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Abstract

Objective To determine the effect of intravenous vatinoxamiadstration on bradycardia,
hypertension and level of anaesthesia induced letomidine-tiletamine-zolazepam in red
deer Cervus elaphus).

Study design and animals A total of 10 healthy red deer were enrolled inaadomized,
controlled, experimental, crossover study.

M ethods Deer were administered a combination of 0.1 mgrkgdetomidine hydrochloride
and 2.5 mg kg tiletamine-zolazepam intramuscularly, followed byl Gng kg' vatinoxan
hydrochloride or equivalent volume of saline ingagusly (IV) 35 minutes after anaesthetic
induction. Heart rate (HR), mean arterial bloodsptee (MAP), respiration rat&), end-tidal
CO, (PECQO,), arterial oxygen saturation (SpOQ rectal temperature (RT) and level of
anaesthesia were assessed before saline/vatindxainistration (baseline) and at intervals
for 25 minutes thereafteDifferences within treatments (change from baséglared between
treatments were analysed with linear mixed effeatiets p < 0.05).

Results Maximal (81+ 10 beats minut® HR occurred 90 seconds after vatinoxan injection
and remained significantly above baseline 42 beats minutd for 15 minutes. MAP
significantly decreased from baseline (220 mmHg) to a minimum MAP of 86 mmHg

60 seconds after vatinoxan and remained below ibaseintii end of anaesthesia. HR
remained unchanged from baseline 43 beats minut® with the saline treatment, while
MAP decreased significantly (11 16 mmHg) from baseline after 20 minutes:C®,, fg,
and SpQ@ showed no significant differences between treatmyewhile RT decreased
significantly 25 minutes after vatinoxan. Levelasfaesthesia was not significantly influenced
by vatinoxan.

Conclusion and clinical relevance Vatinoxan reversed hypertension and bradycardia
induced by medetomidine without causing hypotensioaffecting the level of anaesthesia in

red deer. However, the effect on HR subsided 1qutasafter vatinoxan IV administration.
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Vatinoxan has the potential to reduce anaesthéle sffects in non-domestic ruminants

immobilized with medetomidine-tiletamine-zolazepam.

Keywords bradycardia, hypertension, medetomidine, red dextinoxan
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Introduction (Word count 3668)

Chemical immobilization and anaesthesia are oftesemtial for handling and medical
interventions of captive and free-ranging non-ddmespecies.Induction of balanced
anaesthesia in non-domestic species by injectaidesthetics often requires high doses of
drug combinations such as dissociative anaesthaticdined witho,-adrenoceptoagonists
(Grimm & Lamont 2007). In non-domestic ruminants;adrenoceptoagonists, such as
medetomidine, are the most frequently represented) dlass (Masters 2015), and are
commonly combined with ketamine (Arnemo et al. 2005tiletamine-zolazepam (Barasona
et al. 2013).

While the sedative and analgesic effectaighdrenoceptoagonists are mediated by
central ax-adrenoceptors located in the central nervous systiee activation of peripheral
ap-adrenoceptors causes peripheral vasoconstrictioh aa consequent increase in arterial
blood pressure (Langer et al. 1980). In non-doroestminants, this can result in severe
hypertension (Sainmaa et al. 2019). Furthermoregrbeeptor mediated sinus bradycardia
together with a decreased cardiac output reguladtgur in animals sedated with
medetomidine (Bryant et al. 1996; Murrell & Hellekers 2005). The dose-dependent
cardiovascular side effects should be consideliade she doses af,-adrenoceptoagonists
used in non-domestic ruminant anaesthesia (Williatred. 2018) often exceed those required
for their domestic relativeg,g. sheep (Bryant et al. 1996) by 3 - 4 times.

