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ABSTRACT

The aim of this study was &ssess knife castration and knife castration + branding in 2
mo old calves, anthe effect of a single dose of s.c. meloxicam at mitigatingipdicators
SeventyoneAngus crossbred bull calve$28+ 18.5 kg of BW were used in 8 x 2 factorial
designwhere main factors included procedusbkam (control calve€T; n = 23), knife (KN; n
= 24) or knife+ branding BK; n = 24)and medicationsingle s.c. administration tdictated
ringersolution(NM; n = 35 or a single dose of 0.5 mg/kg of sieloxicam M; n = 36).
Physiological samples were collect®d0, 60, 90, 120 and 180 min and on d 1, 2, 3 and 7 after
procedure, while behavioral observations were evalwt2to 4 h and 1, 2, 3 and 7 days after
procedureA procedure x time effecP(< 0.01) was observed for cortisol, where KN and BK
calveshadgreateP& 0. 01 ) cortisol concentrations
while BK calves had the greateBt€ 0.05) cortisol concentrations, followed by KN calves and
by CT cales 90, 120 and 180 min after the proced@rprocedurex time effect P = 0.01) was
observed for tail flicks, where KN and BK calves had a gre&ter@.05) number of tail flicks
than CT calves on d 1 and 3, while BK calves had the greatest numhéflickta followed by
KN calves, and then by CT calves on dHaptoglobin had a proceduxemedication x time
interaction P = 0.05), where BKNM calves had greater haptoglobin camtcations than BKM,
KN-M and CTcalves on d 1 and,3vhile BK-NM and KN-NM calves had greater haptoglobin
concentratioathan BK-M, KN-M and CTcalves on d 2 aftehe procedure. Lying duratioand
tail flicks had a medication effedP(= 0.04 P < 0.0]) where M calves had greatét € 0.05)
lying durationand lower P < 0.05) number of tail flicks than Nialves 2 to 4 h after
procedureNo medication effectdq(> 0.10) were observed for salivary cortisol, substance P and

scrotal temperature min after the procedure or for corgsiistance Fserum amyloid Astride
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length or behavioral observationsd after the procedur®verall, BK calves presented greater
physiological and behavioral indicators of acute pain than KN caduggestinghat the
combination oknife castration + branding was more painfMkeloxicamadministered s.avas
effective at reducing physiological and behavioral indicators of acute pain assogthtkdife
castration and knife castration + branding.

Key words: acute pain, beef, behavior, branding, castration, pain mitigation,

INTRODUCTION

Castration is a common husbandry procedure done @ar todeduce aggressive
behavia, improve meat quality and increase on farm sdfégobs et al., 1977; Stafford and
Mellor, 2005) Common castration methods include band, knife and burdizzo casti&feaver
et al., 2008with knife castratiorbeingreported as the most common metleodducted by
veterinariansn the USA(Coetzee et al., 2010y addition, nultiple proceduresuch as ear
tagging, vaccination, dehorning and brandingtgpécally done in combination with castration
in order to reduce the number of times calves must be handled.

Hot-iron branding isa commormethod of permanent identification in beef cattle. In
North America, branding is done to establish ownership and in Canada it is also done to meet the
requirements for exporting cattle into the U&kchwartzkopiGenswein et al., 2012)A
Western Canadiasurvey reported that over half thie calves (54 %) were branded and only 4 %
of the respondents used pain mitigatiMoggy et al., 20T).

Both castration and branding are painful proced(8ebwartzkopiGenswein et al.,
1997a; Schwartzkop&enswein et al., B¥b; Stafford and Mellor, 2005; Pang et al., 2006)

usually done without the use of analgesia or anesthesia in North America. Meloxicam is a hon
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steroidal antinflammatory drug (NSAID) and a practical option for producers due to its ease of
administraton (s.c.) and long lasting hdife (22 + 3h) (Coetzeeet al, 2012)

Therefore, the aim of this study was to assesgepain indicators associatedth
castration alone and the combination of castration + brandingpassess theffectof
meloxicam at mitigatinghese indicators 2-mo-old beefcalves.Our hypothesis was that the
combination of multiple stressors would elicit a greater stress/pain response than castration
al one, and that a single s.c. dose of mel oxic
analgesic and antinflammatory propertie.

MATERIALS AND METHODS

This protocol was approved by the Animal Care Committees of the Lethbridge Research
Centre (ACC number 1410) and the University of Calgary (A©®1%9) and animals were cared
for in accordance with the Canadian Council of AnimatefCCAC, 2009)
Animal Housing and Management

SeventyoneAngus crossbred beef calved®8+ 18.5 kg of BW 67-87 d dd calve$ and
their damswvere brought to the Lethbridge Research Centre (LRC) from a neighboamiciy
located 30 km from the LRC. Calves were separated into two groupsaofi38bcalves as
animals were castrated on different days 1 week apart-catiyairs were housed in 6
experimental pen@reatments mixed within pegpntaining a calf sheltdR.4 m x 3.6 m x 1.4
m), straw bedding and a centrally located water systémee of the pens measui@@l7 m x
22.2 m, and three pens measured 40 m x 27 m. Free choice alfalfa grass was available for the
cows, while the calves diet consisted of free chailfalfa grass, milk from suckling and free

choice salt blocks and loose minerals containing a coccidiostat (Diluted Rumensin Drug Premix
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1100 (Medicated), HPRO FEEDS, Okotoks, Alberta, Canada) to prevent diarrhea caused by
coccidiosis. The experimentook placeon June 28 to July 7", 2015.

Calves were weighed in a portable chute (Pearsons Livestock Equipment, Thedford,
Nebraska) and sampléshliva, blood, scrotal and rectal temperatwhkile standing in a tipping
table (Calf Roper, RafBull Ltd, Barons, Alberta, Canadajith a head lockAll calves were
castrated and branded on a tipping tablieQual Manufacturing Canada Ltd., MB, Canpda
while lying on their left side. Castration was performed first and consisted of making an incision
in the scotum with a Newberry kniféSyrvet Inc., Waukee, IAand crushing and cutting of the
cords with an emasculator. All castrations were done by the same experienced veterinarian.
Branding was done with the use of an electricifart based on 3 combined marka number, a
symbol and a lettdi8 = M) placed on the right rib cage when calves were tipped. Sham calves
were handled in the same way as castrated and branded calves. The testicles were manipulated
for a similar amount of time and the same iron usedake the brand but unheated was placed
on the calves simulating the pressure exerted with thedrotBranding was done by the same
experienced person. Calves were castrated for an average timetdf.19min, brandedor 0.5
+ 0.18 min and sampledif2.7 + 2.64 minfor an average restraining time 8f1 + 2.75 min

Calves were equally distributed by weight into treatments and pensaadomly
assigned tdoreatmentsising a deck of cardehe experiment consisted of a 3 x 2 factorial design
where main factors includgmoceduresham (control calve&T; n = 23), knife castrationKN;;

n = 24) or brandin@nd knife castratio(BK; n = 24)and medicationsingle dose of 0.5 mg/kg
of s.c. melagicam (Metacam 20 mg/mL, Bdringer IngelheimBurlington, Ontario, Canada)

(M; n = 36) or the corresponding volume dfiagle s.c. administration ¢dctatedringer

soluton( Lactated Ringer’s Irrigation, BMxn=er Cana
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35), to yield: CENM (n = 11), CFM (n = 12), KNINM (n = 12), KN'M (n = 12), BKNM (n =
12),BKK-M (n=12)Me 1l oxi cam and | administered inmediatelg priar the
procedure.

