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ABSTRACT 

Local anaesthetic administered epidurally at the base of the 
tail, and infiltrated into the testes, spermatic cords and neck 
of the scrotum eliminated the behavioural and plasma cortisol 
responses associated with castration and tail-docking, 
confirming that the pain observed was dependent on afferent 
activity from the affected areas. 

Having established the neural basis of the responses seen, 
attempts were made to modify the intensity of pain experienced 
so that measurement of the changes in behaviour and plasma 
cortisol concentration could be used to determine the usefulness 
of the behavioural and physiological indices adopted for the 
recognition and assessment of pain. 

Pretreatment with intravenous naloxone (0.2mg/kg I/V), which 
was anticipated to antagonise an endogenous opioid 
antinociceptive system activated following castration and 
tail-docking, provided limited evidence for an increase in pain 
intensity. 6 procedures which were proposed to represent a 
range of intensities and duration of noxious stimulation based 
on the amount and type of tissue involved were ranked in the 
expected order using the physiological and behavioural indices 
selected. 

A study was undertaken to determine if morphine (16mg) 
etorphine (10nmol) or xylazine (50µg) by either the epidural or 
intrathecal route could provide a method by which pain intensity 
could be reduced in a dose dependant manner, to further improve 
the indices used for recognising and assessing pain. The 
results of these studies suggested that the pain produced by 
castration or castration and tail-docking cannot be eliminated 
by the doses of the drugs tested and the routes used. To confirm 
these results preliminary experiments were performed, morphine 
or xylazine was administered intrathecally to demonstrate active 
drug gained access to, and had the expected effect on the 
Sural-semitendinosus reflex in the lamb. Morphine failed to 
suppress the semitendinosus reflex which is consistent with the 
results obtained. The suppression of the semitendinosus reflex 
by xylazine is not consistent with the absence of analgesia in 
lambs to which either epidural or intrathecal xylazine (50µg) 
had been administered prior to castration or castration and 
tail-docking, as the general view is that reflex suppression is 
highly correlated with the level of analgesia. 

The results of this study present data which show. 
physiological and behavioural indices can be used to recognise 
and assess a range of pain intensities in this age of lamb 
originating from the scrotum, testes and tail. 
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Chapter 1 

GENERAL INTRODUCTION 

1 

Review of legislation to improve animal welfare and the 
importance of the concept of pain 

There has been an active interest in animal welfare in the UK 

for over 150 years. The Royal Society for the Prevention of 

cruelty to animals was founded in 1824, and the Cruelty to 
Animals Act, designed to protect experimental animals from 

unnecessary suffering, was introduced in 1876. In order that 

this and related legislation such as the Protection of Animals 

Act 1911 and 1912 may be applied appropriately, methods of 

recognising and assessing suffering in animals are required. 
That interpretation of animal behaviours could provide a useful 

approach to this problem was indicated in the Report of the 

technical committee to inquire into the welfare of animals kept 

under Intensive Livestock Husbandry Systems (Brambell, 1965). 

The Farm Livestock Advisory Committee, at a symposium on 

stress in farm animals (F. L. A. C. 1973), concluded that to 
interpret the meaning of "unnecessary suffering", the key 

phrase in the 1911 Protection of Animals Act and all subsequent 
legislation, objective assessment of suffering was necessary 
and that this could possibly be achieved using ethological 

evidence. Despite these recommendations little apparent progress 
in solving the primary problem of how to recognise and assess 

pain in animals was made before the Cruelty to Animal act 1876 

was updated in a 1983 white paper (command 8883, HMSO. 

London). This indicated that the concept of "pain" in the 1876 

act should be broadened to include disease, other disturbances 

of normal health, adverse changes in physiology, discomfort 

and distress. A supplementary white paper (command 9521, HMSO. 

London) was produced in 1985 concerning scientific procedures on 
living animals. This white paper proposed not only the control 
of pain but of all the factors which may compromise the welfare 
of animals used in experiments, such as the impairment of health 
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or well-being, morbidity 

guidance on the operation 
Procedures) act 1986 (Home 

which the onus was placed on 

animals to alleviate pain, 

recognition was included. 

and mortality. In 1986 further 

of the new Animals (Scientific 

office, London) was provided in 

those conducting experiments on 

though no formal guidance on pain 

Existing veterinary and farm husbandry practices where pain 
recognition is required to improve animal welfare 

The importance of pain recognition was addressed at a 

symposium organised by the British Veterinary Association Animal 

Welfare Foundation (1985) on "The detection and relief of pain 
in animals". At this meeting it was proposed that pain occurred 
in many of the procedures undertaken by vets, but that this 

pain was poorly recognised due to inadequate training 
(Flecknell, 1985). Concern was expressed that until methods 
become available, pain in animals will remain undetected, 
particularly following surgery, including surgery undertaken 

without any form of anaesthesia for husbandry purposes. Such 
husbandry procedures include partial amputation of the chicken 
beak using a heated blade. This mutilation has been suggested 
to be painful because Breward (1983), while recording from 

cutaneous afferents in the chicken beak, elicited responses in 

C. fibres with thermal stimuli in the temperature range known to 
be noxious in man. 

Groups investigating procedures such as castration and tail- 
docking in lambs (Shutt et al, 1988), castration in calves 
(Fell et al, 1986), muelsing in sheep (Shutt et al, 1987) and 
dehorning in cattle (Carter et al, 1983), were primarily 

concerned with increases in plasma cortisol concentrations as an 
indication of the magnitude of the stress imposed on the animal. 
It has been assumed in the present study that the underlying 
stressor producing these responses was pain. As stated by 
Carter et al (1983), measurement of increases in plasma 
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cortisol concentrations alone cannot be regarded as a 

satisfactory method for assessment of pain. Unwillingness to 

address the problem of pain recognition directly, may derive 

from the contention that the characteristics of the response to 

pain differ considerably between animals of the same or 
different species (Tyers, 1985). The variable characteristics 

of the response to pain was incorporated in a recent definition 

of pain in animals by Uvarov (1989); "Pain is an aversive 

sensory experience caused by actual or potential injury which is 

accompanied by protective somatic and visceral reactions and 
induces changes in behaviour including social behaviour which 

can be specific for an individual animal". Although reactions 
to pain may appear to be different between animals and between 

animals and man it is likely that there are common features due 

to the similarity of the nervous system, particularly in 

vertebrate mammals (Brain, 1963). 

Recognition and assessment of pain in man including children and 
how it helps in the recognition and assessment of pain in 

animals 

An extensive literature on pain perception and alleviation in 

humans (Beecher, 1957; Chapman et al, 1985; Wall and Melzack, 
1984) should be relevant to pain perception in animals because 

of the similarity in the structure and functioning of 

nociceptors and afferent pathways found in man and animals 
(Zayan, 1986). For example with regard to structure, the 

spinothalamic tract which has been regarded as the 'pain 

pathway' on the basis that transection may relieve intractable 

pain in humans (Spiller and Martin, 1912), is well developed 
in animals such as the rat and monkey (Kevetter and Willis, 

1984). If there is sufficient similarity between the mechanisms 
in animals and man then there is no reason to suppose that they 
do not feel pain (Brain, 1963). These anatomical and 

physiological similarities support the observation by Thorpe 
(1965), that the reaction of animals to kinds of stimuli which 
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cause pain in ourselves are very often (though not always) very 

similar to our own, including escape reactions, contortions of 
the body and intense vocalisation. Although there are 

exceptions, not only are the types of reaction to pain similar 
but so are the thresholds for these reactions (Kitchell and 
Johnson, 1985). Ethically, therefore, it is safest to assume 
that what is painful in man is painful in animals. 

(a) Recognition and assessment of pain in adult humans 

People in pain, convey this to others by a variety of 

expressive cues such as language, paralinguistic vocalisations 
(screaming etc), facial distortion, withdrawal reflexes, diffuse 
locomotor activity, posture and autonomic activity (Craig and 
Prkachin, 1983), however, the assessment has typically 
depended on self-report in humans over about 7 years old (Jeans, 
1983). Once over 12 years of age, sensitive assessment of pain 
intensity, location, and quality can be made using a 
standardised examination such as the McGill Pain Questionaire 

-MPQ (Melzack, 1975). The MPQ and techniques where patients 
describe pain in terms of pictures, or as a deflection on a 

scale such as the visual analogue scale (VAS) depend on verbal 

communication and are inapplicable in animals. Monitoring human 

behaviour suffers ethical and logistical disadvantages (Fordyce, 

1983), such as invasion of privacy which even if acceptable to 

the subject may alter the behaviour observed. An approach which 

might be adopted for use in expressive animals, however, is a 

system developed by Ekman and Friesen (1978), that uses highly 

trained observers to recognise and identify discrete facial 

expressions (Facial Action Coding System- FACS). 