The peripheral o,-adrenoceptor antagonist vatinoxan (MK-467) all®sa the
peripheral cardiovascular and pulmonary effects o@fadrenoceptoragonists while
maintaining sedation, as shown in many domesticiepesuch as dogs (Honkavaara et al.
2008; Honkavaara et al. 2011), cats (Honkavaaeh &017b; Pypendop et al. 2017), horses
(Bryant et al. 1998; de Vries et al. 2016) and ph@zyant et al. 1998; Raekallio et al. 2010;
Adam et al. 2018a). In contrast to the widely usathgonist fora,-adrenoceptor agonists

atipamezole, it mainly affects peripheral receptdug to its minimal ability to cross the
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blood-brain barrier (Clineschmidt et al. 1988). fidfere, vatinoxan does not substantially
affect the sedation mediated lw-adrenoceptors located in the central nervous myste
(Honkavaara et al. 2008). Moreover, vatinoxan canshfely used with atipamezole as
demonstrated in medetomidine sedated sheep (Adamz£118a).

The aim of this study was to evaluate the effectaifnoxan on heart rate (HR) and
blood pressure after intravenous (IV) bolus adnai®n in red deerGervus elaphus)
anaesthetized with medetomidine-tiletamine-zolazep&Ve hypothesized that vatinoxan
would alleviate the bradycardia and hypertensiotuced by medetomidine in red deer
without markedly affecting the level of anaesthesia
Material and methods
A total of 10 healthy 7-month-old red deer (malé;female = 6) with a mean body weight of
69.6 kg (standard deviation: = 10.3 kg; range: B9 -kg) were included in the study. The
animals originated from the red deer populationt ke@ 45 hectare enclosure adjacent to the
Research Institute of Wildlife Ecology (48.21°N,.3B°E), under conditions that approximate
those in the wild. All procedures and experimen&envapproved by the institutional ethics
and animal welfare committee and the Animal expental committee of the Federal
Ministry of Science, Research and Economy in acowed to the Austrian Animal
Experimentation Act (Tierversuchsgesetz 2012) (BMMWE8.205/0191-WF/V/3B/2017), the
guidelines for good scientific practice and natidegislation.

The study was carried out as a randomized, coattoxperimental, crossover study,
with a wash-out period between treatments of 18 ddys. Each animal was studied on two
occasions and randomly allocated to two treatmieytfipping a coin in the first trial round.
Animals were given the opposite treatment in theosd trial round. Allocation into the
specific treatment was carried out by the samesthagst (JP), who was responsible for drug
calculations and preparations and was not invoiwedata acquisition. The blinded data

acquisition was done by another investigator (JEpughout the project. The exclusion
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criterion was incomplete administration of the ialitmedetomidine-tiletamine-zolazepam
dose, which occurred in one animal.

Anaesthesia was induced with 0.1 mg kgedetomidine (20 mg mt, Medetomidine-
hydrochloride 2%, magistral formula by Richter RharAG, Austria) combined with 2.5 mg
kg tiletamine-zolazepam (Zoletil, Virbac Osterreich ) Austria) administered
intramuscularly (IM) followed byl) 0.1 mg kg vatinoxan (VAT) (Vetcare Finland Oy,
Finland) (referred to as VAT) @) equivalent volume of saline 0.9 % in mL (Isotosaxium
chloride solution 0.9 % ad us. vet.,, B. Braun Gmistria) (referred to as Control).
Vatinoxan HCI, in powder form, was dissolved inri##e0.9 % saline solution to a final
concentration of 2.5 mg mlL Both treatments were administered IV 35 minutéiera
medetomidine-tiletamine-zolazepam.

Animals were led into a walled corral located irithenclosure by a professional
animal trainer. This procedure was practiced befoyrepositive reinforcement training in
order to familiarise the animals with the procedarel provide stress-free handling and
anaesthetic induction. The animals were then remotgcted using a filled dart (3 mL dart
syringe, Dan-Inject, Denmark) projected into theidmlateral aspect of the pelvic limb
(Musculus biceps femoris) via blowpipe (BLOW 1.25 Model Zoo, Dan-Inject, Deark) with
medetomidine-tiletamine-zolazepam mixed in the sayrnge. When the dart had fully
discharged this was recorded as the start of dmesatand measured using a stopwatch.
Subsequent sampling timepoints were taken from timestopwatch was started. To avoid
any visual or auditory stimulation by the reseateam, the animal was observed by one
person who monitored it through a small openinthencorral wall. As soon as the recumbent
deer became unresponsive to auditory stimuli, tireat was entered by one veterinarian to
confirm an adequate level of anaesthesia (i.eespanse to physical stimulation, assessment
of pupil dilation and loss of palpebral reflex). éewere then blindfolded, placed in right

