramadol
use increased the level of the liver enzyme ALT [2].
Clinically, ALT/AST stayed within reference limits at
24 h, indicating no hepatocellular injury [11-14]. Giv-
en ALT’s limited utility in ruminants, the unchanged
AST profile is particularly reassuring.
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Because ALT is not a reliable marker of hepa-
tocellular injury in ruminants, normal ALT values
do not exclude liver damage. In large animals, SDH
and GLDH are preferred for detecting hepatocellular
leakage, while AST lacks specificity and GGT reflects
cholestasis; future studies should include these ana-
lytes for a definitive hepatic assessment.

This study systematically evaluated the temporal
effects of various analgesic and sedative agents-me-
detomidine, morphine, methadone, tramadol, and
pethidine on electrocardiographic (ECG) amplitude,
duration, and interval parameters. The findings reveal
distinct drug-specific patterns of cardiac electrophys-
iological response, with implications for both clinical
and research settings.

The significant reduction in P wave amplitude ob-
served at 120 minutes post-injection in the morphine
and tramadol groups suggests a potential depressant
effect on atrial depolarization. Previous studies have
demonstrated that opioids, particularly morphine,
can modulate autonomic tone and reduce sympathet-
ic activity, which may underlie these changes [43]. In
contrast, medetomidine, an a2-adrenergic agonist, in-
duced a significant increase in QRS amplitude at 120
minutes, consistent with its known effects on cardiac
conduction and contractility through enhanced vagal
tone and decreased sympathetic outflow [44, 45]. The
significant increases in T wave amplitude in the peth-
idine group at both 5 and 120 minutes post-injection
may reflect alterations in ventricular repolarization,
possibly mediated by direct myocardial effects or
changes in electrolyte balance, as previously reported
for synthetic opioids [41].

Duration parameters were less consistently af-
fected. Notably, Pethidine significantly prolonged P
wave duration at 120 minutes, while morphine and
Pethidine both affected QRS duration, albeit in oppo-
site directions. The shortening of QRS duration with
morphine and pethidine may have different effects
on ventricular conduction velocity and could be me-
diated by their different receptors and intrinsic car-
diac functions [43]. The increase in T wave duration
in the morphine group aligns with prior reports of
opioid-induced changes in ventricular repolarization
[46].

The PR interval was significantly prolonged in
both Medetomidine and morphine groups, consis-
tent with enhanced atrioventricular (AV) nodal delay.
This is in agreement with the known bradycardic and
AV-nodal slowing effects of a2-agonists and opioids
(44, 45]. The QT interval was significantly increased
in all groups, a finding that warrants clinical attention
due to the risk of proarrhythmic effects, particular-
ly torsade’s de pointes, associated with QT prolon-
gation [47]. The RR interval was also prolonged in
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most groups, reflecting drug-induced bradycardia,
especially with medetomidine and morphine, which
is well-documented in the literature [44].

Intergroup analyses revealed that medetomidine
and morphine most consistently induced signifi-
cant changes in ECG parameters compared to other
agents, particularly at early (5 min) and late (120 min)
post-injection time points. These findings are clini-
cally relevant, as they underscore the need for careful
cardiac monitoring during and after administration
of these drugs, especially in patients with pre-existing
cardiac conditions.

The observed drug-specific ECG changes high-
light the importance of individualized drug selection
and monitoring in both veterinary and human clinical
practice. While the study provides valuable insights,
limitations include the lack of direct measurement of
serum drug concentrations and the absence of long-
term follow-up for arrhythmic events. Future studies
should integrate continuous ECG monitoring and ex-
plore the underlying molecular mechanisms.