(b) Recognition and assessment of pain in children 

Until recently there has been virtually no systematic study 

of pain in children, and in the absence of verbal communication, 
more emphasis has to be placed on observation of behaviour 
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(Jeans, 1983). A behavioural observation model was developed 

for use in children, the Childrens Hospital of Eastern Ontario 

Pain Scale (CHEOPS) by McGrath et al (1985), to measure pain 
intensity. In older children, however, little relationship 

was found between the self-reports and the behavioural measure 
(CHEOPS) of pain (Beyer et al, 1990). McGrath (1990) 

emphasised the importance of the type of pain to which the 

method is applied, for short sharp pain behavioural measures 

were reliable. For example Dixon et al (1984) found that infants 

undergoing circumcision exhibited marked behavioural 

disturbances which could be avoided if local anaesthetic was 

used. For medium term pain, behaviour was found to be an 

unreliable measure but physiological responses were helpful 

(McGrath, 1990). 

The problem of nonverbal pain recognition in humans appears 

similar to that encountered in animals. The findings above 
indicate that the approach requires that a number of readily 

available behavioural and physiological measures need to be 

measured and developed as reliable indices of pain. 

New approaches to recognition and assessment of pain in animals 

Interest in the recognition and assessment of pain in animals 

was more widespread in the 1980's. A workshop was held in 1984 

concerned specifically with the problem of assessing pain in 

farm animals (Molony and Duncan, 1986). It was proposed at this 

workshop that although direct measurement of pain was not yet 
feasible, an examination of both an animals behavioural and 

physiological responses to procedures or noxious stimulation 
likely to produce pain were anticipated to provide a fruitful 

way forward. An experimental scheme for the quantitative 
assessment of pain, distress and discomfort in animals was 
devised by Morton and Griffiths (1985). This scheme required 
the grading of 5 independent variables: bodyweight, appearance, 
clinical signs, unprovoked behaviour and behavioural responses 
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to stimuli. Each variable was given a score of between 0-3, 

and the combined score was used to make an assessment of the 

degree of suffering. Reservations were expressed over the 

applicability of this scheme as it was thought inappropriate to 

assign each variable with the same weighting before their 

relative significance had been fully evaluated for each species 
(Sanford et al, 1985). 

Guidelines for the recognition and assessment of pain in 

animals were produced by Sanford et al (1986). These were 
developed from the results of a questionaire distributed to 

members of the Association of Veterinary Teachers and Research 

Workers (A. V. T. R. W. ) on assessment of pain in animals. 
Sanford et al, (1986) concluded that although desirable, it was 

not yet possible to develop a pain scoring system and pain 
severity would have to be judged by observation using a range of 

parameters including behavioural, physiological and biochemical 

signs. Blackshaw (1986) supported the use of behaviour as a 
monitor of welfare status and proposed that it can be an 

extremely sensitive measure. The prime physiological indicator 

of stress ie plasma cortisol (Munck et al, 1984), although now 
frequently used as an indicator of stress in a variety of 
husbandry procedures (Broom, 1986), remains to be validated as a 

suitable indicator of pain. The AVTRW guidelines 
(Sanford et al, 1986) were partly revised (Sanford et al, 1989) 

and were published by U. F. A. W. These guidelines provided a 
framework for recognition and assessment of pain in animals but 
lacked the detail necessary for the recognition and quantitative 
assessment of pain of various kinds in different ages and 

species of animals. 

Recent studies on the response of a particular species to 

specific types of pain some of which provide useful models with 
which to develop methods for recognition and assessment of pain 

The intimation by Sanford et al (1989), that research on 
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recognition and assessment of pain in animals should focus on 

particular pains in particular species determined the strategy 

for current work. Castration and tail-docking of lambs provide 

two such examples, though others for this species include 

muelsing, disbudding and common natural diseases such as broken 

mouth, footrot and some acute infectious diseases though some of 

these are much less reproducible. 

Several authors have already studied the responses of lambs 

to castration and/or tail-docking including Shutt et al (1988) 

and Mellor and Murray (1989a, b). Shutt et al (1988), found that 

following castration and tail-docking with tight rubber rings, 
lambs initially showed no reaction but by 2 minutes they were 
lifting and stamping their hind legs. Additional behaviour 

included bleating, looking around, shaking their hind limbs and 

tail, and a progressive increase in running back and forth. By 

5 minutes most lambs were rolling and vocalising, this erratic 
behaviour reaching a peak at 15 minutes. By 60 minutes most 
lambs were judged to be behaving normally. No attempt was made, 
however, to analyse the behavioural data in a quantitative 
manner. Plasma cortisol concentrations were estimated at 15 

minutes and 24 hours post-treatment and were found to be 

elevated at both times from a basal level of 43 ±5 nmol/1 to 
128 t 9nmol/l and 99 ± 11 nmol/1 respectively. 

Mellor and Murray 1989a, provided a quantitative assessment 
of 5 categories of lamb behaviour (lateral recumbency, ventral 
recumbency, standing, teat-seeking and sucking) following 
castration and tail-docking with tight rubber rings, and 
characterised the plasma cortisol response in greater detail. 
They noted similar behaviour to Shutt et al (1988) in the first 
15 minutes, in addition, however, they noted that as lambs 
became less active after 15 minutes there was an increase (40% 

of observations at 30 minutes) in the abnormal posture of 
lateral recumbency. Lambs in both lateral and ventral 
recumbency lay with their necks extended, eyes closed and were 
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hyperventilating with deep, frequent breaths. Plasma cortisol 

concentrations were found to increase from basal levels (8ng/ml) 

to a peak of 40 ng/ml at 30 minutes before returning to basal 

levels by 90 minutes, indicating the sampling regime adopted by 

Shutt et al (1988), provided insufficient data to characterise 

the plasma cortisol response, as the first sample at 15 minutes 
is taken before peak levels are obtained, while the acute 

plasma cortisol response has ceased long before the sample is 

taken at 24 hours. Although Mellor and Murray (1989a, b), made 

quantitative measurements of the 5 categories of lamb posture, 

no attempt was made to make statistical comparisons between the 
behaviours seen following four different treatments (castration 

and tail-docking, tail-docking, handling plus ACTH or control 
handling). 

In the studies described above, methods for pain recognition 

were emerging because comparisons were being made between 

specific treatments proposed to cause different levels of 
"disturbance". To direct this type of work exclusively at the 

problem of pain assessment, the plasma cortisol response needed 
to be validated as a sensitive indicator of pain, while 

observation and measurement of lamb behaviour required greater 

emphasis and more than a subjective analysis if a sensitive, 
reliable and practical method of pain recognition and assessment 

were to be developed. 

Why must physiological and behavioural indices be validated 
for a specific pain in a particular species? 

At one time it was thought that the body reacted in a uniform 

way to a number of forms of adversity (Selye, 1936) and 
therefore a biochemical index such as plasma cortisol 
concentration, would indicate the severity of a stressor such as 

pain. Now, however, the correlation between biochemical 

parameters such as plasma cortisol and pain are regarded to be 

unclear (Sanford et al, 1989). This view was not new, as 
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Terman et al (1984), had demonstrated that changing the timing 

of a fixed intensity of noxious stimulus (foot shock) in the 

rat, could produce different changes in the plasma 

corticosterone levels. The selection of a particular painful 

procedure such as that produced by castration and tail-docking, 

the intensity of which changes with time, allowed correlation 

of the the changes in behaviour with the plasma cortisol 

concentration. Such a correlation only validates the use of 
plasma cortisol concentration as an indicator of pain intensity 

for pain originating from the affected tissues in this model. 
Similar plasma cortisol concentrations may be found in the same 
animal under different circumstances which may not be indicative 

of pain (Rushen, 1986; Dantzer and Mormede, 1983). 

