Pain and its Control
In
Routine Husbandry Procedures
In

Sheep and Cattle

Prepared by Michael Hayward BVSc MRCVS
for the ACT Animal Welfare Advisory Committee
March 2002



Contents

Routine Husbandry ProCEAUIES...............commmmm e eeeeeeeeeeteeeesessitnnnnsssseeeeeeasaasseaseaeaaseeessesnmnnn 3
(O 111 21 1[0 ] [PPSO PPPPPPPPPRPPR 3
1= V1 5 T T (1 T 3
[T 0o 1 11 o Vo [P PUUPT 4
YT =S T o 4
(V4 [ B o] o] o] [ o SRR UPPPPPTTRTRTPPRPT 5
o 1= (10> 1o o O 5
(@] o Tod 8150 o RSP PP PP 6

B =T ST U= o) = o U 7

Pain, Stress, Distress and their MeasSUremMENT.. ... 9
Cortisol and the Hypothalamic-Pituitary-Adrenal BXi............ccoovvvviieeiiiiiinieeee e s 10
BERAVIOU ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e bbb as 12
Salivary cortisol and “fre@ COItISOI”........omeeeeieeiieeeere e e e e e ee e e e 13
(0T =T 0o (0] 1 0] 11 KPS URRPPPP 14
Afferent activity (ascending nerve impulses) of superior spermatic nerve .................4..1
Noxious mechanical threShOIAS ...........oovceeee e 14
ElectroenCephalogram..... ... e 14
Observation of Inflammatory Lesions and HealingGu.........ccccoveiiiieeeiieiiieceeiiiiiieeeeeeeens 14
ACULE PhaS@ PrOtEINS. ......uuuiiiiiiii e ceeeeee ettt e e e e eaa e e e e e e e e e e e e e eeeeesesennnnns 15
(O (=To3 010 ] F= T 11 01 SRS 15
Hands on and Hands off Measurements Of StreSS.........ooooviiiiiiiiiiiiiiiiiicie e 15

Comparison of techniques and analgesic regimeashdndry procedures - Sheep.................. 17
NON-SUrgiCal StEIIISALION .......ceiiiiiieieeeeeee e e e e e e e e e e e e e e e e e e e e eeeeeeeeenannns 17
YU o [[or= 1IN (=T ox o oo [0 1 17

L= T 1 =1L SRR PPPPPUTPRUPRRRN 17
1K= V1 L1 o PSSR 18
SIS CT= T o o PSPPSR 18
YT =S T o 27
Systemic ANAlgeSICS IN SNEEP ... e 28
YU = T == o R 30
Castration and TailliNg .........cceuuuiiiimmiarmmmm e seeeee s e e e e e e e e e e eeeeeeaaaee 31
(O 111 - L1 P 33
1= U1 1 o OO PRPRPPPR 33
(0] o o3 110 o SRR 36
Comparison of techniques and analgesic regimeashdndry procedures - Cattle................... 37
(O 111 - 1] 1S 37
Chemical CastratioN ...........uuuuurii et e e e e e e e e eees 37
NON-ChemiCal CastratiON...........ciiie e cceeeees e eerrr e e e e e e e e e e eaees 38
(0] o o3 1] 0] o H0U PP 41
[DJE{0]18Te [o [TaTo ir=TaTo I T=1 o] 11 oo PSR 41
RESEAICI .. e e e e et et et e ettt ettt e nnn—— e e b et b e e e e aaaes 42
SUMIMIAIY ¢ttt et eer e e e et e et et e et et e e et e e e e eea e e et s e e eeeeaa e e een e e e esnnneeennns 48
(0] o o3 1] 0] o E0 PP 51
2] 7= 1 o |1 Vo SRS 51
(0] o o3 1] 0] o HPU PP 53
(0] o od 110} o 0SSR 54
Y] (=] €= o =T PRSP 57
Page 2 Livestock Husbandry Review

March 2002



Routine Husbandry Procedures

Domestic livestock (sheep, cattle, goats, pigs,lasslcommon examples including deer and
small camelids such as alpacas) are managed bgifarto maintain their health, welfare and
productivity. This review will focus on some asfseof the management of sheep and cattle,
since pigs are not kept for production in the A@iigd because sheep and cattle numbers far
exceed those of the other species. While the Imasipaf these other species may differ from
that of sheep and cattle, the principles reveajethis review may be applicable to other
species until specific research has been condudtethould be noted that significant research
has been conducted into the welfare (and othedaspf the harvesting of velvet from deer,
and that an industry accepted accreditation sclesfogcing the use of local and systemic
analgesia (pain relief) is in place for this spscie

This review is concerned with those aspects ohtisbandry of livestock which include
deliberate tissue damage, specifically:

Castration, tail docking, mulesing, dehorning, gzdropping” and identification of sheep

(and goats)

Castration, tail docking, dehorning and identificatof cattle
Other procedures such as vaccination (where tlhemifort of skin penetration is momentary,
although there is stress associated with animallirag), shearing (including crutching,
wigging etc) and foot paring, where tissue damageccidental, will not be considered in this
review.

Castration
Reasons for castration include:

To avoid indiscriminate breeding and maintain gensintrol of breeding stock

To avoid risk of injury as a result of sexual rethbehaviours

The belief that castration improves carcass corgtion and quality and avoids carcass

downgrading due to male “taint”

To avoid the discount such carcasses attract@skalghter

To avoid other “disruptive behaviour§{broken fences, escaping stock etc)

To fulfil legal requirements for example in relatito overseas export of live animéls
Although there are niche markets for bull and raeaincastration will remain essential across
both the sheep and cattle industries for the fexsle future. While ram lambs could be
“turned off” before puberty and the associatedttatdevelop, this relies upon rapid growth rates
which are not reliable due to variable weather @idatic conditions in this area.

Tail Docking
Tail docking of sheep is performed to reduce flesmiéng (of the tail and breech[perineum))

and hence fly strike. Tail docking is essentialdth replacement sheep (i.e. those which will
remain in the flock for a number of years — ramgd ewes for breeding and wethers for wool).
Experiments in Victoria have shown that althoughdacking is not absolutely essential to
maintain the health and welfare of prime lambsllip@duction zones, rates of fly strike and of
chemical usage are likely to be higieiThe impact of flies may be minimised in seasons
where rapid growth and early turn off are possibig,this is neither practical nor predictable.
Tail docking of sheep will continue for the foreabke future.

Tail docking of dairy cattle is common in some arédew Zealant] Victoria”, and Tasmania),
but rare in other States. Docking is banned in DekimGermany and the United Kingdom but
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common in Ireland and the USA. Tail docking ofrgaiattle has been performed to improve
milking shed and udder hygiene, cow health and plade health and safety, importantly
because of the belief that this procedure wouldecedhe spread of Leptospirosis (Weil's
disease) in dairy farmers Existing scientificdmnce does not support claims that tail docking
of dairy cows reduces the prevalence of mastitiproves the clinical health of cows, reduces
the soiling of teats and udders, reduces bacteoiaiamination of milk or reduces the incidence
of leptospirosis in staff, and there are movesiforee a ban on tail docking of cattle
Neuromas (a tangled mass of disorganised axongg(ffieres) which may grow where a nerve
is severed, and which may cause pain) have beew fiouhe tail stumps of cows slaughtered at
more than 3 years of age which had been dockedanktiife at 12-18 months of afe.
Hyperalgesia and phantom pain may occur in livéstas they do in people. However, other
welfare problems may occur due to reduced abititgwat flies and perhaps through loss of a
social or mood signallét. Finally, there is only one dairy farm in the AGW¥hich does not
practice tail docking, so this procedure will netdonsidered further.

Dehorning
Dehorning, or horn trimming, is performed in sheelatively rarely, because many breeds and

classes of sheep are naturally polled (born withouhs) or are sent for slaughter at such an
early age that horns do not pose a risk to othienas or handlers. Some older sheep
(especially rams) have their horns tipped or trirdrteeavoid self-damage (growing into the
face) or damage to other sheep e.g. when fighting yards. This procedure is usually
performed with a saw or bolt cutters (or equivalemd does not involve sensitive tissue. Some
(perhaps 10% of) wethers whose horns begin to gooward their heads (commonly at 2-3
years of age) may have the outer shell of the btsipped off with a sharp twisting movement.
This only needs to be performed once.

Dehorning of cattle is commonly performed in breethéch are not naturally polled to improve
safety for stock handlers, to reduce injuries teeoanimals and carcass damage in anierals
routeto slaughter, and as a requirement for cattlerergiéeed lots. The extent of dehorning,
and indeed the proportion of polled versus horregtlecin the ACT is not known. This could
be explored through a survey of rural lessees.

Mulesing
Mulesing of sheep is a technique where strips dalvbearing skin are removed around the

anus and tail of sheep to induce scar tissue whinbt wool bearing. The intention is to
minimise moisture and faecal contamination of pealrwool, in order to prevent fly strike.
Other measures to prevent fly strike include pé&aintrol to prevent scouring, crutching
(shearing of wool from the perineal area), selectibsheep with fewer “wrinkles”, application
of insecticides to sheep, blowfly control (e.geesde of sterilised male flies) and, of course, tail
docking. Mulesing has been shown to dramatica@tiuce the incidence of breech strike in
otherwise well managed sheep flo€kBlowfly strike is acknowledged as a major welfare
problem for sheep (causing pain, illness, deathstreds of treatment) and “the most important
problem confronting the wool and sheep-meat inéesstn Australia today*.

There are a number of techniques for mulesing. sbaealled “radical” mules procedure can no
longer be justified on welfare grounds, and shduddbandoned for the “modified” technique
or one of its variants. Consideration could beegito banning the radical mules operation to
improve the husbandry of sheep.
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The mules operation is typically performed at lamdrking (1-7 weeks of age), without
anaesthesia or analgesia. Even the most stridentates of mulesing agree that is a painful
procedure, but one which is well justified in reshgclater suffering and death. Like all
husbandry procedures, the pain and stress of tueguare are inversely proportional to the
skill, experience and care of the operator, and3WwW about 60% are done by contractors, who
are likely to be much more experienced than stoakens. There is a mulesing accreditation
scheme managed by the Livestock Contractors Assmtiaf NSW, but accreditation is not
compulsory.

Chemical alternatives to surgical mulesing havenlseyeloped, and formulations containing
phenof', a complex of the polyanionic glycosaminoglycamskin with a cationic compoufid
and quarternary ammonium compoutidsave been shown to be effective, as has irradidtio
However, these methods have either been impragticabt found favour with farmers.

A recent press release heralds a major advanbésiarea from the CSIRYO In conjunction

with Virbac Australia Pty Ltd, a new “Breech StriReevention Technology” has been
developed. After close clipping, a “natural compdiis painted onto areas of the breech
which are to be rendered wool free. Metabolisitheaskin makes the compound photo-active,
when light of a limited wavelength is applied fewveral minutes, some skin organelles are
destroyed, including hair follicles. The technigs@pparently not constrained by age, but
would probably not be done at lamb marking timavoid castration and tail docking wounds
and blood. Because of the artificial (filtered)Ht source, it would probably be performed
indoors, using a cradle or bail for restraint. Pheduct is at least 5 years from commercial
releasg””"

It is generally accepted that mulesing will conéras a routine component of the husbandry of
replacement sheep in the ACT for the near futUiee welfare of sheep could be improved by
encouraging the training and accreditation of ojpesafor performing the mules operation, and
by legislating that only accredited operators bevadd to perform the procedut€.

Mulesing will be further mentioned in passing isalission of pain control for other husbandry
procedures.

Pizzle Dropping
“Pizzle dropping” of sheep, a technique intendedettuce the incidence of “pizzle rot”
(infection and fly strike of the prepuce) has babandoned due to lack of efficaty.

Identification
Identification of livestock is both a practical aledal requirement. Identification establishes
ownership, fulfils requirements for “trace back” éyimal health authorities (for example, for
drug residue testing) and enables individual anigettification for breeding and other
management purposes. Methods used include:

Branding of cattle (almost exclusively hot ironhat than freeze branding)

Horn branding of sheep (rare)

Ear tags

Ear notching

Tail tags
Hot iron branding is performed less commonly theevusly, partly due to the reduced value
of hides when marked with brands, but is still édesed necessary by many ACT rural lessees ,
especially those in more isolated areas, as proteagainst cattle theft.. Although clearly a
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painful procedure, there appears to have beea td8earch into the alleviation of pain from this
procedure.

Ear tags are commonly applied in cattle (and &sadr extent, sheep), usually at “marking
time”. Sheep are routinely “ear notched” for pmapédentification (and commonly age), and
this is currently a legal requirement (section 2the ACT Stock Actl991]) associated with foot
rot control. Ear tagging and notching are quiakgedures and | am unaware of research into
welfare aspects of these procedures, so they utilba discussed further, except in passing.

Tail tagging of cattle is routinely performed fdr @animals for sale, is a legal requirement, and
is not a surgical procedure. It will not be furtiéscussed.

Conclusion

Castration of all sheep and cattle, mulesing amhddgking of all replacement sheep, and
dehorning of a percentage of cattle will continse@utine husbandry procedures for the
foreseeable future. This review will consider t@gaes for optimising the welfare of animals
undergoing these procedures.
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The Issue of Pain

It can be argued, and is generally
accepted, that most or all of the
husbandry procedures routinely
performed upon livestock
animals are necessary, not just
for ease and convenience of the
stock handler, nor just for
productivity, but also for the
health and long term welfare of
the animal itself. Farmers would
not have continued to perform
these procedures, sometimes at
risk to them selves, unless there
was a clear and observable
benefit, and scientists would not,
in the last century, have
continued to conduct research
about these procedures (for
example, tail length in lambs).
While increasing production can
push an animal beyond the limits
of acceptable welfare, when an
animal is taken out of its

“natural state”, animal ,
production improves as animal welfare improvés.

But do these procedures cause pain? Can animagsierce pain, and if they do, is it the same
as the way we experience it? Pain was definethéynternational Society for the Study of
Pain as “an unpleasant sensory or emotional experiassociated with actual or potential
tissue damage”. There is a purely physiologicahgonent (nociception), and a psychological
component (the experience of pain). Another definiis “an aversive sensory experience that
elicits protective motor actions, results in leara@oidance, and may modify species-specific
traits of behaviour, including social behaviodt”.

In mammals, and possibly in other vertebratesreébeptors, nerves, transmitters, and spinal
pathways are the same as in humadnso are the physiologic mechanisms such as auionom
responses, neuro-endocrinological changes, anealEectro-Encephalo-Graphic (EEG)
responses. Behavioural responses are similamradgavoid noxious stimuli that are painful to
human beings. Threshold measures (e.g. temperakingpressure) are comparable for
aversive behaviours (withdrawal, avoidant®).

The perception of pain, or at least the unpleaaspécts of pain, is likely to occur in the pre-
frontal cortex, at least in humans. Most animaicsps have relatively small areas of pre-frontal
cortex, and this has been used to argue thatghaieption of pain may be less than dtls.
However, the size of the pre-frontal cortex maylma determinant of the experience of pain,
or other areas of the brain may fulfil this roleoither species. There is no reason to suppose
that the perception of pain evolved as a wholly sewsory phenomenon in humat.

Page 7 Livestock Husbandry Review
March 2002



It is generally assumed that if a procedure isfphin human beings, then it must also be
painful in animalsX¥ "' While it is “unclear what form animal experien¢ake and unlikely
that their experience is as complex as those ofamgminder similar circumstances, intact
awake animals are capable of sensory experien¢ash \fgiven the opportunity), they avoid
and which modify their biochemistry, physiology dmehaviour in species-specific ways which
can be related to those seen in humans experiepainty™""

Just as we accept that there are individual diffege in the response to pain, some of which are
associated with age, gender, and health statuskitdd PA 2000 1-8), there are also
differences between species and between breedaniAral’s response to pain can be a
determinant of its survival. Amongst prey animéhg behaviour in response to pain, which is
most likely to help them to survive, is the behaviarhich does not attract the attention of
predators. This applies to cattle, sheep, goato#rer wild herbivores which appear more
stoical and do not overtly demonstrate that theyimipain. Predators on the other hand, can
afford to demonstrate pain, as can be more read#y in dogs and cats. A third group are
those animals which live in a well developed sostalcture, where clear demonstration of
pain, often vocally, will bring others to defendlaelp the injured individual — this may happen
in pigs, monkeys and possibly elephants and dodphiftumans, which are both predators and
social animals , may be a very poor example opaéf animal response to pain.
Consequently, to judge the pain animals experiéydbe way humans behave will seriously
underestimate their suffering in most cases.

But is the fact that animals suffer pain importafiPain may have a certain protective role in
minimizing tissue damage. Animals learn many thiagout their environment though pain,
and acute pain frequently serves to change behaamiprevent further tissue damage.
However, pain may also serve as a stimulus fordetste behaviour. ....Pain and suffering are
associated with maladaptive physiologic responedsw@aladaptive behaviours. ....there are no

XXV1

beneficial effects of unrelieved pain in animals.’”.

To simply regard pain as an unacceptable stataibeas its detrimental effects on the animal
(and its production) ignores the ethical componéAs soon as one has admitted that animals
can be hurt in ways which matter to them, or examitied that animals are entitled to humane
care and treatment, or that unnecessary animarsufis wrong, one has implicitly but
inescapably presupposed that animals are in thalramgna, that it makes sense to talk about
them in the moral tone of voice, that one can beathyowrong in how one uses or treats
animals, none of which we could say of chairs oe@harrows™™" It is the view of the

author that allowing an animal to suffer avoidgtéen is morally wrong and is repugnant to
most in Australian society. This review exploreglence for pain associated with routine
husbandry procedures, and considers ways to miaithespain (and stress) of such procedures.
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Pain, Stress, Distress and their measurement

In order to determine whether a procedure causesip& necessary to select certain
parameters to observe which reveal an animal’sorespto pain. Further, if different
procedures are to be compared for their “degrgmifulness”, these parameters must be
observable, repeatable, recordable, and gradabilat s, we need some objective measures of
“painfulness”. And especially if we are to reconmdéhat certain procedures or techniques be
either used or abandoned, it is necessary to leet@alprove that there is a benefit to the animal,
in reduction of pain, associated with the recomneenarocedure.