Overall, none of the opioids eliminated the char-
acteristic cardiovascular effects of medetomidine, al-
though the risk profile differed by agent. Morphine
with medetomidine produced more marked atrioven-
tricular nodal delay and bradycardia (PR and RR pro-
longation) and a transient fall in total WBC, making
it less suitable in animals with conduction disease or
high vagal tone. Tramadol with medetomidine caused
a significant reduction in PCV at 24 hours (still within
reference limits), consistent with relative hemodilu-
tion or splenic sequestration and less desirable when
anemia or peri-procedural blood loss is a concern.
Pethidine with medetomidine increased T-wave am-
plitude at early and late times, warranting caution in
patients with repolarization abnormalities or concur-
rent QT-prolonging therapies. In contrast, methadone
with medetomidine showed a neutral hematologic
profile and did not exacerbate conduction delay, offer-
ing a more balanced option when an opioid adjunct is
needed. Across regimens, cardiac troponin I remained
within reference limits without within-regimen rises,
and homocysteine was stable except for a modest 24-
hour increase with medetomidine alone, supporting
monitoring rather than intervention in healthy an-
imals. Although some between-group differences
reached statistical significance, their absolute magni-
tudes were small and largely within caprine reference
intervals, reinforcing individualized opioid selection
based on comorbidities (conduction disease, anemia
risk, repolarization concerns) and the routine use of
electrocardiographic and oxygenation monitoring.

Conclusion

In summary, among medetomidine and opioid
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combinations in healthy goats, methadone with me-
detomidine showed the most neutral overall profile,
with no hematologic disturbance and no atrioventric-
ular nodal delay beyond medetomidine’s class effect.
By comparison, morphine with medetomidine accen-
tuated atrioventricular nodal delay and bradycardia,
tramadol with medetomidine produced a reduction
in PCV at 24 hours, and pethidine with medetomi-
dine increased T wave amplitude. Cardiac troponin I
remained within reference limits without rises within
each regimen, and homocysteine rose modestly only
with medetomidine alone. Clinically, opioid choice
should be individualized: avoid morphine in animals
with conduction disease, avoid tramadol where ane-
mia risk or hemodilution is a concern, use pethidine
cautiously in repolarization abnormalities, and con-
sider methadone when a balanced adjunct is desired,
recognizing that observed effects were modest and
largely within species reference ranges under the con-
ditions of this study.
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In accordance with international legal frameworks,
the present article ensures the protection and re-
spect for animal rights. All applicable international,
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and use of animals were followed. The study involv-
ing ten goats was conducted with the approval of the
Animal Welfare Committee at the Faculty of Veter-
inary Medicine, Shahid Bahonar University of Ker-
man (IR.UK.VETMED.REC.1399.023).

Animals

The selected goats had a mean age of 12+4 months
and an average weight of 22+3 kg. All goats were
female. These animals were chosen using a simple
randomization method, specifically a sample lottery
approach, ensuring unbiased selection. All goats
were housed in a single group pen where they ex-
perienced uniform environmental, nutritional, and
management conditions.

The goats were provided with a consistent diet that
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included a mix of roughages, primarily alfalfa hay
and wheat straw, and concentrates, consisting of
barley grain, soybean meal, and wheat bran. This
diet was formulated to meet their physiological
maintenance needs, maintaining a forage-to-con-
centrate ratio of 90:10. Additionally, the goats had
access to sufficient vitamins, minerals, and fresh
water to support their overall health. To prevent po-
tential internal and external parasitic infestations,
all animals were treated with broad-spectrum an-
tiparasitic medications two months prior to the ex-
periment.

Routine health assessments were conducted to
monitor the well-being of the goats. These assess-
ments included clinical examinations that mea-
sured heart rate (HR), respiratory rate (RR), rectal
temperature (RT), capillary refill time (CRT), and
ruminal motility (RM). Furthermore, paraclinical
evaluations were performed, which involved hema-
tological tests white blood count (WBC) and packed
cell volume (PCV) and fecal analysis for parasites.
Two days before the study began, the animals un-
derwent comprehensive clinical and paraclinical
evaluations to confirm their normal health status.
This step is essential to ensure that any effects ob-
served during the experiment are attributable to the
treatments rather than pre-existing conditions.

