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Abstract 

There is increasing social and economic pressure to improve the welfare of 

an imals in our care . In the p resent study plasma cortisol concentrations were 

measured to assess the pain- induced distress caused by ring castration p lus 

tai l ing in lambs and dehorn ing in calves and the extent to wh ich the distress 

caused by these procedures can be reduced by using d ifferent al leviation 

strategies. 

Local anaesthetic injected into the neck of the scrotum j ust before ring 

appl ication sign ificantly reduced the cortisol response to ring castration p lus 

tai l ing in lambs, but local anaesthetic injected into the testes just after ring 

appl ication only marginally reduced this response. A castration clamp was 

appl ied across the ful l  width of the scrotum of lambs for 6 or 1 0 seconds after 

rin g  castration plus tail ing to d isable the innervation from the scrotal area. The 

app l ication of the castration clamp for 6 seconds after p lacement of the ring did 

not reduce the cortisol response to ring castration plus tai l ing ,  whereas 

appl icat ion for 1 0 seconds s l ightly, but sign ificantly, reduced the peak cortisol 

concentration . Healing of the castration wound was not compl icated by the 

appl ication of the castration clamp after ring castration plus tai l ing .  Therefore 

injecting local anaesthetic into the neck of the scrotum just before ring 

castration p lus tai l ing sign ificantly al leviates the pain-induced d istress 

associated with ring castration p lus tai l ing ,  but applying the castration clamp in 

combination with ring castrat ion p lus tai l ing has l ittle benefit. 

Local anaesthetic given p rior to dehorning virtually abol ishes the cortisol 

response to dehorn ing for the duration of action of the local anaesthetic , but 

once the local anaesthetic wears off cortisol concentrations increase resu lt ing in  

a delayed cortisol response equ ivalent to the overall cortisol response to 

dehorn ing when local anaesthetic is  not used . This delayed cortisol response is 

thought to be st imu lated by inflammation-related pain .  The non-steroidal anti­

inflammatory drugs (NSAI Ds) ketoprofen and phenylbutazone and an 

endogenous cortisol su rge stimu lated by injecting ACTH were used to assess 
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whether this delayed cortisol response is associated with i nflammation-related 

pain .  Local anaesthetic (5 hour duration of action) p lus ketoprofen given prior 

to scoop dehorn ing marginal ly reduced the delayed cortisol response observed 

once the local anaesthetic wore off, but giving local anaesthetic and 

phenylbutazone prior to dehorn ing had no significant effect on this delayed 

cortisol response. The antinociceptive action and a greater anti- inflammatory 

potency of ketoprofen compared to phenylbutazone may explain why 

ketoprofen was more effective than phenylbutazone in reducing this de layed 

cortisol response. ACTH plus local anaesthetic given prior to dehorn ing on ly 

marginal ly reduced the delayed cortisol response observed once the local 

anaesthetic wore off, suggesting that the delayed cortisol response seen when 

the local anaesthetic wears off is not due primarily to inflammation-related pain 

G iving local anaesthetic prior to dehorning and cauterising the amputation 

wounds prevented the delayed cortisol response after the local anaesthetic 

wore off and significantly reduced the overal l  cortisol response to dehorn ing .  

Thus ,  i n  the present study long acting local anaesthetic (5  hour  duration of 

action) in combination with NSAIDs had min imal al leviating effects on the pain­

induced distress caused by dehorning compared to local anaesthetic alone, but 

local anaesthetic and cautery provided effective pain-rel ief. 
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CHAPTER ONE: General Introduction 

Over the past 200 years society's attitude on what is acceptable treatment of 

animals has changed (Monamy, 1 996) . In the n ineteenth century in  England 

changes were made to the legislation , to regu late painful experiments on 

an imals and in 1 876 legislat ion, in the form of the Cruelty to Animals Act, gave 

considerat ion to the welfare of laboratory animals (Monamy, 1 996) . The N ew 

Zealand Cruelty to Animal Act ( 1 960) was model led on British law (Bayvel ,  

1 992) . Increasing interest in farm animal welfare stimu lated by the media, 

activities of national and international humane societies, veterinary associations 

and other groups including welfare scientists, has meant that in  recent years 

people involved in the l ivestock industry have begun to re-evaluate routine 

husbandry procedures (Stafford and Mel ior, 1 993). 

The way we manage animals and consider animal welfare with in a society is 

based on a number of factors, including rel igious bel iefs, general standards of 

education , experience and tradition . The responsib i l ity humans have towards 

animals and their  welfare is a phi losoph ical issue related to eth ical 

considerations within a society (Biackmore, 1 992) . Furthermore the extent to 

which humans should be concerned about the welfare of animal is constantly 

being debated. Peter Singer, an Austral ian phi losopher and author  of the wel l ­

known book 'Animal Liberation' (1 975) , argued that there is no difference in the 

moral status of humans and sentient non-humans and therefore the interests of 

sentient animals should be given no less consideration than that of humans .  

However, a more common approach to  animal use is that it i s  reasonable to 

uti l ise animals for food, research and othe r  purposes p rovided that their  level of 

welfare is acceptable.  

Ethical views, social pressure ,  scientific knowledge and legal sanctions help to 

define what is acceptable an imal welfare . The knowledge gained from daily 

experience with animals and the growin g  field of animal welfare science wil l 

help to solve some of the welfare concerns based on scientific knowledge 
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gained from the study of animal behaviour, health , immunology, production and 

physiology (Sandoe and S imonsen, 1 992) . lt is important to be able to assess 

the welfare of an animal objectively, otherwise the welfare laws that emerge 

may be arbitrary and even fail to improve the welfare of the an imals (Dawkins, 

1 980). 

Assessment of welfare is becoming increasingly important due to rising p ub l ic  

concern about the welfare of farm animals and the continu ing economic 

demand for increased efficiency of animal production . One component of the 

large area of farm animal welfare is the assessment of different husbandry 

procedures. The abi l ity to assess objectively the pain-induced distress caused 

by husbandry practices is important so that alternative strategies that are less 

distressfu l can be evaluated and recommended for use . This is addressed 

specifical ly in the experiments described in this thesis which explores facets of 

the response to castration and tail docking in lambs, and dehorn ing in calves. 

This chapter deals with the fol lowing topics: fi rst, the definition of animal welfare 

used in the present study; second, the physiology of nociception and the 

innervation of the scrotum and tai l of lambs and the horns of calves; th i rd,  the 

consequences of the types of tissue damage that occur due to different 

methods of castration , tai l ing and dehorning;  fourth,  a brief crit ique of the 

different indicators of distress used and why cortisol was used in the p resent 

study. 

1.1 An i mal Welfare 

Animal welfare has been defined in the l iteratu re in terms of b io logical fitness of 

the animal (Barnett and Hemsworth , 1 990) ,  as an individual 's state as regards 

its attem pt to cope with its environment (Broom,  1 986) or in terms of the 

subjective feelings of an imals (Dawkins, 1 990) . The defin ition of animal welfare 

wil l  determ ine the indices used to measu re welfare objectively (Mason and 

Mendl, 1 993). Animal welfare can also be defined in terms of the 'five 
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freedoms' which focus attention on the major needs of animals (FAWC, 1 992) . 

Public disqu iet about intensive l ivestock production stim ulated the British 

government in  1 979 to set up the Farm Animal Welfare Counci l ,  which 

formu lated the 5 'freedoms' (Gonyou 1 994}. The codes of recommendations 

and min imum standards for the welfare of animals, publ ished by MAF in New 

Zealand, also refer to these five freedoms. 

The Five Freedoms (from FAWC, 1 992) are: 

1 :  Freedom from th irst, hunger, or malnutrition 

2: Freedom from discomfort and exposure 

3: Freedom from pain , injury and disease 

4: Freedom to express normal behaviour 

5: Freedom from fear and distress 

However more recently the five freedoms have been reshaped to highl ight five 

'domains of potential welfare compromise' (Mel ior and Reid, 1 994) . 

The five domains of potential welfare compromise are :  

1 :  Thirst/hunger/malnutrition 

2: Environmental challenge 

3: Disease/inju ry/functional impairment 

4: Behaviou ral/interactive restrictions 

5: Anxiety/fear/pain/distress 

An an imal's welfare varies over a range, from good health to extreme i l lness. 

Between these two states lies a continuum of states (Mel ior  and Reid, 1 994) . 

Therefore a subjective judgement wi l l  need to be made to distingu ish between 

a distress-free and a mi ldly distressed state along with what is an acceptable 

level of distress and what is not (Stafford and Mel ior, 1 993).  An imal welfare 

science helps us to assess the we lfare of animals in an objective manner using 

different discip l ines, including physiology and animal behaviour. However 

publ ic and economic pressures wi l l  also contribute to determ in ing  what are and 

what are not acceptable welfare standards for the animals u nder our care .  
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Castration , tail docking and dehorning cause tissue damage , result ing in the 

subsequent release of inflammatory mediators. Noxious input from injury 

caused by various stimul i  (mechanical ,  thermal or chemical) st imu late 

nociceptors .  Nociceptors are nerve endings attached to afferent nerve fibres, 

which can be found in the skin , periosteum, subchondral bone , joint capsu le,  

muscles, tendons, blood vesse ls, and some viscera (Johnston ,  1 996) . 

Nociceptors are general ly defined as high-th reshold mechanoreceptors, low­

th reshold mechanoreceptors or polymodal receptors .  A8 nerve f ibres are 

associated with high and low-threshold mechanoreceptors and respond to 

pressu re and heat. C f ibres are associated with polymodal receptors and 

respond to mechanical ,  thermal and chemical stimu lation (Johnston ,  1 996) . 

Furthermore A8 fibres are characterised as producing fast, sharp sensations, 

whereas C fibres are characterised as producing s low, burn ing sensations 

(Johnston ,  1 996) . 

Stimu lation of nociceptors occurs when the th reshold potential of the receptor is 

exceeded. The nociceptor threshold is s imi lar for humans and animals 

(Kitchel l ,  1 987) . However, the pain tolerance threshold (the maximu m  intensity 

of a stimulus an animal wi l l  tolerate voluntarily) varies widely between species 

and individuals (Mersky, 1 979) . Once the afferent fibres enter the spinal cord 

they ascend or descend Lissauer's tract and synapse in various layers of the 

dorsal spinal horn (Johnston ,  1 996) . Stim ulation of nociceptors leads to 

transmission of neural activity to the spinal cord or the brain stem , thalamus,  

and the cerebral cortex for sensory p rocessing and perception of the stimu lus 

(Kitche l l ,  1 987) .  Pain perception varies according to site , duration and intensity 

of the stimu lus and is inf luenced by previous experience, emotional state , and 

individual differences (Orlans, 1 993) . 
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Innervation of the scrotum and tail of lambs 

Husbandry procedures such as castration and tai l docking of lambs cause 

stimulation to the nerves of the scrotum and tai l resu lt ing in pain-induced 

distress as measured by plasma cortisol concentrations and behaviou r  (Mel ior 

and Murray, 1 989a,b; Lester et al. , 1 99 1  a, b; Wood et al. ,  1 99 1 ; Kent et al. , 

1 993; Mazzaferro et al. , 1 993; Molony et al. , 1 993; Sti l lwell et al. , 1 994; St. Louis 

et al. , 1 994; Kent et al. , 1 995; Rhodes I l l  et al. ,  1 995; Lester et al. , 1 996; 

Dinn iss et al. , 1 997a, b; Graham et al. , 1 997; Dinniss et al. , 1 998; Kent et al. , 

1 998; Molony et al. , 1 998) . 

The nerves of the external genitalia of rams are suppl ied through three routes; 

the ventral branches of the thoracic and lumbar spinal nerves (cranial  and 

caudal i l iohypogastric nerves) ; the gen itofemoral nerve (also known as the 

inguinal or external spermatic nerve) ; and the ventral branches of the sacral 

spinal nerves from which the pudendal nerve orig inates and then branches into 

the scrotal nerve and the deep perineal branch (Larson and Kitchel l ,  1 958; Kirk 

et al., 1 987) (Fig. 1 . 1 ) .  The superior spermatic nerves of rams contain afferent 

fibres from the testes, which are enclosed in the spermatic cords (Cottrel l  and 

Molony, 1 995) . The scrotum is further innervated by the distal cutaneous 

branch of the sacral p lexus and the scrotal nerve (Kirk et al. , 1 987) . 

Little is known about the location of nociceptors in the testes, scrotum and 

related tissues of the ram (Dinniss, 1 995) . However, polymodal receptors in the 

testes of dogs ,  wh ich can function as nociceptors ,  are located c lose to the 

surface of the tunica vaginal is visceral is which surrounds the testes and the 

epididymis (Kumazawa and Mizumura, 1 980a) . Nociceptors are a lso present 

within the pampin iform plexus in lambs (Cottrel l  and Molony, 1 995) . The 

coccygeal nerves innervate the tai l (French and Morgan , 1 992) . 



Subcutaneous scrotal 
neck injection 

r----r-l-\::tt:t+====== Superior 
spermatic 
nerve 

r-'"--+---t-t---+---:--t-"""\--1r---- Scrotal branch 

0.5ml 

of the pudendal 
nerve I 

Distal cutaneous H-"t---: 
branch of the 
sacral plexus 

lntratesticular 
0.5m injection 

Fig. 1.1: Innervation of the lamb scrotum and the testes and 
the sites and volumes of local anaesthetic injected. 



7 

Comual 
ne Ne 

Fig. 1.2: Innervation of the calf horn and the site and volume of local anaesthetic 
injected. 
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Innervation of the horns of calves 

Amputation dehorning of calves or  disbudding stimu lates the nerves supplying 

the horns  or horn buds . The cornual nerve, a branch of the 

zygomaticotemporal division of the maxi l lary nerve, innervates the sensitive 

dermis of the horn . The nerve divides into two or more b ranches and 

approaches the horn separately from beneath the thin frontalis m uscle (Dyce et 

al., 1 996) (Fig. 1 .2) . 

1 .2.1 Consequences of tissue damage as a result of different husbandry 

procedures 

There are three main types of tissue damage caused by husbandry procedures 

which invo lve tissue removal: severing th rough cutt ing, burn ing th rough cautery 

and hypoxic/anoxic damage or death through ischaemia (Mel ior and Stafford, in 

press) .  

Surgery 

Castration and tai l ing of lambs and dehorn ing of calves are husbandry practices 

that can involve the cutting or amputation of tissues. Tissue inju ry from cutting 

results in  noxious sensory input due to direct mechanical stimu lation of the 

nociceptors. Fu rthermore tissue damage, as a resu lt of these husbandry 

practices , stimu lates the inflammatory response leading to the release of 

chemicals and enzymes, resulting in hyperalgesia generated by these 

neurogenic and algogenic substances (Dahl and Kehlet, 1 991  ) .  

Tissue inju ry starts the arachidonic cascade , which i nvolves free arachidonic 

acid being metabol ised mainly by two enzymatic pathways, producing 

prostag landins, th romboxanes and leukotrienes. Prostaglandins and 

thromboxanes are formed by the cycle-oxygenase pathway, and leukotrienes 

are produced by the l ipoxygenase pathway (Dart, 1 992) . Prostaglandins are 

thought to cause nociception indirectly by reducing the thresho ld and thus 

sensit is ing nociceptors to stimulation (Johnston ,  1 996) . Furthermore ,  

complement ,  cytokines, leukotrienes, and prostaglandins  p rolong the 
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inflammatory response by causing vasodi lation and increased vascular 

permeabi l ity (Johnston , 1 996) . After stimu lation ,  peripheral endings of the 

nociceptive afferent nerves release substance P which can function as an 

excitatory neu rotransmitter in the dorsal spinal horn and is known as a 

neu rogenic pain mediator. Substance P can also influence the inflammatory 

response by altering vascu lar permeabi l ity and by inducing the release of 

algogenic substances (Dart ,  1 992) . 

Hyperalgesia is caused by peripheral tissue damage and is characterised by a 

reduction in the nociception th reshold and often by spontaneous pain (Dahl and 

Keh let, 1 99 1  ) .  Primary hyperalgesia is characterised by changes that occur 

with in the site of injury, due to sensitisation of the nociceptors .  Secondary 

hyperalgesia relates to changes in the surrounding tissues, l ikely due to 

changes in the peripheral and central  nervous system (Dahl  and Keh let, 1 99 1  ) . 

Together, p rimary and secondary hyperalgesia contribute to a hypersensitive 

state found after i njury, which is apparent as an increase in the responsiveness 

to noxious stimu l i  along with a decrease in the pain threshold at the site of 

inju ry and in the surrounding un inju red tissue (Woolf and Chong,  1 993) . Thus,  

the pain of tissue injury caused by cutting or amputation has two main phases, 

an in itial nociceptor barrage due to tissue damage , fo l lowed by continued 

nociception due to inflammation and hyperalgesia. 

Ischaemia 

Ring castration and tai l ing of lambs can produce noxious sensory input in  the 

form of ischaem ic pain ,  which can last up to 3.5 hours as measured by 

behaviour and cortisol concentrations (Mel ior and Murray, 1 989a,b ;  Lester et 

al. , 1 991  a ;  Wood et al. , 1 991 ; Kent et al. ,  1 993; Molony et al. , 1 993; Kent et al. , 

1 995; Lester et al. ,  1 996; Dinn iss et al., 1 997a, b) . Ischaemia is caused by 

occlusion of the b lood vessels distal to the rings producing an hypoxic state in 

the tissues, which progresses to an anoxic state . At sufficiently low oxygen 

levels in the tissues the nociceptors become disabled. If occlusion continues 

the nociceptors distal to the ring wi l l  die as wil l  al l  other tissues distal to the ring 

(Cottrel l  and Molony, 1 995; Dinn iss et al. ,  1 997a; Mel ior and Stafford,  in  press) . 
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Ischaemia leads to tissue death , and the damaged tissues release serotonin ,  

h istamine and b radykin in which further stimu late nociception (Johnston , 1 996) . 

The cell membranes can be stimulated by mechanical and chemical stimu l i ,  so 

another l ikely cause of pain due to ischaemia is the accumulation of large 

amounts of lactic acid in the tissues, formed as a consequence of the 

anaerobic metabolism that occurs during ischaemia (Dart, 1 992) . Fol lowing 

l imb or tissue ischaemia, changes in venous and tissue lactate , oxygen , 

g lucose, and energy substrates occur. Hypoglycaemia and hypoxia have been 

found to cause the greatest increase in C-fibre action potential activity (Mac lver 

and Tanel ian , 1 992) . 

The standard rubber ring used to castrate lambs does not b lock the conduction 

of afferent peripheral C-fib res in the superior spermatic nerve immediately after 

appl ication (Cottrel l  and Molony, 1 995) . The activation of peripheral C-fib res is 

associated with burning, aching pain in tourn iquet-induced l imb ischaem ia in 

humans (Maclver and Tanelian , 1 992). Furthermore, rubber ring castration 

in itiates afferent activity which persists for more than 90 minutes, which 

corresponds broadly with the maximum cortisol response observed in ring 

castrated lambs (Cottrel l  and Molony, 1 995). 

Cautery 

Cautery is used for tai l docking, disbudding or after scoop dehorning in calves 

to alleviate the pain-induced distress associated with dehorn ing .  Th ird degree 

burns result in the complete destruct ion of the skin and other tissues, and are 

associated with l ittle or no pain in humans (Bon ica, 1 990) . Sensory nerve 

receptors including nociceptors are in the dermis, and are destroyed by  third 

degree burns resulting in a loss of sensation in the affected area (Bonica, 

1 990) . Therefore as cautery is l ikely to cause th ird degree burns the acute pain 

associated with tail docking, disbudding or dehorning involving cautery is l ikely 

to be reduced. There is some evidence to support this (Lester et al. ,  1 991  a; 

Petrie et al. , 1 996a; Sylvester et al. ,  1 998a) . 
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1.3 Assessment of Distress 

The assessment of pain-induced distress experienced by animals undergoing 

specific husbandry procedures is necessary in order to compare the 

noxiousness of the different procedures used. The pain- induced distress 

caused by different methods of castration and tai l ing in lambs and dehorn ing i n  

calves has been assessed using cortisol and behaviour to determine the least 

distressful method for carrying out these procedures. To be as objective as 

possible, it is important that the assessment of an imal welfare is based on 

scientific knowledge of an an imals' behaviour, health and physio logy (Sandoe 

and S imonsen , 1 992) . 

1 .3.1 Physiological  indices of distress 

Hypothalamic-pituitary-adrenal axis and physiological indices of distress 

Corticotropin-releasing factor (CRF) is synthesised and secreted from the 

paraventricular nucleui  (PVN) and supraoptic nuclei (SON) within the 

hypothalamus, and controls Adrenocorticotropic hormone (ACTH) secretion 

(Minton ,  1 994) . ACTH is secreted from the corticotropes in the anterior pitu itary 

gland. lt is the principal regulator of cortisol synthesis and secretion (M inton, 

1 994) . ACTH release controls the basal secretion of cortisol (circadian 

rhythms) along with its response to stressors,  and both CRF and ACTH 

secretion are inh ib ited by glucocorticoid negative feedback (Jacobson and 

Sapolsky, 1 99 1  ) .  A wide variety of physiological and psycholog ical stimu l i  have 

been used to stimu late the HPA-axis, such as different husbandry procedures 

(Stafford and Mel ior, 1 993) , novelty (Bassett and Cai rncross, 1 973; Wiepkema 

and Koolhaas, 1 993) and coitus (Szechtman et al., 1 97 4) . 

The HPA-axis responds to physiological and psychological stimu l i ,  such as 

novelty, anticipation of electric shock, and non-appearance of food (Bassett and 

Cairncross, 1 973 ; Wiepkema and Koolhaas , 1 993;  Levine ,  1 985; Rushen , 

1 986) . Therefore ,  p lasma cortisol concentrations have been used to measure 

the psychological and physiological distress response caused by specific 
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stressors in  animals. Cortisol secretion in  response to different stressors 

(handl ing ,  restraint, heat stress, transport) in  domestic farm animals has been 

extensively studied (Mel ior and Murray, 1 989a; Stafford et al. , 1 996;  M inton,  

1 994) . The frequent use of cortisol concentrations as an index of distress in 

animals is due to a number of factors, including its presence in readily avai lable 

biological flu ids (blood, u rine or salvia) and its ease of measurement via 

radioimmunoassay techniques. However, c i rcu lating levels of cortisol reach an 

effective maximum relatively rapidly after sign ificant noxious stimu lation and 

once this maximum rate of cortisol secretion is reached any larger stimu lation 

only prolongs the period of maximum secretion (Harbuz and Lightman,  1 992) . 

This 'cei l ing effect' was also postulated when the cortisol responses to a variety 

of husbandry procedures of varying noxiousness were compared (Molony and 

Kent , 1 997). The peak cortisol concentrations dist ingu ished between the least, 

intermediate and most severe procedures, but not between the 3 most severe 

or the 3 least highly ranked (Molony and Kent, 1 997) . However, a 'cei l ing 

effect' was also shown when using some behavioural indices to compare the 

same procedures . There are some concerns about the basis of a 'cei l ing effect' 

as only the peak cortisol concentrations were compared not the integrated 

cortisol response to each procedure. Corticosterone concentrations in rats 

becomes attenuated to repeated stressors, return ing towards control  levels 

after a week (Harbuz and Lightman , 1 992) . Therefore cortisol may not be a 

rel iable i ndex to assess chronic stress as habituation or adaptation of the HP A­

axis may occu r. Alternatively, the an imal may in fact become less stressed by 

increasingly fami l iar stimu l i .  

Corticosteroid levels have been shown to increase during coitus in  some male 

rats (Szechtman et al. , 1 974) ,  just before laying in hens (Beuving ,  1 983) , while 

nursing in mammals (Walker et al. , 1 992) , and situations where psycho logical 

stress is l ikely to be absent (Rushen , 1 986; Mason and Mendl, 1 993) . 

Fu rthermore, corticosteroid levels vary due to diu rnal rhythms (Hudson et al. , 

1 975) .  Hence, corticosteroid levels can f luctuate i n  the absence o f  unp leasant 

stimu l i  (Mason and Mendl , 1 993) . Therefore , pretreatment values and 

appropriate control  groups need to be i ncluded in the experimental design in  

order to account for these factors. However where procedures ,  such as 
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different methods of castration in lambs, are being assessed, common sense 

leads to the reasonable conclusion that the cortisol response to these 

procedures is stimulated by pain-induced distress and not pleasure .  