Although small changes in behaviour may be a sensitive 
monitor of changes in welfare status (Blackshaw, 1986), each 
behavioural index selected requires validation for the 

particular situation in which it is to be used. Fraser et al 
(1975) when discussing behaviour in animals resulting from the 

stressful nature of a husbandry system stated that " no single 
physiological or behavioural feature will ever be a useful 
indicator of stress in all situations", This is also relevant to 
behaviour and physiological changes resulting from pain. For 

example the lateral recumbency found to be an abnormal posture 
adopted by lambs following castration and tail-docking (Mellor 

and Murray, 1989a) may not indicate pain under all conditions. 
Lambs in warm environments may frequently adopt such a posture 
(Duncan, personal communication), and it would be completely 
misleading if used as an index of pain in other species (such as 
the dog), where lateral recumbency is a normal and commonly 
adopted posture. Thus both behavioural and physiological 
indices should be validated for a particular pain in a specific 
species, and then tested for applicability to other types/origin 
of pain in the same and different species. 



Chapter 1 10 

What was required initially was access to a well defined 

reproducible painful experience in a particular species to 

enable development of physiological and behavioural indices for 

its assessment. Castration and tail-docking using tight rubber 

rings produces a painful experience in lambs. Some studies of 
the physiological and behavioural responses to these procedures 
have been described above (Shutt et al, 1988; Mellor and 
Murray, 1989a). 

Use of castration and tail-docking as models for the 
investigation of somatic, visceral, acute and chronic pain in 

lambs 

Castration and tail-docking are not natural stimuli but are 
performed as routine husbandry procedures and while these 

practices are allowed to continue they provide useful models of 
clinical pain. The investigation of these procedures was 
licenced under the Protection of Animals Act 1986 in order that 
future regulation of these procedures could be based on adequate 
evidence. So two purposes were being served, first methods for 

quantitative assessment of pain were being developed and second, 
they were being applied to the welfare problems posed by the 

practice of these procedures. 

Castration or castration and tail-docking is a stimulus which, 
in contrast to most fleeting experimentally induced pains such 
as the thermal stimulus used in the tail flick test or hot plate 
tests in rats, produce lasting pain that is both visceral and 
somatic in origin. Unlike most stimuli now accepted for 

experimental use in conscious animals castration and 
tail-docking causes tissue damage from which the lamb cannot 
escape and a response which does not dissipate quickly. The 

alternative of investigating pain produced by natural disease or 
injury i. e. clinical cases as suggested by Zimmerman (1984), is 

not as useful since there is no clear control of the stimulus. 
The use of a stimulus which causes substantial tissue trauma 
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partly avoids the criticism that contrived acute pain models may 

not be the best method of assessing behaviour associated with 

natural clinical pain or the efficacy of analgesics (Flecknell, 

1986). 

Approach adopted in an attempt to establish some physiological 

and behavioural measurements as indices for the recognition and 

assessment of pain 

In order to develop methods for quantifying pain experienced 
by lambs, it was decided that one possible approach would be to 

expose lambs to graded pain intensities which could then be 

correlated with changes in behaviour and plasma cortisol 

concentrations, thus providing supporting evidence for these 
indices as measures for pain. Two possible methods of varying 

pain intensity are (a) to select a variety of stimuli which 

represent a range of intensities and durations of noxious 

stimulation, and (b) to select a suitable noxious stimulus and 
increase or decrease the intensity of pain experienced by the 

use of analgesics or hyperalgesics. Both approaches were tried, 
but the the latter approach where a single noxious stimulus is 

selected was preferred, as any changes in the plasma cortisol 

response or behaviour following administration of analgesics or 
hyperalgesics could be attributed directly to the change in pain 
intensity, and not to a change in the nature or origin of the 

pain. 

Pain intensity as judged by the amount and type of tissue 
injured 

Mellor and Murray (1989a), showed that castration and tail- 
docking in lambs produced a greater plasma cortisol response and 

a greater incidence of abnormal behaviour when compared with the 
less severe stimulus of tail-docking only. This approach was 

extended by exposing the lamb to a broader range of procedures. 
A range of intensities was accomplished by the use of castration 
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with tight rubber rings and with the "short scrotum" technique, 

in which pain from the testes was avoided by pushing the testes 

and associated tissues into the inguinal region. The term 

"scrotal castration" is used throughout to indicate when lambs 

have been castrated by the "short scrotum" technique. Each of 

these procedures were further modified using selective local 

anaesthetic to block afferent activity from a proportion of the 

affected tissues. Complete anaesthetic blocks were performed in 

initial experiments to evaluate the practicability of 

alleviating all the acute pain following castration or 

castration and tail-docking and to confirm that neural activity 

originating from the affected tissues was responsible for the 
behavioural and plasma cortisol responses recorded. 

Modification of the pain experienced following a selected 

noxious stimulus 

(a) Using hyperalgesics 

The noxious stimulus selected initially was castration and 
tail-docking. The hypothesis to be tested was that pain 

produced by these procedures could be modified by hypo or 
hyperalgesic drugs. Naloxone, an opioid antagonist, was 

selected as a potential hyperalgesic. It has long been 

recognised that there are central nervous system mechanisms that 

can alter the transmission of activity evoked by noxious 
stimulation (Mayer and Price, 1976). Akil et al (1975), found 

that the analgesia produced by by focal electrical stimulation 
of the brain could be partially reversed by naloxone. This 

opioid based system can also be initiated by stress 
(Bodnar et al, 1979; Amit and Galina, 1986) and pain (Basbaum 

and Fields, 1984; Terman et al 1984). There is evidence that 
in sheep, stress such as electroimmobilisation (Jephcott et a1, 
1986) and pain such as from muelsing (Shutt et al, 1987), 

result in activation of endogenous opioid systems. It was 
proposed therefore, that lambs might utilise an endogenous 
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opioid antinociceptive system following castration and 

tail-docking and that this could be antagonised by naloxone. 

(b) Using analgesics 

The stimulus selected was castration only. The proposal 

tested was that the pain intensity following castration could be 

reduced in a dose dependent manner by epidural or intrathecal 

injection of established analgesics. Spinal administration of 

analgesics is now accepted as an effective method of producing 

regional analgesia, even in cases where systemic drug 

administration has failed (Cousins and Mather, 1984). When 

morphine is administered by the intrathecal route to rats, 15µg 

produces profound analgesia as defined by the hot plate and tail 
flick tests and higher doses do not increase analgesia. Up to 10 

times this dose administered intravenously has no detectable 

analgesic effect (Yaksh and Rudy, 1976). The regional extent 

of intrathecal analgesia in the sheep was demonstrated by 

Waterman et al (1988), who showed that 50µg of xylazine 
injected intrathecally at C5 produced analgesia restricted to 

the forelimbs and shoulders. The importance of these findings 

to the present study was that it indicated analgesia of the hind 

end of the lamb might be obtained following intrathecal 

injection of analgesics into the Thoraco-Lumbar subarachnoid 

space and that central effects which might modify behavioural 

indices could be avoided. 

In the experiments designed to demonstrate the effectiveness 
of established analgesics (chapter 4 and 5) no analgesia was 
detected. In order to investigate this result and to determine 

if these drugs were gaining access to the spinal cord they were 

administered intrathecally in a range of doses to the same 
locations and their effects on the sural- semitendinosus reflex 
in anaesthetised spinalised lambs were studied. These pilot 
studies indicated that morphine did not reduce reflex responses, 
but conversely was responsible for hyperreflexia at doses 
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similar to those used in attempts to alleviate the pain of 

castration and tail-docking. Xylazine markedly reduced reflex 

responses but no evidence for alleviation of the pain of 

castration and tail-docking was obtained when similar doses were 

administered intrathecally. 

Physiological and behavioural measurements for the recognition 

and assessment of pain 

Pain causes a range of physiological effects, some of which 

are due to hormonal responses. For example, injury results in 

sodium and water retention due to secretion of antidiuretic 
hormone and aldosterone, and hyperglycaemia due to increased 

cortisol and adrenalin secretion (Kehlet, 1978). Increased 

sympathetic activity as well increasing circulating adrenaline 
levels increases heart rate and peripheral resistance causing 
hypertension and increased cardiac work (Atkinson et al, 1989). 

The least intrusive but still quantitative measurement available 
was analysis of hormonal changes such as catecolamines or 

cortisol. Catecholamines were not chosen as analysis by HPLC 

was not readily available and is both time consuming and 

expensive. Furthermore preliminary studies by Ley et al (1989), 

suggest that plasma concentrations of adrenalin and noradrenalin 

are poor indicators of pain in lambs naive to the sensation of 

severe pain. The pattern of cortisol release, however, 

following administration of ACTH or imposition of various 
stressor agents has been well characterised in the sheep 
(Purchas, 1973; Fulkerson and Jamieson, 1982), and used 
subsequently by a number of groups, including Mellor and Murray 
(1989a), whose model was used as a starting point for these 

studies. 

