Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



EVALUATION OF STRATEGIES FOR ALLEVIATING
DEHORNING DISTRESS IN CALVES.

A Thesis presented in partial fulfilment of the
requirements for the degree of
MASTER OF SCIENCE
in Physiology at

Massey University

Cheryl Maree McMeekan
March 1997



Acknowledgements

Many people have contributed towards the making of this thesis, all
of whom I am grateful to.

Particular thanks is directed towards my supervisors, Professor
David Mellor, Dr. Kevin Stafford and Professor Neville Gregory, who
through their many helpful discussions, guidance and unfailing
encouragement, provided me with the opportunity to develop a
thrill for scientific research and learning.

Dr. Robert Bruce for his ever-reliable and cheerful help during trial
work.

Neil Ward for his valuable technical advice and hours of effort prior
to and throughout the trial days. Also Andrew Dinniss, Brett
Guthrie, Linda Sharp, Shauna Sylvester and Vanessa Tilson for their
willing help with the trial work.

The farm managers of Massey University Dairy No. 1, Andrew Jull
and No. 4, Sean Wilson, for their kind assistance in supplying trial
calves and facilities.

The Department of Physiology and Anatomy for providing me the
use of the R.I.A laboratory, and Jane Candy for her assistance while
I was working in it.

A special thank you to the postgraduates, Andrew Dinnis, Nadine
Gibbs, Kate Littin, Rebecca Osborne, Jo Robins, Chris Rogers, David
Simcock, Mark Simpson, Mhairi Sutherland, Shauna Sylvester, Sarah
Todd and Ricci Wesselink, for their many enthusiastic physiological
and philosophical discussions  throughout  this study, and
encouraging words particularly during the final stages of writing.

Finally I thank Ministry of Agriculture (MAF Policy) who financed
this study, and for providing the all important student stipend.



Abstract

Animal welfare has been the focus of greater public attention in
recent decades, increasing the demand for scientific enquiry into
the effects of particular agricultural practices on the well-being of
farm animals. The present study monitored the behavioural and
plasma cortisol responses of 3-4 month-old calves to assess the
distress caused by scoop dehorning during the first 9 hours after
horn removal, and the extent that this distress may be reduced by
minimising the scoop wound depth, or by giving prior injections of
local anaesthetic and/or a non-steroidal anti-inflammatory drug
(NSAID).

At the investigated scoop wound depths, the cortisol response which
followed dehorning (consisting of an initial peak, followed by a
decline at 2 hours to plateau values which did not return to control
levels wuntil about 7 hours after treatment), did not differ
significantly between deep scoop and shallow scoop dehorning.
However, NSAID administration abolished the plateau cortisol
phase. Local anaesthetic plus the NSAID abolished both the initial
cortisol peak and following plateau response, such that the total
integrated cortisol response was not significantly different from
control calves. Likewise the behaviour expressed by scoop
dehorned calves was most similar to that of pain-free control calves,
when both local anaesthetic and the NSAID was given prior to horn
removal, compared to either drug alone, or neither. This infers that
the distress caused by scoop dehorning in calves has two main
components: an initial amputation pain and a more slowly
developing inflammation pain, the former alleviated by local
anaesthetic and the latter by NSAID.

Administration of local anaesthetic while abolishing the cortisol
response during its nerve-blockade action, did not significantly
reduce the overall cortisol response due to a marked rise after
nerve-blockade effects ended. This suggests scoop dehorned calves
despite being given local anaesthetic, still experience notable pain in
the hours following scoop dehorning which is likely to be
inflammation-induced.

The results of this study suggest little benefit in implementing a
shallow scoop strategy in order to reduce post-dehorning pain-
induced distress. Rather, administration of an anti-inflammatory
analgesic in addition to local anaesthetic prior to scoop dehorning is
likely to offer improved pain relief in calves undergoing this
amputation procedure.



v

Table of contents

Acknowledgements ..cccoceiuieieiieininiieiieiereiereceiiececrererecesecscsesesecanss ii
PN .13 4 o Ll AN iii
Table Of CONtENtS...ccciieiiirerenriercerieteeecencesteccesossesescesoscoscoscossoscens iv
| 0 13 A0 ) D 71 0 o X vi
| 5 1) A1) S £ 1 1) 1 -SSR PRN viii
CHAPTER ONE: General Introduction....c.ccoceeeeeeeereereecrencencenennes 1
1.1 ARIMAL WEIFATE ... nenne 1
1.11 What is Animal Welfare?.........ccooeiiiiiiiiiiiii i 2