The activity of  the sympathetic nervous system can be used to measure 

distress in animals by means of changes in heart rate, skin resistance, 

peripheral blood flow, and catecholamine secretion (Mason and Mend!, 1 993) . 

Bradycardia, slowing of the hart rate , or tachycardia, speeding up  of the heart 

rate , have also been observed in response to stress. A sign ificant increase in 

the heart rate of sheep has been shown in response to an approach ing dog, 

introduction into a new flock and visual isolation (Baldock and Sib ly, 1 986) . 

Furthermore ,  the heart rate of broi ler birds was used to compare the distress 

caused by two different methods of handl ing,  an automatic broi ler harvester or  

being caught by hand; an automatic broi ler harvester caused briefer 

tachycardia than handl ing by people (Duncan , 1 986) . Molony and Kent ( 1 997) 

have found changes in heart rate to be consistent with predicted pain.  

However, there were many interfering variables such as eat ing ,  exercise, and 

extraneous noises. Therefore , it may be difficu lt to use changes in heart rate 

as a practical index for the assessment of pain (Molony and Kent, 1 997) .  

Catecho lamines are released more rapidly i n  response to a stressor, when 

compared to the slower release of glucocorticoids. Thus catecholamine levels 

may g ive a more immediate indication of an an imals' response to a stressor, 

such as dehorning. Catecholamine levels and corticosterone concentrations 

when compared in rats given foot shock treatment showed a simi lar response 

except that corticosterone concentrations remained e levated for longer (Levine, 

1 985) . Few studies have used catecholamines to measure the distress 

response in domestic animals,  as it is difficu lt to measu re catecholamines 

compared to the relative ease of measuring plasma cortisol concentrations 

(M inton , 1 994) . Progesterone,  the secretion of which is stimu lated by ACTH, 

could a lso be used as an indicator of distress. The progesterone response to 

dehorn ing has been shown to be similar to the cortisol response to dehorn ing 

(Cooper et al. , 1 995) . 
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Cortisol was used as an indicator of pain-induced distress in the present study 

as the cortisol patterns to castration plus tai l ing and dehorn ing are well­

establ ished. This al lowed comparison with other work carried out in this field. 

Moreover, its advantages as an indicator of both psychological and 

physiological distress and its relative ease of measurement were attractive. 

1 .3.2 Behavioural indices of distress 

Changes in behaviour, particularly the occu rrence of abnormal behaviours,  

have been used as indicators of welfare (Barnett and Hemsworth , 1 990) . 

Behaviou ral changes such as posture ,  locomotor activity (restlessness) , and 

evoked behaviour can be used to measure distress (Mel ior and Murray, 1 989a; 

Molony et al. ,  1 993; Lester et al. ,  1 996).  Recording behaviour is a physically 

non-invasive method compared to blood sampl ing by venepuncture .  However, 

the nature of the aversive stimulus or situation may inf luence how an animal 

reacts behavioural ly to the stressor. For example, lambs castrated using a 

kn ife stand sti l l  with legs out-stretched and lambs ring castrated in it ial ly show 

high levels of restlessness (Shutt et al. ,  1 988; Molony et al. ,  1 993 ; Lester et al. , 

1 996) . The scrotal wound of lambs castrated with a kn ife is l ikely to be 

inflamed and hyperalgesic, so that such animals may stand sti l l  to avoid or  

reduce mechanical st imu lation to  the sensitive tissues (Wood and Molony, 

1 992) . As the behaviou ral responses to different husbandry amputations can 

be procedure-specific, i t  is difficu lt to draw conclusions about the relative 

intensities of these different methods based on behavioural comparisons alone 

(Lester et al. ,  1 996) . Behavioural responses are harder to interpret because 

they can be influenced by the evolutionary response to stress, for example 

hiding  or herding behaviour  (Mason and Mend!, 1 993) . Furthermore , i t  is 

diff icult to know which behaviours are most appropriate for assessing welfare . 

Animals can respond behavioural ly and physiological ly in attempts to adapt to 

environmental change (Barnett and Hemsworth , 1 990) . The main criterion of 

useful  indices of distress is that they must show signs of change in response to 

a stressor. However, change per se is not an indication of distress, as an 

animal's behaviour and physiology continually change and adjust to maintain 
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homeostasis (Barnett and Hemsworth , 1 990) . Common problems with 

measu ring an an imal's welfare are: different indices of distress do not always 

agree and inconsistencies between studies occur, due to the factors which can 

confound resu lts such as age , sex, species and individual differences, which 

can make the interpretation of resu lts d ifficu lt (Mason and Mendl ,  1 993; 

Stafford and Mel ior, 1 993). So, no matter what index of distress is used, 

whether behavioural or physiologica l ,  it wi l l  have its l imitations which wi l l  need 

to be taken into account when design ing experiments. 

1.4 O utl i ne of Thesis 

This thesis consists of four chapters: an introduction, two experimental 

chapters ,  and a general discussion . Each experimental chapter includes a brief 

summary, an introduction ,  and sections on materials and methods, resu lts, and 

discussion.  The introductions to the experimental chapters provide more detai l  

about the specific husbandry procedures being investigated. 

The fi rst experimental study (chapter 2) assessed aspects of the al leviat ion of 

pain-induced distress caused by ring castration plus tai l ing in lambs. The 

second experimental study (chapter 3) assessed aspects of the al leviat ion of 

the pain-induced distress caused by amputation dehorn ing in calves. 



C HAPTER TWO: Al leviatio n  of the Distress Caused by R i n g  
Castration and Tai l i ng of Lambs 

2.1 Chapter S ummary 
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Two methods designed to alleviate the pain-induced stress caused by  ring 

castration plus tai l ing of lambs were investigated. First, local anaesthetic was 

injected into the neck of the scrotum or the testes just prior o r  immediately after 

ring castration p lus tai l ing .  Secondly, a castration clamp was appl ied across 

the fu l l  width of the scrotum for 6 or 1 0 seconds after ring castration p lus tai l ing .  

Changes in the plasma cortisol concentrations were observed for up  to 4 hours 

after ring castration plus tai l ing.  Fu rthermore lambs were exam ined weekly for 

up to 6 weeks to observe the healing of the castration wounds caused by the 

ring method or the ring plus clamp method. Local anaesthetic injected into the 

neck of the scrotum just before ring appl ication significantly reduced the cortisol 

response to ring castration p lus tai l ing ,  but local anaesthetic injected into the 

testes just after ring appl ication only marginal ly reduced the response. The 

appl ication of the castration clamp for 6 seconds after placement of the ring to 

the scrotal neck did not reduce the cortisol response to ring castration plus 

tai l ing ,  whereas application for 1 0 seconds after ring placement s ign ificantly 

reduced the peak cortisol concentration .  Healing of the castrat ion wound was 

not compl icated by the appl ication of the castration clamp after ring  castration 

plus tai l ing .  

2.2 Introd uction 

Castration is used to prevent indiscriminate breeding and reduce potentially 

inju rious sexual ly-based behaviours (Wood and Molony, 1 992) . Handl ing and 

hygiene problems can arise during processing at meat works when the scrotum 

is too long (Dobbie et a/. , 1 985) . In some areas lambs can reach an acceptable 

carcase size of better quality before they reach puberty and become sexually 

active (Wood and Molony, 1 992) . However, in other areas, l ike the United 
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Kingdom, some sheep husbandry conditions are such that ram lambs cannot 

reach market size before puberty, thereby making castration a necessary 

husbandry practice (Cottrel l  and Molony, 1 995) . Tai l docking is carried out to 

reduce the accumu lation of faeces and u rine on the wool of the tai l  and the 

h indquarters, wh ich may resu lt in poor hygiene and an increased risk of b lowfly 

strike (Wood and Molony, 1 992) . The occurrence of b lowfly strike has been 

found to be five times greater in lambs with tai ls compared to docked lambs 

(French et al. , 1 994) . Blowfly strike (ovine myiasis) is the cutaneous infestation 

of sheep by the laNae of b lowflies, caused by blowflies laying the i r  eggs on 

moist areas on the sheep, such as u rine stains and faeces (French et al. ,  

1 992) . The blowfly laNae hatch and feed o n  the sheep, and affected animals 

can die within 3 days of becoming struck (Brightl ing, 1 988) . Tai l docking is 

used extensive ly in tropical and temperate cl imates where it is considered 

essential , but it is less common in colder countries were blowfly strike is less 

prevalent (Stafford and Mel ior, 1 993) . There are several different castration 

and tail docking methods: surgica l ,  ring ,  castration clamp, ring p lus castration 

clamp, short scrotum creation, immunocastration and chemical castration 

(Table 2 . 1 ) .  The castration and tai l docking method used depends on farmer 

preference and guidance from advisory bodies [e.g .  Animal Welfare Advisory 

Committee (N .Z . ) ,  Farm Animal Welfare Counci l  (U .K.) ] .  

2.2.1 Distress 

The defin ition of distress used here includes all the physical and/or 

psychological components of an unpleasant experience (McMeekan,  1 997) . 

Assessment of the distress experienced by an imals is important so that the 

relative aversiveness of different treatments can be determined and compared. 

The main methods of assessing distress in an imals are physiolog ical and/or 

behavioural indices. Physiological indices of distress include adrenal secretion 

(catecholamines and cortisol ) ,  heart rate ,  venti lation rate , and bra in chemistry 

(for more detai ls see general introduction) (Fraser and Broom, 1 990) . 

Behavioural obseNations can also be used to measu re distress, for example 

behavioural patterns that deviate from the norm (Biackshaw and Al lan ,  1 985) . 

Behavioural characteristics indicative of castration and/or tai l ing distress are 
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restlessness, normal and abnormal standing/walking,  normal and abnormal  

lying ,  and immobi l ity with neck extensions together  with hyperventi lation (Mel ior  

and M urray, 1 989a; Wood et al. , 1 99 1 ; Mazzaferro et al. , 1 993; Molony et al. , 

1 993 ;  St. Louis et al. ,  1 994; Kent et al. , 1 995; Rhodes I l l  et al. , 1 995;  Lester et 

al. , 1 996; Graham et al. , 1 997; Molony et al. ,  1 997; Dinniss et al. , 1 998; Kent et 

al. , 1 998) . The behavioural response to castration and/or tai l ing is seemingly 

procedure specific .  For example lambs react to su rgical castration and/or 

tai l ing by abnormal standing (statue standing) , whereas lambs castrated and/or 

tai led with rings in itially show a high level of rest lessness. The characterist ic 

abnormal behaviours associated with different methods of castrat ion and/or 

tai l ing cannot be used to interpret the relative intensity of the distress caused by 

these procedures, whereas the presence/absence of abnormal  behaviours 

corresponds wel l  with the du ration of the cortisol response (Lester et al. ,  1 996) . 

Distress responses of lambs to different methods of castration and/or tai l  

docking ,  using cortisol and behaviour as indices, are now wel l  establ ished 

(Mel ior and Murray, 1 989a, b ;  Lester et al. ,  1 99 1  a, b; Wood et al. ,  1 991 ; Kent et 

al. , 1 993; Mazzaferro et al. , 1 993; Molony et al. , 1 993; Sti l lwel l  et al. , 1 994; 

Rhodes I l l  et al. , 1 995; ; Kent et al. , 1 995; Lester et al. , 1 996; D inn iss et al. ,  

1 997a, b ;  G raham et al. ,  1 997; Kent e t  al. , 1 998; Molony et al. , 1 997) . 

Changes in p lasma cortisol concentrations were used as a measure of distress 

in the present study due to the we l l-establ ished patterns after castration p lus 

tai l ing ,  and for ease of comparison with other work done in this area. 

The fu l l  range of chronic effects associated with castration and/or tai l ing are 

unknown . Productivity and infection are variables that can be measured and 

observed, but other possible consequences such as hyperalgesia and phantom 

pain are more difficult to assess. Primary hyperalgesia occurs in the i nj u red 

area;  this may result from the di rect effect of i nf lammatory mediators ,  released 

from the damaged tissues, on the nociceptors (Johnston , 1 996) . Secondary 

hyperalgesia can occur in  the un inju red tissues surrounding the injury. 

Hyperalgesia al lows low level stimu l i  to produce pain by activating sensitised 

nociceptors (Johnston ,  1 996) . All methods of castration and/or tai l  docking 
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cause a nociceptor barrage ,  wh ich may result in  primary and secondary 

hyperalgesia making animals more sensitive to otherwise benign stimu l i .  

Neuroma formation is thought to be a resu lt of peripheral nerve transection with 

rem oval of the distal portion of a l imb (French and Morgan , 1 992) . Neuromas 

are electrically active; the amount of activity varies with age, species and the 

an imal's envi ronment. Neuromas are sensitive to a variety of stimul i  leading  to 

increased activity and increased pain associated with the neuroma (Bonica, 

1 990) .  Tai l  docking results in the severing  of both coccygeal nerves , castration 

resu lts in  the severing of the gen itofemoral nerve, pudendal nerve , superior 

spermatic nerve and the sacral plexus (Fig . 1 . 1 ) . Neuromas have been 

demonstrated after husbandry tissue damage in a range of species: tai l docking 

in p igs and dogs (Gross and Carr, 1 990;  Simonsen et a/. , 1 99 1  ) ,  and beak 

amputation in ch ickens (Gentle, 1 986) . French and Morgan , ( 1 992) dissected 

the tai l  stump of docked and non-docked lambs, and concluded that the 

presence of terminal neuromas and i rregu lar innervation in the tai l stumps of 

docked lambs might lead to chronic pain or increased sensitivity long after 

amputation . Phantom pain usually involves a perceived sensation of pain in  a 

body part that has been amputated. I n  a survey of American mi l itary veterans 

with amputated l imbs it was usual for the pain to be severe enough to cause 

considerable discomfort (Sherman et al. ,  1 984) . These sensations may fade 

with t ime or remain indefin itely. Phantom l imb pain is often described as 

crush ing or tearing pain (Diadmond and Coniam , 1 997) . Some post­

amputation pain arises from the stump ,  wh ich may be due to neuroma 

formation,  and is  often apparent as acutely tender areas. Neuroma and 

phantom l imb pain are frequently encountered together (Diadmond and 

Coniam, 1 997) . Although , the acute cortisol and behavioural responses caused 

by castration plus tail docking are wel l  characterised du ring the fi rst 4 hours 

after treatment animals may suffer f rom unnoticed chronic pain due to 

hyperalgesia, neu roma formation and/or phantom pain, which may cont inue 

i ndefin itely. 



2.2.2 Different methods of castration and tai l  docking 

D ifferent methods for castration and tai l ing of lambs and how they are 
conducted, are summarised in Table 2 . 1 .  

Surgical castration and tailing 

20 

Surg ical castration involves cutting off the distal one third of the scrotum with a 

kn ife to expose the testicles and then removing the testicles by drawing them 

out with serrated tongs appl ied to the body of each testis without cutt ing the 

spermatic cords (Lester et al. ,  1 991  a) , or removing the testes after scraping and 

cutt ing or cauterising the spermatic cords (Molony et al. , 1 993) . In surgical 

tai l i ng ,  the tail is cut off using a kn ife . The cutt ing of tissues du ring surgical 

castration and/or tai l ing causes an immediate nociceptor barrage. The 

damaged t issues release bradykin in ,  h istamine and seroton in ,  which are 

thought to cause pain by chemical stimu lation of the nociceptors .  

Prostaglandins are also released and are thought to act indirectly by reducing 

the threshold of nociceptors to such stimu l i  (Johnston ,  1 996) . Su rg ical 

castration and tai l ing has been shown to cause acute distress for up to 8 hours 

after treatment, so this technique is not recommended for either procedure 

(Lester et al. , 1 991  a, b) . The distress caused by surgical tai l docking does not 

affect the overal l productivity (weight gain) of lambs however (Fi lmer,  1 938; 

Wohlt et al., 1 982; Rhodes et al. , 1 994) . 

Cautery tail docking 

Cautery is only used for tail docking;  a gas heated anvi l-scissor docking i ron 

can be used or an electrocauteriser, where the extreme heat of the jaws severs 

the tai l (Lester et al. , 1 991  a; Mazzaferro et al. ,  1 993; Sti l lwel l  et al. , 1 994; St. 

Lou is  et al. , 1 994) , or the tail is cut and the stump is cauterised (G raham et al. , 

1 997) . The result ing th ird degree burns cause complete destruction of the skin ,  

and are associated with l ittle or no pain in humans (Bonica, 1 990) . Sensory 

nerve receptors including nociceptors are in the dermis, and are destroyed by 

th i rd degree burns resu lting in a loss of sensation in the affected area (Bonica, 

1 990).  Therefore as cautery is l ikely to cause th i rd degree burns the acute pain 

associated with tai l  docking may be less than that caused by cutt ing off the tai l 

with a kn ife . Tai l docking using cautery resu lts in  a cortisol response s imi lar to 
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contro l  handled lambs (Lester et al. , 1 99 1  a ;  Mazzaferro e t  al. , 1 993;  Sti l lwel l  et 

al. , 1 994; G raham et al. ,  1 997) . Analgesics (local anaesthetic, diclofenac or  an 

analgesic spray) in combination with cautery tail docking was i neffective at 

reducing the cortisol response to th is treatment as cautery alone resulted in a 

cortisol response equ ivalent to control handling (Graham et al. , 1 997) . 

Ring castration and tailing 

Ring castration involves a constrictive rubber ring being placed on the neck of 

the scrotum with a special ised instrument (elastrator) , so that both testes are 

distal to the ring and the two teats are above the ring (Mel ior and Murray, 

1 989a) . A ring can be placed on the tail for tai l docking .  Short scrotum 

creation i nvolves the ring being applied distal to the testes, so that the testes 

are retained against the abdominal wal l ,  resu lting in infertil ity by elevated 

testicular temperatu re (Lester et al. , 1 99 1  a) . Short scrotum creation produces 

the growth rate and lean carcass benefits of entire rams, without the hygiene 

problems at the works associated with dirty scrotums (Probert and Davies, 

1 986) . However the method does not produce inferti l ity in 1 00% of the lambs 

(Probert and Davies, 1 986) . Placement of constrictive rubber rings during ring 

castration and/or tai l ing or short scrotum creation causes an in itial nociceptor 

barrage due to the mechan ical pressu re caused by the rings, which prevents 

b lood f low but in itial ly does not prevent transmission of the nerve impu lses 

(Cottrel l  and Molony, 1 995) . Ischaemic pain fol lows the in itial nociceptor 

barrage, hypoxia progressing to anoxia of the tissues leads to tissue death,  and 

the damaged tissues release serotonin ,  h istamine and bradykin in which further 

stimu late the nociceptors (Johnston ,  1 996) . The bui ld up of lactic acid due to 

anaerobic metabol ism may also stimu late nociceptors. At sufficiently low 

oxygen levels in  the tissues nociceptors become disabled. I f  occlusion 

contin ues the nociceptors die as wel l  as the other tissues distal to the 

occlusion .  Ring castration and/or tai l ing results in a rapid rise in  the cortisol 

concentration which peaks approximately 40-60 minutes after treatment and 

returns to basel ine levels with in approximately 2-3 hours (Mel ior and Murray, 

1 989a; Lester et al. , 1 991  a; Wood et al. , 1 99 1 ; Kent et al. , 1 993, 1 995, 1 998; 

Mazzaferro et al. , 1 993; Sti l lwell et al. , 1 994; Rhodes I l l  et al. , 1 994; Kent et al. , 

1 995; Lester et al. , 1 996; Dinniss et al. , 1 997a, b; Graham et al. , 1 997, Kent et 
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al. ,  1 998) . lt was thought that applying a smaller/tighter rubber ring may disable 

the innervation from the testes and scrotum more quickly. H owever, the 

smal ler rubber ring p roduced a more marked cortisol response over a shorter 

period of t ime (Kent et al. , 1 995) . Short scrotum creation reduced the cortisol 

response compared to ring castration (D inn iss et al. ,  1 997a) . However, short 

scrotum creation plus ring tai l ing did n ot reduce the cortisol response to ring 

castration plus tai l ing (Lester et al. , 1 991 a) . As testicular and pampin iform 

nociceptors are not excited by the short scrotum technique (Cottrel l  and 

Molony, 1 995) , the difference of these results may be a resu lt of the noxious 

input from the tai l  when rings were appl ied to both the scrotum and tai l .  

Local anaesthetic has been used in combination with ring castration and/or 

tai l ing of lambs to al leviate the pain-induced distress caused by these 

procedures (Appendix 1 ). Local anaesthetic injected into the scrotal neck, 

spermatic cords , each testis, and tai l v irtually abol ished the distress response, 

as measured by cortisol , associated with ring castration plus tai l ing (Wood et 

al. , 1 99 1  ) . Local anaesthetic has also been injected into specific sites to 

assess the most effective area of adm in istration for castration alone: scrotal 

neck, spermatic cords , scrotal neck and spermatic cords , or testes (Dinn iss et 

al. , 1 997a) . Local anaesthetic injected into the scrotal neck, scrotal neck and 

spermatic cords or testes 1 5-20 m inutes before ring castration virtual ly 

abolished the cortisol response to this p rocedu re (Dinn iss et al. ,  1 997a) . 

The benefits of stress-induced analgesia in reducing the distress experienced 

by lambs ring castrated and tai led was tested using naloxone (an opioid 

sensitive antagon ist) ; there seemed to be minimal increment due to the 

admin istration of naloxone suggesting that lambs receive l itt le benefit from 

naloxone-sensitive stress-induced analgesia (Wood et al. ,  1 99 1  ) .  

Castration by applying a castration clamp 

The castration clamp is usually appl ied to each spermatic cord twice, the 

second appl ication distal to the f irst , ensuring that skin and underlying tissues in 

the medial parts of the scrotum remain uncrushed (Wood and Molony, 1 992) . 
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Crushing of the spermatic cords and the associated blood vessels resu lts in 

hypoxia/anoxia of the testes and consequently inferti l ity, but the cords may sl ip 

during crushing or may not be crushed adequately resulting in  incomplete 

steril isation (Wood and Molony, 1 992) . The crushing action of the castration 

clamp causes an in itial nociceptor barrage, due to the associated tissue 

damage, fo l lowed by inflammatory pain due to the release of inf lammatory 

mediators from the damaged tissues. Appl ication of the castration clamp 

causes an in it ial rise i n  the cortisol concentrat ion, which peaks approximately 

30-40 minutes after treatment before retu rning to baseline values at 90- 1 80 

minutes after treatment (Kent et al. , 1 995 ; Dinn iss et al. , 1 997a) . Appl ication of 

the castration clamp, i rrespective of clamp appl ication time (1 or 1 0  seconds) , 

does not resu lt i n  a smal ler cortisol response than ring castration (Kent et al. , 

1 995; Dinniss et al. , 1 997a) , and 1 second appl ication of the clamp can resu lt in 

1 0% fai lu re to castrate (Dinniss et al. , 1 997a) . Admin istration of local 

anaesthetic into the testes, spermatic cords or the neck of the scrotum ,  20 

minutes or 1 -2 m inutes prior to castration using a castration clamp (applied for 

1 0  seconds) , did not sign ificantly reduce the cortisol response compared to ring 

castration (D inn iss et al. ,  1 997a; Molony et al. ,  1 997) . Lambs can be tailed 

using the castrat ion clamp, but this is not a common procedure (Kent et al. ,  

1 995) . 