Measurements of Acute pain and Sample Collection

Cortisol. Salivary samples were collect2d hbefore castratiofd -1), immediately
before castrationT(Q), 60, 90, 120180min and ond 1, 2, 3 and 7 after castrati®amples
collected on d 1, 2, 3 and 7 were collected at the same time @alaxa was collected, stored
and analyzed as describedMgléndez et al(2017b) The nterassayCV was132 % whilethe
intracassayCV was9.9 %.

Substance PSerum AmyloidA, Haptoglobinand Complete Blood CounBlood
samples were collected from all calves through jugular venipuncturelgnndmediately before
castration (T0), 60, 90, 12080min and ond 1, 2, 3 and 7 affmocedureSamples for
substance P were collectegntrifuged for 15 min at 1.5¢at 0 °C, stored and analyzed as
previously described byleléndez et al(2017b) Briefly, samples were collected into art
tubes containing EDTA (BD vacutainer; Becton Dickinson Co., Franklin Lakes, NJ), where
benzamidine hydrochloride was added to reduce substance P degradation. Samples were
analyzed at lowa State University, College of Veterinary Medicine (Ames, IA) with some
modifications from the previously described procedur®ay Engen et a(2014) The intra-
assayCV was 11.9 % and the intassayCV was calculated at 24.2 %.

Blood samples for serum amylef (SAA) and haptoglobinvere collectedbn d 1, 2, 3
and 7 stored and analyzed as previously describedleléndez et al2017b) Briefly samples
were collected into a Xl nonadditive tube (BD vacutainer; Becton Dickinson Co., Franklin

Lakes, NJ), centrifuged for 15 min at X at 4 °Cand the serum was decadtand frozen at

w a

S
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80 °C for further analysig.he interassay CV for haptoglobin was 7.6 %, whilk/Sintra-assay
and interassayCV were 5.7 % and3.5%, respectively.

Blood samples for CBC were collected into-en6EDTA tube (BD vacutainer; Becton
Dickinson Co., Franklin Lakes, Nanh d 1, 2, 3 and &nd red blood cells (RBC), white blood
cells (WBC), platelets (PLT) and neutrophil: lymphocyte ratio were measuredausing
HemaTrueHematology Analyzer (Heska, Lobeland, Co).

Scrotal Area Temperature (SCThmages of the area of the scrotum were collected on
-1, immediately before castration (T0), 60, 90,,12®0min and on d 1, 2, 3 and 7 after
castration. Images werell@ted and analyzed as previously describetMbiéndez et al.
(2017b) Briefly, a FLIR i60 infrared camera (FLIR Systems Ltd., Burlington, ON, Canada) was
used to take infrared images of the scrotal area and Fatis Tersion 5.1 (FLIR Systems Ltd.)
was used to delineate the scrotal area and to record the maximum temperature.

Rectal temperature (Rectal temp.digital thermometer (M750 Livestock
Thermometer, GLA Agricultural Electronics, San Luis Obispo, CA) ugesl to collect rectal
temperature on €, immediately before castration (T0), and ond 1, 2, 3 and 7tladter
procedure

Performance A portable scal¢Pearsons Livestock Equipment, Thedford, Nebragikes)
used to obtain the initial (average ofldand d 0) and final (d 7) BW. The ADG (kg/d) was
calculated by subtracting the weights on d 7 from the averageladmd O and dividing the
result by the number of days in the experiment (7 d).

Behavioralfrequencies and Visual Analog Scale (VASRBehavioral scoring during
castration was collected as previously describelliéléndez et a2017b) Briefly, two

experienced observers marked a line along a 10 cm ocantiof their perception of the amount



161 of pain calves were experiencing during castration and recorded the frequency of urination,
162 defecation, leg movement and vocalizations. Due to the experimental setting, observers could not
163 be blind to the treatments.

164 Electronic reactivity measurements (ERMJhe tipping table was equipped with one 3
165 dimension accelerometer and the three forces were added to obtain an overall force during
166 castration and branding procedur&salog signals (V) from the accelerometer weeet to a

167 computerat a rate of 100 samples/Batafrom control calves collected during sham castration
168 and sham brandingereused as the baseline for calves that were castrated and branded
169 Variables includesdhumber of peaks between 1 and 2 SD, 2 and 3 SDalamkor below3 SD
170 above and below the medfig. 1A) andtotal area betweethe meart 1 SD, meant 2 SD, and
171 meant 3 SD(Fig. 1B).

172 Stride length.Stride length was collected as previously describellélgndez et al.

173 (2017b) Briefly, calves were recorded when walking through an alley-bnimhmediately after
174 castration, 180 min and ond 1, 2, 3 and 7 dffteprocedurePictures of the back legs were
175 taken with GOM player (GOM Lab, Gretech Corporation, Seoul, South Korea), while stride
176 length was measured using Image J (National Institutes of Health Image, Bethesda, MD).
177 Observers were blind thetreatmend.

178 Behavioral observationdalf of the animal®f each treatmenwere recorded for

179 behavioral observations and focal animal sampling from continuous recofiliags and

180 Bateson, 200Ayere done fofrequencies ofalil flicks, foot stamping, head turning and lesion
181 licking, andduration of eating, lying, standing and walkiag described byleléndez et al.

182 (2017b) Briefly, the behaviors scorgdnd their definitionswere: a) eatingsuckling from the

183 udder or ingesting hay or straw from the ground or the feeder, b) lying: either lateral (laying with
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hip and shoulder on the ground with at least 3 limbs extended) or ventral (laying in sternal
recumbency with legs foldeunder the body or one hind or front leg extended) Jyehgalking:
walking forward more than 2 sted) standing: standing on all four legs)foot stamping: hind
legs are lifted and forcefully placed on the ground or kicked outwards while staf)diegd
turning: head i1is turned and touches the side
turning to groomg) tail flicking: forceful tail movement beyond the widest part of the rump
when standing, movement to one side is counted as one,dgtiesion licking: head turning to
lick the lesion caused by castration while standing.