It is not possible to directly measure “paifi*’ . Even amongst humans, it is very difficult
to compare levels of pain — is your experienceawh greater or lesser than mine? This has
been partly overcome by the development of “paates®. Such scales integrate objective
(heart and respiratory rates, blood pressure) abjgstive (spoken descriptions in people,
behavioural changes in animals), and such scalesteen explored and developed for dogs,
X0 Xt "and have been used in studying the pain of ¢astrim lambs.

In reality, these “pain scales” are not measuriaig pout rather indicators of stress and distress.
Stressis a physiological response, indirectly measurélglearious objective parameters
including hormone levels, by which the body attesitptresume homeostasis (return to
“normal”). These changes are induced by a “strg'ssoch as excessive environmental or
psychological pressurés;" or human intervention. Technically, it is not et to speak of
stress as the external effector, although even dae8iictionarie§8™" may use this more
common parlance.

Distressrefers to the emotional content of noxious expes that elicit physiological stress
responses in animals, whether that noxiousnesgdominantly emotional (fear), physical
(vigorous exercise) or a combination of both (pain)

Pain-induced distressis used to indicate the interacting emotional jphgsical facets of the
noxious experience:

Stress is a complex issue. There is no one belsigical variable by which to measure it.

While there is no one non-specific stress respargeh characterises all types of stressors,
many very different stressors can result in vemyilair stress responses. Inter-animal variability
in response can confound assessment of stresthenechas been difficulty in establishing a
correlation between stress measures and a meahimgfact on an animal’s well beirig:’ **"

Moberg points out that the end point of a meastistress should be a biological response that
has a meaningful impact on the animal’s well beiklg defines a sequence from the stimulus
(stressor), perception of stressor, organisatidnalbgical defence, biological response
(behavioural, autonomic, neuro-endocrine), chand®dlogical function, pre-pathological
state, to development of pathology. He considasdnly the last two are meaningful as
measures of stress or distress, but concedes thaltaogical and inhumane to allow animals to
enter a pathological state in order to asses®sas$tl situation. Therefore, he proposes that
investigators use the pre-pathological state agiligpoint for such experiments”
Unfortunately, it does not appear that any reseairlshs moved beyond the physiological
markers below in investigating pain and distredsusbandry procedures. Moberg’s
suggestions for pre-pathological indicators — immaappression and altered reproductive
function - are open to investigation, but are ppshass likely to be altered by short term
stressors such as those discussed here.

Page 9 Livestock Husbandry Review
March 2002



Many physiological and behavioural indices may lBasured in the assessment of stress and

distress in animals, including:

Physiological indices

- Blood hormones — nor-adrenaline, adrenaline, aatripin releasing factor (CRF), adreno-
corticotropic hormone (ACTH), gluco-corticoids (eagrtisol in mammals, corticosterone
in birds and reptiles), prolactin, oxytocin
Blood metabolite concentrations — glucose, laatid,dree fatty acid€y)-hydroxybutyrate
Other variables — heart rate, breathing (rate apdh), packed cell volume, sweat
production, muscle tremor, body temperature, plazraaid glycoprotein levels, blood
leucocyte levels, cellular immune responses, huhimiraune responses

Behavioural indices
Vocalisation — whimpers, howls, growls, screamantg, moans, squeaks, squeals, chirps,
silence
Posture — cowers, crouches, huddled, hiding, I{iegs extended, all or some legs tucked
in), standing (on all or not on all legs, rigid dldeagainst wall, drooping)
Locomotion — reluctant to move, awkward, shuffiaggers, falls stands up/lies down
repeatedly, circles, escapes/avoidance movemeaadsiq restless, writhing
Temperament — withdrawn, depressed, quiet, dauilgerable, agitated, anxious,
frightened, terrified, aggressivé

Cortisol and the Hypothalamic-Pituitary-Adrenal Axi s

One of the most commonly used markers for “strestfiie measurement of blood cortico-
steroid levels. The cortico-steroid (gluco-cortthchormones (mainly cortisol in mammals) are
released from the cortex of the adrenal gland afterulation from the hypothalamus and
pituitary gland, and initiate protracted metabali@ anti-inflammatory responsg&8’ Almost

by definition, cortico-steroids are considered stse€'ss hormones”. Moberg argues that because
these hormones evolved to help an animal copestigissors, they cannot be taken as measures
of change in the animal’s well being. Rushen pardut that Cortisol levels rise in association
with coitus and with expectation of the deliveryfobd, and with voluntary exercise in human
subjects, situations we would not associate witsstor distresS:"" In response, Barnett

argues that the sort of pathological and pre-patiichl states considered useful by Moberg
(loss in body protein, reduced reproductive perfmoe, sustained increase in metabolic rate,
suppression of the immune system) are seen in &nfgere there is a compromise in welfare,
and “are a consequence of a sustained elevatioort€osteroids, that is, a chronic stress

XXXViil

response.

In a review published in 1990, the Australians B#rand Hemsworth suggest that the
threshold for the adrenocortical system may bedrigian for behavioural systems, that is, that
behavioural evidence of a response to a treatmawpti@a seen in the absence of a cortisol
response, if the level of distress is less. Thagtmput that while the stress response is an
adaptive response, it has a cost including theldpaeent of ulcers, hypertension,
arteriosclerosis and immune suppression (all sedmei pig).

They also suggest a level at which cortisol respsmsay indicate detrimental consequences —
when there is a rise in free cortico-steroids @0%0, at least for housing and handling (human-
animal interaction) situatior’§™™

Recent research has also confirmed significantaot®ns between the endocrine, immune and
central nervous systems. Cortisol is released trancortex of the adrenal gland due to a surge
in blood levels of Adreno-Cortico-Trophic Hormor&QTH). This hormone is released from
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the pituitary gland in response to raised levelghefneuro-peptide Corticotropin releasing
hormone (CRH) from the hypothalamus. CRH also asta neuro-transmitter, playing a key
role in the activation of endocrine, physiologiagauro-chemical and behavioural responses. It
activates the sympathetic system resulting in daiseels of catecholamines, blood pressure
and heart rate. It also acts in areas of the lardtical for cognitive function and emotion.

Thus, blood cortisol may in part reflect activatmimall of these components of a stress
response. Stress, acting through CRH and othekiogs from the immune system, may cause
animals to learn faster, and the resulting behawiazhanges may be adaptive to maintaining or
restoring immune system homeostdsis.

Blood cortisol levels have been shown to rise sposise to a wide range of husbandry and
clinical procedures — see Table 1. This does regtmithat cortisol is a measure of pain, but has
been used to indicate the overall noxiousnesseoéxperience, including both physical and
emotional components. If two groups of animalstegated identically, except that one group
acts as a “control” for a group who experiencergisal husbandry procedure (such as
castration), and cortisol levels are found to higgher in all the treated animals than in the
control animals, then it would be foolish to presuthat the cortisol rise indicated anything
other than stress or distress.

It is important to note that the cortisol respoisseelatively slow and that catecholamines
(adrenaline, nor-adrenaline) may be more usefabsessing the early stages of the distress
responsé’"

Table 1- Noxious, unpleasant or challenging experienoesvk to stimulate the hypothalamic-
pituitary-adrenocortical system

Physical Injuries Emotional challenges
Branding Anger/rage
Cautery (hot-iron) Anxiety/fear
Cryo-cautery (freezing) Anticipating/remembering challenge
Burns Electro-immobilisation
Castration Strange environments/isolation
Cutting (knife) Unusual handling/restraint
Constriction (rings) Shearing
Clamp (burdizzo) Mustering/yarding/barking dogs
Chemical Transport, loading and unloading
Disbudding, cautery (hot iron) Predator-prey interactions
Dehorning, cutting (amputation) Social dominance expression
Mulesing, cutting
Tailing Physiological challenges
Cutting (knife) Extreme cold or heat
Constriction (rings Hypotension
Cautery (docking iron) Hypoxaemia
Tooth grinding Vigorous exercise
Surgical injuries, post-anaesthetic Metabolic disease
Other physical injuries _ pregnancy toxaemia

Some disease states x>

Recording and graphing repeated blood cortisaltemgainst time, enables comparison of the
speed of change, the magnitude and duration afdhesol rise , between different groups of
animals undergoing different treatments. Themoisingle numerical factor which defines
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distress response. Mellor and co-workers haveldpgd and used the “integrated cortisol
response” (the area under the cortisol curve teatabove the pre-treatment concentration) as a
useful parameter for comparative purposes, but lthergified potential shortcomings if used

alone™

“Cortisol has been used extensively to assesedsstrecause its response magnitude as
indicated by peak height, response duration andfegrated response, usually accords with the
predicted noxiousness of different procedurés’Some treatments may not induce a response
greater than the “control group”, illustrating tsiteong emotional component of the cortisol
response to “mock treatments”, and in other casesral, differing, treatments may all record a
similar, maximal, cortisol response. In these sages likely that that either the most painful
factor predominates, or that there is a “ceilinfigef. This may lead to an underestimation of
the noxiousness of more invasive treatments.

Loss of control and “helplessness” have been ifledtas major stimulators of the stress
responsé”’, and the emotional content of the distress expeeé by animals undergoing
husbandry procedures is an important, though ligb®gnised, consideration for those
interested in improving their welfare and well lpirDantzeet al stressed the importance of
assessing these physiological indicators in cotjonaevith behaviour to assess mental
experiencé”™ There is also a strong interaction between beaénd hormonal responses.
While it has also been shown that hormones cawtaffhaviour, the specific behaviour in
which the subject engages is critical to the qualitd intensity of hormonal respongéstor
example, lambs which were isolated and restraioe@ hours (binding all four legs with
adhesive tape and isolation from tactile and visoatact with other lambs) demonstrated
elevated blood cortisol levels for the durationmestraint. Values rapidly returned to normal,
and this period of stress did not affect cell-megtidmmune function in these lamfis.

Behaviour
While behaviour can and should be used to asseasiamal’'s psychological well-being or
“mental state®" " as an important indicator of welfare, behaviour atso be used for
monitoring pain-induced distress. Behavioural oeses to pain may achieve four purposes:
- Automatic protective responses (e.g. withdrawal)
Those that minimise pain and assist healing (giigg Istill)
Those designed to elicit help or stop further fgmeimg inflicted (e.g. vocalisation,
posturing)
Those that induce learning or modify the animaédwviour to avoid recurrence of the
experience

The behaviour may be presumed to indicate painsfseen in treated but not control animals,
and if treated animals do not manifest the behaviqure-treated with effective local
anaesthetics. Different treatments may inducesfit, treatment-specific behaviours,
preventing a direct comparison of the noxiousnésseatments by behaviour alone. In these
cases, physiological indicators are useful to campevels of noxiousness (pain). Behaviour
may be used to identify different features of thénginduced distress response, through
response magnitude and duration, but there areulifés. ™

When different treatments elicit unique behaviouesbonses this probably occurs because the
sensations experienced by the animals are noathe,ecause different tissues are damaged,
or the same tissues are damaged in different w@gsnparison should always be made
between similar animals (age, sex, genotype, maneg® under similar conditiorf&.
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Components of behaviour must be very carefully nlexk assessed and recorded. The
abnormal behaviour may occur in “normal” individsiabut at a reduced frequency or
magnitude compared to treated individuals. Sintlardifferent behaviour patterns must be
differentiated, and the observer must be lookingstdtle effects.

Certain trends have been consistently found in\oehgal observations of the (presumed) pain
response to castration and tailing in lafiBg"
An increase in restlessness generally indicatesaease in pain (for rubber ring methods)
(however, it is not reliable to compare levels ainpbetween treatment groups by
comparing the level of restlessness, and it shbaldoted that restlessness develops into a
period of pain-induced immobile lateral lying)
Lateral recumbency generally indicates more paan trentral recumbency
Extension, rather than flexion of the hind limb geally indicates more pain
More abnormality of standing and or walking inclugliataxia, swaying and falling indicates
more pain
Standing still or lying still may reduce pain arichay particular time a lamb is considered
to be suffering less pain when standing still thdoren moving abnormally (however, it is
also possible that the character and intensityaof pould immobilize lambs)
Behaviour rarely used in the control group candferred to as abnormal

While cortisol (in most mammals, or corticosterameeptiles and birds) consistently rises in
response to emotionally or physically noxious eigreres across a wide range of species,
behavioural response show marked differences betggecies. As already noted, there are
markedly divergent behaviours in predator versey ppecies, but of course behavioural
responses may differ amongst related species.ag@egender, reproductive status
(reproductive hormone levels) and experience dfsatgperception of pain, and its expression.
** Therefore comparison of levels of noxiousnesseaftments between species, ages, genders
and reproductive groups on the basis of behaviastine performed very carefully, or not at

all.

The literature exploring pain and its control imitioe husbandry procedures has extensively
relied on measurement of blood cortisol and obsemvaf behavioural indices. The following
methods have also been applied, with comments.

Salivary cortisol and “free cortisol” _

Collection of saliva and its analysis for cortibals been used in sh&¥p and calve®*.

Collection of saliva was considered to be lessssfté than blood sampling (thus eliminating
some of the stress response due to the collectamegure), and “free cortisol” (the biologically
active fraction of the total blood cortisol valwmeas seen as a more powerful diagnostic tool.
However, other researchers have not taken up sglogatisol, perhaps because of the relative
ease of blood sampling in lambs and calves, andusecit is generally considered that free and
total cortisol levels change in parallél. Non-parallelism in some stages of the cortisol
response may contribute to ceiling effects seamitisol levels, and animals experiencing low-
level distress may demonstrate low levels of totatisol but elevated free cortisol. The
original researchers from NSW Department of Agtiod (Richmond) used blood cortisol in
one subsequent publicatibn.
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b-endorphins

b-endorphins (endogenous morphine-like substancesgexreted in response to stress
(including pain) and are believed to be an intemathanism for coping with pain by
stimulating the same receptors upon which morpaikeother opioid drugs act to provide
analgesia (and euphoria etc). Stattalinterpreted the rise in-endorphins as indicating a
marked physiological response, and suggestedHbgthay provide some degree of analgesia
post-operatively. However, it has been questioned whether the peesefb- endorphins

implies a reduction of suffering, or the presentpain and suffering (albeit attenuatéd).

Naloxone, an Opioid antagonist, has been usedrtongite the effects df-endorphins in order
to assess their analgesic effécThe authors concluded that the beneficial efiétt-
endorphins was small.

Afferent activity (ascending nerve impulses) of theuperior spermatic nerve
Measurement of electrical activity in anaesthetisetlgically prepared lambs subjected to
various procedures and analgesic techniques haspeeformed', and while such techniques
identify the source of nociceptive (pain) sensatjdhe cost in lambs and technical difficulty
make this a relatively impractical technique fortlfier investigation.

Noxious mechanical thresholds

The benefits of different analgesic treatmentstmmoompared by the application of carefully
graded, mechanically induced, stimuli to body tessisuch as the hoof wall. Response is seen
by foot liting or leg withdrawal. The stimulusrche pressur®, electrical”, or heat”. To

date, all methods have involved either restraimrtable delivery of the stimulus (pressure,
heat), or connection of cables (electrical), areté¢thas been some concern that such restraint
may introduce its own errors. A laser-based thémoeiception method has also been
described in cattle, which allows remote stimulati¢iowever, the “target area” must be
shaved in advanc¥.

Electroencephalogram

While conventional EEG tracings have shown very temsistent correlations with pain,
frequency spectral analysis has revealed strongletions between certain spectral changes
and reports of pain from humans. EEG frequencygtsplechanges are believed to reflect the
cortical (brain) electrical activity associated wgognitive perception of pain. An electrical
stimulus (4 ms pulses or varying current up to Z) produced behavioural signs associated
with pain (escape-avoidance), and very brief inbesan the absolute power of delta 2, theta 2,
alpha 1 and alpha 2 bandwidffis. and this was interpreted that in sheep, as inamsmspectra
analysis of the EEG would provide a good measuegeofe pain in sheep.

However, when the same techniques were applieahtbs undergoing castration, tail docking,
mulesing, ear tagging, sham shearing, formalirctige (to induce lameness) or handling, the
EEG changes were the reverse of those expectduredtiction in the mean power values
across all bandwidths of the EE6 Further, the technique as performed requiresicalhyg
implanted recording electrodes. Clearly, furthevelopment is needed before this model can
be used for interpretation of the level of paintioeld distress in sheep.

Observation of Inflammatory Lesions and Healing

While not an index of acute pain, observing thegpession of inflammation and healing of
castration and tailing wounds for up to 41 daysraftie event, and their correlation with
behavioural signs of pain, enabled comparison ®#fifects of different methods of castration
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and tailing, and of the effects of attempts at gesie® Comparison with cortisol values has
also provided useful informatidf.

Acute Phase Proteins

Serum haptoglobin is an acute phase protein syisttem the liver in response to tissue
inflammation or infection. Although a useful marke inflammation in sheep and cattle,
haptoglobin levels remained at, or marginally abake detection limit of the assay used in
lambs castrated and tail docked with rubber ringsim7 days of birth" Haptoglobin was
therefore not useful to discriminate between défgranalgesic regimens.

