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ABSTRACT

Medetomidine, an α2-adrenergic agonist, is widely used in veterinary practice as a sedative 
and premedication agent, as it provides reliable sedation, anxiolysis and muscle relaxation. 
However, the marked haemodynamic changes limit its use to only healthy patients. MK-467, a 
peripheral α2 -adrenoceptor antagonist, has been demonstrated to attenuate or prevent the early 
haemodynamic disturbances induced by medetomidine with intravenous co-administration in 
dogs. 

Th e main aim of this series of investigations was to evaluate the haemodynamic eff ects of 
MK-467 when it is combined with medetomidine and selected sedative or anaesthetic agents 
that are commonly used in veterinary practice in dogs. More specifi cally, the concomitant 
administration of MK-467, medetomidine and butorphanol via intravenous or intramuscular 
routes was studied and compared with sedation induced with medetomidine-butorphanol. 
Th e haemodynamic eff ects aft er the various doses of MK-467 in relation to the standard dose 
of medetomidine were evaluated prior to and during isofl urane anaesthesia. In addition, 
the haemodynamic eff ect of the administration of MK-467 as a constant rate infusion was 
assessed during medetomidine-alfaxalone total intravenous anaesthesia. As a comparison, the 
haemodynamic eff ects of the co-administration of MK-467 and medetomidine as a premedication 
regimen in relation to acepromazine-butorphanol or glycopyrrolate-medetomidine prior to 
and during isofl urane anaesthesia were assessed. Finally, the infl uence of MK-467 on plasma 
dexmedetomidine and alfaxalone concentrations was determined. 

Aft er intravenous administration of MK-467 and medetomidine with or without 
butorphanol heart rate, cardiac output and oxygen delivery were well maintained, and the 
increase in systemic vascular resistance and blood pressures was prevented. Th e profi table eff ects 
of MK-467 appeared more slowly aft er intramuscular than aft er intravenous administration. 
Th e initial medetomidine-induced haemodynamic eff ects were dose-dependently attenuated by 
MK-467 during the premedication period but not during isofl urane anaesthesia with these studied 
doses of MK-467 in relation to a standard dose of medetomidine as a premedication regimen. 
Th e addition of MK-467 to medetomidine and alfaxalone produced a stable haemodynamic 
outcome when they were administered as constant rate infusions. Cardiac output and oxygen 
delivery were well maintained during both inhalation and total intravenous anaesthetic 
regimens when MK-467 was involved. Th e haemodynamic eff ects aft er the co-administration of 
medetomidine-MK-467 or acepromazine-butorphanol mimicked each other prior to and during 
isofl urane anaesthesia. Pre-treatment with subcutaneous glycopyrrolate failed to improve the 
medetomidine-induced reduction in cardiac output by means of increasing heart rate prior to or 
during isofl urane anaesthesia. Peripheral α2- adrenergic receptor blockade by MK-467 resulted in 
a reduction in plasma dexmedetomidine and alfaxalone concentrations, presumably by altering 
the haemodynamic function.

In conclusion, the addition of MK-467 in a medetomidine-contained sedation or anaesthetic 
regimen attenuates the rather dramatic medetomidine-induced haemodynamic changes by 
blocking peripheral α2-adrenergic receptors and by decreasing the plasma concentrations of 
dexmedetomidine. Th e overall haemodynamic stability is well maintained during either an 
isofl urane anaesthesia or an alfaxalone constant rate infusion. Th e combination of MK-467 
with medetomidine may off er an alternative premedication regimen to the combination of 
acepromazine and butorphanol in healthy dogs.
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ABBREVIATIONS

aBP  Arterial blood pressure
AUClast  Area under the time-concentration curve to the last sampling point
AV  Atrioventricular
BIS  Bispectral Index
CaO2  Arterial oxygen content
CI  Cardiac index
CNS  Central nervous system
CO  Cardiac output
CRI  Constant rate infusion
CSS  Composite sedation score
CVP  Central venous pressure
DAP  Diastolic arterial pressure 
DMED  Dexmedetomidine
DO2I  Oxygen delivery index
EMG  Electromyography
GABA  γ-aminobutyric acid
Hba  Arterial haemoglobin concentration
HR  Heart rate
IM  Intramuscular
IUPAC  International Union of Pure and Applied Chemistry
IV  Intravenous
LiDCO  Lithium dilution cardiac output
MAP  Mean arterial pressure
MED  Medetomidine
NA  Noradrenaline
PaO2  Arterial partial pressure of oxygen
PaCO2  Arterial partial pressure of carbon dioxide
P(A-a)O2  Alveolar to arterial diff erence in partial pressure of oxygen
RR  Respiratory rate
SAP  Systolic arterial pressure
SC  Subcutaneous
SD  Standard deviation
SAP  Systolic arterial pressure
SV  Stroke volume
SVI  Stroke volume index
SVR  Systemic vascular resistance 
SVRI  Systemic vascular resistance index
TIVA  Total intravenous anaesthesia
VPC  Ventricular premature contraction
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1  INTRODUCTION

Sedation is commonly warranted in small animal clinical practise to ensure safe patient handling 
and to perform minor procedures or diagnostic imaging. Th e appropriate premedication as a 
part of balanced anaesthesia facilitates the smooth induction and maintenance of anaesthesia.  
Th e ideal sedative or premedication regimen would provide reliable sedation, anxiolysis, muscle 
relaxation and analgesia, while the infl uence on the haemodynamic and pulmonary function 
would be minimal. In addition, it would be reversible. 

Medetomidine (MED), a selective α2-adrenoceptor agonist, provides reliable sedation, 
anxiolysis and muscle relaxation (Murrell & Hellebrekers 2005). Other benefi cial eff ects of 
MED include its analgesic properties and the reduced requirement of other anaesthetic agents. 
Th e disadvantage of 2- adrenergic agonists is the profound haemodynamic side eff ects, which 
are limiting their use to only healthy patients (Murrell & Hellebrekers 2005). Th ese eff ects are 
mainly a consequence of the activation of peripheral 2-receptors in the vasculature, leading to 
vasoconstriction, followed by hypertension (Pypendop & Verstegen 1998). Th is early hypertensive 
phase initiates a marked decrease in heart rate, cardiac output and oxygen delivery to tissues 
(Pypendop & Verstegen 1998). Th ese peripherally mediated haemodynamic consequences of 
α2-adrenoceptor agonists can be prevented or attenuated with the administration of MK-467 
(Enouri et al. 2008a; Honkavaara et al. 2011), a peripheral alpha2-adrenoceptror antagonist 
(Clineschmidt et al. 1988), while preferred centrally mediated eff ects are maintained (Restitutti 
et al. 2012; Bennet et al. 2016).  

Th is thesis aimed to assess whether the benefi cial haemodynamic eff ects aft er the 
co-administration of MED and MK-467 are sustained during the administration of selected 
sedative and anaesthetic agents that are commonly used for canine sedation and anaesthesia 
in clinical practice. In addition, a comparison to various premedication regimens was made to 
evaluate whether the co-administration of MED and MK-467 could provide any advantages 
concerning haemodynamic soundness. Th e following literature review focuses on the α-adrenergic 
regulation of the cardiovascular system and briefl y summarises the pharmacodynamic eff ects of 
MED and selected sedative or anaesthetic agents. Later on, certain pharmacological agents used 
for modifying MED-induced haemodynamic eff ects are introduced. 

Introduction
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2 REVIEW OF THE LITERATURE

2.1  Alpha-adrenergic receptors 
Alpha-adrenergic receptors belong to the family of cell membrane G-protein-linked receptors 
(Gilman 1987), and they are widely distributed within central nervous system (CNS) and 
peripheral tissues (Gyires et al. 2009). Th eir expression and activity are highly tissue- and 
species-specifi c. Alpha-adrenergic receptors are activated by endogenous catecholamines, such 
as noradrenaline (NA) and adrenaline, which are the main mediators of the sympathetic nervous 
system. However, the physiological result of the activation of -adrenergic receptors depends 
on the eff ector organ, location, the type and the subtype of the receptors, and the intracellular 
signalling mechanism (Docherty 2010; Gyires et al. 2009). Alpha-adrenergic receptors are divided 
into two types, α1-and α2-receptors (Langer 1974). Based on pharmacological radio ligand binding 
and functional studies and, later on, on the use of molecular cloning techniques and transgenic 
animal models, both receptor types are further divided into three subtypes (Docherty 1998). For 

1-adrenoceptors, these subtypes are 1A-, 1B- and 1D-adrenoceptors (Docherty 2010), while 
2-adrenoceptors are divided into 2A-, 2B- and 2C-adrenoceptors (Bylund 1985; Calzada & de 

Artinano 2001). Th ese receptors can be located junctionally or extrajunctionally, depending on 
whether or not the receptors are innervated by the noradrenergic nerves, respectively (Fig. 1) 
(Ruff olo 1985; Long & Kirby 2008). Junctional receptors may be located pre- or postsynaptically, 
while extra-junctional receptors are always postsynaptical by their nature (Long & Kirby 2008). 

Junctional presynaptic 2-adrenergic receptors are located in noradrenergic neurons in 
the CNS and peripheral sympathetic neuroeff ector junctions. Based on an in vitro study using 
tissue preparations obtained from either wild type or transgenic mice, all three 2-adrenergic 
subtypes participate in the negative feedback regulation of NA release in postganglionic 
sympathetic neurons (Trendelenburg et al. 2003), whereas in the CNS, the main subtypes 
regulating the NA release are the 2A- and 2C-adrenoceptor subtypes (Altman et al. 1999; 
Hein et al. 1999; Trendelenburg et al. 2001). Th e activation of these presynaptic receptors 
elicits signal transduction cascades, resulting in the inhibition of adenylate cyclase activity, the 
activation of potassium channels and the inhibition of voltage-gated calcium channels (Hayashi 
& Maze 1993; Piascik et al. 1996). Th is, in turn, leads to the inhibition of NA release from nerve 
endings (Langer 1974). Ascending and descending noradrenergic pathways originating in the 
nucleus of the brainstem in the CNS, the Locus Coeruleus (LC), regulate sleep and wakefulness, 
nociception as well as autonomic and endocrine responses (Scheinin & Schwinn 1992). Th e 2A-
adrenoceptors are expressed densely in the LC (Correa-Sales et al. 1992; Scheinin et al. 1994; 
MacDonald & Scheinin 1995) and have been demonstrated to be the subtype responsible for the 
sedative eff ects of 2-agonist drugs, such as dexmedetomidine, which did not induce sedation 
in a 2A-knock-out mice (Hunter et al. 1997). Th is subtype also regulates sympathetic outfl ow, 
as the sympathetic activity and circulating NA concentration are increased and followed by 
persisting resting tachycardia in 2A-knock-out mice (Altman et al. 1999; Hein et al. 1999: 
Makaritsis et al. 1999). Antinociceptive eff ects, the impairment of thermoregulation (Hunter et 
al. 1997) and anaesthetic-sparing eff ects (Lakhlani et al. 1997) are also proposed to be mediated 
by 2A-adrenoceptors. 

Review of the Literature
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Postsynaptical 2-receptors, predominantly 2A- and 2B-receptors (Blaxall et al. 1994), 
mediate various functions in peripheral eff ector organs or tissues, such as the kidneys, liver, 
pancreas, uterus, adipose tissue and platelets (Sinclair 2003; Gyires et al. 2009). However, the 
following discussion focuses mainly on the cardiovascular eff ects of 1- and 2-adrenergic 
receptors.

Figure 1. Locations of adrenergic receptors in sympathetic nerve terminal and eff ector organs. 
Noradrenaline (NE) synthesized within the sympathetic nerve terminal interacts primarily with 
junctional and presynaptic adrenoceptors. Adrenaline (E) and NE released from the adrenal gland into 
the circulation, stimulates mainly extra-junctional adrenoceptors (Long & Kirby 2008).
 

2.2 Cardiovascular regula  on via alpha-adrenergic receptors
2.2.1 Regula  on of vascular tone
Blood vessels are densely innervated by sympathetic neurons (Tsuru et al. 2002). Under normal 
conditions, the basal tone of the sympathetic nervous system maintains partial vascular smooth 
muscle contraction, distributing blood to the metabolic needs of the tissues, which, in turn, is 
strictly controlled by local control mechanisms of blood fl ow (Tsuru et al. 2002; Long & Kirby, 
2008; Cliff ord 2011). Both 1- and 2-adrenergic receptors play the most important role in the 
regulation of vasomotor tone (Piascik et al. 1996). Th ese receptors are responsible mainly for 
the vasopressor responses in both the arterial and the venous vasculature (Appleton et al. 1986; 
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Leech & Faber 1996), although diff erences between vascular beds exist (Horn et al. 1982; Kwan 
1999).

Th e postsynaptic receptors mediating the basal vasomotor tone are mainly 1-adrenergic 
receptors, which are activated by catecholamines released from either sympathetic nerve endings 
or adrenal medulla (Langer et al. 1981; Ruff olo 1985; Piascik et al. 1990; Vargas & Gorman 
1995; Docherty 2010). Although vasoconstrictive action mediated by 1-adrenergic receptors 
has been demonstrated in several in vitro studies using arterial or venous tissue preparations 
from various animal species (Flavahan et al. 1987; Argyle & McGraft  2000; Guimaraes & Moura 
2001; Docherty 2010), the contribution to each 1-adrenoceptor subtype on the regulation of 
the vascular smooth muscle tone has not been established (Guimaraes & Moura 2001; Docherty 
2010). 

Th e extra-junctional postsynaptic 2-adrenergic receptors (Fig.1), which are located in the 
vascular smooth muscles, elicit vasoconstriction via the translocation of extracellular calcium 
(Piascik et al. 1996). Th ese receptors are not directly activated by the sympathetic nerve fi bres, 
but rather by circulating endogenous or exogenous ligands (Langer et al. 1981). Based on the 
transgenic mice models, the postsynaptic α2B-adrenoceptors are the main subtypes responsible 
for arterial vasoconstriction (Link et al. 1996; Makaritsis et al. 1999). On the other hand, α2A 
–adrenoceptor subtype predominates in the venous vasculature (Paiva et al. 1999; Guimaraes 
& Moura 2001). Additionally, α2A- and α2C-adrenoceptor subtypes are also involved in the 
vasoconstriction at distal arteries (Guimaraes & Moura 2001).

Th e decrease in sympathetic outfl ow from the CNS due to the activation of α2A-adrenoceptors 
in the brainstem will lead to centrally mediated hypotension (MacMillan et al. 1996). Th is 
hypotensive eff ect is also lost in α2A-defi cient mice (Altman et al. 1999). As mentioned earlier, 
blood vessels are densely innervated by sympathetic nerve fi bres, which may release various 
neurotransmitters, such as NA, adenosine 5’-triphosphate (APT) and neuropeptide Y (Chiba et 
al. 2003). Th erefore, the activation of the prejunctional 2-adrenoceptors leads to the inhibition 
of NA release and augmentation of the central hypotensive eff ect (Guimaraes & Moura 2001). 
Furthermore, vascular endothelial cells also express α2A-adrenergic receptors (Shafaroudi et al. 
2005), but in contrast to receptors located in vascular smooth muscle, the activation of these 
endothelial receptors leads to vasodilatation via the production of endothelium-derived nitrous 
oxide (Snapir et al. 2009; Wong et al. 2010). Endothelial α2A-adrenergic receptors are activated 
with low concentrations of dexmedetomidine, while a higher concentration of dexmedetomidine 
elicits contraction in ex vivo preparations from the aortic and mesenteric artery rings of rats 
(Wong et al. 2010). Th e endothelium-dependent relaxation eff ect of dexmedetomidine is more 
pronounced in smaller arteries than larger ones (Wong et al. 2010).

2.2.2  Regula  on of cardiac func  on
In general, cardiac function is infl uenced by interactions of the sympathetic and parasympathetic 
nervous systems. Th e magnitude of the cardiac response to the neural stimuli is dependent on 
the present activity of both divisions of the autonomic nervous system, while the response is 
not a direct summation of them (Levy 1984). As the sympathetic nervous system has a role in 
regulating the function of the heart, various types of adrenergic receptors are distributed in the 
myocardium. By using pharmacological radio ligand binding studies with functional imaging 
techniques, the main adrenergic receptor types within the myocardium have been found 

Review of the Literature
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to be β1-receptors, but also α1-adrenergic receptors are present in a minor density (Brodde & 
Michel 1999). In general, the activation of β1- and α1-adrenergic receptors in the myocardium 
leads to positive chronotropic- and inotropic eff ects. Although systemic administration of 
a selective α2-adrenoceptror agonist has major eff ects on the cardiac function, to the author’s 
knowledge, postjunctional α2-receptors are lacking in the myocardium and sinoatrial node, 
as α2-adrenoceptror agonist promote no direct myocardial depressant eff ects in isolated heart 
preparations (Housmans 1990; Flacke et al. 1992; Hongo et al. 2016). However, the activation of 
α2-adrenoceptrors may indirectly decrease the cardiac function via diff erent mechanisms. Firstly, 
a prominent activation of vascular postjunctional α2-adrenoceptors in the vascular smooth 
muscle initiates vasoconstriction, which leads to an increase in systemic vascular resistance 
and aft erload. In autonomically denervated dogs – i.e. the heart rate is maintained stable – this 
marked increase in the aft erload decreases the cardiac index (CI) despite the simultaneous 
marked elevation in cardiac fi lling pressure (Flacke et al. 1990; Schmeling et al. 1991). In 
autonomically intact anaesthetised dogs, the decrease in CI is further accompanied by marked 
bradycardia due to the activation of the baroreceptor refl ex arch evoked by hypertension (Bloor 
et al. 1992; Flacke et al. 1993). Secondly, the vasoconstriction of coronary arteries is mediated 
by an α2- adrenoceptor agonists (Flacke et al. 1993). Th erefore, an excessive activation of these 
receptors may decrease the oxygen supply to the myocardium, which may lead to myocardial 
dysfunction (Flacke et al. 1993). Nevertheless, Roekaerts et al. (1996) did not detect changes in 
the myocardial oxygen extraction ratio although the myocardial oxygen delivery was reduced, 
the oxygen demand was also diminished aft er the administration of an α2- adrenoceptor 
agonist. Th irdly, the activation of junctional presynaptic α2A-adrenergic receptors in the CNS 
decreases the activity of the sympathetic nervous system and thus indirectly suppresses cardiac 
function (Kubo & Misu 1981; Bloor et al. 1992; Villamil-Hernandez et al. 2013). In addition, the 
activation of the presynaptic α2-receptors in sympathetic neuroeff ector sites or in sympathetic 
ganglions (McCallum et al. 1998) may inhibit the neurotransmitter release from the sympathetic 
nerves innervating the myocardium and further modulate sympathetic transmission. A recent 
in vitro study demonstrated that a selective α2-adrenoceptor agonist inhibited the increase in left  
ventricular pressure induced by sympathetic stimulation in isolated guinea pig hearts (Hongo et 
al. 2016). 

2.3 Pharmacodynamic e  ects of certain seda  ve and anaesthe  c 
drugs

2.3.1 Medetomidine 
Medetomidine (MED) (IUPAC 5- 1-(2,3-di methylphenyl)ethyl -1H-imidazole) is a highly 
α2-adrenergic selective agonist, with an α2:α1 ratio of 1620:1 (Virtanen et al. 1988). MED produces 
consistent sedation, anxiolysis and muscle relaxation, which makes it a popular sedative agent in 
veterinary medicine. It is a racemic mixture of two enantiomers, dexmedetomidine (DMED) 
and levomedetomidine. Th e fi rst is considered to be responsible for the clinical eff ects of MED 
(MacDonald et al. 1991; Savola & Virtanen 1991), while levomedetomidine is considered to be a 
clinically non-active enantiomer (Doze et al. 1989; MacDonald et al. 1991; Schmelling et al. 1991; 
Kuusela et al. 2001a). Medetomidine has no preferential affi  nities for diff erent α2-adrenoceptor 
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subtypes (Schwartz & Clark 1998), but DMED has been demonstrated to be a full agonist of 
α2B-adrenoceptors and to have only partial selectivity for α2A- and α2C-adrenoceptors (Peltonen 
et al. 1998). Th e sedative and hypnotic eff ects of DMED are mediated via activation of central 
junctional presynaptic α2A-adrenergic receptors located in the LC (Doze et al. 1989; Hunter et 
al. 1997; Scheinin & Schwinn 1992), while the analgesic eff ects are mediated via α2A- and α2C-
adrenergic receptors located in the dorsal horn of the spinal cord (Sabbe et al. 1994; Stone et al. 
1997; Fairbanks et al. 2002). 

Th e haemodynamic eff ects of MED and DMED have been well described in the literature. 
In brief, they induce excessive vasoconstriction by stimulating the postjunctional α2-adrenergic 
receptors located in the vascular smooth muscle, as discussed in a previous section. Th e resulting 
hypertension causes refl ex bradycardia and arrhythmias, such as atrioventricular (AV) -blocks. 
Subsequently, CI and oxygen delivery (DO2) are extensively reduced (Bloor et al. 1992; Pypendop 
& Verstegen 1998). Th e initial phase is followed by central sympatholysis and a subsequent 
inhibition of NA release, which may further promote the sustained poor haemodynamic 
function (Ebert et al. 2000). Th is biphasic blood pressure eff ect has also been described in dogs 
(Schmelling et al. 1991; Pypendop & Verstegen 1998). Nevertheless, true hypotension aft er MED 
is rarely reported in conscious dogs. Th ese MED- and DMED-induced haemodynamic changes 
are also accompanied by reduced blood fl ow in various organs, such as the spleen (Lawrence et 
al. 1996; Restitutti et al. 2013; Rossi et al. 2016), kidneys (Lawrence et al. 1996; Restitutti et al. 
2013) and skin (Lawrence et al 1996). 

Both MED and DMED reduce the respiratory rate (RR) (Pypendop & Verstegen 1998; 
Kuusela et al. 2001a; Lerche & Muir 2004). In addition, aft er the systemic administration of 
MED or DMED, a response to the increased carbon dioxide tension is decreased in conscious 
(Sabbe et al. 1994) and anaesthetised dogs (Lerche & Muir 2006). However, they induce rather 
minimal eff ects on arterial oxygen or carbon dioxide partial pressures when administered 
alone to conscious dogs (Sabbe et al. 1994; Pypendop & Verstegen 1998). On the other hand, 
a concomitant administration of MED and opioids/benzodiazepines may elicit a signifi cant 
respiratory depression accompanied by hypoxemia and hypercapnia (Pypendop et al. 1996; 
Raekallio et al. 2009). Th ese respiratory eff ects of MED are reversed by the administration of 
atipamezole, an α2-adrenergic antagonist (Vainio 1990).

Anaesthetic sparing eff ects aft er MED administration have been described (Bufalari et al. 
1996; Bloor et al. 1992; Kuusela et al. 2001b; Pascoe et al. 2006; Maddern et al. 2010; Pinelas 
et al. 2014; Pascoe 2015). In dogs undergoing surgery, DMED or MED constant rate infusions 
(CRI) have been used as an adjunct in balanced anaesthesia to provide analgesia and to reduce 
the need for anaesthetic agents used for maintenance, such as isofl urane (Uilenreef et al. 2008; 
Rioja et al. 2013). In more detail, in experimental settings, the infusion of DMED 1 μg/kg/h 
in healthy dogs anaesthetised with isofl urane (ETISO 1.3%) has been shown to suppress the 
nociceptive withdrawal refl ex and temporal summation (Lervik et al. 2012), and an 18% decrease 
in isofl urane minimum alveolar concentration (MAC) has been detected already with a very low 
DMED CRI (0.5 μg/kg/h) (Pascoe et al. 2006). Typical MED-induced haemodynamic changes 
in isofl urane-anaesthetised dogs are dose-dependent, with the doses ranging from 0.2 to 12 μg/
kg/h (Kaartinen et al. 2010). A DMED or MED CRI has also been used in conscious dogs for 
prolonged sedation (Grimm et al. 2005; Lin et al. 2008; Carter et al. 2010; Lamont et al. 2012), 
where dose-dependent sedation has been induced with infusion rates varying between 1 and 2 
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μg/kg/h (Lamont et al. 2012), but signifi cant haemodynamic changes were already observed aft er 
1 μg/kg/h (Carter et al. 2010).

2.3.2 Butorphanol
Butorphanol (BUT) (IUPAC 17-cyclobutylmethyl-3,14-dihydroxymorphinan) is a synthetic 
opioid with mixed agonist-antagonist properties and an affi  nity for μ-, κ- and δ- opioid receptor 
subtypes (Commiskey et al. 2005). BUT is well absorbed aft er intramuscular and subcutaneous 
administration, and its sedative action is reported to be mild in dogs (Pfeff er et al. 1980). However, 
a ceiling eff ect on the sedative and anaesthetic sparing eff ects, as well as visceral antinociceptive 
properties, have been suggested aft er the administration of increasing doses of BUT (Murphy et 
al. 1982; Houghton et al. 1991; Sawyer et al. 1991). 

In conscious dogs, a high dose of BUT (0.2-0.8 mg/kg) causes a mild to moderate but 
signifi cant decrease in the HR, MAP, CI and arterial partial pressure of oxygen (PaO2) (Sederberg 
et al. 1981; Trim 1983; Sawyer et al. 1991). However, no changes in HR were recorded aft er the 
IM or IV administration of BUT (0.1 mg/kg) in conscious dogs (Ambrisko et al. 2005; Girard 
et al. 2010).  In dogs anaesthetised with an inhalant anaesthetic agent, BUT (0.2-0.4 mg/kg) 
decreased HR and arterial blood pressures (aBP) (Tyner et al. 1989; dos Santos et al. 2011). Th e 
decrease in CO was detected aft er the administration of BUT in isofl urane- (Tyner et al. 1989), 
but not in desfl urane-anaesthetised dogs (dos Santos et al. 2011). Th e decrease in HR aft er BUT 
could be due to an inhibition of glycinergic neurotransmission in cardiac vagal nerve fi bres 
via the activation of κ- receptors in the nucleus ambiguous (Wang et al. 2004). Despite these 
mild haemodynamic eff ects, BUT (0.2 mg/kg) did not aff ect the spleen perfusion evaluated by 
contrast-enhanced ultrasound (Rossi et al. 2016). Ventilatory depression has been demonstrated 
aft er the administration of BUT in either conscious or anaesthetised dogs (Dodam et al. 2004; 
dos Santos et al. 2011), but the extent of hypoventilation is smaller than with pure μ-agonist 
opioid (Horan & Ho 1989; Dodam et al. 2004). 