O A ¥ § + 5
1313 FDliStECS S Y. . . . S . . B0 . . T e el T SRR A - B - 6
1.2 Measuring Animal Welfare ..., 7
1.21 Plasma COTtiSOl ....oiinuiiiiiiiiiit e 7
1.22 BehaVIiOUT. ... e 9
1.3 OULLINE Of TRESIS.....ooieieeieeeeeeeetee ettt ettt 10

CHAPTER TWO: Effects of shallow scoop and deep scoop
dehorning on plasma cortisol concentrations in calves.....1 2

2.1 CRADIET SUMMIAT Y.ttt ettt esee et seenaas 10
2.2 INETOAUCLION. ...ttt ettt ssaneas 12
2.3 Materials ANAd MeELROAS............ueeeeeeeeeeneeieeeeeieeeeeeeeeee e 13
2.31 ANIMALS .ot 13
2.32 Blood sampling........oooiiiiiiiniiiiiiiiii i 13
P20 16 TS 5 /T 10 14 =3 4 U -0 14
2.34 Plasma COTtiSOl @SSAY........cviuiiniiiiiiiieeie i eaeeaee e, 17
2.35 Integrated cortisol TesultS........c.cooiiiiiiiiiiiiiiiiiiiiiiiiiiinn.. 17
2.36 Statistical analysSiS........ccovuiiiiiiiiiiiiiiii s 17
24 RESUILS ettt ettt a ettt s e st s e s s e 18
2.41 Integrated cOTrtiSOl TESPONSES......c.evuuiiiiitiiiii i eieeaeens 19
PR DS 0 T § g =724 (=11 T ) o £ P 19
2.5 DUSCUSSION......oeeenieeeeeeieeeeeeeeeer ettt sttt et ntes 19

CHAPTER THREE: Effect of long-acting local anaesthetic on
the acute cortisol responses to scoop dehorning in calves.2 7

3.1 CRAPLET SUMMATY.ueeeeeeeeeeeeeeeeeeeieeeteseeeseesese e ssstese s s sesessesesnssesansns 27
3.2 INEFOAUCTION. ...ttt ettt sttt 27
3.3 Materials ANAd MEIROAS..........oeeeeeeeeeeeeeee et 29
331 ANImals ..o 29
3.32 Blood Sampling......ccoouiiiiiiiiiiiiiii e 30
KIRCICIIN I <% 1800120 1§ SO PP 30
3.34 Plasma cCOrtiSOl @SS@Y.......coueiuiuiiinuiiniiiiiiiiiiiiiiiiiieiieii e 33
3.35 Integrated COTrtiSOl TESPOMSES....cuiuiiurinuiniiniiiiniiniiiieieieenaens 33
3.36 Statistical analySiS.........ccouiiiiiiiiiiiiiiiiiiii e, 34

Fe ROSULLS e e e e e e e e e s e e eeeeaaneensaaeaeeenneeaassssnneeeaaaneeneens 34



3.41 Integrated cCOrtiSOl TESPOMSES......couiiuiiriiiiiiiiiiniiiiiiieininnanenas 44
3.5 DUSCUSSTON. ...ttt ettt ettt s sae s aeaeees 44

CHAPTER FOUR: Effects of local anaesthetic and/or non-
steroidal anti-inflammatory analgesic on the acute cortisol

responses to scoop dehorning in calveS....ccccccieiiiiriiininiannns S
4.1 CRApPter SUMMQAIY ...ttt et seeees 51
G2 TNEFOAUCTION........oniiieieeeee ettt ettt ee e 51
4.3 Materials and Methods ...........cooeiniinnirieieneeeeeeeeeee e eeees 53

4.31 ANIMAIS ..o e 53
4.32 Blood Sampling .....cooeuiiniiniiiiii e 53
CICII B {119 101<) 11 £ 0 P 53
4.34 Plasma COTtISOl @SSAY ...ueneininniint it e eeaaens 55
4.35 Integrated cCOTtiSOl TESPOMSES.....coeiuuiiriuiiitiiiiiaiiiiiiieiaenanne. 55
4.36 Statistical analysiS.........cocooiiiiiiii i 55
G RESUILS ..ottt ettt ettt 56
4.41 Integrated cOTtiSOl TESPOMSES......uvuutiiutiiitiiiei it iieaeaaaeen 62
G5 DUSCUSSION....cuouieiiiiieeeeeeteee ettt ettt et et a e st e s s e sensens 67