Two experienced observers scored behavior for a 2 h period on d 0 between 3to 5 h
relative to treatment applicati@nd for 4 min every 10 min for a 4 h period oh,&@, 3 and 7 for
a subset of 6 animals per treatmeédibservers were blind thetreatmenrs. Inter-rater and intra
rater reliability were 0.95 and 0.91 respectively.

Standing and lying behaviorAnimals were equipped with accelerometers (Hobo
pendant GOnset Computer Corporation, Bourne, MA) in order to measiareding and lying
bouts (number/day), total standing and lying duration (min/day) which was converted to a
percentage (%), and mean standing and lying bout duration (min(d®¢ AWP, 2013)as
previously described byleléndez et al2017b) Briefly, accelerometers were placed ofid
with Vet Wrap (Professional Preference, Calgary, Canada) and removed on d 7. Only days with

24 h of information were included in the analysis (d 0 to d 6).

Statistical analysis
A power analysis was condtedfor theoutcome=f salivary cortisoland tail flicking.

An o of O0.05, a power of O0.08 and the mean Vv

a
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beef calves under similar experimental conditiovieléndez et al. @L7b)were usedn the

power calculationMean cortisol values wef23, 3.9and4.9nmol/L and aSD of 0.62, while

mean tail flicking valuesvere46.6 62.6and116.6n and a SD of 5.6The power aalysis

indicated that at least B2 calves per treatment were ne@ygdo detecexpected differences
among treatment$alivary cortisol, substance P, SAA, haptoglobin, CBC, stride length and
behavior the days post castratisare analyzed using the MIXED procedure in S8,

version ¥4, SAS Inst. Inc., Cary, NQo evaluate the effect pfoceduremedication and time

on all variables. Fixed effect includpdocedure medication, time and their interactions, while
random effects included pen and calf within pgalves were divided inttwo groups and
castrated 1 week apart. All calves 1in one pen
used as a covariatAnimals were the experimental unit as treatments were mixed within pen.
All datawereanalyzedusing the mixed repeatedeasuvesmodel(Proc Mixed of SAShas

samples were collected at different time pointish the exception of behavior during castration
Behavior during castratiofyAS, frequency of leg movement, urination, defecation,
vocalizations and ERM) and performaneas analyzed as described above without time effect
(as there were no repeated measui2a)aweretested for normal distribution with PROC
UNIVARIATE (SAS, version 9.4, SAS Inst. Inc., Cary, NC) gnysiological data that did not
follow a normal distthutionwerelog transformed while behavioral dat@resquare root + 1
transformed. The data collected ot diereused as a covariate for all physiological parameters
and stride lengttElectronic reactivity measuremerfiSRM) collected for sham calves the

time of castration and brandimgereused as the mean for ERgr KN and BK calves

Urination and defecation were not analyzed as these behaviors were not present during castration

or branding.The analysis with the covariance structure (unstructw@upound symmetry and
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autoregressive order one) with the |l owest Sch
analysis of choice. Data from the day of castrati@neanalyzed separately from the data the
days after castratiosms the time intervals beeen sampleweredifferent A posthoc test was
run to separate the Leagiure measusing the PDIFF option in SAS. Effectjmfocedure
medication and time were statistically significantwken 0. 05 and considered
0.05<P< 0 . lirtra-clagsicorrelation coefficient with a 95 % Cl was used to calculate intra
and inter observer reliability of two experienced observers UBKQSPSS statistics for
Windows, version 22.0 (IBM Corp., Armonk, N.Y., USA)
RESULTS AND DISCUSSION

Physiology

SalivaryCortisol. A procedure x time effecP(< 0.01) was observed for cortis@Fig.
2A), where KN and BK calves had greaterq 0).cditisol concentrations than CT calves 60
min afterthe procedue. TheBK calves had the greatest € 0.05) cortisol concentrations, KN
calves had intermediate, and CT calves had the lowest concentrations 90, 120 and 180 min after
theprocedure. No medication effe@ ¢ 0.10)was observed for cortiséD, 90, 120 and 180
min (Fig. 2B) oron d 0, 1, 2, 3and 7aftertheprocedure, and no procedure effdet{0.10)
was observed d after castration.

Contrary to our findings, previous studies have reported a reductubasimacortisol
concentrations igalves receiving NSAIBprior to a painful procedursuch as surgically
castrated calves receiving oral meloxicam compared-toedficated surgically castrated 227 kg
calves(Roberts et al., 2015¢arprofen, in band castrated compared tonaadlicated band
castrated 5 mo old calve¢Pang et al., 2006burdizzo castrated calves receiving ketoprofen

compared to wimedicated burdizzo castrated 11 mo old ca{fesg et al., 2003and dehorned
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calves receiving i.m. injection of meloxicamompared to timedicated dehorned 6 to 12 week
old dairy calves (Heinrich at al., 200®jowever, in the prewus studies, carprofen and
ketgprofen were administered intravenously 20 min before castrationmebxicam was
administered 10 min prior to castratjavhile oral meloxicam wagiven concurrently to
castrated animalss a bolus administered directly into the runi&ifferences in results between
our study andhe resultof Roberts et ali2015) where meloxicam was administered at the time
of castrationcould be due to differences between salivary and serum/plasma concentrations.
Although a correlatiohas been observéxtween plasma and salivary cortisol concentraiions
cattle caution shoulde taken when comparing these resultthare is a0 minutetime lag
betweerpeakplasma and salivargortisol concentrations (Hernandez et al., 2014) and plasma
cortisol has been reported to be more sensitive than salivary cortisibet@bactivityin pigs
(Parrott et al., 1989)

Differences between studies could also betdwmlves being older than the calves in the
present study as a greater stress response has been reported in calvesaftestéateoinths of
age compared toalves castrateat a younger age (Bretschneider et al., 2008)ef@ncescould
also be due ttming of meloxicam administration as the compendium for injectable meloxicam
recommends the administration of meloxicam 10 to 20 min prior to the procedure for the
reduction 6 pain caused by abdominal surgery. Based on these results, administering meloxicam
s.c.immediately prior to castration may limit the analgesic effect of the thogever, he
results from the present study are consistent with the results from a pretvidugMeléndez et
al., 2017a) where no differences in salivary cortisol were found between animals receiving pre

emptive analgesia with s.c. meloxicam at 6, 3 or O h prior to knife castration up to 4 h following
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the procedure. Caution should be takenmnviméerpreting these results as there was a lack of a
control group that did not receive medication.