Butorphanol is frequently combined with an α2- adrenergic agonist, such as MED, to 
enhance the level and quality of sedation and analgesia in dogs (Ko et al. 1996; Ko et al. 2000a; 
Kuo & Keegan 2004; Girard et al. 2010). In more detail, the synergistic eff ect on sedation was 
also reported aft er IV administration of low doses of MED (1 μg/kg) and BUT (0.1 mg/kg), as 
the combination produced signifi cantly deeper sedation in dogs than either agent alone (Girard 
et al. 2010). Synergistic or additive eff ects on nociception have been demonstrated in rats aft er 
the administration of an opioid and MED (Ossipov et al. 1990). In addition, the induction 
dose of thiopental was lower with MED-BUT premedication than with MED alone (Muir 
et al. 1999). BUT also reduces the incidence of nausea and vomiting aft er the administration 
of an α2-agonist, especially in cats (Papastefanou et al. 2015). Th e haemodynamic eff ects aft er 
the co-administration of MED and BUT are likely due to MED, as even low doses of MED 
(1 μg/kg) and BUT (0.1 mg/kg) resulted in a similar decrease in HR as MED alone, while no 
diff erence in HR was detected with this dose of BUT in comparison to placebo (Girard et al. 
2010). Furthermore, comparable changes in haemodynamic eff ects have been described 
aft er the administration of MED-BUT with midazolam followed by partial reversal aft er the 
administration of atipamezole (Pypendop et al. 1996). In addition, BUT (0.4 mg/kg) and DMED 
(5 μg/kg) administered concomitantly IM resulted in a signifi cant and sustained decrease in CO 
and valvular regurgitation to the heart as assessed by echocardiography in dogs (Kellihan et al. 
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2015). Despite the signifi cant haemodynamic changes aft er the combination of an α2-agonist and 
BUT, myocardial cell damage based on the serum concentrations of the cardiac muscle biomarker 
cardiac troponin I has not been detected in healthy dogs (Singletary et al. 2010). On the contrary, 
the BUT-induced changes in neuroendocrine and metabolic function, such as increased plasma 
concentrations of adrenaline and cortisol, are blunted with concomitant administration of MED 
(Ambrisko et al. 2005). 

2.3.3 Acepromazine
Acepromazine (ACP) (IUPAC (10-[3-dimethylamino) propyl] phenothiazine-2yl methyl 
ketone)) is a phenothiazine derivate that produces sedation and tranquilization via the 
blocking of central dopamine (D2) receptors (Nybäck & Sedvall 1968). However, when used for 
premedication, ACP is oft en combined with opioid analgesics. Even though ACP may reduce the 
reaction to the external stimuli, it is generally considered to lack of antinociceptive properties 
(Barnhart et al. 2000; Wegner et al. 2008; Bergadano et al. 2009).

 ACP has been demonstrated to decrease arterial blood pressure with an associated increase 
in heart rate when administered alone in conscious (Popovic et al. 1972, Turner et al. 1974; 
Monteiro et al. 2008) or isofl urane-anaesthetised dogs (Monteiro et al. 2007). A decrease in 
cardiac function with an accompanied decrease in systemic arterial blood pressures has been 
reported in conscious dogs with ACP combined with opioids (Stepien et al. 1995). Th e decrease 
in blood pressure is suggested to be due to the blocking of peripheral 1-adrenoceptors, as ACP 
has been demonstrated to diminish the eff ects of phenylephrine, a known α1-adrenoceptor 
agonist, on MAP (Ludders et al. 1983). Studies demonstrating the 1-adrenoceptors’ antagonistic 
eff ects have also been conducted with another phenothiazine derivate, such as chlorpromazine 
(Foster et al. 1954), whose chemical structure is similar to that of ACP. While the main 
tranquilization eff ects of ACP are mediated via the blocking of central dopaminergic actions, a 
peripheral blockade of dopaminergic receptors may also infl uence the cardiovascular function 
(Frishman & Hotchkiss 1996). Monteiro et al. (2007) demonstrated that previous administration 
of ACP blunted the vasopressor eff ects of dopamine. Although ACP may decrease arterial blood 
pressure, the following refractory increase in HR via the baroreceptor refl ex arch results in 
well-maintained cardiac output (Monteiro et al. 2007). Other benefi cial eff ects of ACP are due 
to its antiarrhytmogenic properties. ACP increases the arrhythmogenic dose of adrenaline in 
dogs anaesthetised with halothane (Dyson & Pettifer 1997). Th us, ACP might provide protective 
properties against cardiac arrhythmias. Respiratory rate may be reduced aft er the administration 
of ACP, but ACP has little eff ect on minute ventilation based on the blood gas analysis (Popovic 
et al. 1972; Turner et al. 1974). 

Despite its well-reported vasodilation eff ects, ACP did not prevent bradycardia nor 
hypertension induced by DMED (Alvaides et al. 2008). However, the hypertension lasted a 
shorter period than with DMED alone (Alvaides et al. 2008). Furthermore, the concomitant 
administration of ACP and an 2-adrenoceptor agonist did not prevent the incidence of 
conduction abnormalities, e.g. fi rst- or second-degree AV blocks, in dogs (Sarchahi et al. 2009; 
Saponaro et al. 2013).
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2.3.4 Propofol
Propofol (IUPAC 2,6-diisopropylphenol) is a short-acting lipid-soluble intravenous anaesthetic 
agent, that is commonly used for the induction or maintenance of anaesthesia. Its anaesthetic 
properties are mediated via γ-aminobutyric acid (GABAA) -receptors in CNS (Ying et al. 
2005). Propofol has been demonstrated to cause a decrease in SVR and, subsequently, in MAP 
(Goodchild & Serrao 1989; Brüssel et al. 1989). Moreover, a direct negative inotropic action in 
chronically instrumented dogs has also been demonstrated by Pagel & Warltier (1993). Propofol 
induction is oft en accompanied by hypoventilation or apnoea, and the extent of hypoventilation 
depends on the dose and speed of injection (Keates & Whittem 2012; Amengual et al. 2013). 

Medetomidine premedication reduces the induction dose of propofol (Bufalari et al. 
1996; Kojima et al. 2002; Sano et al.2003; Ko et al. 2006), but the ventilatory parameters do 
not diff er from those of propofol alone (Bufalari et al. 1996). Propofol induction followed by 
a CRI has been demonstrated to induce a mild but signifi cant increase in HR and a decrease 
in MAP in MED premedicated dogs (Vainio 1991). Intramuscular premedication with MED 
(10 μg/kg) has been reported to infl uence on the pharmacodynamics of propofol, i.e. lower 
plasma propofol concentrations were needed to maintain general anaesthesia in dogs (Hall et 
al. 1994). Additionally, the administration of MED signifi cantly reduced the apparent volume 
of distribution of propofol, while systemic clearance was not aff ected (Hall et al. 1994). More 
recently, propofol administered as target controlled infusion resulted in lower plasma propofol 
concentrations with DMED than with ACP (Bell et al. 2011).

2.3.5 Alfaxalone 
Alfaxalone (ALF) (IUPAC 3α-hydroxy-5α-pregnane-11,20-dione) is a neuroactive steroid 
whose anaesthetic action is mediated by the enhancement of GABAA-mediated inhibitory 
synaptic transmission (Weir et al. 2004). No diff erences between the sexes have been detected 
in pharmacokinetic parameters of ALF in dogs (Ferre et al. 2006). It has no eff ect on CO nor left  
ventricular contractility when used alone with a labelled anaesthetic dose (2mg/kg IV), but it 
induces a decrease in SVR and aBP, followed by tachycardia, with supraclinical doses (6 and 20 
mg/kg IV) (Muir et al. 2008). In addition, when ALF (2 mg/kg IV) was combined with BUT and 
midazolam, no signifi cant changes were detected in the function of the left  ventricle, as assessed 
by echocardiography (Seo et al. 2015). A dose-dependent decrease in RR, minute volume and 
PaO2 as well as an increase in PaCO2 have been reported aft er ALF (Muir et al. 2008; Keates & 
Whittem 2012). 

Furthermore, it is possible to induce anaesthesia with IM administration of ALF combined 
with MED and BUT in healthy dogs (Lee et al. 2015).  However, signifi cant reductions in CO, 
stroke volume (SV) and left  ventricular contractility as assessed by echocardiography were 
detected from 10 minutes aft er treatment until the recovery (Lee et al. 2015). In addition, this 
combination has also been shown to decrease RR and increase the alveolar to arterial diff erence 
in partial pressure of oxygen (P(A-a)O2) (Lee et al. 2015). 

A constant rate infusion of ALF has been used successfully to maintain general anaesthesia 
during surgical procedures in dogs (Suarez et al. 2012; Herbert et al. 2013; Warne et al. 2015; 
Conde Ruiz et al. 2016). Th e cardiopulmonary eff ects of an ALF CRI have been evaluated when 
it is infused alone in non-premedicated (Quiros Carmona et al. 2014) or premedicated dogs 
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(Ambros et al. 2008). In both studies, an ALF CRI induced mild clinically acceptable changes 
in haemodynamic function, where HR and CI were maintained, but a mild decrease in aBP 
were detected (Ambros et al. 2008; Quiros Carmona et al. 2014). Concomitant CRIs of ALF and 
DMED lead to expected dose-dependent changes in haemodynamic function induced by an 

2-agonist (Quiros Carmona et al. 2014).
 
2.3.6 Ketamine
Ketamine (IUPAC 2-(2-chlorophenyl)-2-(methylamino)cyclohexan-1-one) is a racemic mixture 
of two enantiomers, S- and R- ketamine (White et al. 1982). Ketamine is a dissociative anaesthetic 
agent, and its action is mediated via several mechanisms, including an interaction with N-methyl- 
D-aspartate (NMDA) glutamate, opioid, muscarinic and monoaminergic receptors as well as 
voltage-gated Ca2+ channels (Hirota & Lambert, 1996; Quibell et al. 2015). However, the main 
anaesthetic and analgesic function is mediated via the blocking of NMDA glutamate receptors 
in the CNS (Anis et al. 1983). Ketamine-induced anaesthesia with high dose of ketamine (10 
mg/kg), when administered as a sole anaesthetic, is accompanied with sustained laryngeal 
refl exes, salivation and muscle rigidity (Haskins et al. 1985; Ambrisko et al. 2005). Th us, the 
administration of ketamine for sedation or induction purposes, is recommended to be combined 
with agents that provide good muscle relaxation, such as 2- agonists or benzodiazepines, to 
facilitate and smoothen the sedation or induction. 

In addition to the anaesthetic and analgesic properties, ketamine may modify 
cardiopulmonary function. Increases in HR, aBP and CO have been reported aft er the 
administration of a high dose of ketamine (10 mg/kg) administered either intramuscularly 
(Ambrisko et al. 2005) or intravenously (Traber et al. 1968; Haskins et al. 1985) in dogs. Th is 
dose of ketamine was also accompanied with an increase in the plasma concentrations of 
noradrenaline and cortisol (Ambrisko et al. 2005). Moreover, IV administration of ketamine (10 
mg/kg) has been demonstrated to increase HR, aBP and DO2 in the haemorrhagic hypovolemia 
model in dogs (Haskins & Patz 1990). Th e stimulatory responses of the cardiovascular system to 
ketamine, have been demonstrated to be related to the CNS eff ects of ketamine (Ivankovich et 
al. 1974). Th ese responses are proposed to be elicited by the stimulation of sympathetic outfl ow 
from the CNS, as these eff ects were attenuated in sympathetically blocked dogs (Traber & Wilson 
1969; Pagel et al. 1992) or in Starling lung-heart preparations (Traber et al. 1968). Th erefore, 
certain sedative or anaesthetic agents that reduce sympathetic outfl ow from the CNS may blunt 
this response (Ivankovich et al. 1974; Levänen et al. 1995). However, a transient increase in HR 
and aBP has been detected aft er the administration of ketamine in dogs premedicated with MED 
(Hellebrekers & Sap 1997; Enouri et al. 2008a; Ko et al. 2001a; Ko et al. 2013). 

2.3.7 Midazolam
Midazolam (IUPAC 8-chloro-6-(2-fl uorophenyl)-1-methyl-4H-imidazo[1,5-a][1,4]
benzodiazepine) is a benzodiazepine derivate, and it is commonly used as an adjunctive drug in 
veterinary practice to induce central muscle relaxation or anticonvulsant eff ects. It is commonly 
combined with anaesthetic induction agents, such as ketamine (Hellyer et al. 1991), propofol 
(Stegmann & Blester 2001) or alfaxalone (Seo et al. 2015) to reduce the amount of induction 
agent and to facilitate smooth intubation. 
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Th e mechanism of action of benzodiazepines is mediated by enhancing the endogenous 
GABA affi  nity to the GABAA-receptors in the CNS, resulting in the hyperpolarization of 
postsynaptic cell membranes (Rudolph et al. 1999).  Th e sedative eff ects of midazolam are 
unpredictable in dogs; paradoxical excitement has been described aft er the administration of 
midazolam despite the co-administration of acepromazine or methadone in healthy dogs 
(Simon et al. 2014). Moreover, the co-administration of midazolam with dexmedetomidine 
did not enhance the sedation in comparison to dexmedetomidine alone, but the combination 
reduced the induction dose of propofol in healthy dogs (Canfran et al. 2016). In dogs, a 
midazolam CRI causes a modest dose-dependent reduction in the MAC of enfl urane (Hall et 
al. 1988), and the MACNM (i.e. end-tidal concentration of isofl urane that prevents movements) 
of isofl urane (Seddighi et al. 2011). Additionally, diazepam has been demonstrated to potentiate 
a fentanyl-induced decrease in isofl urane MAC in dogs (Hellyer et al. 2001). However, a ceiling 
eff ect appears with higher doses (Hall et al. 1988; Seddighi et al. 2011). Th e cardiovascular eff ects 
induced by bentzodiazepines, either midazolam or diazepam, are considered to be minor in 
dogs (Jones et al. 1979). Aft er IV administration of a high dose of midazolam (1-10 mg/kg), 
the MAP decreased, but HR and CO were well maintained (Jones et al. 1979; Gelman et al. 
1983). Furthermore, midazolam has no eff ect on adrenaline-induced arrhythmogenesis in dogs 
anaesthetised with halothane (Court et al. 1993). 

2.3.8 Iso  urane
Isofl urane (IUPAC 2-chloro-2-(difl uoromethoxy)-1,1,1-trifl uoroethane) is a methyl ethyl ether 
and is halogenated with fi ve fl uorines and one chlorine, and it was discovered in 1965 (Eger 
1981). Today, it is one of the most commonly used inhaled anaesthetic agents in veterinary 
medicine.

Isofl urane suppresses haemodynamic and ventilatory function dose-dependently (Steff ey 
& Howland 1977; Eger 1981; Brahim & Th ut 1984; Bernard et al. 1990; Mutoh et al. 1997). 
Isofl urane has a direct eff ect on cardiac function, leading to decreased contractility (Pagel et al. 
1991a). In dogs, isofl urane is a very potent vasodilator in comparison to other inhalation agents, 
such as desfl urane, enfl urane and halothane (Pagel et al. 1991b). In autonomically intact dogs, 
vasodilation and the subsequent decrease in aBP cause the inhibition of the baroreceptor fi ring, 
leading to an increase in HR and a reduction in SV while CO is well maintained in clinically 
relevant isofl urane end-tidal concentrations (i.e. 1.25 times MAC) (Pagel et al. 1991b). Moreover, 
studies on chronically instrumented dogs have demonstrated that, despite the decrease in 
resistances in a various vascular beds, the systemic, coronary, cerebral, hepatic and renal blood 
fl ows are well maintained (Bernard et al. 1990; Bernard et al. 1991; Merlin et al. 1991; Pagel 
et al. 1991a,b). Th e mechanism of the vasodilatory eff ect of isofl urane is suggested to be due 
to the activation of adenosine-triphosphate-sensitive potassium channels in vascular smooth 
muscle (Kersten et al. 1998; Cason et al. 1994; Iida et al. 1998). In addition, halogenated inhalant 
agents, such as isofl urane, have been demonstrated to decrease the endothelin-1-mediated 
vasoconstrictive eff ect in rat aortas (Boillot et al. 1995). Alpha2-adrenoceptor agonists and 
isofl urane have an opposing eff ect on the vasomotor tone, as isofl urane acts as a functional 
antagonist to the α-adrenergic mediated vasoconstriction in dogs (Kenny et al. 1989; Kersten 
et al. 1993) However, to the author’s knowledge, the exact mechanism of the inhibition of 
α-adrenoceptors by isofl urane has not been fully established.

Review of the Literature



20

Th e minimum alveolar concentration (MAC) of isofl urane in dogs has been reported to 
be approximately 1.28% (Steff ey & Howland 1977). Various sedative, anaesthetic and analgesic 
agents reduce the MAC of isofl urane. More specifi cally, acepromazine alone (Heard et al. 1986) 
or combined with an opioid (Monteiro et al. 2016) reduces the inhalant anaesthetic agent’s MAC 
by 30% - 60 %, while α2-adrenoceptor agonists, reduce the MAC of isofl urane by up to 88% 
(Bloor et al. 1992; Ewing et al. 1993; Lerche & Muir 2006; Pascoe et al. 2006; Pascoe 2015). 

2.4 Certain drugs that modify medetomidine-induced 
haemodynamic responses 

2.4.1  A  pamezole
Sedation and analgesia induced with an α2-agonist can be reversed with a centrally acting 
α2-adrenoceptor antagonist, such as atipamezole (IUPAC 4-(2-ethyl-1,3-dihydroinden-2-yl)-1H-
imidazole) (Clarke & England 1989; Virtanen et al. 1989; Vainio 1990; Vainio & Vähä-Vahe 1990; 
Vähä-Vahe 1990). Based on receptor binding studies, atipamezole is a highly α2-adrenoceptor-
selective antagonist, as its affi  nity to α2-adrenergic receptors is 8,526 times higher than to 
α1-adrenergic receptors (Virtanen et al. 1989). In addition to central α2-adrenergic receptor 
blockade, atipamezole also blocks peripheral α2-adrenergic receptors (Virtanen et al. 1989). 
Th erefore, atipamezole is also able to reverse MED-induced bradycardia (Vähä-Vahe 1990). 
However, transient hypotension presumably due to vasodilatation might be accompanied with 
the administration of atipamezole for the reversal of medetomidine-induced sedation (Vainio 
1990).

Furthermore, atipamezole also modifi es the elimination kinetics of MED, as the IM 
administration of atipamezole reduces the area under time- concentration curve (AUClast) of 
MED in MED–sedated dogs (Salonen et al. 1995). Although, both atipamezole and MED are 
metabolized by hydroxylation in the liver, no metabolic interaction has been detected (Salonen 
et al. 1995). 

2.4.2  MK-467 
MK-467, also known as L-659,066, (IUPAC N-[2-[2R, 12bS]-2’-oxospiro[1,3,4,6,7,12b-
hexahydro-[1]benzofuro[2,3-a]quinolizine-2,5’-imidazoline]-1’-yl]ethyl]methane 
sulphonamide) is an α2-adrenoceptror antagonist, which has greater selectivity for 2- than 

1-adrenergic receptors, as in in vivo and in vitro studies the 2: 1 ratios were 30:1 and 105:1, 
respectively (Clineschmidt, et al. 1988). Its pharmacodynamic eff ects have been demonstrated 
to be mediated mainly peripherally, as the brain/plasma ratio for MK-467 was 0.06 and 0.04 in 
rats and primates, respectively (Clineschmidt et al. 1988). Additionally, MK-467 did not reverse 
clonidine-induced centrally mediated mydriasis (Clineschmidt et al. 1988), or the sedative eff ects 
of DMED in rats (Doze et al. 1989). Moreover, DMED’s antiarrhytmogenic action on epinephrine-
induced arrhythmias in halothane-anaesthetized dogs was blocked with atipamezole but not with 
MK-467 (Hayashi et al. 1991). Later on, several studies regarding the haemodynamic, sedative, 
analgesic or pharmacokinetic eff ects of MK-467 with various 2-adrenoceptor agonists in several 
species have been published (Table 1).
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 In dogs, IV administration of MK-467 (250 μg/kg) alone did not cause any clinically 
relevant adverse eff ects (Honkavaara et al. 2011). A transient increase in HR, CI and DO2 and 
a slight decrease in SVR were detected aft er the administration of MK-467, while the MAP was 
maintained (Honkavaara et al. 2011). Similar fi ndings were reported by Enouri et al. (2008b) 
shortly aft er the IV administration of MK-467 (200 μg/kg). Th is compensatory response in HR 
and CI has been proposed to be sympathetically mediated, secondary to a reduction in peripheral 
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Table 1. Published studies on the pharmacological eff ects of MK-467 in certain animal species and in 
humans.

Species α2-adrenergic 
agonist

Administration Route of MK-467/
 Outcome Reference

Dog

DMED IV / Arrythmogenicity of DMED Hayashi et al. 1991
DMED IV / Haemodynamics Pagel et al. 1998
DMED IV / Bradycardia and Sedation Honkavaara et al. 2008
DMED IV / Dose-dependency, Haemodynamics Honkavaara et al. 2011
DMED IV / BIS and Clinical Sedation Restitutti et al. 2011
DMED IV / Pharmacokinetics Honkavaara et al. 2012
DMED IV /Metabolic changes Restitutti et al. 2012
DMED IV / Organ Blood Flow Restitutti et al. 2013
DMED CRI / MAC of Sevofl urane Hector et al. 2017
MED IV /Haemodynamics Enouri et al. 2008b
MED IV and IM /Haemodnamics Rolfe et al. 2012
MED IV and IM / Th ermography Vainionpää et al. 2013a
MED CRI /Dose-dependency, Haemodynamics Kaartinen et al. 2014
MED IV / Sedation and Analgesia Bennet et al. 2016
MED IM / Pharmacokinetics, Haemodynamics Restitutti et al. 2017

Cat

DMED IV / Pharmacokinetics Pypendop et al. 2016
DMED IV /Bradycardia and Sedation Honkavaara et al. 2017a
DMED IV / Haemodynamics Pypendop et al. 2017a
DMED IM / Sedation, HR and Blood pressures Honkavaara et al. 2017b
DMED IM / Pharmacokinetics Pypendop et al. 2017b

Horse

MED IV / HR and Blood pressures Bryant et al. 1998
Detomidine IV / Sedation, HR, CVP, Pharmacokinetics Vainionpää et al. 2013b
Detomidine IV / Haemodynamics Pakkanen et al. 2015
Romifi dine IV / Pharmacokinetics, HR, Blood pressures de Vries et al. 2016

Sheep
MED IV / HR and Blood pressures Bryant et al. 1998

DMED IV / Haemodynamics Raekallio et al. 2010

Rat
Clonidine Various in vitro and in vivo studies Clineschmidt et al. 1988

NA IV / Haemodynamics Szemeredi et al. 1989

Human
Clonidine PO / Metabolic changes, HR, Blood pressures Warren et al. 1991

NA IV / Metabolic changes Schafers et al. 1992
NA IV / Metabolic changes, HR, Blood pressures Sciberras et al. 1994

NA, not administered
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vascular tone as a result of α2-adrenergic receptor blockade (Szemeredi et al. 1989; Pagel et al. 
1998). Cardiac arrhythmias or signifi cant respiratory eff ects has not been observed in dogs aft er 
IV administration of MK-467 (Honkavaara et al. 2011). 

MK-467 is able to attenuate the early haemodynamic eff ects of DMED and MED in 
conscious dogs when administered via the IV route by using either a pre-emptive administration 
of MK-467 (Pagel et al. 1998; Enouri et al. 2008b) or a concomitant bolus administration with 
DMED (Honkavaara et al. 2008; Honkavaara et al. 2011). MK-467 has also been demonstrated 
to prevent DMED-CRI-induced haemodynamic eff ects in halothane-anaesthetised dogs, 
leading to lower aBP and higher HR than with a DMED-CRI alone (Hayashi et al. 1991). In 
more detail, the administration of MK-467 has been found to prevent increases in SVR and 
aBP induced by α2-adrenoceptor agonists, followed by a signifi cantly higher HR, CI and DO2 
with the concomitant administration of MK-467 and an α2-adrenoceptor agonist than with 
an α2-adrenoceptor agonist alone (Enouri et al. 2008b; Honkavaara et al. 2011). Based on the 
overall haemodynamic stability during a 90-minute observation period, the optimal dose ratio 
for sedation has been suggested as 1:50 for the concomitant IV administration of DMED (10 
μg/kg) and MK-467 (500 μg/kg), respectively (Honkavaara et al. 2011). However, in isofl urane–
anaesthetised dogs, a clinically acceptable haemodynamic outcome was achieved with constant 
rate infusions of MED and MK-467, when the MED:MK-467 ratio was between 1:18 and 1:50 
(Kaartinen et al. 2014). Aft er an IM administration of MK-467 and MED in dogs, an initial 
transient decrease in HR and CO, and increases in SVRI and aBP, were recorded irrespective of 
the doses of MK-467 (Rolfe et al. 2012; Restitutti et al. 2017). 

Th e overall respiratory eff ects of MK-467 in dogs sedated with α2 –adrenergic agonists could 
be considered to be minor (Enouri et al. 2008b; Honkavaara et al. 2011). In more detail, the 
decrease in RR or fall in PaO2 induced with 10 μg/kg of DMED in dogs was not infl uenced by 
the presence of any studied dose of MK-467 (250, 500 or 750 μg/kg IV) (Honkavaara et al. 2011). 
However, RR tended to be slightly higher in dogs sedated with MK-467 and DMED than with 
DMED alone (Honkavaara et al.2011). Furthermore, the two highest doses of MK-467, i.e. 500 
and 750 μg/kg, combined with DMED (10 μg/kg IV) caused a statistically signifi cant increase in 
arterial partial pressure of carbon dioxide (PaCO2), but this fi nding was not clinically relevant as 
none of the values exceed 45 mmHg (Honkavaara et al. 2011).