To standardize physiological measurements, food
was withheld from the animals for 12 hours and wa-
ter for 6 hours prior to the experiment. This fasting
period helps reduce variability related to digestion
and hydration. This controlled setting minimizes
external stressors that could impact animal behav-
ior and physiological responses.

The animals were weighted prior to each treatment
to determine the appropriate drug dosages. At any
given time, two animals were studied each time sep-
arately, and they were kept from seeing one another.
The animals were carefully restrained on a special-
ized bed, which was placed on a soft mattress, in a
calm, enclosed area measuring 5 x 6 m®. They rest-
ed for 20 minutes prior the initial measurements of
clinical and para-clinical variables were taken.

The area over the left jugular vein was surgical pre-
pared for intravenous administration. Clinical and
para-clinical assessments were conducted again 48
hours post-experiment to assess the animal's health
condition.

Treatments
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The study involving goats utilized a randomized
crossover Latin square design to evaluate the ef-
fects of five intravenous treatments. Each goat was
assigned to receive one of the treatments at a time,
with a minimum washout period of 8 days between
each treatment to ensure that any effects from the
previous treatment has dissipated before the next
one was administered [21,22].

The study used a randomized crossover Lat-
in-square design with five intravenous regimens:
MED: medetomidine (DorbeneVet; N-Vet AB,
Sweden) 20 pg/kg IV, a dose widely used/recom-
mended for small ruminants and supported by re-
cent goat/sheep studies. (BioMed Central)[48].
MME: medetomidine (20 pg/kg) + methadone
(Faran Shimi Pharmaceutical Company, Iran) 0.5
mg/kg IV, within the reported 0.05-0.5 mg/kg range
for sheep/goats and used in goat studies combining
a2-agonists with opioids [25].

MMO: medetomidine (20 pg/kg) + morphine (Di-
morf; Cristalia Produtos Quimicos e Farmacéuticos
Ltda) 0.5 mg/kg IV, consistent with small-ruminant
recommendations (0.2-0.5 mg/kg), and within
pharmacokinetic dose ranges evaluated in goats
[49].

MTR: medetomidine (20 pg/kg) + tramadol (Teh-
ran Chime Pharmaceutical Company, Iran) 5 mg/
kg IV, a dose supported by sheep antinociception
data (4-6 mg/kg IV) and used in recent goat work
with a2-opioid combinations [25].

MPE: medetomidine (20 pg/kg) + pethidine (Cas-
pian Tamin Pharmaceutical Company, Iran) 1 mg/
kg IV; a conservative IV dose selected to limit his-
tamine-mediated effects recognized for meperi-
dine, while remaining within reported efficacious
IV ranges in sheep (antincioception at 5 mg/kg IV)
[25]

For all treatments, drugs were prepared in a single
syringe and diluted with 0.9% saline to a final vol-
ume of 5 mL, then administered via the left jugular
vein over 2 minutes using an 18-gauge needle, with
animals standing, to standardize injection rate/vol-
ume across regimens.

Blood sample collection

Blood samples were taken from the jugular vein of
the goats at the beginning of the study, 120 min and
24 hours after the start of the study.

Hematology: PCV and WBC measurement
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Hematology in this study was limited to serial PCV
and total WBC by design; RBC indices, platelet
counts, and leukocyte differentials were not ob-
tained.

Jugular venous blood (2 mL) was collected into
K,-EDTA tubes, gently inverted 8-10 times, and
analyzed within 2 hours of collection; hemolyzed or
clotted specimens were excluded.

Packed cell volume (PCV): Whole blood was
drawn into heparinized microcapillary tubes, sealed
with clay, and centrifuged in a microhematocrit
centrifuge (Sigma-Aldrich, Model 5254, Germany)
for 5 minutes. The hematocrit was read with a mi-
crohematocrit card-reader and recorded as a per-
centage. Each sample was run in duplicate and the
mean reported.