Zimmerman (1986) described some acute responses to pain in 

animals, which are also present in lambs during castration and 
tail-docking. Medium and long term pain is yet to be described 

and these studies are designed to find indices with which to 
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determine if medium or long term pain is caused by castration 

and tail-docking, and the intensity of this pain. The types of 
behaviour anticipated following medium to long term pain 
(Chapman et al, 1985) include; 

(a) Guarding behaviour and avoidance of pain aggravation, where 

a posture is adopted which minimises the pain sensation 

while protecting the injured tissue from further damage. 

(b) Seeking pain relieving factors or environments, which might 
include self administration of analgesics in trained animals 

and selection of a comfortable surface on which to lie to 

minimise stimulation of the injured tissue. 

(c) Self care of painful region such as cleaning by licking, or 

possibly self mutilation if prolonged severe pain is 

present. 

(d) Changes in the incidence of normal behaviours such as 

sleep, exploration, feeding and social interaction. 

As the pain becomes overwhelming it demands immediate 

attention and disrupts ongoing behaviour in some of the ways 
described above, directing the organism into activity aimed at 

stopping the pain as quickly as possible (Melzack, 1983). In 

order to describe some of these changes in a group of animals an 
instantaneous sampling technique may be adopted where the 

observer records the individual's current activity at 

preselected moments in time (scan sampling). This method 

measures states (eg posture), not events and thus appropriate 
categories of instantaneous behaviour require selection 
(Altmann, 1973). The initial behaviours chosen, were as 
described by Mellor and Murray (1989a, b), the intention being to 
develop new categories once experience had been gained observing 
the responses of lambs to castration and tail-docking. 
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MATERIALS AND METHODS 

Animals/Husbandry 

Breeds 

16 

Three breeds of lamb were used: Finnish Landrace x Dorsets, 

Grey face x Suffolk and Scottish Blackface. The use of Dorset 

ewes allowed lambing to be brought forward to late November, 

continuing through to June with the other breeds. 

Management 

All lambs were supplied by the Dept. Clinical Studies, 

Moredun Research Institute. Ewes and lambs were transported to 

the Institute two days after lambing and penned individually on 

solid concrete floors covered with a deep layer of straw. Ewes 

were fed 0.5kg ESCA nuts (9-10 MJ/kg dry matter, 16% protein) 
twice daily with ryegrass hay ad libitum. In most circumstances 

animals were penned for no more than 5 days before return to 

their flocks and farm of origin. All animals were inspected at 

regular intervals by the named veterinary officer (Hay, L. A. ) to 

comply with the Animal (Scientific procedures) Act, 1986. 
NB Lambs had unlimited access to the dam (unrestrained). 

General anaesthesia prior to epidural or intrathecal injection 

of opioid and alpha 2 agonists 

All lambs were anaesthetised with a mixture of halothane 

(4%), nitrous oxide (1 litre/min), and oxygen (1 litre/min), 

gradually reducing the halothane to a maintenance level of 
1.0-1.5%. Anaesthesia was maintained prior to and during the 

epidural, intrathecal or sham intrathecal procedures, except 
for the control group in experiment 1 (Chapter 3). This routine 

was adopted to minimise pain and distress, and the risk of 

spinal trauma, that could have resulted from attempting these 

procedures in conscious, restrained animals. 
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General anaesthesia was normally maintained for less than 10 

minutes. Recovery from the effects of the general anaesthesia 

was rapid: induction, drug administration and return to 

consciousness were usually complete in 4-5 minutes. The lambs 

were able to walk by the time they were placed back in the pen 

with their respective dams after a further 2-3 minutes and, 

thereafter, their behaviour was not notably different to lambs 

which had not been anaesthetised. After recovery from the 

anaesthetic, 40 minutes were allowed before the start of an 

experiment to enable the drug under investigation to gain access 

to the spinal cord. 

Selection of epidural dose of morphine, xylazine and etorphine 

The dose of either xylazine, morphine or etorphine was 

selected on the basis that it was approximately 75% of a dose 

which would produce unacceptable side effects. Slight 

unsteadiness was considered to be an acceptable side effect, if 

intermittent. Slight unsteadiness which was a continual feature 

(S2) following drug administration was also considered to be an 

acceptable side effect if of short duration ie < 15 minutes. 
Pilot studies were carried out, the results of which are shown 

overleaf. Those doses selected are marked with an *. Note that 

the dose of xylazine selected for epidural administration was 

also used for intrathecal administration. 
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Pilot study of the effects of epidural xylazine and morphine 

Table 2.1. Xylazine 

Lamb Dose Route Behavioural effects 
24.03.88 2x 20µg E/D T10-Tll Swaying and unsteady (S2) 

L6-L7 0-15 minutes 

24.03.88 2x 20µg E/D T10-Tll CSF seen, not included 
(3.5kg) L6-L7 

24.03.88 *2 x 25µg E/D T10-Tll Slightly unsteady (S1-S2) 
L6-L7 

24.03.88 2x 50µg E/D T10-Tll Swaying (S3), almost 
L6-L7 unable to walk. Lying 

peacefully (V2) by 17 
minutes 

Table 2.2. Morphine 

Lamb Dose Route 

No tag 10mg I/V 
(3.8kg) (0 minutes) 

10mg I/V 
(+35 minutes) 

10mg I/V 
(+65 minutes) 

10mg I/V 
(+130 minutes) 

346 (5.0kg) 2x 16mg E/D T10-T11 
L6-L7 

104 (4.8kg) 2x 17mg E/D T10-T11 
L6-L7 

Behavioural effects 
Some circling to the 
right and left 
Compulsive circling, 
head shaking and 
swaying (S2) 
Compulsive activity, 
turning towards flank 
and chewing itself 
Walking continually, 
some circling 

Weak hind legs (S2), 
shivering and vocalising 

Weak hind legs (S2), 
rubbing, licking flank, 
circling and shaking 

299 (5.9kg) 2x 12.5mg E/D T10-T1l Shivering, trembling and 
L6-L7 crouching (S2). Unsteady, 

increased licking and 
chewing 

109 (6.5kg) *2 x 8mg 

105 *2 x 8mg 

E/D T10-Tll Only occasional ataxia 
L6-L7 (S1-2). Some chewing 

E/D T10-Tll Only occasional ataxia 
L6-L7 (S1-S2). Some chewing and 

persistent bleating 
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Selection of intrathecal dose of etorphine and xylazine 

Pilot studies of the effects of intrathecal etorphine 

Table 2.3. Etorphine 

lamb Dose Route 

260 (3.6kg) 50 nmol I/T T10-Tll 

266 (1.9kg) 20 nmol I/T T10-T11 

19 

Behaviour 

Lateral recumbency (L2), 
and abnormal standing 

Lateral recumbency (L2), 
Moving head from side to 
side 

262 (2.9kg) 20 nmol I/T L6-L7 

261 (4.5kg) 10 nmol I/T L7-S1 

263 (2.9kg) 10 runol I/T L7-S1 

254 (3.8kg) 10 nmol I/T L7-S1 

264 (3.4) 10 nmol I/T L7-S1 

250 (1.8kg) 10 nmol I/T L7-Si 

271 (3.0kg) 7.5 nmol I/T L7-S1 

13.02.90 5 nnaol I/T L7-S1 
(3.5kg) 

276 (4.6Kg) 5 runol I/T L7-S1 

282 (4.4kg) *2x5 nmol I/T T10-T11 
L7-Si 

274 (4.6kg) *2x5 tunol I/T T10-T11 
L7-S1 

Compulsive wandering, 
weak hind legs (S2) 

Abnormal standing (S2) 

Abnormal standing (S2) 

Some abnormal ventral 
recumbency (V3) and 
abnormal standing (S3) 

Some lateral recumbency 
(L1-L2) and abnormal 
standing (S2) 

Weak hind legs (S1-S2) 

Normal ventral recumbency 

Weak hind legs (S1-S2) 

Abnormal standing (S2), 
shaking and nibbling 

Weak hind legs (S1-S2) 

Weak hind legs (S2) 

273 (4.3kg) *2x5 nmol I/T T10-Tll Weak hind legs (S2), 
L7-S1 licking flank 

272 (4.6kg) *2x5 nmol I/T T10-Tll Unsteady (S2) 
L7-S1 
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Pilot studies of the effect of intrathecal xylazine. 