In dogs, the concomitant administration of MK-467 with DMED or MED did not infl uence 
the level of sedation assessed by composite sedation scoring method (Honkavaara et al. 2008; 
Restitutti et al. 2011; Rolfe et al. 2012). More recently, the duration of sedation and the latency 
for leg withdrawal time have been reported to be shorter in dogs sedated with MED and MK-467 
than with MED alone (Bennett et al. 2016). Th e presence of MK-467 has been shown to diminish 
the plasma concentrations of DMED in conscious dogs sedated with either DMED (Honkavaara 
et al. 2012) or MED (Bennett et al. 2016). Th ese changes in plasma DMED concentrations were 
most likely infl uencing on the duration of sedation (Bennett et al. 2016). In more detail, the 
AUClast of DMED was signifi cantly smaller aft er concomitant IV administration of MK-467 
(250 μg/kg) and DMED (10 μg/kg) than with DMED alone in conscious dogs (Honkavaara 
et al. 2012). However, higher doses, i.e. 500 or 750 μg/kg, of MK-467 had no further eff ect on 
the exposure of the DMED (Honkavaara et al. 2012). In contrast, DMED did not signifi cantly 
infl uence the plasma concentrations of MK-467 at the dose of 250 μg/kg (Honkavaara et al. 
2012). Intramuscular administration of MK-467 in the same syringe with MED facilitated the 
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absorption of MED, as the time of the peak plasma DMED concentration was sooner when MED 
was combined with MK-467 than with MED alone (Restitutti et al. 2017). Additionally, the peak 
plasma DMED concentration was signifi cantly higher with MK-467 than without it (Restitutti et 
al. 2017). In contrast, the absorption of MK-467 appeared to be slower than that of MED, based 
on the later occurrence of the peak plasma concentration (Tmax) of MK-467 compared to DMED 
(Restitutti et al. 2017).

2.4.3 An  cholinergic agents 
Anticholinergic agents, such as atropine or glycopyrrolate (IUPAC (1,1-dimethylpyrrolidin-
1-ium-3-yl) 2-cyclopentyl-2-hydroxy-2-phenylacetate;bromide), mediate their eff ects via 
competitive antagonism of acethylcholine at the muscarinic receptors in the postganglionic 
terminals in the parasympasympathetic pathway (Levy 1984; Ali-Melkkilä et al. 1993). 
Glycopyrrolate acts peripherally, as it has been demonstrated to not penetrate blood-brain-
barrier in dogs, while atropine also elicits central eff ects (Proakis & Harris 1978). Anticholinergic 
agents increase the HR by blocking the muscarinic receptor on the sinoatrial and AV nodes. Th e 
magnitude of the increase in HR is related to the dose of the anticholinergic agent (Ali-Melkkilä 
et al. 1993), but it may also be dependent on the concurrent sympathetic tonus (Levy 1984). 
Bradycardia induced by α2-adrenoceptor agonists could be prevented or treated by an IM or IV 
administration of anticholinergic agents, such as atropine or glycopyrrolate (Vaino & Palmu 
1989; Short 1991; Alibhai et al. 1996; Ko et al. 2001b; Sinclair et al. 2002; Sinclair et al. 2003; 
Alvaides et al. 2008; Congdon et al. 2011). However, the increase in HR has been demonstrated 
to be accompanied with arrhythmias, such as second-degree AV block, ventricular premature 
contractions (VPC), bigeminy and pulsus alternans. Additionally, more severe hypertension has 
been detected when an anticholinergic agent is combined with an α2-adrenoceptor agonist than 
aft er an α2-adrenoceptor agonist alone. In general, these haemodynamic disturbances were milder 
when the anticholinergic agent was administered before the α2-adrenoceptor agonist than when 
they were administered concomitantly (Short 1991; Alibhai et al. 1996; Congdon et al. 2011). 
On the other hand, an improvement in CI has been reported in dogs sedated with romifi dine 
and pre-treated with IM glycopyrrolate (Sinclair et al. 2002). Subcutaneous (SC) glycopyrrolate 
administered twenty minutes before IM administration of MED was accompanied with fewer 
adverse eff ects than MED alone, as briefl y reported by Muir et al. (1999). Moreover, no diff erences 
were detected in HR or non-invasive blood pressures during isofl urane anaesthesia with or 
without glycopyrrolate in this study (Muir et al. 1999). Enouri et al. (2008b) demonstrated that 
the IV administration of glycopyrrolate together with MK-467 ten minutes prior to MED did not 
yield any advantage as regards haemodynamic function when compared with dogs treated with 
MK-467 alone prior to MED. To the author’s knowledge, the haemodynamic eff ects of SC pre-
treatment with an anticholinergic agent prior to an α2-adrenoceptor agonist has not been widely 
studied and never compared with MK-467.
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3  AIMS OF THE STUDY

Th e main objective of this thesis was to evaluate the haemodynamic eff ects of MK-467 when 
combined with medetomidine and selected sedative or anaesthetic agents that are commonly 
used in veterinary practice in dogs. 

Th e more detailed aims were:

1. To investigate the haemodynamic eff ects of intramuscular and intravenous administration 
of MK-467 on dogs sedated with medetomidine and butorphanol. (I)

2. To explore the haemodynamic eff ects of various doses of MK-467 in relation to a standard 
dose of medetomidine prior to and during isofl urane anaesthesia. (II, IV)

3.  To compare the co-administration of MK-467 and medetomidine as a premedication 
regimen with acepromazine-butorphanol or glycopyrrolate-medetomidine prior to and 
during isofl urane anaesthesia. (II, IV)

4. To assess the haemodynamic eff ects of MK-467 administered as a constant rate infusion 
during total intravenous anaesthesia with medetomidine and alfaxalone. (III)

5. To evaluate the infl uence of peripheral α2-adrenergic receptor blockade by MK-467 on 
plasma dexmedetomidine and alfaxalone concentrations. (III, IV)
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4  MATERIALS AND METHODS
4.1  Animals
Th e same eight laboratory purpose-bred beagles (six neutered males and two neutered females) 
were used in all studies I-IV. Th e dogs were 3-5 years old during the studies and weighted 13.7 
± 1.8 kg. Th e dogs were housed as a group and fed with commercial dry dog food twice a day. 
Th e dogs received vaccinations and deworming in a regular basis. Th ey were considered healthy 
based on a clinical physical examination, complete blood count and serum chemistry. Before the 
experiments, food was withheld for 12 hours, but water was supplied ad libitum until the transfer 
to the research room. Th e dogs were familiarized with the research room and personnel before 
the studies. Th e studies were approved by the Animal Experiment Board of Finland (ESHL-
2007-05199/Ym-23 and ESAVI-2010-07734/Ym-23).

4.2  Instrumenta  on
Before each treatment trial, the dogs were instrumented under isofl urane anaesthesia. Prior to 
anaesthesia, the cephalic vein was cannulated with a 20-gauge catheter (Terumo Europe V.N., 
Belgium) and propofol (Propovet 10 mg/mL; Abbott Laboratories Ltd, UK) was administered 
until the eff ect (maximum 6 mg/kg) to induce anaesthesia and to ensure orotracheal intubation. 
Lidocaine (maximum 1 mg/kg) was administered locally under the skin before the insertion 
of a 7 Fr double-lumen central venous catheter (CV-12702, Arrow International, PA, USA). 
Additionally, the metatarsal artery was cannulated with a 22-gauge catheter (Terumo Europe 
V.N. Belgium) and secured in place. In study II, the heads of the dogs were clipped, shaved and 
washed to the ensure maximal contact of the bispectral index (BIS) electrode. Th e dogs were 
allowed to recover aft er extubation for at least 1 hour to ensure normal locomotion, behaviour 
and temperature before baseline measurements. Th e dogs received acetated Ringer’s solution at 
10 mL/kg/hr IV during the instrumentation.

4.3  Study design and treatments
All studies were of a prospective, randomized cross-over design by nature, with an at least two-
week washout period.  Th e randomization was performed blindly by picking up a paper note 
from an envelope prior to the experiments. Th e author was not blinded to the treatments; as 
cardiopulmonary variables were recorded objectively by the numeric measurements from the 
monitors. However, whenever subjective assessments were made, the observer was blinded to 
the treatments (II, III). Treatments within studies I-IV are summarized in Table 2. 

Medetomidine (Dorbene 1 mg/mL, Laboratories Syva S.A. Leon, Spain) and MK-467 
(Merck, Sharpe & Dohme, Philadelphia, PA, USA) were used in all studies. MK-467 was supplied 
as a powder, and before each trial, MK-467 was dissolved into saline to a concentration of 10 
mg/mL (I, II, III). Th e doses of MK-467 used in study IV were lower than in the other studies, 
and MK-467 was therefore dissolved into saline to a concentration of 2 mg/mL to ensure the 
correct dosage. Butorphanol (Butordol 10 mg/mL, Intervet International B.V., Netherlands) 
was used with MED or ACP (Plegicil 10 mg/mL, Pharmaxim, Sweden) in studies I and II, 
respectively. In study IV, glycopyrrolate (Robinul 0.2 mg/mL, Meda Pharma GmbH & Co., Bad 
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Homburg, Germany) was administered subcutaneously 15 minutes prior to IV premedication. 
All drugs were drawn up separately and mixed in a single syringe before the administration of 
premedication (I, II, IV) or loading dose (III). When necessary, saline was added to achieve 
an equal total volume in all treatments within all studies. All IV injections were administered 
via a cephalic catheter over 30 seconds and fl ushed with 0.5 mL/kg of saline (I, II and IV) or 
over 60 seconds (III) with immediately followed by a CRI. Th e intramuscular injection (I) was 
administered with a 25-gauge hypodermic needle (BD Microlance 3, Becton Dickinson) into 
the M. quadriceps lateralis.  Proper intramuscular administration was confi rmed by applying 
negative pressure before the injection was given. 

Anaesthesia was induced at 10 minutes (III) or 20 minutes (II, IV) aft er IV premedication 
with propofol (Propovet 10 mg/mL, Abbott Laboratories Ltd. UK), alfaxalone (Alfaxan 10 mg/
mL, Vetoquinol UK Ltd, Buckingham, UK) or ketamine (Ketaminol Vet 50 mg/mL, Intervet 
International B.V., Boxmeer, Th e Netherlands) and midazolam (Midazolam Hamelin 5 mg/mL, 
Hameln Pharma Plus GmbH, Hameln, Germany) in studies II, III and IV, respectively. In studies 
II and IV, anaesthesia was maintained with isofl urane (Isofl o, Orion Pharma Ltd, Turku, Finland) 
in 100% oxygen with a constant 1.2% isolurane end-tidal concentration (ETISO) delivered via a 
circle system (Anesco Inc. KY, USA) and an isofl urane vaporizer (Ohmeda Isotec 3, BOC Health 
Care, UK). In the study III, each CRI regimen was administered via separate infusion pumps 
(IVAC 7201 Gold Signature, Alaris Medical System Inc., CA, USA; Perfusor Secura FT, B. Braun, 
Melsungen, Germany), and infusions were diluted in saline so that the sum of infusion rates in 
each CRI regimen was 11 mL/kg/hour. Th e dogs were breathing spontaneously in all studies. 

Table 2. Treatments and administration routes in studies I-IV.

Study Treatment Sedation / Premedication Induction/ 
Maintenance

I
 

MEDBUT

MEDBUT-MK

Medetomidine 20  μg/kg + Butorphanol 0.1 mg/kg  
IM/IV
MB + MK-467 500  μg/kg IM/IV

 
 

II
 
 

MED

MMK250
ACEBUT

Medetomidine 10  μg/kg IV

Medetomidine 10  μg/kg + MK-467 250 μg/kg IV
Acepromazine 0.01 mg/kg + Butorphanol 0.3 mg/kg IV

Propofol to eff ect/ 
Isofl urane ETISO 1.2%
as MED
as MED

III
 
 

ALF

MEDALF
MEDALF-MK

Saline IV

Medetomidine 4 μg/kg + CRI 4  μg/kg/h IV
MA + MK-467 150  μg/kg + CRI 120  μg/kg/h IV

Alfaxalone 2.4 mg/kg + 
CRI 3.6 mg/kg/h
as ALF
as ALF

IV
 
 
 
 

MED

MMK50
MMK100
MMK150
MGP

Medetomidine 10  μg/kg IV

MED + MK-467 50  μg/kg IV
MED + MK-467 100  μg/kg IV
MED + MK-467 150  μg/kg IV
Glycopyrrolate 10  μg/kg SC 15 minutes prior to MED

Ketamine + 
Midazolam/ Isofl urane 
ETISO 1.2%
as MED
as MED
as MED
as MED
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Th e dose ratio in studies I and II between MED and MK-467 was derived from previous a 
study with dogs (Honkavaara et al. 2011). In study III, the aimed target constant plasma drug 
concentrations were 1 mg/L for alfaxalone, 3 ng/mL for MED and 300 ng/mL for MK-467. 
Loading doses and CRI rates were calculated by using reported pharmacokinetic values for 
alfaxalone (Ferre et al. 2006), MED (Kuusela et al. 2000), and MK-467 (Honkavaara et al. 2012). 

In study I, intramuscular atipamezole 50 μg/kg (Antisedan 5 mg/mL, Orion Pharma Ltd, 
Finland) was administered aft er the last measurement to speed up full recovery. Additionally, 
subcutaneous meloxicam 0.2 mg/kg (Metacam 5 mg/mL, Boehringer Ingelheim Vetmedica, 
Ingelheim/Rhein, Germany) was administered in all studies aft er the last measurements to reduce 
the infl ammatory reaction and to ameliorate any discomfort due to minor tissue trauma from 
cannula insertions. Aft er the study, when normal locomotion and temperature were achieved, 
the dogs returned to their facilities and were housed in individual cages for the following night 
then returned to their pack the following morning.

4.4  Cardiopulmonary measurements (I, II, III, IV)
Aft er the connection of all wires and lines, the dogs were positioned in lateral recumbence and 
allowed to adapt before baseline measurements. Th e baseline recordings and measurements 
were taken at least fi ve minutes before the administration of the drugs. Continuous lead II 
electrocardiography, as well as systolic (SAP), diastolic (DAP) and mean (MAP) arterial pressure 
and central venous pressure (CVP) were monitored in all studies using a multichannel monitor 
(Datex-Ohmeda S/5 Anesthesia Monitor, GE Healthcare, Finland). Additionally, inspired 
fraction of oxygen, end tidal carbon dioxide (II, III and IV) and end tidal isofl urane (ETISO) 
(II, IV) concentrations were recorded continuously aft er the induction of anaesthesia. Th e gas 
analyser was calibrated before the studies with the calibration gas supplied by the manufacturer 
(Quick Cal Calibration Gas, GE Healthcare, Finland). Th e pressure transducers (Gabarith 
PMSET, Becton Dickinson, UT, USA) were reset to atmospheric pressure and calibrated with 
a transducer stimulator tester (Delta-Cal Utah Medical Products Inc., UT, USA). Th e level of 
manubrium was used as a zero reference. Cardiac output measurements, arterial blood gas 
samples and rectal temperature were monitored at certain times points during the trials. Cardiac 
output was measured with the lithium indicator dilution method (LiDCO Plus Hemodynamic 
Monitor, LiDCO Ltd, UK) within all studies as described by Mason et al. (2001) using standard 
dose of 0.075 mmoL LiCl. Th e standard values of 10 g/L for haemoglobin and 140 mmoL/L for 
sodium were used and later corrected with actual values measured from simultaneously drawn 
arterial blood gas samples. Arterial blood gas samples were drawn anaerobically into pre-
heparinized syringes (Pico-50, Radiometer, Copenhagen, Denmark) via the catheter, stored in 
iced water for no longer than 15 minutes and analysed (ABL 855, Radiometer, Copenhagen, 
Denmark). Temperature-corrected oxygen and carbon dioxide partial pressures (PaO2 and 
PaCO2, respectively), pH and bicarbonate (HCO3

-) as well as arterial lactate, haemoglobin (Hba) 
and sodium concentrations were recorded.  Haemoglobin oxygen saturation was calculated 
(Reeves et al. 1982). Subsequently, the cardiac index (CI), systemic vascular resistance index 
(SVRI), arterial oxygen content (CaO2), tissue oxygen delivery index (DO2I) and P(A-a)O2 (I) were 
calculated by using standard equations (Haskins et al. 2005). During sedation (I) and before the 
induction of anaesthesia (II, III and IV), the RR was measured by counting the chest movements 
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for one minute, and later on by means of capnography (II, III, IV). In study III, where somatic 
nociceptive stimulus was applied to the ventral surface of the tail using a nociceptive pressure 
tester (Selitto Randell Paw Pressure Tester, IITC Life Science Inc., Woodland Hills, CA, USA), 
the cardiopulmonary measurements were always taken before this stimulus.

4.5  Plasma concentra  ons of drugs (III, IV)
Blood samples for the analysis of plasma drug concentrations were taken at selected time 
points. Samples were taken from the central venous catheter to EDTA tubes and centrifuged 
at 3000G for 15 minutes. Until analysis, the separated plasma was stored at -20C. Th e plasma 
concentrations of both enantiomers of MED, as well as MK-467 and alfaxalone were analysed 
with a high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) 
method. More detailed descriptions of the analyses of plasma drugs concentrations are found in 
the original papers (III, IV). Th e AUClast for both enantiomers of medetomidine, MK-467 and 
alfaxalone were calculated using a trapezoidal method with WinNonLin soft ware. 

4.6  Level of seda  on, BIS and the quality of induc  on, 
intuba  on and recovery (II)

Th e level of hypnosis during the premedication and anaesthetic period was monitored by 
using BIS. BIS electrodes (BIS sensor; Aspect Medical Systems, MA, USA) were placed on 
clipped and disinfected skin in a frontal-temporal position as described by Campagnol et al. 
(2007). Additionally, the level of sedation was evaluated subjectively 5, 10 and 15 minutes aft er 
premedication by an experienced, blinded observer. A composite sedation score modifi ed from 
Kuusela et al. (2001b) was used, whereby 0 was normal and 16 was deeply sedated. Th e quality 
of induction and intubation on a scale of 1 (smooth) – and 4 (rough/failed) (Maddern et al. 
2010), and the quality of recovery on a scale of 1 (smooth) – 5 (extreme excitement), modifi ed 
from Lozano et al. (2009), were subjectively assessed by the same blinded observer. In addition, 
extubation, righting, sternal and walking times in minutes were recorded. Th e induction agent 
doses needed for induction were also recorded in studies II and IV.

4.7  Sta  s  cal analyses
Data is presented as the mean ± standard deviation (SD) or median (minimum–maximum 
range) for parametric or ordinal data, respectively.

In each study, cardiopulmonary variables, CSS (II) and BIS (II) were analysed separately 
by using the statistical soft ware SAS for Windows, version 9.2 (SAS Institute Inc., NC, USA). 
Th e change from the baseline measurement was calculated for all of the response variables, and 
the change was used as a response in the modelling. Th e diff erences between treatments in the 
change from baseline values were assessed with repeated measures analysis of covariance (RM 
ANCOVA) models. Th e model consisted of a baseline covariate, the main eff ects of treatment, the 
period (the order of treatments) and time point of measurement as well as two-way interactions 
of period*time point and treatment*time point as fi xed eff ects, and the main eff ect of dog and 
two-way interaction terms of period * dog and time point * dog as random eff ects. Th e estimates 
of treatment eff ects were calculated both over time and by time point from the fi tted models. For 
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the overall and time-specifi c treatment diff erences, 95% confi dence intervals and p-values were 
calculated. 

In study II, with continuous variables – e.g. time of extubation, righting, sternal and 
walking – measured only once, diff erences between the treatments were evaluated with analysis 
of covariance (ANCOVA) models. For extubation, righting and sternal times a logarithmic 
transformation was made to normalize the distribution. Here, the model included the main 
eff ects of treatment and period, and their two-way-interaction of treatment*period as fi xed 
eff ects, and the main eff ect of dog, and the two-way-interaction of dog*period as random eff ects. 
For the variable walking time, the model was the same without the two-way interaction term 
treatment*period, because it had to be removed to enhance the model fi t. As regards the three 
category variables, the quality of induction, intubation and recovery, only descriptive analysis 
was generated.

For pharmacokinetic data (III, IV), the normality of distributions was evaluated with 
Shapiro Wilk’s test. Comparison between treatments for the AUClast of dexmedetomidine, 
levomedetomidine and alfaxalone was analysed with SPSS statistical soft ware using analysis of 
variance (ANOVA) and paired t-test. Bonferroni corrections were used when appropriate.

For all statistical analyses, a p-value of <0.05 was considered as statistically signifi cant. 

Materials and Methods



30

5  RESULTS
5.1  Haemodynamic e  ects
Data on HR, MAP, CI and SVRI from all studies are presented in Figures 2-5, respectively. Th e 
rest of the cardiopulmonary data is presented in Tables 3-6 from studies I-IV, respectively. 

In general, MK-467 prevented the increase in systemic vascular resistance in all studies (Fig. 
5). Th is was accompanied with better-maintained HR (Fig. 2), CI (Fig. 4) and DO2I (Tables 3-6).

In more detail, MK-467 attenuated the increase in both MAP (Fig.3) and SVRI (Fig. 5) in 
dogs either sedated with MEDBUT (I) or anaesthetised with MEDALF-CRI (III). However, MAP 
(Fig. 3) remained signifi cantly higher during the whole observation period in dogs premedicated 
with MED and anaesthetised with isofl urane (II, IV) than aft er the treatments which included any 
studied dose of MK-467. However, during isofl urane anaesthesia induced with either propofol 
(II) or ketamine and midazolam (IV), the SVRI with MED alone did not diff er signifi cantly 
from the SVRI with treatments including any studied dose of MK-467 (Fig. 5). Subsequently, 
HR (Fig. 2) remained signifi cantly lower with MEDBUT (I), MED (II) and MEDALF (III) 
treatments than with treatments that included MK-467 during the whole observation period. 
In study IV, however, the decrease in HR was inversely related to the dose of MK-467 during 
the premedication phase. Aft er IM administration of MK-467 together with MEDBUT (I), the 
reversing eff ects of MK-467 seemed to appear more slowly than aft er IV administration.

MK-467 attenuated the decrease in CI (Fig. 4) and DO2I (Tables 3 and 5) when dogs were 
either sedated with MEDBUT (I) or anaesthetised with MEDALF-CRI (III). With a standard dose 
of intravenous MED, MK-467 induced dose-dependent eff ects on CI (Fig. 4) and DO2I (Tables 4 
and 6) during the premedication phase (II, IV). However, in comparison to MED, signifi cantly 
higher CIs and DO2Is were detected during isofl urane anaesthesia only shortly aft er the induction 
with propofol (II) with the highest studied dose of MK-467 (250 μg/kg) (MMK250), but not with 
lower doses of MK-467 aft er the induction with ketamine and midazolam (IV). 

When comparing two diff erent premedication regimens (II), ACEBUT versus MMK250, 
no signifi cant diff erences were detected in haemodynamic function during the premedication 
phase between these two treatments, with the exception of MAP (Fig. 3), which was signifi cantly 
lower with ACEBUT than with MMK250. During isofl urane anaesthesia induced with propofol 
(II), MAP (Fig. 3) remained lower with ACEBUT than with MMK250. Additionally, HR (Fig. 2) 
was higher during the entire anaesthetic phase with MMK250 than with ACEBUT, but CI (Fig. 
4) and DO2I (Table 4) were higher with MMK250 than with ACEBUT only shortly aft er the 
induction of anaesthesia.

In study IV, pre-treatment with subcutaneous glycopyrrolate 15 minutes prior to intravenous 
MED (MGP) augmented MED-induced changes in the SVRI (Fig. 5), aBP and CVP (Fig. 3 and 
Table 6), while MGP maintained a higher HR than MED during premedication phase (Fig. 2). 
However, CI (Fig. 4) and DO2I (Table 6) were not proportionally improved by means of heart 
rate. Tachycardia (HR > 150 beats per minute; Haskins 2015) was not detected aft er MGP. During 
isofl urane anaesthesia, the CI (Fig. 4) was always lower with MGP than with MED or with MED 
combined with any studied dose of MK-467. Additionally, CI (Fig. 4) was signifi cantly higher 
during the entire observation period with MMK150 than with MGP, with the exception of the 
15-minute time point.
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Aft er MED bolus IV administration, bradyarrhythmias with second-degree AV-blocks were 
detected (I, II, IV). Intravenous co-administration of MK-467 (250 g/kg) (MMK250) with 
medetomidine (10 g/kg) (II) prevented second-degree AV blocks, but lower doses of MK-467 
(IV) were not able to completely prevent them. Additionally, occasional single uniform VPCs 
with intermittent pulse defi cits were noted with MGP (IV).

5.2  Respiratory e  ects and blood gases
Data on respiratory eff ects and arterial blood gases are presented in Tables 3-6 from studies 
I-IV, respectively.

In all studies, the RR decreased aft er each treatment (Tables 3-6), and further aft er the 
induction of anaesthesia with propofol (II) (Table 4), alfaxalone (III) (Table 5) or ketamine 
and midazolam (IV) (Table 6). However, diff erences in RRs were not detected between the 
treatments in the studies I, II and IV. During total intravenous anaesthesia (III), the RR was 
signifi cantly higher with ALF than with both MEDALF and MEDALF-MK, but not between 
MEDALF and MEDALF-MK (Table 5). Th e administration route did not aff ect the RR in dogs 
sedated with MEDBUT with or without MK-467 (I) (Table 3). While the RR decreased in all 
studies aft er treatment, a subsequent increase in PaCO2 was recorded. Co-administration of 
MK-467 with MEDBUT administered via either route (I) resulted in higher PaCO2 over time 
than with MEDBUT alone (Table 3). A similar trend was detected aft er IV bolus administration 
of MED with the highest studied dose of MK-467 (MMK250) during the premedication phase 
(II) (Table 4), but not with the lower doses of MK-467 (IV) (Table 6). On the contrary, during 
isofl urane anaesthesia (II, IV), PaCO2 was higher with MED than with MMK250 (II) (Table 4), 
or with MMK100 and MMK150 (IV) (Table 6). Similarly, during total intravenous anaesthesia 
(III), PaCO2 was signifi cantly lower with MEDALF-MK than with MEDALF, but higher than 
with ALF (III) (Table 5). In comparison to MED, premedication with ACEBUT (II) resulted in 
higher PaCO2 during the whole observation period, but PaCO2 was higher with ACEBUT than 
with MMK250 only during isofl urane anaesthesia (Table 4). However, PaCO2 never exceed 60 
mmHg in any study. 

In addition to the changes in PaCO2, a decrease in PaO2 was detected aft er the treatments, 
and no diff erences were detected between the treatments prior to or during isofl urane anaesthesia 
(II, IV) (Tables 4 and 6). A transient but clinically signifi cant decrease was detected in PaO2 
three minutes aft er MEDBUT-MK administration (I) via either route, but not with MEDBUT 
(Table 3). In addition, the initial P(A-a)O2 was signifi cantly higher with MEDBUT-MK than with 
MEDBUT via either administration route, but P(A-a)O2 returned towards to the baseline value 
sooner with MEDBUT-MK than with MEDBUT (I) (Table 3). On the contrary, shortly aft er the 
induction with an alfaxalone loading dose (III), PaO2 was signifi cantly lower with MEDALF than 
with either ALF or MEDALF-MK (Table 5).