White blood cell count (WBC), WBC was deter-
mined by hemocytometer using Natt-Herrick di-
luent. Briefly, well-mixed EDTA blood was dilut-
ed 1:200 in Natt-Herrick solution, mixed for 2-3
minutes, and the improved Neubauer chamber was
charged. After a short settling period, leukocytes
were counted in the four large corner squares on
each grid (both sides), and the average count was
used for calculation of WBC.

Biochemical parametrs

Blood samples from all animals were collected via
the jugular vein and stored in tubes without anti-
coagulants. Subsequently, after clotting, serum was
separated using a centrifuge (3000 rpm) for 15
minutes. The serum concentrations of hepatic bio-
markers such as aspartate aminotransferase (AST)
and alanine aminotransferase (ALT), as well as se-
rum cardiac biomarkers including cardiac troponin
I (cTn I) enzyme and homocysteine (Hcy) were
measured using a specific commercial kit with the
ELISA method.

Electrocardiogram

Heart rate monitoring was performed on all ani-
mals using the bipolar limb lead derivation meth-
od and the Cardiomax FX-2111 electrocardiograph
machine (Fukuda, Japan) at 0, 5, and 120 minutes.
The paper speed on the electrocardiograph machine
was set at 25 millimeters per second, and the voltage
setting was considered as 1 millivolt equivalent to
10 millimeters. The heart rate recording was done
after stabilizing the animal in a seated position on
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a soft mat in a quiet and soundless environment with
electrodes attached to the skin. The positive electrode
was placed at the apex of the heart (fifth intercostal
space on the left side, on the chest wall, behind the
elbow), the negative electrode at the black ridge of the
neck at 1/3 lower left side, and the neutral electrode in
the body junction area of the animal. The electrodes
were installed on the skin after using methyl alcohol
spray. The heart rate was calculated by measuring the
average time interval between 6 RR intervals. The
QRS complex was described as the first negative de-
flection below Q, the first positive deflection as R, and
the negative deflection after R as S. A comparison was
made between different periods of electrocardiogra-
phy in terms of heart rate, the potential presence of
cardiac arrhythmias, the shape and size of waves, and
the measurement of intervals on the electrocardio-
gram

Statistical analysis

The statistical analysis of the data obtained was con-
ducted using IBM SPSS software, version 27. Initial-
ly, descriptive findings of the studied variables were
calculated and reported, including indicators such
as mean, standard deviation, standard error, etc.
First, the normality of the data was assessed using
the Kolmogorov-Smirnov test. In cases where the
significance level from the K-S test was below 0.05,
statistical methods were employed to normalize the
data distribution. Subsequently, research hypotheses
were tested using parametric tests. In the next phase,
for data with a normal distribution, the effect of mea-
surement times on the mean indices examined before
and after drug injection was analyzed using repeated
measures ANOVA. For data that did not meet nor-
mal distribution criteria and for non-parametric data,
the Friedman test was utilized. If significant differ-
ences were found, to determine differences between
measurement times in parametric data, the student’s
t-test for dependent groups was applied, while for
non-parametric data, the Wilcoxon signed-rank test
was used. Additionally, to compare parametric data
with normal distribution between treatment groups at
identical measurement times, one-way ANOVA and
Tukey's post-hoc test were employed. For comparing
non-normally distributed residuals and non-para-
metric data, the Kruskal-Wallis test and Mann-Whit-
ney post-hoc test were utilized. It is noteworthy that
throughout all stages of analysis, a significance level of
5% was considered for rejecting the null hypothesis.

Medetomidine and Opioids: Effects in Goats



RESEARCH ARTICLE

Data availability statement

The data that support the findings of this study are
available from the corresponding author upon rea-
sonable request.

Authors' Contributions

M.S: Data curation; funding acquisition; inves-
tigation; methodology; visualization; writing-origi-
nal draft; formal analysis; project administration; E.S:
Conceptualization; funding acquisition; investigation;
methodology; project administration; supervision;
validation; visualization; A.S.S: Conceptualization;
data curation; formal analysis; project administration;
resources; writing-review and editing; software; su-
pervision; visualization; writing-original draft; O.A:
Conceptualization; funding acquisition; investigation;
methodology; project administration; resources; su-
pervision; validation; visualization; Z.S: investigation;
methodology; visualization; writing—original draft and
formal analysis.