CHAPTER FIVE: Effects of local anaesthetic and/or
nonsteroidal anti-inflammatory analgesic on the

behavioural responses to scoop dehorning in calves......... 71
5.1 CRhapter SUMMATY ..ottt e 71
5.2 INETOAUCTION. ...ttt ettt esa e 7l
5.3 Materials and Methods ............ooeoeeooeeeieeieeeeeeeeeeeteeeee et 73

531 ANIMALS .t e 73
IR B {:18 11 1) 1 1 £ 3 PP 73
5.33 Behaviour Measur€ments .......c..coiuuiiuiiuiieiniiiaiiaieaieaeeananns 75
5.34 Presentation and Statistical Analysis of Results..................... 76
54 ROSUILS ettt ettt ettt e e ne e i
5.41 Comparison Between Treatments........cccooovviiiiiiiiiiiiiiinnineneens 717
5.42 Regression Analysis With Integrated Cortisol Response........... 85
5.43 Comparisons Within Treatments Across Time..................... 102
5.5 DIUSCUSSION......ueeeeeeeeeeieeeieeeeeeetesteeteese e e s etesaessasessesseassessesssessansaasesneensensns 102

CHAPTER SIX: General Discussion.....c.ccccciecieieieceirecaceenennene 106
6.1 Major CONCLUSTONS.......uueeeeneeeeeeieeeeeete ettt ees 106
6.2 Experimental Design and LimitQtiOns.............ovmoeeeeenennn. 109
6.3 Practical CONSIAErAtiONS...........oeeeeeeeeeeeieeeeeeeeeeereeee e aeaenas 111
6.4 FULUTE DITECIIONS ...t aeeee et se e sae e sa s snneans 111
6.5 Personal COMMENLS .........oeoeeeereeieeeeeteeereeieeieessesssstessessessesssessestesenes 102

| 13 D 2 1 U -1 RN 114



List of figures

Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

Fig

Fig

Fig

Fig

Fig
Fig
Fig

Fig

23
2.2:
2.3
2.5:
3.1:
3.2:
3.3:
34:
3.5:
3.6:

3.7:

4.1:

Shallow scoop used to disbud the horns of calves................. LS
End view of shallow scoop and deep scoop blades................ 15
Horn amputation using the SCOOP....ccivimriineniicceirinecnns 16
2.4: Relationship between plasma cortisol concentration and the
sample order for the pretreatment blood sample............... 21
Changes in plasma cortisol concentration in calves in
response to shallow and deep scoop dehorning..................... 23
The blood sampling procedure. .......cineiiicnncneicnniecnenes 31
Injection of local anaesthetiC..........cocommivecierienncnenerenieeneeaen. 32
Relationship between plasma cortisol concentration and the
sample order for the pretreatment blood sample................ g5
Changes in plasma cortisol concentration in calves in
response to handling and LA administration.............cc..... 39
Changes in plasma cortisol concentration in calves in
response to scoop dehorning with and without LA4....... 40
Changes in plasma cortisol concentration in calves in
response to scoop dehorning with and without LAS.......... 41
Changes in plasma cortisol concentration in calves in
response to scoop dehorning with LA4 or LAS.................. 42
Relationship between plasma cortisol concentration and the
sample order for the pretreatment blood sample............... 58

4.2:

4.3:

4.4:

4.5:

4.6:

5.1:

5.2:

54:

Changes in plasma cortisol concentrations in calves in
response to handling, and local anaesthetic and/or NSAID
AdMINISIIATION. ottt st 60
Changes in plasma cortisol concentration in calves in
response to scoop dehorning with or without NSAID
(KELOPTOLEM) ettt 63
Changes in plasma cortisol concentration in calves in
response to scoop dehorning with or without NSAID plus
LD, . o s s - < 5 - SRR RS SRR s s 64
Changes in plasma cortisol concentration in calves in
response to scoop dehorning with or without NSAID plus
LA - s o s oo 5 R E e TR T o< 64
Changes in plasma cortisol concentration in calves in
response to scoop dehorning with LA4 or NSAID + LA4...65