In all studies, the arterial lactate concentration remained lower than 2.5 mmol/L. However, 
minor changes in arterial lactate concentrations were detected in the studies I and II. It was 
signifi cantly higher with MEDBUT than with MEDBUT-MK (I) and with MED than with both 
MMK250 and ACEBUT (Tables 3 and 4). 
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5.3  Plasma concentra  ons of drugs (III, IV)
Th e mean ± SD AUClast for dexmedetomidine was signifi cantly higher with MEDALF (195 ± 31 
ng min/ml) than with MEDALF-MK (90 ± 15 ng min/ml) (p < 0.05) and with MED (155 ± 36 ng 
min/ml) than with MMK150 (101 ± 12 ng min/ml) (p < 0.05) in studies III and IV, respectively. 
Additionally, in study III, the AUClast for alfaxalone was signifi cantly higher with MEDALF 
(455,000 ± 85,000 ng min/ml) than with MEDALF-MK (239,000 ± 31,000 ng min/ml) (p < 0.05).

5.4  Other e  ects
5.4.1  The dose of induc  on agents (II, IV)
Th e mean ± SD propofol dose needed for induction (II) was 1.5 ± 0.3 mg/kg for MED, 2.1 ± 
0.5 mg/kg for MMK250 and 2.3 ± 0.9 mg/kg for ACEBUT. Statistical diff erence was reached 
between each treatment (p < 0.05). In study IV, the doses for ketamine and midazolam needed 
for induction were 1 mg/kg and 0.2 mg/kg, respectively. In three exceptional cases, the ketamine 
dose was 1.5-2.0 mg/kg and midazolam 0.2-0.4 mg/kg. 

5.4.2  Level of seda  on and BIS (II)
Th e sedation scores (CSS) did not diff er signifi cantly between MED, ACEBUT and MMK250. 
Before the induction of anaesthesia, at the 15-minute time point, the CSS was 9 (7–14) for MED, 
10 (6–11) for MMK250 and 10 (5–13) for ACEBUT when presented as median (range). Before 
the induction of anaesthesia, BIS recordings (mean ± SD) at the 10-minute time point were 
80 ± 8 for MED, 83 ± 4 for MMK250 and 87 ± 6 for ACEBUT, and no signifi cant diff erences 
were detected between the treatments at this time point (Table 4). During anaesthesia, all dogs 
were in the surgical plane of anaesthesia, based on a clinical evaluation of anaesthetic depth. 
However, the level of hypnosis according to BIS was signifi cantly higher with MED than with 
both MMK250 and ACEBUT (Table 4). Signifi cant diff erences were detected in EMG recordings 
between ACEBUT and MED or MMK250 during both the premedication phase and isofl urane 
anaesthesia (Table 4). 

5.4.3  The quality of induc  on, intuba  on and recovery (II)
In general, the quality of induction, intubation and recovery was smooth with all treatments. 
However, some mild paddling or twitching was detected during induction in one dog aft er MED 
and two dogs aft er ACEBUT. Similarly, some mild paddling was detected in the recovery phase 
in one dog with MED and ACEBUT, and three dogs aft er MMK250.

Th e recovery phase was blindly assessed, and the quality of recovery was smooth in all 
treatments. However, there was a signifi cant diff erence in recovery times between the treatments. 
Th e time in minutes (mean ± SD) from cessation of isofl urane to extubation and to walking was 
signifi cantly shorter with MMK250 (7 ± 2 and 15 ± 5, respectively) than with MED (10 ± 3 and 
33 ± 16, respectively) or ACEBUT (18 ± 10 and 39 ± 11, respectively). 

Results
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5.4.4  Rectal temperature
Rectal temperature declined mildly over time in all studies, but no signifi cant diff erences were 
detected between treatments in the studies III-IV (Tables 5 and 6). Th e rectal temperature was 
signifi cantly lower in dogs sedated with MEDBUT-MK administered either IV or IM (p < 0.001 
for both) (I), and aft er premedication with MMK250 (p = 0.003) or ACEBUT (p = 0.04) (II) than 
with MEDBUT and MED, respectively (Tables 3 and 4). Rectal temperature was signifi cantly 
lower with MEDBUT-MK than MEDBUT from 20 to 30 minutes aft er drug administration (I), 
while signifi cance was reached at all time points between MED and MMK250 (II). At the end 
of the observation period, the approximate diff erence in rectal temperatures was 1°C between 
MEDBUT-MK and MEDBUT (I), and 0.5°C between MED and MMK250 (II).  

Figure 2. Mean ± SD heart rates (beats/min) over time for eight dogs sedated with MEDBUT IV/
IM, MEDBUT IV/IM (I); premedicated with MED (II, IV), MMK250 (II), ACEBUT (II), MGP (IV), 
MMK150 (IV) and MMK50 (IV) prior to isofl urane anaesthesia; or administered a CRI of ALF, 
MEDALF and MEDALF-MK (See Table 2 for treatment key). Th e black arrow indicates the time of 
the induction of anaesthesia with propofol (II), alfaxalone (III) or ketamine and midazolam (IV). * 
Signifi cant diff erence between MEDBUT IV and MEDBUT-MK IV (I); MED and MMK250 (II) or MMK150 (IV); 
or MEDALF and MEDALF-MK (III) (p < 0.05). # Signifi cant diff erence between MEDBUT-IM and MEDBUT-MK 
IM (I); MED and ACEBUT (II) or MGP (IV); or MEDALF and ALF (III) (p < 0.05). † Signifi cant diff erence between 
MMK250 and ACEBUT (II); MEDALF-MK and ALF (III); or MMK150 and MGP (IV) (p < 0.05). § Signifi cant 
diff erence between MMK150 and MMK50 (IV) (p < 0.05).
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Figure 3. Mean ±SD mean arterial pressures (mmHg) over time for eight dogs sedated with MEDBUT 
IV/IM, MEDBUT IV/IM (I); premedicated with MED (II, IV), MMK250 (II), ACEBUT (II), MGP 
(IV), MMK150 (IV) and MMK50 (IV) prior to isofl urane anaesthesia; or administered a CRI of ALF, 
MEDALF and MEDALF-MK (See Table 2 for treatment key). Th e black arrow indicates the time of the 
induction of anaesthesia with propofol (II), alfaxalone (III) or ketamine and midazolam (IV).
* Signifi cant diff erence between MEDBUT IV and MEDBUT-MK IV (I); MED and MMK250 (II) or MMK150 (IV); 
or MEDALF and MEDALF-MK (III) (p < 0.05). # Signifi cant diff erence between MEDBUT-IM and MEDBUT-MK 
IM (I); MED and ACEBUT (II) or MGP (IV); or MEDALF and ALF (III) (p < 0.05). † Signifi cant diff erence between 
MMK250 and ACEBUT (II); MEDALF-MK and ALF (III); or MMK150 and MGP (IV) (p < 0.05). § Signifi cant 
diff erence between MMK150 and MMK50 (IV) (p < 0.05).
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Figure 4. Mean ± SD cardiac indices (L/min/m2) over time for eight dogs sedated with MEDBUT 
IV/IM, MEDBUT IV/IM (I); premedicated with MED (II, IV), MMK250 (II), ACEBUT (II), MGP 
(IV), MMK150 (IV) and MMK50 (IV) prior to isofl urane anaesthesia; or administered a CRI of ALF, 
MEDALF and MEDALF-MK (See Table 2 for treatment key). Th e black arrow indicates the time of 
the induction of anaesthesia with propofol (II), alfaxalone (III) or ketamine and midazolam (IV). * 
Signifi cant diff erence between MEDBUT IV and MEDBUT-MK IV (I); MED and MMK250 (II) or 
MMK150 (IV); or MEDALF and MEDALF-MK (III) (p < 0.05). # Signifi cant diff erence between 
MEDBUT-IM and MEDBUT-MK IM (I); MED and ACEBUT (II) or MGP (IV); or MEDALF and ALF 
(III) (p < 0.05). † Signifi cant diff erence between MMK250 and ACEBUT (II); MEDALF-MK and ALF 
(III); or MMK150 and MGP (IV) (p < 0.05). § Signifi cant diff erence between MMK150 and MMK50 
(IV) (p < 0.05).
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Figure 5. Mean ± SD systemic vascular resistance indices (dynes*sec*cm-5/m2) over time for eight dogs 
sedated with MEDBUT IV/IM, MEDBUT IV/IM (I); premedicated with MED (II, IV), MMK250 
(II), ACEBUT (II), MGP (IV), MMK150 (IV) and MMK50 (IV) prior to isofl urane anaesthesia; or 
administered a CRI of ALF, MEDALF and MEDALF-MK (See Table 2 for treatment key). Th e black 
arrow indicates the time of the induction of anaesthesia with propofol (II), alfaxalone (III) or ketamine 
and midazolam (IV). * Signifi cant diff erence between MEDBUT IV and MEDBUT-MK IV (I); MED 
and MMK250 (II) or MMK150 (IV); or MEDALF and MEDALF-MK (III) (p < 0.05). # Signifi cant 
diff erence between MEDBUT-IM and MEDBUT-MK IM (I); MED and ACEBUT (II) or MGP (IV); 
or MEDALF and ALF (III) (p < 0.05). † Signifi cant diff erence between MMK250 and ACEBUT (II); 
MEDALF-MK and ALF (III); or MMK150 and MGP (IV) (p < 0.05). § Signifi cant diff erence between 
MMK150 and MMK50 (IV) (p < 0.05).
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Table 3. Mean ± SD of SAP, DAP, CVP, DO2I, PaO2, PaCO2, P(A-a)O2, RR and rectal temperature in eight 
dogs sedated with MEDBUT IV/IM and MEDBUT-MK IV/IM (See Table 2 for treatment key). 
* Signifi cant diff erence between MEDBUT IV and MEDBUT-MK IV (p<0.05). # Signifi cant diff erence 
between MEDBUT IM and MEDBUT-MK IM (p<0.05).

STUDY I
Parameter Treatment Baseline 3 10 20 30 60

SAP (mmHg)

MBMK IV
MB IV

MBMK IM
MB IM

198 ± 32
191 ± 38
204 ± 24
200 ± 16

211 ± 41 *
218 ± 16
221 ± 18
209 ± 19

150 ± 29 *
190 ± 19
182 ± 20
197 ± 9

130 ± 31 *
173 ± 13

155 ± 23 #
179 ± 18

124 ± 30 *
169 ± 17

137 ± 22 #
173 ± 17

126 ± 18 *
157 ± 15

130 ± 18 #
162 ± 22

DAP (mmHg)

MBMK IV
MB IV

MBMK IM
MB IM

85 ± 12
89 ± 10
95 ± 14
88 ± 9

72 ± 18 *
127 ± 10
113 ± 12
99 ± 16

64 ± 10 *
114 ± 6

87 ± 12 #
119 ± 15

53 ± 10 *
98 ± 11

68 ± 12 #
102 ± 12

49 ± 10 *
94 ± 9

64 ± 13 #
96 ± 13

49 ± 7 *
79 ± 13
51 ± 8 #
84 ± 12

CVP (mmHg)

MBMK IV
MB IV

MBMK IM
MB IM

2 ± 2
2 ± 3
2 ± 2
2 ± 3

6 ± 1
8 ± 2
4 ± 3
4 ± 2

3 ± 1 *
11 ± 2
7 ± 1
9 ± 3

2 ± 1 *
9 ± 2

4 ± 1 #
9 ± 1

2 ± 2 *
7 ± 2

3 ± 1 #
7 ± 1

1 ± 2 *
6 ± 2

2 ± 1 #
5 ± 2

DO2I 
(mL/min/m2)

MBMK IV
MB IV

MBMK IM
MB IM

840 ± 227
972 ± 519
920 ± 166
867 ± 252

395 ± 65 *
152 ± 39
277 ± 57
238 ± 92

500 ± 64 *
253 ± 92

374 ± 81 #
232 ± 113

495 ± 83 *
324 ± 121

466 ± 105 #
271 ± 71

471 ± 61 *
264 ± 67

512 ± 60 #
282 ± 81

382 ± 82
307 ± 70

478 ± 64 #
306 ± 68

PaO2 (mmHg) 

MBMK IV
MB IV

MBMK IM
MB IM

98 ± 4
98 ± 7
92 ± 7
97 ± 5

48 ± 4 *
68 ± 5

70 ± 8 #
85 ± 5

65 ± 6
67 ± 11
73 ± 6

70 ± 11

73 ± 5
77 ± 9
74 ± 6
71 ± 8

80 ± 5
79 ± 9

81 ± 11 #
77 ± 9

95 ± 8
90 ± 8
97 ± 8
88 ± 4

PaCO2 
(mmHg)

MBMK IV
MB IV

MBMK IM
MB IM

33 ± 2
34 ± 1
35 ± 2
34 ± 2

40 ± 2 *
37 ± 2
36 ± 2
36 ± 2

43 ± 2 *
40 ± 2
38 ± 3
39 ± 3

44 ± 3 *
38 ± 3

43 ± 2 #
40 ± 2

44 ± 3 *
40 ± 3

43 ± 3 #
40 ± 3

42 ± 4 *
40 ±3

42 ±3 #
40 ±2

P(A-a)O2 

(mmHg)

MBMK IV
MB IV

MBMK IM
MB IM

15 ± 4
13 ± 7
19 ± 8
14 ± 4

57 ± 4 *
40 ± 5

39 ± 8 #
24 ± 3

37 ± 5
38 ± 10
34 ± 5
36 ± 8

28 ± 4
29 ± 8

28 ± 7 #
34 ± 7

20 ± 4 *
26 ± 8

20 ± 9 #
28 ± 7

8 ± 5 *
15 ± 8
5 ± 5 #
16 ± 4

RR 
(breaths/min)

MBMK IV
MB IV

MBMK IM
MB IM

22 ± 7
20 ± 3
23 ± 7

28 ± 14

9 ± 6
11 ± 4
10 ± 4
10 ±5

7 ± 5
8 ± 3
8 ± 6

10 ± 5

7 ± 4
7 ± 2
6 ± 3
8 ± 3

7 ± 3
7 ± 2
7 ± 3
8 ± 4

8 ± 4
9 ± 3
7 ± 3
9 ± 5

Temperature 
(°C)

MBMK IV
MB IV

MBMK IM
MB IM

38.2 ± 0.5
38.0 ± 0.3
38.0 ± 0.4
38.0 ± 0.4

38.2 ± 0.4
38.1 ± 0.2
38.1 ± 0.4
38.2 ± 0.3

38.0 ± 0.4
38.0 ± 0.4
38.1 ± 0.3
38.1 ± 0.3

37.7 ± 0.5 *
38.1 ± 0.3

37.8 ± 0.3 #
38.1 ± 0.2

37.5 ± 0.5 *
38.0 ± 0.3

37.4 ± 0.5 #
37.9 ± 0.4

36.8 ± 0.5 *
37.5 ± 0.3

36.9 ± 0.3 #
37.5 ± 0.4

Results
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Table 4. Mean ± SD of SAP, DAP, CVP, DO2I, Hba, PaO2, PaCO2, RR, BIS, EMG and rectal temperature  
in eight dogs premedicated with IV MED, MMK250 or ACEBUT (See Table 2 for treatment key). 
Anaesthesia was induced 20 minutes later with propofol and maintained with ETISO 1.2% of isofl urane. * 
Signifi cant diff erence between MED and MMK250 (p<0.05). # Signifi cant diff erence between MED and 
ACEBUT (p<0.05). † Signifi cant diff erence between MMK250 and ACEBUT (p<0.05).

STUDY II

Parameter Treatment Baseline 10 40 60 80

SAP (mmHg)
MED

MMK250
ACEBUT

192 ± 25
192 ± 17
194 ± 20

184 ± 13
160 ± 17 *
152 ± 29 #

143 ± 13
104 ± 15 *
94 ± 26 #

129 ± 12
102 ± 18 *†
87 ± 15 #

122 ± 17
100 ± 14 *†
84 ± 13 #

DAP (mmHg)
MED

MMK250
ACEBUT

89 ± 14
86 ± 14
89 ± 24

114 ± 15
69 ± 9 *†
56 ± 9 #

83 ± 15
58 ± 17 *†
41 ± 10 #

71 ± 14
52 ± 14 *†
39 ± 7 #

63 ± 16
50 ± 11 *†
39 ± 6 #

CVP (mmHg)
MED

MMK250
ACEBUT

3.5 ± 2.4
3.6 ± 2.1
3.9 ± 1.8

10.5 ± 0.9
4.1 ± 0.6 *†
1.9 ± 1.6 #

6.6 ± 1.3
3 ± 1.1 *

3.6 ± 1.1 #

5.1 ± 1.6
3.1 ± 1.6 *
3.9 ± 1.4 #

4.6 ±1.3
2.5 ± 1.3 *
3.4 ± 1.7 #

DO2I 
(mL/min/m2)

MED
MMK250
ACEBUT

760 ± 175
992 ± 359
714 ± 66

256 ± 82
712 ± 366 *
708 ± 187 #

518 ± 137
737 ± 163 *†

508 ± 112

555 ± 144
676 ± 144
512 ± 136

592 ± 166
609 ± 129
532 ± 91

 
Hba (g/dL)
 

MED
MMK250
ACEBUT

13.5 ± 0.9
13.5 ± 1.2
13.3 ± 0.7

15.9 ± 0.8
13.2 ± 0.9 *†
12.6 ± 0.7 #

13.9 ± 0.7
11.9 ± 0.8 *†
11.3 ± 0.3 #

13.0 ± 0.6
11.7 ± 1.0 *†
10.8 ± 0.5 #

12.6 ± 0.5
11.4 ± 0.7 *†
10.6 ± 0.5 #

PaO2 (mmHg)
MED

MMK250
ACEBUT

93 ± 9
94 ± 6
95 ± 3

87 ± 12
85 ± 7
89 ± 5

555 ± 17
553 ± 28
549 ± 21

557 ± 23
568 ± 20
556 ± 14

558 ± 24
571 ± 20 †
548 ± 15

PaCO2 (mmHg)
MED

MMK250
ACEBUT

35 ± 3
36 ± 1
35 ± 2

32 ± 4
39 ± 3 *
38 ± 2 #

45 ± 3
44 ± 4 †
48 ± 3 #

44 ± 3 
43 ± 5 *†
48 ± 2 #

43 ± 4
41 ± 5 *†
48 ± 3 #

RR 
(breaths/min)

MED
MMK250
ACEBUT

18 ± 5
18 ± 6
18 ± 5

12 ± 5
10 ± 3
12 ± 6

7 ± 3
7 ± 3
8 ± 5

9 ± 3
11 ± 6
8 ± 3

11 ± 3
13 ± 9 †

9 ± 3

BIS
MED

MMK250
ACEBUT

96.8 ± 2.8
97.6 ± 0.5

98 ± 0

80.1 ± 8.2
82.9 ± 4.4
87.1 ± 6.2

57.5 ± 5.1
62.1 ± 13.5 †
72.3 ± 15.9 #

58.9 ± 3.1
64.8 ± 15.1
69.1 ± 14 #

62.6 ± 8.8
75.8 ± 14.7 *†

67.9 ± 14.5

EMG (decibels)
MED

MMK250
ACEBUT

47.1 ± 3.9
47.1 ± 5.0
49.0 ± 4.3

37.9 ± 3.4
38.5 ± 2.2 †
42.5 ± 4.8 #

29.8 ±2.0
32.8 ± 3.9 †
36.5 ± 4.9 #

30.4 ± 2.5
33.4 ± 4.5
34.0 ± 5.2

31.8 ± 2.9
37.6 ± 5.9 *†

32.5 ± 4.2

Temperature 
(°C)

MED
MMK250
ACEBUT

38.0 ± 0.4
38.1 ± 0.4
38.0 ± 0.3

38.1 ± 0.4
37.8 ± 0.4 *
37.9 ± 0.4

37.6 ± 0.3
37.3 ± 0.5 *
37.4 ± 0.2

37.4 ± 0.2
37.1 ± 0.5 *
37.1 ± 0.4 #

37.3 ± 0.3
36.9 ± 0.5 *
37.0 ± 0.4 #

Results 
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Table 5. Mean ± SD of SAP, DAP, CVP, DO2I, Hba, CaO2, PaO2, PaCO2, RR and rectal temperature in 
eight dogs anaesthetised with either ALF, MEDALF or MEDALF-MK constant rate infusion  (See Table 2 
for treatment key). * Signifi cant diff erence between MEDALF and MEDALF-MK (p < 0.05). # Signifi cant 
diff erence between MEDALF and ALF (p < 0.05). † Signifi cant diff erence between MEDALF-MK and 
ALF (p < 0.05).  

STUDY III

 Parameter Treatment Baseline 15 30 45 60 70

SAP (mmHg)
ALF

MEDALF
MEDALF-MK

184 ± 23
190 ± 22
176 ± 20

151 ± 26 #
167 ± 13 
140 ± 16*

158 ± 20
155 ± 13

139 ± 15*†

165 ± 18
155 ± 16

137 ± 16*†

165 ± 18 #
151 ± 13

139 ± 14 †

161 ± 19
150 ± 13

138 ± 15 †

DAP 
(mmHg)

ALF
MEDALF

MEDALF-MK

81 ± 12
82 ± 13
79 ± 11

86 ± 14 #
117 ± 11

74 ± 11 *†

84 ± 13 
91 ± 12

61 ± 8 *†

91 ± 15
88 ± 11

59 ± 7.0 *†

90 ± 12
89 ± 11

62 ± 8 *†

89 ± 11
89 ± 10

61 ± 7 *†

CVP 
(mmHg)

ALF
MEDALF

MEDALF-MK

3.0 ± 2.6
1.9  ± 1.6
1.3  ± 1.8

0.9 ± 1.0 #
7.6 ± 1.1

1.4 ± 1.3 *

0.3 ± 1.3 #
6.4 ± 2.0

1.4 ± 0.9 *†

0.6 ± 0.9 #
6.4 ± 1.2

1.5 ± 1.2 *†

0.3 ± 0.9 #
6.4 ± 0.7

1.6 ± 1.2 *†

0.6 ± 1.5 #
6.1 ± 0.8

1.4 ± 1.4 *†

DO2I 
(mL/min/m2)

ALF
MEDALF

MEDALF-MK

642 ± 205
686 ± 174
654 ± 127

838 ± 191 #
452 ± 126

787 ± 193 *

722 ± 122 #
372 ± 40

607 ± 139 *†

686 ± 127 #
353 ± 63

589 ± 147 *

667 ± 183 #
357 ± 57

536 ± 117 *†

704 ± 313 #
412 ± 69

537 ± 131 *†

Hba (g/dL)
ALF

MEDALF
MEDALF-MK

13.1 ± 0.5
13.1 ± 0.7
13.1 ± 0.5

12.4 ± 0.7 #
14.5 ± 0.8

12.4 ± 0.7 *

12.1 ± 0.3 #
13.9 ± 0.7

12.1 ± 0.6 *

11.7 ± 0.4 #
13.5 ± 0.7
12 ± 0.5 *

11.6 ± 0.3 # 
13.3 ± 0.6

11.3 ± 0.5 *

11.6 ± 0.6 #
13.2 ± 0.6

11.3 ± 0.4 *

CaO2 

(mL/dL)

ALF
MEDALF

MEDALF-MK

17.2 ± 0.7
17.3 ± 0.9
17.3 ± 0.7

18 ± 1.3 #
19.8 ± 1.3

17.7 ± 1.1 *

17.8 ± 0.3 #
20.2 ± 1

17.8 ± 0.8 *

17.2 ± 0.5 #
19.7 ± 1

17.2 ± 0.7 *

17.1 ± 0.5 #
19.4 ± 0.9

16.8 ± 0.6 *

17.2 ± 0.9 #
19.3 ± 0.9

16.8 ± 0.5 *

PaO2 

(mmHg)

ALF
MEDALF

MEDALF-MK

100 ± 5
102 ± 3
101 ± 8

455 ± 117 #
220 ± 106

362 ± 124 *†

558 ± 36
537 ± 56
547 ± 24

542 ± 55
540 ± 54
550 ± 28

536 ± 76
554 ± 43
537 ± 57

542 ± 79
545 ± 56
567 ± 23

PaCO2 

(mmHg)

ALF
MEDALF

MEDALF-MK

34 ± 2
34 ± 1
33 ± 3

43 ± 5 #
56 ± 5

52 ± 5 †

37 ± 2 #
47 ± 6

40 ± 3 *

36 ± 4 #
46 ± 7

39 ± 3 *

36 ± 3 #
45 ± 3

39 ± 3 *

35 ± 3 #
48 ± 5

39 ± 3 *

RR 
(breaths/min)

ALF
MEDALF

MEDALF-MK

18 ± 6
19 ± 7
18 ± 5

8 ± 5 #
3 ± 3
4 ± 2 

15 ± 6 #
7 ±2

10 ± 5

16 ± 7 #
7 ± 3

10 ± 5 †

18 ± 11 #
7 ± 3

11 ± 4 †

18 ± 11 #
7 ± 4

11 ± 5 †

Temperature 
(°C)

ALF
MEDALF

MEDALF-MK

37.9 ± 0.4
37.9 ± 0.7
38 ± 0.4

37.5 ± 0.3
37.6 ± 0.7
37.5 ± 0.4 

37.3 ± 0.3
37.4 ± 0.7
37.2 ± 0.3

37.1 ± 0.4
37.3 ± 0.6
37.1 ± 0.2

37 ± 0.5
37.1 ± 0.6
37 ± 0.3

36.9 ± 0.5
37 ± 0.6
37 ± 0.2

Results
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Table 6. Mean ± SD of SAP, DAP, CVP, DO2I, CaO2, PaCO2 and RR in eight dogs premedicated with 
MED, MMK50, MMK150 or MGP (See Table 2 for treatment key). Anaesthesia was induced 20 minutes 
later with ketamine and midazolam and maintained with ETiso 1.2% of isofl urane.  *Signifi cant diff erence 
between MED and MMK50 or MMK150 (p < 0.05). # Signifi cant diff erence between MED and MGP 
(p < 0.05). † Signifi cant diff erence between MGP and MMK50 or MMK150 (p < 0.05) § Signifi cant 
diff erence between MMK50 and MMK150 (p < 0.05).