Ring plus clamp method 

The ring and castration clamp methods have been combined in an attempt to 

al leviate the distress caused by ring castration plus tai l ing (Appendix 1 ) . The 

ring plus clamp method involves the rings being appl ied in the same way as for 

the ring alone method, and the clamp being appl ied across the fu l l  width of the 

scrotal neck and/or the tai l just distal to the rings, for up to 1 0 seconds (Kent et 

al. , 1 993, 1 995) . The ring method of castration and/or tai l docking results in 

ischaem ic pain due to the appl ication of the rubber rings to the neck of the 

scrotum and the tai l .  However, the additional appl icat ion of  the  castration 

clamp across the fu l l  width of the scrotum and/or tail after ring p lacement is 

intended to crush and disable the innervation from al l  tissues distal to the ring 

and prevent or reduce the afferent transmission of nociceptor impu lses due to 
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ischaemia. This al leviates the pain-induced distress caused by r ing castration 

p lus tai l ing (Kent et al. , 1 993, 1 995; Dinniss et al. ,  1 997a) . Appl ication of the 

castration clamp for 6 seconds across the ful l width of the scrotum and tai l 

fol lowing ring castration and tai l ing sign ificantly reduced the magnitude of the 

cortisol response in 5-day-old lambs compared to ring castration p lus tai l ing 

(Kent et al. , 1 993) . However, the magnitude of the cortisol response was on ly 

marginal ly reduced by the ring plus clamp method in 2 1  and 42-day-old lambs 

(Kent et al. ,  1 993; Molony et al. ,  1 997) . Appl ication of the clamp for 1 0  seconds 

in combination with ring castration plus tai l ing sign ificantly reduced the 

magn itude and du ration (by 60 minutes) of the cortiso l response to ring 

castration plus tai l ing in  5-day-old lambs (Kent et al. , 1 995) . Appl icat ion of the 

clamp for 1 ,  5, or  1 0  seconds using the traditional double clamping method in 

combination with r ing castration did not reduce the cortisol response to ring 

castration (Dinn iss et al. , 1 997a) . However, applying the castration c lamp in 

the tradit ional way leaves a gap of uncrushed tissue and intact nerves, so that 

continued noxious input from the scrotum may account for the difference in 

results . Local anaesthetic injected into the testes, scrotal neck, or  spermatic 

cords before ring plus clamp castration reduced the magn itude of the cortiso l 

response compared to ring castration (Dinn iss et al. , 1 997a; Molony et al. , 

1 997) . 

Chemical castration 

Chem ical castration of calves has been carried out by injecting a-hydroxy­

propionic acid into the testes which causes necrosis of the testicular t issue and 

atrophy of the testes, and a sclerosing agent (88% lactic acid) which causes 

destruction of the spermatogenic and hormone-producing cel ls (Fordyce et al. , 

1 989; Cohen et al. , 1 990) . Chemical castration of lambs has also been studied 

using formaldehyde in ethanol injected into the caudae epididymides (Mercy et 

al. , 1 985) . Chemical castration requires more care and time than other 

conventional methods of castration , heal ing takes longer and secondary sexual 

characteristics may not be el im inated in some animals, also inferti l ity is not 

guaranteed (Fordyce et al. ,  1 989, Cohen et al. , 1 990) . Chemical castration 

involving injection of a corrosive substance, such as lactic acid, into the testes 
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of the lamb ,  wou ld result in mechan ical stim u lation of the nociceptors due to the 

pressure of the injected fluid and chemical stimulation of the n ociceptors .  The 

destruction of the tissues would stimulate nociception unti l the tissues are 

destroyed or  the chemical is neutralised. Chemical castration in calves resu lted 

in a reduced cortisol response when compared to surgical castration . However, 

the cortisol response in chemically castrated calves remained e levated 

compared to contro l handled animals for up to 6 hours after treatment (Cohen 

et al. , 1 990). 

lmmunocastration 

lmmunocastration is less commonly used as a form of castrat ion,  being sti l l  at 

an experimental stage. lmmunocastration involves neutralisation of an 

endogenous reproductive hormone, such as luteinising releasing hormone , by 

active immun isation (Robertson et al. , 1 982) . lmmunocastration has been 

accompl ished by actively immunising calves against lutein ising horm one­

releasing hormone, causing reduced testosterone secretion and testis 

involution.  However this method is not 1 00% effective, it requ i res secondary 

immunisation , with animals reverting to normality after 6 months (Robertson et 

al. , 1 982) . The distress response of animals to immunocastration has not 

apparently been stud ied as yet . 

2.2.3 Aims of this study 

Local anaesthetic injected into the scrotal neck, spermatic cords,  testes and the 

tai l of lambs 20 minutes prior to ring castration plus tai l ing virtual ly abol ished 

the cortisol response to this procedure (Wood et al. ,  1 991  ). I njection of local 

anaesthetic into the scrotal neck, scrotal neck and spermatic cords, or the 

testes 1 5  m inutes prior to ring castration also vi rtual ly el im inated the cortisol 

response to this procedure (Dinniss et al. , 1 997a). However, it is impractical in 

the field to handle animals twice; once to admin ister local anaesthetic and 

again to carry out castration and/or tail docking .  Therefore, one of the aims of 

this study was to determine whether injecting local anaesthetic just before or 
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j ust after ring castration p lus tail ing would reduce the distress response to this 

procedure. 

lt is impractical to inject local anaesthetic into the testes, scrotal neck, 

spermatic cords and tail due to the time it would take to inject local anaesthetic 

into al l these sites and the cost of the local anaesthetic. Therefore , in the 

present study local anaesthetic was injected into the neck of the scrotum or  the 

testes to determ ine the most effective site to administer local anaesthetic to 

al leviate the pain-induced distress caused by ring castration p lus tai l ing and to 

minim ise the time and cost of using local anaesthetic. 

Ring castration plus tai l ing fol lowed by application of a castration clamp across 

the fu l l  width of the scrotal neck and tai l for 6 seconds in young lambs was 

found to reduce the magnitude of the cortisol response compared to that 

caused by ring castration plus tai l ing only (Kent et al. , 1 993) .  lt was further 

demonstrated that if the clamp was applied for 1 0 seconds in combination with 

ring castration p lus tai l ing the magnitude and the duration of the cortisol 

response was also sign ificantly reduced (Kent et al. , 1 995) . However, both 

studies involved group sizes of only 6-7 animals. Therefore, in the present 

study the cortisol distress response of lambs ring castrated p lus tai led were 

compared with lambs ring castrated plus tailed in combination with a clamp 

being applied across the ful l  width of the scrotum for 6 or 1 0 seconds using 

larger groups of lambs (n=1 9) .  

Injecting lambs with ACTH has been shown to produce a marked cortisol 

response compared to d ifferent methods of castration and/or tai l ing .  Therefore ,  

in the present study, ACTH was administered in lambs to assess whether the 

cortisol response to any of the methods of castration plus tai l ing were l im ited by 

the secretory abi l ity of the adrenal cortex. 
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Method Techn ique 
Surgical C :  Distal one th ird o f  the scrotum i s  cut off with a knife o r  

an  incision is made to expose the testicles. The testicles 
are then removed using serrated tongs without cutting the 
spermatic cords or removing the testes after scraping and 
cutt ing or cauterising the spermatic cords. 
T* : The tai l is cut with a kn ife . 

Ring C :  Constricting rubber ring is placed on  the neck o f  the 
scrotum using an elastrator, with the testes distal to the 
ring .  
T* : Constrictive rubber ring is placed on the tai l ,  with an 
elastrator. 

Blood less C :  The  castration clamp is  usual ly appl ied twice to each 
castrator spermatic cord, the second t ime distal to the f irst, leaving  

uncrushed skin and tissue between the two pairs o f  crush 
l ines. 
T* : The clamp is not conventionally used for tai l docking. 

Ring plus clamp C :  Constrictive rubber ring i s  p laced on  the neck o f  the 
method scrotum as above . A castration clamp is then appl ied 

across the ful l  width of the scrotum just distal to the ring .  
T* : A ring is p laced as above and the castration clamp is 
applied across the ful l width of the tail just distal  to the ring 

Cautery T* : Cautery is used only for tail docking.  Cautery is carried 
out using a docking i ron or by cutting off the tail then 
cauterising the wound.  

Short-scrotum C :  A ring in placed using an elastrator so that both testicles 
creation are proximal to the ring and are held against the body wal l .  
Chem ical C :  A chemical solution,  such as lactic acid ,  i s  injected into 
castration the testes, causing necrosis of the testicular tissue. 
lmmunocastration C: Neutalisation of an endogenous reproductive hormones, 

such as lutein ising releasing hormone , by active 
immunisation . 

*Tai ls are docked so that the stump wil l cover the anus in rams and the vu lva i n  
ewes . 

Table 2.1 : Different castration and tail docking methods in lambs, and how 
they are conducted.  
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The heal ing rate of the castration wound in calves ring castrated and ring p lus 

c lamp castrated have been compared , but this has not been done in lambs 

(Molony et a/. , 1 995) . In  the present study the rate of heal ing of the scrotal 

inju ries after castration using the ring method or the ring p lus clamp method 

were compared during the fi rst six weeks after castration plus tai l ing to assess 

whether the ring plus clamp method in lambs had any adverse effects on 

wound heal ing . 

2.3 Materials and Methods 

There were three components to this study, two acute (study 1 and 2) and one 

chronic (study 3) .  

2.3.1  Animals 

The day before the trial lambs were weighed and their necks c l ipped to faci l itate 

b lood sampling by jugu lar venepunctu re. Lambs were randomly al located into 

pens ( 1 1 Ocm x 1 90cm) with their dams,  with a maximum of 3 lambs per pen 

(Fig .  2. 1 ) .  Twins were put in the same pens ,  but were al located to different 

treatments . Each lamb was co lour coded with scou rable marker spray for easy 

identification of treatment. Ewes had free access to water overn ight but not 

food. One hour before the experiment the lambs were placed in pens adjacent 

to their dams, but they were sti l l  able to see, hear and smell the i r  dams. Three 

stud ies were conducted . 

Study one 

Fifty one Coopworth lambs 6 weeks of age, weighing between 1 3  - 30 kg (mean 

20 Kg) were used in this study, which was spread over two trial days. 
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Study two 

Sixty six Coopworth lambs 3 to 6 weeks of age, weighing between 4 - 20 kg 

(mean 1 1  Kg) were used in this study, which was spread over two trial days. 

Study three 

One hundred and fifty seven Coopworth lambs were used in th is study (Table 

2.4); 66 of them were those used previously in study two . Lambs were brought 

in for examination weekly for 4-6 weeks . Lambs were restrained and their  

castration wound examined by the same person on a l l  examination days . The 

rate of wound heal ing was scored from 5 .0 - 0.0 ,  or as H for comp letely healed 

(Table 2 .3) .  

2.3.2 B lood sampl ing 

Blood samples were taken during studies 1 and 2 .  Blood samples (5ml)  we�e 

taken by venepuncture from either jugu lar vein immediately before treatment 

(time 0) then regu larly for four hou rs after treatment. During blood sampl ing the 

lambs were picked up by one handler and restrained, while a second person 

took the blood sample. The whole procedure from retraining the animal to the 

time the animal was released lasted no more than 1 5  seconds. An imals were 

bled in the same order throughout the experiment. 

Study one 

Blood samples were taken at time 0, and at 20, 40, 60, 90, 1 20 ,  1 50 ,  1 80 ,  2 1 0 ,  

and 240 minutes after treatment. 



Study Treatment N 

One Control  8 

LASc control 8 

LAT control 9 

Ring CT 9 

LASc + ring CT 8 

LAT + ring CT 9 
Two 

Ring CT 1 9  

Ring CT + clamp 6 1 9  

Ring CT + clamp 1 0 1 9  

ACTH 9 
Th ree 

Ring CT 70 

Rin_g CT + clamp 87 

P lasma cortisol 
concentration 
(nmoi/L) 

49 ± 6 .2 

47 ± 8 .9  

64 ± 6 .7  

58 ± 1 2  

65 ± 8 .0  

55 ± 9 .0  

46 ± 4 .4 

42 ± 5 . 1  

49 ± 4 .6  

42 ± 5 .6  

30 

I ntegrated cortisol 
response 
(nmoi/L. m in) 

3 , 1 94 ± 546 

2 ,820 ± 438 

3,992 ± 830 

21 , 803 ± 2 ,767abc 

1 2 ,401 ± 2 ,  72 1 abed 

1 6 ,737 ± 2 ,643abc 

26, 1 27 ± 3,401 

25 ,378 ± 2 ,821 

2 1 ,755 ± 2 ,378 

30,373 ± 5 , 8 1 1 

Table 2.2: Pretreatment (t=O) co rtisol concentrations (mean ± S E M) in lambs. 
There was no sign ificant difference (P>0.05) between mean pretreatment 
cortisol concentrations, shown by one way analysis of variance (ANOVA) . The 
mean (± SEM) integrated cortisol response of each group over the trial period 
of 4 hours. [a = significantly different from contro l ;  b = sign ificantly d ifferent 
from LASc contro l ;  c = significantly different from LAT contro l ;  d = sign ificantly 
d ifferent from Ring CT control  (P < 0.05)] .  



Score 

5 .0 

4 .0 - 3 .5 

3 .0 - 2 .5 

2 .0 - 1 .5 

1 .0 

0.5 

0 .0 

H 

3 1  

Description 

No injury ,  intact scrotum. 

Crepitus and swel l ing. 

Swel l ing decreased, no crepitus. 

Increasing degrees of dry necrosis. 

Dry hard scrotum in varying stages of 
detachment d istal to ring.  
Scrotum easily removed - attached but 
only hanging by wool f ibres. 
Scrotum lost, but lesions not 
completely healed. 
Healed , lesion on ly evident as a smal l  
star-shaped scar. 

Table 2.3: Injury/ healing scale for lamb scrotums after ring castration and 
ring and clamp castration . 
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Study two 

Blood samples were taken at t ime 0 ,  and at 20, 40, 60, 80, 1 1 0 ,  1 40 ,  1 70, 200, 

230, and 260 minutes after treatment. 

2.3.3 Treatments 

Treatments were carried out immed iately after the fi rst blood sample was taken. 

One person restrained the lamb wh i le a second person carried out the 

treatment. In each trial the same person conducted the treatments. 

Study one 

Control handling ('Control') 

The animals were held and the scrotum and tai l massaged but left intact. 

Local anaesthetic injected into the scrotal neck control ('LASc control') 

Local anaesthetic (2 ml of 2% Lignocaine hydrocholoride: Nopaine, Ethical 

Agents, Auckland) was injected into 3 sites around the scrotal neck, which was 

then massaged to d isperse the anaesthetic , 5-1 0 seconds prior to treatment: 

1 ml was injected into the anterio-medial surface of the scrotum and 0 .5ml into 

each lateral surface . Lambs were then treated the same as contro l animals. 

Local anaesthetic injected into the testes control ('LA T control') 

Local anaesthetic ( 1  ml  of 2% Lignocaine hydrocholoride) was injected into 

each testis through the caudal pole, 5-1 0 seconds after treatment. Lambs were 

then treated the same as contro l  animals. 

Ring castration plus tailing ('Ring CT') 

Rubber rings (AI Iflex New Zealand Ltd . ,  Palmerston North)  were applied using 

an elastrator (Eiastrator Ltd . ,  B lenheim) (Fig. 2 .2) to the neck of the scrotum ,  

after ensu ring that both testes were distal to the ring (Fig .  2.3) , and  to the tail so 

that the tail stump would cover the anus of each lamb. 
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Local anaesthetic injected into the scrotal neck + ring castration and 

tailing immediately ('LASc + ring CT') 

Local anaesthetic was injected into 3 s ites around the scrotal neck, 5-1 0 

seconds before ring castration and tai l ing as described for LASc contro l  and 

ring CT lambs. 

Local anaesthetic injected into the testes + ring castration and tailing 

('LA T + ring CT') 

Local anaesthetic was injected into each testis 5- 1 0  secon ds after ring 

castration and tai l ing as described for LAT control and ring CT lambs. 

Study two 

Ring castration plus tailing ('Ring CT') 

Lambs were castrated and tailed as described for Ring CT lambs in  study one. 

Ring castration plus tailing and clamp 6 seconds ('Ring CT + clamp 6') 
Ring castration and tai l ing was carried out as described for R ing CT lambs. 

The castration clamp (Bu rdizzo castration clamp) (Fig. 2 .4) was than appl ied 

once for 6 seconds across the fu l l  width of the scrotum just distal to the rubber 

r ing (Fig. 2 .5) .  

Ring castration plus tailing and clamp 10 seconds ('Ring CT + clamp 1 0 ') 
Ring castration and tai l ing was carried out as described for R ing CT lambs. 

The castration clamp was then appl ied once for 1 0 seconds across the fu l l  

width of the scrotum just distal to the rubber ring. 

ACTH injection ('ACTH') 

Synthetic adrenocorticotropin (Synacthen ; Ciba pharmaceuticals, Auckland) 

was injected into a jugular vein at a dose of 1 4  Jlg/kg body weight; this was the 

same dose as that used by Dinniss et al. (1 997a) to el icit a large cortisol 

response. 
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Study three 

Ring castration plus tailing ('Ring CT') 

Lambs were castrated and tailed as described for ring CT lambs in  study one. 

Ring castration plus tailing and clamp ('Ring CT + clamp ') 

This group contained the enti re ring CT + clamp 6 and ring CT + clamp 1 0 

lambs from study two, and additional ring CT + clamp 6 lambs. 

2.3.4 Plasma cortisol assay 

The blood was collected into heparin ised vacutainers. After blood samples 

were taken they were centrifuged and the plasma was separated and stored at 

-20 o c  until requ i red . Cortisol concentration of the plasma was determ ined 

using a non-extraction tritium radio- immuno-assay method (Endocrine 

Sciences, 430 1 Lost Hil ls Rd, CA 9 1 301  ). The lowest detectable concentration 

was 1 .0 nmoi/L. The intra-assay and inter-assay coefficients of variation were 

5% and 1 3% (study 1 ) ,  and 7% and 1 2% (study 2) ,  respectively. 

2.3.5 Integrated cortisol responses 

The integrated cortisol response was calcu lated to determine changes in 

magnitude and duration of the cortisol response after the appl ication of the 

treatments. The integrated cortisol response is defined as the area between a 

horizontal l ine d rawn through the pretreatment concentration and the cortisol 

curve during the period when the concentrations were greater than the 

p retreatment values (Mel ior and Murray, 1 989a) .  



Figure 2 . 1 : Pen layout du ring trials to separate lambs from the i r  m others .  
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Figure 2 .2 :  Elastrator and rings .  

Fig.  2 .3 :  Ring castration and method of  ho ld ing lambs for t reatment. 
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Fig. 2 .4 :  Castration clamp.  

Fig.  2 .5 :  Appl ication of  the castrat ion c lamp fol lowing r ing castration .  
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2.3.6 Statistical analysis 

The cortisol concentrations are presented as the mean ± standard error of the 

mean (SEM) at each sample t ime. To compensate for individual variation , the 

pretreatment value was subtracted from the concentration of all subsequent 

samples. Al l  graph ical presentations represent changes in the mean 

concentration after time 0 .  Significant differences between means were 

determ ined using unpaired t-test with Welch 's correction for unequal variance 

and one-way analysis of variance (ANOVA) (Graph Pad software Prism V 2 .01  ) ;  

(any data was considered sign ificantly different when P<0 .05) . Statistical 

analysis including repeated measures analysis of variance (SPSS for windows 

V 8 .0) were also conducted on log 10  transformed data. As there were very few 

differences in the sign ificance of outcomes using untransformed and 

transformed data, untransformed data have been presented . 

2.4 Resu lts 

There were no sign ificant differences (P>0.05) between the pretreatment 

p lasma cortisol concentrations in the different groups in studies 1 and 2 (Table 

2.2). The order in which the pretreatment blood sample was taken d id not 

sign ificantly affect the pretreatment concentrations (Figure 2 .6) . 

Study one 

Control, LASc control, LA T control 

None of the control treatments resu lted in a sign ificant change in  p lasma 

cortisol concentration throughout the period of study, nor did the cortisol 

concentrations d iffer significantly between these groups (Fig. 2 .7) . 
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Fig. 2.6 :  Relationship between plasma cortisol concentration and the order in 
which the pretreatment blood samples were taken (A - study 1 ;  B - study 2) . 
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Ring CT 

Appl ication of rings to the scrotum and the tail caused a rise in the mean 

plasma cortisol concentration that was sign ificantly greater (P>0.05) than 

pretreatment values 20 minutes after treatment (Fig. 2 .7) . The cortisol 

concentration increased unti l it peaked at 1 87 nmoi/L at 60 minutes , return ing 

to p retreatment values approximately 21 0 minutes after treatment. 

LASc + ring CT 

I njection of local anaesthetic into the scrotal neck fol lowed immediately by ring 

castration plus tai l ing was associated with a significant increase in the mean 

cortisol concentration during the f irst 40 m inutes (Figu re 2 .8) . The 

concentration peaked at 1 1 6 nmoi/L at 60 minutes after treatment and then 

decreased , returning to pretreatment values by 1 80 minutes . The plasma 

cortisol concentrations of LASc + ring CT lambs were sign ificantly lower (P < 

0.05) than those of ring CT lambs at 20 , 40, 60, and 1 50 m inutes after 

treatment (Fig. 2 .8) .  

LA T + ring CT 

I njection of local anaesthetic into the testes immediately after ring castration 

p lus tai l ing was associated with a significant increase in the mean cortisol 

concentration by 20 minutes after treatment (Fig. 2.9) .  Cortisol concentrations 

peaked at 1 38 nmoi/L at 60 minutes and then decreased , reaching 

pretreatment values by 21 0 minutes after treatment. There was no sign ificant 

differences between the concentrations in ring CT and LAT + ring CT lambs at 

any time . 

I ntegrated cortisol responses 

The integrated cortisol response was calculated over the whole study period, 

t ime 0 unti l 4 hours after treatment. The integrated cortisol response for LASc 

+ ring CT lambs was significantly lower than the response for ring CT lambs.  

The integrated cortisol response for a l l  castrated and tailed g roups were 

sign ificantly g reater than the integrated response for the control g roups (Table 

2.2) .  
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Study two 

Ring CT 

Ring castration plus tai l ing caused mean plasma cortisol concentrations to rise 

significantly above pretreatment values during the fi rst 20 m inutes, which 

peaked at 232 nmoi!L at 60 minutes, returning to pretreatment values by 

approximately 1 70 minutes after treatment (Fig. 2. 1 0) . 

Ring CT + clamp 6 
The combined method employing a 6 second clamp appl icat ion caused a 

sign ificant increase in the cortisol concentration du ring the fi rst 20 minutes, 

which peaked at 200 nmoi/L 40 minutes after treatment (Fig. 2 . 1 1 ) .  The cortisol 

concentration plateaued between 60 - 1 1 0 minutes before returning to 

pretreatment values at 270 minutes. There were no sign ificant differences 

between the concentrations in ring CT and ring CT + clamp 6 l ambs at any 

stage (P>0.05) . 

Ring CT + clamp 10 
The combined method applying the clamp for 1 0 seconds caused a significant 

increase in the cortisol concentration by 20 minutes after treatment. The 

cortisol concentration peaked at 1 58 nmoi!L at 40 minutes , p lateaued unti l  1 1  0 

minutes, and returned to pretreatment values by 270 minutes. Cortisol 

concentrations of ring CT + clamp 1 0 lambs were sign ificantly l ower (P < 0.05) 

than those of ring CT lambs only at 60 m inutes after treatment (F ig .  2 . 1 2) .  

ACTH 

I njection of ACTH caused a significant increase in the cortisol concentration 

within 20 minutes after treatment (Figure 2 . 1  0) . The cortisol concentration 

peaked at 239 nmoi/L at 40 minutes, p lateaued for 40 minutes before return ing 

to pretreatment values approximately 270 minutes after injection . There were 
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Fig. 2.7: Changes in plasma cortisol concentration in lambs in response to 
control handl ing ,  the administration of local anaesthetic, and ring castration p lus 
tai l ing. [a = sign ificantly different from contro l ;  b = significantly different from 
LASc control ;  c = sign ificantly different from LAT control] . 
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---- Ring CT 
----.- LASc + r ing CT 
-a- Control 

Fig.  2 .8 :  Changes in p lasma cortisol concentration in lambs in response to 
control handling (contro l ) ,  ring castration p lus tai l ing (Ring CT) and injection of 
local anaesthetic ( l ignocaine) into the scrotal neck immediately before ring  
castration plus tai l ing (LASc + ring CT) . [a = Ring CT significantly d ifferent from 
LASc + ring CT; b = LASc + ring CT significantly different from control ] .  
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Fig. 2 .9 :  Changes in plasma cortisol concentration in lambs in response to 
control handl ing (contro l ) ,  ring castration p lus tai l ing (Ring CT) and injection of 
local anaesthetic ( l ignocaine) into each testis immediately after ring  castration 
p lus tai l ing (LAT + ring CT) . There were no significant differences between the 
concentrations in ring CT and LAT + ring  CT lambs at any time. [a = LAT + ring 
CT significantly different from control] .  
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-.- Ring CT 
--- ACTH 

Fig.  2 . 1 0 :  Changes in p lasma cortisol concentration in lambs in response to 
injection of ACTH and to ring castration plus tai l ing (Ring CT) . There were no 
significant d ifferences between the concentrations in ring CT and ACTH lambs. 
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Fig. 2 . 1 1 :  Changes in plasma cortisol concentration in lambs in response to 
ring castration plus tai l ing (Ring CT) and ring castration plus tai l ing and clamp 6 
seconds (Ring CT + clamp 6) . There were no sign ificant d ifferences between 
the concentrations in r ing CT and ring CT + clamp 6 lambs. 
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Fig. 2 .1 2 :  Changes in plasma cortisol concentration in  lambs in response to 
ring castration p lus tai l ing (Ring CT) and ring castration p lus tai l ing and clamp 
1 0  seconds (Ring CT + clamp 1 0) . ) . [a = sign ificantly d ifferent from Ring CT] . 
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A 

8 

Fig.  2 . 1 4: Heal ing of scrotal wounds: (A) scrotum lost ,  but lesion is not 
completely healed (0 .0) ;  (B) lesion is completely healed (H) . 