Similarto our resultsSutherland et a(2013)did not see differences in cortisol
concentrations between surgically castrated, dehorned, or surgically castrated + dehorned 3 mo
old calves 0, 24 and 72 h after treatmeBiitherland et al. (2013lggested thdack of
differences in cortisol concentratiooguld be due to a potential ceiling effect of the cortisol
responséo either castration or dehorningpwever cortisol AUC in castrated + dehorned calves
was greater than only castrated or only dehornaatsalp to 6 h aftehe procedure, providing
some evidence that the combination of procedures is more painful. Similar results were reported
by Mosher et al(2013)who found a tendency for cortisol to be greater 60 min after castration in
surgically castrated + dehorned 3 to 4 mo old calves than those that were only castrated.
Although, different castration methods and painful procedures such as dehorning antgbrandi
can cause different physiological responses, both procedures are painful and stressful and
therefore likely to increase cortisol concentrations.

Substance PNo procedure omedication effectsR > 0.10) were observed for substance
P min or dafter pocedure (Table 1)hese findings are similao results reporting no
differences in substance P levels 60 and 120 min and on d 7 after different castration methods
(control, band and knife) i moold calvegMeléndezet al., 2017h)and on d 01 and 7 after
band castrateth medicated or wimedicated (oral meloxicam) weaned cal(iespenning et al.,
2013) However caution should be taken when comparing ressilte age ofthe calvedliffer
between experiments. In addition, lack of differences could be a result of other factors (alone or
in combination) includinghigh interassay CV high individual animal variation in the

measurements taken which could mask treatmenttsffeampling times being inadequate to
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detect differences among treatments, variables collected were not sensitive enough to detect
differences among treatments or thatdifferences in substance P may suggest no pain markers
the days following castration and branding.

Serum AmyloidA and Haptoglobin A procedurex time interaction® < 0.01) was
observed for SAAFig. 2C), where KN and BK calves hapteater(P < 0.01) SAA
concentrations than CT calves on d 1, 2 and 3, wiaildifferencesH > 0.10) were observed
between procedures d 0 and 7. No medication effecBs* 0.10) were observed for SAA the
days afteprocedurgFig. 2D).

A procedurex medication x time effecP(= 0.05) was observed for haptogloliig.
3A), where BKM calves had greatéP = 0.04)concentrations than BKIM calves on d Qprior
to castration)The BK-NM and the KNNM calves had greateP(< 0.05) concentrations than
BK-M, KN-M, and CT calves on d 1 and 2. The Bl calves had greateP(< 0.05)
haptoglobin concentration than BW, KN-M and CT calve on d 3, while KNM calves had
greater P < 0.05) haptoglobin concentrations than-BKcalves on d 7.

Both haptoglobin and SAA concentrations were above the normal range for healthy
bovines(Haptglobin: <0.1 g/L an®AA: 1.3 + 0.4 ug/mL)Ceciliani et al., 2012and followed
the normal acute phase proteinp@sse which increases 24 to 48fterachallenge and returns
to baseline levels approximately 4%a after (Petersen et al., 200Nledication effecthave
been previously described for haptoglobin concentrations, where ketoprofen administration
reduced haptoglobin concentrations 1 d after burdiastrationin 13 mo old calve§Ting et al.,
2003)and up to 3 d after surgical castratiorb.5 mo old calvegEarley and Crowe, 2002pDral
meloxicam has also been reportediéarease haptoglobin concentrations after surgical

castration in calves at weaningighingbetween 216 to 228y (Brown et al., 2015and in 227
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kg calveqRoberts et al., 2015 contrast, there is a lack of literature evaluating the response of
SAA after castration and pain mitigation. A study in 7 to 8 mo old beef calves reported greater
SAA concentrations than baseline levels after surgical castration, but no effect of sime o
meloxicam administration (6, 3 and O h before castration) on SAA concentr@fieléndez et

al., 2017a)Lack of differences in the previous study could be due to the fact that all treatments
received meloxiam, however no medication effect was observed for SAA in the present study
which assessed both medicated andanadicated calves. A possible explanation could be that
NSAID do not havehe same effect in reducing the production of diffeAdPPs which coud

explain the medication effect observed for haptoglobin but not for SAA.

Complete Blood CountA medication x time effedP < 0.0L; P = 0.02 P = 0.02 was
observed for WBCRBC count and N:L ratio. Th&lM calves had greateP(< 0.05) WBC
countsond 1 and 2 and greatd? € 0.05)N:L ratio than M calves on d 2 after procedure, while
M calves had greateRBC counsthan NM calve®n d 7 A procedurex time effect P = 0.04;

P < 0.0]) was observed for WBC courdsd N:L ratiQ where KNand BKcalveshad a greater
(P < 0.05) WBCand N:L ratio on d 1 compared to CT calves, while ldNdcalves had a greater
N:L ratio than CTcalves on d Zdata not shown\No medication or procedur® & 0.10) effects
were observed for PLT.

Similar to our findingsBallou et al.(2013)reported an increase in N:L ratio and total
leukocytes in surgically castrated calves compared tecastrated calves 6 h after castration,
and a reduction in leucocytes and Nadtio following the administration of lidocaine and
flunixine meglumin Total WBC concentrations were lower in calves given lidocaine + flunixine
megluminbefore dehorning compared to calves dehorned without pain relief, but no differences

were observed for cabg castrated or castrated + dehorned with or without pain relief
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(Sutherland et al., 20130 contrastprevious studies have reported no effediSAIDs on
blood parameters after castrati@ang et al., 2006; Moya et al., 201A)though levels of
WBC, RBC and N:L differed between treatments, levels were within the normal (&mgé,
2008)meaning that calves wenet immunocompromised by castration or branding.

Scrotaltemperature (SCTand rectal temperatureNo procedure or medication effects
(P > 0.10) were observed for SCT min after procedure (Tabla tedication effect® = 0.04)
was observed for SCT, where M (36.6 £+ 0.46 °C) calves had I®we0.05)SCT than NM
(36.9 £ 0.46 °C) calvesn d 1, 2, 3, and.A procedure effectR = 0.01) was also observed
where BK (36.9 + 0.46 °C) and KN (36.9 £ 0.46 °C) calves had greaterl®@TCIT (36.5 +
0.46 °Q calves on d 12 , 3 and 7A medication x time interactioriP(= 0.01) was observed for
rectal temperature, where N{@9.4 + 0.05 °Cralves had greateP (< 0.05) rectal temperature
than M(39.2 £ 0.05 °Cralves on d 1 after traaent. A procedure x time interaction € 0.03
was observetbr rectal temperaturevhere KN(39.4 £ 0.06 °Cand BK(39.3 + 0.06 °Ctalves
had greaterR < 0.05) rectal temperature than €39.1 + 0.06 °Ckalves on d INo differences
(P > 0.10) were observer rectal temperaturen d 0, 2 and 3 after treatment.