Catecholamines

Epinephrine (adrenaline), nor-epinephrine (nor-adliee) and heart rate have been measured
in one study of the effects of different method$@nding on Angus calves. All three values
rose within half a minute of application of a hodsi brand, and were significantly higher than
in sham and freeze branded animals. Measurentensiropped close to pre-treatment values
and were not significantly different between greagain until 15-20 minutes after treatment,
at which time all three values rose in the hot-ibsand group™

Hands on and Hands off Measurements of Stress

To date, most studies of the pain and distressisibdndry practices have used “hands on”
methods to measure physiological parameters. tinfately, even in the best-acclimated
subjects, the act of data collection induces sanesswhich affects the results. Comparison of
treated and control (not-treated) subjects allawdraction of the effect of the sampling
protocol from the results, but researchers havglsdoetter techniques.

Apart from blood, saliva and milk may also be usedssay certain blood chemicals, but
obviously some handling is still required. Urineldaeces can be used, but the samples reflect
events in the body for an unknown number of houig po sample acquisition. Remote blood
sampling systems involving indwelling catheterpgastaltic pump and rotor mounted

collection vials offer the opportunity to sampleraals at high frequency, over an extended
period of time, with no handling during the samglperiod to introduce errors, although some
habituation to the sampling device is still reqdire

Telemetry devices which record physiological vaeabprocess the data “on animal” and
transmit summary data via radio waves, are alsorbex available. Heart rate, body and
environmental temperature, ECG and EEG, bioserisorortisol and nitric oxide, and GPS
(Global Positioning System) may all be availabfaiditory evoked responses (an electrical
manifestation of the central nervous system’s recef and response to an external stimulus)
vary with psychological state such as anxiety, eartbe remotely evoked and measured.
Microdialysis probes as small as &0, offer breakthrough methods of measuring levels o
neuro-transmitters in the brain of subjects. Mnalbservation and analysis of behavioural data
is becoming more complex and allows better assedsofi¢he welfare state of animals,
particularly when interpreted in conjunction withysiological dat&®"

Such techniques offer great hope for our abilitpgsess the welfare implications of human
intervention in the future. However, a large badflyesearch has been performed whose
findings are in the main consistent and repeataie,allow both ranking of the distress of
different techniques for performing various hushbrgmtocedures, and estimation of the
benefits of analgesic techniques. It would be fiexgible to ignore this available information
while awaiting the perhaps more accurate data wmiai flow from studies in the future.
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It has quite rightly been argued, however, thatpbesible revision in ranking of the

noxiousness of various procedures in the lighutire research makes it inappropriate to set a
“gold standard” — that is, to ban all proceduresegt the one currently accepted as providing
the greatest welfare benefit. This approach walgd alienate those farmers unable to meet the
new standard, and would be discredited if it i9iga and cannot be enforced. Instead, a
strategy of incremental improvement has been peg$"' and will be discussed later.
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Comparison of techniques and analgesic regimes in husbandry
procedures - Sheep

Non-surgical sterilisation

Injection of a sclerosing agent into the genitaia possible alternative to more tissue
invasive/destructive methods. Injection of forngdgde (10% in ethanol) into the epididymis
appeared to only cause minor discomfort, but didk@ader all rams aspermic (95% chance that
less than 5% of rams will be fertile at day 48); cOurse, injections into the epididymis would
have no effect on testosterone production and fibveréreated sheep would still demonstrate
male behaviours, including “nuisance” componehts.

Injection of a sclerosing agent (lactic acid) itlte testes of Brahman bull calves took three
times longer than surgical castration, and causddss acute pain than the surgical method.
Healing took about twice as long, and 25% of treéatves suffered scrotal necrosis.
Technical failure is possible, and calves whichiretd testes after chemical injection behaved
as males even though they were aspermic, causinggeenent problems. The researchers
concluded that this treatment was not an acceptteimative to open surgical castratih.

Surgical technigues

Castration

Surgical: While more complicated surgical
procedures have been described, the routine
method of surgical castration of sheep on farms
is for the distal (lower) third of the scrotum te b
cut off with a sharp, chemically sterilised, knife;
the testes are then grasped (commonly with
specially designed tongs) and drawn out
individually. The spermatic cords (vas deferens,
testicular artery, vein and nerve, cremastor
muscle and associated soft tissue) rupture within
the lamb’s body, but the stretching which occurs
prior to breakage effectively seals the blood
vessels and haemorrhage is usually minimal.
Figure 2 — Anatomy of the scrotum and testes obmmfromcv)

Rings: Sheep are commonly also castrated by applicafidight rubber rings (Elastrator) to

the neck of the scrotum, above the testes. Stegtlistal to the ring have their blood supply
interrupted, and die, necrose and drop off affgersod of time. Rarely, the “short scrotum”
method is employed, in which the testes are pusbextainst the body wall, and the ring
applied below the testes. The scrotum but notebies die and drop off, and the testes survive.
They continue to produce androgenic hormones @estane), but not spermatozoa. These
lambs therefore grow faster under the influencéhe$e hormones, and are infertile, but they
will continue to behave as males.

Burdizzo: The Burdizzo or castration clamp is designedrtsic tissue including blood vessels
and nerves. It may be used alone, or in conjundtith a knife or rings, and in these studies
was mostly used to provide more immediate cessafitransmission (nociceptive) nerve
signals, to produce more rapid pain control. lyrna applied across the full width of the
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scrotum, or to the left and right halves separatgith a band of uncrushed skin between the
sites of application of the two blades. Full widjbplication is likely to induce scrotal necrosis
and loss, while leaving an uncrushed band will galheallow the scrotum to survive. The
testes will atrophy and cirrhose due to crushintheir blood supply.

Figure 3 — Anatomy and innervation of the scroturd #estis in the lamb - frof

Tailing

Lambs are tailed between th® &nd &' coccygeal vertebrae such that the remainingustl j
covers the tip of the vulva (in females). This nb@yperformed by cutting with a sharp knife,
application of tight rubber rings, or by caute@autery is performed using a “docking iron” — a
gas powered device with a continuously heated chisgped copper jaw which closes onto an
unheated steel jaw in a scissor action. Heat sdhertail, seals blood vessels, and destroys
nerve endings, all within 2 seconds.

The Burdizzo has also been applied to the tailtfistapplication is considered to produce
more pain than knife or ring tailing alone.

Research

Shutt and colleagues used observation of behavaogrmeasurement of cortisol amd
endorphins to compare surgical (knife) versus rubibg castration. Poll Dorsett x Border
Leicester-Merino lambs of 3-6 weeks of age wer@ludéheir conclusion that surgical
castration and docking caused less distress tleansth of rubber rings, despite higher cortisol
andb endorphins, was based at least in part on theemation of differing behaviour in knife
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versus ring treatment groups. Application of rutiegs caused almost no initial reaction, but
within 2 minutes, lambs stamped their hind legsgogttheir tails, bleated, looked around and
ran back and forth in an increasingly frantic fashi By 5 minutes most lambs were rolling on
the floor of the pen, these behaviours reachingak @t 15 minutes. By 60 minutes, almost all
behaviour had returned to normal.

The surgical group, on the other hand, reacted wocatting and removal of the testes. They
then stood with a huddled stance for 15 minuted,raoved slowly toward their dams. They
were observed to be behaving normally, exceptdoresrestriction in movement, by 60
minutes.

Barnett, and Mellor and Holmes, disagreed withitiverpretation that rings were more painful
than the knife, pointing out that too little wasokmn of the behavioural repertoire of lambs to
rank these behaviours, and that behaviours camnobimpared when tissue damage is different.
Problems with the observation and interpretatiothefcortisol data were also discus¥&H ™™

Mellor and Murray, working in Edinburgh, investigdtthe behaviour and cortisol responses of
lambs up to one week old, to tailing, or castrafad tailing, using rubber rings. They
described the restless behaviour characteristici®@technique, and reported that castration and
tailing induced maximal release of cortisol as caneg to that stimulated in control lambs by
the injection of adreno-corticotrophic hormone (AQT They were able to rank the level of
distress caused by handling alone, tailing andaish, and tailing using both behaviour and
cortisol levels, which were in agreeméfit.

The same investigators repeated the same technigtwes breeds of lambs at 6 ages between
birth and 7 days of age. They found significafffiedences in cortisol response between the two
breeds (Dorsets exhibiting more marked responses3lottish Blackfaces), and observed a
marked increase in apparent ACTH secretory resgaeseoxious stimuli during the first one

to three days after birfii' Whether this increased response to noxious stieflibcts an

increase in pain-induced distress was not detexning if so, it accords with observations that
newborn animals demonstrate a smaller behavioesglanse to such stimuli.

Further work in the same institution compared behavand cortisol responses in lambs
(Dorsets), goat kids (mixed breed) (both 1 day altj calves (Friesian — 1-7 days) to
castration, tail docking (in lambs) and to ACTHeiciions. Good general correspondence was
found between behavioural observations and contesgionses, but there were distinct
differences in the behavioural and cortisol respersetween the three species. No behavioural
differences were noted between lambs that wereatedtand those which were castrated and
tail docked, and the cortisol responses were similhich suggests that there is minimal or no
extra distress experienced when lambs are taildteagame time as castration. It should be
noted, though, that animals tailed only (femaleldajrshowed a significant response to this
proceduré™”

The Edinburgh group investigated the effects odl@naesthesia and intravenous naloxone on
the behavioural and cortisol responses to ringa&tsh and tail docking in 5-6 days old, Dorset
x Finnish Landrace lambs. Local anaesthesia (ldgime) was injected epidurally (around the
spinal cord), into the scrotal neck, spermatic s@udd testes 15-20 minutes prior to further
treatment. Such treatment should block all affereticeptive transmissions. There were
minimal or no differences in behaviour and cortigdponse between control (handled), control
(local anaesthetic), and local anaesthetic (castrand tailed) lambs, suggesting that the
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combination of local anaesthesia and ring treatrabaotished all sensations of pain up to 4
hours.

Naloxone (an opioid inhibitor) was given to inhikity analgesia associated witendorphins.
Naloxone did not change cortisol responses buindiccase abnormal behaviours (lateral lying)
for up to one hour, though the differences werellsnfdne authors concluded that the pain and
distress of castration and tail docking cannotigeificantly reduced by endogenous Opioid
activity, but that it can be eliminated with loealaesthesid’

Lester and colleagues in New Zealand used cottisodmpare knife versus ring (castrated,
castrated and tailed, “short scrotum” castratatbdavith a docking iron) in 3-4 week old
lambs. Cortisol responses were greater and otlodgration when a knife was used. They
concluded:
Use of the knife was more distressing than anyrddehnique
Use of the knife caused similar levels of distnbgther for castration, tailing, or both
Tailing with rubber rings was less distressing tf@rcastration or castration and tailing
Tailing with rubber rings, or a docking iron, cadsgmilar levels of distress to the control
group, though the docking iron induced a shortspoese.
Combinations of castration, short scrotum castnatidh rubber rings, and tailing with
rubber rings or a docking iron, produced similaels of distres&*"

Molony and Wood used cortisol and behaviour to sstiee effect of ring castration +/- tail
docking on 4-6 day old lambs. Analgesic treatmentkided local anaesthetic infiltration into
the scrotal neck, spermatic cords and testes,rdadtie epidural space between Cd1 and Cd2
(i.e. around the spinal cord). In addition, redutiof nociceptive transmission was attempted
using the opiates morphine or etorphine, oraBedrenergic xylazine, injected at the lumbo-
sacral junction (segment T10). Naloxone was aigergto antagonise any endogenous opioids.

Infiltration of local anaesthesia reduced behawaband cortisol responses to levels not
different from the control group. Epidural morphiand xylazine, and intra-thecal etorphine,
did not significantly change the behavioural andisol response to castration, suggesting they
were ineffective as painkillers at this dose rdfaloxone administration caused a small
increase in abnormal behaviours, and of teat sgekin

They concluded that ring castration induced paiichvincreased for about the first 30 minutes,
then decreased gradually over the next 60-120 msnuAt its most severe, the effects of
castration dominated the behaviour of the lamb&er@nt neural activity does not outlast the
local anaesthetic effects of lignocaine, probahig tb the retention of lignocaine in the scrotum
due to the ring. Failure of the spinal analgesias unexpected, and may have been due to
failure to reach appropriate receptors, or lackumt receptors in lambs of this age. Naloxone
may act at a supra-spinal site (since spinal opitaded to provide analgesia). Teat seeking is
probably one of the lambs’ pain reduction stratej

Molony, Kent and Robertson compared behaviourglaeses to castration and tail docking
using surgery (open castration including clamphmgg¢permatic cord followed by heat cautery,
clamping of the tail followed by cutting and cayerubber rings, or rubber rings followed by

a Burdizzo clamp. Greyface x Suffolk lambs wesated at 5, 21 or 42 days of age.
Behavioural signs differed between the surgicatigrand the ring groups, with much more
“statue standing” amongst the surgically treatedds. Application of the Burdizzo clamp
significantly reduced the intensity and duratiorabhormal behaviours compared to rubber ring
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treated lambs. Although surgery appeared to be painful in younger lambs than in older
lambs, overall there was little difference betwé®snages in the pain produced by the three

Xlvi

methods’

The same researchers compared cortisol concemsatidhe same groups of lambs. Cortisol
levels rose faster in lambs treated surgicallyyordibber rings and burdizzo, reached similar
peak concentrations in surgical and rubber ringigspbut persisted at higher levels in the
surgical group for longer than 180 minutes, by Whime cortisol had returned to normal
values in rubber ring and ring plus burdizzo grou@ertisol levels in the burdizzo group rose
quickly, but to a lower peak level than the surggraup, and fell more quickly than in the ring
only group. They found no substantial evidencsuport the view that younger lambs
suffered less acute pain than older lambs in arigefreatment groups. They concluded that
the rubber ring plus burdizzo method was probatdyléast painful*’

Researchers from the same institution comparedviimiral and cortisol responses in 5 to 6 day
old lambs (Suffolk x Greyface) using the Burdiztone, standard or small rubber rings, and a
combined method. They found that the smaller rubbgs increased the severity but reduced
the duration of the distress response (probablynbge quickly interrupting nerve signals
responding to ischaemia below the ring), but thatdombined method produced the least
behavioural and cortisol response. They belietiatimprovement was generated by either
more careful positioning of the clamp, by extendimg duration of clamping (from 6 to 10
seconds), or both. Whereas the clamp is appliédoractions when it is used alone, leaving a
strip of uncrushed scrotum which may allow neram$mission, in the combined method the
Burdizzo is applied across the full width of theadam, and this appears to be the preferred
method™"

The only paper using nerve isolation and recordintgansmission discovered in the literature
search, investigated the effects of standard aradl subber rings, and the effect of local
anaesthesia on nerve impulses generated in respooastration. Cottrel and Molony
concluded:
Rubber rings initiated afferent activity for moreh 90 minutes (consistent with
behavioural and cortisol observations)
Neither standard nor small rubber rings rapidlyckéx such activity
Intra-testicular injection of local anaestheticiddypblocks nerve transmissions through the
superior spermatic artery, but may leave nerves fitee scrotum and other tissues
unblocked and still transmitting nociceptive sign4l

Lester and colleagues reported on methods of tastrand tailing assessed by behaviour and
cortisol in 1996, using Romney lambs of 4-5 wedkage. They reiterated that the behavioural
responses to knife versus ring castration wereslgrgeatment specific, and that the lack of a
continuity of behaviours between the two procedpresludes using behaviour alone to rank
the noxiousness of the two procedures. Their csmmhs were that distress lasts for less than 4
hours with ring castration, but significantly mahan 4 hours with knife castration, and that

ring castration and tailing causes less overalleadistress than castration and tailing with a
knife, but still considerable distress. Tailinghva docking iron appeared to reduce the distress
of this procedure compared to knife or ring tailtf§

The New Zealand group reported the results olshdomparing the effects of castration with
rubber rings and/or a castration clamp, with ohwaiit local anaesthetic injected into the scrotal
neck, the spermatic cord, or both, 15 minutes paarastration. Clamp application alone did
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not reliably cause atrophy of both testes, andezhu® less a cortisol response than rings alone,
and this was not reduced by local anaesthetic.allamaesthetic, injected into either the scrotal
neck or the spermatic cord, did reduce the cortesgponse to the combined method. They
considered that the noxious input from nerves fthentestis was probably less than that from
the scrotum. The cortisol response to ring castratan be virtually eliminated by prior

injection into the scrotal neck or both testesakkage of local anaesthetic from the testis into
the vaginal cavity of the scrotum is probably respble for much of the benefit.

They proposed that the following may have relevdanaeducing the distress of castration and
tailing:
Local anaesthetic injections into the testes astatneck would abolish the pain-induced
distress of ring castration. Injections into tbstis are much easier for inexperienced
operators
Tailing (ring or docking iron) at the same timecastration after local anaesthetic, but
without local anaesthetic injected into the taibuM add at most only low levels of distress.
Clamp application across the full width of the $arm seems to be much more effective
than when applied in two places leaving some umediscrotal tissue.
Some lambs exhibited substantially higher cortiessponses to the clamp alone than to ring
application alone, suggesting that this causes ulisteess™

The Edinburgh group did further work on pain redutfter tail docking, reported in 1997.

The behavioural and cortisol responses to tail ohoc&f three week old lambs using rubber
rings, Burdizzo and rings, or docking with a heated were compared, and each treatment
group was subdivided into lambs treated with sulawoeous bupivacaine (a longer lasting local
anaesthetic than lignocaine), epidural bupivacapelication of cold analgesic spray, or intra-
muscular injection of the anti-inflammatory drugldfenac. Local anaesthetic was injected 1-2
minutes prior to docking, spray was applied immesdiyabefore docking, and diclofenac was
injected 20 minutes prior to docking.

The combined method reduced behavioural and cbmidwtors of distress compared to ring
tail docking alone, but tail docking with a heatexh induced no significant differences
compared to control lambs. However, they did esp@ncern about other effects of tailing
with a docking iron — delayed healing, with a poiaty greater risk of fly strike or infection.