WEEKS OBSERVED 

1 2 3 4 5 

Study 2 70 70 70 69 40 40 

Study 3 87 87 82 8 1  46 

1 57 1 57 1 52* 1 50** 86 40 
Total 

*5 lambs not accounted for **7 lambs not accounted for 

Table 2.4: The total number of lambs in each week of observation after 
castration .  
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no sign ificant d ifferences between the concentrations in ring CT and ACTH 

lambs at any stage. 

Integrated cortisol responses 

There were no sign ificant d ifferences between the integrated cortisol responses 

of any of these groups. 

Study three 

Heal ing scores for castration wounds (Table 2 .3) are provided i n  Figure 2 . 1 3, 

and the number  of lambs observed per week are in Table 2 .4 .  The castration 

wounds one week after castration using the ring or ring p lus c lamp method 

showed signs of swel l ing and a l ittle crepitus in 43% of lambs from both 

treatments. Furthermore , one week after castration 7% of lambs castrated by 

the ring  p lus clamp method had a dry hard scrotum in varying stages of 

detachment, and in another 3% of these lambs the scrotum cou ld  be easily 

removed .  This was significantly greater than in ring castrated lambs, which had 

not reached stage 1 .0 or 0.5 with in the fi rst week of observation .  By the second 

week of observation the scrotums were mainly d istributed between stages 3 .0  

and 0 .0  (F ig .  2 . 1 4) with a high percentage of lambs castrated us ing the ring  

p lus  clamp method being at stages 0 .5 and 0 .0 .  By week th ree most of  the 

scrotums, f rom both treatments, were d ry, hard and at varying stages of 

detachment or could be easi ly removed.  The scrotal wounds of 8% of lambs 

castrated using the ring plus clamp method had healed (Fig . 2 . 1 4) ,  so that only 

a smal l  star-shaped scar was evident compared to 3 % of ring  castrated lambs, 

by the fou rth week of observations. 

The castration wounds of ring plus clamp castrated lambs healed faster with 

77% of lambs being completely healed by week 6, compared to 43% of ring  

only lambs ( Fig. 2 . 1 3) .  The scrotal wounds of  ring  castrated and ring  plus 

c lamp castrated lambs all healed without compl ications. The observations of 

the castration wounds were only carried out for 4-6 weeks because at this time 

most of the scrotal wounds had healed or were in the final stages of heal ing. lt 

was evident with in 4-6 weeks that there were no compl ications caused by the 
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ring plus clamp method. Therefore it was thought unnecessary to continue 

observation unt i l  a l l  the scrotal wounds had healed completely (Fig . 2 . 1 3) .  

2.5 Discussion 

Ring castrat ion and/or tail docking of lambs causes acute distress as measured 

by cortiso l ,  which lasts for up to 3 hours. The cortisol response to ring 

castration p lus tai l ing in this study was simi lar to the responses reported in the 

l iteratu re (Mel ior and Murray, 1 989a, b; Wood et al. , 1 99 1 ; Lester et al. ,  1 991  a; 

Mel ior et a/. ,  1 99 1 ; Kent et a/. ,  1 993; Mazzaferro et a!. , 1 993 ; Sti l lwel l  et a/. , 

1 994; Kent et al. ,  1 995;  Rhodes I l l  et al. , 1 995; Dinn iss et al. , 1 997a; Kent et 

al. ,  1 998) . Kent et al. ( 1 998) , Graham et al. ( 1 997) , and Molony et al. ( 1 997) 

publ ished their work after the experimental work in this study had been 

completed , hence we were unaware of their recent work during the planning of 

the present study. 

Local anaesthetic has been used to al leviate the pain-induced distress caused 

by ring castration and/or tail docking (Appendix 1 ) . Local anaesthetic injected 

into the tai l ,  each spermatic cord ,  scrotal neck, and each testis 1 5  minutes prior 

to ring castration plus tai l ing virtually abol ished the cortisol response to this 

procedure (Wood et al. , 1 991  ) .  However injecting local anaesthetic into many 

sites is not cost or time effective . Local anaesthetic was injected into the 

scrotal neck, each spermatic cord ,  spermatic cords and scrotal neck, or testes 

to determine the most effective sites to admin ister local anaesthetic (Dinniss et 

al. , 1 997a, Kent et al. , 1 998) . Local anaesthetic injected into the scrotal neck, 

spermatic cords and scrotal neck, or testes 20 minutes before ring  castration 

abol ished the cortisol response to this procedure .  In  the present study, local 

anaesthetic injected into the neck of the scrotum 5-1 0 seconds prior  to ring 

castration p lus tai l ing significantly reduced the cortisol response (Fig . 2 .8) and 

the integrated cortisol response to th is procedure (Table 2.2) .  Local 

anaesthetic injected into each testis 5-1 0 seconds after ring castration p lus 

tai l ing marginal ly reduced the cortisol response to this procedure ,  but not 

sign ificantly (Fig .  2 .9) .  Therefore, in the present study inject ing local 
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anaesthetic into the scrotal neck was more effective i n  reducing the d istress 

response caused by ring castration plus tai l ing.  

In  the present study, administration of local anaesthetic into the neck of the 

scrotum sign ificantly reduced the peak plasma cortisol concentration by 36% 

compared to ring castration plus tailing and sign ificantly reduced the integrated 

cortisol response by approximately 43% (Fig. 2 .8 ;  Table 2 .2) . Adm inistration of 

local anaesthetic into the scrotal neck would del iver local anaesthetic into the 

vaginal cavity, wh ich may block nociception from the cutaneous areas of the 

scrotum as wel l  as the surface of the testes (Dinniss , 1 995) . lt has been shown 

in dogs that the polymodal receptors (which can function as nociceptors) are 

predominantly located close to the surface of the testes with in the tun ica 

vaginalis visceral is (Kumazawa and Mizumura, 1 980) . Therefore, local 

anaesthetic injected into the scrotal neck may b lock afferent innervation from 

the scrotum as wel l  as the testes. Local anaesthetic injected into the scrotal 

neck may further d iffuse into the spermatic cords thereby blocking transmission 

from the spermatic nerves (Dinniss, 1 995) . lt is therefore reasonable to expect 

that local anaesthetic injected into the scrotal neck would b lock nociceptor input 

from both the scrotum and testes . 

Admin istration of local anaesthetic into each testis after ring appl ication only 

marginal ly reduced the peak plasma cortisol concentration by 24% compared to 

ring castrat ion p lus tai l ing and on ly reduced the integrated cortisol response by 

approximately 23%, in the present study (Fig .2 .9 ;  Table 2.2) .  I njecting local 

anaesthetic into the testes has been found to abol ish al l spontaneous and 

evoked impu lse activity in the superior spermatic nerve caused by the 

appl ication of a constrictive rubber ring during ring castration within 2 minutes 

(Cottrel l  and Molony, 1 995) . However, other nerves are also invo lved in the 

afferent activity from the scrotal area, such as nerves that orig inate from the 

scrotal plexus and other afferent visceral nerves, wh ich may not be effective ly 

blocked by injecting local anaesthetic into the testes (Cottrel l  and Molony, 

1 995) . Local anaesthetic m ixed with dye injected into the testes 1 5  minutes 

prior to dissection and visceral examination was shown to have leaked out of 

the puncture wounds caused by the need le and d iffused into the surrounding 
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scrotal fascia and tunica dartos (Dinn iss et al. ,  1 997a) . Therefore , inject ing 

local anaesthetic into the testes may block the innervation from the testes and 

the lower portion of the scrotum.  

Previously, lambs have been injected with local anaesthetic 1 5-20 m inutes p rior 

to castration and/or tai l ing to be ensure that the local anaesthetic has taken fu l l  

effect before proceed ing (Wood et al. ,  1 99 1 ; Dinniss et al. ,  1 997a) . However, it 

is impract ical to handle animals twice , once to inject local anaesthetic and a 

second t ime to carry out castration and/or tail ing .  I n  the present study, inject ing 

local anaesthetic just before or just after r ing castration plus tai l ing resu lted in 

relatively smal l  (LASc + r ing CT) or non-sign ificant (LAT + r ing CT) reduct ion in 

the cortisol response caused by these procedures (F ig .  2 .8 ;  Fig.  2 .9) .  Kent et 

al. ( 1 998) reduced the magn itude and the duration of the cortisol response to 

ring castration by administering local anaesthetic into the scrotal neck or  the 

testes j ust after or before appl ication of the ring .  However, local anaesthetic 

adm inistered 1 5  minutes prior to ring castration abol ished the cortisol response 

to ring castration (D inn iss et al. , 1 997a) . Thus, admin istration of local 

anaesthetic 1 5  minutes prior to  ring castration may have allowed more time for 

the local anaesthetic to d iffuse through the t issues of the scrotum and 

effectively b lock the conduction of afferent nerve impulses to cause opt imum 

nerve block. 

In  the p resent study, local anaesthetic was admin istered into the scrotal neck or 

the testes but not into the tai l just before or just after ring castration p lus tai l ing .  

Dinn iss et al. ( 1 997a) v i rtual ly el iminated the cortisol response caused by ring 

castration by injecting local anaesthetic into the scrotum or  testes , but there 

was no added compl ication of noxious input from the tai l .  Therefore ,  the 

cont inued noxious input from the tai l may explain why local anaesthetic injected 

into the scrotum or the testes before or after ring castration and tai l ing  did not 

completely al leviate the pain-induced distress caused by this procedure .  Re­

evaluation of the data of Kent et al. ( 1 998) showed that local anaesthetic 

injected into the scrotu m  or the testes just before or after ring castration 

reduced the integrated cortisol response to r ing castration on ly by 77%. 

However, in the present study local anaesthetic injected into the scrotal neck or 
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the testes just before or after r ing castration plus tai l ing only reduced the 

integrated cortisol response to this procedure by 43% and 23%, respectively. 

Therefore, in the p resent study it is l ikely that admin istration the local 

anaesthetic did not reduce the cortisol response to ring castration p lus tai l ing 

fu rther because of the continued noxious input from the tai l .  

The ring method and the castrat ion clamp method have been combined to 

al leviate the pain-induced distress caused by ring castration and/or tai l ing (Kent 

et al. , 1 993, 1 995; Dinniss et al. ,  1 997a,b ;  Graham et al. , 1 997; Molony et al. , 

1 997; Kent et al. ,  1 998) (Appendix 1 ) .  Appl ication of the castration clamp 

across the ful l  width of the neck of the scrotum and/or the tai l is thought to 

disable the innervation from the scrotum plus testes and tai l thereby al leviating 

the pain-induced distress caused by the ring method alone . The castration 

clamp applied in the traditional manner (Table 2 . 1 )  in combination with ring 

tai l ing and/or castration did not reduce the cortisol response to this procedure 

(Dinniss et al. , 1 997a,b) .  However, the castration clamp appl ied for 6 or  1 0  

seconds across the fu l l  width of the scrotum and/or tail in combination with ring 

castration and/or tai l ing reduced the cortisol response compared to the ring 

method in young lambs (Kent et al. ,  1 993, 1 995; G raham et al. ,  1 997; Kent et 

al. , 1 998) . In  the present study, applying a castration clamp for 6 seconds 

across the ful l width of the scrotum after ring castration plus tai l ing did not 

reduce the cortisol response to this method, whereas applying the clamp for 1 0  

seconds did ,  but only at 60 m inutes after treatment. 

The ring p lus clamp method was designed to al leviate the pain- induced distress 

caused by ring castration p lus tai l ing by disabl ing the scrotal p lus testicular 

innervation and thereby preventing the transmission of nociceptive impu lses 

from the ischaemic tissues d istal to the ring (Kent et al. , 1 993; D inn iss et al. ,  

1 997a, b) . The castration clamp was in itial ly appl ied for 6 seconds across the 

fu l l  width of the neck of the scrotum and the tai l distal to the rin g  after ring 

castration plus tai l ing (Molony et al. ,  1 993) . The magnitude of the cortisol 

d istress response of 5-day-old lambs castrated and tailed using the ring p lus 

clamp method was significantly red uced compared to the response caused by 

ring castration p lus tai l ing alone (Kent et al. , 1 993) . In the p resent study, in 
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lambs aged between 21 and 42 days, applying the castration clamp across the 

fu l l  width of the scrotum for 6 seconds in combination with ring castration plus 

tai l ing on ly marginal ly reduced the peak cortisol concentration (Fig. 2 . 1 1 ) . 

In further studies the castration clamp was applied for 1 0 seconds across the 

fu l l  width of the scrotal neck and tail in combination with ring castration p lus 

tai l ing to further al leviate the pain-induced distress caused by ring castration 

plus tai l ing (Kent et al. ,  1 995) . Applying the castration clamp for 1 0  seconds in 

combination with ring castration plus tai l ing reduced the magn itude and the 

duration of the cortisol response to the ring method in young lambs (Kent et al. , 

1 995 , 1 998; G raham et al. , 1 997) . However, in the present study, when the 

castration clamp was appl ied for 1 0 seconds across the fu l l  width of the 

scrotum in combination with ring castration plus tai l ing in 21 to 42 day old 

lambs, there was a small significant effect on the peak cortisol concentration , 

but there was no sign ificant d ifference in the duration or the integrated cortisol 

response compared to the ring method (Fig. 2. 1 2) .  

Changes in the cortisol response to ring castration plus tai l ing and the ring plus 

clamp method were in itially compared in lambs of th ree d ifferent ages (5 , 21 , 

and 42 days-old) (Kent et al. ,  1 993). The magnitude of the cortisol response of 

5-day-old lambs castrated plus tai led by the ring plus clamp method was 

sign ificantly reduced compared to lambs ring castrated p lus tai led on ly (Kent et 

a/. ,  1 993). However, there was only a marginal reduction in the cortisol 

response between treatments in 42-day-old lambs (Kent et al. ,  1 993) , these 

results are similar to those found in the present study using lambs of a simi lar 

age (Fig. 2. 1 1 ;  Fig. 2 . 1 2) .  The age difference observed in the cortisol response 

may be due to maturational changes of the hypothalamic-pitu itary-ad renal axis 

(HPA axis) . The 5-day-old lambs studied by Kent et al. ( 1 993) were found to 

have higher pre- and post treatment cortisol concentrations compared to 2 1  

and 42-day-old lambs, which may be explained by the output o f  adrenal g lands 

being greater per l itre of blood plasma in younger and smaller lambs (Collu et 

a/. , 1 983) . Also the responsiveness of the adrenal axis in lambs is not 
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comparable to mature ewes unti l they are over two weeks old (Moberg et al. , 

1 980) . 

Me l ior and Murray ( 1 989b) compared the cortisol and behavioural responses in 

two breeds of lambs to control handl ing ,  ring castration and/or tai l ing and an 

injection of ACTH at s ix ages between b i rth and seven days . I n  both b reeds of 

lambs stud ied a marked increase in the cortisol response to noxious stimul i  

du ring the fi rst one to th ree days after b i rth was observed. However, there was 

no corresponding age differences in the behavioural response to ACTH (Melior 

and Murray, 1 989a) . The cortisol and behavioural response to different 

methods of castration plus tai l ing were compared in lambs of three ages, 5 ,  2 1 , 

42 days old (Kent et al. , 1 993, Molony et al. , 1 993) . Five-day-old lambs 

showed higher pre- and post treatment cortisol values (Kent et al. , 1 993) , but 

the behavioural response showed no corresponding difference between age 

(Molony et al. , 1 993) . Therefore, the age d ifference in cortisol response to 

castration plus tail docking is l ikely to be the effect of age on the H PA axis 

rather than an ind ication of increased distress in younger an imals. lt is therefore 

possible to compare t reatments using lambs of the same age, but comparison 

of treatments using lambs of different ages may lead to incorrect conclusions. 

The castration clamp may not be as effective at completely d isab l ing the 

innervation of the scrotum in older and larger lambs, due to the pressure of the 

jaws of the clamp being distributed over a larger  area, thereby not effectively 

al leviating the pain-induced distress in older lambs. 

In the present study, the castration clamp was only applied to the neck of the 

scrotum after ring castration plus tai l ing ,  but not to the tai l .  Kent et al. ( 1 993 , 

1 995, 1 998) appl ied the castration clamp across the ful l  width of the tai l  as well 

as the scrotal neck in combination with ring castration p lus tai l ing .  Therefore, 

by not including the appl ication of the castration clamp across the tail in th is 

study any benefits from applying the combined method to the scrotum may 

have been negated by the continued noxious input from the tai l .  The cortisol 

response to ring castration plus tai l ing in combination with the castration clamp 

applied for 1 0 seconds to each spermatic cord and the tail was compared with 
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not crushing the tai l  (D inn iss et al 1 997b) . There was no sign ificant difference 

between the integrated cortisol response of the two methods (D inniss et al  

1 997b) . However, Dinn iss et al. ( 1 997b) appl ied the castration clamp using the 

traditional method, so that the spermatic cords would have been crushed, 

thereby preventing nociceptor transmission from ischaemic testes, but intact 

nerves between the crush l ines could have carried nociceptor impu lses from the 

ischaemic scrotal tissue .  Therefore ,  the noxious input from the scrotal tissues 

may have negated any benefits from d isabl ing the innervation from the tai l .  

Applying the castration clamp across the width o f  the tai l for 1 0 seconds in 

combination with ring  tai l ing sign ificantly reduced the magnitude and the 

du ration of the cortisol response compared to ring tai l ing alone (G raham et al. , 

1 997) . However, tai l docking  alone using a rubber ring causes relatively low 

levels of distress (Mel ior and Murray, 1 989a,b; Lester et al. , 1 991  a) . Therefore , 

the noxious input from the tai l after ring castration plus tai l ing in combination 

with applying the clamp across the neck of the scrotum may not sign ificantly 

reduce the alleviation benefits of disabl ing the innervation from the scrotum .  

Lambs were injected with ACTH to el icit a large cortisol response to assess 

whether the cortisol response to the different methods of castration p lus tai l ing 

used in th is study were l imited by the secretory abi l ity of the adrenal g land .  The 

magnitude and the duration of the cortisol response to an injection ACTH was 

sim ilar to the cortisol response evoked by ring castration plus tai l ing and 

castration plus tai l ing using the combined method (Fig. 2 . 1 0) . However, the 

cortisol response el ic ited by an injection of ACTH in other studies has been 

sign ificantly greater in  magnitude than the cortisol response produced here by 

ring  castration plus tai l ing (Mel ior and Murray, 1 989a; Lester et al. ,  1 991  a; 

D inn iss et al. , 1 997a) . Therefore, it is unl ikely that the cortisol response to 

d ifferent methods of castration plus tai l ing in the present study were l imited by 

the secretory abil ity of the adrenal gland. 

Previous studies comparing the cortisol response of lambs to ring castration 

p lus tai l ing with castration p l us tai l ing using the ring and clamp method have 

only used small numbers of lambs (n=6 or 7) (Kent et al. ,  1 993 ,  1 995) . 

The refore, the results obtained from these studies may be the consequence of 
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a small sample size rather  than a true statistical result .  In study two 1 9  lambs 

were used per treatment g roup ,  except for lambs injected with ACTH (n=9). 

Therefore, the resu lts from the present study may be a fairer  representation of 

an average popu lation . Variation in the castration clamps or the techn ique 

used to apply the clamps may also account for the differences in resu lts (Hosie 

et al. , 1 996) . The d ifference in the breed of lambs used in these studies, 

Coopworths compared to Suffolk cross greyface lambs, may have also 

inf luenced these results. 

I n  practice applying a castration clamp for 6 or 1 0 seconds after ring castration 

p lus tai l ing is not very time efficient. Therefore , Dinniss et al. ( 1 997a, b) appl ied 

the castration clamp for 1 ,  5, or 1 0  seconds in combination with ring castration 

to assess how effective applying the castration clamp for a shorter length of 

time wou ld be effective in reducing the cortisol response to the ring  method. 

Dinn iss et al. ( 1 997a, b) found no benefits of applying the castration clamp in 

combination with the ring method irrespective of the t ime the clamp was 

appl ied .  However, Dinniss et al. ( 1 997a , b) appl ied the castration clamp in the 

trad itional manner. The traditional method of applying the castration clamp 

leaves a gap of uncrushed tissue between the crush l ines caused by the 

appl ication of the clamp. The appl ication of the castration clamp in this way 

wou ld  d isable the spermatic nerves, but noxious input from ischaemic scrotal 

tissues would continue. Therefore ,  the continued noxious input from the 

scrotum may have counteracted any benefits of applying the castration clamp .  

The  castration clamp is traditionally not applied across the  fu l l  width o f  the 

scrotum to ensure collateral circu lation remains intact and prevent t issue death 

of the scrotum which may lead to infection (Wood and Mo lony, 1 992) . By 

combin ing the ring method with the clamp method it is acceptable to apply the 

clamp across the ful l  width of the scrotum as the ring wi l l  usual ly p revent 

inf lammation and infection from ascending into the body. However, few studies 

have investigated the chronic effects of the different methods of castration 

and/or tail ing in lambs. 
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In the p resent study, the heal ing rate of the castration wound caused by ring 

castrat ion and ring plus clamp castration was compared . Three weeks after 

castration the scrotal sacs of lambs from both treatments were dry ,  hard and at 

varying stages of detachment. The scrotal sac of lambs castrated using the 

combined method necrosed,  dried up ,  and eventually sloughed off faster than 

the scrotal sacs of ring castrated lambs (Fig. 2 . 1 3) .  The crushing action of the 

castration clamp, especially when appl ied for 1 0  seconds, wou ld  be l ikely to 

reduce the integrity of the tissues of the neck of the scrotum result ing in faster 

detachment of the scrotal sac in lambs castrated using the combined method 

compared to ring castrated lambs. The time for the scrotal sac of calves to 

slough off was found to be sign ificantly reduced when calves were castrated 

using the combined method compared to the ring on ly method (Molony et al. ,  

1 995) . Neither method of castration resulted i n  death or compl ications during 

heal ing .  

The possibi l ity of  infection from reusing needles and the t ime and cost of 

admin istering local anaesthetic prevents local anaesthetic from being used 

widely by farmers in the field for castration and/or tai l ing of lambs. However, a 

needleless h igh-pressure injection has been developed for admin istering local 

anaesthetic for castration and tai l ing of lambs (Kent et al. , 1 998) . The 

alleviat ion of the pain-induced d istress using the need leless injection was 

compared with a conventional needle and syringe in lambs ring castrated or 

ring tai led . The need leless injection was as effective in admin istering  local 

anaesthetic as the needle and syringe (Kent et al. , 1 998) . Therefore , the use of 

a need le less i njection would reduce the potential risk for infection and make the 

use of local anaesthetic more practical in the field. Furthermore ,  having to 

handle an imals twice , once to admin ister local anaesthetic and a second  time 

to castrate and /or tail the lambs is impractical in the fie ld .  Previously, local 

anaesthetic has been administered 1 5-20 minutes prior to castration and/or 

tai l ing to al low enough time for the local anaesthetic to take fu l l  affect (Wood et 

al. , 1 99 1 ; D inn iss et al. , 1 997a) . However, in the present study and others, 

local anaesthetic has been administered just before or just after castration 

and/or tai l ing (Graham et al. , 1 997; Molony et al. , 1 997; Kent et al., 1 998). 