Acknowledgements

We would like to express our sincere gratitude to
the Research Deputy of Shahid Bahonar University
of Kerman, Iran for their generous financial support,
which made this research possible. Their contribution
is greatly appreciated and was instrumental in the suc-
cessful completion of this work.

Conflict of interest

The authors declare that there is no conflict of in-
terest.

References

1. Samimi AS, Sakhaee E, [ranmanesh F. Evaluation of sedative,
analgesic, physiological, and laboratory effects of two doses off
medetomidine and xylazine in dromedary calves. ] Vet Phar-
macol Ther. 2019; 42(4): 411-419. Doi:10.1111/jvp.12779.

2. Atiba, A, Ghazy A, Gomma N, Kamal T, Shukry M. Evaluation of
Analgesic Effect of Caudal Epidural Tramadol, Tramadol-Lido-
caine, and Lidocaine in Water Buffalo Calves (Bubalus bubalis).
Vet Med Int. 2015; 2015(1): 575101. Doi:10.1155/2015/575101.

3. Borges LP, Nishimura LT, Carvalho LL, Cerejo SA, Auckburally
A, Mattos-Junior E. Behavioral and cardiopulmonary effects of
dexmedetomidine alone and in combination with butorphanol,
methadone, morphine or tramadol in conscious sheep. Vet An-
aesth Analg. 2016; 43(5), 549-560. D0i:10.1111/vaa.12339.

Schwartz DD, Clark TP. Selectivity of atipamezole, yohimbine
and tolazoline for alpha-2 adrenergic receptor subtypes: im-

Medetomidine and Opioids: Effects in Goats

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

10.

11.
12.
13.
14.

15.

16.

17.

plications for clinical reversal of alpha-2 adrenergic recep-
tor mediated sedation in sheep. ] Vet Pharmacol Ther. 1998;
21(5): 342-347. Doi: 10.1046/j.1365-2885.1998.00151.x

Odom-Forren J. Responsible social networking. ] Perianesth
Nurs. 2012; 27(1): 61-63. Doi: 10.1016/j.jopan.2011.12.002.

White DM, Mair AR, Martinez-Taboada F. Opioid-free an-
aesthesia in three dogs. Open Vet J. 2017; 7(2): 104-110. Doi:
10.4314/0vj.v7i2.5.

Monson KL, Smith ED, Peters EM. Repeatability and repro-
ducibility of comparison decisions by firearms examiners.
] Forensic Sci. 2023; 68(5): 1721-1740. Doi: 10.1111/1556-
4029.15318.

Mulier JP. Perioperative opioids aggravate obstructive breath-
ing in sleep apnea syndrome: mechanisms and alternative
anesthesia strategies. Curr Opin Anaesthesiol. 2016; 29(1):
129-33. Doi: 10.1097/AC0.0000000000000281.

Muir WW, Hubbell JAE. Monitoring anesthesia, in Equine
anesthesia. 2 nd edition; Elsevier Health Science; 2008.

Debiage RR, Dal Mas FE, Thomas LD, Wolfran L, Silva
MM, Fukushima FB. Dexmedetomidine and xylazine in
sheep: A study of cardiopulmonary, hematological, and gas-
trointestinal effects. Small Rumin Res. 2023; 218:106863.
Doi:10.1016/j.smallrumres.2022.106863.

Kaneko JJ, Harvey JW, Bruss ML. Clinical biochemistry of
domestic animals. 6 th edition; Academic Press; 2008.

Divers T7J, Peek SE. Rebhun's diseases of dairy cattle. 2 nd edi-
tion, Elsevier Health Science; 2007.

Stockham SL, Scott MA. Fundamentals of veterinary clinical
pathology. 3rd edition; John Wiley & Sons; 2024.