Sub-cutaneous injection of local anaesthetic imatety (1-2 minutes) before tailing was the
most effective method of reducing the behaviounal eortisol responses to ring tailiffg"™

A further report in 1997 compared castration (Dbxsambs, 3 weeks old) with bloodless
castrators, with or without chemical analgesiaeafiment groups included lambs castrated with
a Burdizzo alone, a powered bloodless castrataiBzo and ring, intra-muscular Diclofenac
then Burdizzo, intra-testicular Bupivacaine follaeay Burdizzo, or intra-testicular
Bupivacaine followed by Burdizzo and ring.

The first three treatments produced similar behaaloand cortisol responses. Intra-testicular
injection of Bupivacaine provided some analgesitiwi2 minutes, but not sufficiently reliable
to be significant. Diclofenac provided significartalgesia. They noted that the higher
pressures exerted by the powered bloodless castnatpproduce more intense and more
sustained pain. Although local anaesthesia (Buyivee) did not provide adequate analgesia, it
did reduce cortisol responses in at least someasinThey noted that Diclofenac is not a very

potent analgesic, and that other agents may work ltl{unickly!XXiX
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Further methods to reduce the acute pain of castrand tailing were also reported in 1998,
using Suffolk x Greyface lambs, 5-8 days old. Tment groups included ring only, ring and
powered bloodless castrator, local anaesthetim@dgine) applied by high pressure needleless
injection into each testis prior to ring, high mee needleless injection into the scrotal neck
immediately after ring application, the bloodleastcator after similar injection into the scrotal
neck, or local anaesthetic injection by needle th#otail or spermatic cord followed by ring.

The combined method reduced behavioural and cbréasponses compared to ring alone. All
methods of local anaesthesia reduced responsesacednp ring alone. The most effective
method of analgesia for castration was injectiolocél anaesthetic at the site of the ring and
application of the bloodless castrator, and thisiced by 50% the time spent in abnormal
postures compared to the combined method alonetafFdocking, the needleless injector
provided the most effective pain reduction.

Local anaesthetic at the time of crushing failedettuce the immediate pain of the crush in
castration, probably because of insufficient timethe drug to act. They speculated that 5
minutes delay might prevent most of the pain frowen procedure.

The needleless injector has a number of advantkdisadvantages, which they list.

Injection (by needle) into the scrotal neck wascdesd as easy (thin, wool-less skin) and more
effective than injection into the testis, whiledgjion into the tail was found to be difficult

(thick, inelastic skinj®*

Mears and Brown, working in Canada, measured plasrissol,b endorphins, and the thyroid
hormones T3 and T4 in Suffolk lambs. Blood wademtéd via previously implanted jugular
catheters. Lambs were tail docked (hot iron) aarda@gged at 1 day of age, and castrated
(surgically) at 3 weeks of age. The same hormaree measured in response to weaning (at 7
weeks), partial or total isolation (at 14 week&olr only), or restraint for sham shearing.

Basal concentrations of cortisol am@ndorphins were higher at one day than later shogved
almost no response to tail docking. There wagatslise in cortisol after 15 minutes. Itis
possible that the naturally high levels may maskrasponse to stress at this age. Both values
increased markedly within 15 minutes of castratibandorphin peaking at 15 minutes and
cortisol at 60 minutes. Values remained elevatedéveral hours, with cortisol returning to
normal by 24 hours, at which tinbeendorphin remained elevated. These results italica
marked distress in lambs for at least 24 hours attegical castration.

Cortisol rose to a small degree after weaning @ardagging and vaccination), for just one
hour, and then again at 24 houtsendorphin remained unchanged. Both values rosenay
but significant increments for the first three hoafter isolation. Both hormones rose a small
amount for a short time after restraint. T3 andvete unaffected by any of the treatments,
despite reports of them rising in response to stiresattle and pigs.

They concluded that surgical castration induceelv@i® stress response, and that the small
stress caused by isolation was greater than tleatadrestraint, which in turn was greater than
that due to weaninfy™

Thornton and Waterman-Pearson, working in Bristatpduced new methods to the
investigation of pain and its reduction in lam@%ey used a visual analogue pain scale (VAS)
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(the recorder marks his interpretation of the maiperienced on a line 100mm long, one end of
which indicates no pain, the other the worst pdegain), mechanical nociceptive thresholds,
and cortisol responses. Their treatment groudsded control handled, rubber ring, combined
ring and Burdizzo, and surgical castration, anchegoup was treated with either no
anaesthetic, pre-treatment with local anaesthitie(not specified) injected into three
locations, or general anaesthesia (halothane bimase VAS was used to assess active pain
avoidance behaviours, unresponsive behaviourssenatial pain induced by palpation.

Active pain behaviour was highest in ring-castrdéadbs, while unresponsive behaviours were
highest in the surgical group. Local anaestheijections into the scrotum and its contents
abolished the active pain behaviours and attenubgdnresponsive behaviours in ring and
combined lambs, but had little or no effect on éhleshaviours in surgically castrated lambs.
This is most likely because at least some of thie fpam surgical castration emanates from
ruptured tissues in the abdominal spermatic cémcaddition, the local anaesthetic can diffuse
out of the scrotum (compared to its retention mydiambs), and it is removed with the testes.

General anaesthesia had no effect on active, dgdanimal effect on unresponsive pain
behaviours in ring and surgical lambs, but abotishetive pain behaviours in “combined”
lambs, indicating that in the combined techniquen ps due to the procedure itself, while in the
other two techniques, there is substantial postatiwe pain. Scrotal pain was reduced by local
anaesthetic in ring and combined lambs, but wagased in surgically treated lambs,
suggesting that local anaesthetic has little beradfeffect on the long term post-operative pain
associated with surgical castration.

Nociceptive thresholds were not affected by locadeneral anaesthetic in control lambs. Ring
castration did not affect these thresholds, buttmbined and surgical methods increased the
thresholds for lengthy periods. Local anaestradtimlished these changes in the combined
lambs but not in the surgical lambs.

The combined method produced minimal increasesiitisol levels, while the surgical and ring
methods significantly increased these values. Laaesthetic abolished the cortisol increase
in ring lambs and significantly reduced it in s@ailambs. General anaesthesia had no effect
on cortisol levels, which implies that it is tharmpaf the procedure and not the experience of the
procedure which induces the cortisol response.

The new information from the nociceptive threshadda implies that stress-induced analgesia
(activation of descending inhibitory fibres in thsginal cord, or humorally mediated) is induced
by treatments without anaesthesia — raised thrdshdlicate a higher degree of suffering.
That general anaesthesia also abolished this efifimets that it is the lamb’s experience of the
procedure which induces these effects and notaireper se

Although scrotal pain persisted in ring and comdifenbs, the absence of raised nociceptive
thresholds or increased cortisol concentrationgatd a lack of central sensitisation or long-
term distress.

Surgical castration was confirmed as the most sewercedure, followed by ring alone. The
combined method produced the least distress, bugblication of the clamp is still painful.

The New Zealand group published, in 1999, the tesiflobservations of the behavioural
responses to 20 different treatments in 4-9 weedlRkaimney lambs, using rubber rings, a
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castrating clamp, or both; with or without locabasthetic injected into various locations. They
showed once again that the behavioural responsiffécent treatments (ring, clamp) differed,
and that local anaesthetic (15 minutes prior tattnent) significantly lowered or effectively
abolished behavioural indicators of pain. Theyatoted that:
- Restlessness was a useful indicator of ring (istie@einduced distress
A lower incidence of normal standing/walking mayabaseful indicator of the pain caused
by ring or ring plus clamp methods
Lateral recumbency may indicate (extreme) deejrteat pain caused by hypoxic/anoxic
damage, and this was easily prevented by localstimesia
Ventro-lateral recumbency is not as injury spec#icd may be a highly sensitive sign of
pain or distress. It occurred in all forms of casbn, but pain is probably derived from the
scrotum
Ring and ring plus clamp castration caused sinehagls of restlessness and lateral
recumbency, and therefore probably caused sina@laal$ of distress (which is supported by
cortisol data)
Short scrotum methods caused similar restlessngsadrch less lateral recumbency,
therefore this technique is likely less noxious
Clamp only, and ring plus clamp castration did cenise similar behaviours and so their
relative noxiousness cannot be compared by behaalone
A single behaviour may be misleading, but a suiteetaviours may be more useful. For
example, ring castration causes restlessnesss®than one hour (and has therefore been
previously assumed to be less noxious) but latealmbency (and cortisol responses) for
about 3.5 hour&™"

This group published the results of studies inedbrtisol responses to ring castration (and tail
docking) with or without local anaesthetic (Lignots) injected into the scrotal neck, or into

the testes, 5 to 10 seconds prior to castratiarrti<dl responses were reduced but not
abolished, and the scrotal neck injections produacgreater effect than testicular injections.
While some of the cortisol response was considirée due to the tail, which was docked
without local anaesthetic, a figure of 57% redutiio cortisol response was recorded compared
to castrated and tailed lambs without local an&isth Other studies show a 75%-78%
reduction due to local anaesthetic when castratione is performed®

They concluded that local anaesthetic injectiots the scrotal neck (or testes, relying on
leakage into the scrotal sac) 15 seconds befogeapplication would substantially reduce
castration distress and significantly reduce tls¢rélés of castration and tailing. About 2
minutes would be required to eliminate castratistrelss, a period which they considered may
be impractically long for farm us&" This paper established that it is not necessaaylow

15 minutes between local anaesthetic injectioncastration, at least using Lignocaine, which
is a rapid acting local anaesthetic.

In 1999, the Edinburgh group reported the resudl&walies into the effect of age (size) of lamb
on chronic inflammatory responses to ring castnatibhey examined castration sites and
observed behaviour for 49 days. Lesion size wa®laded to age of lamb at castration, with
the smallest (and fastest resolving) lesions irbksastrated at 2 days, intermediate at 28 days,
and worst at 42 days of age. The scrotum was\sitath 31 days, 34 days and 35 days, for
each group, respectively.

There was a correlation between lesion score aziddance of certain active behaviours in the
42-day group, only. They concluded that the lesnoluced by the rubber ring was more likely
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to become septic in older lambs, and that the smigision seen in younger lambs may be a less
aversive stimulus than the larger lesion seenderdambg®*"

The Edinburgh group reported in 2000 the effectBwtizzo or local anaesthetic on wound
healing and long-term behaviours in Dorset crosskaring castrated and tail docked at less
than 2 days of age. Scrotal lesions were exantinieg weekly, and graded, and behaviour
was assessed for 6 hours on days 10, 20, 31 aafietIreatment. They looked for behaviours
indicative of irritation at the scrotum, and foapland interactive behaviours, and for posture.

All but one tail had been lost by day 28. Burdizzal local anaesthetic treatments increased
the lesion scores (because of pus) compared tanhygtailing. The burdizzo did cause the

lesion to develop and heal faster. Scrota werd sh&9 to 41 days, but local anaesthetic and
burdizzo lambs shed their tails faster. Lesioresavere unaffected by method of castration.

Active behaviours (foot stamping, kicking, tail vgmgg etc) were more pronounced in ring only
lambs, reaching a maximum at day 31, while the marm scores for ring and local anaesthetic
lambs were much lower and reached a maximum or2tlayBehaviours were the same as
control lambs by day 41. Ring only lambs also pthiess. Certain active behaviours (head
turning to the scrotum) reached a maximum wherr thsion scores were also at a maximum.

All methods induced an inflammatory reaction. Bezd and local anaesthetic treatments did
not increase the severity of lesions, and the Buadmethod reduced the healing time. Local
anaesthetic not only reduced healing time, but ptegented the increase in abnormal
behaviours and activities seen later in lambs witlsoich treatment. Such long-term benefits of
a short-term (2 hour) period of local anaestheaiglalso been observed in human male
circumcision. There were no effects on daily weighins and the effects on long-term (6
week) behaviour of castration and tail docking wemesidered to be limited.

The New Zealand group investigated the effectraf ft clamp castration and tail docking of 3-
6 week old lambs in 2000. Coopworth lambs weratée by ring only castration and docking,
by castration and docking with application of a @mzo clamp for 6, or 10, seconds across the
full width of the scrotum immediately after ringmization, or by ACTH injection (control).
Cortisol was measured in blood for more than 4 sicamd the wounds were observed for
healing over 6 weeks.

In all groups, cortisol peaked at 40 to 60 minuéesl returned to normal by 170 minutes.
Magnitude of the cortisol response was lower amn@futes (only) in the ring + clamp 10
seconds group, and is consistent with the smatidst insignificant) benefit due to the clamp in
older lamb$®”. There was a tendency for more rapid sheddirsgiaita and healing of wounds
in ring + clamp lambs, but at 6 weeks the diffeeem@s not significant. There were no
complications in any of the lambs at any observatio

The authors concluded there was no benefit to stiip® use the clamp in lambs older than 1
week of age. They observed flinching in every lamlwhich the clamp was applied, which
they considered would discourage farmers from adgythis procedurée

In 2001, Price and Nolan, working in Glasgow, irtigegted the use of suckled sucrose and
administration of the non-steroidal anti-inflammatdrug Carprofen as analgesics for ring

castration and tail docking of newborn lambs. Tex@reyface lambs were used. Warmed
colostrum or 0.5M sucrose were provided by bottié teat for about 5 minutes prior to

Page 26 Livestock Husbandry Review
March 2002



treatment, or Carprofen was injected subcutane@sliyinutes prior to treatment. Suckled
sucrose has been used successfully as an andiyelsicod sampling or circumcision in
newborn humans, and in rat pups in experimentahsans.

Neither suckling nor Carprofen had any effect astrdss behaviours in these lambs, and the
haptoglobin assay (previously discussed) yieldeturtber information. It should be noted that
Carprofen was used at a relatively low dose ratefth/kg) because of concern about reduced
drug clearance in newborn lambs, and the prolohgéfelife of Carprofen in adult shee}d.

Mulesing

Two papers from the Hawkesbury Agricultural Reskdsait explore responses to mulesing. A
modified mules operation was performed on 6-7 matdhMerino wethers, and these animals
were compared with controls. Marked elevationlagma cortisol and endorphin occurred
between 5 and 15 minutes after the operation. hidigest levels of both hormones were
recorded during the 24 h post-operative handlidg48 h post-operation there was apparently
little hormonal response to handling. An analges$iect, associated with the release of the
endorphin, was evident in the sheep behaviour{®hlpost-operation. Thereafter, paddock
behaviour of mulesed sheep was characterized hyraiath posture and locomotion at first, then
by significantly increased time spent standing sigdificantly reduced time spent lying,
grazing and feeding from a trough. After 72 hitmdesed sheep resumed normal behaviour in
the paddock. Arena testing at intervals from day day 37 post-operation revealed a
pronounced aversion to the human handler (male)haloheld the sheep during the operation.
At day 114 this aversion was no longer evidente fidgular handler (female) who normally fed
the sheep produced significantly less aversion éetwdays 42 and 114. The authors concluded
that mulesing of weaners by contractors (ratham thaners) and minimal post-operative
handling may be indicated as means of reducingsfrem mulesing™®"

The effect of chemical mulesing with a quarterramymonium compound was compared with
surgical mulesing in 9-10 month Merino sheep. A$tgrgical mulesing, plasma total cortisol
concentration increased immediately and rapidlyr@aghed a peak value in 15 minutes,
whereas after non-surgical treatment an immedisgedid not occur, but a similar peak value
was observed in blood samples collected 24 h aftatment. The concentrations were lower in
both groups at 48 h. Likewise postural changegatide of discomfort were immediately
apparent in the surgically treated sheep, but nok81to 4 h later in those treated non-
surgically. Arena testing revealed that a lastiagrsion to the person who restrained them
during treatment developed in the surgically mulesigeep, but not in those treated non-
surgically. The non-surgical procedure did noatedarge open wounds, as did the surgical
operation, but still achieved similar enlargemefrthe bare area on the breech, and healing was
quicker in the non-surgically treated she€p.These results suggest that, overall, chemical
mulesing may cause a little less discomfort thagisal mulesing, with smaller risk of
complications (e.g. fly strike). However, it isak that chemical mulesing causes significant
and long lasting suffering.
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Systemic Analgesics in Sheep

One technique which could be perceived as providmgasy answer to reducing the pain-
induced distress of castration and tail dockintambs (and perhaps of mulesing), would be the
systemic administration of analgesic drugs. A sempjection under the skin or into the
muscle, even if it needed to be given 30 minutes po castration and tailing, could provide
both immediate and prolonged pain relief. In dagd cats, drugs such as Meloxicam,
Carprofen, Ketoprofen, Tolfenamic Acid and Etodadae either registered for, or in practice
seem effective for, up to 24 hours after a singlgetf*”

Several classes of systemic analgesic drugs aralaeancluding the opioids (morphine like
drugs), the non-steroidal anti-inflammatory dru§$AID), and thea2-adrenoreceptor
agonists. Most or all opioid drugs have poterd@dictive properties, and their use is strictly
controlled by human health authorities. Their resguires individual patient assessment and
recording by a health professional (in this casetarinarian), and these requirements are
extremely unlikely to be relaxed. In many casksirtduration of effect is relatively short.

NSAIDs, on the other hand, are not controlled,altfh all injectable forms are still
“prescription only” products, and should only bedisn species and ways for which they are
licensed. There are currently no analgesic dragstered for use in sheep in Australia. Use of
such drugs, particularly in a food-producing animauld require consultation with “control of
use” authorities and specific prescription by aevie@rian for the product’s “off label” use.