Percentage of calves lying at 2, 4 and 6 hours after each

EF@ATIMEIIT. oottt ettt et ettt e et s s 79
Mean percentage of calves lying during first 6 hours, and at
24 and 48 hours after each treatment........ccccomvevnvvcnennee. 80

Mean percentage of calves ruminating/grazing during first
6 hours, and at 24 and 48 hours after each treatment.....8 2



vii

Fig 5.5: Percentage of calves tail shaking at 2, 4 and 6 hours after
€ACh  trEALMENT. ..oueeieiiie ettt 86
Fig 5.6: Mean percentage of calves tail shaking during first 6 hours,
and at 24 and 48 hours after each treatment........................ 87
Fig 5.7: Total number of tail shakes observed at 2, 4 and 6 hours
after each treatment......ooiviniiiinricne e 88
Fig 5.8: Total number of tail shakes observed at 24 and 48 hours
after each treatment..........cooiiminiicnene e 89
FIG 5.9: Percentage of calves ear flicking at 2, 4 and 6 hours after
each reatment. ...t 90
Fig 5.10: Mean percentage of calves ear flicking during the first 6
hours, and at 24 and 48 hours after each treatment.......... 91
Fig 5.11: Total number of ear flicks observed at 2, 4 and 6 hours
after each treatment.......ooiiiiiienccce et e 92
Fig 5.12: Total number of ear flicks observed at 24 and 48 hours
after each treatment...........cooiiiiiiiiininiierrcere e 93
Fig 5.13: Percentage of calves head shaking at 2, 4 and 6 hours
after each treatment...........coooiiiiiiiiinniineeeee e 95
Fig 5.14: Percentage of calves head shaking during the first 6
hours, and at 24 and 48 hours after each treatment.......... 96
Fig 5.15: Percentage of calves leg lifting at 2, 4 and 6 hours after
€aCh  rEALIMENT. ccuoueiiiii ettt s 97
Fig 5.16: Percentage of calves leg lifting at 24 and 48 hours after
€ach reatment. . ...ttt 98
Fig 5.17: Percentage of calves grooming at 2, 4 and 6 hours after
€aCh  IrEATMENL. oottt et 99
Fig 5.18: Percentage of calves grooming at 24 and 48 hours after
€aCh  (rEAtMENT. . cioiiiieiiiieeeee et 100
Fig 5.19: Linear regression of integrated cortisol response versus

mean percentage behavIOUT.........ciiniinnicnneneeeeenee 101



List
Table

Table

Table

Table

Table

Table

Table

Table

Table

of

2.1:

2208

2.3:

3.1:

3.2:

4.1:

4.2:

5.1:

5.2:

viii

tables

The mean dimensions of amputated horn buds for the
dehorning treatment groUPS. ....coercnieirerenineeeeerenenennens 20
The pretreatment plasma cortisol concentrations for
each group and the integrated cortisol responses for the
complete recording period of 9 hrs, the first 1.5 hours
and final 7.5 hours after treatment..............ccooovvvnnnnnes 22
Linear regression analysis of integrated cortisol
response at three different time periods versus horn

bud parameter MEaSUTEMENtS. ....cccoooermieueeninerucneecreeeeeeeas 24
Plasma cortisol concentrations in calves 0.33 hours
DELOLE  CFCANTINCTIL uues v s omsamsisnsssassvomsanss'svs5757555sas's5 anmunmaiasasss sasase 37
The mean integrated cortisol responses for each group

over the complete recording period of 9.33 hours, the
first 3.83 hours and final 5.50 hours after treatment...43
Plasma cortisol concentrations in calves 0.33 hours
before treatment. ......ccooeeeiiiieeieeeeeeeeeeeeeceeeeeeteere e e e ereeeas 57
The integrated cortisol responsesfor each treatment
group, over the complete recording period of 9.33 hours,
the first 3.83 hours and final 5.50 hours after

LT EALIIIETIE .« e et ee et ee e e eeeeeeeeeeeeaeeeteeaeeeeeseeseeeseanneeeaneeeaneens 66
Number of ear flicks and tail shakes observed per calf
in the hours after each treatment.........coccooooemmieeoveoeeeeeeennne 94

R values for linear regression of integrated cortisol
response versus mean percentage behaviour............ 101