Table 2.4. Xylazine 

Lamb Dose Route Behaviour 

1271 (5.0kg) 203µg I/T T10-T11 Sedated, unsteady (S1-2) 
L7-S1 

1272 (5.4kg) 2xlO g I/T T10-Tll Only occasionally 
L7-S1 unsteady 

1282 (5. lkg) 2x50 g I/T T10-Tll Unsteady, falling over 
L7-S1 (S2-S3) 

1284 (4.7kg) 2x5Oµg I/T TiO-Tll Falling over (S3), 
L7-Si immobile (L1) 

1395 100µg I/V Sedation, some abnormal 
standing (S2) 

Blood Sampling 

A rectangular area of wool was clipped the day before an 

experiment from the ventral part of the neck exposing both 

jugular veins. Blood samples (2m1) were obtained from alternate 

veins to minimise vascular damage, using 21 gauge 1" needles and 

a Steriseal 2ml syringe. Samples were taken prior to 

anaesthesia (where this was part of the experimental procedure), 

immediately before the start of the experiment and then at 15, 

30,60,90,120,150,180 and 240 minutes after the start of 

the experiment. On some occasions sampling was terminated after 

three hours. It was found that experienced operators could 

obtain jugular blood samples in less than 15 seconds with little 

apparent disturbance to the animal. Samples were then 

transferred to glass tubes containing lithium heparin and mixed 
briefly on a Matburn blood cell suspension mixer. Blood samples 

were centrifuged at 3000RPM (1800 xg) for ten minutes and cooled 

to < 4°C within 10 minutes of being taken. Aliquots of plasma 

were removed, avoiding any lipid layer, using a Pasteur pipette 

and stored at -20°C. Cortisol measurement by radioimmunoassay 
(RIA) was completed within 4 months of sampling. 
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Plasma cortisol estimation using the I. D. S and Amersham 

R. I. A. kits. 

Samples from the local anaesthetic/naloxone and epidural 

xylazine/morphine series of experiments were analysed by 

radioimmunoassay (Read et al, 1977) using a IDS-Camma-BCT 

cortisol kit (IDS, Tyne and Wear). This kit enables direct 

measurement of total cortisol concentrations in unextracted 

serum, plasma or urine using an antibody to cortisol covalently 
bound to the inner surface of a polypropylene tube. After the 

addition of sample and 125-1 cortisol, the tubes were incubated 

at 37pC for 45 minutes. The cortisol in the sample was free to 

compete with 125-I labeled cortisol derivative for binding sites 
on the antibody coated tubes. The amount of 125-I labeled 

cortisol derivative which is bound by the antibody is inversely 

proportional to the concentration of unlabeled cortisol in the 

sample. After decanting the solution from the tubes, tubes 

were counted in a Packard auto-gamma 5650. 

In a second series of experiments, plasma samples were again 
assayed by radioimmunoassay (Read et al, 1977) using an Amerlex 
RIA kit (Amersham International plc, Amersham UK). This kit is 
for the direct measurement of total cortisol in human serum, 
plasma or urine covering the same approximate range as the 

previous kit (0-1700 nmol/1). The assay employs a specific 
antibody having a very low cross reactivity with other naturally 
occurring steroids and which has been immobilised on the surface 
of polymer particles of uniform diameter. Particles were mixed 
thoroughly to ensure a homogeneous antibody suspension, but 
behaved as a solid phase separation system on centrifugation, 
yielding a highly stable precipitate containing the 'bound' 
fraction of the tracer. Cortisol in the sample was free to 

compete with the 125-I labeled cortisol as above, following 

release from transcortin by a chemical blocking agent. The 

antibody bound 125-I labeled cortisol derivative was separated 
by centrifugation for 30 minutes at 1800xg, with the polymer 
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particles to which it was attached forming a readily observable 

precipitate in the assay tube. After removal of the 

supernatant, the radioactivity present in the pellet was 

measured on a gamma counter. Cortisol concentrations obtained 
by both methods were determined by reference to a standard curve 
derived using known concentrations of cortisol in lamb plasma. 

Accuracy of the IDS kit was determined from analysis of lamb 

plasma samples to which known amounts of cortisol have been 

added. A cortisol stock solution was made by dissolving 38.06 

mg cortisol (molecular weight 362.5) in 5mls of ethanol and 
making up to 100 ml with distilled water. 1001il of this 

solution was then diluted 1: 1000,1: 500 and 1: 250. A 25µl 

sample from each dilution was added to one of three 500µl plasma 
samples (containing negligible cortisol) to produce final 

cortisol concentrations of 50,100 and 200 nmol/l, 
respectively. The recovery rate of added cortisol assayed in 

triplicate was 94,97 and 100% respectively. 

The precision of both assays was checked by including 
duplicate low and high concentration plasma cortisol samples at 
the beginning and end of every assay (the two pools of low and 
high concentration plasma cortisol being obtained from 5 day old 
lambs before or 30 minutes after castration and tail-docking 

respectively). The intra- and inter- assay coefficients of 
variation were 4.5 and 9.0%, respectively, for the IDS kit and 
11.7 and 8.8%, respectively, for the Amersham kit. 

In the present work the magnitude of the cortisol rise with 
time after treatment was more important than an accurate 
assessment of low basal levels. Nevertheless, in the second 
series of assays (using the Amersham kit), certain modifications 
were made to the manufacturer's instructions, to improve the 
kit sensitivity at low plasma cortisol concentrations. The 
lowest concentration of standard in each kit was diluted 1: 2 

with buffer control standard (BO; contains no hormone). The 
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highest standard was discarded. The volume of lamb plasma 

assayed was doubled as this was found to have no effect on the 

performance of the kit, while increasing the sensitivity of the 

assay. Sensitivity (or limit of detection), was obtained for 

each assay by determining the intercept of the standard curves 

with the lower 95% confidence limit of percentage of binding by 

the BO standards (Cekan, 1975) ie two standard deviations from 

zero. The minimal detectable concentration (MDC) for the IDS 

kit was 7.8 ± 1.1 nmol/1 and the MDC of the Amersham kit using 

the modifications described above was 3.0 ± 0.9 nmol/l. 

Statistical analysis of the plasma cortisol data 

Plasma cortisol estimations for each of the 6 lambs in any of 
the treatment groups consisted of 9 or 10 consecutive 

measurements. Statistical analysis should take into account the 

non-independence of consecutive measurements and methods are 

available for certain classes of data (Rowell and Walters, 
1976). There were, however, problems in applying such an 

analysis to the data from these experiments. Each of the 

treatments showed a peak followed by a slow return to the base 

level. Variability in the timing of this peak presented 

problems for comparing treatments, thus it was decided to 

compare the changes in plasma cortisol within the peaks 
independent of time. 

Analysis 1 (all time periods studied) 

An initial analysis of variance was carried out using a2 by 

2 or 2 by 3 treatment structures (factorial analysis) for 4 and 
6 group experiments respectively, using the Censtat statistical 
program developed at Rothamstead. The reason for carrying out 
this type of analysis was to give an indication of the variation 
in cortisol levels with time in order to allow a decision on 

which time periods to use in the analysis. In each experiment 
the duration of the cortisol peak was determined from a plot of 
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the mean cortisol values for the various treatments against 

time. 

Analysis 1 (Restricted time periods) 

This analysis only uses data from the consecutive time 

periods included in the peak, and therefore the effect of 

non-independence of measurements is not a problem. Regardless of 
the treatment considered, the plasma cortisol concentration 

rises from 0 to 30 minutes. The most interesting part of the 

output is either a2 by 2 or 2 by 3 table. The plasma cortisol 

results for all experiments were presented in the following 

manner: 

Plasma cortisol concentrations 
Experiment n. Table of mean plasma cortisol concentrations 
(nmol/1) for the x groups 

DRUG No Drug Drug A 

PROCEDURE 

Treatment 1ab 

Treatment 2cd 

These cortisol means (a, b, c and d) could be compared with a 

two way T-test using the standard error of differences (SED) and 

the appropriate number of degrees of freedom. It was found that 

similar results were obtained when the plasma cortisol 
concentrations found in the 15 and 30 minutes samples were 
compared with those obtained at 15,30 and 60 minutes thus 
increasing the confidence in this approach. 