Wilson RA. Evaluation of carcass performance and biomark-
ers associated with liver abscess. 2023.

Zhang ZF, Sun QC, Xu YE, Ding K, Dong MM, Han L, et al.
Association between preoperative serum homocysteine and
delayed neurocognitive recovery after non-cardiac surgery
in elderly patients: a prospective observational study. Periop-
er Med (Lond). 2021; 10(1): 37. Doi: 10.1186/s13741-021-
00208-1.

Zethelius B, Johnston N, Venge P. Troponin I as a predictor
of coronary heart disease and mortality in 70-year-old men:
a community-based cohort study. Circulation. 2006; 113(8):
1071-1078. Doi: 10.1161/CIRCULATIONAHA.105.570762.

Devereaux PJ, Lamy A, Chan MTV, Allard RV, Lomivorotov
VV, Landoni G, et al. VISION Cardiac Surgery Investiga-
tors. High-Sensitivity Troponin I after Cardiac Surgery and
30-Day Mortality. N Engl ] Med. 2022; 386(9): 827-836. Doi:
10.1056/NEJMo0a2000803.

Salarpoor et al., IJVST 2026; Vol.18, No.1
DOI:10.22067/ijvst.2025.93655.1555



IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Constable PD, Hinchcliff KW, Done SH, Grunberg W. Veter-
inary medicine: A text book of the diseases of cattle, horses,
sheep, pigs and goats. 11th ed; Elsevier; 2017; 675-685.

Samimi AS. Electrocardiographic and clinico-paraclinical
evaluation of a dromedary camel suffered from theileriosis.
Comp Clin Pathol. 2018; 27(5): 1409-1415. Doi: 10.1007/
s00580-018-2768-4.

Samimi AS, Tajik ], Aghamiri SM, Taheri T. Electrocardio-
graphic analysis of ST-segment duration and morphology in
sheep and goats: effect of species, breed, age and sex. ] Fac
Vet Med Istanbul Univ. 2017; 43(1): 39-43. Doi: 10.16988/iu-
vfd.268525.

Azari O, Molaei MM, Emadi L, Sakhaee E, Sharifi H, Me-
hdizadeh S. Haematological and biochemical alterations
caused by epidural and intramuscular administration of xyla-
zine hydrochloride in dromedary camels (Camelus drome-
darius). Vet Ital. 2012; 48(3): 313-321.

Samimi AS, Azari O. The effect of detomidine on clinical
signs, serum electrolytes, electrocardiographic indices, and
cardiac arrhythmias in Camelus dromedarius. Comp Clin
Pathol, 2017; 26(3): 707-712. Doi: 10.1007/s00580-017-2441-
3.

de Carvalho LL, Nishimura LT, Borges LP, Cerejo SA, Vil-
lela IO, Auckburall A, et al. Sedative and cardiopulmonary
effects of xylazine alone or in combination with methadone,
morphine or tramadol in sheep. Veterinary anaesthesia and
analgesia, 2016; 43(2): 179-188. Doi: 10.1111/vaa.12296.

Pawde A, Singh AG, Kumar N. Clinicophysiological effects
of medetomidine in female goats. Small Rumin Res. 1996;
20(1): 95-98. Doi: 10.1016/0921-4488(95)00784-9.

Salarpour M, Sakhaee E, Samimi AS, Azari O. Comparative
evaluation of the sedative and physiological effects of me-
detomidine alone and in combination with pethidine, mor-
phine, tramadol, and methadone in goats. Vet Med Sci. 2022:
8(4):1664-1670. Doi: 10.1002/vms3.806.

Caulkett N .Anaesthesia of ruminants. Large Animal Veteri-
nary Rounds. 2003;3(2):1-6.

Bani Ismail Z, Jawasreh K, Al-Majali A. Effects of xylazine-
ketamine-diazepam anesthesia on blood cell counts and
plasma biochemical values in sheep and goats. Comp clin
pathol. 2010; 19 (6): 571-574. Doi: 10.1007/s00580-009-0923-
7.