Some of animals in the pr4G)Emith2008durihgy pr e s e
thedays aftercastration NSAIDs are used in veterinary medicine to reduce body tempenature
animals with fevefLees et al., 2004however, dferencesn rectal temperature and SCT
between M and NM calveand CT, KN and BK calvewas so small that differences likely lack
biological significance.

Weight and ADG. A procedure x medication interactio® € 0.01) was observed for
ADG, where CTM (1.3 £ 0.07) KN-NM (1.1 £ 0.08)and BK-M (1.3 £+ 0.07)calves had greater

(P < 0.05)ADG than KNM (0.9 + 0.07),and BK-NM (0.9 * 0.08)calves, while CTNM (1.2 +



367 0.08),calves had greatéP < 0.05)ADG than BK-NM calves, but no differencgP > 0.10)

368 were observed between @IM, CT-M, KN-NM and BK-M calves, nor between GNIM and

369 KN-M calves. No medication or procedure effe&s>(0.10) were observed fanitial and final

370 BW.

371 The ADG was greater in GlIM and CFM calves as expected as the animals did not
372 experience the trauma associated with surgery or burn. However, thMedliVes had greater

373 ADG than BKKNM calves, which may be due to the reduced pairchvivould motivate the

374 calves to get up, walk and suckle, however, we would also expect to see a greater AD®I in KN
375 calves compared to KINIM calves.A possible explanatiofor the greater ADG observed in

376 KN-NM calves compared to KIM calvescould bedueto an increase inugklingin KN-NM

377 calvesas away to cope wittpain as suckling has been reported to increase oxytocin release
378 (Lupoli et al., 2001which can increase the nociceptive threst{bldndsMoberg et al., 1998)

379 However, caution should be taken when interpreting these resultifeeyenceof 0.2 kg/day

380 may lack biological significanceA possible reason for the expected medication effect observed
381 for the BK group but not in the KN group could be dueneloxicambeingmore effective at

382 alleviating pain caused by branding (somatic pain) than pain caused by knife castration (somatic
383 and visceral pain). However, thpmication of an NSAID, such as flunixmeglumin did not

384 have any effect on wound healing or pain response assowidieloranding(Tucker et al., 2014)
385 and studies in cancer patients show that NSAIDS are effective at mitigating both somatic and
386 visceral paifMercadante et al., 1999Fontrary to our findings, a study reported no differences
387 in ADG in calves undergoing multiple painful procedures such as castration, dehorning and
388 castration + dehorning in 3 to 4 mo aldiry calves(Mosher et a.2013)

389 Behavior
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Behavioral frequencies and VASA procedure x medicationteraction P = 0.04 was
observed for leg movements, where the-Bkalves had a greate? € 0.05)number of leg
movements than GTIKN-NM and KN-M calves during the procedures, but no differenées (
0.10) were observed betweBK-M and BK-NM calves Table 3. The KN-M calves had greater
(P < 0.05)number of leg movements than @md KN-NM calves, however no difference® %
0.10) were observed between HiNand BK-NM calves. A procedure effed®« 0.01) was
observed for VAS where BK5.5 + 0.07 cmydves had greateP(< 0.05) VAS scores, followed
by KN (2.6 £ 0.07 cmyalves, and then by (0.4 £ 0.07 cm}alves.

These results demonstrate that surgical castration and hot iron branding are painful
procedures as observed by greater VAS scoresamdrically greaterocalizations compared
to CT calves, however, branding elicits more vigorous behavioral responses than surgical
castration at the time of the procedure. This could be due to the differences in pain, as somatic
pain is localized and allowsr rapid motor reflexes, while visceral pain is poorly localized and
leads to muscle contraction and autonomic and emotional resgi@e#sart and Ness, 1991)
Similar behavioral results for haon branding havéeen previously reported in a study
comparing hofron branding and freeze branding, whereihot branded calves vocalized more
and had greater exertion forces than freeze or sham ¢8lclewartzkopfGerswein et al.,
1997b) Greater VAS scores have also been reported in surgically castrated calves compared to
band and control calvgEell et al., 1986; Meléndez et al., 2017b)

Electronic reactivty measurementDuring branding, @rocedure effectf < 0.01) was
observed fonumber ofaccelerometer peaks between 2 and 3 SD above and below the mean
(baselineof control calves) and greater or lower than 3 SD above or below the wisereBK

calveshadagreater number of peaks than KN cal{ésg. 4A). However, no difference® (>
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0.10) were observed foumber ofpeaks above and below the mean between 1 to 2 SD at the
time of brandingA procedure effectR < 0.05) was also observed for tosaka, where BK
calves had greateP ( 0.05) total area thakN calves between the mearl SD, the meatt 2
SD and the meaha 3 SD(Fig. 4B). During castration, @ medication oprocedureeffects P >
0.10) were observed foumber ofpeaks between 1 toSD, 2 to 3 SDand greater or lower than
3 SD,and total arehetween the mean and £ 1 SD, + 2 SD and + 88@ve andelow the
mean

Movement in the chute has been previousasuredluring brandindSchwartzkopf
Genswein et al., 1997land castration (Moya et al., 20Meléndezet al., 2017ain cattle
However, thisvas the first time that the portable electronictiegéty movement was used on a
tip table to quantify movement at the timecafktration and brandings expected no fferences
were observed for accelerometer movement at the time of castestibath groups ofatves
were surgically castrated.oMever differences were observed for branding, ae group was
branded with a heiton while the other group was sham bredd hese results aia agreement
with theresults observed farAS scoresindicating that BK calves experienced more pain than
KN calves

Stride length.No medication oproceduresffects P > 0.10) were observed for stride
length immediately after or 180 min after castratidowever, gprocedure effectR < 0.01) was
observed for stride length, where K#B + 1.1 cmjand BK(43 + 1.0 cmXalves had greater
stride length than CT40 £ 1.0 cmalves on d 1, 2, 3 and Mo medication effectR > 0.10)
was observed for stride lengthon d 1, 2, 3, and 7.