STUDY IV

Parameter  Treatment Baseline 5 15 35 45 60

SAP (mmHg)

MED
MMK50

MMK150
MGP

183 ± 20
195 ± 19
188 ± 10
191 ± 17

203 ± 15
194 ± 18†

177 ± 15*†§
262 ± 23 #

173 ± 11
168 ± 11†
157 ± 17†
241 ± 29#

151 ± 10
134 ± 15*†

120 ± 13*†§
158 ± 22

138 ± 14
117 ± 18*†
108 ± 17*†
135 ± 25

128 ± 13
115 ± 17*†
104 ± 16*†
130 ± 26

DAP 
(mmHg)

MED
MMK50

MMK150
MGP

87 ± 12
91 ± 14
88 ± 14
88 ± 13

122 ± 8
103 ± 9*†
87 ± 9*†§
170 ± 27#

101 ± 10
89 ± 11*†
77 ± 9*†

166 ± 29#

94 ± 10
77 ± 18*†
68 ± 11*†
100 ± 16

77 ± 12
63 ± 17*†
60 ± 13*†
82 ± 16

67 ± 13
62 ± 15

56 ± 12†
74 ± 20

CVP 
(mmHg)

MED
MMK50

MMK150
MGP

5.6 ± 2.2
6.0 ± 1.7
4.8 ± 2.4
6.0 ± 1.5

14.8 ± 2.6
12.6 ± 1.1*†
8.6 ± 2.4*†§
13.8 ± 1.2

12.0 ± 2.5
10.4 ± 1.3*†
7.1 ± 2.6*†§
11.4 ± 1.3

8.0 ± 1.7
6.4 ± 1.4*

4.6 ± 1.2*†
7.3 ± 0.7

6.3 ± 1.6
5.1 ± 0.8*

4.1 ± 0.6*†
5.6 ± 0.9

5.9 ± 1.6
4.9 ± 0.6
3.9 ± 0.6*
5.3 ± 1.3

DO2I 
(mL/min/m2)

MED
MMK50

MMK150
MGP

780 ± 170
723 ± 323
666 ± 137
600 ± 195

272 ± 61
264 ± 77
383 ± 71

311 ± 137

327 ± 60
353 ± 37
416 ± 76

474 ± 182

865 ± 146
838 ± 165
730 ± 123

791 ± 121#

808 ± 97
755 ± 91

779 ± 158
781 ± 80

790 ± 156
756 ± 213
687 ± 179*
731 ± 100#

CaO2 

(mL/dL)

MED
MMK50

MMK150
MGP

17 ± 1
18 ± 1 
17 ± 1
17 ± 1

19 ± 1
17 ± 4*†
17 ± 1*†
19 ± 1

19 ± 1
18 ± 1*†

17 ± 1*†§
20 ± 1 #

21 ± 1
20 ± 1*†

18 ± 1*†§
21 ± 1

20 ± 1
19 ± 1*†
18 ± 1*†
21 ± 1 #

20 ± 1
18 ± 1*†
17 ± 1*†
20 ± 1 #

PaCO2 

(mmHg)

MED
MMK50

MMK150
MGP

34 ± 2
33 ± 2
33 ± 3
34 ± 2

34 ± 4
33 ± 3
34 ± 4

33 ± 23

31 ± 3
32 ± 3
33 ± 2
32 ± 3

53 ± 7
48 ± 6*

44 ± 6*†§
48 ± 8 #

46 ± 4
46 ± 5

43 ± 5*†
46 ± 4

43 ± 4
43 ± 4
41 ± 3
43 ± 4

RR 
(breaths/min)

MED
MMK50

MMK150
MGP

21 ± 5
19 ± 4
19 ± 6
18 ± 3

14 ± 6
11 ± 6*
12 ± 8

10 ± 6#

10 ± 4
10 ± 6
10 ± 6
11 ± 7

7 ± 2
9 ± 4
8 ± 4
6 ± 2

10 ± 3
9 ± 4
8 ± 4
8 ± 3

10 ± 5
10 ± 4
11 ± 5
9 ± 3

Temperature 
(°C)

MED
MMK50

MMK150
MGP

38.1 ±  0.3
38 ±  0.4
38 ± 0.4
38 ±  0.2

38.1 ±  0.4
38 ±  0.3

37.8 ±  0.5
37.9 ± 0.2

38 ±  0.4
37.8 ±  0.3
37.7 ±  0.4
37.7 ±  0.3

37.8 ± 0.4
37.5 ± 0.2
37.3 ±  0.3
37.5 ± 0.2

37.6 ±  0.4
37.3 ±  0.3
37.2 ±  0.4
37.9 ±  0.3

37.5 ±  0.4
37.2 ± 0.3
37.2 ± 0.3
37.3 ±  0.3
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6  DISCUSSION
6.1  Haemodynamic e  ects
Th e present studies demonstrated the haemodynamic eff ects of MK-467 in dogs sedated with 
MED and selected sedative and anaesthetic agents that are commonly used in veterinary 
practice. Intravenous administration of MK-467 to conscious dogs dose-dependently attenuated 
or prevented the haemodynamic eff ects induced by MED when they were administered 
concomitantly as a bolus for premedication (II, IV). Similar fi ndings have been reported 
previously in conscious dogs sedated with DMED or MED and various doses of MK-467 (Enouri 
et al. 2008b; Honkavaara et al. 2008; 2011; Rolfe et al. 2012). Th e lowest studied dose of MK-467 
(50 μg/kg) in relation to the dose of MED (10 μg/kg) (MMK50) resulted in a signifi cantly lower 
aBP and CVP during both the premedication phase and isofl urane anaesthesia than MED alone 
was applied, while the SVRI was signifi cantly lower only during the premedication phase (IV). 
However, MED-induced decreases in HR, CI and DO2I were prevented only with the highest 
studied dose of MK-467 (250 μg/kg) in relation to 10 μg/kg of MED (MMK250) (II), while the 
extent of the reduction in HR and CI was inversely related to the dose of MK-467 with the lower 
studied doses of MK-467 during the premedication phase (IV). Th is is in line with other studies 
which have investigated various dose ratios of MK-467 and DMED or MED administered as an 
intravenous bolus to the conscious dogs (Honkavaara et al. 2011) or as a CRI during isofl urane 
anaesthesia (Kaartinen et al. 2014). 

Th e administration of MEDBUT to conscious dogs either intravenously or intramuscularly 
(I) resulted in a decrease in HR, CI and DO2I similarly to previous studies (Ko et al. 2000a; Kuo 
& Keegan 2004). More recently, a nearly 30% decrease in HR was detected aft er a low dose of 
MED (1 μg/kg) despite the presence of BUT (0.4 mg/kg) (Girard et al. 2010). Th e addition of 
BUT on the sedation regimen with MED and MK-467 resulted in a higher HR, CI and DO2I and 
lower aBP, CVP and SVRI than without MK-467 (I), which is in agreement with the previous 
studies on DMED or MED with MK-467 in conscious dogs (Honkavaara et al. 2011; Rolfe et al. 
2012). Although BUT may cause a mild to moderate decrease in HR when administered alone 
(Sederberg et al. 1981; Trim 1983; Sawyer et al. 1991; Dodam et al. 2004; Ambrisko et al. 2005), 
it is highly probable that MED was responsible for the initial haemodynamic changes despite the 
presence of BUT, as also suggested by others (Pypendop et al. 1996). 

Th e haemodynamic changes induced by MED were obtund during isofl urane anaesthesia 
induced with either propofol (II) or ketamine and midazolam (IV). In more detail, HR, aBPs, 
SVRI, CI and DO2I remained at a clinically more acceptable level during isofl urane anaesthesia 
than during the premedication phase (II, IV). However, a lower HR during isofl urane anaesthesia 
with MED was accompanied with a tendency towards lower CI and DO2 than with MMK250 
(II). Isofl urane has been demonstrated to cause a dose-dependent decrease in SVR and aBP, 
which is presumably due to the vasodilatation and myocardial depression (Mutoh et al. 1997). 
Additionally, several studies describe the infl uence of halogenated inhalant anaesthetic agents 
on the haemodynamic function in dogs premedicated with DMED or MED (Kersten et al. 1993; 
Kuusela et al. 2001b; Gomez-Villamandos et al. 2005; Grasso et al. 2015), and these results are 
parallel to the fi ndings of studies II and IV. Th e administration of MK-467 with MED as an IV 
premedication regimen (II, IV) resulted in lower aBP during isofl urane anaesthesia with each 
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studied dose of MK-467 than did MED alone (II, IV). Th e lower studied doses of MK-467 with 
MED (MMK50-150) (IV) resulted in a clinically more acceptable MAP (approximately 70 mmHg) 
during isofl urane anaesthesia, whereas hypotension was sometimes observed with the highest 
studied dose of MK-467 when administered with MED (MMK250) (II). On the other hand, only 
with the highest studied dose of MK-467 (MMK250), the HR remained higher during isofl urane 
anaesthesia than with MED (II). Medetomidine is a more selective α2-adrenoceptor agonist than 
MK-467, i.e. the α2: α1 ratio is 1620:1 and 105:1 for MED (Virtanen et al. 1988) and MK-467 
(Clineschmidt et al. 1988), respectively. It is therefore plausible that lower doses of MK-467 
were not able to achieve a complete blockade of vascular α2-adrenoceptors during isofl urane 
anaesthesia, which was supported by the haemodynamic eff ects during the premedication phase, 
as the MED-induced decrease in HR and increase in SVRI were not completely prevented with 
these lower doses of MK-467 (IV). In addition to the blockade of peripheral α2-adrenoceptors, 
the highest dose of MK-467 (MMK250) may also have induced at least a minor α1-adrenoceptor 
blockade as it is more α1-selective than MED. Based on in vitro studies of isolated canine large 
arteries, such as the aorta and femoral artery, α1-adrenergic receptors mediate contractile 
responses exclusively (Kwan 1999; Guimaraes & Moura 2001). Th erefore, with the presence of 
isofl urane, a potent vasodilator, the higher HR with MMK250 than with MED could have been 
a consequence of lower aBP during isofl urane anaesthesia, leading to the baroreceptor-mediated 
response due to the relative hypovolemia. On the other hand, the induction agents may also have 
altered the haemodynamic eff ects of MK-467 during isofl urane anaesthesia (II, IV).  Signifi cant 
diff erences in HR were not detected between the lower studied doses of MK-467 (MMK50-150) 
and MED during isofl urane anaesthesia, but HR was actually slightly higher aft er the induction 
with ketamine-midazolam (IV) than aft er propofol induction (II). Th erefore, a slightly higher 
HR in study IV could also have facilitated the maintenance of the clinically more acceptable 
MAP. Higher HR, CI and MAP aft er the induction of anaesthesia with ketamine and midazolam 
in comparison to propofol have been reported in dogs premedicated with MED (Hellebrekers & 
Sap 1997; Hellebrekers et al. 1998; Enouri et al. 2008a). 

Alfaxalone CRI was accompanied with an increase in HR and the CI and, subsequently, 
in the DO2I (III), as also reported in previous studies (Muir et al. 2008; Rodrigues et al. 2012; 
Amengual et al. 2013; Okushima et al. 2015). As expected, MEDALF induced an increase in the 
SVRI and MAP, followed by a decrease in HR, CI and DO2I (III). Similar results were reported 
during DMED and ALF TIVA in dogs (Quiros Carmona et al. 2014). Decreasing the dose of 
DMED improved the HR and CI during DEMD-ALF TIVA (Quiros Carmona et al. 2014). Th e 
addition of a MK-467 CRI counteracted these changes induced by MEDALF CRI, resulting in 
stable haemodynamic function (III). In a clinical trial comparing ALF TIVA and isofl urane 
anaesthesia for Caesarean section in bitches, MAP was signifi cantly lower during isofl urane 
anaesthesia than during ALF TIVA (Conde Ruiz et al. 2016). Similarly, with these studied doses 
of anaesthetic drugs, CRI with MEDALF (III) resulted in a higher SVRI and lower HR and CI 
compared to MED (II, IV) during isofl urane anaesthesia induced with either propofol (II) or 
ketamine midazolam (IV). Th is could be due to diff erent actions on vasomotor tone by the 
used anaesthetic agents per se, or to higher actual plasma DMED concentrations achieved with 
MEDALF (III) than with MED during isofl urane anaesthesia (IV). 

Th e overall haemodynamic outcome was fairly similar between the premedications with 
MMK and ACEBUT prior to and during isofl urane anaesthesia induced with propofol (II). 
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However, ACEBUT resulted in consistently lower MAP than MMK250. Additionally, the 
HR was signifi cantly higher with MMK250, and both CI and DO2I tended to be higher than 
with ACEBUT during isofl urane anaesthesia, but the SVRI did not diff er between these two 
premedication regimens (II). Th e tendency towards a higher CI during isofl urane anaesthesia 
with MMK250, was the most probably related to the signifi cantly higher HR with MMK250 
than with ACEBUT (II).  Heart rate with ACEBUT did not diff er from MED during isofl urane 
anaesthesia (II). Th is is in contrast to the fi ndings reported by Grasso et al. (2015), where ACP 
alone resulted in a higher HR than DMED during isofl urane anaesthesia induced with propofol. 
As mentioned earlier, BUT may induce a mild decrease in HR in dogs (Sederberg et al. 1981; 
Trim 1983; Sawyer et al. 1991; Dodam et al. 2004; Ambrisko et al. 2005). Th erefore, the BUT 
component of ACEBUT could have contributed to the lower HR and, subsequently, have an 
impact on the lower MAP recorded during isofl urane anaesthesia with ACEBUT premedication 
(II). 

Anticholinergics, e.g., glycopyrrolate or atropine, are eff ective in preventing bradycardia 
induced by an 2-receptor agonist (Vainio & Palmu 1989; Short 1991; Alibhai et al. 1996; Ko 
et al. 2001b; Congdon et al. 2011). However, a subsequent dramatic increases in blood pressure 
occurs, which, in combination with normo- or tachycardia, will lead to signifi cantly increased 
rate pressure product (Congdon et al. 2011), which in turn represents an estimation of the oxygen 
consumption of the myocardium (Katz & Feinberg 1958). Comparable fi ndings were recorded 
aft er pre-treatment with subcutaneous glycopyrrolate and MED prior to isofl urane anaesthesia 
(IV). Moreover, similarly to the results of Congdon et al. (2011), the CI was not improved in 
relation to the increased HR with MGP (IV). Additionally, during the isofl urane anaesthesia 
induced with ketamine and midazolam, the CI was signifi cantly lower with MGP than MED 
(IV). Th is is in contrast with previous studies on romifi dine-sedated (Sinclair et al. 2002) or 
isofl urane-anaesthetised dogs (Bloor et al. 1992), which could be due to a diff erent study design, 
i.e. the dogs were anaesthetised with isofl urane during the entire observation period (Bloor et 
al. 1992), or due to the use of a less-selective α2-adrenoceptor agonist, romifi dine (Sinclair et al. 
2002). 

In the present studies, cardiac output was measured by the lithium dilution method 
(LiDCO) that has been reported to correlate well with the thermodilution method (Mason et 
al. 2001). A standard dose of lithium chloride was injected prior to each measurement, and no 
more than seven lithium chloride injections were given during a trial. Based on the lithium 
pharmacokinetics in beagle dogs (Rosenthal & Koritz 1989), it could be suggested that the 
background lithium concentration did not probably cause any bias in our studies, as it has been 
proposed that 34 injections during 3-7 hours are needed to reach a plasma lithium concentration 
of 0.2 mmol/L (Mason et al. 2002). Th is plasma lithium concentration is considered by the 
manufacturer to be the limit for possible overestimation of cardiac output by using the LiDCO 
method. Additionally, the estimation of cardiac output by means of pulse power analysis for 
CO (PulseCO) was not used in these studies, as it has been demonstrated that large changes in 
systemic vascular resistance may have an impact on the accuracy of the results of pulse power 
analysis and recalibration with lithium chloride dilution is oft en needed (Pittman et al. 2005; 
Bein et al. 2007; Duff y et al. 2009; Morgaz et al. 2014). As the control treatment in all studies was 
MED alone (II, III, IV) or combined with BUT (I), signifi cant changes in SVRIs were expected. 
Certain sedative and anaesthetic agents, such as xylazine and ketamine, have been demonstrated 
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to interact with the lithium sensor, causing bias in LiDCO measurements (Ambrisko et al. 2013). 
Dexmedetomidine interact with the sensor in vitro, but the concentrations of dexmedetomidine 
causing relevant bias (Ambrisko et al.2013) were well above the plasma concentrations of DMED 
detected in the studies III and IV, as well as in other studies where clinically relevant doses of 
MED were administered in dogs (Kuusela et al. 2000). Interaction with the LiDCO sensor has 
not been detected or it is minor with atipametsole, acepromazine, butorfanol or midazolam 
in vitro (Ambrisko et al. 2013). However, the interaction of propofol, alfaxalone, isofl urane, 
glycopyrrolate or MK-467 with the LiDCO sensor is not known. 

In general, DO2I followed the trends of CI in all studies (I–IV). However, as DO2I is 
dependent on both CI and CaO2, changes in CaO2 may also have had an impact on DO2I. In 
studies II–IV, MK-467 alleviated medetomidine-induced increases in Hba and CaO2. Similar 
fi ndings have also been reported previously aft er the administration of an α2-adrenoceptor 
agonist (Sinclair et al. 2002; Lin et al. 2008; Pascoe 2015) and when it is combined with MK-467 
(Kaartinen et al. 2014). However, it is possible that repeated blood sampling during the trials, i.e. 
LiDCO measurements and blood sampling for the analyses of blood gases as well as plasma drug 
concentrations, might have had an infl uence on the haemoglobin concentration and thus also 
on other cardiopulmonary parameters (CaO2, DO2I). Th e approximated blood loss during each 
trial was calculated beforehand, so that the maximum blood sampling would be less than 10% of 
the blood volume, with 14 days between trials (Diehl et al. 2001). We also aimed to replace the 
blood loss during the trial to prevent hypovolemia. Th erefore, fl uid therapy might also enhance 
haemodilution - e.g., a decrease in haemoglobin - and it might thus have had an eff ect on 
the results, similarly to the blood loss during the studies. However, the diff erences detected 
between the various treatments could be considered to be reliable, as the blood loss and fl uid 
administration were similar between the treatments. 

6.2  Respiratory e  ects and blood gases
As expected, the RR decreased aft er all treatments and was accompanied with a moderate 
decrease in PaO2 and an increase in PaCO2, although no severe acidosis (pH <7.2) was detected. 

Whilst the haemodynamic outcome aft er the sedation with MEDBUT-MK administered via 
the IV or IM route was comparable to those studies conducted without an opioid (Honkavaara 
et al. 2011; Rolfe et al. 2012; Restitutti et al. 2017), the presence of BUT with MED and MK-467 
probably aff ected on the arterial oxygenation in dogs breathing room air (I). Combining MK-467 
with MEDBUT did not aff ect RR, but shortly aft er the administration of MEDBUT-MK IV or 
IM, a transient but clinically relevant and statistically signifi cant decrease in PaO2 was detected 
(I). Th e decrease in PaO2 was more pronounced aft er IV than IM administration (I). Th is is 
in contrast to studies where dogs were sedated with DMED and MK-467 without an opioid 
component (Enouri et al. 2008b; Honkavaara et al. 2011; Rolfe et al. 2012; Restitutti et al. 2017). 
Th e decrease in PaO2 was accompanied with a signifi cant increase in P(A-a)O2 (I). Th e less-intense 
changes in PaCO2 in relation to PaO2 would suggest that the reason for the reduction of PaO2 was 
related to a ventilation-perfusion mismatch rather than hypoventilation per se. Nevertheless, the 
better-maintained CI with MEDBUT-MK seemed to compensate for the transient decrease in 
PaO2 and subsequent decrease in CaO2, ensuring a better DO2I than with MEDBUT (I). 
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As expected, the hypoventilation was the most evident aft er the induction of anaesthesia 
with propofol (II) or ketamine-midazolam (IV), which is comparable to several studies 
where dogs were premedicated with MED or ACP and induced with propofol or ketamine 
(Hellebrekers & Sap 1997; Hellebrekers et al. 1998; Kuusela et al. 2001b; Enouri et al. 2008a; 
Grasso et al. 2015). During the anaesthetic phases (II, III, IV) the dogs were breathing nearly 
100% of oxygen, resulting in a high PaO2. MED has been demonstrated to decrease the sensitivity 
of the respiratory centre and the central ventilatory drive in response to an increase in PaCO2 
in conscious dogs (Lerche & Muir 2004). MED may also augment the respiratory depression 
induced by other agents, such as isofl urane (Lerche & Muir 2006). Likewise, in the present study 
(III) hypoventilation was the most evident in a MEDALF CRI, but the addition of MK-467 
attenuated these changes. Similar trends in PaCO2 were noticed during isofl urane anaesthesia 
with increasing doses of MK-467 (II, IV), although a statistically signifi cant diff erence during 
isofl urane anaesthesia was reached only with the highest studied dose of MK-467 (MMK250) 
(II). However, the addition of MK-467 did not infl uence the changes in RR during isofl urane 
anaesthesia (II, IV). Th e diff erences in the depth of anaesthesia (II, III) or in plasma DMED and 
ALF concentrations (III) between treatments with and without MK-467 may have contributed to 
the extent of hypoventilation. Nevertheless, during isofl urane anaesthesia, PaCO2 was the highest 
when ACEBUT had been used for premedication (II). Grasso et al. (2015) demonstrated that 
premedication with ACP induced less hypoventilation than premedication with MED during 
isofl urane anaesthesia induced with propofol. Additionally, BUT and ACP had a higher incidence 
of apnoea aft er propofol induction than ACP alone (Bufalari et al. 1997). On the other hand, the 
dose of propofol needed for induction aft er ACEBUT (II) might also have had an infl uence on 
the magnitude of hypoventilation, as propofol has been demonstrated to have dose-dependent 
ventilatory depressant eff ects in dogs (Keates & Whittem 2012). Th us, the hypoventilation related 
to ACEBUT during isofl urane anaesthesia may have been due to the BUT, the induction dose of 
propofol or both. 

During the present studies, the dogs were breathing spontaneously for the evaluation of the 
eff ects of MK-467 on ventilatory function under the infl uence of other sedative and anaesthetic 
agents. Th erefore, the detected diff erences in PaCO2 between the various treatments may have 
had a subtle infl uence on haemodynamic function. Hypercapnia has direct negative eff ects 
on the myocardium, while CO2 indirectly aff ects on the cardiovascular system by stimulating 
the sympathetic nervous system (Feihl & Perret 1994). Th e stimulation of the sympathetic 
nervous system usually overrides the direct eff ect of CO2 on the myocardium, resulting in an 
increase in HR and CI, and reduction in a SVR, without infl uencing MAP (Arantxa et al. 2000). 
Nevertheless, the hypoventilation during the studies were in the limits of permissive hypercapnia 
i.e. less than 60 mmHg, and variation between treatments in PaCO2 were less than 10 mmHg. 
To keep PaCO2 similar between treatments would have needed to induce intermittent positive 
pressure ventilation aft er the induction of anaesthesia, which in turn, could also have aff ected 
haemodynamic function by decreasing venous return and subsequently cardiac output (Kyhl 
et al. 2013). Furthermore, the lateral recumbency of the dogs during the studies may also have 
aff ected the PaO2 and PaCO2 when the dogs were breathing room air. Th e PaO2 in conscious dogs 
has been demonstrated to be signifi cantly higher in sternal than in lateral recumbency (McMillan 
et al. 2009). Additionally, atelectasis has been detected in sedated dogs aft er 15 minutes in lateral 
recumbency (Barletta et al. 2014). 
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6.3  Plasma concentra  ons of drugs (III, IV)
Th e plasma DMED concentrations were signifi cantly lower when MK-467 was co-administered 
with MEDALF as a CRI (III) or as an IV bolus with the dose of 150 μg/kg with MED (MMK150) 
prior to isofl urane anaesthesia (IV). Th is agrees with other studies on conscious dogs (Honkavaara 
et al. 2012; Bennett et al. 2016). In addition to its eff ects on plasma DMED concentration, 
MK-467 also reduced ALF plasma concentrations during MEDALF-MK CRI (III). Currently, it 
is not known whether MK-467 infl uences the pharmacokinetics of other sedative or anaesthetic 
agents, such as butorphanol, in dogs when they are co-administered intravenously with MED. 
In horses, concurrent IV administration of MK-467 reduced plasma concentrations of both 
detomidine and butorphanol and resulted a smaller AUClast (Pakkanen et al. 2015).

Th e lower plasma DMED concentration aft er the co-administration of DMED and MK-467 
has been suggested to be related to the increase in the early disposition of DMED due to the better- 
maintained CI and tissue perfusion with this treatment than with DMED alone (Honkavaara et 
al. 2012). In addition, atipamezole has been reported to increase the clearance of MED, resulting 
in a lower AUC of MED in comparison to MED alone (Salonen et al. 1995). Similarly, an 
MK-467 CRI had a signifi cant eff ect on the systemic clearance of DMED in dogs anaesthetised 
with a MED CRI and isofl urane (Kaartinen et al. 2014). Th e attenuation of α2-agonist-induced 
haemodynamic eff ects with an α2-adrenoceptor antagonist most likely ensured the restoration of 
hepatic perfusion in these studies. Moreover, the ALF plasma concentration during the MEDALF 
CRI (III) was almost twice as high as with an ALF CRI alone (III). DMED has been demonstrated 
to reduce its own clearance by decreasing cardiac output (Dutta et al. 2000). Th erefore, it could 
also be suggested that an increase in the ALF plasma concentration with MEDALF was also 
a consequence of the reduction in CI and tissue perfusion with this treatment. On the other 
hand, the impact of DMED on liver blood fl ow through the hepatic artery as measured with 
the radioactive microsphere method was unaff ected in dogs anaesthetised with chloralose-
urethane or fentanyl-halothane (Lawrence et al. 1996). However, to the author’s knowledge, 
it is not currently known whether hepatic perfusion would be similarly unaff ected aft er the 
administration of DMED or MED in conscious dogs or in the presence of other anaesthetic 
agents. Nevertheless, the prevention or attenuation of the MED-induced decrease in cardiac 
output with MK-467 probably altered the early disposition of DMED and ALF and maintained 
liver perfusion, leading to lower DMED and ALF plasma concentrations (III, IV). 