Abouelfetouh MM, Salah E, Ding M, Ding Y. Application of
a2-adrenergic agonists combined with anesthetics and their
implication in pulmonary intravascular macrophages-in-
sulted pulmonary edema and hypoxemia in ruminants. J
Vet Pharmacol Ther. 2021: 44(4): 478-502. Doi: 10.1111/
jvp.12960.

Késtner SB. A2-agonists in sheep: areview. Vet Anaesth Analg.
2006; 33(2): 79-96. Doi: 10.1111/j.1467-2995.2005.00243 x.

Salarpoor et al., IJVST 2026; Vol.18, No.1
DOI: 10.22067/ijvst.2025.93655.1555

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

RESEARCH ARTICLE

Rahman MS, Akter MA, Hasan M, Haque ME, Haque E,
Alam MR. Alam MM. Clinico-hemato-biochemical evalua-
tion of general anesthesia with combination of Xylazine and
Ketamine and Ketamine alone in sheep (Ovis aries). Bangla-
desh Vet J. 2021; 55(1-4): 8-15.

Ramaswamy V, Balasubramanian NN, Gopal MS, David A.
Studies on the efficacy of ketamine hydrochloride as a gener-
al anaesthetic in combination with xylazine, diazepam and
promazine in canines (quantitative changes). Indian Vet J.
1991;68:548-551.

Yakubu AS, Abubakar AA, Ibrahim AM, Elsa AT, Onifade KI,
Kene ROC, et al. Effects of propofol anaesthesia pre-medicat-
ed with xylazine on serum biochemical profiles and sleep pat-
tern in Red Sokoto goats. Int J Vet Sci. 2020; 9(2): 234-238;
Doi: 10.37422/1JVS/20.009.

Ukwueze CO, Eze CA, Ogbanya KC. Haematologic and clin-
ical change assessment in propofol anaesthesia in combina-
tion with xylazine and ketamine in West African Dwarf goat..
Comp Clin Pathol. 2015; 24: 841-846.

Samimi AS, Sakhaee E, Iranmanesh E Evaluation of seda-
tive, analgesic, physiological, and laboratory effects of two
doses off medetomidine and xylazine in dromedary calves.
J Vet Pharmacol Ther. 2019; 42(4):411-419. Doi: 10.1111/
jvp.12779.

Chalmeh A, Pourjafar M, Badier K, Nazifi S, Heidar1 S,
Heidar1 M, et al. Alterations in electrocardiographic param-
eters and serum cardiac biomarkers in an ovine experimen-
tal endotoxemia model. ] Fac Vet Med Istanbul Univ. 2014;
40(2): 211-219. Doi: 10.16988/iuvfd.56990.

Samimi AS, Sakhaee E, Azari O, Iranmanesh E Compara-
tive evaluation of xylazine, detomidine, and medetomidine
on cardiovascular biomarkers in dromedary camels. Comp
Clin Pathol. 2020; 29(2): 337-340. Doi: 10.1007/s00580-019-
03056-0.

Sullivan A, Adin DB, Speziok SB, Haimovitz D, Holbrook TC,
Luethy D. Twenty-Four-Hour Electrocardiographic Monitor-
ing for Assessment of Cardiac Arrhythmias in Healthy and
Hospitalized Goats. ] Vet Intern Med. 2025; 39(4): e70160.
Doi: 10.1111/jvim.70160.

Singletary GE, Saunders AB, Saunders WB, Suchodolski
JS, Steiner JM, Fosgate GT, et al. Cardiac troponin I con-
centrations following medetomidine-butorphanol seda-
tion in dogs. Vet Anaesth Analg. 2010; 37(4): 342-346. Doi:
10.1111/j.1467-2995.2010.00540.x.