Local anaesthetic injected into the tai l only minutes prior to tai l ing v irtual ly 
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el im inates the cortisol response e l icited by ring tai l ing (Graham et al., 1 997) . 

Local anaesthetic admin istered into the testes or scrotal neck just before or 

after castration reduces the cortisol response to castration (Molony et al. ,  1 997; 

Kent et al. , 1 998) . Admin istration of local anaesthetic into the neck of the 

scrotum is more effective than an injection into the testes (Kent et al. , 1 998) 

(F ig .  2 .8 ;  Fig 2 .9) .  Therefore, local anaesthetic admin istered j ust before or after 

ring castration and/or tai l ing can help to al leviate the pain- induced d istress 

caused by these procedures. 

The variation in castration clamp size , the technique used to apply the 

castration clamp and the variation in the size of an imals cou ld make the 

al leviation benefits of the combined method inconsistent. Evaluation of 

castration clamps showed that the crushing pressure appl ied by castration 

clamps even those of the same size could vary by over 1 00% (Hosie et al. ,  

1 996) . For the ring plus clamp method to be effective in the fie ld ,  an optimum 

t ime to apply the castration clamp at an optimum pressure for different ages of 

lambs must be calcu lated . A certain amount of skil l and awareness of the 

underlying anatomy are also requ ired for effective application of the castration 

clamp (Wood and Molony, 1 992) . 

Study one, al leviation of the pain -induced distress caused by ring castration 

p lus tai l ing using local anaesthetic, is in press with the Austral ian Veterinary 

Journal . 
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Changes in plasma cortisol concentrations were used in the present study as 

an index of pain-induced distress. Scoop dehorning in calves stimulates an 

increase in cortisol concentrations which peak after 30 minutes and then 

decl ine to a plateau before returning to p retreatment values about 7 hours after 

dehorn ing .  Local anaesthetic given prior to dehorning v i rtually abol ishes the 

cortisol response for the du ration of action of the local anaesthetic. Once the 

local anaesthetic wears off cortisol concentrations rise resu lt ing in an overal l  

cortisol response equivalent to that caused by  dehorning alone . lt has been 

suggested that this delayed cortisol response is stimulated by inflammation­

related pain which remains unresolved due to the local anaesthetic preventing 

the in itial surge of cortisol, which is a potent anti-inflammatory agent 

(McMeekan et al. ,  1 998b) . Therefore, in the p resent study the non-steroidal 

anti- inflammatory drugs (NSAIDs) ketoprofen and phenylbutazone or an 

endogenous cortisol surge stimulated by injecting ACTH were used to assess 

whether the delayed cortisol response observed in calves given local 

anaesthetic before dehorning is stimulated by unresolved inflammation-related 

pain . Furthermore, giving local anaesthetic p rior to dehorning then cauterising 

amputation wounds was assessed over the 24 hour study period . 

I nject ing the local anaesthetic l ignocaine (duration of action 2 hours) and after 2 

hours giving bupivacaine (duration of action 3-4 hours) p rovided calves with 

analgesia for up to 5 hours after treatment. Local anaesthetic admin istered in 

this way plus ketoprofen given prior to scoop dehorning marginal ly reduced the 

delayed cortisol response observed once the local anaesthetic wore off, but 

g iving local anaesthetic and phenylbutazone in a simi lar manner had no 

s ign ificant effect on the delayed cortisol response. An antinociceptive action 

and a greater anti-inflammatory potency of ketoprofen compared to 

phenylbutazone may explain why ketoprofen was more effective than 
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phenylbutazone at reducing this delayed cortisol response. However, in a 

previous study ketoprofen plus local anaesthetic (duration of action 2 hours) 

v irtual ly abolished the cortisol response to dehorning (McMeekan et al. , 1 998b) . 

This suggests that the duration of action of the local anaesthetic may have 

some influence on the effectiveness of ketoprofen . ACTH was injected to 

approximately simu late the cortisol response to dehorning during the 5 hour 

period of action of the local anaesthetic. ACTH p lus local anaesthetic 

admin istered prior to dehorning stimu lated a cortisol surge that on ly marginal ly 

reduced the delayed cortisol response observed once the local anaesthetic 

wore off. Final ly, injecting local anaesthetic prior to dehorn ing then cauterising 

the amputation wounds sign ificantly reduced the integrated cortisol response to 

dehorn ing. Thus, in the present study, long acting local anaesthetic (5 hour 

duration of action) in combination with NSAIDs had minimal a l leviating effects 

on the pain-induced dist ress caused by dehorning compared to local 

anaesthetic alone, but local anaesthetic and cautery provided effective pain­

rel ief. 

3 . 2  Introd uction 

Dehorning of calves is conducted to reduce the risk of injury to stockhandlers 

and other animals, and to decrease fighting between horned animals (Stafford 

and Mel ior ,  1 993) . Dehorning of calves is also essential to reduce bruising and 

injury during t ransportation before slaughter and thereby reduce the pain­

induced distress these injuries would cause . Bruising of cattle carcases causes 

considerable economic losses to the meat industries of many countries (Shaw, 

1 976) . The amount of bruised tissue trimmed from carcases is sign ificantly 

greater during transportation of horned or mixed (horned and dehorned) cattle 

compared to dehorned/polled animals (Meischke et al. , 1 974; Shaw, 1 976) . 

The alternative to dehorning cattle is to breed the pol led characteristic into 

cattle or introduce polled breeds (Armstrong,  1 985) . Dehorn ing ,  when it is 

conducted , is usually carried out on older calves or cattle and involves 

amputation of the horns. However, scoop dehorning can also be carried out on 

calves as young as 6 weeks old (Petrie et al. ,  1 996a) . The main methods of 
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dehorn ing are scoop (Petrie et al. , 1 996a; McMeekan et al. , 1 997,  1 998a, b ;  

Sylvester et  al. ,  1 998b), saw (Sylvester et al. ,  1 998b) , gu i l lot ine (Loxton et  al. ,  

1 982; Carter et al. ,  1 983; Sylvester et al. ,  1 998b), and embryotomy wire 

(Sylvester et al. , 1 998b) (Table 3 . 1  ) .  Prevention of horn g rowth by non­

amputation methods in young calves with min imal horn development is known 

as disbudding.  Al l  methods of disbudding are designed to damage the 

germinal tissue in the horn bud.  The main methods of d isbudding include 

cautery (Laden et al. ,  1 985; Boandl et al. ,  1 989; Wohlt et al. ,  1 994; Petrie et al. ,  

1 996a) , caustic paste (Morisse et al. , 1 995) , chemical injection (Koger, 1 976) or 

cryosu rgery (Bengtsson et al. ,  1 996) (Table 3 . 1  ) .  

3.2.1 Distress 

The defin it ion of distress used in the present study includes al l  the physical 

and/or psychological components of an unpleasant experience (McMeekan , 

1 997) . Distress is usually assessed in animals using physiological and/or 

behavioural indices. Changes in plasma cortisol concentrations has been used 

extensively to assess the distress response of calves in response to dehorning 

(Carter et al. , 1 983; Laden et al. , 1 985; Boandl et al. , 1 989; Who lt et al. ,  1 994; 

Morisse et al. ,  1 995; Petrie et al. , 1 996a; McMeekan et al. , 1 997, 1 998a, b; 

Sylvester et al. , 1 998a, b) . Cortisol was used in the present study because of 

its wel l-establ ished pattern following dehorning and to facil itate comparison of 

the p resent resu lts with those from other work done in this area. Behavioural 

characteristics used to measure distress in calves due to dehorning and 

disbudding are standing, lying , grazing/ruminating, tail shaking and ear fl icking 

(Morisse et al. ,  1 995; McMeekan , 1 997) .  These behaviours were found to be 

distinctly d ifferent for at least the fi rst 4-6 hours after treatment in dehorned and 

disbudded calves compared to control handled calves. Therefore ,  these 

behaviou rs are usefu l indicators of acute dehorning distress in calves 

(McMeekan , 1 997) . The acute cortisol and behavioural responses caused by 

dehorning o r  disbudd ing in calves continue for one and a half to 7-8 hours after 

treatment depending on the method of removal and the age of the calves 

(Laden et al. ,  1 985; Wohlt et al. , 1 994; Morisse et al. ,  1 995;  Petrie et al. , 

1 996a). 
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While the acute distress response caused by different dehorn ing methods can 

be measured using cortisol concentrations and/or behaviour, animals may also 

suffer from chronic pain due to hyperalgesia or neuroma formation which are 

more d ifficu lt to measure .  All methods of dehorning without analgesia cause a 

nociceptor barrage,  wh ich may result in primary and secondary hyperalgesia. 

Hyperalgesia of the dehorning wounds and surrounding tissues can make 

animals more sensitive to otherwise benign stimu l i ,  as hyperalgesia al lows low 

level stimu l i  to produce pain by activating sensitised nociceptors (Johnston, 

1 996) . Primary hyperalgesia occurs in the injured tissues due to d i rect effects 

of inflammatory mediators, re leased from the damaged tissues,  on the 

nociceptors (Johnston,  1 996) . Secondary hyperalgesia can also occur  in the 

uninjured tissues surrounding the inju ry probably due to changes both in the 

peripheral and central nervous system (Dahl and Keh let, 1 991  ). The formation 

of neuromas, unorganised bu lbous or nodular masses of nerve f ibres, is 

thought to be the inevitable result of peripheral nerve transection (French and 

Morgan , 1 992) . Therefore, as dehorning results in the severing of b ranches of 

the cornual  nerve, neuroma formation is possible and may resu lt in chronic 

pain. Neuromas are sensitive to a variety of stimul i ,  which can stimu late 

increased abnormal e lectrical activity and consequently increased pain can be 

associated with the neuromas (Bonica, 1 990) . The amount of th is abnormal 

electrical activity varies with age , species and the animals' environment. 

Neuromas have been demonstrated after husbandry tissue damage in a range 

of species, including tail docking in pigs (Simonsen et al. , 1 99 1 ) and dogs 

(Gross and Carr, 1 990) , and beak amputation in ch ickens (Gentle, 1 986) . 

The productivity (weight gain) of calves after dehorning or disbudd ing has been 

measured to determine if different ages of calves or different m ethods of 

dehorn ing/disbudding result in chronic effects (Loxton et al. ,  1 982; Laden et al. , 

1 985) . The productivity of calves and adults dehorned using a gu i l lot ine at fou r 

ages (4 , 7 ,  1 9 , and 30 months) was compared to polled cattle to establish the 

effect of age on recovery (Loxton et al. , 1 982) . There was no effect of age or of 

dehorn ing itself on the weight of calves or adu lts (Loxton et al. ,  1 982) . 

Productivity (weight gain) of animals disbudded by cautery h as also been 

compared with that of non-disbudded calves, to determine whethe r  d isbudding 
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results in any ch ronic effects (Laden et al. , 1 985) . Dehorning or  d isbudding d id 

not reduce the weight of calves i rrespective of the method used o r  age. 

3.2.2 Different methods of dehorn ing and disbudding 

Different methods for dehorning and disbudding of calves and how they are 

conducted , are summarised in Table 3 . 1 . 

Amputation dehorning 

There are four main methods of amputation dehorning (scoop, saw, gu i l lotine,  

and embryotomy wire) .  Scoop dehorning is the method dealt with most in the 

l iteratu re . Scoop dehorning is conducted using a device which has two 

interlocking sem icircular blades attached to handles (Fig .  3 .2) .  The act of 

closing the blades, by separating the handles and push ing down towards the 

calf's head, amputates the horn ,  adjacent skin and some underlying bone 

(Petrie et al. , 1 996) . Amputation of horn buds involves the cutt ing of tissues 

causing an immediate nociceptor barrage. The damaged tissues probably 

release inflammatory mediators, such as prostaglandins, bradykin in ,  h istamine 

and seroton in ,  and substance P is released from nerve endings possibly 

resulting in pain caused by chemical stimu lation of the nociceptors (Dahl  and 

Keh let, 1 991  ), or in the case of prostaglandins, reducing pain threshold levels 

(Johnston,  1 996) . Amputation dehorning results in a similar cortisol response,  

i rrespective of the method of amputation or  the depth of the wound (McMeekan 

et al. , 1 997; Sylvester et al. , 1 998b) . 

Cautery disbudding 

Cautery disbudding involves cauterisation of the skin and dermis  ( inc lud ing 

germinal tissue) around the horn buds with a heated disbudding i ro n  which is 

appl ied over each horn bud for 3-5 seconds (Petrie et al. , 1 996a) . Disbudding 

using cautery arrests the growth of the horn buds due to damage to the 

germinal tissue and cessation of blood flow (Wohlt et al. , 1 994) . Cautery 

d isbudding may cause th ird degree burns.  Third degree burns  resu lt in the 

complete destruction of the skin ,  and are associated with l ittle  or  no pain in 

humans (Bonica, 1 990) . Sensory nerve receptors including nociceptors in  the 
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dermis are destroyed by third degree burns resu lting in a loss of sensation . 

Therefore , as cautery causes third degree burns the acute pain associated with 

disbudding may be reduced . The plasma cortisol concentrations e l icited by 

cautery d isbudding fi rst increase significantly above and then retu rn to 

pretreatment values between 1 .5 and 4 hours after treatment (Laden et al. ,  

1 985; Wohlt et al. ,  1 994; Morisse et al. , 1 995; Petrie e t  al. , 1 996a) . Cautery 

disbudding caused the least pain-induced distress, as measured by cortisol, 

compared to other methods of disbudding and dehorning (Morisse et al. ,  1 995;  

Petrie et al. ,  1 996a) . 

Chemical and caustic disbudding 

Chemical d isbudding involves injecting a chemical into or under the horn buds. 

One example of chemical disbudding is an injection of calcium ch loride solution 

under the centre of the horn buds (Koger, 1 976) . This causes necrosis of the 

horn bud, thereby preventing horn growth or causing the horn buds to slough 

off. However, i f  the concentrat ion of solution is not adequate or the injection is 

given incorrectly, the result can be incomplete disbudding (Koger,  1 976) . 

Disbudding can be conducted by rubbing a caustic preparation , such as 

potassium hydroxide, on the horn buds for 2 minutes , wh ich resu lts in  necrosis 

of the horn buds (Morisse et al. , 1 995) . Chemical disbudding will cause 

mechanical stimulation of the nociceptors due to the pressu re of the f lu id being 

injected , also in both chemical and caustic disbudding the appl ied chemicals 

may stim u late the nociceptors. Nociception would continue until the tissues are 

destroyed or the corrosive chemical is neutralised. Chemical d isbudding 

caused a larger cortisol d istress response than cautery d isbudding (Morisse et 

a/. ,  1 995) . 

Cryosurgical disbudding 

Cryosurgical d isbudding of calves involves the tissues of the horn b uds being 

frozen to below -20°C .  Freezing causes formation of intracel lu lar ice crystals 

leading to cel l  destruction and eventually, after some weeks, the dead tissue 

wil l  s lough off (Bengtsson et al. ,  1 996) . Equipment intended for cryosurgery in 

humans, such as for the removal of warts, is used for disbudding :  a metal 
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cryoprobe cooled by n itrous oxide is placed against the horn buds or  l iqu id 

n itrogen is appl ied directly onto the tissue. Although the cyroprobe method on ly 

caused damage to the superficial layers of the horn bud,  the l iqu id n itrogen 

method caused total necrosis of the horn bud (Bengtsson et al. , 1 996) . 

Cryosurgical disbudding takes 1 0  minutes for each calf, hence making it 

impractical for on-farm use with large numbers of animals . 

3.2.3 Al leviation strategies for dehorning and disbudding in calves 

Strategies for minim ising the pain-induced distress caused by dehorn ing or 

disbudding of calves include cauterisation of the horn amputat ion wounds with 

or without local anaesthetic and the admin istration of analgesics such as local 

anaesthet ic and NSAI Ds. 

Analgesia 

Admin istration of local anaesthetic, NSAI Ds or local anaesthetic p lus NSA I Ds 

have been used to al leviate the pain-induced distress caused by dehorn ing or  

disbudding (Boandl et  al. , 1 989; Morisse et  al. , 1 995; Petrie et al. , 1 996a; 

McMeekan et al . ,  1 998a, b ;  Sylvester et al. , 1 998a) . Admin istration of local 

anaesthetic 1 5-20 minutes prior to dehorning virtual ly e l iminates the cort isol 

response to dehorning throughout the duration of action of the local 

anaesthetic, but once the local anaesthetic wears off the cortisol concentrations 

increase, irrespective of whether the du ration of action of the local anaesthetic 

is 2, 4 or 8 hours (Petrie et al. , 1 996a; ; McMeekan et al. , 1 998a; Sylvester et 

a/. , 1 998a). The integrated cortisol responses of calves aged 1 .5 to 4 months 

dehorned with and without local anaesthetic are often s imi lar (Petrie et al., 

1 996a; McMeekan et a l . ,  1 998a) , but there is one report in 6 month-old calves 

where the overal l cortisol response was reduced by about half using l ocal 

anaesthetic with a 2 hour duration of action (Sylvester et al. , 1 998a) . 

lt is usual ly impractical to handle calves twice, once to inject local anaesthetic 

and secondly to carry out dehorn ing ,  so the effects of giving local anaesthetic 

immediately prior to dehorning have been evaluated (McMeekan et al. , 1 998a) .  

There was no d ifference in the cortisol response observed between calves 
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injected with local anaesthetic just prior to dehorning and calves g iven local 

anaesthetic 20 minutes prior to dehorn ing (McMeekan et al. , 1 998a) . However, 

calves injected with local anaesthetic just prior to dehorn ing  d isplayed 

behavioural responses to the act of horn amputation whereas calves injected 

with local anaesthetic 20 minutes prior to dehorning did not (McMeekan et al. ,  

1 997) . The immediate behavioural response of the former group suggests that 

although there was no d ifference in plasma cortisol concentrations at this t ime, 

the local anaesthetic had not had enough t ime to take fu l l  effect . Therefore ,  

measuring catecholamine concentrations or  heart rate may be more effective in 

detecting an immediate d istress response to dehorning as the response time 

for cortisol release is slower (McMeekan et al. , 1 998a) . 

Calves scoop dehorned in combination with ketoprofen exh ib ited an in itial 

cortisol response similar to that of calves scoop dehorned without pain-rel ief , 

but the cortisol concentrations returned to pretreatment values 2 hours after 

dehorn ing (McMeekan et al. , 1 998b) . I n  the same study local anaesthetic 

(duration of action 2 hours) plus ketoprofen administered 20 m inutes prior to 

dehorn ing virtual ly abol ished the cortisol response to dehorn ing.  Furthermore ,  

local anaesthetic (duration of  action 4 hours) in  combination with ketoprofen 

given prior to dehorning virtually abolished the cortisol response to dehorning 

for the du rat ion of action of the local anaesthetic. Once the local  anaesthetic 

began to wear off, after 4 hours, the cortisol concentration gradual ly increased, 

but was only sign ificantly greater than control values at 9.33 hours after 

dehorning (McMeekan et al. , 1 998b) .  

Cautery 

Cauterising the wounds caused by amputation dehorning of calves has been 

used to al leviate the pain-induced distress caused by dehorn ing .  Such cautery 

marginal ly reduced the magnitude of the cortisol response to scoop dehorning,  

but not the duration (Sylvester et al. , 1 998a). Local anaesthetic in  combination 

with cauterising the dehorning wounds has been used to further al leviate the 

pain- induced d istress caused by dehorn ing , where it virtual ly abol ished the 

cortisol response to scoop dehorn ing (Sylvester et al. , 1 998a) . 
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Scoop dehorning causes pain-induced distress in  calves for up  to 7 hours as 

inferred by changes in their p lasma cortisol concentrations. Local anaesthetic 

given prior to dehorning virtually abolishes the cortisol response to dehorn ing 

th roughout the duration of action of the local anaesthetic, but when the local 

anaesthetic begins to wear off the cortisol concentrations begin to rise return ing 

to pretreatment values after calves dehorned without analgesia (Petrie et al. ,  

1 996a; McMeekan et  al. , 1 998a, b ; Sylvester et  al. ,  1 998b) . lt has been 

postulated that the cortisol response to dehorning consists of two phases, an 

in it ial peak due primarily to the nociceptor barrage caused by amputat ing the 

horns, fol lowed by a p lateau phase due mainly to inflammation (McMeekan et 

al. , 1 998b). Consequently, the delayed cortisol response observed in calves 

dehorned with local anaesthetic may be stimu lated by inflammation-re lated pain 

that remains unresolved due to the prevention of the usual dehorn ing  induced 

cortisol response by the prior injection of local anaesthetic, as cortisol is a 

potent anti-inflammatory agent. 

Local anaesthetic (duration of action 2 hours) in combination with the NSAID 

ketoprofen given prior to dehorning virtually abolishes the cortisol response to 

dehorning (McMeekan et al. ,  1 998b). However, local anaesthetic (du ration of 

action 4 hours) plus ketoprofen virtually abol ished the cortisol response to 

dehorning th roughout the period of local anaesthetic action ,  once the local 

anaesthetic began to wear off the cortisol concentrations gradual ly increased 

(McMeekan et al. ,  1 998b) . Therefore, in the p resent study the effectiveness of 

ketoprofen in combination with long acting local anaesthetic on the dehorning 

distress response over a 24-hour period was assessed. 

NSAIDs have two d ifferent analgesic actions ,  a peripheral anti- inf lamm atory 

action and a central antinociceptive action (McCormack and Brune ,  1 99 1  ) . The 
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Method Technique 

Scoop dehorning Scoop dehorning is carried out using a device which has 
two interlocking semicircular blades attached to handles. 
The act of closing the blades, by separating the handles 
and pushing down towards the calf's head, amputates the 
horn ,  adjacent skin and some underlying bone (Petrie et 
al. ,  1 996a). 

Saw Horns are amputated using a butcher's saw (Sylvester et 
al. , 1 998b}. 

Gui l lotine shears Horns are amputated using small shears (Sylvester et al. , 
1 998b). 

Embryotomy wire Horns are amputated using embryotomy wire (Sylvester et 
al. ,  1 998b). 

Cautery d isbudding This involves cauterising the skin and derm is ( including 
germinal tissue) around the horn buds with a heated 
disbudding iron appl ied over each horn bud for 3-5 
seconds (Petrie et al. ,  1 996a). 

Caustic disbudding This involves spreading potassium hydroxide on the horn 
buds for 2 minutes ,  which resu lts in necrosis of the horn 
buds (Morisse et al. , 1 995). 

Chemical This involves injecting a chemical into or under the horn 
d isbudding buds,  i .e .  calcium chloride solution , resulting in necrosis of 

the horn buds, thereby preventing horn growth (Koger, 
1 976). 

Cryosu rgery Cryosurgical disbudding involves freezing the horn buds to 
below -20°C, causing formation of intracel lu lar ice crystals 
leading to cell destruction of the horn bud (Bengtsson et 
al. , 1 996). 

Table 3 . 1 : Description of different methods of dehorning and d isbudding in  
calves .  
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proportions of these actions differ between NSAIDs. Ketoprofen apparently has 

both actions, whereas phenylbutazone may have a predominantly anti­

inf lammatory action and very l itt le direct antinociceptive action .  Therefore , in 

the present study phenylbutazone was administered in com bination with local 

anaesthetic prior to dehorning to assess whether the rise in cortisol 

concentrations observed once the local anaesthetic wears off is due mainly to 

inflammation-related pain .  

Cortisol is a natural and potent anti-inflammatory agent, the secretion of which 

is reduced in calves given local anaesthetic prior  to dehorn ing .  In  the present 

study, local anaesthetic and ACTH were given prior to dehorning to 

approximately simu late the cortisol response to dehorning during the 5 hour 

period of local anaesthetic action . Previous stud ies have shown that an 

exogenous injection of ACTH results in an integrated cortisol response 

equ ivalent in magnitude but not in pattern to that of scoop dehorning (Petrie et 

a/. ,  1 996a; Sylvester et al. , 1 998b) . The purpose here was to assess whether 

the cortisol response stimu lated by dehorning contributes to the resolution of 

inflammation-related pain associated with the amputation wounds. 