In contrast to IV administration, IM administration of MED and MK-467 has been 
demonstrated to lead to higher early-stage plasma DMED concentrations than MED alone 
(Restitutti et al. 2017). Th is was suggested to be due to the enhanced absorption of MED when 
MK-467 is administered concomitantly (Restitutti et al. 2017). MK-467 most likely prevents 
MED-induced vasoconstriction in the muscle and thus hasten medetomidine absorption from 
the injection site. Preliminary results also suggest that MK-467 may enhance the absorption 
of BUT when administered concomitantly IM with MED and MK-467 (Kallio-Kujala et al. 
2017). It could therefore be suggested that, also in the present study, the IM administration of 
MEDBUT-MK (I) lead to high initial plasma concentrations of DMED and BUT, which was seen 
as a signifi cant but transient decrease in HR and CI aft er this treatment. In addition, the time for 
peak plasma concentration has been detected to be signifi cantly later for MK-467 than DMED 
(Restitutti et al. 2017).
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Th e blood samples for the analysis of plasma drug concentrations were taken from a central 
venous catheter. It should also be kept in mind that measured plasma drug concentrations might 
diff er depending on the sampling site, i.e. between venous or arterial samples (Hedges et al. 
2013). In studies III and IV, the fi rst plasma sampling was obtained at 5 (IV) and 15 (III) minutes 
aft er the IV administration of the drugs. At these time points, there were more deviations in 
the plasma drug concentrations with MED (IV) or MEDALF (III) treatments in comparison to 
treatments including MK-467. Th is might be the result of an unequal dilution of the drugs in 
the central compartment with MED and MEDALF treatments. Arterial blood sampling might 
therefore have resulted in more accurate plasma concentrations. 

6.4  The level of seda  on, BIS and doses of induc  on agents 
Th e level of sedation was assessed using a subjective CSS by a blinded observer, and BIS 
recordings (II). At the time of induction, no diff erence in CSS was detected between MED and 
MMK250 or ACEBUT (II). Th is is in concert with previous studies where MK-467 did not 
infl uence the sedation score in dogs sedated with IV DMED or MED (Honkavaara et al. 2008; 
Restitutti et al. 2011; Rolfe et al. 2012; Bennett et al. 2016). Although BIS was lower with MED 
than with MMK250 or ACEBUT (II), no diff erences were detected before the induction in BIS 
or in EMG recordings between MED and MMK250 (II). Th erefore, it could be suggested that 
the level of sedation at the time of the induction was rather similar between MED and MMK250 
(II). In an earlier study with sedated dogs, BIS was similarly lower with DMED alone than with 
MK-467 (Restitutti et al. 2011). Th e lower BIS with DMED or MED alone in comparison to the 
presence of MK-467 was most likely infl uenced by diff erences in plasma DMED concentrations 
between the treatments (IV; Honkavaara et al. 2012). However, plasma drug concentrations 
were not measured in study II, and hence this assumption cannot be confi rmed. During the 
constant isofl urane anaesthesia, ETISO 1.2% (II, IV), all dogs seemed to be in the surgical plane of 
anaesthesia based on a subjective clinical evaluation. Arguably, the ETISO could have been lower, 
as a DMED CRI has been demonstrated to cause a signifi cant decrease in the MAC of both 
isofl urane (Pascoe et al. 2006; Ebner et al. 2013; Pascoe 2015) and sevofl urane (Moran-Munoz et 
al. 2014; Hector et al. 2017) in dogs. However, the knowledge of the infl uence of MK-467 on the 
MAC of inhalant agents in dogs was not available at the time when the studies were conducted. 
Recently, MK-467 has been demonstrated to increase sevofl urane MAC in dogs (Hector et al 
2017). It is highly probable that this is also true in the case of isofl urane. Th erefore, the depth 
of anaesthesia might have been deeper with MED than with the treatments including MK-467 
(II, IV), which was supported by the results from the BIS recordings (II). Previously, it has been 
demonstrated that BIS correlates well with the MAC multiples of sevofl urane in dogs (Greene 
et al. 2002). In addition, in surgical canine patients, BIS was able to diff erentiate a light level of 
anaesthesia from a surgical level (Bleijenberg et al. 2011). On the other hand, muscular activity 
may interfere with BIS recordings (Bruhn et al. 2000), which might also have an impact on the 
diff erences detected between the treatments (II). Nevertheless, diff erences in the anaesthetic 
depths between treatments might also have aff ected haemodynamic data obtained from studies 
II and IV. 

Premedication with MED resulted in lower induction doses of propofol than with MMK250 
or ACEBUT (II). Th e quality of induction was smooth, and the extent of hypoventilation 
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did not diff er between MED and MMK250, despite the lower propofol dose with MED (II). 
Medetomidine has been demonstrated to decrease the volume of distribution of propofol in dogs 
(Hall et al. 1994). In addition, concomitant IV administration of DMED or MED and MK-467 
resulted in lower plasma DMED concentrations, a higher volume of distribution and faster 
clearance of DMED than the corresponding dose of DMED or MED alone (Honkavaara et al. 
2012; Bennett et al. 2016). Th erefore, it is possible that the plasma propofol concentration was 
similarly infl uenced by MK-467, resulting in higher propofol dosing (II). As mentioned earlier, 
plasma drug concentrations were not measured in this study (II), and hence this assumption 
cannot be confi rmed. 

On the contrary, the addition of MK-467 to MED did not infl uence the induction doses 
of ketamine and midazolam (IV). Similarly, in horses premedicated with detomidine and BUT 
with and without MK-467, the anaesthesia was induced with a standard dose of ketamine and 
midazolam with no diff erences in plasma ketamine or midazolam concentrations between 
the treatments (Pakkanen et al. 2015). Plasma ketamine and midazolam concentrations were 
not measured in the present study (IV), so we cannot confi rm that this is also true in dogs. 
Nevertheless, the horses were induced faster with than without MK-467 (Pakkanen et al. 2015), 
which was presumably due to the better cardiac output with MK-467, resulting in faster drug 
delivery to the CNS than without MK-467. We did not detect any diff erence in the speed of 
induction regardless of the premedication regimen (IV), most probably due to the diff erent 
dosing of induction agents (ketamine and midazolam) in our study (IV) than the study in horses 
(Pakkanen et al. 2015). We administered ketamine and midazolam with various increments over 
time (IV), while the horses where induced with fast boluses of induction agents (Pakkanen et al. 
2015). 

Dogs that were sedated with MEDBUT with or without MK-467 (I), received atipamezole 
50 μg/kg IM at end of the study. Although recovery quality or time was not assessed by using 
a blinded observer, all dogs recovered smoothly with no signs of excitement or other clinically 
detectable side eff ects. Th is is a comparable fi nding to other studies where atipamezole has been 
administered to reverse sedation induced by MED and MK-467 in dogs (Honkavaara et al. 2008; 
Turunen et al. 2015).

6.5  Rectal temperature
Impaired thermoregulation is a common side eff ect in sedated or anaesthetised animals, and 
additional eff orts are needed, which is why safe heat supplementation is mandatory in clinical 
practice to prevent hypothermia. During studies II-IV, dogs were kept on an isolating mattress 
and an electrical heating pad, and covered with blankets, aiming to maintain normothermia. 
During study I, dogs were kept on an isolating mattress, but no further eff orts were made, as data 
were collected simultaneously for a thermographic imaging study (Vainionpää et al. 2013a). 

Anaesthetic and sedative drugs interfere with thermoregulation via several mechanisms, 
such as impairing hypothalamic thermoregulation responses, vasodilatation and decrease in 
sympathetic outfl ow (Diaz & Becker 2010). Th e present studies demonstrated, that by modifying 
haemodynamic function by blocking peripheral α2-adrenergic receptors with MK-467, heat loss 
may also be altered during sedation (I) and general anaesthesia (II). 
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In dogs sedated with MEDBUT, the superfi cial temperature measured by thermography 
declined, while the addition of MK-467 resulted in an increase in superfi cial temperature 
(Vainionpää et al. 2013a). Th e α2-adrenoceptors are distributed distally in the peripheral arteries 
of the extremities (Flavahan et al. 1987), and the activation of α2-adrenergic receptors has been 
demonstrated to result in a decrease in skin blood fl ow in mice (Honda et al. 2007). Additionally, 
in canine cutaneous resistance arteries, α1A- receptors are also involved in vasoconstriction 
(Argyle & McGrath 2000). It could therefore be suggested that a blockade of α-adrenoceptors 
with MK-467 prevented vasoconstriction induced by MED, and augmented the superfi cial blood 
fl ow followed by heat loss via an increased convection from core to surface (I, II). 

Severe hypothermia (29°C) decreases tissue metabolic activity and oxygen consumption 
followed by reducing HR and CI (Morray & Pavlin 1990), while oxygen consumption is 
increased during rewarming and shivering (Ralley et al. 1988; Morray &Pavlin 1990). Moderate 
hypothermia (approximately 32°C) has been induced in pigs with DMED and isofl urane 
anaesthesia when supplemental heating was not provided (Vainio & Bloor 1994). However, aBP 
or HR were not aff ected (Vainio & Bloor 1994). Th us, the decline in rectal temperature leading 
to mild hypothermia in the present studies could be considered to cause minor eff ects on 
haemodynamic function. 

6.6  Prac  cal relevance and future prospects
Th e present studies were aimed to evaluate the haemodynamic eff ects of MK-467 in combination 
with MED and selected sedative and anaesthetic agents in dogs. Th e adjunctive drugs used 
for sedation or to induce and maintain anaesthesia were chosen based on their common use 
in clinical veterinary practice. Additionally, the studies were designed so that the order of drug 
administration would mimic clinical settings and thus would facilitate the transfer of MK-467 
to clinical practice. Based on these studies, MK-467 would extend the clinical safety margin 
of MED as a part of the sedative or premedication regimen in healthy dogs.  However, as the 
current studies were experimental in nature and no surgical stimulus was applied, a prospective, 
randomized clinical trials with client-owned healthy dogs are warranted. In addition, as 
maintaining anaesthesia with isofl urane in these studies (II and IV) predisposed to rather low 
arterial blood pressures in dogs premedicated with MK-467 and MED, further studies are needed 
to evaluate the infl uence of MK-467 on the effi  cacy of certain sympathomimetic drugs, such as 
dopamine or dobutamine.

Th e present studies demonstrated that the concomitant administration of MK-467 with 
MED infl uences the plasma concentration of DMED (III, IV) and ALF (III), most probably by 
aff ecting the early disposition of DMED (Honkavaara et al. 2012; Bennet et al. 2016). In the 
present studies (III, IV), plasma DMED concentrations in the presence of MK-467 during the 
anaesthetic phases were less than 2 ng/mL, which has been reported as a minimum plasma 
concentration of DMED associated with antinociception in dogs (Van Oostrom et al. 2011). 
Th erefore, this decrease in the plasma concentration of DMED or other agents might have an 
impact on the quality of analgesia or sedation or on the maintenance of general anaesthesia in 
clinical situations where the patient may experience preoperative pain or undergo a surgical 
procedure. Th erefore, further evaluation of the infl uence of MK-467 on the analgesic and 
anaesthetic sparing eff ects of MED are needed in experimental or clinical settings where constant 
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plasma DMED concentrations are applied. Later, aft er the clinical studies in healthy dogs, an 
assessment of the suitability of the combination of MK-467 and MED in variously compromised 
patients could be taken into a consideration, as these patients may also benefi t from the desired 
eff ects of MED.

Discussion



51

7  CONCLUSIONS

1. MK-467 attenuated the haemodynamic eff ects in dogs sedated with medetomidine and 
butorphanol. Th e benefi cial eff ects of MK-467 appeared more slowly aft er intramuscular 
than aft er intravenous administration.

2. When administered as an intravenous bolus, MK-467 dose-dependently attenuated 
the haemodynamic eff ects of medetomidine during the preanaesthetic phase, but not 
during inhalation anaesthesia with isofl urane induced with either propofol or ketamine-
midazolam.

3. Premedication with MK-467 and medetomidine mimics the overall haemodynamic 
eff ects of premedication with acepromazine/butorphanol prior to and during isofl urane 
anaesthesia. Medetomidine-induced peripheral systemic changes were attenuated 
by MK-467 and augmented by glycopyrrolate. Pre-treatment with subcutaneous 
glycopyrrolate was not able to improve the medetomidine-induced reduction in cardiac 
output by the means of increasing the heart rate prior to or during isofl urane anaesthesia 
induced with ketamine and midazolam.

4. A concomitant constant rate infusion of MK-467, medetomidine and alfaxalone produced 
a stable haemodynamic outcome. Medetomidine-induced haemodynamic changes were 
restored with MK-467 during alfaxalone total intravenous anaesthesia. 

5. Intravenously administered MK-467 resulted in reductions in plasma dexmedetomidine 
and alfaxalone concentrations, presumably by altering the haemodynamic function.

Conclusions



52

ACKNOWLEDGMENTS

Th e studies were carried out at the Department of Equine and Small Animal Medicine, Faculty of 
Veterinary Medicine, University of Helsinki, Finland.

I am grateful for the fi nancial support provided by the ANIWEL graduate school and the 
Doctoral Programme in Clinical Veterinary Medicine at the University of the Helsinki. Th e Helvi 
Knuuttila Foundation and Vetcare Oy are gratefully acknowledged. I also want to thank Sharp, 
Merck and Dohme for providing the MK-467 used in these studies.

My deepest gratitude goes to my supervisors and teachers, Professor Outi Vainio, Docent Marja 
Raekallio and Clinical Instructor Erja Kuusela. Th ank you for all of your support, help and 
guidance during this project. I am honoured to have you as my supervisors.

I also wish to thank the pre-examiners, Professor Klaus Otto and Professor Stelio Luna, for their 
thorough review of this thesis. Professor David Brodbelt is warmly acknowledged for accepting 
the invitation to be my opponent in the public examination. 

Over the years, I have been blessed to have an opportunity to work with enthusiastic and 
intelligent people. I owe my sincere gratitude to my co-authors: without you this project would 
never have been possible. Th ank you all, Dr Rachel Bennett (DVM, PhD, DiplACVAA), Dr 
Flavia Restitutti (DVM, PhD), Dr Mari Vainionpää (DVM, PhD), Dr Jussi Honkavaara (DVM, 
PhD), Cosmin Tuns (DVM), Jouni Junnila (MSc) and Professor Mika Scheinin. I also want to 
thank Mari Palviainen (BSc, PhD) for her valuable assistance during the project. Eeva Parviainen 
(Käännöspalvelu Eeva Parviainen) is warmly thanked for revising and correcting the language of 
this thesis.  

My dear former fellow PhD students, Rachel and Flavia, you were the people who made this 
long journey very enjoyable by providing endless discussions and scientifi c brainstorming and 
hopefully everlasting friendship. It was a pleasure to work with you both. 

I also owe a debt of gratitude to my very dear friends and colleagues. Tiitu (Ann-Helena 
Hokkanen, DVM, PhD, DiplECAWBM-AW), you were the person who introduced me to 
the fascinating world of veterinary research. It would have been extremely hard to complete 
this project without your help and support. As a dear friend and a fellow PhD-student, Saila 
Savolainen (DVM) is acknowledged for her endless support and for being my friend at work 
and outside the offi  ce. Daniela Casoni (DVM, PhD), I am sincerely grateful to have had an 
opportunity to work with you at the clinic while I was fi nalising this thesis. Your support and 
our discussions inspired me to think harder, and I owe you a debt of gratitude for deepening my 
understanding of the fascinating world of veterinary anaesthesia. I would also like to thank all 
of the staff  at the Department and the Veterinary Teaching Hospital, especially Professor Outi 
Vapaavuori for such a supportive atmosphere.

Acknowledgements



53

Th e personnel taking care of the beagles during the studies are sincerely thanked, especially 
Pirkko Nokkala-Wahlman, Martti Siimekselä and Seppo Lasanen. I am eternally grateful to 
Judith, Jutta, Jeri, Joni, Juri, Jerry, Junnu and Julle, who are now enjoying their retirement with 
Finnish families.

Boundless thanks go to my mom and dad for providing their help and support whenever needed 
during my whole life. I hope I have made you proud. I also want to thank all of my friends 
outside the university for your patience and for tolerating silent periods during this project. 

Last but not least, I am blessed for having an amazing family and life with Caj, Saimi and Sisu. 
Your understanding and support has meant the world to me, and I love you with all my heart!

Helsinki, November 2017

Acknowledgements



54

REFERENCES
Alibhai HIK, Clarke KW, Lee YH, et al. (1996) Cardiopulmonary eff ects of combinations of 

medetomidine hydrochloride and atropine sulphate in dogs. Th e Veterinary Record 138, 11-13.
Ali-Melkkilä T, Kanto J & Iisalo E (1993). Pharmacokinetics and related pharmacodynamics of 

anticholinergic drugs. Acta Anaesthesiologica Scandinavica 37, 633-642.
Altman J, Trendelenburg A, MacMillan L, et al. (1999) Abnormal regulation of the sympathetic 

nervous system in α2A-adrenergic receptor knockout mice. Molecular Pharmacology 56, 154-161.
Alvaides RK, Teixeira Neto FJ, Aguiar AJA, et al. (2008) Sedative and cardiorespiratory eff ects of 

acepromazine or atropine given before dexmedetomidine in dogs. Th e Veterinary Record 162, 852-
856.

Ambrisko TD, Hikasa Y & Sato K (2005) Infl uence of medetomidine on stress-related neurohormonal 
and metabolic eff ects caused by butorphanol, fentanyl, and ketamine administration in dogs. 
American Journal of Veterinary Research 66, 406-412.

Ambrisko TD, Kabes R & Moens Y (2013) Infl uence of drugs on the response characteristics of the 
LiDCO sensor: and in vitro study. British Journal of Anaesthesia 110, 305-310.

Ambros B, Duke-Novakovski T & Pasloske KS (2008) Comparison of the anesthetic effi  cacy and 
cardiopulmonary eff ects of continuous rate infusions of alfaxalone-2-hydroxypropyl-β-cyclodextrin 
and propofol in dogs. American Journal of Veterinary Research 69, 1391- 1398.

Amengual M, Flaherty D, Auckburally A, et al. (2013) An evaluation of anaesthetic induction in 
healthy dogs using rapid intravenous injection of propofol or alfaxalone. Veterinary Anaesthesia 
and Analgesia 40, 115-123.

Anis N, Berry S, Burton N, et al. (1983) Th e dissociative anaesthetics, ketamine and phencyclidine, 
selectively, reduce excitation of central mammalian neurons by N-methyl aspartate. British Journal 
of Pharmacology 79, 565-575.

Appleton C, Lee R, Martin G, et al. (1986) α1- and α2-adrenoceptor stimulation: changes in venous 
capacitance in intact dogs. Th e American Journal of Physiology 250, H1071-1078.

Arantxa M, Pilar S, Domenech J, et al. (2000) Eff ect of acute moderate changes in PaCO2 on global 
hemodynamics and gastric perfusion. Critical Care Medicine 28, 360-365.

Argyle SA & McGrath JC (2000) An α1A/ α1L-adrenoceptor mediates contraction of canine 
subcutaneous resistance arteries. Th e Journal of Pharmacology and Experimental Th erapeutics 295, 
627-633.

Barletta M, Almondia D, Williams J, et al. (2014) Radiographic evaluation of postitional atelectasis 
in sedated dogs breathing room air versus 100% oxygen. Canadian Veterinary Journal 55, 985-991.

Barnhart MD, Hubbell JA & Muir WW (2000) Evaluation of the analgesic properties of acepromazine 
mateate, oxymorphone, medetomidine and a combination of acepromazine-oxymorphone. 
Veterinary Anaesthesia and Analgesia 27, 89-96.

Bein B, Meybohm P, Cavus E, et al. (2007) Th e reliability of Pulse Contour-derived cardiac ouput 
during haemorrhage and aft er vasopressor administration. Anaesthesia and Analgesia 105, 107-113.

Bell AM, Auckburally A, Pawson P, et al. (2011) Two doses of dexmedetomidine in combination with 
buprenorphine for premedication in dogs; a comparison with acepromazine and buprenorphine. 
Veterinary Anaesthesia and Analgesia 38, 15-23.

Bennett R, Salla K, Raekallio M, et al. (2016) Eff ects of MK-467 on the antinociceptive and sedative 
actions and pharmacokinetics of medetomidine in dogs. Journal of Veterinary Pharmacology and 
Th erapeutics 39, 405-407.

References



55

Bergadano A, Andersen OK, Arendt-Nielsen L, et al. (2009) Modulation of nocicetive withdrawal 
refl exes evoked by single and repeated nociceptive stimuli in conscious dogs by low-dose 
acepromazine. Veterinary Anaesthesia and Analgesia 36, 261-272.

Bernard J, Wouters PF, Doursout M, et al. (1990) Eff ects of sevofl urane and isofl urane on cardiac and 
coronary dynamics in chronically instrumented dogs. Anesthesiology 72, 659-662.

Bernard J, Doursout M, Wouters P, et al. (1991) Eff ect of enfl urane and isofl urane on hepatic and 
renal circulations in chronically instrumented dogs. Anesthesiology 74, 298-302.

Blaxall H, Hass N & Bylund D (1994) Expression of alpha 2-adrenergic receptor genes in rat tissues. 
Receptor 4, 191-199.

Bleijenberg EH, van Oostrom H, Akkerdaas LC, et al. (2011) Bispectral index and the clinically 
evaluated anesthetic depth in dogs. Veterinary Anaesthesia and Analgesia 38, 536-543.

Bloor BC, Frankland M, Alper G, et al. (1992) Hemodynamic and sedative eff ects of dexmedetomidine 
in dog. Th e Journal of Pharmacology and Experimental Th erapeutics 263, 690-697.

Boillot A, Vallet B, Marty J, et al. (1995) Eff ects of halothane, enfl urane and isofl urane on contraction 
of rat aorta induced by endothelin-1. British Journal of Anaesthesia 75, 761-767.

Brahim JS & Th ut PD (1984) Hemodynamic changes during isofl urane anesthesia. Anesthesia Progress 
31, 207-212.

Brodde O & Michel MC (1999) Adrenergic and muscarinic receptors in the human heart. 
Pharmacological Reviews 51, 651-689. 

Bruhn J, Bouillon TW & Shafer SL (2000) Electromyographic activity falsely elevates the Bispectral 
index. Anesthesiology 92, 1485-1487.

Brûssel T, Th eissen JL, Vigfusson G, et al. (1989) Hemodynamic and cardiodynamic eff ects of propofol 
and etomidate: negative inotropic properties of propofol. Anaesthesia & Analgesia 69, 35-40.

Bryant CE, Th ompson J & Clarke KW (1998) Characterisation of the cardiovascular pharmacology of 
medetomidine in the horse and sheep. Research in Veterinary Science 65, 149-154.

Bufalari A, Short CE, Giannoni C, et al. (1996) Comparative responses to propofol anaesthesia alone 
and with α2-adrenergic medications in a canine model. Acta Veterinaria Scandinavica 37, 187-201.

Bufalari A, Miller SM, Short CE, et al. (1997) the use of propofol for induction of anaesthesia in 
dogs premedicated with acepromazine, butorphanol and acepromazine-butorphanol. New Zealand 
Veterinary Journal 45, 129-134.

Bylund D (1985) Heterogeneity of alpha-2 adrenergic receptors. Pharmacology of Biochemistry & 
Behaviour 22, 835-843.

Calzada B & de Artinano A (2001) Alpha-adrenoceptor subtypes. Pharmacological Research 44, 195-
208.

Campagnol D, Teixeira Neto FJ, Monteiro ER, et al. (2007) Use of bispectral index to monitor depth of 
anesthesia in isofl urane-anesthetized dogs. American Journal of Veterinary Research 68, 1300-1307.

Canfran S, Bustamante R, Gonzalez P, et al. (2016) Comparison of sedation scores and propofol 
induction doses in dogs aft er intramuscular administration of dexmedetomidine alone or in 
combination with methadone, midazolam or methadone plus midazolam.  Th e Veterinary Journal 
210, 56-60.

Carter JE, Campbell NB, Posner LP, et al. (2010) the hemodynamic eff ects of medetomidine 
continuous rate infusion in the dog. Veterinary Anaesthesia and Analgesia 37, 197-206.

Cason BA, Shubayev I & Hickey RF (1994) Blockade of adenosine triphosphate-sensitive potassium 
channels eliminates isofl urane-induced coronary artery vasodilation. Anesthesiology 81, 1245-1255.

References



56

Chiba S & Yang X (2003) Neuroeff ector mechanism involved in the regulation of dog splenic arterial 
tone. Journal of Pharmacological Sciences 92, 84-92.

Clarke KW & England GCW (1989) Medetomidine, a new sedative-analgesic for use in the dog and 
its reversal with atipamezole. Journal of Small Animal Practice 30, 343-348.

Cliff ord PS (2011) Local control of blood fl ow. Advances in Physiology Education 35, 5-15.
Clineschmidt B, Pettibone D, Lotti V, et al. (1988) A peripherally acting alpha-2 adrenoceptor 

antagonist: L-659,066. Th e Journal of Pharmacology and Experimental Th erapeutics 245, 32-40.
Commiskey S, Fan L, Ho I et al. (2005). Butorphanol: Eff ects of a prototypical agonist-antagonist 

analgesic on κ-opioid receptors. J Pharmacol Sci, 98, 109-116.
Conde Ruiz C, Del Carro AP, Rosset E, et al. (2016) Alfaxalone total intravenous anaesthesia in 

bitches undergoing elective caesarean section and its eff ects on puppies: a randomized clinical trial. 
Veterinary Anaesthesia and Analgesia 43, 281-290.

Congdon JM, Marquez M, Niyom S, et al. (2011) Evaluation of the sedative and cardiovascular 
eff ects of intramuscular administration of dexmedetomidine with and without concurrent atropine 
administration in dogs. Journal of the American Veterinary Medical Association 239, 81-89. 

Correa-Sales C, Rabin BC & Maze M (1992) A hypnotic response to dexmedetomidine, an α2- agonist, 
is mediated in the Locus Coeruleus in rats. Anesthesiology 76, 948-952.

Court MH, Dodman NH, Greenblatt DJ, et al. (1993) Eff ect of midazolam infusion and fl umazenil 
administration on epinephrine arrhythmogenicity in dogs anesthetized with halothane. 
Anesthesiology 78, 155-162.

de Vries A, Pakkanen SAE, Raekallio MR, et al. (2016) Clinical eff ects and pharmacokinetic variables 
of romifi dine and the peripheral α2-adrenoceptor antagonist MK-467 in horses. Veterinary 
Anaesthesia and Analgesia 43, 599-610.

Diaz M & Becker DE (2010) Th ermoregulation: Physiological and clinical considerations during 
sedation and general anesthesia. Anesthesia Progress 57, 25-33.

Diehl K, Hull R, Morton D, et al. (2001) A good practice guide to the administration of substances 
and removal of blood, including routes and volumes. Journal of Applied Toxicology 21, 15-23.

Docherty J (1998) Subtypes of functional α1- and α2-adrenoceptors. European Journal of Pharmacology 
361, 1-15.