Barbosa J, Faria J, Garcez F, Leal S, Afonso LP, Nascimento
AV, et al. Repeated administration of clinically relevant doses
of the prescription opioids tramadol and tapentadol causes
lung, cardiac, and brain toxicity in wistar rats. Pharmaceuti-
cals (Basel). 2021; 27; 14(2): 97. Doi: 10.3390/ph14020097.

. Ali HA, Afifi M, Saber TM, Makki AA, Keshta AT, Baesh-

en M, et al. Neurotoxic, hepatotoxic and nephrotoxic effects
of tramadol administration in rats. ] Mol Neurosci. 2020;

Medetomidine and Opioids: Effects in Goats



RESEARCH ARTICLE

41.

42.

43.

44.

45.

70(12): 1934-1942. Doi: 10.1007/512031-020-01592-x.

Constable PD, Hinchcliff KW, Done SH, Grunberg W. Veter-
inary medicine: A text book of the diseases of cattle, horses,
sheep, pigs and goats. 11th ed; Elsevier; 2017; 728 - 753.

Barbosa J, Faria J, Garcez E, Leal S, Afonso LP, Nascimento
AV, et al. Repeated administration of clinical doses of trama-
dol and tapentadol causes hepato- and nephrotoxic effects in
wistar rats. Pharmaceuticals (Basel). 2020; 13(7):149. Doi:
10.3390/ph13070149.

Zhang X, Wang D, Shi M, Luo Y. Efficacy and safety of dex-
medetomidine as an adjuvant in epidural analgesia and anes-
thesia: a systematic review and meta-analysis of randomized
controlled trials. Clin Drug Investig. 2017; 37(4):343-354.
Doi: 10.1007/s40261-016-0477-9.

Sinclair MD. A review of the physiological effects of al-
pha2-agonists related to the clinical use of medetomidine in
small animal practice. Can Vet J. 2003; 44(11): 885-97.

Dugdale AH, Pinchbeck GL, Jones RS, Adams WA. Compar-

46.

47.

48.

49.

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

ison of two thiopental infusion rates for the induction of an-
aesthesia in dogs. Vet Anaesth Analg. 2005; 32(6): 360-6. Doi:
10.1111/j.1467-2995.2005.00198.x.

Wedam EE Haigney MC. The impact of opioids on cardiac
electrophysiology. Curr Cardiol Rev. 2016; 12(1): 27-36. Doi:
10.2174/1573403x1201160126122405.

Roden DM. Drug-induced prolongation of the QT interval.
N Engl J Med. 2004; 350(10): 1013-22. Doi: 10.1056/NEJM-
ra032426.

Aghamiri SM, Samimi AS, Hajian M, Samimi AM, Oroumieh
A. Effect of xylazine, detomidine, medetomidine and dexme-
detomidine during laparoscopic SCNT embryo transfer on
pregnancy rate and some physiological variables in goats.
BMC Vet Res. 2022;18(1):98. Doi: 10.1186/s12917-022-
03194-8.

Nahvi A, Molaei MM, Samimi AS, Azari O, Mashayekhi H,
Ebrahimzadeh F. Evaluation of the sedative and physiological
effects of xylazine, detomidine, medetomidine and dexmede-
tomidine in goats. Vet Med Sci. 2022: 8(3):1205-1210. Doi:
10.1002/vms3.732.

COPYRIGHTS
©2026 The author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution,
and reproduction in any medium, as long as the original authors and source are cited. No
permission is required from the authors or the publishers.

O)

How to cite this article

Salarpoor M, Samimi AS, Sakhaee E, Azari O, Saminzadeh Z. Comparative analysis of some hematobiochemical and electrocardio-
graphic changes following administration of medetomidine alone and combination with selected opioid agonists in Goats. Iran J Vet
Sci Technol.2026; 18(1): 37-51.

DOL https://doi.org/ 10.22067/ijvst.2025.93655.1555
URL: https://jjvst.um.ac.ir/article_47571.html

Medetomidine and Opioids: Effects in Goats

Salarpoor et al., IJVST 2026; Vol.18, No.1
DOI:10.22067/ijvst.2025.93655.1555