Diclofenac sodium was administered 20 minutes gadaing tail docking, and in a separate
study, 20 minutes prior to the Burdizzo alone fastcation, both in 3 week old Dorset or
Suffolk cross lambs. Diclofenac produced conffigtresults as an analgesic for tail docking —
while cortisol values were significantly reduceangared to ring only docking, the incidence of
active behaviours and time spent in abnormal pestwas significantly increased. The authors
considered that this apparent increased respongeatihact the variety of individual responses
seen within a group of lambs to individual treattseriThey could not, of course, conclude that
Diclofenac was an effective analgesic for tailingdmbs "

The same group were able to conclude, however[ictdfenac was an effective analgesic for
Burdizzo castration in lambs because it both redertisol levels and reduced the time spent
in abnormal postures. They noted that the mamcedfof Diclofenac were seen after the first
12 minutes, suggesting that the beneficial effaege due to the drug’s anti-inflammatory
effects rather than by reducing the pain of thegdaore itself. Mediators of inflammation
(which are inhibited by NSAIDs) are typically reseal in response to tissue trauma and their
effect builds over time, in contrast to the almastantaneous sensation of pain transmitted by
nerves and stimulated by nociceptors in acutelyatged tissue$**

NSAIDs are recommended as analgesics for sheddeast one recent text on Pain
Managemerit™", and Ketoprofen and Carprofen are recommendedaigesics in a recent
update on Caesarean section in the”&¥. Flunixin and dipyrone have been shown to
produce a small but significant increase in paresholds (18% and 21% of maximum possible
effect respectively}*™

However, other research questions the efficachede agents in sheep. Welsh and Nolan,
working in Glasgow, found that a single dose off{in meglumine at 1 or 2 mg/kg, failed to
raise nociceptor thresholds (mechanical stimulug)ealthy and in lame sheep, suggesting that
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the drug induced no analgesic effect.(Welsh an@&aiN6b) Others working in South Australia
used an electrical stimulus to compare Buprenoghimd Methadone (opioids), Flunixin
meglumine, and xylazine (aR-adrenoreceptor agonist). Only xylazine produmeyl
measurable effect on the response of sheep taieddist produced pain, despite investigation at
varying doses for all drugs. Xylazine produced@esia without, or with only minimal,
sedation.(xliii) Oral acetyl salicylate (26 mg/Kg)led to show evidence of effective analgesia
when given at time of ring tail docking to 3-6 wesk Romney X lambs, when judged by
observation of 15 postures and 37 behaviours. KWexy¢he authors suggested that the dose for
aspirin in sheep should perhaps be 50-100 m{j/Kgnally, Carprofen at 0.5 mg/kg, failed to
provide| any behavioural evidence of pain relieh@wborn lambs after ring castration and
tailing. ™"

The failure of the opioids Buprenorphine and Methralto provide measurable analgesia is
interesting since a group working in Bristol haeparted that Buprenorphine, Butorphanol and
Pethidine all provided significant analgesia aganthermal stimulus, but no, or very brief,
analgesia when a mechanical stimulus was ap{fli€d.*" Opioids have also been shown to
exert a greater effect in females than in maleschwvould make them relatively less effective
in castratiord™"

a2 adrenoreceptor agonists are commonly used iminatg medicine, chiefly for their sedative
properties™ The only documented site of action for analgesiaced by parenterally
administerech2 adrenoreceptor agonists is the spinal ¢8tdRuminants are much more
sensitive to their effects than other spetiés.

While thea2 adrenoreceptor agonist Medetomidine ii@tkg IM) was shown to produce
recumbency for 58 +/- 1 minutes and analgesia @035 minutes in she&", xylazine at
doses up to 0.2 mg/kg produced only head droopidgeduced alertness in sheep (G & U
1996). Variation in the analgesic effect of xylezhas been reported in sheep dosed at 50
ng/kg (0.05 mg/kg). Using a mechanical threshodd, t€lun sheep (mean weight 68.7 +/- 4.4
kg) showed the greatest analgesic effect, with 8aaés (50.2 +/- 1.7 kg) and Welsh
Mountains (45.6 +/- 5.0 kg) showing reduced anatgeects apparently proportional to body
weight’** Recent research in South Australia has, howsberyn no variation in the effect of
xylazine associated with body weight. Merino larages 4-6 weeks and weighing 12.8+/- 2.0
kg were given 50rg/kg by intra-muscular injection, and subjectednocelectrical threshold test
delivered by a modified peripheral nerve stimulatdylazine induced effective analgesia
without sedation or other side effects in lambgl #rere were no differences between the effect
on adult sheep or lambs (same blood lifies).

Dosed at 0.05 mg/kg, xylazine has been shown &afee producing no significant change in
heart rate, mean arterial blood pressure, cardigmut, or arterial carbon dioxide tension. A
10% reduction in arterial oxygen tension was obsefv Low dose xylazine (0.02 mg/kg)
combined with ketamine (1 mg/kg) has been showsetmeffective at reducing the behavioural
and cortisol responses to post-operative paing#ntone induction, halothane maintenance,
laparotomy and hysterotom§).
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Summary — Sheep

As reported, the scientific literature exploringasts of the pain and distress caused by
castration and tail docking is lengthy and compl8xudies have been performed on sheep of
different breeds, at different ages, using differaethods of castration and tailing, and using
different investigation techniques and protocadssit possible to interpret these studies, and to
suggest recommendations which benefit the aninmalsyat are practical and acceptable to
farmers? This summary will look simply at the stigc evidence about castration and tail
docking of sheep; later discussion will considesgible recommendations.

Stafford and Mellor in 1998, Mellor and Molony in 199%’, and Mellor and Stafford in

2000V, have summarised and interpreted the literatudate. The paper by Stafford and
Mellor offers a good review of the reasons thas¢éhprocedures are performed, and a
discussion of the pain/stress involved. The lgitgrer summarises methods for gauging levels
of pain and distress, and clearly describes methbdsrforming castration and tail docking.
Each paper reviews the evidence concerning levglain, to date, and the latter paper
establishes a ranking system for acute pain, bas@drtisol levels only.

The letter by Mellor and Molony, leaders in reséaeams at Massey University, New Zealand
and the Royal (Dick) School of Veterinary Studigsjversity of Edinburgh, Scotland,
respectively, was written in response to the Brit®overnment’s response to the (UK) Farm
Animal Welfare Council's 1994 report on the welfafesheep. This report called for a ban on
surgical castration, and suggested modifying theifethe UK to allow castration by ring for
lambs up to 6 weeks of age. The law at that tione&de ring castration for lambs more than 7
days of age. The Government rejected these suggsstid offered to fund more reseatth.

Mellor and Molony argued that there was a conslgerbody of scientific evidence assessing
and comparing levels of pain and distress causexaslyation and tail docking. They stated that
surgical methods of castration and tail dockingusth@mot be permitted without both anaesthesia
and analgesia, because the duration of pain atr@siscaused by surgical procedures (8 hours)
exceeds the duration of local anaesthetics andutegion of distress caused by rings (3 hours).
While they agreed with the proposal to allow rubtdegs to be used in older lambs instead of
cutting or the Burdizzo alone, they pointed out thes method still caused substantial pain and
that alternate methods should be developed andieaged. They concluded with a call that
further recommendations or legislative change shbalbased on scientific evidence, rather
than on opinion.

Since only males are castrated, but both male emdle lambs are tail docked, it is necessary
to compare the effects of different methods ofredisin alone, tailing alone, and castration and
tailing. Rarely, male lambs may be castrated butail docked if slaughter was envisaged
before perineal soiling was likely to be a problehis was the approach taken in the most
recent review article, and it will be summarisedeheHowever, this paper only considered
acute pain considerations (hours to days), and usdy cortisol responses as a basis for
comparison. [The authors did briefly discuss #sies of chronic pain and the benefit of
behavioural assessment in this situation.]

The use of cortisol only as a basis for comparisosalid for acute pain, since:
cortisol responses return to normal after 8 hauesv/en the most noxious situation,
most studies have found that cortisol responseslpBbehavioural responses,
very little work has been done on the long-termsemuences of different procedures.
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| will endeavour to address both the behaviour@rpretation of pain and the long-term issues,
where appropriate.

The authors used the integrated cortisol respanserhpare methods of castration and tailing,
and assigned an arbitrary value of 100% for th&ésmiresponse to tailing and docking with
rings alone. They then assigned “rank” scores shiehrank 1 = 1-30%, rank 2 = 30-55%, rank
3 =70-85%, rank 4 = 75-125%, rank 5 = 165-170%, ramk 6 = 190-205%.

Figure 3, front"

Castration and Tailing

Surgical castration and tail docking induces tlghast cortisol response, indicating that it is the
most noxious method (rank 6). The cortisol respdras been used to enable interpretation of
the behaviour after surgical castration, and taw accepted that “statue standing” and
immobility reflects greater pain than the more\aetiehaviours seen after other methods of
castration and tailing.

Page 31 Livestock Husbandry Review
March 2002



Ring castration and tailing induces a cortisol cese about half that of cutting, but it is still
substantial (rank 4). Short scrotum castratiotabidocking with an iron, does not alter the
level of pain substantially. However, additionaoastration clamp to ring castration, and to
castration and tailing, confers some additionakfigrwith full width clamping, for 10 seconds,
being better. The use of tight rubber rings atweek of age reduces the rank to 3, but this is
unlikely to be practical in most Australian husbgnslystems. Ring and clamp methods at 1
week also reduce pain and distress, in the besasogto rank 1.

Significant benefit is conferred by the addition@tal anaesthetic to castration and tailing.
Local anaesthetic injected into the scrotal necld3@econds before ring castration was
measured at rank 2, and more involved local anagsttneatment 15-20 minutes before
produces the lowest score within rank 1 (exceptémtrol lambs). Multiple handling of lambs
is, of course, unlikely to be practical.

Table 2: Ranking of the overall levels of acute pai  n-induced distress, as judged by cortisol responses ,
caused by different methods of castration plus tail ing with and without local anaesthetic in lambs.

Rank - (Cortisol Response 1)
Castration plus tailing method

6 (190-205%) CT surgery (cords torn), 4-6 weeks?
5 (165-170%) None
4 (75-125%) CT ring, 1-8 weeks (standard response: 100%)

SSring T ring, 4-5 weeks
C ring T iron, 4-5 weeks

C ring + clamp (6 s each cord) T ring, 6-8 weeks
Cring + clamp (6 s each cord) T ring + clamp (6 s), 6-8 weeks

C ring + clamp (6 s full width) T ring + clamp (6 s), 3 weeks
C ring + clamp (6 s full width) T ring + clamp (6 s), 6 weeks
C ring + clamp (6 s full width) T ring + clamp (6 s), 3-6 weeks
C ring + clamp (6 s full width) T ring, 3-6 weeks

C ring + clamp (10 s full width) T ring, 3-6 weeks

C clamp (10 s each cord) T clamp (3 s), 1 week
LA Te (10-15 s after) CT ring, 6 weeks

3 (70-85%) CT tight ring, 1 week
C ring + clamp (6 s full width) T ring + clamp (6 s), 1 week
2 (30-55%) LA Sc (10-15 s before) CT ring, 6 weeks

Control handling, 4-8 weeks

1 (1-30%) C ring + clamp (10 s full width) T ring + clamp (10 s), 1 week
LA Cd Sc Te Epi (15-20 min before) CT ring, 1 week
Control handling, first week

LA control (15-20 min before), 1-8 weeks
LA control (10-15 5 before/after), 3-6 weeks

1 Integrated (overall) cortisol response as a percentage of that caused by CT ring, expressed to the nearest 5%.

2 Data obtained only during the first 4 h after treatment (Lester et al, 1991a) were corrected by assuming that 72%
of the complete response occurred before and 28% after 4 h (Lester et al, 1991b).

C = castration; T = tailing, SS = short scrotum, LA local anaesthetic; Cd = spermatic cords; Epi = epidural; Sc =

scrotal neck; Ta = tail; Te = testes.

Table 2, front"
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There is evidence of benefit of earlier castratad tailing, with maximum benefits seen when
these procedures are performed during the firskwéage.

The use of local anaesthetic has also been showanfer long-term benefits to lambs,
preventing abnormal behaviours otherwise seemmanly lambs up to 41 days after
treatment. In the same study, the use of the Bmodin conjunction with rings led to earlier
shedding of scrota and tails, and quicker healingaunds.(xlvii)

See table 2 for a summary.
Castration

As expected, methods of castration and pain cofdralastration parallel those for castration
and tailing. Cutting induces the worst cortisaiddehavioural) response, rank 6. Clamp alone
produces varying ranks depending on age (rankds8atveeks, rank 4 at 3 weeks, each for 10
seconds), and duration of clamping (rank 3 withsedond clamp), but failure of castration has
been recorded.

Ring alone produces a rank 4 response at 1-8 wdelge, and addition of the castration clamp
does not reduce this response greatly unless peztbat 1 week of age (rank 1) or if local
anaesthetic is also added (rank 3). NSAIDs canaethe response to clamp only castration at
3 weeks to rank 3, but see the earlier commentstabe use of these drugs.

Addition of local anaesthetic reduces the resptmsig and ring plus clamp methods, and
although many studies have shown benefit of thdigiipn of local anaesthetic 15-20 minutes
before treatment, application 15-20 seconds befasbeneficial in ring only castration and
tailing at 6 weeks and in ring castration at 1 weklge. It is likely that 15-20 seconds before
provides significant benefit in all cases, withajest benefit occurring with injection into the
scrotal neck. As noted, addition of the clampoimal anaesthetic/ring methods may confer both
short term and long-term benefits.

See Table 3 for a summary.
Tailing

Surgical tailing induces the most severe respons@k-5. All other methods are ranked 1 or 2,
indicating that tailing (except by knife) is a lesgersive experience than castration. Ring and
iron methods induce similar response (the irorighsy less noxious), and in both cases the
rank is reduced at earlier ages. Local anaesthefare (or even just after) ring tailing confers
benefit, with lower response recorded at earli@sag

The addition of the clamp to tailing procedurebeseficial compared to ring only, or ring and
local anaesthetic methods respectively, but thefiteéa minor (no change in rank), and several
authors have drawn attention to likely operatorsioa to crushing the tail. NSAIDs
administered 20 minutes prior to tailing are alsadficial.

There is a benefit of treatment at an earlier age.

There are difficulties in applying local anaestbéti the tail — injection is difficult because of
the small volume available in the tail to receilie injection, epidural injection is technically
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Table 3: Ranking of the overall levels of acute pai  n-induced distress, as judged by cortisol responses
caused by different methods of castration with and without local anaesthetic or a non-steroidal anti-
inflammatory drug in lambs.

Rank - (Cortisol Response l)
Castration method

6 (190-205%) Surgery (cords torn), 4-5 weeks®
5 (165-170%) Clamp (10 5 each cord), 4-8 weeks
4 (75-125%) Ring, 1-8 weeks (standard response: 100%)

Ring + clamp (10 s each cord), 4-8 weeks
Ring + clamp (5 s each cord), 4-8 weeks
Ring + clamp (1 5 each cord), 4-8 weeks
Ring + clamp (10 s full width), 3 weeks

Clamp (10 s each cord), 3 weeks

LA Sc (15-20 min before) clamp (10 s each cord), 4-8 weeks

LA Cd (15-20 min before) clamp (10 s each cord), 4-8 weeks

LA Te (1-2 min before) clamp (IO s each cord), 3 weeks

LA Te (1-2 min before) ring + clamp (10 s full width), 3 weeks
3 (70-85%) Short scrotum ring, 4-8 weeks

Clamp (1 s each cord), 4-8 weeks

LA Cd (15-20 min before) ring, 4-8 weeks
LA Cd (15-20 min before) ring + clamp (10 s each cord), 4-8 weeks
2 (30-55%) LA Ne-Sc (5-10 s after) ring, 1 week

NSAID (20 min before) clamp (10 s each cord), 3 weeks
Control handling, 4-8 weeks

Ring + clamp (10 s full width), 1 week
1 (1-30%)

LA Cd Sc (15-20 min before) ring, 4-8 weeks

LA Sc (15-20 min before) ring, 4-8 weeks

LATe (15-20 min before) ring, 4-8 weeks

LA Sc (15-20 min before) ring + clamp (10 s each cord), 4-8 weeks

LA Ne-Te' (5-10 5 before) ring, 1 week
LA Sc (5-10 5 after) ring, 1 week
LA Sc (5-10 5 after) ring + clamp (10 s full width), 1 week

Control handling, first week
LA control (15-20 min before), 1-8 weeks
LA control (10-15 s before/after), 3-6 weeks

1 Integrated cortisol response as a percentage of that caused by CT ring, expressed to the nearest 5%.

2 Data obtained only during the first 4 h after treatment (Lester et al., 1991a) were corrected by assuming that, as
for CT surgery, 72% of the complete response occurred before and 28% after 4 h (Lester et at., 1991 b).

3 Needleless injection into the testes through the scrotum would also anaesthetise the scrotum.

Ne = needleless injection; LA local anaesthetic; Cd = spermatic cords; Sc = scrotal neck; Te = testes; NSAID = non-

steroidal anti-inflammatory drug.

Table 3 - fronf”
demanding and carries major risks of spinal intectinless performed with hospital levels of
sterility, needleless injectors are expensive anskifating to use (the drug cartridge would need
to be changed every 1-3 lambs), and sprays repprteguire clipping of the hair. Sprays are
also alcohol based and flammable, precluding tmeerwith a docking iron. However, my
personal experience in other species is that Extaésthetic liquids can be applied through hair,
and this method should be considered.

See Table 4 for summary.
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Table 4: Ranking of the overall levels of acute pai  n-induced distress, as judged by cortisol responses
caused by different methods of tailing with and wit hout local anaesthetic or a non-steroidal anti-
inflammatory drug in lambs.