Cauterising the scoop wounds in combination with giving local anaesthetic 

(duration of action 2 hours) abol ished the cortisol response to scoop dehorning 

(Sylvester et al. , 1 998a) . This was an unexpected find ing . Therefore ,  in the 

present study the amputation wounds of calves were cauterised in combination 

with g iving a long acting local anaesthetic and blood samples were taken for up  

to  24 hours after treatment to confirm the f indings o f  Sylvester et  al. ( 1 998a) . 

The p lasma cortisol concentrations were observed throughout the 24 hour 

period after treatment in al l  animals to assess changes in the cortisol response 

to these treatments, especial ly changes between 1 0 and 24 hours after 

dehorning, a period which has not been previously studied . 
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3.3 M ateria ls  a n d  Methods 

3.3.1 Animals 

One hundred and th ree Friesian calves, 3-4 months of age , weighing between 

56 and 1 69 Kg (mean 96 Kg) were used in this study, carried out over 4 trial 

days. The day before the trial calves, were brought into an open-sided shed 

with sawdust bedding where they were weighed and divided into 2 pens, 1 5  

animals per pen.  Each calf was numbered with a scourable marker for easy 

identification . Calves had access to food and water over night, but not during 

the tria l  period . One hour before commencement of the tria l ,  calves were 

grouped together in smaller pens ( 1  0 .4m2) located in the same shed (Fig. 3. 1 ) .  

3.3.2 B lood sampl ing 

Blood samples (1  Oml) were taken by venepuncture from either jugu lar vein at 

30 minutes before treatment, just prior to treatment, then every 30 minutes for 

1 6  hours, then hourly for another 8 hours until the end of the trial, 24 hours 

after treatment. During blood sampl ing the calves were restrained against the 

side of the pen by two handlers,  wh i le a third person took the b lood sample.  

The whole procedure of capture to the time the an imal was released usual ly 

lasted no more than 20 seconds. An imals were sampled in the same order 

th roughout the experiment. 

3.3.3 Treatments 

The treatments were carried out immediately after the second blood sample 

(time 0) was taken .  Two people restrained the calf whi le a third person (a 

veterinarian) carried out the treatment. The treatments were carried out by the 

same person for each trial .  No animals were re-used in this study. 

i 
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Fig.  3 .1 : Pen layout du ring tr ials. 



Fig. 3 .2 :  Scoop dehorner. 

Fig.  3.3: Horn amputation using the scoop.  

7 3  



Fig. 3.4:  I nject ion of local anaesthetic. 

Fig. 3.5: Cauteris ing i ron . 
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Control handling ('control') 

The animals were restrained and the horns were massaged but left intact. 

Local anaesthetic (5 hours) plus Ketoprofen ('LA5:K control') 

Local anaesthetic (6 ml of 2% Lignocaine hydrocholoride; Nopaine, Ethical 

Agents, Auckland) was injected around each cornual nerve, midway along the 

lateral edge of the frontal bone crest (McMeekan et al. ,  1 998a, b) (Fig.  3 .4) , and 

at the same t ime ketoprofen (3 ml of 1 0% Ketofen ,  Rhone Merieux, France) 

was injected intravenously into a jugular vein of calves 30 minutes prior to horn 

buds being massaged but not amputated .  Two hours after treatment local 

anaesthetic (6 ml of 0.25% bupivacaine hydroch loride; Marcain;  Astra 

Pharmaceutical Pty Ltd ,  Australia) was injected in the same way as for 

l ignocaine. The duration of local anaesthetic action was designed to be 

approximately 5 hours .  

Local anaesthetic (5 hours) plus Phenylbutazone ('LA5:P control') 

Local anaesthetic was administered as described for LA5:K contro l  calves. At 

the same time as the first injection of local anaesthetic was administered 

phenylbutazone (3 ml of phenylbutazone 200 mg/ml ,  Techvet laboratories 

L.t .d . )  was injected intravenously into a jugu lar vein of calves 30 minutes prior 

to horn buds being massaged but not amputated. 

Local anaesthetic (5 hours) plus Adrenocorticotropic hormone ('LA5: 

ACTH') 

Local anaesthetic was administered as described for LA5 :K control calves. At 

time 0 synthetic adrenocorticotropic hormone (Synacthen ; Ciba 

pharmaceutical's, Auckland) was injected intravenously into a jugular vein at a 

dose of 0 .28 11g/kg to elicit a marked cortisol response (Petrie et al. ,  1 996a, b;  

Sylvester et al. , 1 998b). 

Dehorning by scoop ('DH') 

The horns were removed with a standard dehorning scoop (Barnes Dehorners, 

Stones, USA) consisting of two interlocking semicircular blades each of 
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d iameter 56 mm x 38 mm attached to handles (Fig. 3 .2) .  The act of  closing the 

b lades, by separating the handles and pushing down towards the calf's head, 

amputated the horn , adjacent skin and some underlying bone (Petrie et al., 

1 996b) (Fig . 3 .3) .  

Local anaesthetic (5 hours) plus dehorning ('LA5: DH') 

Local anaesthetic was admin istered as described for LA5:K  control  calves. 

Dehorning was carried out as described for the DH calves 30 m i nutes after the 

fi rst injection of local anaesthetic. 

Local anaesthetic (5 hours) plus Ketoprofen plus dehorning ('LA5:K DH') 

Local anaesthetic and ketoprofen were administered as described for LA5:K  

control calves. Dehorning was carried ou t  as described for the  DH calves 30 

minutes after the fi rst injection of local anaesthetic. 

Local anaesthetic (5 hours) plus Phenylbutazone plus dehorning ('LA5:P 

DH') 

Local anaesthetic and phenylbutazone were administered as described for 

LA5 :P control calves. Dehorning was carried out as described for the DH 

calves 30 minutes after the fi rst injection of local anaesthetic. 

Local anaesthetic (5 hours) plus A drenocorticotropic hormone plus 

dehorning ('LA5:ACTH DH') 

Local anaesthetic and ACTH were administered as described for LA5: ACTH 

calves. Dehorn ing was carried out as described for the DH calves 30 minutes 

after the f i rst injection of local anaesthetic. 

Adrenocorticotropic hormone plus dehorning (at 6 hours) ('A CTH I DH') 

Synthetic adrenocorticotropic hormone was injected intravenously into the 

jugu lar vein of calves at time 0 and then dehorning conducted 6 hou rs later. 
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Adrenocorticotropic hormone plus adrenocorticotropic hormone (at 6 
hours) ('ACTH I ACTH') 

Synthetic adrenocorticotropic hormone (0 .28 j.lg/kg) was injected int ravenously 

into a jugu lar vein of calves at time 0 and then again 6 hours later. 

Local anaesthetic (5 hours) plus dehorning plus Cautery ('LA5: DH + 

cautery') 

Local anaesthetic was administered as described for LA5:K  control  calves. 

Dehorning was carried out as described for the OH calves 30 m inutes after the 

f i rst injection of local anaesthetic. The scoop wounds were then cauterised 

using a custom bui lt cautery i ron (Fig. 3 .5) .  The iron was shaped as a half 

sphere with a diameter of 30 mm. When sufficiently hot to burn wood it was 

appl ied f irm ly over the wound to cauterise the tissues. This usual ly took about 

6 seconds per wound (Sylvester et al. , 1 998a) .  

3.3.4 Plasma cortisol assay 

The blood was col lected into heparinised vacutainers, centrifuged and the 

p lasma separated and stored at -20°C until required. Cortisol concentrations of 

plasma were determined using a non-extraction tritium radio- imm uno-assay 

method (Endocrine Sciences, 430 1 Lost H i l ls Rd, CA 9 1 301  ) .  The lowest 

detectable concentration was 1 .0 nmoi/L. The intra-assay and inter-assay 

coefficients of variation were 7% and 1 3%, respectively. 

3.3.5 Integrated cortisol responses 

The integrated cortisol response was calculated to determine changes in the 

magnitude and duration of the cortisol response after the application of the 

treatments. The integrated cortisol response is defined as the area between a 

horizontal l ine drawn through the pretreatment concentration and the cortisol 

curve during the period when the concentrations were greater than the 

p retreatment values (Mel ior and Murray, 1 989a) . 
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3.3.6 Statistical analysis 

The cortisol concentrations are presented as the mean ± standard error of the 

mean (SEM) at each sample time. To compensate for individual variation, the 

pretreatment value was subtracted from the concentration of a l l  subsequent 

samples. All graphical presentations represent changes in the mean 

concentration after -30 minutes. Significant differences between means were 

determined using unpaired t-test with Welch 's correction for unequal variance 

and one-way analysis of variance (ANOVA) (GraphPad software Prism V 2.01 ) ;  

(any data was considered sign ificantly d ifferent when P<0.05) . Statistical 

analysis including repeated measures analysis of variance (SPSS for windows 

V 8.0) were also conducted on log10 transformed data. As there were very few 

differences in the sign ificance of outcomes using untransformed and 

transformed data, untransformed data have been presented. 

3.4 Results 

The mean pretreatment cortisol concentrations were significantly different 

between some g roups (p<0 .05) (Table 3 .2) . These d ifferences were small in 

comparison with the responses of calves to dehorning without local anaesthetic 

or an anti- inflammatory drug.  Blood samp l ing order was found to have no 

significant effect on cortiso l pretreatment values (F ig .  3 .6 . ) .  

Control 

Control  handl ing of calves did not cause a significant change in plasma cortisol 

concentration ,  throughout the period of study (Fig .  3 .7). 

LA5:K control 

A significant elevation of 33 nmoi/L above the mean p retreatment concentration 

(p<0.05) occurred at 0 hour, and 30 minutes after administration of l ignocaine 

and ketoprofen .  Thereafter, the mean cortisol concentration did not d iffer 

significantly from p retreatment levels (Fig. 3.  7) . 
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Fig. 3.6: Relationship between plasma cortisol concentration and the order 
in wh ich the pretreatment blood samples were taken . 
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Treatment n P lasma cortisol concentration 

Control 8 

LAS:K control 9 

LAS:P control 8 

LAS: ACTH 8 

OH 8 

LAS: OH 8 

LAS:ACTH OH 9 

LAS:K OH 8 

LAS :P  O H  1 0  

ACTH I OH 9 

ACTH / ACTH 8 

LAS:OH + Cautery 1 0  

(nmoi/L) 

38 ± 5.3 

46 ± 5.8 

27 ± 7.8 

62 ± 1 ocd 

20 ± 4.6ab 

22 ± 6.4bd 

46 ± 9.4e 

27 ± 9 .0d 

39 ± 8.5 

35 ± 6.4de 

50 ± 7.0cf 

42 ± 4 .6ef 

Table 3.2: Pretreatment (t=-30min) cort isol concentrations (mean ± SEM) in 
calves. [a - sign ificantly different from control ;  b - sign ificantly different from 
LAS:K  contro l ;  c - sign ificantly different from LAS:P control ;  d - sign ificantly 
different from LAS:ACTH contro l ;  e - significantly different f rom OH ;  and f ­
significantly different from LAS: OH (p < 0.05)] . 
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There were no significant d ifferences between the mean cortisol concentrations 

of control and LA5 :K  control calves, except at 7.5 hours (Fig. 3 .7) . 

LAS:P control 

A sign ificant elevation of 64 nmoi/L above the mean pretreatment concentration 

(p<0.05) occu rred at 0 hours, and 30 m inutes after administration of l ignocaine 

and phenylbutazone. Thereafter, the mean cortisol concentrat ion did not differ 

sign ificantly from pretreatment levels (Fig .  3 .7) .  

There were no significant d i fferences between the mean cortisol concentrations 

of control  and LA5: P  contro l calves, except at 0 .0 and 13 hours (Fig.  3 .7) .  

LA5: A CTH 

Injection of ACTH in LA5: ACTH calves caused a marked significant increase in 

the mean cortisol concentration with in the fi rst 30 minutes after injection 

(p<0.05). The mean concentration peaked at 1 79 nmoi/L at 1 .5 hours and had 

returned to pretreatment values by 3 hours after injection (Fig. 3 .7) . Thereafter, 

the mean cortisol concentration deviated sign ificantly from the p retreatment 

level between 5-8 hours and between 1 1 - 1 5  hours when it fel l  to 30-40 n moi/L 

below it (p<0.05). 

The mean cortisol concentrations of control and LA5: ACTH contro l  calves 

differed significantly between 0 and 2 .5 hours, between 5.5 and 8 hours ,  and at 

1 8  hours after ACTH injection (Fig .  3 .7) . 

DH 

During the f irst 30 minutes after dehorning there was a marked rise (p<0 .05) in 

cortisol concentration to a peak of 1 37 nmoi/L above the pretreatment level 

(Fig. 3 .8) . This was fol lowed by a fall to p lateau values, which were maintained 

between 1 .5 and 5 hours. The mean cortisol concentration then returned to 

pretreatment levels by 7 hours after dehorning. Thereafter, the mean cortisol 

concentration d id not deviate sign ificantly from the pretreatment level 

th roughout the rest of the study period (Fig. 3 .8) .  
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The mean cortisol concentration of dehorned calves was significantly different 

from those of control calves between 0 and 6 hours after dehorn ing ,  then again 

between 9 and 9 .5 ,  and at 1 3  and at 1 5  hours (Fig. 3 .8) . 

LA5: DH 

I n  calves which were dehorned 30 minutes after admin istration of local 

anaesthetic, a sign ificant rise in mean cortisol concentrations began at 5 hours 

and retu rned to pretreatment values by 1 1  hours after treatment (Fig.  3.8) . 

Between 5 .5  and 1 0  hours the mean cortisol concentrations were sign ificantly 

h igher than pretreatment values, peaking at 1 28 nmoi/L. Thereafter, the mean 

cortisol concentration did not deviate sign ificantly from the pretreatment leve l 

throughout the subsequent period of study. 

The mean cortisol concentration of LA5: OH calves was not sign ificantly 

d ifferent from those of control calves during the fi rst 5 hours and from 9 hours 

after dehorning (Fig. 3 .8) .  Between 6 and 7 hours after treatment the mean 

cortisol concentrations were sign ificantly greater than values from OH calves 

(p<0 .05) (Fig. 3.8) . Also , the mean cortisol concentration of LA5: OH calves 

was sign ificantly elevated compared to those of LA5: ACTH OH calves between 

5 .5 and 6 hours after dehorning (p < 0 .05) (Figure 3. 1 1  ) , and was significantly 

elevated compared to that of LA5:  K OH calves at 6 hours (p < 0 .05) (Fig. 3 .9) .  

LA5:K DH 

The mean cortisol concentration was 26 nmoi/L above the pretreatment value 

30 minutes after administration of l ignocaine and ketoprofen (time 0) ; 

subsequent ly the mean cortisol concentration was significantly (p<0 .05) above 

pretreatment values between 5 and 1 1  hours only (Fig. 3 .9) .  The cortisol 

concentration peaked at 65 nmoi/L at 6 .5 hours after treatment. 

The mean cortisol concentration of LA5:K  OH calves was sign ificantly elevated 

compared to that in LA5:K control calves between 6.5 and 1 2  hours ,  and at 1 6  

and 1 8  hours after treatment (p<0.05) . The mean cortisol concentration of 

LA5:K  OH calves was significantly e levated compared to OH calves at 6 .5  and 

7 hours and between 8 and 9 hours (p<0.05) . The mean cortisol concentration 
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was of LA5 :K  DH calves was significantly lower than that in LA5: DH calves at 6 

hours after treatment (p<0.05) (Fig. 3 .9) . 

LA5:P DH 

The mean cortisol concentration was 62 nmoi/L above (p<0.05) the 

pretreatment value 30 minutes after admin istration of l ignocaine and 

phenylbutazone (time 0) , return ing to p retreatment levels at 1 .5 hours (p<0.05) .  

The mean cortisol concentration increased sign ificantly to 1 4 1 nmoi/L at 6.5 

hours ,  return ing to pretreatment values at 9 hours (p<0.05) .  Thereafter, the 

mean cortisol concentration d id not deviate sign ificantly from the pretreatment 

levels throughout the subsequent period of study (Fig . 3. 1 0) . 

The mean cortisol concentration of LA5 :P  DH calves was sign ificantly elevated 

compared to LA5:P control calves at 6 ,  6 .5 and 7.5 hours after treatment 

(p<0 .05) ,  and was significantly elevated compared to OH calves at 6 .5 and 7 

hours (p<0 .05) , but was significantly less than DH calves between 30 minutes 

and 4.5 hours .  The mean cortisol concentration was not significantly different 

from LA5:  DH during the study period (F ig .  3 . 1  0) .  

LA5:ACTH DH 

There were two transient peaks in the p lasma cortisol concentration in LA5 :  

ACTH DH calves; h ighest values were at 1 41 nmoi/L at 1 .5 hours and 6 1  

nmoi/L at 6 .5  hours .  The fi rst peak occu rred between 0 and 4 hours and  the 

other peak between 5 .5  and 1 0 hours .  Otherwise the cortisol concentrations 

were not sign ificantly different from pretreatment values (Fig. 3 . 1 1 ) .  

The mean cortisol concentrations i n  LA5: ACTH DH calves were sign ificantly 

h igher than those in LA5: ACTH calves between 6 and 9 hours after treatment 

(p<0.05) (Fig .  3 . 1 1 ). The mean cortisol concentrations in LA5 :  ACTH DH 

calves were significantly higher compared to  LA5: DH calves between 0 .5 and 

2.5 hours ,  and sign ificantly lower between 5.5 and 6 hou rs after treatment 

(p<0.05) (F igure 3 . 1 1 ) .  
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A CTH I A CTH 

I njection of ACTH caused a marked significant increase within the f i rst 30 

minutes after injection (p<0.05) ,  which peaked at 1 34 nmoi/L above the 

pretreatment level by 1 hour (Fig.  3 . 1 2) .  The mean cortisol concentration 

retu rned to the pretreatment value by 3.5 hours. A second sign ificant elevation 

of 1 48 nmoi/L above the mean p retreatment concentration (p<0.05) occurred 

between 6 and 9 .5 hours in response to the second dose of ACTH at 6 hours .  

Thereafter, the mean cortisol concentration d id not deviate significantly from the 

pretreatment leve l ,  except between 1 0 .5 and 1 3, and at 1 8  hours (p<0.05) (Fig. 

3 . 1 2) .  

A CTH / DH 

I njection of ACTH caused a marked sign ificant increase in  the cortisol 

concentrations with in the fi rst 30 minutes after injection (p<0 .05) ,  reaching a 

peak at 1 5 1 nmoi/L above the pretreatment level after 1 hour. The mean 

cortisol concentration retu rned to pretreatment values by 3.5 hours .  After 

dehorn ing at 6 hours the cortisol concentrations began to rise sign ificantly 

above pretreatment value, reaching a p lateau ,  before retu rning to pretreatment 

concentration (p<0.05) at 1 0  hours. The concentration then returned to 

pretreatment values at 1 1  .5 hours where it remained throughout the 

subsequent period of study (Fig .  3 . 1 3) .  

LA5:DH + Cautery 

After the admin istration of local anaesthetic ( l ignocaine) the mean cortisol 

concentration increased sign ificantly above pretreatment values. The cortisol 

concentrations remained elevated above pretreatment values between 0 .0  and 

0.5 hours and between 3 and 5 hours .  Thereafter, the m ean cortisol 

concentrations did not deviate significantly above pretreatment levels (Fig. 

3 . 1 5) . 

The m ean cortisol concentrations of LA5 :DH + cautery calves were only 

sign ificantly higher than LA5: OH calves between 3.5 and 4.5 hours ,  thereafter 
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the cortisol concentrations of LA5: OH calves was significantly greater than 

LA5 :  OH + cautery calves from 6-8 to 9-9 .5 hours (Fig. 3 . 1 5) .  

I ntegrated cortisol responses 

The integrated cortisol response was calcu lated for all treatments over the 24-

hour  study period. The integrated cortisol response was also calcu lated for 

specific periods for particular treatments (Table 3.3) . The total integrated 

cort isol response of control handled calves was significantly different from LA5: 

ACTH ,  OH ,  LA5: OH,  LA5:P OH ,  ACTH I OH and ACTH I ACTH calves over the 

24 hour  study period (p<0.05) . The integrated cortisol response caused by 

deho rning (OH calves) was sign ificantly greater than the response to LA5: OH + 

cautery (p<0.05) . Furthermore ,  the integrated cortisol response to LA5: OH 

was simi lar to the integrated cortisol response to  LA5:K  OH and  LA5 :P OH 

treatments. 

The integrated cortisol response caused by scoop dehorning was simi lar to the 

cort isol  response of LA5 : OH calves over the whole 24-hour study period . 

Furthermore ,  the integrated cortisol response caused by dehorn ing between 0 

and 7 hours ,  was similar to the integrated cortisol response of the delayed 

cortisol response in LA5:  OH calves, between 4.5 and 1 1  hours. The integrated 

cortiso l  response of LA5 : ACTH OH claves was simi lar to LA5 :  O H  calves over 

the 24-hour  study period and the integrated cortisol response to LA5:ACTH OH 

between 5 .5  and 1 1  hours only was simi lar to  the integrated cortisol response 

of LA5: OH calves between 4.5 and 1 1  hours on ly. Furthermore ,  the integrated 

dehorning response, between 0 and 7 hours, was not sign ificantly d ifferent from 

the integrated dehorn ing response of ACTH I OH calves, between 6 and 1 3  

hours .  
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I ntegrated cortisol Response 
Treatment N Duration (hou rs) 

Control 8 24 24, 1 60 ± 2 , 629 

LA5 : K  control 9 24 30,748 ± 5 ,261  

LA5:  P control 8 24 29,824 ± 6 ,383 

LA5:  ACTH 8 24 70 ,844 ± 7,357a 

OH 8 24 44,907 ± 4, 1 71 a 

fi rst 7 hours 26, 066 ± 2 ,225 

LA5:  DH 8 24 39,006 ± 6, 1 30a 

4 .5 - 1 1  hrs 2 1  ,880 ± 4,452 

LA5:ACTH DH 9 24 61 , 1 50 ± 6,901 

5 .5 - 1 1  h rs 1 3 ,591  ± 2,859 

LA5: K  OH 8 24 35,293 ± 6 ,057 

LA5: P  OH 1 0  24 40,9 1 6  ± 5 ,268a 

ACTH I DH 9 24 54,638 ± 2 ,438a 

6 - 1 3h rs 20,201 ± 2 ,4 1 3  

ACTH / ACTH 8 24 63,738 ± 6,784a 

5 .5 - 1 1  h rs 23,769 ± 4 ,0 1 6 

LA5: D H+cautery 1 0  24 3 1 ,61 6 ± 2 ,507b 

Table 3.3:  The mean ( ± SEM) integrated cortisol response of each g roup 
over the trial period of 24 hours or  specific t ime. [a - significantly different from 
contro l ;  b - DH is significantly from LA5: OH + cautery (p < 0.05)]. 
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The following conclusions were drawn from the present study wh ich used 

plasma cortisol concentrations as an indicator of pain-induced distress to 

compare d ifferent methods for alleviating the distress caused by dehorning in 

calves. F i rst, ketoprofen and local anaesthetic administered prior to dehorning 

only marginal ly reduced the delayed cortisol response which occu rred once the 

local anaesthetic wore off, compared to that seen in calves given local 

anaesthetic only prior to dehorning. Furthermore, phenylbutazone and local 

anaesthetic given prior to dehorning in calves virtually abolished the cortisol 

response to dehorning for the period of action of the local anaesthetic, but did 

not further reduce the delayed cortisol response compared to that in calves 

injected with local anaesthetic only. Second, admin istering ACTH and local 

anaesthetic prior to dehorning to approximately simulate the cortisol surge 

caused by dehorn ing only marginally reduced the delayed cortisol response 

compared to that seen in calves given local anaesthetic only.  Th ird ,  cauterising 

the scoop wounds plus giving local anaesthetic significantly reduced the pain­

induced d istress caused by dehorning,  both by the action of the local 

anaesthetic and the absence of a delayed cortisol rise once the local 

anaesthetic wore off. Fourth , once the elevated cortisol concentrat ions caused 

by the different dehorning treatments had retu rned to pretreatment values few 

further significant changes in concentrations were observed in  any of the 

groups for the rest of the 24-hour study period. 