Analysis 2 (Taking account of variation within individual lambs) 

Analysis 1 concentrated on the cortisol measurements around 
the peak, disregarding the other information. The plasma 
cortisol concentrations outwith the peak can, however, be used 
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to assess the base level of cortisol for each lamb and this can 

be used as a covariate. An analysis of variance (adjusted for 

this covariate) was then carried out. The covariate was 

calculated using cortisol levels from time periods 0,120,150, 

180 and 240 and a mean base level cortisol was calculated for 

each lamb. This covariate was then used in the analysis of 

values at 15,30 and 60 minutes. The output again is a2 by 2 

or 2 by 3 table, as shown above. 

Analysis 2 makes the most of the available information, and 

was preferred. This method was used for analysis of plasma 

cortisol throughout these experiments. 

Behavioural monitoring. Statistical analysis of the behavioural 

data 

The behavioural monitoring technique adopted, was that of 

scan sampling (Altmann, 1973), which required that information 

was recorded as to the posture of the lamb at prescribed times, 

and did not necessitate interference with the lamb except at 

times when venous blood samples were collected. Initial 

behavioural recording (method 1) was based on the four behaviour 

patterns/postures used by Mellor and Murray (1989a). In the 

initial experiments behaviour was recorded using method 1. The 

measurement scale used in this method is the "nominal scale", 

which does not involve any quantification, but is concerned 

with description and identification of behaviour patterns. The 

behaviours chosen were distinct, easily recognised and were 

such that there was no doubt as to the posture or activity of 

the lamb at any recording time. The four behaviour 

patterns/postures measured by method 1 are outlined below; 

Method 1 

Lateral recumbency. An abnormal posture in young lambs under 
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the conditions of these experiments, refers to the lambs lying 

on their sides with at least three limbs extended. 

Standing or Walking. Refers to lambs engaged in these activities 

unless teat seeking. No attempt was made to distinguish normal 
from abnormal standing/walking. 

Ventral recumbency. Refers to lambs lying with their forelimbs 
flexed under their chests. No attempt was made to distinguish 
between lambs that were awake or asleep, or lying in an abnormal 
form of ventral recumbency. 

Teat seeking. Refers to lambs making active attempts to find and 
suck at the udder. No attempt was made to distinguish between 

attempts to suckle or suckling itself. 

Observations were made at 1 minute intervals from the start 
of each treatment to 15 minutes (14 observations), at 2 minute 
intervals from 15 to 30 minutes (7 observations), at 5 minute 
intervals from 30 to 60 minutes (6 observations), at 10 minute 
intervals from 60 to 120 minutes (6 observations), and at 15 

minute intervals from 120 to 240 minutes (8 observations). This 

produced a total of 41 observations of behaviour for each lamb 
during the four hour period. The results were normalised as 

percentages (%) and presented in bar chart form for each time 

period as shown in fig (2.1). 

In subsequent experiments, (ie those investigating the 
effects of intrathecal etorphine, intrathecal xylazine and 
different local anaesthetic nerve blocks on the changes in 
behaviour and plasma concentration of cortisol produced by 

castration only, or other castration techniques in young lambs), 

a modified behavioural recording technique was used (method 2). 
The category of teat seeking and sucking was eliminated as it 

occurred infrequently with a low incidence when compared with the 
other behaviours, making statistical analysis difficult. One 
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FIGURE 2.1 

Presentation of behavioural data 

Behavioural data was presented in bar chart format using either 
method 1 or method 2. Note that the restlessness column which is 

only present in method 2 has a separate axis (0-200). 
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aim of this study was to develop reliable behavioural indices 

which could be used by inexperienced persons to assess pain in 

lambs within a practical period of time (5-10 minutes). The use 

of an intermittent behaviour requiring prolonged periods of 

observation to characterise fully, such as teat-seeking or 

sucking, was therefore considered to be unsuitable. The three 

remaining categories, however, were subdivided on an "ordinal" 

scale. This scale concerns the ranking of behaviour patterns 
into some sort of inter-relationship, for example, lateral lying 

has been divided into three categories. It is not known, 

however, what quantitative differences in the intensity of pain 

each category represents. The three categories of behaviour 

and their associated ranks are shown below. Lambs in borderline 

postures were observed for an extended period to allow 

subjective assessment of which category was most appropriate. 

Method 2 

Lateral recumbency 

Lateral 1. Refers to lambs lying in an upright position and 
heads up, with one forelimb extended and one or both hind limbs 

extended. 

Lateral 2. Refers to lambs in lateral recumbency with their 
heads raised or on the ground with all four limbs extended. 

Lateral 3. Refers to lambs in lateral recumbency with their 
heads extended along the ground and all four limbs extended this 

posture being interrupted by rolling and kicking. 

Standing/Walking 

Standing 1. Refers to lambs standing or walking in a normal 
manner. 
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Standing 2. Lambs at first may appear to be normal but on 

prolonged observation, however, one or more kinds of abnormality 

can be detected e. g. lambs may weave and walk with a stiff 

unsteady gait. They may stand with the hind legs slightly 

splayed or positioned further back than normal. 

Standing 3. Refers to lambs with an obviously abnormal gait. 
One or more kinds of abnormality occur e. g. the lamb kicks and 

stamps, and may fall over, occasionally the lamb may "walk" on 
the knees or walk backwards. 

Ventral recumbency 

Ventral 1. Refers to lambs in ventral recumbency, with an 

upright posture. All four limbs are tucked under the body, the 
head is curled around into the flank and the eyes are closed. 

Ventral 2. Refers to lambs lying as for ventral 1, except the 
head is up and the eyes are open. Occasionaly the lamb lies with 
the head tucked into the flank but with the eyes open, these 
lambs are still recorded as ventral 2. 

Ventral 3. Refers to lambs lying in ventral recumbency with 
both forelimbs tucked under body. One or both hind limbs are 

extended. On the rare occasions that the lambs adopted this 

posture, but had their head down and eyes closed, they were 

recorded as ventral 1. 

In method 2 observations were made at 1 minute intervals from 

the start of each treatment to 15 minutes (14 observations), at 
2 minute intervals from 15 to 30 minutes (7 observations), and 
then at 5 minute intervals from 30 to 180 minutes (30 

observations). This produced a total of 51 observations for the 
3 hour period. The results were normalised in percentages (8) 

and presented in bar chart format. The method of presentation 
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with the 3 graduations of each behaviour is illustrated in fig 

(2.1). 

Restlessness. This was a quantitative measure, requiring 

continuous observation, of how often a lamb got up and lay down 

in the first 15 or 30 minutes after the start of the experiment. 
This was presented as the combined score for all six lambs in 

each experimental group. 

Statistical analysis of the behavioural data 

The behavioural data could not be assumed to come from a 

population with a normal distribution, due to the small number 

of observations. Thus a distribution-free test, or 

non-parametric test was chosen (The Wilcoxon rank test) as an 

appropriate measure under these circumstances. The incidence of 

the 3 or 4 behavioural categories were compared between groups 
for similar time periods. This approach allowed differences to 
be measured between the incidence of a particular behaviour in 

one group when compared with another during the same time 

period. It does not, however, indicate whether differences 

are due to either a change in the mean or the standard deviation 

or both measures of the incidence of a particular behaviour. 
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EFFECTS OF REGIONAL LOCAL ANAESTHESIA OR INTRAVENOUS NALOXONE 

ON INDICES USED FOR ASSESSMENT OF PAIN FROM CASTRATION, SCROTAL 

CASTRATION OR CASTRATION AND TAIL-DOCKING 

Origin and use of the opioid antagonists 

The action and clinical pharmacology of certain opioid 

antagonists have been known in reasonable detail since early 
reviews (Lasagna, 1954). An opioid antagonist was first used in 

1915 by Pohl who demonstrated that he could stimulate 

respiration using the allyl compound N-allylnorcodeine 

synthesised by Von Braun (1916). Clinically, nalorphine was not 

used until 1951 for the antagonism of morphine poisoning 
(Ekenhoff et al, 1951). There has, however, been a 

substantial increase in the number of opioid antagonists 

available most of which are not only used clinically, but also 
for the study of the mode of action of opioids (Duggan et al, 
1985) and for the investigation of receptors by competitive 
binding studies (Heyman et al, 1986). These uses are 

extensively reviewed by Martin (1967) and more specifically use 
of naloxone has been reviewed by Sawynok et al (1979), and a 

comparative study of naloxone and naltrexone by Takemori and 
Portoghese (1984). 