Docherty J (2010) Subtypes of functional α1-adrenoceptors. Cellular and Molecular Life Sciences 67, 
405-417.

Dodam JR, Cohn LA, Durham HE, et al. (2004) Cardiopulmonary eff ects of medetomidine, 
oxymorphone, or butorphanol in selegiline-treated dogs. Veterinary Anaesthesia and Analgesia 31, 
129-137.

dos Santos PS, Nunes N, de Souza AP, et al. (2011) Hemodynamic eff ects of butorphanol in desfl urane-
anesthetized dogs. Veterinary Anaesthesia and Analgesia 38, 467-474.

Doze V, Chen BX & Maze M (1989) Dexmedetomidine produces a hypnotic-anesthetic action in rats 
via activation of central alpha-2 adrenoceptors. Anesthesiology 71, 75-79.

Duff y AL, Butler AL, Radecki SV, et al. (2009) Comparison of continuous arterial pressure waveform 
analysis with the lithium dilution technique to monitor cardiac output in conscious dogs with 
systemic infl ammatory response syndrome. American Journal of Veterinary Research 70, 1365-1373.

Dutta S, Lal R, Karol MD, et al. (2000) Infl uence of cardiac ouput on dexmedetomidine 
pharmacokinetics. Journal of Pharmaceuticals Sciences 89, 519-527.

Dyson DH & Pettifer GR (1997) Evaluation of the arrhythmogenicity of a low dose of acepromazine: 
comparison with xylazine. Canadian Journal of Veterinary Research 61, 241-245.

References



57

Ebert TJ, Hall JE, Barney JA, et al. (2000) Th e eff ects of increasing plasma concentrations of 
dexmedetomidine in humans. Anesthesiology 93, 382-394.

Ebner LS, Lerche P, Bednarski RM, et al. (2013) Eff ect of dexmedetomidine, morphine-lidocaine-
ketamine, and dexmedetomidine-morphine-lidocaine-ketamine constant rate infusions on the 
minimum alveolar concentration of isofl urane and bispectral index in dogs. American Journal of 
Veterinary Research 74, 963-970.

Eger EI (1981) Isofl urane: A review.  Anesthesiology 55, 559-576.
Enouri S, Kerr C, McDonell W, et al. (2008a) Cardiopulmonary eff ects of anesthetic induction with 

thiopental, propofol, or a combination of ketamine hydrochloride and diazepam in dogs sedated 
with a combination of medetomidine and hydromorphone. American Journal of Veterinary Research 
69, 586-595.

Enouri S, Kerr C, McDonell, et al. (2008b) Eff ects of a peripheral α2 adrenergic-receptor antagonist on 
the hemodynamic changes induced by medetomidine administration in conscious dogs. American 
Journal of Veterinary Research 69, 728-736.

Ewing KK, Mohammed HO, Scarlett JM, et al. (1993) Reduction of isofl urane anesthetic requirement 
by medetomidine and its restoration by atipametzole in dogs. American Journal of Veterinary 
Research 54, 294-299.

Fairbanks CA, Stone LS, Kitto KF, et al. (2002) α2C-adrenergic receptors mediate spinal analgesia and 
adrenergic-opioid synergy. Th e Journal of Pharmacology and Experimental Th erapeutics 300, 282-
290.

Ferre PJ, Pasloske K, Whittem T, et al. (2006) Plasma pharmacokinetics of alfaxalone in dogs aft er an 
intravenous bolus of Alfaxan-CD RTU. Veterinary Anaesthesia and Analgesia 33, 229-236.

Feihl F & Perret C (1994) Permissive hypercapnia. How permissive should we be? American Journal of 
Respiratory and Critical Care Medicine 150, 1722-1737.

Flacke JW, Flacke WE & Bloor BC (1990) Hemodynamic eff ects of dexmedetomidine, an alpha 
2-adrenergic agonist, in autonomically denervated dogs. Journal of Cardiothoracic and Vascular 
Anesthesia 16, 616- 623.

Flacke WE, Flacke JW & Blow KD (1992) Eff ect of dexmedetomidine, an alpha 2-adrenergic agonist, 
in the isolated heart. Journal of Cardiothoracic and Vascular Anesthesia 6, 418-423.

Flacke WE, Flacke JW & Bloor BC (1993) Eff ects of dexmedetomidine on systemic and coronary 
hemodynamics in the anesthetized dog. Journal of Cardiothoracic and Vascular Anesthesia 7, 41-49.

Flavahan NA, Cooke JP, Shepherd JT, et al. (1987) Human postjunctional Alpha-1 and Alpha-2 
adrenoceptors: diff erential distribution in arteries of the limbs. Th e Journal of Pharmacology and 
Experimental Th erapeutics 241, 361-365.

Frishman WH & Hotchkiss H (1996) Selective and nonselective dopamine receptor agonists: An 
innovative approach to cardiovascular disease treatment. American Heart Journal 132, 861-870.

Foster CA, Lond MB, O’Mullane EJ, et al. (1954) Chlorpromazine, a study of its action on the 
circulation in man. Th e Lancet 25, 614-617.

Gelman S, Reves JG & Harris D (1983) Circulatory responses to midazolam anesthesia: emphasis on 
canine splanchnic circulation. Anaesthesia and Analgesia 62, 135-139.

Gilman A (1987) G Proteins: Transducers pf receptor-generated signals. Annual Review of 
Biochemistry 56, 615-649. 

Girard NM, Leece EA, Cardwell JM, et al. (2010) Th e sedative eff ects of low-dose medetomidine and 
butorphanol alone and in combination intravenously in dogs. Veterinary Anaesthesia and Analgesia 
37, 1-6.

References



58

Gomez-Villamandos RJ, Redondo JI, Martin EM, et al. (2005) Romifi dine or medetomidine 
premedication before propofol-sevofl urane anaesthesia in dogs. Journal of Veterinary Pharmacology 
and Th erapeutics 28, 489-493.

Goodchild CS & Serrao LM (1989) Cardiovascular eff ects of propofol in the anaesthetized dog. Th e 
British Journal of Anaesthesiology 63, 87-92.

Grasso SC, Ko JC, Weil AB, et al. (2015) Hemodynamic infl uence of acepromazine or 
dexmedetomidine premedication in isofl urane-anesthetized dogs. Journal of the American 
Veterinary Medical Association 246, 754-764.

Greene SA, Benson GJ, Tranquilli WJ, et al. (2002) Relationship of canine Bispectral Index to multiples 
of sevofl urane minimal alveolar concentration, using patch or subdermal electrodes. Comparative 
Medicine 52, 424-428.

Grimm KA, Tranquilli WJ, Gross DR, et al. (2005) Cardiopulmonary eff ects of fentanyl in conscious 
dogs and dogs sedated with a continuous rate infusion of medetomidine. American Journal of 
Veterinary Research 66, 1222-1226.

Guimaraes S & Moura D (2001) Vascular adrenoceptors: an update. Pharmacological Reviews 53, 319-
356.

Gyires K, Zadori Z, Török T, et al. (2009) α2-adrenoceptor subtypes-mediated physiological, 
pharmacological action. Neurochemistry International 55, 447-453.

Hall RI, Szlam F & Hug CC Jr (1988) Pharmacokinetics and pharmacodynamics of midazolam in the 
enfl urane-anesthetized dog. Journal of Pharmacokinetics and Biopharmaceutics 16, 251-262.

Hall LW, Lagerweij E, Nolan A, et al. (1994). Eff ect of medetomidine on the pharmacokinetics of 
propofol in dogs. American Journal of Veterinary Research 55, 116-120.

Haskins SC, Farver TB & Patz JD (1985) Ketamine in dogs. American Journal of Veterinary Research 
46, 1855-1860.

Haskins SC & Patz JD (1990) Ketamine in hypovolemic dogs. Critical Care Medicine 18, 625-629.
Haskins SC, Pascoe PJ, Ilkiw JE, et al. (2005) Reference cardiopulmonary values in normal dog. 

Comparative Medidine 55, 156-161.
Haskins SC (2015) Monitoring anesthetized patients. In: Veterinary Anesthesia and Analgesia (5th 

edn). Grimm KA, Lamont LA, Tranquilli WJ, Greene SA, Robertson SA (eds). John Wiley & Sons, 
Inc., USA. pp. 86-113.

Hayashi Y, Sumikawa K, Maze M, et al. (1991) Dexmedetomidine prevents epinephrine-induced 
arrhythmias through stimulation of central α2 adrenoceptors in halothane-anesthetized dogs. 
Anesthesiology 75, 113-117.

Haysahi Y & Maze M (1993) Alpha2 adrenoceptor agonists and anaesthesia. British Journal of 
Anaesthesia 71, 108-118.

Heard DJ, Webb AI & Daniels RT (1986) Eff ect of acepromazine on the anesthetic requirement of 
halothane in the dog. American Journal of Veterinary Research 47, 2113-2115.

Hector RC, Rezende ML, Mama KR, et al. (2017) Eff ects of constant rate infusions of dexmedetomidine 
or MK-467 on the minimum alveolar concentration of sevofl urane in dogs. Veterinary Anaesthesia 
and Analgesia 4, doi: 10.1016/j.vaa.2016.12.058.

Hedges AR, Pypendop BH, Shilo Y, et al. (2013) Impact of the blood sampling site on time-
concentration drug profi les following intravenous or buccal drug administration. Journal of 
Veterinary Pharmacology and Th erapeutics 37, 145-150.

Hein L, Altman J & Kobilka B (1999) Two functionally distinct α2-adrenergic receptors regulate 
sympathetic neurotransmission. Nature 402, 181-184.

References



59

Hellebrekers LJ & Sap R (1997) Medetomidine as a premedicant for ketamine, propofol or fentanyl 
anaesthesia in dogs. Th e Veterinary Record 24, 545-548.

Hellebrekers LJ, van Herpen H, Hird JFR, et al. (1998) Clinical effi  cacy and safety of propofol or 
ketamine anaesthesia in dogs premedicated with medetomidine. Veterinary Record 142, 631-634.

Hellyer PW, Freeman LC & Hubbell JAE (1991) Induction of anesthesia with diazepam-ketamine and 
midazolam-ketamine in Greyhounds. Veterinary Surgery 20, 143-147.

Hellyer PW, Mama KR, Shaff ord HL, et al. (2001) Eff ects of diazepam and fl umazenil on minimum 
alveolar concentrations for dogs anesthetized with isofl urane or a combination of isofl urane and 
fentanyl. American Journal of Veterinary Research 62, 555-560.

Herbert GL, Bowlt KL, Ford-Fennah V, et al. (2013) Alfaxalone for total intravenous anaesthesia 
in dogs undergoing ovariohysterectomy: a comparison of premedication with acepromazine or 
dexmedetomidine. Veterinary Anaesthesia and Analgesia 40, 124-133.

Hirota K & Lambert DG (1996) Ketamine: its mechanism(s) of action and unusual clinical uses. 
British Journal of Anaesthesia 77, 441-444.

Honda M, Suzuki M, Nakayama K, et al. (2007) Role of α2C-adrenoceptors in the reduction of skin 
blood fl ow induced by local cooling in mice. British Journal of Pharmacology 152, 91-100.

Hongo M, Fujisawa S, Adachi T, et al. (2016) Age-related eff ects of dexmedetomidine on myocardial 
contraction and coronary circulation on isolated guinea pig hearts. Journal of Pharmacological 
Sciences 131, 118-125.

Honkavaara J, Raekallio M, Kuusela E, et al. (2008) Th e eff ects of L-659,066, a peripheral 
α2-adrenoceptor antagonist, on dexmedetomidine-induced sedation and bradycardia in dogs. 
Veterinary Anaesthesia and Analgesia 35, 409-413.

Honkavaara J, Restitutti F, Raekallio M, et al. (2011) Th e eff ects of increasing doses of MK-467, a 
peripheral alpha2-adrenergic receptor antagonist, on the cardiopulmonary eff ects of intravenous 
dexmedetomidine in conscious dogs. Journal of Veterinary Pharmacology and Th erapeutics 34, 332-
337.

Honkavaara J, Restitutti F, Raekallio M, et al. (2012) Infl uence of MK-467, a peripherally acting 
α2-adrenoceptor antagonist on the disposition of intravenous dexmedetomidine in dogs. Drug 
Metabolism and Disposition 40, 445-449.

Honkavaara J, Pypendop B, Turunen H, et al. (2017a) Th e eff ect of MK-467, a peripheral 
α2-adrenoceptor antagonist, on dexmedetomidine-induced sedation and bradycardia aft er 
intravenous administration in conscious cats. Veterinary Anaesthesia and Analgesia 44, 42-51. 

Honkavaara J, Pypendop B & Ilkiw J (2017b) Th e impact of MK-467 on sedation, heart rate and 
arterial blood pressure aft er intramuscular coadministration with dexmedetomidine in conscious 
cats. Veterinary Anaesthesia and Analgesia 22, doi: 10.1016/j.vaa.2016.08.011.

Horan PJ & Ho K (1989) Comparative pharmacological and biochemical studies between butorphanol 
and morphine. Pharmacology Biochemistry & Behavior 34, 847-854.

Horn PT, Kohli JD, Listinsky JJ, et al. (1982) Regional variation in the alpha-adrenergic receptors in 
the canine resistance vessels. Naunyn-Schmiedeberg’s Archives of Pharmacology 318, 166-172.

Houghton KJ, Rech RH, Sawyer DC, et al. (1991) Dose-response of intravenous butorphanol to 
increase visceral nociceptive threshold in dogs. Proceedings of the Society for Experimental Biology 
and Medicine 197, 290-296.

Housmans PR (1990) Eff ects of dexmedetomidine on contractility, relaxation, and intracellular 
calcium transients of isolated ventricular myocardium. Anesthesiology 73, 919-922.

References



60

Hunter J, Fontana D, Hedley L, et al. (1997) Assessment of the role α2-adrenoceptor subtypes in the 
antinociceptive, sedative and hypothermic action of dexmedetomidine in transgenic mice. British 
Journal of Pharmacology 122, 1339-1344.

Iida H, Ohata H, Iida M, et al. (1998) Isofl urane and sevofl urane induce vasodilation of cerebral 
vessels via ATP-sensitive K+ channel activation. Anesthesiology 89, 954-960.

Ivankovich AD, Miletich DJ, Reimann C, et al. (1974) Cardiovascular eff ects of centrally administered 
ketamine in goats. Anaesthesia & Analgesia 53, 924-933.

Jones DJ, Stehling LC & Zauder HL (1979) Cardiovascular responses to diazepam and midazolam 
maleate in the dog. Anesthesiology 51, 430-434.

Kaartinen JM, Pang DSJ, Moreau M, et al. (2010) Hemodynamic eff ects of an intravenous infusion 
of medetomidine at six diff erent dose regimens in isofl urane-anesthetized dogs. Veterinary 
Th erapeutics 11, E1-E16.

Kaartinen J, del Castillo JR, Salla K, et al. (2014) Hemodynamic interactions of medetomidine and 
the peripheral alpha-2 antagonist MK-467 during step infusions in isofl urane-anaesthetised dogs. 
Veterinary Journal 202, 353-360.

Kallio-Kujala I, Raekallio M, Honkavaara J, et al. (2017) MK-467 accelerates the absorption of sedative 
agents in dogs – preliminary results. In: Proceeding of AVA Spring Meeting, Manchester, UK, pp 74.

Katz LN & Feinberg H (1958) Th e relation of cardiac eff ort to myocardial oxygen consumption and 
coronary fl ow. Circulation Research 6, 656- 669.

Keates H & Whittem T (2012) Eff ect of intravenous dose escalation with alfaxalone and propofol on 
occurrence of apnoea in the dog. Research in Veterinary Science 93, 904-906.

Kellihan HB, Stepien RL, Hassen KM, et al. (2015) Sedative and echocardiographic eff ects of 
dexmedetomidine combined with butorphanol in healthy dogs. Journal of Veterinary Cardiology 
17, 282-292.

Kenny D, Peic LR, Brooks HL, et al. (1989) Alterations of alpha1 and alpha2 adrenoceptor-mediated 
pressor responses by halothane and isofl urane anesthesia. Anesthesiology 71, 224-234.

Kersten J, Pagel PS, Tessmer JP, et al. (1993) Dexmedetomidine alters the hemodynamic eff ects of 
desfl urane and isofl urane in chronically instumented dogs. Anesthesiology 79, 1022-1032.

Kersten JR, Gross GJ, Pagel PS, et al. (1998) Activation of adenosine triphosphate-regulated potassium 
channels. Anesthesiology 88, 495-513.

Ko JC, Bailey JE, Pablo LS, et al. (1996) Comparison of sedative and cardiorespiratory eff ects 
of medetomidine and medetomidine-butorphanol combitanion in dogs. American Journal of 
Veterinary Research 57, 535-540.

Ko JC, Fox SM & Mandsager RE (2000a) Sedative and cardiorespiratory eff ects of medetomidine, 
medetomidine-butorphanol, and medetomidine-ketamine in dogs. Journal of the American 
Veterinary Medical Association 216, 1578-1583.

Ko JC, Fox SM & Mandsager RE (2001a) Anesthetic eff ects of ketamine or isofl urane induction prior 
to isofl urane anesthesia in medetomidine-premedicated dogs Journal of the American Animal 
Hospital Association 37, 411-419.

Ko JC, Fox SM & Madsager RE (2001b) Eff ects of preemptive atropine administration on incidence of 
medetomidine-induced bradycardia in dogs. Journal of the American Veterinary Medical Association 
218, 52-58.

Ko JC, Payton ME, White AG, et al. (2006) Eff ects of intravenous diazepam or microdose 
medetomidine on propofol-induced sedation in dogs. Journal of the American Animal Hospital 
Association 42, 18-27.

References



61

Ko JC, Barletta M, Sen I, et al. (2013) Infl uence of ketamine on the cardiopulmonary eff ects of 
intramuscular administration of dexmedetomidine-buprenorphine with subsequent reversal with 
atipamezole in dogs. Journal of the American Animal Hospital Association 242, 339-345.

Kojima K, Nishimura R, Mutoh T, et al. (2002) Eff ects of medetomidine-midazolam, acepromazine-
butorphanol, and midazolam-butorphanol on induction dose of thiopental and propofol and on 
cardiopulmonary changes in dogs. American Journal of Veterinary Research 63, 1671-1679.

Kubo T & Misu Y (1981) Pharmacological Characterisation of the α-adrenoceptors responsible for 
a decrease of blood pressure in the Nucleus Tractus Solitarii of the rat. Naunyn-Schmiedeberg’s 
Archives of Pharmacology 317, 120-125.

Kuo W & Keegan RD (2004) Comparative cardiovascular, analgesic, and sedative eff ects of 
medetomidine, medetomidine-hydromorphone, and medetomidine-butorphanol in dogs. 
American Journal of Veterinary Research 65, 931-937.

Kuusela E, Raekallio M, Anttila M, et al. (2000) Clinical eff ects and pharmacokinetics of medetomidine 
and its enantiomers in dogs. Journal of Veterinary Pharmacology and Th erapeutics 23, 15-20.

Kuusela E, Vainio O, Kaistinen A, et al. (2001a) Sedative, analgesic and cardiovascular eff ects of 
levomedetomidine alone and in combination with dexmedetomidine in dogs. American Journal of 
Veterinary Research 62, 616- 621.

Kuusela E, Raekallio M, Väisänen M, et al. (2001b) Comparison of medetomidine and 
dexmedetomidine as premedicants in dogs undergoing propofol-isofl urane anesthesia. American 
Journal of Veterinary Research 62, 1073-1080.

Kwan DC (1999) Heterogeneity of vascular smooth muscle α-adrenoceptors in canine blood vessels. 
Clinical and Experimental Pharmacology and Physiology 26, 822-823.

Kyhl K, Ahtarovski KA, Iversen K (2013) Th e decrease of cardiac chamber volumes and output during 
positive-pressure ventilation. American Journal of Physiology. Heart and circulatory physiology 305, 
H1004-H1009.

Lakhlani P, MacMillan L, Guo T, et al. (1997) Substitution of a mutant α2A-adrenergic receptor via 
“hit and run” gene targeting reveals the role of this subtype in sedative, analgesic, and anesthetic-
sparing responses in vivo. Proceedings of the National Academy of Sciences of the United States of 
America 94, 9950-9955.

Lamont LA, burton SA, Caines D, et al. (2012) Eff ects of 2 diff erent infusion rates of medetomidine 
on sedation score, cardiopulmonary parameters, and serum levels of medetomidine in healthy 
dogs. Th e Canadian Journal of Veterinary Research 76, 308-316.

Langer S (1974) Presynaptic regulation of catecholamine release. Biochemical Pharmacology 23, 1793-
1800.

Langer SZ, Shepperson NB & Massingham R (1981) Preferential noradrenergic innervation of alpha-
adrenergic receptors in vascular smooth muscle. Hypertension 3, 112-118.

Lawrence CJ, Prinzen FW, de Lange S, et al. (1996) Th e eff ect of dexmedetomidine on nutrient organ 
blood fl ow. Anesthesia and Analgesia 83, 1160-1165.

Lee J, Suh S, Choi R, et al. (2015) Cardiorespiratory and anesthetic eff ects produced by the 
combination of butorphanol, medetomidine and alfaxalone administered intramuscularly in beagle 
dogs. Th e Journal of Veterinary Medical Science 77, 1677-1680.

Leech C & Faber JE (1996) Diff erent α-adrenoceptor subtypes mediate constriction of arterioles and 
venules. Th e American Journal of Physiology 270, H710-722.

Lerche P & Muir WW III (2004) Eff ect of medetomidine on breathing and inspiratory neuromuscular 
drive in conscious dogs. American Journal of Veterinary Reseach 65, 720-724.

References



62

Lerche PP &Muir WW III (2006) Eff ect of medetomidine on respiration and minimum alveolar 
concentration in halothane- and isofl urane-anesthetized dogs. American Journal of Veterinary 
Reseach 67, 782-789.

Lervik A, Haga A, Ranheim B, et al. (2012) the infl uence of a continuous rate infusion of 
dexmedetomidine on the nociceptive withdrawal refl ex and temporal summation during isofl urane 
anaesthesia in dogs. Veterinary Anaesthesia and Analgesia 39, 414-425.

Levy M (1984) Cardiac sympathetic-parasympathetic interactions. Federation Proceedings 43, 2598-
2602.

Levänen J, Mäkelä M-L & Scheinin H (1995) Dexmedetomidine premedication attenuates ketamine-
induced cardiostimulatory eff ects and postanesthetic delirium. Anesthesiology 82, 1117-1125.

Lin G, Robben JH, Murrell JC, et al. (2008) Dexmedetomidine constant rate infusion for 24 hours 
during and aft er propofol or isofl urane anaesthesia in dogs. Veterinary Anaesthesia and Analgesia 
35, 141-153.

Link R, Desai K, Hein L, et al. (1996) Cardiovascular regulation in mice lacking alpha2-adrenergic 
receptor subtype b and c. Science 273, 803-805.

Long K & Kirby R (2008) An update on cardiovascular adrenergic receptor physiology and potential 
pharmacological applications in veterinary critical care. Journal of Veterinary Emergency and 
Critical Care 18, 2–25.

Lozano AJ, Brodbelt DC, Borer KE, et al. (2009) A comparison of the duration and quality of recovery 
from isofl urane, sevofl urane and desfl urane anaesthesia in dogs undergoing magnetic resonance 
imaging. Veterinary Anaesthesia and Analgesia 36, 220-229.

Ludders JW, Reitan JA, Martucci R, et al. (1983) Blood pressure response to phenylephrine infusion 
in halothane-anesthetized dogs given acetylpromazine maleate. American Journal of Veterinary 
Research 44, 996-999.

MacDonald E, Scheinin M, Scheinin H, et al. (1991) Comparison of the behavioral and neurochemical 
eff ects of the two optical enantiomers of medetomidine, a selective alpha-2-adrenoceptor agonist. 
Th e Journal of Pharmacology and Experimental Th erapeutics 259, 848-854.

MacDonald E & Scheinin M (1995) Distribution and pharmacology of alpha 2-adrenoceptors in the 
central nervous system. Journal of Physiology and Pharmacology 46, 241-258.

Maddern K, Adams VJ, Hill NA, et al. (2010) Alfaxalone induction dose following administration of 
medetomidine and butorphanol in the dog. Veterinary Anaesthesia and Analgesia 37, 7-13.

MacMillan LB, Hein L, Smith SM, et al. (1996) Central hypotensive eff ects of α2A-adrenergic receptor 
subtype. Science 273, 801-803.

Makaritsis K, Johns C, Gavras I, et al. (1999) Sympatoinhibitory function of the α2A-adrenergic 
receptor subtype. Hypertension 34, 403-407.

Mason DJ, O’Grady M, Woods, P et al. (2001). Assessment of lithium dilution cardiac output as a 
technique for measurement of cardiac output in dogs. American Journal of Veterinary Research 62, 
1255-1261. 

Mason DJ, O’Grady M, Woods P et al. (2002). Eff ect of background serum lithium concentrations 
on the accuracy of lithium dilution cardiac output determination in dogs. American Journal of 
Veterinary Research 63, 1048-1052.

McCallum JB, Boban N, Hogan Q, et al. (1998) Th e mechanism of α2-adrenergic inhibition of 
sympathetic ganglionic transmission. Anaesthesia & Analgesia 87, 503-510.

References



63

McMillan MW, Whitaker KE, Hughes D, et al. (2009) Eff ect of body position on the arterial partial 
pressures of oxygen and carbon dioxide in spontaneously breathing, counscious dogs in an intensive 
care unit.  Journal of Veterinary Emergency and Critical Care 19, 564-570.

Merlin RG, Bernard J, Doursout M, et al. (1991) Comparison of the eff ects of isofl urane and 
desfl urane on cardiovascular dynamics and regional blood fl ow in the chronically instrumented 
dog. Anesthesiology 74, 568-574.

Monteiro ER, Teixeira Neto FJ, Castro VB, et al. (2007) Eff ects of acepromazine on the cardiovascular 
actions of dopamine in anesthetized dogs. Veterinary Anaesthesia and Analgesia 34, 312-321.

Monteiro ER, Figueroa CDN, Choma JC, et al. (2008) Eff ects of methadone, alone or in combination 
with acepromazine or xylazine, on sedation and physiologic values in dogs. Veterinary Anaesthesia 
and Analgesia 35, 519-527.

Monteiro ER, Coelho K, Bressan TF, et al. (2016) Eff ects of acepromazine-morphine and 
acepromazine-methadone premedication on the minimum alveolar concentration of isofl urane in 
dogs. Veterinary Anaesthesia and Analgesia 43, 27-34.