lateral recumbency and transported to the clinithiwi 10 minutes. The animals were
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intubated (HS Endotracheal Tube, Inner Diameterm8d, Length 32 cm Murphy, Henry
Schein Animal Health, Czech Republic) and were mi#80 % oxygen (2 L minut® until
the end of anaesthesia. An arterial catheter (tasksArterienkatheter 22 Gauge, Length 38
mm, Becton Dickinson, Germany) was placed in Bréeria auricularis caudalis and a
venous catheter (Vasofix Safety 18 Gauge, Lengthn¥b, B. Braun Austria GesmbH,
Austria) in theVena jugularis. The transducer of the arterial catheter was kol before
each experiment against a mercury column and zdooatinospheric pressure at the level of
the sternum with the red deer in lateral recumbency

Baseline values were recorded 30 minutes afterinfextion of medetomidine-
tiletamine-zolazepam and included HR, respiratoaye r(z), end-tidal CQ (PeCO,),
electrocardiogram (ECG), haemoglobin oxygen satmatsing pulse oximetry (Spj rectal
temperature (RT), and direct mean (MAP), systdidR) and diastolic (DAP) arterial blood
pressures. The variable=®0,, fr, SpQ (Root with Noninvasive Blood Pressure and
Temperature Monitoring; Radical-7; Phasein ISA; Muas Corporation, CA, USA) and
continuous lead Il ECG, HR, MAP, SAP, DAP (PM-80@&Xpress, Mindray Medical
Germany GmbH, Germany) were measured using mudiipeirer monitors. Rectal
temperature was determined using a digital thermemegHS Digital Veterinary
Thermometer, Henry Schein Animal Health, Czech Repu

Anaesthetic level was assessed by using the faligveicoring system: Degree of
hypnosis was assessed by the palpebral and pereflades tested by tactile stimulation (up
to 3 times within 10 seconds) of the naso-ventealtltus of the eye and the perianal skin.
Reflex response was scored with 0 = absent; 1ghty{reflex/response could be induced only
by repeated stimulus); 2 = slight but definitelegent response; 3 = brisk, normal response.
Evaluation of antinociception was assessed by #ualpreflex in response to pinching (up to
3 times within 10 seconds) the interdigital spasmgithe same scoring system as described

earlier.
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Treatment with VAT or an equal volume of salineldeled 35 minutes after
induction, and was injected over a 30 second pegfiod -0.5 to T = 0), at 5 minutes after
baseline.

Immediately after the end of treatment applicatfdn= 0) (VAT or Control), SAP, DAP,
MAP, ECG and HR were documented at 10 second-ialerfor 2 minutes, 60 second-
intervals for the following 8 minutes until T = BHhd 5 minute-intervals for the remaining 15
minutes (T = 15-T = 25)

The variables PCO,, fg, RT, SpQ anddepth ofanaesthesia were documented 5
minutes before (baseline T = -5) and 5 (T = 5)(1L& 10), 15 (T = 15), 20 (T = 20) and 25
minutes (T = 25) after VAT or saline treatment,uléag in a total anaesthesia duration of 60
minutes. The animals were returned to their encisextubated and injected with
atipamezole (Antisedan, Vetoquinol GmbH, Germangyadl at5 pg for each 1lug of
medetomidinelM into the lateral muscles of the shoulder gir@léusculus deltoideus). All
animals were observed until complete recovery.

Statistical analysis

Statistical analyses were performed by use of R&8i{iRlversion 3.4.1; R Core Team 2017).
Power analysis based on data previously obtainesuinlaboratory suggested that 10 deer
would permit the detection of a 24% difference iARIwith a standard deviation (SD) of 19
mmHg between VAT and control treatment, with arhalfevel of 0.05 and a power of 0.95.