Rank - (Cortisol Response l)
Tailing method

5 (165-170%) Surgery, 4-5 weeks?
2 (30-55%) Ring, 4-5 weeks
Iron, 4-5 weeks

Control handling, 4-8 weeks
Ring, 3 weeks
Ring, first week
Iron, 3 weeks
1 (1-30%)

Ring + clamp (10 5), 3 weeks Ring + clamp (10 5), 1 week
NSAID (20 min before) ring, 3 weeks

LA Ta (1-2 min before) ring, 3 weeks
LA Epi (1-2 min before) ring, 3 weeks
LA Spray (5-15 5 before) ring, 3 weeks

LATa (5-10s after) ring, 1 week
LA Ne-Ta (5-10 5 after) ring, 1 week
LA Ne-Ta (5-10 5 after) ring + clamp (10 s), 1 week

Control handling, first week
LA control (15-20 min before), 1-8 weeks
LA control (I0-15s before/after), 3-6 weeks

1 Integrated cortisol response as a percentage of that caused by CT ring, expressed to the nearest 500.

2 Data obtained only during the first 4 h after treatment (Lester et al., 1991a) were corrected by assuming that, as
for CT surgery, 72% of the complete response occurred before and 28% after 4 h (Lester et al.,1991 b).

Epi= epidural; LA local anaesthetic; Ne = needleless injection; NSAID = non-steroidal anti-inflammatory drug; Spray
= externally applied; Ta = subcutaneously into the tail.

Table 4 - front”
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Conclusion

Lambs should be castrated and/or tailed as earyamsgement permits. Early (less than one
week) lamb marking is impractical in extensive aitons, because of the need to muster the
flock frequently, and because of the risk of midmeoing. It might be considered when “drift
lambing” is practised, but the stress of the proceslin addition to weather, condition of the
mother etc must also be considered.

Surgical castration and/or tailing should not b&cpised. There is ample evidence that this is
the most noxious method, and it has been showrdbaltanaesthetic does not reduce the pain
of surgical castration.

Clamp only methods of castration and tailing arearpainful than clamp and ring methods,
and may fail, leaving lambs exhibiting male behavsoand/or fertile. They should probably
not be considered.

Ring castration should remain the basic animal dongdty method, with ring or (preferably)
docking iron tailing. However, these methods aeious, and techniques are available to
reduce the distress experienced by lambs.

If prescription drugs are not available, the Buzdishould be used in addition to the rfng
lambs less than one week of age, at least for castration, being applied for 10osels, across
the full width of the scrotum.

Local anaesthetic should ideally be injected ih®dcrotal neck, preferably before, but even
just after, ring application. Local anaesthetjie@tion or spray into or onto the tail at time of
ring application confers small but valuable besefit

NSAIDs may confer additional benefit to sheep ugderg these procedures, but the evidence
regarding their efficacy is contradictory, and tlaelg additional cost and difficulty to the
procedure. Further research may establish theofadach drugs, and should be encouraged. |
do not recommend their use at this stage.

Evidence is accumulating of the efficacy and safdtyylazine as a safe and effective analgesic
for sheep, and its use should be considered. Adfih@ prescription drug, due to risks to human
and animal health if overdosed, xylazine is inexgpen A model for its supply to and use by
farmers exists in the deer industry. This prognactudes farmer training and accreditation by
an industry body, which must be maintained.

It is hard to envisage modifications to the surigicales procedure which might reduce pain
and suffering, and the advent of non-surgical, adoe@emical methods holds greatest hope.
Performing mulesing in conjunction with other prdaees would minimise the duration of
suffering in sheep, and, if systemic analgesicewesed, might reduce at least the acute
suffering caused by this procedure. Researchiv@@ffect of such analgesic treatments is to
be encouraged.
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Comparison of techniques and analgesic regimes in husbandry
procedures - Cattle

Castration

Approximately 9,282,000 head of cattle were pradidb be slaughtered in or exported from
Australia in the financial year 2000-200/4.. Half of these, or more than 4.5 million head,
would have been males that would have been castrineNew Zealand, 85% of farmers use
rubber rings (at an average age of 2.2 months)18A6used a surgical method (at an average
age of 4.3 months). A very few used a clamp mefotahrly, some farmers use a combination
of methods). 32% of male cattle slaughtered inliKewere not castrated. 2% of farmers in
New Zealand castrated calves over 6 months ofcayepared to 5% of farmers in the UK,
while 60% of farmers castrated calves before 1k&/¢82% in the UK). A few castrated
calves within the first week of life, in the pad#todn New Zealand, it is illegal for farmers to
castrate calves over 9 months of age, and yet 1froiers did this™ “* Agriculture,

Fisheries and Forests Australia have advised ti@it data is not available for Australia.

Available methods for castration include:
injection of chemical to induce testicular sclesosi
application of tight rubber rings (Elastrator
crushing of the scrotal skin and spermatic cordliding vas deferens, blood vessels and
nerves) with a castration clamp (e.g. BurdizzogclEside is crushed independently, once
for 10 seconds.
Cutting the scrotum (ventral aspect, generally imaisions parallel to the median raphe
(midline)), withdrawing the testes (individuallylfowed by either
o Pulling the testes and cords, causing ruptureettrds within the abdomen
o Crushing and severing the cords with an emasculator
Application of a tight, heavy rubber band (Callterdand) with a proprietary device.

Tt4e NEW Callienare
alticnat

aage
 EXTRA STRENGTH
« SPECIAL LUBRICATION
 LONGER

Chemical Castration

A solution ofa-hydroxypropionic acid (88%

lactic acid) (Chem-Cast Bio-Ceutic

Laboratories inc, Missouri, USA) can be

injected into the testis on a volume per kg live

weight basis. A study in Australia compared

such treatment with standard (on farm) surgicalratien, and found that the injection took
three times longer than surgical castration, cansdéss acute pain, and caused “considerable”
swelling and discomfort at an 8 hour observatibiealing took twice as long as following
surgical castration. Some calves subsequentlylolee® some scrotal necrosis, and although
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all were satisfactorily sterilised, some maintaisede testosterone production and behaved as
males. The investigators did not consider thiatsfactory method of castratidff"

Cohenet al, working in Canada, compared surgical and chenai@stiration using blood Packed
Cell Volume (PCV), cortisol, testosterone, glucqa®etein, free fatty acids, creatinine and urea
nitrogen. In addition, scrotal circumference and lveight were recorded for these 7-9 month
old, Holstein calves.

PCV and Plasma metabolites did not differ betwaens. Cortisol was highest in the surgical
group (at 6 hours), and somewhat lower in the chahgroup at 3 hours. The area under the
curve for 12-hour cortisol was highest in the steiygroup. Cortisol levels remained within the
normal range for the following six days, althougk values for the surgery group were
somewhat higher.

Testosterone levels fell rapidly in both the suagjend chemical groups, although they rose
again and remained at low levels in the chemicaligr The control (entire) and chemical
castration groups achieved a higher average da#éigpt) gain (ADG) than the surgical group
for the first 27 days. Over 133 days, the chengcalp grew at 1.2 kg/day, the controls at 1.1
kg/day, and the surgical group at 0.9 kg/day. Qdbalhvs. control values were not significantly
different, but chemical vs. surgical were signifitg different. They concluded that chemical
castration caused less stress than surgical gastfat 7-9 months), and that this group grew
more rapidly than surgical castrates. Chemicalttnent did take longer and required more care
than surgical castration. They made no commenttai@havioural results of the treatments,
and it is possible that there were difficulties mging the animals with slightly elevated
testosterone levefs.

Non-Chemical Castration

Fell et alused salivary cortisol and behaviour to inveséghe stress of ring vs. knife castration
in 4-11 week old Friesian and mixed beef breede=salvl he calves had been hand reared, and
had received a great deal of handling. Surgicstraion was achieved using race restraint, and
two incisions were made on the ventral aspect@strotum, through the skin and tunica
vaginalis. The testes were exteriorised, and pleensatic cord severed by scraping with a
scalpel blade.

Surgery induced severe struggling and kicking dutire procedure, followed by standing still
for 1-2 hours. One calf which continued to blebdvged discomfort the next day. Application
of the ring induced less severe reactions, followedome efforts to touch their scrotum to the
ground, a leg or their muzzle, for up to one hbyrwhich time normal behaviour had resumed.

Cortisol levels were markedly higher in the surbgraup, but also elevated in the ring group.
Values had returned to normal by four hours. Maximvalues in these calves were similar to
values induced in the same calves by transpore cbncluded that castration induced a stress
response similar to that induced by other husbapobgedures, for up to 4 hours, but that the
response to ring castration was much less thartdratrgical castratiori™

Calves aged one to seven days exhibited almostnavoural signs of distress and did not
demonstrate any significant cortisol responsertg dastration in an experiment in Edinburgh.
Hand reared Friesian calves were used. In cortrasintrol calves, ring calves mostly slept
for the first hour post treatment. This may reprgsan association with the “lying out” or
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“hiding” behaviour exhibited by calves in the firgeek of life. Kids demonstrated less marked
behavioural and cortisol responses than lambsgtihawore than calves, and this may represent
the same phenomendf*

Further studies at the same institution used Ayrestalves at 6, 21 or 42 days of age.
Treatments included surgery, Burdizzo clamp (appitceeach cord separately), or rubber rings,
all performed using manual restraint. The ringugrexhibited more restless behaviours than
the surgical or clamp groups. Burdizzo calves leixéd “abnormal standing, for 24 minutes in
6 day old calves and for longer periods in oldévest. The surgical group exhibited similar
behaviour, but for a relatively shorter time in ##2day group.

Cortisol rose rapidly in the Burdizzo and surgigadups, peaking between 12 and 24 minutes.
Values were highest in the surgical group, intenatedn the Burdizzo group, and lowest in the
ring group. Cortisol values for the ring groupeasore slowly and in some cases persisted for
longer, peaking at 36 to 90 minutes. For all mé#hahe cortisol response was lowest in the
21-day-old calves. The pain of Burdizzo castraappears to be due to the crush itself, with
cortisol values returning to normal more quicklgrhn the other groups, although values did
peak higher than in the rubber ring group.

They concluded that abnormal standing and foot gitagrappear to be indicators of pain due to
castration in calves. Younger calves probably egpeed less pain than older calves. The
Burdizzo probably induced the least pain over tined-hour study period.

The same investigators compared surgery, ring, iBzodand a combined method of castration
in one-week-old Ayreshire calves. Cortisol, bebaviand observation of lesions were used.
Active behaviours were more frequent in the ringugr, and adding the clamp reduced these
behaviours to a value intermediate between ringsangical groups. Surgical and Burdizzo
(and combined) calves showed more “statue standing”

Cortisol responses were greatest in the surgicalm(peaks at 12-24 minutes and again at 60
and 96 minutes), while the ring group showed theekt cortisol peak, but values were
sustained longer than when a clamp was used. dibioed method produced a lower first
peak than clamp alone, and there was a second geadlat about 84 minutes coinciding with a
second peak for ring calves.

Healing occurred most rapidly after surgical cagim(<9 days); the Burdizzo group had
healed by 15 days. Both ring groups exhibited ies@elling, inflammation and some
infection, peaking at 15-18 days (combined) an2i7aB0 days (ring only). Healing was
incomplete in a few ring only calves at 51 daysidition of the Burdizzo reduced the time for
scrotal loss and healing compared to ring onlyeslvDuring the first 42 days, ring and
combined calves exhibited more abnormal standing tiae Burdizzo and combined calves
more abnormal lying.

Surgery produced more acute pain than other methbls combined method reduced the
acute pain of ring only castration, but to a muctaker degree than that seen in lambs.
Methods of castration using rubber rings produced lasting inflammation and sepsis, and by
inference, chronic pain. This may have been bexafithe relatively poorer “seal” achieved by
the ring due to the thicker skin of calves compdceldmbs. The authors concluded that
surgical and Burdizzo methods appear to be lesgyddhan ring or combined methods. Local
anaesthesia has been shown to be an effective chittlediminate the acute pain of clamp
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castration in lambs, and therefore the Burdizzo ezassidered to be the most humane method
of castration for young calvés.

Researchers in New Zealand have compared ringegufgut and pull or cut and emasculator),
clamp, and band (Callicrate bander) castratioralmes at 3 months of age. In addition, the
effects of local anaesthetic (Lignocaine) infilioat into the testes and scrotum (20 minutes
prior) +/- Ketoprofen (3 mg/kg 1V) given at the &nof castration were explored. Integrated
cortisol responses (over 4.5 hours) and behaviewe wecorded.

Cortisol responses (first 8 hours) were similarimg, band and surgery (pull) calves, and were
significantly higher than in control calves. Vaduer clamp and surgery (emasculator) calves
were not significantly greater than for controlves. Local anaesthetic reduced the cortisol
responses to ring, band and clamp calves to tHosantrol calves, but the response of both
surgical groups was still higher than for contralves. The addition of Ketoprofen reduced the
cortisol response of all groups to that of the cmirtalves.

The investigators comment that many of the surgart) calves had cortisol responses little
different to control animals, while the surgeryl{poalves all had higher cortisol responses. It
may be that once local anaesthetic was applied;dids of the surgery (cut)(LA) group were
inadvertently pulled more than in the surgery (guup, thus stimulating more pain and
responsé&:"

Activity was greater during surgical, band and gazastration than during ring application.
Local anaesthetic reduced activity, at least fergtrgical group.

Principles derived from the work:

1. If local anaesthetic is held situ (ring or band), it remains effective much londsart
the two hours expected (no cortisol response)

2. Local anaesthetic will not be as effective if inoat reach a site of damage (e.g. intra-
abdominal cord rupture in cut and pull techniquesl cortisol and distress will be
greater.

3. Inflammation above the ring or band is probablyitéd, because addition of Ketoprofen
did not further reduce the cortisol response se@gnviocal anaesthetic is given.

4. Ketoprofen probably acts centrally (analgesia)eathan locally (anti-inflammatory).

Considerations in selecting a castration methoddéves:

Ring Band Surgery Surgery Clamp
(Pull) (Cut)

Effectiveness| Few failures  Unknown No failures No failures Sora#ures
Age of calves| Young All ages All ages All ages All ages
Healing time | 58 days 58 days 48 days 48 days >63 days
Behaviour Good Moderate Poor Poor Poor
Cortisol High High High Medium Medium
Cort (Local) | Low Low High High Medium
Cort (LA + Low Low Low Low Low
Ketoprofen)

cXiv
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Conclusion
Where possible, calves should be castrated at rggoiage.

Ring castration may be acceptable in young calvbsn combined with local anaesthesia.
However, prolonged healing and greater risk of dozapons (wound infection, fly strike)
make this less desirable.

Surgical methods of castration lead to more rapalihg, with fewer complications and

reduced chronic pain. However, they produce mougeapain, unless this is ameliorated with
additional techniques. An emasculator should lpieghto the cords in a surgical technique,
rather than the cords being pulled and broken.alLacaesthetic should be used prior to
surgical castration to reduce the acute pain respoAdditional systemic analgesia (e.g. a non-
steroidal anti-inflammatory drug) should also beegito prevent the pain and distress which
otherwise follows.

If drugs cannot be given, Burdizzo castration eniost humane option, followed by surgery
(emasculator) then ring and band methods.

Chemical castration should be considered, if altdla

Ancillary methods which may reduce distress include )
Castration of artificially reared calves within &y (no distress response to rintj%)
Isolation of calves from their mothers immediatehor to the procedure (no distress
responjse in 11 week old beef calves to surgicBundizzo castration c.f. 24 week old
calvesy

Disbudding and Dehorning

As previously discussed, the removal of the hofreatile is valuable for their own welfare
(long term), for the safety of humans, to minintiseising to meat and is a requirement for
entry to many feedlots. Clearly, the most humaag t® avoid horn problems is to breed
polled cattle. Currently, farmer choice and mafketes dictate the continuance of horned
breeds. The following methods are available toaesrhorns:

Calves — Cautery (electric or other source to hdabe which, when placed over the
horn bud, destroys horn germinal tissue and cagtgilood vessels)

Cryosurgery (freezing)

- Chemical — a caustic chemical can be painted ohdhe bud. Special care must
be taken to prevent the chemical irritating the @eyskin, especially in wet
weather

- Mechanical devices - designed to cut out the lhaoih

tube calf dehorner (cuts out the bud like an appler)

Scoop dehorners (opposing convex blades meet timeléorn bud)
Saws (stiff bladed, such as a butcher’s saw)

Guillotine shears (small shears with a cutting lafl60x80mm)
Embryotomy wire (wire saw with detachable handbessed around the
horn bud and used with a reciprocating drawingoagti

Older cattle — surgical methods using handsawstredesaws, guillotine style shears,
wire saws. In each case, a 1 cm ring of skin atdba base of the horn must be
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removed to prevent re-growth. Firm restraint isassary to enable dehorning and to
prevent injury to cattle and operators. Local atfaetic and perhaps sedation are
sometimes used for welfare reasons and to faeiltts¢ procedure — these drugs require
veterinary presence or at least prescription. Hadmge, infection, fly worry and
infestation, and damage to the sinuses are poteoptaplications. Secondary
haemorrhage caused by trauma from fighting or mdpban be quite serious. Cattle
may fight because “they do not recognise each b#iftar the dehorning procedure.