Choice of naloxone as an opioid antagonist 

Naloxone was selected as the antagonist for a number of 
reasons. It has a well documented action both at the spinal and 
central levels (Duggan and North, 1984), and its selectivity 
ensures significant antagonism of the endogenous opioid ligands 
(Sawynok et al, 1979). It does not produce respiratory 
depression at the doses used (Foldes et al, 1964). 
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Evidence for both opioid and non opioid antinociceptive systems 

which may operate in the lamb 

The complexity of the intrinsic inhibitory systems have been 

discussed by Terman et al, (1984). This group have suggested 
that pain/stress is the physiological trigger for an intrinsic 

opioid mediated analgesia system. The close association between 

the stress response and analgesia is illustrated by the 
discovery that hypophysectomy, adrenal demedulation or 
denervation attenuates opiate based stress analgesia 
(Lewis et al, 1981). The opioid proposed to be responsible for 

this analgesia was an enkephalin like peptide (Lewis et al, 
1982). There appears to be another opioid antinociceptive system 
which is blocked by pentobarbital anaesthesia and which requires 
the animal to perceive the stressor as inescapable (Maier et al, 
1982). Activity of this system can be conditioned, and is not 
dependent on the H. P. A-axis (Watkins et al, 1982). Thus there 

are at least two opioid systems. In the rat a non opiate 
mechanism also exists which is not be antagonised by naloxone 
(Terman et a1,1984). It was found that cross tolerance does 

not occur between these two forms of opioid and non opioid 
stress analgesia, confirming the separateness of their 

neurochemical substrates (Terman et a1,1983). Lesions of the 

spinal dorsolateral funiculus were found to disrupt both the 

opioid (Barton et al, 1980), and nonopioid forms of stress 
analgesia (Lewis et al, 1983). If any or all of these 

antinociceptive mechanisms are operative in the lamb before 

and/or after castration and tail docking, the use of the opioid 
antagonist naloxone, although unable to antagonise non"opioid 
forms of stress analgesia, could be expected to provide 
evidence for their operation. 

Selection of a suitable naloxone dose to antagonise endogenous 
opioid activity in the lamb 

No studies of the distribution and metabolism of naloxone 
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have been found for sheep. In mice pharmacokinetic data shows 

that the half life of naloxone when administered intrathecally 

is very short ranging from 9-17 minutes (Heyman et al, 1986). 

Subcutaneous injection of naloxone in the mouse (0.2mg/kg) 

reduced the antinociceptive effect of morphine in the acetic 

acid writhing test for up to 1 hour, with maximum antagonist 

activity at 20 minutes (Smits and Takemori, 1970). This dose of 

naloxone in adult sheep (0.2mg/kg I/V) was found to eliminate 
the analgesia produced by pethidine (5mg/kg I/V) or 
buprenorphine (61ig/kg I/V) in thermal pain tests (Nolan, 1986). 

The intravenous route was chosen for this present study in 

preference to the subcutaneous route to reduce the time from 

injection to peak antagonist activity. The dose of naloxone 

selected (0.2 mg/kg), administered immediately before and one 
hour after the start of the experiment, was expected to exceed 
that required to antagonise endogenous opioid activity in the 
lamb during the two hours following castration and 
tail-docking. In a variety of species intravenous injection of 

naloxone at doses as low as 0.05 mg/kg have been demonstrated to 
increase the firing of multireceptive dorsal horn neurones to 

noxious input, indicating a reversal of the inhibition of these 

spinal neurones produced by endogenous opioids (for review see 
Duggan and North, 1984). Larger doses of naloxone although 
improving the likelihood that an effective antagonist 

concentration is maintained, could give agonist effects. 
Undesirable agonist and antagonist actions of naloxone are 
discussed below. 

Agonistic actions of naloxone 

Work by Woolf (1980), has demonstrated a dose dependent 
bi-phasic change in nociceptive threshold in the rat following 
intrathecal injection of naloxone. The initial antinociception 
obtained with low doses of naloxone was associated with the 
delta receptor as it could be blocked by pretreatment 24 hours 

earlier with a large intrathecal dose of naloxone or 20 minutes 
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previously with the delta specific antagonist ICI-174,864 

(Taiwo et al, 1989). The antagonistic effect at higher doses 

was due to an effect at mu receptors. In studies by Duggan et al 

(1985) and Clarke et al (1989), very small doses of naloxone (5 

µg) administered intravenously increase the magnitude of a 

spinal nociceptive flexor reflex indicating that even at doses 

as low as these it can still act as an opioid antagonist. 

Effects of naloxone on behaviour 

In man, naloxone treatment can produce feelings of euphoria 

or unpleasant illusions and hallucinations. Although human 

subjects may feel drunk, there are no signs of gross ataxia or 
dysarthia even with large doses (Martin, 1984). There is 

evidence that naloxone inhibits deprivation induced food intake 

(Arjune and Bodnar, 1990). In rats administered naloxone that 

were not deprived of food there was a reduction in weight gain 
(Brands et al, 1979). In lambs this should be seen as a 

reduction in frequency or duration of suckling and/or teat 

seeking. Narcotic antagonists can produce convulsions but this 

is normally only at high dose rates (Martin, 1967). No signs 

of convulsions were expected in lambs given up to lmg/kg 

intravenously, as much higher doses have been used 

experimentally (Duggan and North, 1984), without producing 

adverse effects. 

Effects of naloxone on plasma glucocorticoid 

concentrations 

It is now well known that plasma glucocorticoids rise in 

response to the opiate antagonist naloxone. Intraperitoneal 

injection of naloxone (50 mg/kg) to mice elevated plasma 

corticosteroid concentrations above control levels for 30 

minutes, but inhibited the stress induced elevation of plasma 
corticosterone (Gibson et al, 1979). Intraperitoneal injection 

of naloxone (lmg/kg) in the rat produced a small, though 
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significant increase in plasma corticosterone concentration 30 

minutes after injection (Jezoua, 1985). Intravenous injection 

of naloxone (10mg/kg) to the rat also increased plasma 

corticosterone concentrations, however, as the dose was reduced 

so was this effect, until no significant change in plasma 

corticosterone concentration was seen at 2.0 mg/kg naloxone 
(Eisenberg, 1980). The dose of naloxone used in this study (0.2 

mg/kg I/V) was not expected therefore, to have a significant 
effect on plasma cortisol concentrations in the lamb. 

Effects of naloxone on thermoregulation 

Changes in body temperature could produce behaviours adopted 
for thermoregulation and complicate interpretation of changes in 
behaviour as an index of pain. Subcutaneous injection of 
naloxone (10mg/kg) in the rat produced only a small (< 0.5°C) 

reduction in body temperature (Goldstein and Lowery, 1975), 

which was confirmed by Cox et al (1976), with a lower dose 
(0.5mg/kg). Similarly intravenous injection of naloxone (8mg 

I/V) did not effect the body temperature of the chronic spinal 
dog (Martin et al, 1976). 

All the unwanted agonist and antagonist effects mentioned in 

this introduction can be minimised by using a dose of naloxone 
of less than 0.2 mg/kg. The naloxone does however, act on many 
different central and peripheral sub-populations of opioid 
receptors many of which may not be involved in antinociception 
etc. In addition, this dose of naloxone is only effective in 

antagonising some classes of opiate receptors, mu in particular. 



Chapter 3 

SELECTION OF A LOCAL ANAESTHETIC 

Properties of local anaesthetics 

37 

Local anaesthetics provide the single most effective approach 

to eliminating pain. Infiltration of local anaesthetic into 

appropriate tissues was used in attempts to modify the severity 

of pain experienced following application of tight rubber rings 
to the scrotum, scrotum and testes or tail. Such local 

anaesthetic techniques are used routinely for surgical 

castration of lambs 3 months after birth <Protection of Animals 

Act (Anaesthetics), 1964>. The various types of local 

anaesthetic have different properties and initial testing was 
undertaken in a similar manner to that described by Burn (1946), 

to obtain an agent with an appropriate duration of action. 
Selection of tissues to be infiltrated, and type of local 

anaesthetic to be used, allowed manipulation of the nociceptive 
input and the time course of the effects. 

Recent studies (Wall, 1988; Codere and Melzack, 1987) have 

emphasised the importance of infiltrating local anaesthetic 

prior to any painful procedure, as evidence suggests that 
blocking noxious input from injured tissue entering the CNS, 

stops production and maintenance of secondary hyperalgesia 

(Hardy et al, 1952). If local anaesthetic is administered after 
the noxious stimulus although it eliminates all input and 
produces analgesia (Hardy et al, 1950), secondary hyperalgesia 

may appear when the effect of the local anaesthetic wears off 
(Beecher, 1957). It was thus anticipated that injection of 
local anaesthetic prior to application of the rubber rings would 
ensure adequate and complete anaesthesia, and prohibit secondary 
hyperalgesia. 