Moran-Munoz R, Ibancovichi JA, Gutierrez-Blanco E, et al. (2014) Eff ects of lidocaine, 
dexmedetomidine or their combination on the minimum alveolar concentration of sevofl urane in 
dogs. Th e Journal of Veterinary Medical Science 76, 847-853.

Morgaz J, del Mar Granados M, Munoz-Rascon P, et al. (2014) Comparison of thermodilution, 
lithium dilution, and pulse contour analysis for the measurement of cardiac output in 3 diff erent 
hemodynamic states in dogs. Journal of Veterinary Emergency and Critical Care 24, 562-570.

Morray JP & Pavlin EG (1990) Oxygen delivery and consumption during hypothermia and rewarming 
in the dog. Anesthesiology 72, 510-516.

Muir WW, Ford JL, Karpa GE, et al. (1999) Eff ects of intramuscular administration of low doses 
of medetomidine and medetomidine-butorphanol in middle-aged and old dogs. Journal of the 
American Veterinary Medical Association 215, 1116-1120.

Muir W, Lerche P, Wiese A, et al. (2008) Cardiorespiratory and anesthetic eff ects of clinical and 
supraclinical doses of alfaxalone in dogs. Veterinary Anaesthesia and Analgesia 35, 451-462.

Murphy MR & Hug CC (1982) Th e enfl urane sparing eff ect of morphine, butorphanol and nalbuphine. 
Anesthesiology 57, 489-492.

Murrell JC & Hellebrekers LJ (2005) Medetomidine and dexmedetomidine: a review of cardiovascular 
eff ects and antinociceptive properties in the dog. Veterinary Anaesthesia and Analgesia 32, 117-127.

Mutoh T, Nishimura R, Kim H-Y, et al. (1997) Cardiopulmonary eff ects of sevofl urane, compared 
with halothane, enfl urane, and isofl urane, in dogs. American Journal of Veterinary Research 58, 885-
890.

Nybäck H & Sedvall G (1968) Eff ect of chlorpromazine on accumulation and disappearance of 
catecholamines formed from tyrosine-C14 in brain. Th e Journal of Pharmacology and Experimental 
Th erapeutics 162, 294-301.

Okushima S, Vettorato E & Corletto F (2015) Chronotropic eff ect of propofol or alfaxalone following 
fentanyl administration in healthy dogs. Veterinary Anaesthesia and Analgesia 42, 88-92.

Ossipov MH, Harris S, Lloyd P, et al. (1990) Antinociceptive interaction between opioids and 
medetomidine: systemic additivity and spinal synergy. Anesthesiology 73, 1227-1235.

Pagel PS, Kampine JP, Schmelling WT, et al. (1991a) Infl uence of volatile anesthetics on myocardial 
contractility in vivo: desfl urane versus isofl urane. Anesthesiology 74, 900-907.

References



64

Pagel PS, Kampine JP, Schmelling WT, et al. (1991b) Comparison of the systemic and coronary 
hemodynamic actions of desfl urane, isofl urane, halothane and enfl urane in the chronically 
instrumented dog. Anesthesiology 74, 539-551.

Pagel PS, Kampine JP, Schmelling WT, et al. (1992) Ketamine depresses myocardial contractility as 
evaluated by the preload recruitable stroke work relationship in chronically instrumented dogs with 
autonomic nervous system blockade. Anesthesiology 76, 564-572.

Pagel PS & Warltier DC (1993) Negative inotropic eff ects of propofol as evaluated by the regional 
preload recruitable stroke work relationship in chronically instrumented dogs. Anesthesiology 78, 
100-108.

Pagel PS, Proctor L, Devcic A, et al. (1998) A novel alpha2-adrenoceptor antagonist attenuates the 
early, but preserves the late cardiovascular eff ects of intravenous dexmedetomidine in conscious 
dogs. Journal of Cardiothoracic and Vascular Anesthesia 12, 429-434.

Paiva MQ, Morato M, Moura D, et al. (1999) A comparative study of postsynaptic α2-adrenoceptors 
of the dog mesenteric and rat femoral veins. Naunyn-Schmiedeberg’s Archives of Pharmacology 360, 
165-170.

Pakkanen SA, Raekallio MR, Mykkänen AK, et al. (2015) Detomidine and the combination of 
detomidine and MK-467, a peripheral alpha-2 adrenoceptor antagonist, as premedication in horses 
anaesthetized with isofl urane. Veterinary Anaesthesia and Analgesia 42, 527-536.

Papastefanou AK, Galatos AD, Pappa E, et al. (2015) Th e eff ect of butorphanol on the incidence of 
dexmedetomidine-induced emesis in cats. Veterinary Anaesthesia and Analgesia 42, 608-613.

Pascoe PJ, Raekallio M, Kuusela E, et al. (2006) Changes in the minimum alveolar concentration 
of isofl urane and cardiopulmonary measurements during three continuous infusion rates of 
dexmedetomidine. Veterinary Anaesthesia and Analgesia 33, 97-103.

Pascoe PJ (2015) Th e cardiopulmonary eff ects of dexmedetomidine infusions in dogs during 
isofl urane anesthesia. Veterinary Anaesthesia and Analgesia 42, 360-368.

Peltonen JM, Pihlajisto M & Scheinin M (1998). Subtype-specifi c stimulation of [35S]GTP (γ)S 
binding by recombinant α2-adrenoceptors. European Journal of Pharmacology 355, 275-279.

Pfeff er M, Smyth RD, Pittman KA, et al. (1980) Pharmacokinetics of subcutaneous and intramuscular 
butorphanol in dogs. Journal of Pharmaceutical Sciences 69, 801-803.

Piascik MT, Kusiak JW & Barron KW (1990) α1-adrenoceptor subtypes and the regulation of 
peripheral hemodynamics in the conscious rat. European Journal of Pharmacology 186, 273-278.

Piascik M, Soltis E, Piascik M, et al. (1996) α-adrenoceptors and vascular regulation: molecular, 
pharmacologic and clinical correlates. Pharmacology & Th erapeutics 72, 215-241.

Pinelas R, Alibhai H, Mathis A, et al. (2014) Eff ects of diff erent doses of dexmedetomidine on 
anaesthetic induction with alfaxalone – a clinical trial. Veterinary Anaesthesia and Analgesia 41, 
378-385.

Pittman J, Bar-Yosef S, SumPing J, et al. (2005) Continuous cardiac output monitoring with pulse 
contour analysis: a comparison with lithium indicator dilution cardiac output measurement. 
Critical Care Medicine 33, 2015-2021.

Popovic NA, Mullane JF & Yhap EO (1972) Eff ects of acetylpromazine maleate on certain 
cardiorespiratory responses in dogs. American Journal of Veterinary Research 33, 1819-1824.

Proakis AG & Harris GB (1978) Comparative penetration of glycopyrrolate and atropine across the 
blood-brain and placental barriers in anesthetized dogs. Anesthesiology 48, 339-344.

References



65

Pypendop B, Serteyn D & Verstegen J (1996) Hemodynamic eff ects of medetomidine-midazolam-
butorphanol and medetomidine-midazolam-buprenorphine combinations and reversibility by 
atipamezole in dogs. American Journal of Veterinary Research 57, 724-730. 

Pypendop BH & Verstegen JP (1998). Hemodynamic eff ects of medetomidine in the dog: a dose 
titration study. Veterinary Surgery 27, 612-622.

Pypendop BH, Honkavaara J & Ilkiw JE (2016) Pharmacokinetics of dexmedetomidine, MK-467 
and their combination following intravenous administration in male cats. Journal of Veterinary 
Pharmacology and Th erapeutics 39, 460-468.

Pypendop BH, Honkavaara J & Ilkiw JE (2017a) Cardiovascular eff ects of dexmedetomidine, with 
or without MK-467, following intravenous administration in cats. Veterinary Anaesthesia and 
Analgesia 44, 52-62.

Pypendop BH, Honkavaara J & Ilkiw JE (2017b) Pharmacokinetics of dexmedetomidine, MK-467 
and their combination following intramuscular administration in male cats. Veterinary Anaesthesia 
and Analgesia 9, doi: 10.1016/j.vaa.2017.02.008.

Quibell R, Fallon M, Mihalyo M, et al. (2015) Ketamine. Journal of Pain and Symptom Management 
50, 268- 278.

Quiros Carmona S, Navarrete-Calvo R, Granados MM, et al. (2014) Cardiorespiratory and anaesthetic 
eff ects of two continuous rate infusions of dexmedetomidine in alfaxalone anaesthetized dogs. 
Research in Veterinary Science 97, 132-139.

Raekallio MR, Räihä MP, Alanen MH, et al. (2009) Eff ects of medetomidine, L-methadone, and their 
combination on arterial blood gases in dogs. Veterinary Anaesthesia and Analgesia 36, 158-161.

Raekallio MR, Honkavaara JM & Vainio OM (2010) Th e eff ects of L-659,066, a peripheral 
α2-adrenoceptor antagonist, and verapamil on the cardiovascular infl uences of dexmedetomidine 
in conscious sheep. Journal of Veterinary Pharmacology and Th erapeutics 33, 434-438.

Ralley FE, Wynands JE, Ramsay JG, et al. (1988) Th e eff ects of shivering on oxygen consumption and 
carbon dioxide production in patients rewarming from hypothermic cardio-pulmonary bypass. 
Canadian Journal of Anaesthesiology 35, 332-337.

Reeves RB, Park JS, Lapennas GN, et al. (1982) Oxygen affi  nity and Bohr coeffi  cients of dog blood.  
Journal of Applied Physiology 53, 87-95.

Restitutti F, Honkavaara J, Raekallio M, et al. (2011) Eff ects of diff erent doses of L-659’066 on the 
bispectral index and clinical sedation in dogs treated with dexmedetomidine. Veterinary Anaesthesia 
and Analgesia 38, 415-422.

Restitutti F, Raekallio M, Vainionpää M, et al. (2012) Plasma glucose, insulin, free fatty acids, 
lactate and cortisol concentrations in dexmedetomidine-sedated dogs with or without MK-467: a 
peripheral α2 adrenoceptor antagonist. Veterinary Journal 193, 481-485.

Restitutti F, Laitinen MR, Raekallio MR, et al. (2013) Eff ect of MK-467 on organ blood fl ow 
parameters detected by contrast-enhanced ultrasound in dogs treated with dexmedetomidine. 
Veterinary Anaesthesia and Analgesia 40, e48-e56.

Restitutti F, Kaartinen J, Raekallio M, et al. (2017) Plasma concentration and cardiovascular eff ects 
of intramuscular medetomidine combined with three doses of the peripheral alpha2-antagonist 
MK-467 in dogs. Veterinary Anaesthesia and Analgesia 44, 417-426.

Rioja E, Gianotti G & Valverde A (2013) Clinical use of a low-dose medetomidine infusion in healthy 
dogs undergoing ovariohysterectomy. Canadian Veterinary Journal 54, 864-868.

Rodriguez JM, Munoz-Rascon P, Navarrete-Calvo R, et al. (2012) Comparison of the cardiopulmonary 
parameters aft er induction of anaesthesia with alphaxalone or etomidate in dogs. Veterinary 
Anaesthesia and Analgesia 39, 357-365.

References



66

Roekaerts PM, Prinzen FW & Lange S (1996) Coronary vascular eff ects of dexmedetomidine during 
reactive hyperemia in the anesthetized dog. Journal of Cardiothoracic and Vascular Anesthesia 10, 
619-626.

Rolfe NG, Kerr CL & McDonell WN (2012) Cardiopulmonary and sedative eff ects of the peripheral 
α2 –adrenoceptor antagonist MK 0467 administered intravenously or intramuscularly concurrently 
with medetomidine in dogs. American Journal of Veterinary Research 73, 587-594.

Rosenthal RC & Koritz GD (1989) Pharmokinetics of lithium in beagles. Journal of Veterinary 
Pharmacology and Th erapeutics 12, 330–333.

Rossi F, Fina C, Stock E, et al. (2016) Eff ect of sedation on contrast-enhanced ultrasonography of the 
spleen in healthy dogs. Veterinary Radiology & Ultrasound 57, 276-281.

Rudolph U, Crestani F, Benke D, et al. (1999) Benzodiazepine actions mediated by specifi c 
γ-aminobutyric acidA receptor subtypes. Nature 40, 796-800.

Ruff olo R (1985) Distribution and function of peripheral α-adrenoceptors in the cardiovascular 
system. Pharmacology of Biochemistry & Behaviour 22, 827-834.

Sabbe M, Penning JP, Ozaki GT, et al. (1994) Spinal and systemic action of the α2 receptor agonist 
dexmedetomidine in dogs. Anesthesiology 80, 1057-1072.

Salonen S, Vuorilehto L, Vainio O, et al. (1995) Atipametzole increases medetomidine clearance in 
the dog: an agonist-antagonist interaction. Journal of Veterinary Pharmacology and Th erapeutics 18, 
328-332.

Sano T, Nishimura R, Mochizuki M, et al. (2003) Eff ects of midazolam-butorphanol, acepromazine-
butorphanol and medetomidine on an induction dose of propofol and their compatibility in dogs. 
Th e Journal of Veterinary Medical Science 65, 1141-1143.

Saponaro V, Crovace A, De Marzo L, et al. (2013) Echocardiographic evaluation of the cardiovascular 
eff ects of medetomidine, acepromazine and their combination in healthy dogs. Research in 
Veterinary Science 95, 87-92.

Sarchahi AA, Vesal N, Nikahval B, et al. (2009) Comparison of the eff ects of diff erent doses of 
acepromazine-xylazine on the electrocardiogram in dogs. Iranian Journal of Veterinary Research 10, 
208-215.

Savola J & Virtanen R (1991) Central α2-adrenoceptors are highly stereoselctive for dexmedetomidine, 
the dextro enantiomer of medetomidine. European Journal ofPharmacology 195, 193-199.

Sawyer DC, Rech RH, Durham RA, et al. (1991) Dose response to butorphanol administered 
subcutaneously to increase visceral nociceptive threshold in dogs. American Journal of Veterinary 
Research 52, 1826-1830.

Schafers RF, Elliot HL, Howie CA, et al. (1992) A preliminary, clinical pharmacological assessment 
of L-659,066, a novel α2-adrenoceptor antagonist. British Journal of Clinical Pharmacology 34, 521-
526.

Scheinin M, Lomasney J, Hayden-Hixon D, et al. (1994) Distribution of α2-adrenergic receptor 
subtype gene expression in rat brain. Molecular Brain Research 21, 133-149.

Scheinin M & Schwinn D (1992) Th e Locus Coeruleus. Site of hypnotic actions of α2-adrenoceptor 
agonists? Anesthesiology 76, 873-875.

Schmelling WT, Kampine JO, Roerig DL, et al. (1991) Th e eff ects of the stereoisomers of the 
α2-adrenergic agonists medetomidine on systemic and coronary hemodynamics in conscious dogs. 
Anesthesiology 75, 499-511.

Schwartz DD & Clark TP (1998) Affi  nity of detomidine, medetomidine and xylazine for alpha-2 
adrenergic receptor subtypes. Journal of Veterinary Pharmacology and Th erapeutics 21, 107-111.

References



67

Sciberras DG, Reed JW, Elliott C, et al. (1994) Th e eff ects of a peripherally selective α2-adrenoceptor 
antagonist, MK-467, on the metabolic and cardiovascular response to exercise in healthy man. 
British Journal of Clinical Pharmacology 37, 39-44.

Seddighi R, Egger CM, Rohrbach BW, et al. (2011) Th e eff ect of midazolam on the end-tidal 
concentration of isofl urane necessry to prevent movement in dogs. Veterinary Anaesthesia and 
Analgesia 38, 195-202.

Sederberg J, Stanley TH, Reddy P, et al. (1981) Hemodynamic eff ects of butorphanol-oxygen 
anesthesia in dogs. Anesthesia & Analgesia 60, 715-719.

Seo J, Han S, Choi R, et al. (2015) Cardiopulmonary and anesthetic eff ects of the combination of 
butorphanol, midazolam and alfaxalone in beagle dogs. Veterinary Anaesthesia and Analgesia 42, 
304-308.

Shafaroudi MM, McBride M, Deighan C, et al. (2005) Two “knockout” mouse models demonstrate 
that aortic vasodilatation is mediated via α2A-adrenoceptors located on the endothelium. Th e 
Journal of Pharmacology and Experimental Th erapeutics 314, 804-810.

Short CE (1991) Eff ects of anticholinergic treatment on the cardiac and respiratory systems in dogs 
sedated with medetomidine. Th e Veterinary Record 5, 310-313.

Simon BT, Scallan EM, Siracusa C, et al. (2014) Eff ects of acepromazine or methadone on midazolam-
induced behavioral reactions in dogs. Th e Canadian Veterinary Journal 55, 875-885.

Sinclair M, McDonnel W, O’Grady M, et al. (2002) Th e cardiopulmonary eff ects of romifi dine in dogs 
with and without prior or concurrent administration of glycopyrrolate. Veterinary Anaesthesia and 
Analgesia 29, 1-13.

Sinclair M (2003) A review of the physiological eff ects of α2-agonists related to the clinical use of 
medetomidine in small animal practice. Th e Canadian Veterinary Journal 44, 885-897.

Sinclair MD, O’Grady MR, Kerr CL, et al. (2003) the echocardiographic eff ects of romifi dine in dogs 
with and without prior or concurrent administration of glycopyrrolate. Veterinary Anaesthesia and 
Analgesia 30, 211-219.

Singletary GE, Saunders AB, Saunders WB, et al. (2010) Cardiac troponin I concentrations following 
medetomidine-butorphanol sedation in dogs. Veterinary Anaesthesia and Analgesia 37, 342-346.

Snapir A, Talke P, Posti J, et al. (2009) Eff ects of nitric oxide synthase inhibition on dexmedetomidine-
induced vasoconstriction in healthy human volunteers. British Journal of Anaesthesiology 102, 
38-46.

Steff ey EP & Howland D Jr (1977) Isofl urane potency in the dog and cat. American Journal of 
Veterinary Research 38, 1833-1836.

Stegmann GF & Blester L (2001) Some clinical eff ects of midazolam premedication in propofol-
induced and isofl urane-maintained anaesthesia in dogs during ovariohysterectomy. Journal of the 
South African Veterinary Association 72, 214-216.

Stepien RL, Bonagura JD, Bednarski RM, et al. (1995) Cardiorespiratory eff ects of acepromazine 
maleate and buprenorphine hydrochloride in clinically normal dogs. American Journal of Veterinary 
Research 56, 78-84.

Stone LS, MacMillan LB, Kitto KF, et al. (1997) Th e α2A adrenergic receptor subtype mediates spinal 
analgesia evoked by α2 agonists and is necessary for spinal adrenergic-opioid synergy. Th e Journal of 
Neuroscience 17, 7157-7165.

Suarez MA, Dzikiti BT, Stegmann FG, et al. (2012) Comparison of alfaxalone and propofol 
administered as total intravenous anaesthesia for ovariohysterectomy in dogs. Veterinary 
Anaesthesia and Analgesia 39, 236-244.

References



68

Szemeredi K, Stull R, Kopin IJ, et al. (1989) Eff ects of peripherally acting alpha 2-adrenoceptor 
antagonist (L-659,066) on hemodynamics and plasma levels of catechols in conscious rats. European 
Journal of Pharmacology 170, 53-59.

Traber DL, Wilson RD & Priano LL (1968) Diff erentiation of the cardiovascular eff ects of CI-581. 
Anaesthesia and Analgesia 47, 769-777.

Traber DL & Wilson RD (1969) Involvement of the sympathetic nervous system in the pressor 
response to ketamine. Anaesthesia and Analgesia 48, 248-252.

Trendelenburg A, Kelbroff  W, Hein L, et al. (2001) A study of presynaptic α2-autoreceptors in α2A/D-, 
α2B- and α2C-adrenoceptor-defi cient mice. Naunyn-Schmiedeberg’s Archives of Pharmacology 364, 
117-30.

Trendelenburg A, Philipp M, Meyer A, et al. (2003) All three α2-adrenoceptor types serve as 
autoreceptors in postganglionic sympathetic neurons. Naunyn-Schmiedeberg’s Archives of 
Pharmacology 368, 504-512.

Trim CM (1983) Cardiopulmonary eff ects of butorphanol tartrate in dogs. American Journal of 
Veterinary Research 44, 329-331.

Tsuru H, Tanimitsu N & Hirai T (2002) Role of perivascular sympathetic nerves and regional 
diff erences in the features of sympathetic innervation of the vascular system. Japanese Journal of 
Pharmacology 88, 9-13.

Turner DM, Ilkiw JE, Rose RJ, et al. (1974) Respiratory and cardiovascular eff ects of fi ve drugs used as 
sedatives in the dog. Australian Veterinary Journal 50, 260-265.

Turunen H, Raekallio M, Adam M, et al. (2015) Th e eff ect of MK-467, a peripheral α2-adrenergic 
receptor antagonist, on the cardiovascular system and sedation in dogs receiving atipamezole to 
reverse medetomidine-induced sedation. In: Proceedings of 12th World Congress of Veterinary 
Anaesthesiology, Kyoto, Japan. pp. 143.

Tyner CL, Greene SA & Hartsfi el (1989) Cardiovascular eff ects of butorphanol administration in 
isofl urane-O2 anesthetized healthy dogs. American Journal of Veterinary Research 50, 1340-1342.

Uilenreef JJ, Murrell J, McKusick BC, et al. (2008) Dexmedetomidine continuous rate infusion during 
isofl urane anaesthesia in canine surgical patients. Veterinary Anaesthesia and Analgesia 35, 1-12.

Vainio OM & Palmu L (1989) Cardiovascular and respiratory eff ects of medetomidine in dogs and 
infl uence of anticholinergics. Acta Veterianaria Scandinavica 30, 401-408.

Vainio OM (1990) Reversal of medetomidine-induced cardiovascular and respiratory changes with 
atipamezole in dogs. Veterinary Record 127, 447-450.

Vainio O & Vähä-Vahe T (1990) Reversal of medetomidine sedation by atipametzole in dogs. Journal 
of Veterinary Pharmacology and Th erapeutics 13, 15-22.

Vainio OM (1991) Propofol infusion anaesthesia in dogs pre-medicated with medetomidine. 
Veterinary Anaesthesia and Analgesia 18, 35-37.

Vainio O & Bloor B (1994). Relation between body temperature and dexmedetomidine-induced 
minimum alveolar concentration and respiratory changes in isofl urane-anaesthetized miniature 
swine. American Journal of Veterinary Research 55, 1000-1006.

Vainionpää M, Salla K, Restitutti F, et al. (2013a) Th ermographic imaging of superfi cial temperature 
in dogs sedated with medetomidine and butorphanol with and without MK-467 (L-659,066). 
Veterinary Anaesthesia and Analgesia 40, 142-148.

Vainionpää MH, Raekallio MR, Pakkanen SA, et al. (2013b) Plasma drug concentrations and 
clinical eff ects of a peripheral alpha-2-adrenoceptor antagonist, MK-467, in horses sedated with 
detomidine. Veterinary Anaesthesia and Analgesia 40, 257-264.

References



69

 Van Oostrom H, Doornenbal A, Schot A, et al. (2011) Neurophysiological assessment of the sedative 
and analgesic eff ects of a constant rate infusion of dexmedetomidine in the dog. Veterinary Journal 
190, 338-344.

Vargas HM & Gorman AJ (1995) Vascular alpha-1 adrenergic receptor subtypes in the regulation of 
arterial pressure. Life Sciences 57, 2291-2308.

Villamil-Hernandez MT, Alcantara-Vazquez O, Sanchez-Lopez A, et al. (2013) Th e α2-adrenoceptors 
mediating inhibition of the vasopressor sympathetic outfl ow in pithed rats: Pharmacological 
correlation with α2A, α2B and α2C subtypes. European Journal of Pharmacology 718, 245-252.

Virtanen R, Savola JM, Saano V, et al. (1988) Characterization of the selectivity, specifi city and potency 
of medetomidine as an alpha 2-adrenoceptor agonist. European Journal of Pharmacology 150, 9-14.

Virtanen R, Savola JM, Saano V, et al. (1989) Highly selective and specifi c antagonism of central and 
peripheral alpha 2-adrenoceptors by atipamezole. Archives Internationales de Pharmacodynamie et 
de therapie 297, 190-204. 

Vähä-Vahe T (1990) Th e clinical eff ectiveness of atipamezole as a medetomidine antagonis in the dog. 
Journal of Veterinary Pharmacology and Th erapeutics 13, 198-205.

Wang X, Dergacheva O, Griffi  oen KJS, et al. (2004) Action of κ and δ opioid agonists on premotor 
cardiac vagal neurons in the nucleus ambiguus. Neuroscience 129, 235-241.

Warne LN, Beths T, Fogal S, et al. (2015) Th e use of alfaxalone and remifentanil total intravenous 
anesthesia in a dog undergoing a craniectomy for tumor resection. Th e Canadian Veterinary Journal 
55, 1083-1088.

Warren JB, Dollery CT, Sciberras D, et al. (1991) Assessment of MK-467, a peripheral alpha 
2-adrenergic receptor antagonist, with intravenous clonidine.  Clinical Pharmacology and 
Th erapeutics 50, 71-77.

Wegner K, Horais KA, Tozier NA, et al. (2008) Development of a canine nociceptive thermal escape 
model. Journal of Neuroscience Methods 15, 88-97.

Weir CJ, Ling AT, Belelli D, et al. (2004) Th e interaction of anaesthetic steroids with recombinant 
glycine and GABAA receptors. British Journal of Anaesthesia 92, 704-711.

White PF, Way WL & Trevor AJ (1982) Ketamine –Its Pharmacology and therapeutic uses. 
Anesthesiology 56, 119-136.

Wong ES, Man RY, Vanhoutte PM, et al. (2010) Dexmedetomidine induces both relaxations and 
contractions, via diff erent α2-adrenoceptor subtypes, in the isolated mesenteric artery and aorta of 
the rat. Th e Journal of Pharmacology and Experimental Th erapeutics 355, 659-664.

Ying S & Goldstein PA (2005) Propofol suppresses synaptic responsiveness of somatosensory relay 
neurons to excitatory input by potentiating GABAA receptor chloride channels. Molecular Pain 1:2 
doi:10.1186/1744-8069-1-2.

References




	CONTENTS
	ABSTRACT
	LIST OF PUBLICATIONS
	ABBREVIATIONS
	1 INTRODUCTION
	2 REVIEW OF THE LITERATURE
	3 AIMS OF THE STUDY
	4 MATERIALS AND METHODS
	5 RESULTS
	6 DISCUSSION
	7 CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES



