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Abstract
Objective To investigate the mitigating effects of admirasitvn of local anaesthetic or
systemic meloxicam on the electroencephalograpli&G) and cardiovascular

responses during surgical castratioo§ indicusull calves.
Study Design Prospective, randomized, experimental study.

Animals 36 six-to-eight month ol@os indicusbull calves, meast SD weight of 23

19kg.

Methods Animals were randomly allocated to three groupswafive (groups L — 260
mg of 2% lidocaine subcutaneously and intratesditylfive minutes prior to castration,
M - 0.5 mg k@ of meloxicam subcutaneously 30 minutes prior &tregion and C — no
preoperative analgesia administered). Anaestheam induced and maintained with
halothane (0.9-1.1%) in oxygen. Electroencephalogteeart rate (HR) and mean blood
pressure (MAP) were recorded for 300 seconds poigbaseline, B) and from the start
of surgery (first testicle incision, T1). HR andAM were compared at ten-second
intervals for 90 seconds from the start of T1. Medfrequency Ksp), spectral edge
frequency Fgs) and total power of the EEG(;) were analysed using area-under-the-

curve comparing T1 to B.

Results All EEG variables were significantly different kaeten B and T1pg < 0.0001).
No differences irFso were found between groups during Tl< 0.6491).Fgs and Pyt
were significantly different between group L andgss C and M during Tlp(=
0.0005 and 0.0163 respectively). There were trabhsgnificant changes in HR and

MAP in groups L and M compared to group C during 20-50 second periods.
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Conclusions The EEG changes indicate nociceptive responseallithree groups
during surgical castration, greater in group L camep to groups C and M. Both
analgesics attenuated the peracute cardiovasagpomse. Lidocaine and meloxicam

administered prior to castration attenuated thespanses iBos indicusbull calves.

Clinical Relevance These findings provide support for the pre-opeeatidministration

of lidocaine and potentially meloxicam for casiatin Bos indicusbull calves.

Keywords analgesiaBos indicuscastration, cardiovascular, electroencephalograph

I ntroduction

Surgical castration of young cattle is a commonbhandry procedure and in various
parts of the world, including the United States &wndtralia, the procedure is performed
without the use of anaesthesia or analgesia (Ba30dy; Coetzee 2013; AHA 2014).
Many studies have demonstrated that castrationowittanalgesia is a cause of
significant pain in cattle (Coetzee 2013). A widmge of experimental techniques
including behavioural (de Oliveira et al. 2014),ypiological and neuroendocrine
assessments (Petherick et al. 2014a; Petheridk 20%4b; Laurence et al. 2016; Musk

et al. 2016) have been used to assess pain ia.cattl

Societal expectations of production animal welfare increasing. These values are
having a positive impact on the drive for innovatianimal welfare science and
practical approaches to mitigate pain in livestack a research focus (Weary & Fraser

2004). The World Organisation for Animal Health {80, states that ‘where painful
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procedures cannot be avoided, the resulting panldhbe managed to the extent that
available methods allow’. Strategies to alleviaigggal pain have been investigated in
a number of farmed species including the use atéb@mnalgesics following mulesing
in merino lambs (Lomax et al. 2008) and local atfe& ring blocks for velvet antler
removal in deer (Johnson et al. 2005). There alg ansmall nhumber of studies
investigating the use of analgesiaBos indicuscattle following painful husbandry
procedures (Petherick et al. 2014b; Petherick.&@(dl4a; Laurence et al. 2016; Musk et

al. 2016).

The use of electroencephalography (EEG) for agsgssiciception in various animal
species has been reported (Murrell & Johnson 200&),assessments in cattle have
been limited to Bos taurs (Gibson et al. 2007; Bergamasco et al. 2011).
Electroencephalography assesses the sensory contpoin@ain, as opposed to the
emotional and behavioural response, and theref@m@dupes objective data. In humans,
the magnitude and type of EEG response to a noxstmsili is tightly linked to the

intensity of the noxious stimuli (Chen et al. 1989)

For maintenance of anaesthesia, halothane causss clertical depression than
isoflurane, sevoflurane and desflurane (Murrelalet2008). By using halothane alone
for the induction and maintenance of anaesthes@esthetic depth can be maintained
at a level that maintains unconsciousness and iniitydbut allows EEG changes that
are evoked by noxious stimuli to be demonstratedir(®l & Johnson 2006). This
method of anaesthesia has been referred to amthartal anaesthesia model’ (Murrell

& Johnson 2006; Johnson et al. 2012).
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Previous studies have demonstrated attenuatiore@ EEsponse to noxious stimuli by
various analgesic medications. Local anaesthetidtration completely blocked
nociception during dehorning in cattle (Gibson kt28907) and markedly decreased

responses have been seen during the castratiogletspgHaga & Ranheim 2005).

The aim of the current study was to record the EB@ cardiovascular responses to
assess the degree to which local anaesthesia wdbaine, or systemic meloxicam,
ameliorated the noxious effects of surgical castnatn halothane-anaesthetis@wms

indicusbull calves.
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Materials and M ethods

Approval for this study was granted by the AnimahiEs Committee of Murdoch
University (Permit number R2730/15) following theidelines of the National Health
and Medical Research Council of Australia’s Codé’mdctice for the Care and Use of

Animals for Scientific Purposes (2013).

Thirty-six Bos indicusbull calves at six-to-eight months of age werersed from an
extensive cattle station in the north-west of Aaigir The animals were transported to
the Murdoch University farm (Murdoch, WA, Austrgliavo weeks before the study
commenced. The cattle had not been handled byatiheef beyond routine husbandry
procedures and were not accustomed to contacthuitans. Access to kikuyu pasture,
oaten hay and water was allowad lib and a complete pelleted ration was fed daily
(EasyBeef pellets, Milne AgriGroup Pty Ltd, WA, Atadia) at approximately 3% of
bodyweight. On the morning of castration, the stadymals were weighed on in-race
scales (Gallagher Animal Management, Australia). akimals were in normal body
condition and were clinically healthy with normghpeetite, drinking, defecation and

urination patterns.

The cattle were assigned to three experimentalpgrgu= 12). Group allocation was
via block randomisation to ensure that the lasthahio be castrated on a given day was
equally represented across the three study grdtgs. animals were castrated each
experimental day. The size of each study groupecefd a previous study in cattle
assessing EEG changes following noxious stimulb$Gin et al. 2007) where treatment

groups of ten were assessed. In one group, analges provided by lidocaine (group
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L). In the second group, analgesia was providedhbjoxicam (group M). In the third

group, preoperative analgesia was not administignedip C).

Anaesthesia

Pelleted food was withheld starting from the dafoleinduction of anaesthesia. Each
bull was directed into a custom-made tilt-table (dch University Production Animal
Department, WA, Australia) and restrained in letelal recumbency with a blind-fold

placed over the eyes.

Anaesthesia was induced using 5% halothane (HaletBd®, Pharmachem, Australia)
in oxygen delivered via facemask from a large ahioi@le system connected to an
anaesthetic machine with a ventilator (Tafoniusi@ynVvetronic, UK) and precision
vapourizer (Ohmeda Fluotec 4, UK). Once jaw tones vaifficiently relaxed,
orotracheal intubation with an 18 mm, 20 mm or 28 mternal diameter endotracheal
tube (Surgivet, USA) was performed by digital palpa of the larynx. After tracheal
intubation, mechanical ventilation was initiateddaanaesthesia was maintained with
halothane in oxygen. Following the completion ofe tHEEG recording, all
instrumentation was removed from the animal andahaesthetic was discontinued.
Following transfer to a recovery paddock, the amsmeemained in left lateral
recumbency and had a blindfold placed over the.élas trachea was extubated when
signs of light anaesthesia (swallowing and reactimghe presence of the tube) were
apparent. Once the animals were in sternal recuoybdéimey were left to stand without

assistance.
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Instrumentation and Monitoring

Respiratory gases were sampled at the y-piece amdtored using a multiparameter
monitor (Carescape B650 Anaesthetic Monitor, GE ltHeare, Finland). Inspired
oxygen percentage (F{¥pandFe"Hal were maintained at greater than 85% and betwee
0.9-1.1%, respectively, by adjustment of fresh ftgas and vapouriser settings. Initial
ventilator settings were a tidal volume of 10 mL'lkand a respiratory rate of 10 breaths
minuté®. These settings were adjusted as required to aiairtn end-tidal carbon

dioxide (FE'CQO,) of 6.0-7.3 kPa (45-55 mmHg).

Heart rate (HR) (derived from the ECG), peripheaaierial oxygen haemoglobin
saturation (Spg), invasive mean arterial blood pressure (MAP) aagopharyngeal
temperature (T) were recorded every five minuteasughout anaesthesia. Invasive
blood pressure was measured via a 20 gauge cafit@ted in an auricular artery and a
disposable pressure transducer (TruWave 3cc; Edwafesciences, CA, USA) zeroed
at the level of the right atrium connected via mwmlstensible tubing to the
multiparameter monitor. ECG was recorded from Ldadith subdermal electrodes
(Neurone subdermal; Ambu, Malaysia) placed in aetmsex configuration. Time to
intubation and total anaesthesia time were alsorded. A single arterial blood sample
was collected into a pre-heparinised syringe (Ricd®adiometer, Denmark) prior to
removal of the arterial catheter at completion mdesthesia. This blood was used for

electrolyte and blood gas analysis (ABL 700 sefiegjiometer, Denmark).

Electroencephalography data acquisition
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An EEG was recorded using dermal needles (Neurabdesmal; Ambu, Malaysia).
The non-inverting electrode was placed midline leetwvthe medial canthi of the eyes,
the inverting electrode over the right mastoid psscand the ground electrode 2-4 cm
caudal to the poll as previously described (Mayld&eWashbourne 1990). Electrodes
were connected to a signal amplifier (DAM 50 difetial amplifier, World Precision
Instruments, FL, United States) via a custom-magakout box (C. Johnson, Massey
University, New Zealand). The EEG was recorded vath amplifier gain ratio of
1000:1 in alternating current mode, a high-pagsrfisetting of 1 Hz and a low-pass
filter setting of 100 Hz. The data were digitiseédaarate of 1 Hz (Powerlab 8/35, AD
Instruments, NSW, Australia) and continuously reeor (LabChart Pro, AD
Instruments, NSW, Australia) on a personal compyt®atellite C850, Toshiba
Corporation, Japan). Assessors, aware of treatal@cttion, completed data extraction

and analysis off-line following the study.

Group treatments

In group L, 260 mg of lidocaine hydrochloride (%10.1 mg kg") (llium Lignocaine
20, 2%, Troy Laboratories, NSW, Australia) was atgel five minutes prior to the start
of surgery. Each injection was divided so approxetya6 mL of drug was injected into
each testicle and the remaining 2 mL was injectdatstaneously into the scrotal skin.
All lidocaine injections were carried out in thar@manner by the clinician who also
performed the subsequent surgery. In group M, O kui* of meloxicam (llium
Meloxicam 20, 2%, Troy Laboratories, Australia) wagcted subcutaneously in the
right lateral neck at least 30 minutes prior totred®n In group C, analgesia was not

administered prior to castration. Details of th&atree timing of data recording and
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treatments for each group are given in Fig. 1.aklimals were monitored for 14 days

following surgery.

Surgery

Once baseline data had been recorded, castratithre ¢éft testicle was completed by a
single experienced clinician using an open techmigs described by Newman (2007).
Briefly, the skin and tunica vaginalis were incisdte connective tissue surrounding the
testicle was dissected bluntly, after which conuns gentle traction was placed on the
spermatic cord until rupture occurred. The surgiwwaund was then left open. Any

somatic responses at the time of castration wetedn®ata during T1 was recorded for
300 seconds from the start of incision. Followirfgélapsing, the right testicle was then
castrated in the same manner. Data from the ragticte was not included in analysis

due to contamination of data from the commencegdesyr

Data analysis

The raw EEG data were manually inspected and amge rartefacts excluded from

further analysis. Fast Fourier transformation (FRU@s carried out using custom-
written software (C. Johnson, Massey UniversitywNiealand). The median frequency
(Fso), spectral edge frequenclfof) and total powerK) of the EEG were calculated

for each one-second epoch. The following periodsevextracted from the data for

statistical comparison: baseline (B) defined as 886onds immediately prior to the
start of surgery or injection of lidocaine; lidogaiinjection (L) defined as 300 seconds
immediately following injection of lidocaine; caation of left testicle defined as 300

seconds immediately following skin incision of dcrm of the left testicle (T1).
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Data were smoothed, and summarised by the norrdadissa-under-the-curve (AUC)
utilising the statistical software package R (Vemsi3.2.2 [2014-08-14], The R
Foundation for Statistical Computing, United Staté®r each time stamp (B and T1)
and treatment group (C, L and M) combination, tbemalised AUC was calculated for
Fso, Fos and Py A mixed effect model was fitted using the nimecksge

(http://CRAN.R-project.org/package=nime). The resgmvariable was the normalised

AUC (Fso, Fos andPyy), and the fixed effects were treatment and tinmptas main
effects with a two-way interaction term betweenthein effects. Primary residual plots
indicated the necessity of random intercept forhesabject. This was confirmed by
Akaine’s Information Criterion, Bayesian Informaticriterion and a likelihood ratio
test. Model selection of the fixed effects was perfed using an F-test using a cutoff of
p < 0.05 while maintaining the principal of margital Residual analysis was used to

check the final model assumptions.

The measurements of HR and MAP taken over 300 siscimiiowing the first incision
into the scrotum (T1) were compared to the 300 rs@E®mf baseline measurements
collected immediately prior to the first incisioiVithin each 300 second epoch,
averages were collected over ten-second time pefardhe first 90 seconds following
incision and were labelled;d through to §. The values for each time period are
presented as a percentage change from the badé¢tneality of all data was assessed
with the Shapiro-Wilk test. Normally distributedtdavere compared with a one-way
ANOVA. Gabriel's post-hoc analysis was performedpif< 0.05. SPSS software

(Version 22.0.0.0, IBM, USA) was used to complétese analyses.



223

224

225

226

227

228

229

230

231

232

Several continuous variables were analysed usingSSsoftware (Version 22.0.0.0,
IBM, USA) following assessment of normality: weighime from mask application to
intubation; time from incision commencement to thpture of the first spermatic cord
(described as ‘removal of testicle’); time from kapplication to extubation (described
as ‘total general anaesthesia time®; O, and arterial carbon dioxide partial pressure
(PaCQ). Normally distributed data were compared withneg-evay ANOVA. Tukey’'s
post-hoc analysis was performedpik 0.05. Non-parametric data were compared by
independenT-test. Parametric data are presented as matandard deviation and non-

parametric data are expressed as median (range).
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Results

Animals and anaesthesia

There were no significant differences in the weighthe animals amongst groups, the
time from the start of delivery of halothane touipétion, total general anaesthesia time
or time for removal of the first testicle (Table. The FE'CO, was maintained in the
target range over the combined 600 seconds ofibasmhd T1 time periods [Group C,
6.5 + 0.6 kPa (42 5 mmHg); Group L, 6.5 £ 0.5 kPa (494 mmHg); Group M, 6.7 +
0.5 kPa (5Gt 4 mmHg)] with no differences between groups=(0.628).The PaCQat
the end of surgery was higher than the target vEBreup C, 7.8 £ 1.0 kPa (59 8
mmHg); Group L, 7.7 £ 0.8 kPa (58 6 mmHg); Group M, 7.6 + 0.8 kPa (576
mmHg)] with no differences between groups= 0.756). All other cardiorespiratory
parameters remained within the normal range throughhe study. During the
induction of anaesthesia, ECG monitoring showed isetated ventricular premature
contractions (VPC) in three animals. Three anirhals visual evidence of mild ruminal
bloating requiring an increase in tidal volume (dhdrefore peak inspiratory pressure
(PIP) to maintain the targeteFCO,. No adverse impacts on the cardiovascular
parameters were noted following the increase in REYyurgitation was not observed.
All animals recovered uneventfully from anaesthesiad all were observed eating
within 30 minutes of standing. Postoperative asaess of pain was performed (data

not shown). None of the animals required rescu&yasia.

Electroencephalography data
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Data from all 36 bulls were included in the anays$omatic responses (swallowing,
ear flicking or extremity movement) were observad aoted following incision in five

animals: two animals in groups L and M, and ongroup C.

The final model forFsg indicated that the only significant predictor oUS was time
stamp F: 65.1668P — value < 0.0001). FoFgs andPy the final model indicated that
the main effects of timestamp and treatment, a$ agethe two-way interaction, were

significant predictors of AUCT{able 2-4in Appendices).

In a comparison between the 300 seconds of basatithéhe 300 seconds following T1,
Fso was increased in all groups € 0.0001). No differences in the magnitude of ¢ean
in Fso between group9(= 0.6491) were observed (Fig. Eps was also increased in all
groups following T1, compared to baselipe=0.0001). An increase s in groups C
and M and a decrease in group L (Fig.3}F(0.0005) was observeB, after T1 was
decreased in all groups compared to baselme& (0.0001). There were significant
differences in the change Bf,; between all groupg(= 0.0163) (Fig. 4): L decreased
by the least, C by the most, and M was intermed@ateand C. No difference in group
L was seen for any variable following injectionlmfocaine Eso, p = 0.093;Fgs, p =

O.998;Ptot, p= 0225)

Cardiovascular data
Data from 23 animals were collected and includethese analyses (group €= 7;
group L,n = 8; group M,n = 8). The remaining 13 animals did not have caascular

data recorded. No differences in baseline valuesi®for MAP between the three



279

280

281

282

283

284

285

groups was apparent. HR decreased from baselingvasdlifferent between groups C
and L at o (p = 0.030), Bo (p = <0.001) and 4 (p = 0.009) and between groups L and
M at Tzo (p = 0.015) (Fig. 5a). MAP also decreased from basedind was different
between groups C and L ato[p = 0.003), Bo (p <0.001), To (p = <0.001), T (p =
0.018), To (p = 0.027) and g (p = 0.045); between groups C and M a§ {p = 0.025)
and Tso (p = 0.024); and between groups L and M af (p = 0.013) and 3, (p = 0.002)

(Fig. 5b).
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Discussion

The aim of the current study was to assess theeddgrwhich preoperative local anaesthesia with
lidocaine or systemic meloxicam ameliorated theiows effects of surgical castration on the EEG
and cardiovascular responsesBios indicusbull calves. In the current studls increased in all
three experimental groups (C, M and L) without ¢hkbeing any significant difference between the
groups.Fgs increased in groups C and M but decreased in grolp,: decreased in all groups but
the decrease was least in group L and greatesbupdC. Group L was associated with the greatest
attenuation of cardiovascular responses followihg tnoxious stimulus. The cardiovascular
responses in group M were intermediate to groupsd. C. In short, lidocaine attenuated, but did
not abolish, the EEG and cardiovascular responsutgical castration whereas bull calves pre-
treated with meloxicam were only significantly éifént from the control group with respect to
their cardiovascular responses, not their EEG gescs.

Gibson and others (2007) found that a lidocaing block prevented any EEG response to
dehorning in Holstein calves. The presence of aaged response in the current study suggests that
the local anaesthetic block was incomplete and medlect nociception originating from the
spermatic cord. Analysis of the EEG response comgdhe periods before and after injection of
lidocaine (but still before surgical castrationyealed no significant changes in any of the EEG
parameters. This absence of noxiousness assowgidtethe process of injection is consistent with
other studies in cattle and piglets (Haga & Ranh20®5; Gibson et al. 2007).

The electroencephalographic responses normallyciated with nociception are increases
in Fso andFgs, and a decrease Ry (Gibson et al. 2007; Grint et al. 2014a; Grinaket2014b). For
Fgs, an antinociceptive response will typically berses neither an increase nor a decrease from
baseline and so the decreasd-gs seen in group L was seemingly paradoxical. Thitepa was
first described in a study assessing EEG respotseeticular stimulation in cats, termed
“synchronisation”, and is considered a modifiedvicsf EEG activation (Prince & Shanzer 1966).

It was referred to as “paradoxical arousal” in @dgton isoflurane-anaesthetised sheep where its
15
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incidence was correlated to the intensity of stiumsu{Otto & Mally 2003). Such data provide a

plausible explanation as to why the decredsgdvas seen in the current study in only group L,
where the most significant anti-nociception effeis expected, and thus only the higher intensity
stimulus at the point of testicle retraction ebdta response.

There were no EEG changes in response to castraisociated with the preoperative
administration of meloxicam. Investigations inte #ffects of NSAIDs on nociception, specifically
during surgery on animals, have found no differenicethe variables considered. These studies
report that preoperative administration of melomcdoes not affect thEsy in anaesthetised dogs
(Kaka et al. 2015) and that the administration afpcofen does not alter minimum alveolar
concentration (MAC) of isoflurane in dogs (Ko et aD09). However, a significant difference
between the control and meloxicam-treated aninmalhé current study may have been expected
given previous studies, supporting a similar respan animal models of acute nociceptiona®i
Reval et al. 2004; Otto & Adams 2005). Althoughrevous study reported that therapeutic plasma
concentrations of meloxicam were present 30 minates the subcutaneous administration of 0.5
mg kg® to cross-breed calves (Dumka & Srivastava 2004 feasible that anti-nociceptive plasma
concentrations of meloxicam were not present by stet of surgery in the current study.
Consequently, higher doses and/or drug administratiore than 30 minutes before surgery may
have produced different results.

Obtaining valid EEG measurements during anaesthestassitates minimal influence of
anaesthetic and analgesic drugs, along with plogicdl variables that may be altered by
anaesthesia. The stability of the'lHal and the physiological parameters;d0,, temperature and
oxygenation over the duration of the study indidhi# these parameters were not responsible for
the EEG changes presented here. Partial pressti@®owere greater than usually reported in
other minimal anaesthesia studies (Murrell et @LQ Kongara et al. 2013). These results reflect
the difficulty of maintaining normocapnia in caté@d are not unusually high for large ruminants

(Klein & Fisher 1988). The values recorded are mmrably less than those which would be
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expected to have a direct effect on the EEG (Pauks&harbrough 1974). Furthermore, during
anaesthesia, mechanical ventilation was managethteypreting the information provided by
capnography. The discrepancies between theé® and PaC@in this study reflect the limitations
of capnography, as opposed to the gold-standargaemeous arterial blood gas analysis. Such
discrepancies may be the result of high ventilaperfusion mismatch resulting in an increase of
alveolar dead-space.

Halothane was used in the current study as the agknt for both induction and
maintenance of anaesthesia. This anaesthetic ptatidters significantly from most other large
animal studies assessing EEG when intravenous sageeitiding thiopentone or ketamine have
been used (Johnson et al. 2005; Gibson et al. 2007t et al. 2014Db). Induction of anaesthesia
with an inhaled drug delivered by facemask in laagenals has been reported previously in trained
horses (Pascoe et al. 1993) and small calves (Kestgal. 2006). In older and thus larger cattle, th
technique of induction of anaesthesia with a facdnfar delivery of the drug is rarely reported
(Thurmon et al. 1968). The facilities at the Murddgniversity farm permitted this technique to be
used without adverse incident occurring for eitteranimals or personnel involved.

For the analyses of the cardiovascular respongesutgical stimuli, comparable and
transient decreases in HR and MAP were evidentllitheee experimental groups. These brief
reductions in heart rate and blood pressure haewiqusly been reported in anaesthetised
ruminants during the application of noxious stin{@ibson et al. 2007; Johnson et al. 2009) but the
current study is the first such description inleadiuring castration. Previous descriptions indngat
dominant sympathetic nervous system responsesawithcrease in heart rate and blood pressure to
noxious stimuli have frequently focussed on delagbdnges measured in minutes to hours
following noxious stimuli, rather than the peracptiod reported here (Peers et al. 2002; Coetzee
2013). The timing of recordings may explain thepdigte results compared to the current study.
Studies with analogous results to the current susBd continuous computer-recorded data from

the moment of the incision (Gibson et al. 2007;ndaim et al. 2009). This methodology is able to
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interrogate the interval immediately following tiseart of the first incision. The mechanism of
bradycardia and reduced blood pressure observihasistudy is not clear. Given the short period in
which changes occurred, a neural mechanism is thet hkely explanation. The reduced HR and
MAP in the current study may result from a vasovagsponse to noxious stimuli (van Lieshout et
al. 1991). This response may subsequently be odemi by the stress response of surgery and
anaesthesia, as could be occurring in the repbdsimals when relatively delayed cardiovascular
measurements were recorded (Grondahl-Nielsen £989; Peers et al. 2002).

The pre-operative administration of 260 mg of ¢éidime (group L) resulted in the greatest
attenuation of cardiovascular responses followhegnoxious stimulus. Minimal reductions in HR
and MAP were evident in these animals ungg This time (Tz) coincides with when the maximal
traction was placed on the spermatic cord, indigathat visceral stimulation, and not the initial
incision, may have caused the delayed responskisngtoup. A comparable response has been
reported in conscious calves being castrated vaitlall anaesthesia where the skin incision and
handling of the testicle provoked minimal behavaueaction, however spermatic cord traction
induced pain-related behaviours (Thiuer et al. 2087nore complex local anaesthetic technique
such as epidural or intrathecal anaesthesia mapt iescomplete analgesia (Stilwell et al. 2008).
Using such an involved technique is seldom usedtlier process of castration in livestock,
particularly in large-scale field settings.

Following 0.5 mg kg meloxicam SC prior to castration (group M), thediavascular
response to surgery was intermediate between fhgitoaps L and animals that had not had any
pre-operative analgesia (group C). This resultnigrpreted as a reduction in the nociceptive
response following castration with meloxicam. Amdieiceptive actions of non-steroidal anti-
inflammatory drugs, further to their anti-inflamrogt actions, have previously been reported in
sheep and cattle following the administration ofokeofen and carprofen (Otto & Mally 2003;
Lizarraga & Chambers 2006). Further investigatibrihe meloxicam-induced reduction of acute

nociception during husbandry procedures in cadtiendoubtedly warranted.
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There were some limitations to this study. The benof animals in each group was small,
and ana priori power study was not completed. Large animal ssudféen have treatment group
numbers restricted due to financial and logistioitations (de Vries et al. 2016). The noxious
stimulus in the current study was an irreversihleggal procedure. A standardised repeatable
stimulus, such as those used in minimum alveolaceuotration (MAC) determination studies, may
provide more information about the analgesic effjcaf various drugs. The data analysis was
performed by personnel present at the experimgitase who were not blinded to the treatment
groups. As the data was recorded and extractedovmgutational methods, the bias from this was
expected to be minimal.

In conclusion, this study is the first descriptiohEEG and cardiovascular responses to
castration inBos indicuscattle, and the effect of two different analgediags in reducing these
responses. Administration of lidocaine prior totcason significantly attenuated the acute post-
operative nociceptive response in six-to-eight rhasltd Bos indicusbull calves. In addition, the
preoperative administration of meloxicam attenuabedcardiovascular, but not the EEG, responses
to castration in the peracute period. These firglipgovide support for the preoperative
administration of lidocaine and give impetus fortlfier research into the peracute anti-nociceptive

effects of meloxicam for castration Bos indicusbull calves.
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Figure Legends

Figurel

Tablel

Figure 2

Flow diagram of the experimental protocol for eattihe three groups
(group C - no pre-operative analgesias= 12; group L — preoperative
lidocaine,n = 12; group M — preoperative meloxicam,= 12). All

animals were six-to-eight month oBbs indicus bull calves. Arrow size

is not indicative of time between components.

Mean ¢ SD) of weight, time to intubation and total genenaaesthesia
time of halothane-anaesthetised six-to-eight mahthBos indicus bull
calves in three treatment groups (group C - nopgeedive analgesia
= 12; group L — preoperative lidocaine= 12; group M — preoperative
meloxicam, n=12). The median (range) is shownHertime for removal
for the first testicle (start of incision to rupguof the spermatic cord).

*P-values < 0.05.

Median frequencyHso) of halothane-anaesthetised six-to-eight month
old Bos indicus bull calves in three treatment groups (pr&i - no
preoperative analgesia,= 12; group L — pre-operative lidocaimes 12;
group M — preoperative meloxicam,= 12) are shown. Both baseline
period and the 300 seconds following castratiotheffirst testicle (T1)
are shown on the-axis. All treatment groups were different compated
baseline |f < 0.0001). There were no differences between gralyping
T1 (p = 0.6491). Castration occurred at 0 seconds. Merksults are

shown.
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Figure3

Figure4

Figure5

Spectral edge frequency«) of halothane-anaesthetised six-to-eight
month oldBos indicus bull calves in three treatment groups (pr@u-

no preoperative analgesia= 12; group L — preoperative lidocaimes

12; group M — preoperative meloxicams1 2) are shown. Both baseline
period and the 300 seconds following castratiotheffirst testicle (T1)
are shown on the-axis. All treatment groups were different compated
baseline | < 0.0001). All groups were different during Td £ 0.0005).

Castration occurred at O seconds. Median resudtstaomwn.

Total power Pyy) of halothane-anaesthetised six-to-eight monthBuolsl
indicus bull calves in three treatment groups (gr@u- no preoperative
analgesian = 12; group L — preoperative lidocaimez= 12; group M —
preoperative meloxicanm = 12) are shown. Both baseline period and the
300 seconds following castration of the first w@sti(T1) are shown on
thex-axis. All treatment groups were different compa@taselinef <
0.0001). There were significant differences betwgeups during T1Q

= 0.0163). Castration occurred at 0 seconds. Mediguits are shown.

Percentage change in heart rate (HR) (a) and naetamial blood
pressure (MAP) (b) from the baseline in each oftdresecond epochs
(Tio to To) following castration. Significant differenceg (< 0.05)
between the groups following Gabriel post-hoc asialyndicated by
(group C compared to L, (group C compared to M), and + (group L

compared to M). C = castration without preoperatarealgesia, L =
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castration with preoperative lidocaine, M = casbratwith preoperative

meloxicam.



54 'Table 1.

Group
Variable C L M
Weight (kg) 238+ 17 233+ 24 239+ 16
Intubation time (minutes) 33.0£ 6.5 36.1+ 10.1 35.5:7.5
General  Anaesthesia time 79.9+ 8.6 82.2+ 19.3 82.2£ 9.9
(minutes)
Time to testicle removal 34 (18-49) 40 (20-84) 33 (22-61)
(seconds)
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Figure 1l

Group C n=12

Induction,
maintenance &

( h
instrumentation .

GroupL n=12

Induction,
maintenance &
instrumentation

Group M n=12

Induction,
maintenance &
instrumentation

Anaesthesia

stabilisation

Anaesthesia

»

stabilisation

——

Baseline EEG
recording
(5 minutes)

|

Meloxicam injection
(0.5mg/kg SC)

|

»(

|

»

Lidocaine
injection (260mg)

)
Baseline EEG
recording
(5 minutes)

|

Anaesthesia

stabilisation

Post-lidocaine
EEG recording

(5 minutes)

Baseline EEG
recording
(5 minutes)

»

»

Castration

Castration

Castration

»

»

»

Post-castration
EEG recording
(5 minutes)

)

Post-castration
EEG recording
(5 minutes)

Post-castration
EEG recording
(5 minutes)

. Recovery

. Recovery

. Recovery



57  Figure?2

Fsy (Hz)

2 - castration 1\LA _

1 -

O T T T T T 1
-300 -200 -100 0 100 200 300

Time (seconds)
58



59 Figure3

30

~
<)
Lf 151 castration
C —
- L I
10 M eenns
5 -
0 T T T T T 1
-300 -200 -100 0 100 200 300

Time (seconds)
60



61

62

Figure4

30 -

|\

)
1

. "{

Py (uV?)
9

10 A

.
;:'.: &
: R
g .
g . .
:
A >, e .u 4
e e Ve 3 .
Ll . . - .. S,
A YRR g
¥ L s Ti
. e~

castration

-300

-200

-100 0 100
Time (seconds)




63 Figureb5a

120

110

100

90

80

HR (% of baseline)

70

60

50

64
65

Heart Rate Change

10 20 30 40 50 60 70 80 90

Time block following incision (seconds)
9-C L 1M




66

67

Figure 5b

120

110

100

MAP (% of baseline)
(00] (o}
o o

~
o

(e}
o

Mean Arterial Blood Pressure Change

* X 4 % A X A ES *

10 20 30 40 50 60 70 80 90

Time block following incision (seconds)
@9-C L 1M

10