Similar results were observed Meléndez et al{2017b)who reported no differences in

stride length immediately after and 120 min aftastration ircontrol, band and knife castrat2d
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mo oldcalves.Contrary to our findings;ontrol,band and knife castrated calves ah@ of age
did not present differencés stride length on d, 2, 3 and &fter castratioifMeléndez et al.,
2017b) This finding is difficult to explain, as we would expect KN and BK calves to have a
shorter stride length than CT calv&urrah et al(2009)suggested shortening of the stride
length as a behavioral indicator of pain associated with surgical castration after observing longer
stride lengths in 3 mold calves receiving flunixinmegluminand a lidocaine epidural than
calves receiving a lidocaine epidural or no medication. Differences between studies could be due
to the time of sampling as differences in the previous study were observed 4 and 8 h after
castration, while in the present syuchlves were sampled immediately after and 4 h after
castrationln addition, measurements were done differently between studies which could explain
differences observed in resulBifferences includedifferent type of software for image
analysis andack of grid background at the time of video recordinghe current study

Behavioral observationsA procedure x medication interactio” € 0.01) was observed
for walking duration(Table 3. The BKNM and KN-NM calves had greateP (< 0.05) walking
duration than CTKN-M and BK-M calves 2 to 4 h after treatment. Lying duration had a
medication effect® = 0.04) where M (87 £ 0.4 min) calves had greafek(0.05) lying duration
than NM (66 = 0.4 min) calves 2 to 4 h after treatmermrédcedure effectR = 0.03) was also
observed for lying duratioB to 4 h after treatmenthe KN (66 + 0.5 min) and BK (64 + 0.5
min) calves had lowelP(< 0.05) lying durations than CT (97 £ 0.5 min) calves.

A procedure effectf = 0.01;P < 0.01) waobserved for standing and foot stamping,
where the KN (55 £ 0.5 min) and BK (58 £ 0.5 min) calves had grdate0(05) standing
duration than CT (29 £ 0.5 min) calves and the BK (30 * 0.5) calves had greater foot stamping

than CT (2 £ 0.5) and KN (9 +%). calves 2 to 4 h after treatment. A procedureedication x
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time effect P = 0.03) was observed for foot stamping (Fig. 3B), whereNBK calves had
greater P < 0.05) foot stamping than GNIM, KN-M, and BK-M calves, and tendedP & 0.06)
to be greatethian CFM calves on d 1 after treatment. On d 2 after treatmentNBKcalves had
greater P < 0.05) foot stamping than CT, KNM, KN-M and BK-M calves. No differenced(
> 0.10) were observed on d 3 and 7 after treatment.

A medication effectl < 0.01) wa observed for tail flicks, the NM calves had greater
number of tail flicks than M calves 2 to 4 h after treatn{Eig. 5A). A procedure effectR <
0.01) was also observed for tail flicks, the KN (1346 + 3.0) and BK (1711 £ 3.0) calves had
greater P < 0.05) number of tail flicks than CT (29 + 3.0) calves 2 to 4 h after treatfent.
procedurex time effect P = 0.01) was observed for tail flicks, where KN and BK calves had a
greater P < 0.05) number of tail flicks than CT calves on d 1 and 3 aftatrirent, while BK
calves had the greatest number of tail flicks, followed by KN calves, and then by CT calves on d
2 after castration (Fig. 5B).

A procedure effectR = 0.08) was observed for head turning, BK (24 + 0.6) calves tended
to have greater headrning than CT (3 £ 0.6) calves, however, no differences were observed
between both groups and KN (12 + 0.6) calves 2 to 4 h after treatment. A proeedure
medication interactionA(= 0.01) was observed for head turning, where¥M calves had
greater P < 0.05) head turns than CT, KM and BK-M calves, but no differences were
observed between KINM and BK-NM calves on d 1, 2, 3, and 7 after castration (Table 3).
Head turning was greatd? € 0.05) in BKNM calves than CINM and KN-M calves, but no
differences P > 0.10) were observed between BH/ calves and CIM and BK-M calves. No
differences P > 0.10) were observed between CT,#Nand BK-M. A procedure x time

tendency P = 0.06) was observed for head turning (Table 3), where BK (9.7 £ 2.25) calves had



482 greater P < 0.05) head turns and KN (9.3 £ 2.25) calves tenBed.09) to have greater head
483 turnsthan CT (5.0 £ 2.36) calvesond 1. The BK (12.1 + 1.91) and KN (6.0 £ 1.91) calves had
484 greater P < 0.05) head turns than CT (4.0 + 2.00) calves @rafter castration, while no

485 differences P > 0.10) were observed between treatments on d 3 and 7.

486 These results suggest that branding in combination with castration is more painful than
487 surgical castration alone, as seen by a greater number ofctalatid foot stamps 2 to 4 h and
488 on d1 and2 afterthe procedure.Although not significant, a previous study reported greater

489 number of tail flicks in knife (191) than band (78) and control (86) 2 mo old calvesond 1, 2, 3
490 and 5 after castratioiMeléndez et al., 2017b)Tail flicks were also greater at the time of-hot

491 iron branding than freeze or sham branding in 320 kg cé8asvartzkopiGenswein et al.,

492 1997b) Meloxicam reduced pain related behaviors as seen by a reduction in wedking

493 flicking and head turningand an increase in lying duration in M calves compared to NM calves.
494  Similar findings have reported lower tail flick behaviour in ketoprefeated cows than saline

495 treated cows on d 1 after the first stage of fistulation surgery (Newby et al., &@illwer ear

496 flicks and head shakes in meloxicaraated calves than salitieated calves after dehorning in
497 6 to 12 week old dairy calves (Heich et al., 201Q)Contrary to our findingsSutherland et al.

498 (2013)did not see differences in tail flickiray time spent foot stampirtzetween castrated,

499 dehorned and castrated + dehorned 3 mo old calves either receiving pain relief or no pain relief 3
500 h after castration. Discrepancies between studies could be due to the difference in painful
501 procedures (dehorning vs branding), which ekt different behavioral responses and/or to

502 differences in medication (lidocaine + fluniximegluminvs meloxicam). Although no

503 differences were observed for tail flicks and head turns between BK and KN calves, BK calves
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had numerically greater numbef tail flicks and head turns 2 to 4 h after castration, suggesting
that BK calves experienced more pain.

No medication or procedure effecBX 0.10) were observed for eating or lesion licking
2 to 4 h after treatmeilfTable 3. A procedure effectf = 0.01) was observed for eating, where
CT (27 = 0.4 min)alves had greater eating duration than(B& + 0.4 min)calves, however no
differences were observed between both groups an(RKN 0.4 min)calves Although there
were no differences between @md KN calvesitiis likely that greater eating duration leads to
greater ADG as CT calves had greater ADG than KN and BK caillegever, values for eating
could be different if these were scored for 24 h compared t&€dritrary to our results,
castratd, dehorned and castratediehornedcalves receiving lidocaine amdegluminflunixine
hadgreater eating times than-omedicated castrated, dehorned and castratizhorned calves
(Sutherland et al., 2013pifferences between studies could be due to the added effect of the
anesthetic which could temporarily block the pain associated with the procedures and
consequently calves would be more likely to eat compared to calves experiencing pain.