The Shapiro-Wilk normality test was used to asskda distributions. The normal
distribution of model residuals was visually detemed with qg-plots and histograms. To
adjust for repeated measurements and to avoid pseptication, differences between
treatments were evaluated with a repeated meaanadgsis of linear mixed effects models
(nlme package, Pinheiro et al. 2017) with multiglemparisons (VATversus Control).
Changes in physiological variables were analyseth \&ipost-hoc test (Tukey Honestly

Significant Difference) over-time within treatmenfshange from baseline) and between



161 treatments, as well as at selected time pointsirfte x treatment interaction effects (Ismeans
162 package, Lenth 2016). Regarding level of anaesthesita were not normally distributed,
163 therefore a nonparametric test (Kruskal-Wallis)tess used to assess differences between
164 treatments. Data are reported as mean = SD. &talisignificance was set pt< 0.05.

165 Results

166 The VAT administration resulted in a significantctease in arterial blood pressure and a
167 significant increase in HR. The MAP (Fig. 1), DAPd. 2) and SAP (Fig. 3) significantly
168 decreased by a mean of 34 % from baseline after ¥Ad remained below baseline values
169 until end of anaesthesia. Minimum values were olthil10 seconds after VAT injection.

170 Blood pressures differed significantly between @anand VAT at all time points
171 (Figs. 1-3, Table 1). In the Control treatment, MAAP and DAP decreased significantly
172 below baseline 20 minutes after saline injectiaggF1-3).

173 For HR, a significant difference between Contradl AT treatment was detected 10
174 seconds after injection lasting for 15 minutes (BigTable 1). The HR significantly increased
175 10 seconds after injection of VAT by an averagel®2% 3 minutes after injection and
176 remained significantly above baseline for 15 misuf€ig. 4). In the Control treatment no
177  significant difference for HR from baseline wased¢éd (Fig. 4).

178 The SpQ was significantly increased in both treatmentsakhttime points after
179 treatment compared with baseline (Table 1). NoiBggmt difference between treatments was
180 observed for Sp®

181 The RT (Table 1) was significantly lower with VATeatment than with Control
182 treatment. RT started to decrease significantlpwddaseline 5 minutes after VAT treatment
183 and 25 minutes after Control treatment.

184 No significant difference within and between VATda@ontrol treatment occurred for

185 PeCO; andfr during the observation period (Table 1).



186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

Except for respiratory sinus arrhythmia with botleatments (VAT: 8 animals;
Control: 7 animals), no ECG abnormality was detécte

Level of anaesthesia showed neither a differendevds:n treatments nor a time-
treatment interaction or influence of time. No peal- or pedal reflexes were detected, but all
animals showed moderate palpebral eye reflexegdrair2; mean: 1.4 0.5) throughout the
observation period.

Discussion

The combination of medetomidine-tiletamine-zolazepaduced both bradycardia and
hypertension in all deer in the present study. Bmmistration of VAT alleviated these
changes without causing hypotension or affectilgdégree of anaesthesia. However, while
the reduction of blood pressure lasted until thd ehthe anaesthesia, the effect on HR
subsided 15 minutes after VAT. Respiratory varialife P=CO,, and SpQ@ were within
physiological ranges and showed no significant edéiice between the treatments in
anaesthetized deer supplemented with oxygen.

Physiological reference values for blood pressurd BIR in conscious deer are
unavailable, as the majority of data collectiorwiltdlife species takes place in anaesthetized
animals. In the present study, resting HR for de®an: 84+ 3 beats minut® and cut-off
points for bradycardia and tachycardia were catedlaaccording to the formula 241*
bodyweight”?> (Heard 2007), as in a study by Sainmaa et al.qp®Bilmarkhors. A HR more
than 20% below or above this value was interpredrady- or tachycardia (Heard 2007).
Thus, baseline HR of all animals in the presentystmay be considered bradycardic.
Baseline MAP values after medetomidine-tiletamink&xzepam administration were
increased compared to normotensive values in atmmalian speciese.(. goats and
sheep: MAP 75-100 mmHg; Riebold 2015) and theretmesidered hypertensive. Both
hypertension and bradycardia are well-known sideces of medetomidine (Bryant et al.