The horn is generally hollow at the core, and opettsa sinus, which easily becomes
contaminated with the debris of horn amputation famch the environment. Infection
may follow and be debilitating, possibly requirifugther surgical drainagé"’

Research

Dehorning of cattle has been shown to elevate €devels, and, by implication, to cause
stress. Carter and colleagues investigate thefusme electro-immobiliser to assist with the
restraint of cattle undergoing dehorning. 18-2sthmld Jersey cattle were used. All
dehorned cattle showed significantly elevated soltievels compared to controls, but there
was no significant difference between cattle debdwwith no anaesthetic, local anaesthetic (a
cornual nerve block) or restrained with the ele@tnonobiliser. One third of immobilised cattle
bellowed, and demonstrated eye movements and iftigctvhich were interpreted as signs of
pain. This did not occur when local anaesthetis used""

Morisse and colleagues, working in France, comphedtvioural and cortisol effects of

cautery disbudding (at 4 weeks of age), and hadedaation (at 8 weeks), in hand raised
Montbelliard calves. Caustic disbudding was agblising a potassium hydroxide stick for 2
minutes, while an electric horn bud cauteriser agglied for about 1 minute at 600. Local
anaesthesia was injected around the cornual nersenie calves in each group. Behaviours
observed included standing and lying over 24 haet,grooming, rubbing, social behaviours
(head contacts, sucking etc), scratching at thd,heeal acute behaviours after treatment such as
tail flapping, moving back and falling down.

There was no difference in the ratio oftime spéanding up to lying down between any of the
treatments. The intensity of immediate reactiadshat differ between unanaesthetised caustic
or cautery calves, but administration of anaesthesduced the intensity in both treatments —
60% of animals stood motionless and showed no dhigde evidence of pain. Caves stood up
and laid down more frequently during the first thvaurs after treatment, but behaviour had
largely returned to normal by 4 hours. Other banawpatterns (grooming, rubbing, social
behaviours) were also altered in frequency duidmgihitial phase. Alterations to the
frequency of these behaviours was unaffected biicgpion of anaesthesia.

Cortisol was measured at 0, 1, 4 and 24 hourstigobrose 1 hour after treatment; values were
higher for calves treated with caustic disbuddimantwith cautery, and the application of local
anaesthesia reduced the cortisol response (bt wontrol levels). Values had returned to
normal in the caustic group by 4 hours, and rentameemal at 24 hours. In the cautery group,
cortisol values had returned to control values Iypdrs (and remained there at 24 hours in the
unanaesthetised group) while anaesthetised casplaged an elevated cortisol value at 24
hours.
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Behavioural and cortisol effects seem to changmanallel, however behavioural studies were
hampered by the lack of control calves in this olegon group. Caustic disbudding seemed to
be more acutely painful on the basis of cortistl®s. In calves treated with local anaesthetic,
cortisol values from caustic disbudding droppectkjyiand remained low, while in cautery
calves, cortisol values increased over time, suggean increase in discomfort. While local
anaesthesia eliminated the immediate responsahodiling in 60% of calves, it appeared
ineffective in the other 409%"" This suggests either poor technique, or alterimakervation,

in some calves.

Preliminary studies have been conducted into tkeoti€ryosurgery (freezing) to arrest horn
growth in young calves. Two devices used in humans using nitrous oxide and one using
liquid nitrogen, were employed. Both required lidumes application, and caused bellowing
and struggling. The nitrous oxide device failecteest horn growth. The authors considered
that these devices should not be used in unsedatadaesthetised anim&l8. This technique
appears to be impractical and to have no beneéit other options.

Virtually all of the remaining studies into the ek aspects of disbudding and dehorning have
been conducted in New Zealand by Mellor, Staffard eolleagues. They compared the
cortisol responses to two methods of disbuddinth wi without local anaesthesia, in 6-8 week
old Friesian calves. A Barnes scoop dehorner,gasdafired disbudding iron, were used, and
Lignocaine was injected to induce a corneal netgelk20 minutes prior to disbudding.

Scoop disbudding caused a marked rise in cortmat@ntrations, peaking within one hour, and
falling to a plateau for about 5 hours. Values wasemal by 6.5 hours. When local
anaesthesia was added to the regime, a small ases&en, which paralleled the rise seen in
control calves which had had local anaesthetictepge However, this was followed by a steep
rise after two hours and elevated levels were ragiat until 7.5 hours after the procedure.
Between 2.5 hours and 8.5 hours, cortisol leveleweaher in the scoop + LA caves than in
the scoop calves.

Cautery disbudding caused a rise in cortisol wiBbrminutes, which peaked at values about
2/3 those of scoop calves. By 1.5 hours, valudstdléen and were only slightly higher than
those of control calves. Cautery + LA induced akmpeak of cortisol before 30 minutes,
which quickly returned to control values.

The integrated cortisol response (ICR), the arefeuthe cortisol curve above pre-treatment
values) for scoop calves was significantly grettian for other treatments during the first two
hours. The ICR for cautery calves was higher foagontrol and treatment + LA calves
during this period, but less than the scoop calvakle. LA Scoop and LA cautery induced the
same ICR in this period.

During the final 7.5 hours, the ICR of LA scoopwes was significantly greater than that of
other calves, followed by scoop calves. Cauted/lak cautery calves had moderate ICRs,
with LA cautery calves showing a slightly highelRG@han cautery calves.

Over the whole period, scoop treatments induceidlzeh ICR than cautery treatments, but the
difference was not significant.

The authors concluded that scoop and LA scoop dahgegreatest amount of distress, and
although local anaesthetic reduced the immediatésobresponse, the overall response was not
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reduced. Cautery disbudding induced less distressscoop dehorning, and the response was
much shorter in duration. They noted that the tilomaof the distress response to scoop
disbudding was about 5.5 hours; in the case of ¢@op, this period of distress was merely
delayed by the two-hour duration of local anaestheshat the cortisol response was then
higher than in the scoop calves at an equivalembghenay have been due to the lack of stress
induced analgesia (with endogenous opiates) imitial period. When they were stimulated to
“kick in”, there were larger quantities of inflamtoay mediators inducing a greater stress
response at 2+ hours than in the scoop only caltv@s hours.

Cautery induced a smaller response of short durgbieesumably because of almost immediate
destruction of nociceptive receptors. LA cautalves did not display the delayed stress
response seen in LA scoop calves, supporting tews.vThe authors observed only marginal
benefits from local anaesthesia in cautery calaibispugh these calves did show fewer escape
behaviours during the procedure. Cautery disbugdppears to induce less distress than scoop
disbudding, at least in the first 9holts. The limited benefit in overall cortisol resporise

calves treated with local anaesthetic led to soomtention amongst veterinarians in New
Zealand, which were addressed by Professors MatidrStafford in a subsequent

publication®

McKeekan and colleagues compared the cortisol respto shallow versus deep scoop
dehorning, noting that the depth of the scoop @g proportional to the diameter of the horn
bud and hence to the weight of the calf. 14-16kn#é Friesian calves (91-120 kg) were used.

Control calves (firm restraint) showed a small {iseng/ml) in cortisol which returned to
resting values within 30 minutes. Shallow and desgop dehorning induced a marked,
sustained rise in blood cortisol levels (28-29 Agbm4.5 hrs, normal values by 8 hours).
There were no differences in cortisol levels betwi® two scoop groups at any time. There
were no significant correlations between integratadisol responses or time to return to
normal and scoop wound depth, wound area, horraleal height or weight.

The authors concluded that, in the absence of bota¢sthesia or analgesia, scoop dehorning
was a markedly distressing experience for at @#&shours. However, there was no evidence
that the depth of the wound influenced the mageitmdduration of the distress respofgeé.

Researchers from the same institution compareddhesol responses of 60 5-6 month old
Friesian calves to scoop dehorning with or witHoatl anaesthetic (LA) and/or immediate
post scoop wound cautery. Local anaesthetic (tgmz) was injected about 30 minutes prior
to further treatment. Cautery following scoop deliragy was achieved using a custom-built gas
heated cautery iron, with a 30 mm diameter, hengispal head, which was generally applied
for about 6 seconds.

Control (LA and handling) treatment induced smiadinsient increases in blood cortisol. Scoop
dehorning induced a marked response, peaking ati@@tes. It then declined to a plateau
between 1.5 and 3 hrs, and then decreased togairent levels by 6-7 hours. LA almost
abolished the cortisol response for the first thiveers. LA scoop calves then showed a rise in
cortisol to values similar to scoop only calvesjchithen declined in parallel to the values from
scoop only calves.

Cauterising the wound caused a marked cortisolwlgeh peaked at 30 minutes, plateaued
between 2 and 3 hours, and then returned to pagatent values between 5 and 6 hours. Mean
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plasma cortisol values were lower than scoop cavesch time, with significant differences
noted at 0.5, 2.5 and 3 hours post treatment. scApp and cautery calves demonstrated a
transient rise in cortisol and subsequent fall sinb that observed in control (handled) calves.

Local anaesthesia almost abolishes the cortispbrese to dehorning for the first 3 hours.
Local anaesthesia and immediate wound cautery alabatished the cortisol response
throughout the 9 hours of the study. The authotsdhthat the cortisol responses which
occurred after LA had worn off (3 hours) were geeat 6-week-old calves than in this study.

Cautery effected a small reduction in the disteassed by dehorning, compared to the marked
decrease seen in lambs tailed using a docking ifdr authors noted that cortisol values were
at or below pre-treatment values at 36 hours ibuatlthe scoop only calves, suggesting that
little distress is experienced at this st&gé.

A further paper compared cortisol response to foethods of dehorning in 5-6 month old
Friesian calves. Scoop saw, guillotine shearseanidryotomy wire all resulted in very similar
cortisol responses including peak height and toeation, and integrated cortisol response.

All methods appeared to induce a similar levelisfrdss, presumably because of similar levels
of tissue damage. There was a slightly (not sicguiit) greater peak response for scoop calves,
and guillotine calves (with the shallowest wounstsdwed slightly lower cortisol responses at 2
and 2.5 hours. The pattern of cortisol respondkéase 5-6 month old calves was similar to that
seen in 6 and 14-week-old calves after scoop datmpfii"

The effects of duration of local anaesthetic waentinvestigated in 3-4 month old Friesian
calves(62-110 kg). Scoop dehorning was used, geec€0 minutes) by local anaesthetic
injection with 0.25% bupivacaine, which lasts apgmately 3-4 hours. In some calves, the
injection was repeated at 4 hours.

As could be expected from previous experimentspkdvented the rise in plasma cortisol
values for its duration, 4 hours or 8 hours. llvesgiven a single injection, a marked rise in
cortisol occurred at 4.33 hours and persisted 8®8-9.33 hours post treatment. At 6.33 and
7.33 hours, the mean cortisol level was signifiagteater than the value in scoop only calves
at that time. In other words, the cortisol resgonad been postponed, but not eliminated by the
administration of local anaesthetic.

A group of calves received bupivacaine immediabafore scoop dehorning (rather than 20
minutes before). The initial cortisol response whminated, as in the 20-minute LA calves,
but the cortisol levels rose about 4.83 hours afeaatment. However, calves in this group did
demonstrate behavioural evidence of distress diin@grocedure, although the cortisol
response was too slow to reveal it. The local sit@tic delayed the anticipated rise in cortisol
for its duration.

Administration of a second LA injection 4 hours pdehorning postponed the cortisol rise until
8.33 and 9.33 hours, at which point the cortisas Wagher than in scoop only calves at the same
time. There was also a transient rise in corasd.83 hours, when the initial injection would

be expected to be wearing off.

Although the cortisol response was much reducedlves given bupivacaine for the duration
of the LA, compared to those not injected, the alv&ortisol response was not reduced in
calves given a single injection compared to thagamected. A second injection reduced but
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did not eliminate the subsequent cortisol increasgditional measures are required to reduce
the overall cortisol response. The decline inisottresponse in non-injected calves may have
occurred due to habituation to noxious sensatioospared to the single injection calves
which, at 4 hours, experienced the pain for the fime. The LA calves may have been
prevented from developing an early stress induoatbasic response, hence experiencing
greater pain at 4 hours than their non-injectedchtarnparts.

Although the cortisol response to LA immediatelydoe dehorning was not different to that in
calves injected 20 minutes prior, behavioural resps indicate the need to allow LA time to
act. The lack of cortisol response during 8 haiecal anaesthesia suggests that
inflammatory mediators (which were not impededndodirectly induce a cortisol
respons€™

These investigators then explored the effect afrasteroidal anti-inflammatory drug
(Ketoprofen 10%, 3 ml IV, 20 minutes prior to tm@&nt) on calves scoop dehorned with or
without prior injection with lignocaine or bupivana. 3-4 month old Friesian calves were
used. Control group calves (control handled, @dmiith bupivacaine, or Ketoprofen, or
lignocaine and ketoprofen, or bupivacaine and ketiep) all showed a transient, small rise in
cortisol values during the first 20 minutes aftantiling and injections, which then returned to
and remained at pre-treatment values.

Dehorned calves showed a cortisol response equiahtreviously described. In calves
treated with Ketoprofen 20 minutes prior to dehogpia similar peak was seen at 0.33 hours,
but cortisol values had returned to normal by h8@rs. The addition of lignocaine showed a
small peak in cortisol at 0.33 hours, and thereaftesignificant differences from control
calves. The addition of bupivacaine induced a bpeak at 0.83 hours, and the cortisol was
somewhat higher than in control calves at 9.33 fio@therwise, these calves had cortisol
values not significantly different from control eak. Bupivacaine only induced a delayed rise
cortisol, as previously described.

The addition of Ketoprofen, and its efficacy atrehating the second phase of the cortisol
response, shows that this response is due to inftran compared to the initial rise due to the
(pain of the) procedure itself. Giving ketoprofdone only slightly reduced the initial cortisol
response, since the analgesic action of non-straidi-inflammatory agents is primarily
through their anti-inflammatory effects, but theggents have a variable central analgesic action
also. However, the combination of regional analyead an anti-inflammatory agent has been
shown to eliminate the stress response altog€&tfier.

The behavioural responses of calves to similatrireats were then described. Increased foot
stamping, head and tail shaking, ear flicking, Wisaéion and general restlessness have been
observed in cattle undergoing procedures genettadlyght of as painful. The same calves as in
the previous studies were observed for lying, gygair ruminating, tail shaking or ear flicking,
for seven one minute periods over 3 days (at 8, 22, 26, 46 and 50 hours after treatment).

There were significant differences in the incidenctthese behaviours in different groups of
calves, especially at 2 and 4 hours after dehornirtge administration of lignocaine plus
ketoprofen markedly reduced the difference betwgieg, grazing or ruminating, tail shaking
and ear flicking between control and dehorned gsanyihe first 4 hours. This reduction was
not so evident when either agent was given aldmgnocaine had probably largely worn off by
the first observation period (2 hours), and apptalsave no long-term effect on behaviour.
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Lignocaine and ketoprofen appear to reduce, butatally eliminate, the pain of dehorning in
cattle. Lignocaine alone, and Ketoprofen alon@eap to reduce behavioural signs of pain
according to time frames to be expected from thlearmacology and previously quoted
cortisol responses""

Graf and Senn, working in Switzerland, used a widage of physiological and behavioural
observations to explore the effect of local anaes#hprior to cautery disbudding. 4-6 week old
calves of three breeds and their crosses were nsddjection, saline injection, or lignocaine
injection were given 2 days before actual disbuddin conjunction with simulated dehorning,
and then repeated in conjunction with cautery deingr Blood was collected via an implanted
catheter and analysed for vasopressin, ACTH artisobr Vasopressin is rapidly released (in
some species) in response to stressors and stenube secretion of cortisol and ACTH, and
therefore may be used as an acute indicator afsstred pain.

Local anaesthetic was injected both around theezdmmerve and infiltrated around the horn
bud, to provide the greatest effective pain preeantBehaviour during injection was recorded
on video cameras, and analysed for five behaviewad wagging, head moving, tripping,
forcing ahead, and rearing. Behaviour was contislyoobserved for 4 hours post dehorning,
and observed for backward locomotion, head shakiegd pushing, and feeding.

The frequency of tail wagging, head moving, trigpiforcing ahead and rearing were at least
twice as high during saline injections as durintplaanaesthetic injections. Vasopressin and
ACTH showed small, transient rises in saline irgdatalves, and cortisol rose sharply and
remained elevated for about 90 minutes after sitedldehorning in these calves. These effects
were not seen in control (not injected) or locaesthetic calves, except that cortisol rose a
little in local anaesthetic, and to a slightly gexadegree, in control calves after simulationeTh
frequencies of all behaviours were higher in sadind control calves during simulation than in
local anaesthetic calves.

Dehorning led to a marked increase in all behagiauicontrol and saline calves, which was
only marginally increased in local anaesthetic esalvin particular, dehorned calves moved
backward for no apparent reason, showed a drastiease in head shaking for the first hour,
and avoided head pushing in the first 4 hours.dirgebehaviour was also reduced in the first 2
hours. These behavioural changes were not obsertbd local anaesthetic calves. Dehorning
induced a sharp rise in vasopressin, ACTH andsmrtwhich in each case was higher in the
saline injected calves than in control calves. figher peak hormone concentrations in saline
calves were mainly due to the addition of the aféédhe injection (observed in LA simulation
calves) upon the effect of the treatment obsermambntrol calves. Local anaesthetic prior to
cautery dehorning almost completely prevented as®e in plasma hormone concentrations.
There was a slight but significant rise in cortigablLO minutes which had returned to baseline
by 40 minutes, and a second smaller increase ati& lwhich led to values significantly higher
than in control and saline calves at this stage.

These results showed that an injecip@n seinduces changes indicative of distress, but that
these are eliminated if the injection is local athetic. Clearly, the local anaesthetic rapidly
takes effect and is unlikely to produce any sigaifit stress or pain. This treatment also almost
eliminated behavioural and physiological signsteéss and pain after cautery dehorning.
Some post-operative pain was clearly experienceshbyals as the local anaesthetic was
wearing off, and while the authors concluded tha might be a direct effect of the injected
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anaesthetic, it is also possible that the locaéstieetic (and cautery) blocked any pain induced
analgesic response. The authors concluded thargalehorning causes considerable pain and
stress and that local anaesthetic reduces thataeaitring and up to at least 2 hours after
dehorning”""

The New Zealand researchers also observed behalviesponses to amputation dehorning, for
8 hours using 6-week-old Friesian bull calves. Bakaviour of calves injected with local
anaesthetic prior to dehorning differed signifidefitorm control calves and was similar to
calves dehorned without local anaesthetic, in mestects, during the period of activity of the
anaesthetic. They speculated that abnormal belwariay be due to bleeding and the irritation
caused by it, or due to the effects of the injetttself. However, there may be less variation in
behavioural responses to serious injury than exgeeind the observation of behaviour may be
inadequate to assess and compare pain caused Bpeuific insult’™™

The New Zealand researchers reassessed the coepoinse to dehorning with local
anaesthesia and wound cautery over 24 hours, @sdngionth Friesian calves. In this instance,
nerve blockade was achieved for 5 hours with tveallanaesthetic injections. The results
confirmed previous observations that cortisol neken local anaesthetic wore off, in the
absence of wound cautery, but did not rise aboveddiate pre-treatment values for at least 24
hours in calves treated with local anaestheticvamand cautery. They concluded that the
combined treatment did “substantially reduce th&ecortisol response and by inference the
pain induced distress caused by amputation dermififti No complications were seen in any
calf.

Summary

Mellor and Stafford presented a summary of theanumresearch into dehorning and disbudding
in 2000. They noted that amputation dehorning @edua marked cortisol response, which
peaks at 30 minutes and lasts for 7-9 hours. difiest is seen in calves at 6 weeks, 3-4 months
or 6 months. All methods of amputation dehornimduice a response which is essentially
identical, and depth of wound is unimportant. Placal anaesthetic injection delays the
cortisol response but does not significantly redteenagnitude. Prior injection of a non-
steroidal anti-inflammatory drug (Ketoprofen) dows much influence the initial cortisol
response, but virtually eliminates the rest ofd¢bdisol response. Prior injection with both

local anaesthetic and ketoprofen virtually elimesathe cortisol response to amputation
dehorning. (see following graphs — all fr6ffi")

When bupivacaine is used in the combined apprdhehe is a non-significant delayed cortisol
response when the bupivacaine has worn off. Puslyainpublished data revealed that if
lignocaine is followed by bupivacaine (giving 6 hewf analgesia), there is very little reduction
in the cortisol response when the local anaesthetars off. Thus, the longer the local
anaesthetic effect, the less the effect of thestemsidal anti-inflammatory drug.
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Cauterising the amputation dehorning wound nonisagmtly reduces the cortisol response,
and is not recommended. However, combining prifction with local anaesthetic and post-
operative wound cautery virtually eliminates thetisol response throughout the first 24 hours,
including the delayed cortisol response which ocgeulnen the local anaesthetic wears off. Itis
believed that the use of local anaesthetic maisttia pain threshold at higher levels than
occurs with amputation without local anaesthetiz] the cautery destroys sufficient pain
receptors to keep the pain impulse input belowptia threshold after the local anaesthetic
wears off.

Cautery disbudding induces a significant
but short lived cortisol response (peak 30
minutes, resolved by 2 hours). Prior
cornual nerve injection with local
anaesthetic non-significantly reduces the
cortisol response, but cornual nerve
injectionandinfiltration around the horn
bud virtually abolishes the cortisol
response.

The authors then ranked the distress caused
by these different methods,in some cases
using behavioural observations to separate
different treatment§>' See table 4

Table 4: Ranking dehorning and
disbudding procedures from most to least severe.

Rank Procedure Struggling Acute Cortisol
Response
6. Amputation dehorning During amputation and riéa (75%)*
cautery + wound cautery
5. Amputation dehorning During amputation only ked (100%)*
4, Prior local anaesthetic# None/little Marked (@)06
+ amputation dehorning and delayed
3. Cautery disbudding During disbudding Moderat&e4p
2. Prior local anaesthetic# None/little Moderate%h*
+ cautery disbudding
2. Prior NSAID During amputation Mild (35%)*
+ amputation dehorning
1. Prior local anaesthetic# None/little Very mib%)*
and NSAID
+ amputation dehorning
1. Prior local anaesthetic# None/little Very mitbfo)*

+ amputation dehorning
+ wound cautery

1. Prior local anaesthelc None/little Very mild (?%)
+ cautery disbudding
1. Non-treated controls None/little Very mild (~2P%

* - Percentage of the acute cortisol response faougation dehorning in each study.
# - injected near the cornual nerve supplying dsxrh bud.

N - Injected near the cornual nermedaround the base of each horn btd'").
(?%) - Percentage not known. Froff’
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There are concerns about the effect on wound rgeafiwound cautery. This has not been
studied in detail, but “no significant problems &e® apparent” when cattle were observed
over a period of weeks after dehorning wound cauitét"

Conclusion

Disbudding and dehorning are routine and, for iime toeing, essential management practices
for cattle. There is no question that these promsicause significant pain and distress, and
that efforts should be made to minimise this dsstre

The most effective way to minimise pain and distiego breed cattle without horns, and this
should be encouraged.

Where possible, calves should be disbudded (byogut or before 6 weeks of age. This
appears to cause less pain and distress than amputahorning at a later age.

Prior local anaesthesia (preferably both cornuatablock and local infiltration) plus cautery
disbudding induces the least pain and distressshadld be encouraged.

Where amputation dehorning is to be performed,ghauld be either preceded by local
anaesthesia and systemic analgesia, or precededdlyanaesthesia and followed by wound
cautery. However, as noted by Keith Stafford,|tmg term effects (pain, complications,
healing time) of dehorning wound cautery have remrbinvestigated to dat&>" Either of
these options greatly reduces the behavioural artéaol reactions to amputation dehorning.

Branding

Lay and colleagues compared hot iron with freezadiing in Simmental cro$8", Angus
calves™ and Dairy cows (Holstein and Jers&y}' Freeze branding is perceived to be less
painful, is easier to read from a distance, and st damage the hide, however, application is
more difficult and takes longer (5s vs. 17s).

Nine to ten month old calves were trained to beilfanwith a race and restraint area. An
electric brander (523C) was applied for 5 seconds, producing immediedetions including
lurching away from the brand and (in some casddéao their knees. Alternatively, a
copper/bronze, liquid nitrogen cooled, brander aygslied for 17s to a shaved, methanol treated
area of skin. No reaction was seen for the firse@nds, but then the calves reacted similarly
to those heat branded. About half the Angus caleeslised, compared to a smaller proportion
of cross bred calves and none of the dairy cattle.

Epinephrine (adrenaline) values peaked at 30 sadortbt iron calves, but were essentially
unchanged in freeze branded calves. Epinephnmdsievere also a little higher than control
values at 15 and 20 minutes, in Angus calves oAlygus calves also showed elevated Nor-
epinephrine (nor-adrenaline) levels at 30s, 152hdhinutes, an effect not seen in cross bred
calves. Neither sex nor previously recorded tempent had any effect on these catecholamine
values.

Angus calves displayed higher heart rates at 30lsdfat than freeze branding, while both heat
and freeze branding elevated the heart rate ofdya=d calves at this time. All heart rates had
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returned to, or below, normal by 10 minutes poahdimg. Heart rate was affected by the
temperament of the calf.

Cortisol values rose during the 20 minute samptiegod in all calves. In cross bred calves,
cortisol values for heat branded calves exceedesktbf freeze branded calves, although there
were no significant differences between treatm@ntduding control calves), while in Angus
calves, freeze branding induced higher cortishlesthan other treatments, which were
significantly different at 1, 3, 15 and 20 minut&3ortisol values were correlated with
temperament. Elevated cortisol values in all cal@owed that restraint induced a stress
response, while the higher values for freeze bradeus calves at 20 minutes suggests
prolonged pain sensations.

Heat branded cattle appear to suffer more acutetpan freeze branded, but, at least in Angus
calves, the distress experienced may be more gyetbafter freeze branding. The authors
suggested that the pain of heat branding may bbriebto cause ongoing cortisol elevations,

but a more likely explanation may be the destructibnociceptors (3degree burns). They
offered no explanation for the different effectaortisol values between cross bred and Angus
calves. Fewer calves in the cross bred study wsszhlwhich may be because these calves were
treated in isolation, while in the study involviAggus calves, they were in visual and audible
proximity to other calves. However, there appeatsto have been enough other differences
between results to suggest that this isolationaedhe distress suffered.

A clear limitation of these studies is the shorsetvation period (20 minutes). A much longer
period of observation, including interactive belwaval observations, would be necessary to
consider long term effects (healing time, complaa, ongoing pain etc) caused by the two
treatments.

The use of Freon 22 (chlorodifluoromethane) apphéti a template and spray, as an
alternative to chilled metal “brands” has been dbsd ™" A number of compounds, applied
topically or by injection, have been used to tagldepigmentary agents. Although some
compounds produced depigmentation for up to threeths, none produced a permanent
e.".I:ectl(')XXXVIII

A series of experiments in Canada have investigagdavioural and other effects of branding.
Hot iron branded calves (320 kg) showed more actigponses (tail flick, kick, fall and
vocalisation) than freeze or sham branded cattie flreeze branded showed more tail flick than
sham branded. When average and peak intensitgwmation of force against the restraining
head bale were recorded, hot iron had greater sahsn freeze branded which had greater
values than sham branded. These results indicatéot iron branding causes more discomfort
than freeze branding™™ All treatments resulted in increased handlingrffor up to 6 days.

Branding by hot iron or freezing did not affect gageight or antibiotic usage rates when
applied to Charolais-cross calves either on theadayrival, or twenty days after arrival, in a
feedlot. Freeze branded steers required more ingnallessure on day 6, perhaps indicating
some lingering pain. The authors concluded thatding may not be a severe enough stressor
to negatively affect weight gain or health in el

When cortisol and pain sensitivity were examinethired breed yearlings after hot iron or
freeze branding, hot iron cattle showed higherisolrvalues at 40 minutes, while hot iron and
freeze branded cattle showed values higher thaimatsrat 20 minutes. No treatment
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differences were noted in foot lift latency whelaser was applied to the foot, or in sensitivity
to touch.. The authors concluded that both metpooduced discomfort to cattle, however hot
iron appeared to produce a greater acute respbasdreeze brandind'

An infra-red thermograph was used to measure inflaton at brand sites. Between 2 and 168
hours after branding, hot iron brand sites were+1-®.3°C higher than controls, while freeze
brand sites were 1.6 +/- 3. Freeze brand sites were warmer at 2 and 8 hathite hot iron
sites were warmer at 144 hours. The authors adedlthat both methods caused tissue
damage, but that the prolonged inflammatory respam$ot iron branded sites indicated more
tissue damage and perhaps more discorfifbrt.

A videotaped record of head movements, togethdr ingtad bale strain gauge recordings, was
used to assess reactions in heat, freeze and ghaheld cattle. It was concluded that hot iron
branded steers experienced more discomfort theadrbranded steers, which experienced
more discomfort than sham branded steers. Imaglgsam was a better technique for detecting
treatment differences compared with exertion foneasurements and frequency counts of tail-
flicks, kicks, falls and vocalisation during brangf™

Recordings of vocalisations of hot iron branded ematrol calves were made during the
procedure, digitised, and were used to generateidio-spectrogram and a power spectrum for
each call. Significantly more branded than nombeal animals vocalized (58/95 compared
with 7/94). Branded animals showed a greater frequeange in the fundamental, or lowest
harmonic, of the audio-spectrogram. Four priorsdafyrestraint did not alter the probability of
vocalising, or any characteristics of the callss Buggested that measuring vocal response may
be particularly useful when the effects of reldveevere stressors are being investig&t&d.

Alternatives to branding exist and are practicithe National Livestock Identification scheme
uses radio frequency (RF) transponders (microclapp)ied either as part of an ear tag, or as a
rumen bolus. The transponder is coded with a wnrumber which identifies the district,
property and individual animal, and is read witfixad or portable RF read&f? &'
Disadvantages include:

Ear tags can be lost

Rumen boluses cannot be used in calves (althowsgirédes in older cattle are zero)

They cannot be read from a distance

Conclusion

Both freeze and hot iron branding cause pain asttledis, especially acutely, but continuing for
some time. Cattle care practices and alternatdifamtion methods are reducing, and should
continue to reduce, the practice of branding, bugne it must be performed, freeze branding
would appear to be preferable.
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Conclusion

This review has considered some 120 scientific grypich reveal, either directly or

indirectly, information about the welfare statussbeep and cattle undergoing routine
husbandry procedures. Neither the authors of thieses of original research, nor the reviews,
would claim that they represent the final word dlibe level of pain and distress suffered by
livestock, nor about its amelioration.

For example, few of these papers mention the metdatd of animals. Animals which are
subjected to conditions which humans would desaghelplessness”, such as the inability to
predict the arrival of shocks, have been showntf@smore physical ailments (e.g. gastric
ulcers) than animals subjected to the same shadksith warning of their arriva?™ It could

be that providing predictability or choice to animmandergoing livestock husbandry procedures
may decrease suffering and improve immune funaiwhhealing. However, it is not necessary
to find some tangible or health benefit to justfgonsideration of the animal mind. The animal
mind has been described as “the single most impoetatity in the well-being of animal&*"

and is likely to be the next frontier for animallfaee scientists and others concerned for animal
well-being.

Even ignoring the issue of “state of mind”, thighear, and all the cited authors, recognise that
as further research is conducted, the body of kedgg about pain and distress caused by
castration, tail docking, dehorning and the likdl grow. Further interpretation of this data
may lead to altering the rankings of pain assodiatgh a procedure, or new methods or
combinations of methods to alleviate pain and toimise suffering. New production systems
or new markets may make some of these proceduresassary, for example the rise in the
bull meat market in New Zealand and the UK. Theeasing knowledge of the genome of
livestock animals, and our ability to manipulataiay lead to the elimination of, for example,
horns from cattle, thereby nullifying the need disbudding and dehorning. This review has
discussed the possibility of a commercial, non isaf@lternative to mulesing in the next five
years.

But we have information now which should not beoiged. This large body of data leads, in
this author’s opinion, to the inescapable conclusiat animals in Australia’s current
production systems are suffering avoidable paindistless, and that we have the knowledge to
improve their quality of life. Further, those wbwn and use animals, those who care for
animals, and those who have the right to regulagoourage for regulation about animals,
have a “duty of care” which includes minimisingfesing and improving quality of lif&™ “In
terms of social ethics, animal welfare is not agte good which individuals can choose to
purchase or not, as they wish. More realisticallig considered to be a particular kind of
public good, not open to individual choice but stimreg which in that society ....everyone has
an obligation to subscribe to as part of a coNecathic..... It is evident, therefore, that animal
welfare as a public good requires regulation (natket forces) to determine its standards.”

It would be all too easy to encourage regulatiofctvisets a high standard of welfare in animal
husbandry. It could be justified to enforce thatrg animal undergoing surgical intervention
(castration, tail docking, mulesing, dehorning)wkaeceive anaesthesia and analgesia
according to the best of modern knowledge, andaeddkat the surgery should be performed in
sterile surroundings and using sterile instrumamtato minimise risks of infection,
inflammation, and post-operative pain and sufferifi@is is now the standard expected of
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surgery on humans, and on companion animals sudbgss cats, and horses, so why should
farm animals not receive the same standard of care?

Animal welfare scientists have long argued thahsart approach would be counter-productive
to the interests of animals. The so called “gédshdard” approach is open to criticism on many
grounds. It excludes those who cannot meet itgireapents for practical or financial reasons,
it leads to resentment, alienation, non-complisaro@/or rejection, resulting in no improvement
in animal welfare™ Even if the measures suggested are not the higheently recognised,
welfare is not enhanced if farmers reject the recemdations because they are, or it is

perceived that they are, impracticdl.

The adoption, on the other hand, by advisory gsam regulatory authorities, of a strategy of
“incremental improvement” (the setting of reachahlgets in a planned sequence of
enhancement) encourages participation and “buy Msense of achievement by participants, a
willingness to recruit others, and openness tch&rrtmprovement should follof.

Development of the information presented here Regulations (setting minimum standards)
and perhaps Codes of Practice (providing infornmatiba practical nature for those wishing to
exceed the minimum and enhance the well-being antbps the productivity of their animals)
requires discussion, in a cooperative manner, letwe

animals owners (livestock producers),

animal users (e.g. feed-lotters),

animal husbandry educators (e.g. CIT, universig&s),

animal health care providers (veterinarians, AVA),

animal medication regulators (NRA, State and Teunyit'control of use” regulators (chief

pharmacist in the ACT)),

animal welfare advocates (RSPCA, Animals Austral@,

animal welfare advisory groups (AWAC)

and animal welfare regulators (Government).

Criteria for consideration of techniques have blestad:
Ease of execution and speed — to minimise traineegls, the hazards to stock-handlers, and
time consuming and costly intrusions into busy fagrschedules
Minimal handling and restraint — to reduce the tdareof exposure to these potential
sources of distress and to ensure that animaleansed to their dams or pasture in the
shortest possible time
Minimal hazards to the stock — to minimise the sisk haemorrhage, sepsis, swelling and
so on
Low-pain methods preferred — to enhance the wetfiemimals™

Certain procedures could, perhaps, be considerdzhfming by regulation, based on the
available evidence. These would include
the surgical castration and surgical tail dockih¢ambs, because the use of
rings is common, practical, and is less detrimetatavelfare:, and
the amputation of the horns of older calves/caftiiess local anaesthesia and
cautery or a non-steroidal anti-inflammatory drug @sed, since the cautery
disbudding of calves, and the combined techniguedder calves, have been
shown to be so much less noxious to the animal.
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This author believes that the parties listed allaxee a common interest in enhancing animal
welfare and can work together to ensure that malciind effective recommendations result in
tangible, beneficial outcomes for livestock species
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