Standing and lying behaviorStanding percentage tended (procedungedication
interaction;P = 0.06) to be greater while lying percentage tended (procedumedication
interaction;P = 0.06) to be lower in BNM calves than KNNM and BK-M calves, howegr
no differences were observed between tiggsaps and CT and KM calves. Lying duration
was greater (proceduretime interactionP <0.01) in CT(54 £ 2.3 min; 56 £ 2.3 min; 61 + 3.0
min) calves than KN45 £ 2.2 min; 46 = 2.2 min; 54 + 3.0 miapdBK (45 £ 2.2 min; 44 + 2.2
min; 54 + 2.9 minxalves on d 0, 1 and 2 after treatment. No differences were observed on d 3,
4,5, or 6 after treatmefdata not shown)suggesting that animals in pain lie for less time than

animals that are not in paimhis is in agreement with a previous stwdyere knife castrated
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calves had greater standing percentage than band castrated and control calves 2to 4 hand ond 1,
2, 3, and 5 after castratioN€léndez et al., 2017blHolstein calves receiving oral meloxicam

lay down for longer periods of time ond 1, 2, 3, and 4 after dehorning in comparisen to un
medicated calves (Theurer et al., 20dBjle i.m. meloxicarrireated calves were less active than
un-medicated Holstein calves during the 5 h following dehorriter(rich et al., 2010)

A procedurex time effect P < 0.0]) was observed foranding bouts, where KN and BK
calves had greatéP < 0.05)standing bouts than CT calves on d 1 and 2, while BK calves had
greater(P < 0.01)standing bouts than CT calvesid there was a tendendy=£ 0.09) for KN
calves to have greater standing bouts than CT calves on d 0. No diffgfferces.0)were
observed ond 3, 4, 5 and 6.

Lying and standing bouts ara adicator ofrestless behavior which is associated with
pain caused by ischem({®inniss et al., 1999A previous studyeported a decreage standing
and lying bouts in band castrateavk old calves while, an increase in standing and lying bouts
in 4 mo old band castratedlves, but no differences in 2 mo old band castrated calves
(Meléndez et al., 2017blk seems that restlessness is not only link#l pain caused by
ischemia but it might be linked with general discomfort as calves that were surgically castrated,
and branded + castrated presented greater standing bouts than CT calves.

No medication effect§P > 0.10) were observed faralking, standig, lying, eating and
lesion licking ond 1, 2, 3, and 7 after castration, neithertémdéng and lying boutsr standing
and lyingdurationon d 0, 1, 2, 3, 4, 5 and 6 (TableN8) procedureffects P > 0.10) were
observed for walking, standing, lyirmand lesion lickingon d 1, 2, 3, and 7 afténe procedure
neither forstanding and lying durationon d 0, 1, 2, 3, 4, 5 and 6 thiégarocedureLack of

differences in behavioral and physiological parameters could be due to several reasons such as



550 sample sizehigh individual variability lack of sensitivity of parameters collected, or suboptimal
551 sampling timeAlthough ample size was calatiedfor salivary cortisol and tail flickst is

552 possible that the sample siz@as too small to obserifferences between treatments for other
553 parametersHigh individual variability for physiological and behavioral responses could also
554 mask treatment effextIn additionthe parameters collected may not be sensitive to

555 physiological and behavioral changes associaigdpain and inadequate sampling times could
556 also ke a limiting factor to obserwdifferences between treatments.

557  Conclusion

558 Overall, the ombination of procedures elicitedgreater physiological and behavioral

559 response than performing knife castration alone, suggesting that the pain/discomfort experienced
560 is greater Meloxicam did not have an effect ealivarycortisol, substance P, SAALP, stride

561 lengh, standing and lying dation, standing and lying bout)d behavioral observation for

562 eating and lesion licking. However, meloxicam was effective at reducing the haptoglobin

563 response, RBC and WBC counts, N:L ratio, scrotal and rectaltexture, tail flicks, walking

564 and lyingbehavior(2 to 4 h after procedureand head turning and foot stamping (1, 2, 3, add 7
565 after procedure)No differences werelserved between KIM and BK-M calves for the

566 previously mentioned parameters, suggesthat meloxicam was equally effective at mitigating
567 pain caused by knife castration alone and the combination of knife castration + branding.

568 Meloxicam administered s.c. can be used as a drug to mitigate pain associated with castration
569 and brandingFurther research is needed to better understand the nature of pain associated with
570 castration and branding practices and the best protocols to mitigate this pain to optimize calf

571 health and welbeing.
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Table 1.Least square means (+ SEbf)physiological samples taken after the proceddimeon-castrated (CJn = 23), knife (KN, n=
24) andbranded and knife (Bkn = 24) castrate®-mo-old Anguscrossbred calves with (Nh = 36) or without (NM, n = 35) a singé
s.c. meloxicanadministratiot

Treatment (T)

CT KN BK P-Value
Item NM M NM M SEM3 PRD MED PRDxT MEDXxT
Minutes after
castration
Substance P, pg/mL 81.8 80.1 794 826 780 0.06 0.63 0.35 0.54 0.45
SCT, °C 36.6 36,5 365 36.7 36.3 0.24 0.74 0.60 0.42 0.32
Days after castration
Cortisol, nmol/L 51 25 3.7 2.9 2.3 0.13 0.17 0.47 0.38 0.87
Substance P, pg/mL 82.2 78.7 758 845 814 0.07 0.25 0.64 0.29 0.15
SCT, °C 36.5 37.2 36.7 36,9 36.8 0.48 0.01 0.04 0.31 0.66

1Values in the table represent thean of T0, 60, 90 and 120 nafter procedure fosubstance P and scrotal temperature (SCT)ttendheans of 1, 2, 3 and 7 after prodere for
cortisol, substance P and scrotal temperature (SCT).

2CT: sham nortastrated calves; KN: knife castrated calves; BK: branded anddasifeated calves; NM: single s.c. injection of lactaiege r immediately befor@rocedureM:
single injetion of s.c. meloxicam (0.5 mggkimmediately befor@rocedurePRD: procedure effect; MED: medication effect.

3The values correspond to nontsfarmed means; however, the SEM andRhalues correspond to ANOVA analysis using log transformed data.



Table2. Least square means (+ SEM)VAS, leg movement and vocalizations during castrationtetdvioral observatioressessed
2 to 4 h after ppcedure for a 2 h periaaf non-castrated (CTn = 23), knife (KN,n = 24) and branded and knife (BKz= 24)
castrated #no-old Angus crossbred calves with (Kl 36) or without (NMn = 35) a single s.c. meloxicam administration

Treatment
CT KN BK P-Value
ltem NM M NM M SEM PRD MED PRD x MED
VAS, cm 04 2.2 29 51 58 0.08 <0.01 0.08 0.37

Leg movement, 12.3* 5. 7.5 9.1* 10.8 0.13 <0.01 0.03 0.04
Vocalization,n 2.3 22 15 6.8 9.9 0.17 <0.01 0.29 0.10
Behavioral obs.