1996; Murrell & Hellebrekers 2005). Neverthelesigtamine-zolazepam used in the present
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study could have additionally impacted blood pressand HR (Lin et al. 1989; Lin et al.
1993). However, tiletamine causes an increase iroH&en tachycardia due to an increased
sympathetic tone in species such as dogs (Cull®eg¥noldson 19979nd cats (Yanmaz et al.
2017). Therefore, the bradycardic effect in thisdgtcan probably be mostly attributed to
medetomidine. Furthermore, a study in horses shaavethcrease in HR after tiletamine-
zolazepam application reversing detomidine indumedycardia (Wan et al. 1992).

However, tiletamine-zolazepam could impact bloodkspure, due to increased
sympathetic systemic vascular resistance (Lin et18B3). In calves (Lin et al. 1989)
administered tiletamine-zolazepam, arterial bloodspure was characterized by biphasic
decreases followed by an increase. In other runsnsurch as sheep no significant changes in
blood pressure and HR were detected even with jvéotimes higher doses (15 mgkg
tiletamine-zolazepam) than that used in the prestrmty (Taylor et al. 1992). Nevertheless,
an enhancing effect by tiletamine-zolazepam on hgpsion in the present study due to the
sympathomimetic effects of the dissociative drugtamine cannot be discounted. While
VAT reversed hypertension and bradycardia in thudyg no hypotensien occurred.

No effect of VAT administration was detected on kel of anaesthesia. However, a
shortened duration of the sedative effect of madatme may have been undetectable in our
study as the anaesthetic effect of tiletamine-zapam was present during the observation
period. The shorter duration of sedation has presho described in dogs administered
dexmedetomidine (Honkavaara et al. 2012). Furthezmassessment of anaesthetic level by
reflex testing as performed in the present studyhinbe limited and could be further refined
in future studies.

While blood pressure remained significantly belowasdline until the end of
anaesthesia, HR returned to baseline values 15tesiadter VAT. This is in contrast to other
studies in dogs, where the influence of VAT on HRsvsustained for longer time periods of

60 - 90 minutes (Honkavaara et al. 2011; Restitittal. 2017). The comparatively short
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effect of VAT on HR in this study might be attriledtto differences in the pharmacokinetics
between IM medetomidine and IV VAT, resulting inveliging changes in their plasma
concentrations over time. For example in dogsctmeentration of VAT in plasma decreased
rapidly during the first 10 minutes after an IVanfion (Honkavaara et al. 2012) whereas the
concentration of medetomidine changed relativatielbetween 30 and 90 minutes after IM
administration (Restitutti et al. 2017). This cepends to the time frame when VAT was
administered to the red deer. Therefore, in oudystthe concentration of VAT might have
been only high enough to compete with medetomidime to replace it at the receptor sites
briefly. However, differences in duration of candascular effects might also be attributed to
species differences in the half-lives of VAT (IMplasma half-life of VAT in dogs is
approximately 40 - 60 minutes (Honkavaara et aL220whereas in horses plasma half-lives
of 140 - 170 minutes have been reported (de Vitied. 2016). Therefore, studies of plasma
drug concentration profiles would be desirable rdeo to understand bioavailability and
pharmacokinetics according to administration r@utd species. Furthermore, species-specific
sensitivity towards VAT andi-adrenoceptor agonistsight also explain differences in
effects on HR. Studies in dogs (Honkavaara et@08) and in sheep (Raekallio et al. 2010)
with the same dose ratios of dexmedetomidine (0®@5kg") and VAT (0.25 mg kg)
indicate a species-specific effect of VAT on HRurBtion of changes in HR after
dexmedetomidine/VAT administration lasted longerdogs (40 minutes) than in sheep (20
minutes). Moreover, Bryant et al. (1998) showedreater attenuation of medetomidine-
induced hypertension in sheep given VAT than thesteoved in horses. A greater sensitivity
to the vasodilatory effects of VAT in the presentelexmedetomidine has furthermore been
proposed for cats when compared with dogs (Honkaveral. 2011). Additional studies in
wildlife species such as red deer are requiredntgestigate the different mechanisms
underlying this variation in species-specific sémsy. However, the return of HR to baseline

values independently from the sustained normotensiathis study may be attributed to a
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combination of low sympathetic tone due to medettime-induced central sympatholysis in
combination with a diminishing baroreceptor reflekypertension induced byop-
adrenoceptor agonists is known to subside over (Bagola 1989). Therefore, blood pressure
probably remained low due to central effects of etedhidine €.g. sedation, central
sympatholysis and the resulting bradycardia), deshe potentially vanishing effect of VAT
in this study. This proposed mechanism is suppobtedhe significant decrease of MAP
below baseline after 20 minutes in the controlttremt. Even though challenging in wildlife
species it would be desirable to assess cardiolaseariables shortly after induction of
anaesthesia in order to better understand theasasttular dynamics as well as the effect of
an earlier or concomitant VAT application. In castr to the majority of studies that
administered VAT concomitantly with am-adrenoceptor agonist in the induction phase
(Honkavaara et al. 2017b; Pypendop et al. 2017nals in this study were given VAT 35
minutes after medetomidine-tiletamine-zolazeparniegjmon.

Cardiovascular effects of VAT are furthermore daspendent in several species,
such as dogs (Honkavaara et al. 2011; Restitutsil.e017), and cats (Honkavaara et al.
2017a; Honkavaara et al. 2017b). The comparablediose of VAT (0.1 mg Kg1V) used in
our study in contrast to previous studies adminisie VAT IV in cats for example
(Honkavaara et al. 2017a; Pypendop et al. 201%s dblonkavaara et al. 2008) and sheep
(Raekallio et al. 2010) might have also influentteel duration of the effect on HR. However,
Tapio et al. (2018) showed in horses, using a coatpa dose of VAT (0.15 mg KglV) 10
minutes after detomidine (0.02 mgkdV), a significant increase in HR that remained
elevated for 90 minutes. Sainmaa et al. (2019), wbministered various doses of VAT
(0.117-0.297 mg k§ to markhors, did not detect a dose-dependentteffe HR, although
the decrease in MAP correlated significantly wikie tdose of VAT. Thus, it needs to be

verified, whether, and if so, higher doses influetite efficiency of VAT in red deer.
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A decrease in RT over time was observed in the eptestudy although no
hypothermia (RT < 3T) was detected. Hypothermia can occur in sedatddanaesthetized
animals due to impaired thermoregulation and deecanetabolic activity (MacDonald et al.
1988; Grimm & Lamont 2007). In the present study,d@creased significantly from baseline
with both treatments. However, with VAT treatmentdecrease occurred sooner. In dogs
treated with medetomidine/butorphanol, thermograpmaging of superficial temperature
suggested that VAT may increase peripheral hea (psinionpaa et al. 2013), possibly
counteracting increased peripheral vasoconstridiipm-adrenoceptor agonists (Honkavaara
et al. 2011). Therefore, regular monitoring of ctemperature is emphasized when VAT is
combined witho-adrenoceptor agonists.

PeCO,, fr and SpQ@ were within physiological limits and showed no rsfgant
differences between treatments in this study. H@neall animals were given supplemental
oxygen during the experiment. Therefore, a poteeff@ct of VAT on ventilatory variables
could not be assessed. Low prebaseline,3p@els may be attributed to the lack of direct
oxygen supply as the animals were not given supghéah oxygen during transport. Once the
animals were intubated and connected to oxygen, &(@esncreased to clinically desirable
levels. RCO, was slightly elevated in all animals, which is ecoonly reported in deer
anaesthetized witli,-adrenoceptor agonists (Boesch et al. 2011). Eev&CO, in the
present study may have occurred due to centraliraéspy depressione(g. from the
anaesthetic drugs) or to increased production of (&@. from exertion) or both causes.
Impairment of gas exchange could have been furtoenpromised bya,-adrenoceptor
agonist induced pulmonary oedema, which is commdekcribed in ruminants (Kastner et
al. 2007). Blood gas analysis and further invesibgaof oxygen delivery and utilization, that
were not performed in the present study, are dasiran order to understand underlying