The format of this discussion is as fol lows: The cortisol responses to dehorn ing 

with and without local anaesthetic and possible explanations for the observed 

d ifferences wil l  be considered . The cortisol responses to dehorn ing using the 

NSAIDs ketoprofen and phenylbutazone in combination with local anaesthetic 

wil l  be compared and the impl ications of the d ifferences eva luated. The cortisol 

response to dehorning with local anaesthetic using ACTH to induce a cortisol 

surge will be compared with the cortisol responses of those groups just n amed 

and the significance of the f indings assessed. Final ly, the cortisol response to 

dehorn ing using local anaesthetic and cautery wil l  be d iscussed.  
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Cortisol response to dehorning with and without local anaesthetic 

Scoop dehorning produces a cortisol  response where the plasma cortisol 

concentrations peak at 30 minutes, plateau and then return to pretreatment 

values approximately 7 hours after treatment (Fig. 3 .8) .  The pattern and 

duration of the cortisol response caused by scoop dehorning in the present 

study (Fig. 3.8) are consistent with those found in previous studies involving 

calves of varying ages (1 -2 , 3-4, and 5-6 months) and sex (Petrie et al. ,  1 996a; 

McMeekan et al. , 1 997 , 1 998a, b ;  Sylvester et al. ,  1 998b) . The in itial rise in the 

cortisol concentration in calves dehorned is l ikely to be due to maximal 

secretion from the HPA-axis as the s lope and magnitude of this rise are simi lar 

to those caused by injecting ACTH wh ich e l icits a maximal cortisol response 

(Fig .  3 . 1 3) (Petrie et al. , 1 996a; Sylvester et al. , 1 998b) . 

In  the present study, l ignocaine (duration of action 2 hours) was injected 30 

minutes prior to treatment fol lowed by an injection of bupivacaine (duration of 

action 3-4 hours) 2 hours after treatment, so that animals experienced nerve 

block for up to 5 hours after treatment. Th is local anaesthetic regimen vi rtual ly 

abol ished the cortisol response to dehorning for the fi rst 5 hou rs after 

treatment. However, once the local anaesthetic began to wear off the cortisol 

concentration began to rise and remained elevated during the period between 

5 .5  and 8 hours after treatment, thereafter remaining at pretreatment values 

throughout the 24-hour study period . A simi lar cortisol response after scoop 

dehorning with local anaesthetic has been shown in previous studies, using 

local anaesthetic of varying durations of action (2, 4 ,  or 8 hours) (Petrie et al. ,  

1 996a; McMeekan e t  al. , 1 998a, b ;  Sylvester e t  al. ,  1 998a) . Furthermore ,  the 

cortisol response to dehorning with local anaesthetic is  consistent with in calves 

of varying ages ( 1 -2 , 3-4, and 5-6 months) and sex (Petrie et al. ,  1 996a; 

McMeekan et al. ,  1 998a, b ;  Sylvester et al. , 1 998a) . The duration of action of 

the local anaesthetic was demonstrated in  each case by a transient rise in  the 

cortisol concentrations, a change in behaviour, and by an increase in the 

sensit ivity to a needle prick test of the skin surrounding the amputation wounds 

once the local anaesthetic wore off. 
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The integrated cortisol response to dehorning in calves is s imi lar to the 

integrated cortisol response of calves dehorned with local anaesthetic in three 

out of four studies, but the patterns of the cortisol responses d iffered (Table 

3 .3 ,  Fig. 3.8) (Petrie et al. ,  1 996a; McMeekan et al. ,  1 998a, b ;  Sylvester et al. , 

1 996a) . Furthermore , the duration of the cortisol response to dehorning alone 

is similar to the duration of the rise in p lasma cortisol concentrations once the 

local anaesthetic wears off in calves dehorned after a prior injection of local 

anaesthetic. Therefore, it seems that giving local anaesthetic has the effect of 

delaying the cortisol response to dehorning for the duration of action of the local 

anaesthetic used, and not affecting its overal l  magnitude or duration . 

The in it ial nociceptor barrage caused by dehorning in calves may stimulate 

stress-induced analgesia th rough the release of endogenous endorphins 

(Petrie et a/. , 1 996a) . Subsequently, these an imals may experience less pain 

fol lowing the release of these endorphins. Local anaesthetic given prior to 

dehorning in calves may prevent the stimu lation of stress-induced analgesia or 

delay its activation , hence these animals may perceive more pain once the local 

anaesthet ic begins to wear off, consequently resu lt ing in a greater cortisol 

response at this time. However, p lasma �-endorph in concentrations in 6-

month-old steers were not elevated by scoop dehorning which may suggest 

that dehorning does not activate endogenous antinociceptive mechan isms 

(Cooper et a/. , 1 995), although �-endorphin concentrations within the brain may 

be more indicative of the activation of stress-induced analgesia .  N aloxone, an 

opioid antagon ist, did not affect the cortisol response caused by ring castration 

plus tai l ing in lambs (Wood et al. , 1 99 1  ) , suggesting minimal endogenous 

analgesic effects of this type. Therefore, if r ing castration plus tail ing ,  a 

procedure that causes acute pain-induced distress in lambs , does not activate 

endogenous antinociceptive mechan isms then , s imi larly, dehorning in calves 

may not activate these mechanisms. 

The rise in the cortisol concentration once the local anaesthetic wears off in  

dehorned calves fi rst given local anaesthetic may be a resu lt of calves reacting 

to pain wh ich they are experiencing for the first time (McMeekan et al. ,  1 998a) . 
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Moreover, this delayed rise in cortisol concentrations may be in response to the 

novel experience of noxious input at a cognitive level as the HP A-axis responds 

sensitively to physiological and psychological stimu l i  (Levine, 1 985; Rushen, 

1 986) . Studies have shown that glucocorticoid levels in animals increase in 

response to novel and unpredictable stressors (Bassett and Cai rncross, 1 973; 

Wiepkema and Koolhaas, 1 993). 

l t  has been suggested that the cortisol response to dehorning consists of two 

phases: an in itial peak due primarily to the nociceptor barrage caused by horn 

amputation, fol lowed by a plateau phase due mainly to inflammation-related 

pain (McMeekan et al. ,  1 998b) . A biphasic response, consisting of an in itial 

phase caused by direct nociception fol lowed by an inflammatory phase is also 

supported by results of a formalin test used in mice (Hunskaar and Hole,  1 987) . 

Local anaesthetic given prior to dehorning blocks nerve impu lses and hence 

stimu lation of the HPA-axis; consequently cortisol secretion is not elevated for 

the duration of action of the local anaesthetic. Therefore , if the second phase 

of the dehorn ing response is due mainly to inflammation-related pain ,  the 

m in imising of the secretion of cortisol (a potent and natura l  anti-inflammatory 

agent) by the nerve block action of the local anaesthetic in  dehorned calves 

with local anaesthetic, may delay the resolution of inf lammation during the 

period of action of the local anaesthetic (McMeekan et al. , 1 998a) . 

Cortisol response to dehorning using NSAIDs and local anaesthetic 

The effects of ketoprofen ,  an NSAID with both anti-inflammatory and 

antinociceptive properties, and phenylbutazone, a p redominantly anti­

inf lammatory NSAID,  were examined to assess whether the delayed cortisol 

response observed in calves dehorned with local anaesthetic is due main ly to 

un resolved inflammation.  NSAIDs were original ly thought to provide analgesia 

solely through peripheral mechanisms related to the inhibit ion of p rostaglandin 

synthesis (Cashman , 1 996; Cherng et al. , 1 996) . However, both peripheral and 

central analgesic actions of NSAIDs have now been described (McCormack 

and Brune, 1 99 1 ; Urquhart, 1 993; McCormack, 1 994; Vasko, 1 995; Cash man, 

1 996; Cherng et al. , 1 996; Johnston and Budsberg,  1 997) . Evidence suggests 

that N SA IDs can act centrally, at the supraspinal or spinal level ,  by inh ib it ing 
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central prostaglandin synthesis (Urquhart, 1 993; Vasko, 1 995; Cashman , 1 996; 

Johnston and Budsberg ,  1 997) . McCormack and Brune  ( 1 99 1 ) define the 

actions of NSAI Ds as analgesic when related to the peripheral inh ibition of 

prostaglandins and antinociceptive when describing the central action of 

N SAI Ds. 

Ketoprofen and local anaesthetic 

Ketoprofen plus local anaesthetic (duration of action 5 hours) g iven prior to 

dehorning delayed the rise in cortisol concentrations, but once the local 

anaesthetic wore off the response was sim i lar to that in calves given local 

anaesthetic only and the overal l  cortisol response was only marginal ly reduced 

(Fig .  3 .9 ,  Table 3.3) .  In a previous study local anaesthetic with a duration of 

action of 2 or 4 hours ,  plus ketoprofen ,  g iven prior to dehorn ing virtual ly 

abolished the cortisol response to scoop dehorning in calves (McMeekan et al. , 

1 998b) . 

lt was postulated that the delayed cortisol response observed in calves given 

local anaesthetic prior to dehorning is stimu lated by inflammation-related pain, 

wh ich remains unresolved during the period of action of the local anaesthetic 

due to low cortisol concentrations (McMeekan et al. , 1 998a). Therefore, the 

anti- inflammatory actions of ketoprofen in calves given local anaesthetic plus 

ketoprofen prior to dehorning should resolve the inflammation caused by 

dehorning,  thereby preventing a delayed cortisol response . Furthermore ,  the 

duration of action of the local anaesthetic should have no effect on the 

efficiency of ketoprofen, as ketoprofen should resolve the inf lammation caused 

by dehorning during the period of action of the local anaesthetic. Therefore, the 

delayed cortisol response observed in calves dehorned with local anaesthetic 

may also be stimulated by the conscious perception of pain from the dehoming 

wounds,  wh ich was experienced in these calves for the first t ime when the local 

anaesthetic begins to wear off. Consequently, it may be the antinociceptive 

action of ketoprofen that is important in a l leviating the pain- induced d istress 

caused by dehorn ing in these calves, as ketoprofen has been shown to have a 

central  component to its analgesic action in addition to its peripheral  action 

(Mehl isch et al. , 1 984; Wi l ier et al. ,  1 989 ;  Urquhart, 1 993; McCormack, 1 994) . 
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The greater effectiveness of ketoprofen plus local anaesthetic (duration of 

action 2 hours) (McMeekan et al. , 1 998b) compared to ketoprofen p lus local 

anaesthetic (duration of action 5 hours) (Fig. 3 .9) in al leviat ing the pain-induced 

d istress caused by dehorning may be influenced by a central antinociceptive 

effect of the ketoprofen and the different durations of action of the local 

anaesthetic. Calves given local anaesthetic (duration of action 2 hours) p lus 

ketoprofen prior to dehorning may sti l l  have a h igh pain-threshold once the local 

anaesthetic wears off due to high levels of c irculating ketoprofen in the blood. 

Thus, once the local anaesthetic wears off after 2 hours, the calves would sti l l  

experience only minimal if any pain-induced distress. However, in the p resent 

study the circulating levels of ketoprofen in the blood wou ld have been much 

lower after 5 hours when the local anaesthetic wore off and consequently the 

pain-th reshold of these animals may be reduced to a level where they 

experience pain in response to the dehorning wounds resu lting in a transient 

rise in cortisol concentrations. The short el im ination half- l ife of ketoprofen, of 

approximately 42 minutes when intravenously injected into 20 week old calves 

(Landoni et al. , 1 995) ,  further supports this explanation. 

Phenylbutazone plus local anaesthetic 

I n  the present study, local anaesthetic and phenylbutazone given p rior to 

dehorning resu lted in a cortisol response simi lar to that of control calves for the 

duration of action of the local anaesthetic. This response was followed by a 

rise in the cortisol concentrations during the period between 5.5 and 8 .5 hours 

and a subsequent return to pretreatment values at 9 hours ,  where they 

remained throughout the rest of the study period. Thus, local anaesthetic plus 

phenylbutazone given prior to dehorning results in a cortisol response s imi lar to 

that in calves dehorned in combination with local anaesthetic on ly (Fig.  3 . 1  0) .  

Phenylbutazone injected intravenously has an el imination half-l ife of more than 

30 hours in cows (De Backer et al. , 1 980) . Therefore, in the present study the 

anti-inflammatory action of phenylbutazone would have been expected to last 

throughout the 24-hour study period. Studies have shown phenylbutazone to 

be 80 times less potent than ketoprofen in reducing inflammation caused by 

carrageen-induced abscesses in rats and 800-1 500 times less potent than 
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ketoprofen in inhibiting prostaglandin synthesis (Kantor, 1 986) . The lower anti­

inflammatory potency of phenylbutazone compared to that of ketop rofen may 

explain why phenylbutazone had virtually no effect on the delayed cortisol 

response. Alternatively, it may be because, unl ike ketoprofen , phenylbutazone 'v 

has apparently l ittle, if any, central antinociceptive effects. 

Cortisol response to dehorning giving local anaesthetic and A CTH 

I n  the present study calves dehorned with local anaesthetic were given an 

injection of synthetic ACTH to e l icit a cortisol response, which would 

approximately simu late the cortisol response observed in  calves dehorned 

without local anaesthetic. This was done in order to assess whether the usual 

cortisol response to dehorning alone provides any anti-inflammatory benefits. 

The integrated cortisol response el icited by the dose of ACTH used in the 

present study is equ ivalent to the integrated cortisol response el icited by scoop 

dehorn ing (Table 3.3) ,  but the pattern and the duration of the responses differ 

(Fig. 3 . 1 3) (Petrie et al. , 1 996a, b; Sylvester et al. , 1 998b) . ACTH and local 

anaesthetic admin istered prior to dehorning stimulated an in itial marked cortisol 

response which was sim i lar to the in itial cortisol response observed in LA5:  

ACTH calves (Fig. 3 . 1 1 ) .  Six hours after treatment in LA5: ACTH DH calves 

the cortisol concentrations increased for a second t ime, returning to 

pretreatment values 1 0  hours after treatment. This second cortisol surge 

began about 1 hour later and was significantly smaller in  magnitude when 

compared to the delayed cortisol response observed in calves given local 

anaesthetic on ly prior to dehorn ing (Fig. 3 . 1 1 ) . 

The difference in the magnitude of the delayed cortisol response observed in 

LA5: ACTH DH calves compared to calves given local anaesthetic only p rior to 

dehorning may be due to the actions of cortisol , a potent anti- inflammatory 

agent (Johnston and Budsberg,  1 997) . Alternatively, the reduction in  the 

delayed cortisol response may have been due to the local anaesthetic acting 

longer in LA5: ACTH DH calves. This seems unl ikely however, as the calves 

injected with local anaesthetic (du ration of action 5 hours) and ketoprofen prior 
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to dehorning showed a simi lar delayed cortisol response to that in LA5: ACTH 

OH calves which supports an anti-inflammatory effect (Fig. 3 . 1 4) .  

Corticosteroids have been shown to  suppress the transmission of impu lses i n  

thin unmyel inated C-fibres, which i s  reversed completely within 60  minutes of 

the corticosteroids being removed (Johansson et al. , 1 990) . Therefore ,  a 

suppressive action of corticosteroid on C-fibres and consequently a reduced 

noxious input from the injured site may explain the reduced cortisol response in 

LA5 :ACTH OH calves once the local anaesthetic wears off. However, 

Johansson et al. ( 1 990) appl ied the corticosteroid directly onto the d issected 

nerve fibres, whereas in the p resent study cortisol is not l ikely to have 

accumulated in the injured area at equ ivalent concentrations, hence such an 

effect probably did not occur here .  

l t  could be argued that the large in itial cortisol surge stimulated b y  the injection 

of ACTH in LA5: ACTH OH calves may result in exhaustion of the adrenal 

cortex thus resulting in a reduced cortisol response once the local anaesthetic 

wears off. However, calves injected with ACTH at 0 hours and at 6 hours 

showed no indication of exhaustion of the adrenal cortex, as the first and 

second cortisol surges had sim i lar magnitudes and durations (Fig. 3 . 1 2) .  

Furthermore ,  previous studies have shown that repeated injections of ACTH do 

not reduce the secretory abil ity of the adrenal gland in cows or  lambs (Fox et 

a/. , 1 980; Mel ior and Murray, 1 989b; Verkerk, 1 995) . 

The prior injection of ACTH and the consequently e levated cortisol secretion in 

LA5 : ACTH OH calves may inhibit endogenous ACTH production,  thus reducing 

the responsiveness of the adrenal glands to further stimulation once the 

exogenous ACTH has been e l iminated, as secretion of ACTH is under the 

control of corticosteroid negative feedback inhibition (Jones et al. , 1 977) . 

ACTH given p rior to dehorning with and without local anaesthetic el ic ited a 

marked cortisol response which in some cases decl ined significantly after 

returning to p retreatment values (Fig. 3.7) (Petrie et al. , 1 996b; Sylvester et al. ,  

1 998b) . I n  the present study, and in that of Petrie et al. ( 1 996b) , the 

pretreatment cortisol concentrations of the calves given ACTH were double that 
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of control handled animals. Therefore , i t  is l ikely that the cortisol concentrations 

of these calves undershot pretreatment values once the exogenous ACTH had 

been el iminated due to higher mean pretreatment cortisol concentrations rather 

than as a consequence of negative feedback inhibiting cortisol secretion . 

However, th is model is not consistent for al l ACTH-induced cortisol responses 

in calves (Petrie et al. , 1 996a; Sylvester et al. , 1 998b) . 

I n  the present study, calves were injected with ACTH at time 0 and dehorned 6 

hours later, to determine whether the prior ACTH-induced cortisol surge would 

affect the pattern , magnitude or duration of the cortisol response to subsequent 

dehorning. The cortisol response stimulated by the ACTH injection at t ime 0 

was similar to the cortisol response el icited in LA5: ACTH calves. The pattern 

of the cortisol response stimulated by dehorning 6 hours after inject ing ACTH 

was distinctly d ifferent from that of calves dehorned at time 0 (Fig .  3 . 1 3) .  The 

in itial peak cortisol concentration was absent, as the cortisol concentrations 

gradually rose to a plateau before returning to baseline values. Lingering anti­

inflammatory effects from the initial cortisol surge may have reduced the in itial 

pain-induced distress experienced by calves dehorned at 6 hours. However, in 

calves given ketoprofen prior to dehorning the in itial peak cortisol 

concentrations were not significantly different from calves dehorned on ly 

(McMeekan et al. , 1 998b). Furthermore, the integrated cortisol response and 

the duration of the response to dehorning in ACTH/DH calves were s imi lar to 

those of OH calves. 

Ketoprofen plus local anaesthetic (duration of action 5 hours) and ACTH plus 

local anaesthetic (duration of action 5 hours) given prior to dehorn ing red uce 

and delay the cortisol response el icited once the local anaesthetic wears off 

compared to those features of the response in calves given local anaesthetic 

only prior to dehorning (Fig. 3 . 1 4) .  The similarity between these two responses 

may be a coincidence, or ketoprofen and cortisol (elicited by inject ing ACTH) 

may have a common mechanism of action that is absent when local 

anaesthetic and phenylbutazone are given together, such as antinociceptive 

properties. The antinociceptive actions of ketop rofen are wel l  establ ished in the 

l iterature (Mehl isch et al. ,  1 984; Wi l ier et al. ,  1 989; U rquhart, 1 993;  



105 

McCormack, 1 994) , but the analgesic properties of glucocorticoids, l ike cortisol ,  

have not apparently being examined separately (Dart, 1 992) . Alternative 

explanation for the differing response is phenylbutazone may not be as potent 

an anti-inflammatory agent as ketoprofen and cortisol .  

Cortisol response to dehorning using local anaesthetic and cautery 

Admin istering local anaesthetic before and cauterising the amputat ion wounds 

after dehorning was conducted to further evaluate whether the reduction in the 

pain-induced distress achieved by th is al leviation strategy was as effective as 

reported by Sylvester et al. ( 1 998a) .  In the present study, the cortisol 

concentrat ions of LA5 : DH + cautery calves were significantly elevated above 

LA5: OH levels for one hour and above control values for approximately 5 hours 

(F ig .  3 . 1 5) ,  but the magnitude and the integrated cortisol response was 

sign ificantly reduced compared to dehorn ing alone (Table 3 .3) . P reviously, the 

cortisol response to dehorning has been virtual ly abol ished by cauterising the 

scoop wounds in combination with giving local anaesthetic of 2 hour duration of 

action (Sylvester et al. ,  1 998a) . However, in the present study the cortisol 

concentration of LA5: DH + cautery calves at time 0 was h igh compared to the 

pretreatment cortisol concentration (Fig. 3 . 1 5) , probably due to handl ing and 

administration of local anaesthetic. Therefore, if the t ime 0 cortisol 

concentration was used as the pretreatment value there would be no  significant 

change in the cortisol response to LA5: OH + cautery, hence the resu lts would 

broadly agree with Sylvester et al. ( 1 998a) . 

Cauterising the amputation wounds caused by dehorn ing in combination with 

using local anaesthetic prevents the delayed cortisol response seen in LA5: OH 

calves for at least 24 hours after (Fig. 3 . 1 5) (Sylvester et al. , 1 998a) . Cautery i s  

l ikely to  cause thi rd degree burns, wh ich destroy the epidermis and  the  dermis 

of  the skin ,  thereby destroying the nociceptors in the burned a reas and 

preventing nociception from the inju red tissues (Bonica, 1 990) . Therefore, if 

nociception from the injured area is prevented due to cautery, animals are 

un l ikely to perceive noxious input from the site of injury once the local 

anaesthetic wears off, thereby p reventing stimulation of the H PA-axis and 

subsequent cortisol release. However, cautery is un likely to cause evenly 
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distributed damage to the whole amputation wound. The cauterised dehorning 

wounds are l ikely to exhibit first , second and third degree burns .  F i rst degree 

burns involve the most superficial layers of the skin and second-degree burns 

can be either superficial or deep ,  but neither fi rst degree nor second degree 

burns destroy the nociceptors in the inju red area (Geiser and Walker, 1 984) . 

Furthermore,  third degree burns do not destroy the bone (Geiser and Walker, 

1 984) and the nociceptors within the bone. Therefore , LA5 : O H  + cautery 

calves may experience noxious sensory input from the dehorning wounds once 

the local anaesthetic wears off but not enough to stimulate a cortisol response 

(Fig. 3. 1 5) .  

I n  conclusion ,  phenylbutazone was not effective and ketoprofen and an ACTH­

induced cortisol surge only produced a small reduction in the delayed cortisol 

response to dehorning wh ich occurred when the local anaesthetic wore off 5 

hours after amputation dehorning.  This suggests that the delayed cortisol 

response seen in calves when the local anaesthetic wears off is not primarily 

due to inflammation-related pain .  G iving local anaesthetic prior  to dehorning 

and cauterising the amputation wounds substantially reduced the delayed 

cortisol response to dehorn ing, which occurred when the local anaesthetic wore 

off 5 hours after amputation dehorn ing. 
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CHAPTER FOU R :  General Discussion 

4.1 Major Conclusions 

Ring castration and tailing of lambs 

I n  the present study the effects of using local anaesthetic or a castration clamp 

to al leviate the pain-induced distress caused by ring castration p lus tai l ing in 

lambs was assessed by measuring the plasma cortisol concentrations fol lowing 

castration plus tai l ing.  The major conclusions were as follows: 

1 .  Ring castration plus tai l ing alone caused sign ificant pain- induced 

distress for a period of approximately three hours, as reported by others (Melior 

and M urray, 1 989; Lester et al. , 1 991  a; Wood et al. , 1 991 ; Kent et al. ,  1 993, 

1 995; Dinn iss et al. ,  1 997b) . 

2 .  Local anaesthetic injected into the scrotal neck just before ring castration 

p lus tai l ing significantly reduced the magnitude and the overal l  cortisol 

response to ring castration plus tai l ing. 

3 .  I njecting local anaesthetic into the testes just after ring castration p lus 

tai l ing on ly marginally (non-sign ificant) reduced the magnitude and the 

integrated cortisol response to ring castration plus tai l ing. 

4.  Applying the castration clamp for 6 seconds across the full width of the 

scrotal neck in  combination with ring castration plus tail ing in lambs did not 

reduce the cortisol response to this procedure .  