Walking, min 2.8 52 2.8 7.00 3.3 0.16 <0.01 <0.01 <0.01
Standing, min  28.5 66.1 43.7 75.3 40.8 0.70 0.01 0.07 0.14
Lying, min 98.0 53.4 82.1 43.4 85.0 0.77 0.03 0.04 0.12
Foot stamping, 1 1.6 12.9 54 28.3 31.7 0.75 <0.01 0.37 0.64

&d|_ east square means within a row with differing superscripts diffe( 0 . 0 5 )

values in the table represent the means of visual analog scale (VAS), leg movement, and vocalihi&revioral observations.

2CT: sham nortastrated calve$N: knife castrated calves; BK: branded and knife castrated calves; NM: single s.c. injection af tawgate immediately before procedure; M:
single injetion of s.c. meloxicam (0.5 mggkimmediately before procedure; PRD: procedure effect; MED@icagon effect.

3The values correspond to nontransformed means; however, the SEM &adalbies correspond to ANOVA analysis using square root + 1 transformation.



Table 3 Least square means (+ SEbf)behavioral obsergimns ond 1, 2, 3, and 7 and standing and lying behaviorOoa,®2, 3, 4,
5, and 6of noncastrated (CTinp = 23), knife (KN,n = 24) and branded and knife (BK= 24) castrated-tho-old Angus crossbred
calves with (M,n = 36) or without (NM)n = 35) asingle s.c. meloxicam administration

Treatmen(T)!
CT KN BK P-Value

ltem NM M NM M NM M SEM PRD MED PRD xMED
Behavioral obs.

Walking, min 1.8 22 20 26 18 20 0.10 0.88 0.24 0.89
Standing, min 29.6 28.7 33.3 295 355 346 055 053 0.85 0.82
Lying, min 64.5 65.1 60.1 639 587 59.3 042 044 051 0.96
Eating, min 255 29.1 19.7 223 145 176 047 0.01 0.16 0.91
Head turning, n 4.1° 6.5° 11.8 49 10.7° 6.9° 0.26 0.08 0.08 0.01
Lesion licking, n 0.7 0.9 1.6 0.8 16 0.8 0.12 042 0.11 0.38
Standing and lying beh

Standing, % 39.3 39.2 386 408 413 388 0.01 074 0.86 0.06
Lying, % 60.7 60.8 61.4 59.2 58.7 612 0.01 074 0.86 0.06

Standing duration, mir 41.8 45.0 395 420 433 385 0.17 039 0.86 0.21
Lying duration, min 59.7 628 589 580 60.1 563 0.18 039 0.87 0.57
Standing bouts, n 144 135 156 15.2 151 157 0.09 0.08 0.70 0.57

& east square means within a row with differing superscripts differ @.05).

1CT: sham nortastrated calves; KN: knife castrated calves; BK: branded and knife castrated calves; NM: single s.c. injectionl ofigetaténmediately before procedure; M:
single injetion of s.c. meloxicam (0.5 mgglk immediately before pcedure; PRD: procedure effect; MED: medication effect.

°The values represented correspond totnansformed means; howey&EM andP-values correspond to ANOVA analysis using square root + 1 transformed
datafor behavioral observatian
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Figure 1.Signal output in volts of the addition of three forces of a three dimensional
accelerometer indicating movement of the tipping table by a calf (#74) duringclstiation
and branding. (A) C =umber of peaks betweerahd 2SD above antielow the mearnD =
number of peakbetweer? and 3SD above and below the mean, &d number of peaks
above or below 3 SD above or below the meanFBjotal area betweentSD,G =total area

between £ SD andH = total area between3SD.
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Figure 2. Least square means and SEM for salivary cortisol (nmol/L) of (A) procedure and (B)
medication immediately befoteeatment (T0), 60, 90, 120 and 180 min after treatment and
serum amyloigA (ug/mL) for (C) procedure and (D) medication on d 0, 1, 2, 3 and 7 after
castration of noitastrated (CjTn = 23), knife (KN, n = 24) and branded and knife (BIK = 24)
castrated 2no old Angus crossbred calves with,(ivi= 36) or without (NM n = 35) a single s.c.

meloxicam administratiori:°Least square means with differing superscripts differ §.05).
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Figure 3 Least square means and SEM (&) haptoglobinon d 0, 1, 2, 3 and &nd(B) foot
stampon d 1, 2, 3 and 7 of nezastrated (CJn = 23), knife (KN, n = 24) and branded and

knife (BK, n = 24) castrated 2 mo old Angusossbred calves with ()M = 36) or without (NM,

n = 35 a single s.c. meloxicam administratiér? <

0.

05.
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Figure 4. Least square means and SEMefectronic reactivity measuremelifs) peaks
(number) and (B) area (V x s) during sham branding (K& 24) and heiron branding (BKn
= 24) of 2 mo old Angus crossbred calves with (M, 36) or without (NMn = 35) a single s.c.

meloxicam administran. *°Least square means with differing superscripts differ (&05).
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Figure 5. Least square means and SEM for tail flicks (A) 2 to 4 h after castration and (B) ond 1,
2, 3and 7 of norcastrated (CJn = 23), knife (KN, n = 24) and branded and knife (BIK = 24)
castrated 2 mo old Angus crossbred calves withn(M36) or without (NM n = 35) a single s.c.

meloxicam administratiori:°Least square means with differing sugueipts differ ¢ 6.05).
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Figure 6.Least square means and SEM for (A) WBC, (B) RBC and (C) N:Lratioond 1, 2, 3
and 7 ofnon-castrated (CTin = 23), knife (KN,n = 24) and branded and knife (BKz= 24)
castrated 2 mo old Angusassbred calves with (M= 36) or without (NM,n = 35) a single s.c.

meloxicam administratiort’Least square means with differing superscripts differ (&05).
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Figure 7. Least sqare means and SEM for (A) WBC afR) N:L ratioon d 1, 2, 3 and, @nd
(C) lying durationon d 0, 1, 2, 3, 4, 5, and Gofrcastrated (CTin = 23), knife (KN,n = 24)
and branded and knife (BIK,= 24) castrated 2 mo old Angus crossbred calves witm@136)
or without (NM,n = 35) a single s.c. meloxicam administratidfiLeast square means with

differing superscripts differH{  8.05).