pathophysiological effects that might impact pul@gnvariables and oxygenation.
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The recovery from anaesthesia after atipamezolerastnation was smooth and rapid
without differences between treatments, as repadreprevious studies in dogs and sheep
(Honkavaara et al. 2008; Adam et al. 2018b). Ndomged recoveries due to tiletamine-
zolazepam or renarcotization was observed.

Limitations of this study include the delayed ass®=nt of cardiovascular variables
and application of VAT due to working with a wilt#li species. Restrictions and potential
subjective bias limit the assessment of anaesthetwel. In addition, the lack of further
assessment of effects on the cardiopulmonary syseggn arterial blood gases analysis
restrains the information on the influence of VAT axygenation.

Conclusion

The IV administration of vatinoxan alleviated candiscular side effects, such as
hypertension and bradycardia, in immobilized nomdstic ruminants with medetomidine-
tiletamine-zolazepam. There was no significant atffef vatinoxan on the degree of
anaesthesia and reversal of sedation by atipame¥ateoxan has the potential to reduce

anaesthetic side effects in immobilized non-domaatimmals.
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Figure 1 Mean + standard deviation of direct mean artefiabt pressure (mmHg) in 10 red
deer administered intravenous either: 0.1 mgkatinoxan or an equivalent volume of saline.
The animals were anaesthetized with medetomidirient@® kg') and tiletamine/zolazepam
(2.5 mg kg' IM) 35 minutes before vatinoxan or saline injentiSpaces between the graphs
and timelines (x-axis) represent a change in tmbervals. *VAT group (dotted line)
significantly different (alb < 0.05) from baseline (-5 minutes) at the respediime points.
TSignificantly different (alp < 0.05) from Control at the respective time poiAtsows
represent: B = baseline (5 minutes before injeabiovatinoxan or saline), S| = start injection

of vatinoxan/saline, El = end injection of vatinoxar saline.

Figure 2 Mean = standard deviation direct systolic artdsiabd pressure (mmHg) in 10 red
deer receiving IV either: 0.1 mg kgyatinoxan or an equivalent amount of saline. (Sgel
legend for medetomidine-tiletamine-zolazepam dosgzces between the graphs and
timelines (x-axis) represent a change in time &k *VVAT group (dotted line) significantly
different (allp < 0.05) from baseline (-5 minutes) at the respediwme points. TSignificantly
different (allp < 0.05) from Control at the respective time poidtisows represent: B =
baseline (5 minutes before injection of vatinoxasaline), Sl = start injection of vatinoxan

or saline, EI = end injection of vatinoxan or salin

Figure 3 Mean + standard deviation direct diastolic arteialod pressure (mmHg) in 10 red
deer receiving IV either: 0.1 mg Rgyatinoxan or an equivalent amount of saline. Egel
legend for medetomidine-tiletamine-zolazepam dosgsaces between the graphs and

timelines (x-axis) represent a change in time vk *VAT group (dotted line) significantly



different (allp < 0.05) from baseline (-5 minutes) at the respediwe points. TSignificantly
different (allp < 0.05) from Control at the respective time poiAsows represent: B =
baseline (5 minutes before injection of vatinoxasaline), S| = start injection of vatinoxan

or saline, EI = end injection of vatinoxan or salin

Figure 4 Mean + standard deviation heart rate (beats miukel0 red deer given
intravenously either: 0.1 mg Royatinoxan or an equivalent amount of saline. Egel
legend for medetomidine-tiletamine-zolazepam do&saces between the graphs and
timelines (x-axis) represent a change in time vk *VAT group (dotted line) significantly
different (allp < 0.05) from baseline (-5 minutes) at the respediime points. tSignificantly
different (allp < 0.05) from Control at the respective time poidigows represent: B =
baseline (5 minutes before injection of vatinoxasaline), Sl = start injection of vatinoxan

or saline, EI = end injection of vatinoxan or salin



Table 1Changes in physiological variables in red deer teeémd after intravenous administration of 0.1 myg\atinoxan (VAT;n = 10) or saline (equal

amount of mL of vatinoxan; Contrat;= 10). End of injected treatment was at time O.alxat presented as means + standard deviatioanistlals were

administered supplemental oxygen.

Variable Treatment  Time (minutes)
-5 (baseline) 0 1 2 3 4 5 10 15 20 25
HR (beats minute®) Control 43 +5 42 +6 435 45+5 #9* 43 +5 44 +6 46 + 8* 457 45 46 +7
VAT 42 +4 44 + 6 80 + 9*t 81 + 12*t A 4*t 73 £ 15*t 67 £ 17*t 57 +21*t Fn7* 42+3 44 +5
SAP (mmHg) Control 145 £ 15 145 £ 15 144 £ 17 145+ 16 14b7+ 146 £ 17 145 £ 18 145 £ 18 144 £ 18 1407% 142 £ 17*
VAT 151 +8 145 + 8* 116 + 8*t 119 £ 9*t 122 £*i0 126 + 11*t 128 + 10*t 131 £ 9*t 133 £ 8*t 13 9*t 131 £ 9*t
MAP (mmHg) Control 116 £ 15 117 £13 116 £15 117 £15 1112+ 116 £15 115+ 16 114 £19 115+ 15 11B%1 110 £ 18*
VAT 122 + 10 116 + 10* 83 + 6%t 85 + 6*t a87*t 91 + 6*t 94 + 6*t 98 + 9*t 102 +111 99 + 10*t 99 + 10*t
DAP (mmHg) Control 103 £15 103 £12 101 £ 14 103 £15 1040+ 102 £13 100 £ 16 99 +19 100 £ 15 Io* 94 + 19*
VAT 109 + 15 103 + 16 68 + 11*t 69 + 11*t 2 F12*t 75+ 12*t 79 £ 11*t 83 + 15*t 78& 16*t 85 + 14*t 84 + 15*
fr (breaths minute™) Control 24 +8 24+6 NA NA NA NA 247 2811 2911 30 £ 11* 2910
VAT 21+9 24+ 14 NA NA NA NA 23+7 3+ 9 21 + 671 24+11 28+9
PE'CO, (mmHg) Control 55+9 57+8 NA NA NA NA 59+5 55+6 57+5 57+6 58+8
VAT 56+7 59+8 NA NA NA NA 60 +4 586 59+3 56 +8 54+7
PE'CO; (kPa) Control 73%12 76+1.0 NA NA NA NA F+0.7 7.3+0.9 7.7+0.7 76+0.8 7F%1.0
VAT 75+1.0 79+11 NA NA NA NA 8.0&5 7.3%0.9 79+04 73x12 7.0%
SpO; (%) Control 90+13 96 + 4* NA NA NA NA 97 #2 97 £ 2* 97 £ 2* 97 £ 2* 97 £1*
VAT 93+8 95+3 NA NA NA NA 96 + 2* B+ 2* 97 + 2% 97 + 2* 97 + 2*
RT (°C) Control 39.3+£0.7 39.3+0.8 NA NA NA NA 39.2 1#80. 39.0+£0.7 38.9+0.9* 39.0+1.0* 39.0+0.9
VAT 38.9+0.5 38.8+0.5 NA NA NA NA 38.7 £ 0.6* 8% + 0.5* 38.6 £ 0.6* 38.5+0.7* 38.4 +0.7*t

IV: intravenous; NA: not available; HR: heart raBAP: systolic arterial pressure (invasive); MARean arterial pressure (invasive); DAP: diastolteraal
pressure (invasiveji: respiratory rate; PEO,: end-tidal CQ; SpQ: oxygen saturation of arterial blood measured ldggoximetry; RT: rectal temperature.

*Significantly different from baseline (-5 minute® < 0.05). TSignificantly different from Control titis time point p < 0.05).
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