5 .  Applying the castration clamp for 1 0 seconds across the fu l l  w idth of  the 

scrotal neck after ring castration plus tail docking in lambs effected a small 

reduction  in the cortisol response to this p rocedure .  

6 .  A comparison over a six week period between the heal ing of  the 

castration wounds of lambs ring castrated plus tai led or ring  and clamp 
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castrated plus ring  tailed showed no greater adverse effects using the ring  p lus 

clamp method.  

I n  the present study, local anaesthetic injected into the scrotal neck just before 

ring castration plus tai l ing significantly al leviated the overal l  pain- induced 

d istress caused by ring castration plus tai l ing .  Local anaesthetic i njected i nto 

both the scrotal neck may block noxious sensory input from the scrotum and 

testes ,  thereby significantly reducing the pain experienced by these lambs 

(Dinn iss et al. ,  1 997a) . However, local anaesthetic injected into each testis just 

before castration only marginal ly reduced the pain- induced distress caused by 

ring castration plus tai l ing. Other nerves are also involved in the afferent 

activity from the scrotal area, such as nerves that originate from the scrotal 

p lexus and other afferent visceral nerves,  which may not be effectively blocked 

by injecting local anaesthetic into the testes (Cottrel l and Molony, 1 995). 

Hence, injecting local anaesthetic into the testes only may block a l imited 

amount of the overall noxious sensory input caused by ring castration plus 

tai l ing. 

Local anaesthetic injected into the testes or  the scrotal neck 15 minutes p rior to 

treatment has been shown to virtually abol ish the cortisol response to ring  

castration (Dinn iss et  al. , 1 997a) . However, i n  the present study, where local 

anaesthetic was injected into the same locations immediately before or after 

ring appl ication ,  the pain-induced distress caused by ring castration plus tai l ing 

was on ly partial ly al leviated . Local anaesthetic injected 1 5  minutes p rior to 

treatment compared to a few seconds (as was the case in the present study) 

would al low more time for the local anaesthetic to d iffuse through the t issues, 

consequently anaesthetising the tissues of and within the scrotu m  more 

effectively. Kent et al . ,  ( 1 998) ach ieved a 77% reduction in the cortisol 

response by administering local anaesthetic immediately before or  after ring  

appl ication for castration only. Therefore, i n  the  present study local anaesthetic 

i njected into the scrotum or the testes of lambs may have been more effective 

than was fi rst apparent due to unmodified noxious sensory input from the tai l 

contributing to the cortisol response. 
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Applying the castration clamp for 6 seconds across the ful l  width of the scrota l  

neck d istal to the ring d id  not alleviate the pain-induced d istress caused by ring  

castrat ion p lus tai l ing in lambs. Furthermore ,  applying the castration clamp for 

1 0 seconds in the same manner effected only a smal l  reduction in the pain­

induced d istress associated with ring castration plus tai l ing.  Applying the 

castration clamp to the neck of the scrotum and the tai l for 6 or 1 0 seconds 

after ring castration p lus tai l ing in five to six day old lambs has been found to 

significantly reduce the cortisol response to this procedure (Kent et al. , 1 993 ,  

1 995) , but in the present study continued noxious sensory input from the tai l 

would have contributed to the cortisol response and may have reduced any 

benefits achieved from d isabling the innervation from the scrotal area using the 

clamp.  Dinn iss et al .  ( 1 997b) found no sign ificant d ifference was found when 

comparing the cortisol responses el icited by ring plus clamp castration and ring 

tai l ing with ring plus clamp castration and tai l ing,  but  in that study the clamp 

was appl ied in the traditional way which leaves a gap of uncrushed tissue 

(Table 2 . 1 ) . Alternatively, the castration clamp may not be as effective at 

disabl ing the innervation from the scrotal area in older and larger lambs ,  such 

as three to six week old lambs which were used in the present study, as the 

pressure of the jaws of the clamp would be distributed over a larger area (Hosie 

et al. ,  1 996) . 

Local anaesthetic injected into the neck of the scrotum was the most effective 

method , in the present study, for al leviating the pain-induced distress 

associated with ring castration plus tai l ing .  However, many impracticalit ies 

associated with using local anaesthetic on the farm wil l  need to be overcome 

before it becomes a viable method of al leviating the pain-induced distress 

associated with ring castration plus tai l ing. So far, a h igh-pressure needless 

injection has been developed for administering local anaesthetic for castration 

plus tai l ing of lambs, wh ich provides comparable analgesia to the conventional 

needle and syringe but with greatly reduced risk of infection (Kent et al. ,  1 998) . 

Dehorning of calves 

I n  the present study the effects of using local anaesthetic and NSAIDs o r  an 

ACTH stimu lated cortisol surge to al leviate the pain-induced d istress caused by 
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dehorning was assessed by measuring the p lasma cortisol concentrations 

fol lowing dehorn ing. The major conclusions are as fol lows: 

1 .  Scoop dehorning of calves without analgesia resulted in a cortisol 

response indicative of acute pain-induced distress for a period of 7 hours ,  as 

reported previously (Petrie et al. , 1 996a; McMeekan et al. ,  1 997, 1 998a, b ;  

Sylvester et al. , 1 998a, b) .  

2 .  I njecting local anaesthetic prior to dehorning virtual ly abol ished the 

cortisol response to dehorning throughout the 5-hour period of its action , but 

once the local anaesthetic wore off the plasma cortisol concentrations exhibited 

a transient rise (delayed cortisol response) . The resultant integrated cortisol 

response to dehorning with local anaesthetic was sim i lar to that of calves 

dehorned without local anaesthetic. 

3. Ketoprofen and local anaesthetic injected prior to dehorning marginal ly 

reduced the delayed cortisol response compared to that seen in  calves 

dehorned with a prior injection of local anaesthetic only. 

4. Phenylbutazone and local anaesthetic given prior to dehorning was 

ineffective in reducing the delayed cortisol response compared to that in calves 

given an injection of local anaesthetic on ly prior to dehorning. 

5.  ACTH and local anaesthetic injected prior to dehorning,  to approximately 

simulate the cortisol response to dehorning,  marginally reduced the delayed 

cortisol response compared to that seen in dehorned calves given local 

anaesthetic only. 

6.  I njecting local anaesthetic and cauteris ing the amputation wounds 

caused by scoop dehorn ing significantly reduced the pain-induced distress 

caused by dehorn ing with and without a prior injection of local anaesthetic. 

In the p resent study local anaesthetic ( l ignocaine) of 2 hour du ration of action 

was g iven 20 minutes prior to treatment and bupivacaine (du ration of action 3-4 
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hou rs) was g iven two hours after treatment, thereby provid ing calves with 5 

hours of reg ional analgesia after treatment. Local anaesthetic and ketoprofen 

given to calves prior  to dehorning reduced the delayed cortisol response by 1 

hour. The magnitude of this response compared to that in  calves dehorned 

with a prior injection of local anaesthetic only, p robably due to the anti­

inflammatory action of ketoprofen or to its central antinociceptive act ion , or 

both . Phenylbutazone and local anaesthetic given prior to dehorning d id not 

further al leviate the pain-induced distress caused by dehorn ing compared to 

that in calves given local anaesthetic only. Phenylbutazone may be less 

effective than ketoprofen due to phenylbutazone having a lower anti­

inflammatory potency compared to ketoprofen (Kantor, 1 986) , and no 

antinociceptive action .  An ACTH-induced cortisol surge, used to approximately 

simulate the cortisol response to dehorning,  reduced the delayed cortisol 

response after dehorn ing compared to that in calves given local anaesthetic 

only prior to dehorn ing. The anti- inflammatory potency of ketoprofen and 

cortisol may therefore both be superior to the potency of phenylbutazone under 

these circumstances. 

In the present study, ketoprofen plus local anaesthetic (duration of action 5 

hours) given prior to dehorning was less effective at reducing the cortisol 

response to dehorning when compared to ketoprofen plus local anaesthetic of 2 

hour duration of action reported by McMeekan et al. ( 1 998b) . Therefore , the 

duration of action of the local anaesthetic may influence the effectiveness of 

ketoprofen.  However, if the transient rise in the cortisol concentrations seen in 

calves given local anaesthetic prior to dehorning when the local anaesthetic 

wears off is stimulated by inflammation-related pain ,  then ketoprofen should 

help in  resolving this inflammation du ring the period of action of the local 

anaesthetic .  So the transient rise in cortisol concentrations e licited after  the 

local anaesthetic wears off may be in response to the novelty of pain 

experienced for the fi rst time by these calves as local anaesthetic blocks the 

in itial pain response. Therefore, it may be the antinociceptive action of 

ketoprofen that is responsible for the reduction in the delayed cortisol response 

once the local anaesthetic wears off in the present study and the virtual 
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abolition of the cortisol response to dehorning reported in p revious work 

(McMeekan et al. ,  1 998b) . 

Ketoprofen and an ACTH-induced cortisol surge only marginal ly reduced and 

phenylbutazone was ineffective at reducing the delayed cortisol response after 

dehorning compared to that in dehorned calves given local anaesthetic on ly. 

This suggests that this delayed cortisol response is not solely stimu lated by 

inflammation-related pain , but has a central component. Therefore the effects 

of local anaesthetic in combination with NSA IDs on the dehorn ing cortisol 

response need to be assessed further before any new recommendations can 

be made. Cauterising the amputation wounds and giving local anaesthetic was 

the most effective method of al leviating the pain-induced distress caused by 

dehorning in the present study, as a transient rise in cortisol concentrations was 

not observed when the local anaesthetic wore off in these calves, confirming 

the results reported by Sylvester et al. ( 1 998a) . 

4.2 Experimental Design, Limitations and Future Directions 

Lamb studies 

The number of groups and the number of animals per group used in the 

present study was sufficient to answer the p roposed questions. However, if 

money was not a l imitation , more treatments could have been added to the 

experimental design for further comparisons. 

In the fi rst lamb study local anaesthetic was injected into the scrotal neck or the 

testes just before or just after ring castration p lus tai l ing, but none was injected 

into the tai l .  Future stud ies could assess the extent of the noxious  sensory 

input from the tail by comparing the cortisol response to ring castration p lus 

tai l ing after or  before giving local anaesthetic i nto the scrotal neck o r  the testes 

with the cortisol response resulting from injecting local anaesthetic into the tail 

and the scrotal neck or  testes. Furthermore ,  the cortisol response to ring 

castration p lus tai l ing with local anaesthetic injected into the tail on ly  m ay help 
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to further dist ingu ish the component of noxious sensory input from the tai l 

compared to that of the scrotum. 

The second set of lamb trials carried out in the present study, compared the 

cortisol response to r ing castration plus tai l ing with ring and clamp castration 

p lus ring tai l ing.  An injection of ACTH and ring castration plus tai l ing were used 

as positive controls in this study, as the cortisol responses to these treatments 

are wel l  establ ished in the l iterature (Mel ior and Murray, 1 989b; Lester et al. , 

1 99 1  a; Dinniss et al. , 1 997a) . Control hand l ing ,  a negative control g roup ,  was 

omitted from this study because of financial l im itations, but the experiment 

a l ready contained two positive controls so a third control group was not 

considered to be necessary .  The ring and clamp method was used to a l leviate 

the pain-induced distress to ring castration p lus tai l ing, but the tai l was not 

clamped because this was thought to be excessively noxious as it often 

involves crush ing bone .  However, further studies could assess the extent to 

which the continued noxious sensory input from the tail contributes to the 

cortisol response by comparing the cortisol response to ring and clamp 

castration plus ring tai l ing only with ring and clamp castration p lus tai l ing.  

Dinniss et al. ( 1 997b) compared the cortisol response of lambs ring castrated 

plus tailed after applying the clamp to the scrotal neck or the scrotal neck and 

tai l and found no significant differences between these procedu res. However, 

in the present study the clamp was applied across the ful l  width of the scrotal 

neck, whereas Dinn iss et al. ( 1 997b) applied the clamp in the tradit ional way 

which leaves a gap of uncrushed tissue and intact nerves and thereby the 

potential for continued noxious input from the scrotum. 

Observations of the heal ing of the scrotal wounds of lambs castrated us ing the 

ring method or the ring and clamp method were recorded for up to 6 weeks. 

However, not all lambs could be observed for up to 6 weeks. l t  would h ave 

been preferable to observe the scrotal wounds of al l lambs unt i l  all the 

scrotums had
' 
s loughed off, for consistency. Observations ceased when it 

appeared as though no further complications would arise from the castration 

wounds. In the p resent study only superficial wound healing was reported.  The 

chronic response to castration could be further investigated by using 
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histological techniques to examine whether neuroma formation occurs and if so 

whether the method used increases the risk of th is. 

Calf study 

I n  the present study a local anaesthetic contro l  group was not included , due to 

l im ited calf avai labi l ity and financial l imitations. However, a local anaesthetic 

control group may have been beneficial for comparison with some of the other 

treatments . The cortisol responses to dehorning,  dehorning with local 

anaesthetic and local anaesthetic controls are well establ ished in the l iterature 

(Petrie et al. , 1 996a; McMeekan et al. , 1 997, 1 998a, b ;  Sylvester et al. , 1 998a, 

b). Furthermore ,  it is wel l  establ ished that local anaesthetic and its injection 

have min imal effect on the cortisol response compared to control  hand l ing .  

I n  the present study ketoprofen plus local anaesthetic (du ration of  action 5 

hours) given prior to dehorning was less effective in reducing the cortisol 

response caused by dehorning compared to a previous study in which 

ketoprofen plus local anaesthetic (duration of action 2 hours) virtual ly abol ished 

the cortisol response to dehorning (McMeekan et al. ,  1 998b) . Therefore , future 

studies could assess what effect the duration of action of local anaesthetic has 

on the effectiveness of ketoprofen on the post dehorn ing distress response . In  

other words, was the reduced effectiveness of  ketoprofen and local anaesthetic 

(duration of action 5 hours) in alleviating the post dehorning d istress response 

due to reduced levels of ketoprofen in the blood once the local anaesthetic 

wore off? 

G roup 1 :  LA (Lignocaine - duration of action 2 hours) p lus ketoprofen and then 

scoop dehorned. 

G roup 2:  LA (Lignocaine + bupivacaine - duration of action 5 hours) p lus 

ketoprofen and then scoop dehorned . 

G roup 3: LA (Bupivacaine + bupivacaine - duration of action 8 hours) p lus 

ketoprofen and then scoop dehorned. 

G roup 4: LA (Lignocaine + bupivacaine - duration of action 5 hours) , scoop 

dehorned plus ketoprofen at 4.5 hours after dehorning.  
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I n  the present study the anti-inflammatory agents ketoprofen ,  phenylbutazone 

and cortisol (stim ulated by injecting ACTH) d id  not significantly reduce the 

overall delayed cortisol response compared to that of calves given local 

anaesthetic on ly p rior to dehorn ing (Table 3 .3) .  This suggests that this delayed 

cortisol response is not stimulated by inflammation-related pain ,  but may be in 

response to the sensation of pain experienced by these calves for the f irst t ime 

when the local anaesthetic wears off. Therefore , i t  may be the antinociceptive 

action of ketoprofen not its anti-inflammatory actions that is responsible for 

reducing the cortisol response to dehorning. Future studies could assess 

whether it is the antinociceptive action of ketoprofen that is responsible for 

virtually abol ish ing the cortisol response to dehorning when g iven in 

combination with a short acting local anaesthetic (McMeekan et al. ,  1 998b) ,  by 

comparing ketoprofen with a opioid and phenylbutazone, which has no 

antinociceptive action . 

G roup 5: LA (Lignocaine - duration of action 2 hou rs) plus ketoprofen and then 

scoop dehorned. 

G roup 6: LA (Lignocaine - duration of action 2 hours) plus phenylbutazone and 

then scoop dehorned. 

G roup 7: LA (Lignocaine - duration of action 2 hours) plus an opioid analgesic 

and then scoop dehorned. 

General 

A consideration and a potential l imitation is whether the p retreatment cortisol 

concentrations taken at the start of the trial were a true rep resentation  of basal 

cortisol levels. The pretreatment cortisol concentration is subtracted from the 

subsequent cortisol concentrations. Therefore, if the p retreatment cortisol 

concentrations are h igh the fol lowing cortisol concentrations and subsequently 

the response to a treatment may be under-estimated . To avoid this, ind ividual 

animals that had particularly high pretreatment cortisol concentrations (lambs -

1 3  out of 1 30 ;  calves - 1 7  out of 1 20) were excluded from this study. 

Furthermore ,  the pretreatment cortisol concentrations were mostly s imi lar to the 

final cortisol concentrations, even 24 hours after treatment, suggest ing that the 

p retreatment cortisol concentrations were usual ly close to basal concentrations .  

/ 



1 16 

Blood sampl ing o rder may be expected to influence the cortiso l  response. 

However, no relationship between p lasma cortisol concentration and the o rder 

in which the pretreatment blood samples was taken was found in either the 

lamb or  the calf studies (Fig. 2 .6 ;  Fig. 3 .6) .  In  the present lamb studies there 

were two or three lambs in each bleeding pen , hence blood sampl ing order may 

have been expected to influence the cortisol response. However, each lamb 

only took approximately 1 5  seconds to bleed and hence a maximum of 1 

minute would have been spent in each pen by the bleeders. One minute is not 

a sufficient amount of time to observe a cortisol response to a stressor (Dinn iss, 

1 995) . However, as in the present calf study there were fifteen calves per pen,  

a sufficient amount of t ime would have elapsed between the fi rst and last calf 

being bled to observe a change in the cortisol concentrations in response blood 

sampl ing order (McMeekan , 1 997) . Nevertheless, no  effect of blood sampl ing 

o rder was observed in the present calf study. 

To further assess the distress caused by the different husbandry practices 

exam ined here add itional indices of distress could be used. The measurement 

of catecholamine levels may give a better indication of an an imal 's immediate Y 

response to a stressor compared to cortisol which usually takes m inutes, not 

seconds, to be released in response to a stimulus.  I n  the present study, the 

effectiveness of local anaesthetic when injected into the scrotal neck or the 

testes just before or after ring castration plus tai l ing was assessed, compared to 

the standard practice where local anaesthetic is injected approximately 1 5  

m inutes prior to treatment, using cortisol as an i ndex of d istress. The 

measurement of catecholamines may al low determinat ion of whether or  not the 

local anaesthetic is effective immediately after castration plus tai l ing compared 

to 20 minutes later. The measurement of heart rate is a physically non-invasive 

measure of distress as well as instantaneous, hence measuring heart rate may 

give another perspective to the pain-induced distress caused by d ifferent 

h usbandry procedures. 
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4.3 Practical Considerations 

In the present study local anaesthetic injected into the scrotal neck just before 

ring castration plus tai l ing reduced the pain-induced distress caused by this 

procedure. Injecting local anaesthetic and subsequently applying the rings is 

more practical than injecting local anaesthetic 1 5-20 minutes prior to castration 

plus tai l ing and consequently having to handle animals twice. However, the 

continued impractical ities of using local anaesthetic include cost, knowledge of 

the neural anatomy so that local anaesthetic is injected effectively, and hygiene 

prob lems. The use of a high-pressure needleless injection to admin ister local 

anaesthetic has been found to effectively reduce the pain associated with ring 

castration (Kent et al. , 1 998). However, the other impracticalities associated 

with local anaesthetic or NSA IDs used to al leviate the pain- induced distress 

caused by castration plus tai l ing in lambs or dehorning in calves need to be 

overcome before using injectable analgesics on the farm become a viable 

option.  

The local anaesthetic and NSAIDs combinations used in the present study to 

al leviate the pain-induced distress caused by dehorning did not significantly 

reduce the overal l  d istress response, hence are not recommended. Local 

anaesthetic injected prior to dehorning alleviates the initial nociceptor barrage 

to dehorning,  but overal l  does not reduce the pain associated with dehorning 

(Table 3 .3) (Petrie et al. ,  1 996a; McMeekan et al. , 1 998a, b) . However, in 

previous studies local anaesthetic (duration of action 2 hours) and ketoprofen 

injected prior to dehorning abolished the d istress response associated with 

dehorning (McMeekan et a l . ,  1 998b) . Therefore, the duration of the local 

anaesthetic action in combination with NSA IDs needs to be further investigated 

(as above).  

The combined ring p lus clamp method used to al leviate the pain- induced 

distress caused by ring castration plus tai l ing cannot be recommended for 3-6 

week old lambs. Applying the c lamp for 1 0 seconds across the fu l l  width of the 

scrotal neck after ring castration plus tail ing reduced the cortisol response to 

this procedure, but on ly marg inal ly. Furthermore ,  impracticalities associated 
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with applying the clamp include the variation in size of the castrat ion clamp in 

relation to the varying size of the lamb scrotum's and the technique used to 

apply the castration clamp can differ markedly between users making the 

al leviation benefits of the combined method inconsistent. Evaluation of 

castration clamps showed that the crush ing pressure appl ied by castration 

clamps even those of the same size could vary by over 1 00% (Hosie et al. ,  

1 996) . Furthermore, a certain amount of skil l and awareness of the underlying 

anatomy are required for effective appl ication of the castration clamp (Wood 

and Molony, 1 992) . 

4.4 Personal Comments 

Often I have been asked whether the short  term pain caused by castration and 

tai l ing in lambs or dehorning in calves is significant enough to warrant concern 

and the subsequent expense of al leviating this pain .  The husbandry 

procedures such as dehorning, castration plus tai l ing are genera l ly performed 

for the welfare of the animal as wel l  for hygiene, safety for the stock handler 

and production reasons, hence are considered essential practices. Therefore, 

i f  alternative methods that do not cause distress or cause less d istress can be 

found it is our responsibi l ity to alleviate the distress caused by these husbandry 

practices to the best of our abi l ity. 
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Appendix 1 :  Summary of the different strategies reported i n  
the l iteratu re to a l leviate the pai n-i nduced distress caused by 
ring castration pl us tai l i n g  in lambs 

Reference Treatment Location of injection Time injected 

Wood et al. , 1 991  Ring Each spermatic cord ,  1 5-20 m ins 
scrotal neck, and each (prior) 
testis. 
Tai l .  

D inn iss et  al. , 1 997a Ring Scrotal neck. 1 5  mins (prior) 
Spermatic cords. 
Scrotal neck and 
spermatic cords. 
Testes. 

Clamp ( 1  0 sec) Scrotal neck. 
Spermatic cords. 

Clamp plus ring Scrotal neck. 
(1 0 sec) Spermatic cords. 

Graham et al. , 1 997 Ring I ring plus Subcutaneous. 1 -2 m ins 
clamp ( 1  0 sec) I Epidural (prior) 
caute!Y 

Molony et al. ,  1 997 Ring p lus clamp Testes 1 -2 m ins 
( 1  0 sec) (prior) 

Clamp ( 1  0 sec) Testes 

Kent et al. , 1 998 Ring Spermatic cords. J ust before 
Testes* . just after 
Scrotal neck*. 
Tai l .  
Tai l* .  

Scrotal neck*. 
Ring plus clamp Tail* 
(1 0 sec) 

* A h igh pressure needleless injection was used instead of a conventional 
needle and syringe. 

Table 1 :  Comparison of the different local anaesthetic strateg ies used to 
al leviate the pain-induced distress caused by ring castration plus tai l i ng 

or  
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References Castration Tai l ing 

Kent et al. , 1 993 Ring plus clamp# (6 sec) Ring p lus clamp (6 seconds) 

Kent et al. ,  1 995 Ring plus clamplf ( 1  0 sec) Ring plus clamp ( 1  0 seconds) 

Dinn iss et al. , 1 997a Clamp* ( 1 , 5 ,  1 0  sec) plus 
ring 

Dinn iss et al. , 1 997b Ring plus clamp* (6 sec) Ring plus clamp (6 seconds) 
Ring plus clamp* (6 seconds) Ring 

G raham et ai , 1 997 Ring plus clamp (1 0 seconds) 

Molony et al. , 1 997 (same as Kent et al. ,  1 995) 

Kent et al. ,  1 998 Ring plus clamp+ (1 0 sec) 
Ring plus clamp+ (1 0 sec) 

* Clamp appl ied using the conventional technique.  

# Clamp applied across the ful l  width of the scrotal neck. 

+ Clamp appl ied across the ful l  width of the scrotal neck, but proximal to 
the ring .  

Table 2:  Comparison of  the different ring plus clamp approaches 
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