Selection of lignocaine as a suitable local anaesthetic 

Lignocaine was first described by Lofgren in 1943, and was 



Chapter 3 38 

selected mainly because of its duration of action, being longer 

lasting than procaine and shorter than bupivicaine. It 

penetrates nerves effectively, a property conferred by its 

lipophylicity, ensuring a rapid onset of action and it is non 

toxic and stable in tissues (Green, 1979). Once lignocaine 

enters the circulation it is rapidly metabolised by the liver 

though some lignocaine (10-20%) is excreted unchanged through 

the kidneys (Westhues and Fritsch, 1964). It was anticipated 
from pilot studies and work by Soma (1971), that lignocaine 

without added adrenalin would have a duration of action in the 

testes, scrotum and tail of about 40-60 minutes. This would 

permit nociceptive activity which continued for longer than this 

to gain access to the CNS, an alternative means by which the 

effects of gradually increasing pain intensity on the 

behavioural and physiological responses of the lamb could be 

investigated. 

Secondary effects may be seen with epidural administration of 
local anaesthetic, such as systemic hypotension (Hall and 
Clarke, 1988), due to sympathetic blockade. Some respiratory 
depression may be seen due to central effects, but no evidence 

was obtained for this in the lambs of this age used here. It 

was concluded that if accidental intravenous administration of 
these doses was avoided, cardiovascular and respiratory side 

effects were unlikely. Local irritation at the injection site is 

rare (Green, 1979), however, systemic effects may occur. 
After subcutaneous or intramuscular injection peak blood levels 

occur at 30 minutes, when CNS depression, drowsiness, 

twitching, respiratory depression, convulsions and hypotension 

are most likely if sufficient lignocaine is absorbed (Hall and 
Clarke, 1988). 



Chapter 3 

MATERIALS AND METHODS 
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Studies of the effects of varying the intensity of noxious 

stimulus experienced by the lamb were based on the results 

obtained from two separate experiments. The first in March 1988 

and the second in March 1989. In total 72 lambs (all male) were 

used, weighing between 2.1-9.7 kg, and ranging from 5-7 days 

old. In the first group of 36 lambs the effect of blocking 

transmission of nervous activity in tail, testes and scrotum 

with local anaesthetic on behaviour patterns and cortisol 

responses produced by castration and tail-docking were 

examined. The effect of intravenous naloxone (opioid 

antagonist) was similarly examined. Behavioural and plasma 

cortisol data were recorded as described by Mellor and Murray 

(1989a), though the presentation and analysis of results was 

modified, see method 1, (general methods). 

In the second group of 36 lambs, attempts were made to 

investigate the spectrum of behavioural responses elicited in 

the lamb by 5 procedures, which were designed to represent a 

range of intensitites and durations of noxious stimulation. 

Changes were made in the behavioural monitoring technique. The 3 

main behavioural postures, lateral recumbency, standing and 

ventral recumbency were graded into 1 of 3 severities. 

Presentation of teat seeking/sucking data was discontinued. A 

restlessness score was introduced, which quantified how often a 

lamb got up or lay down, see method 2, (general methods). The 

drugs used in these studies were, Lignocaine (May and Baker) 2% 

solution; Naloxone hydrochloride (Sigma Chemical Company), in 

0.9% NaCl solution diluted to 3mg/ml. 

Experiment 1 

The null hypothese were that blocking transmission of 

nervous activity in the scrotum, testes and tail with the local 

anaesthetic lignocaine, or intravenous administration of 
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naloxone (0.2mg/kg) prior to castration and tail-docking, would 

not change the behaviour patterns or plasma cortisol 

concentrations in response to castration and tail-docking. 

Animals 

A total of 36 lambs (Dorset x Finnish Landrace) from 5-7 days 

old and weighing 3.2 ± 0.1 kg were used for this experiment. 
No lambs showing clinical signs of ill health were included in 

the investigation. Housing, feeding and bedding, followed 

routine husbandry practices, which were as described in the 

general methods. 

Treatments 

A day before the experiment, wool was shaved from the full 

length of the neck to expose both jugular veins. All lambs were 
bled (2ml samples) by venepuncture immediately before and at 15, 

30,60,90,120,180 and 240 minutes after treatment. This 

procedure usually took less than 15 seconds. 
There were six treatments. 

Group 1. Control handling. Lambs (n-6) were handled as if they 

were being castrated and tail docked but without application of 

rubber rings, the testes were squeezed down into the scrotum and 
the tail was held, in each case for the time normally taken to 

apply the rubber ring (approximately 5 sec). 

Group 2. Castration and tail-docking. Lambs (n-6) were 
castrated and tail-docked by application of tight rubber rings 
with an outside diameter of 14.8mm and inside diameter of 5.0mm 
both with SEM ±0. lmm (Paragon Rubber Co Ltd., Skegness, 
England). Rings were applied in accordance with the 
recommendations in the M. A. F. F. codes of practice for the 
welfare of sheep and as described by Eales and Small (1986). 
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This procedure is commonly used for castration and tail-docking 
in the United Kingdom. 

Group 3. Local anaesthetic only. Lambs (n-6) had anaesthesia 

of the tail induced by epidural administration of 0.3ml of 2% 

lignocaine without adrenalin through the intervertebral space 
between coccygeal vertebrae 1 and 2. Local anaesthesia of the 

scrotum and its contents was produced by infiltrating 0.5 ml of 
2% lignocaine into each spermatic cord, 1.0 ml of 2% lignocaine 

in a ring around the neck of the scrotum and 0.5 ml of 2% 

lignocaine into each testis 15-20 minutes before being treated 

as lambs in group 1. These multiple injections were designed to 
block the various nerves involved. In no case was more than 3.5 

ml of lignocaine administered as higher doses produced 
behavioural changes including ataxia and sedation in lambs of 
this age and size. 

Group 4. Local anaesthesia followed by castration and tail- 
docking. Lambs (n-6) were treated with local anaesthetic as in 

group 3,15-20 minutes before being castrated and tail-docked, 

as in group 2. 

Group 5. Intravenous naloxone only. Lambs (n-6) were slowly 
injected with 0.2 mg/kg naloxone (0.2mg/ml) into a jugular vein 
10-12 minutes prior to the start of the experimental recording 
period (when they were treated as lambs in group 1) and again 
after 1 hour. 

Group 6. Intravenous naloxone followed by castration and tail- 
docking. Lambs (n-6) were treated with naloxone 10-12 minutes 
before and 48-50 minutes after being castrated and tail-docked 
as in group 2. 

Experiment 2 

The null hypothesis was that a range of intensities and 
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durations of noxious stimuli from the same area of the body will 

produce similar changes in the behaviour patterns and plasma 

cortisol responses. 

Animals 

A total of 36 lambs (Scottish Blackface) from 5-7 days old 

and weighing 5.7 ± 0.2 kg were used in this experiment. 

Treatments 

A day before the experiment, wool was clipped from the full 

length of the neck to expose both jugular veins. All animals 

were sampled from a jugular vein immediately before treatment, 

and at 15,30,60,90,120, and 180 minutes after treatment. 
There were six treatments. 

Group 1. Control handling (C). Lambs (n-6) were handled as if 

being castrated but without application of the rubber ring. 

Group 2. Castration only (CN). Lambs (n-6) were castrated, by 

the application of tight rubber rings. 

Group 3 Scrotal castration (SC). Lambs (n-6) had a tight rubber 

ring applied around the neck of the scrotum, after the testes 
have been pushed up into the inguinal canals. 

Group 4. Castration with local anaesthetic in the testes 
(CNLAT). Lambs (n-6) were treated as for group 2, and 0.3 ml of 
2% lignocaine without adrenalin was injected into the parenchyma 
of each testicle immediately after application of the tight 

rubber ring. 

Group 5. Scrotal castration plus local anaesthetic distal to 

rubber ring (SCLADR). Lambs (n-6) were treated as for group 3, 

and 1.0 ml of 2% lignocaine without adrenalin was infiltrated 
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subcutaneously in a ring around the scrotal neck, just distal 

to the tight rubber ring immediately after it had been applied. 

Group 6. Castration with local anaesthetic distal to ring 
(CNLADR). Lambs (n-6) were treated as for group 2, and 1.0 ml 

of 2% lignocaine without adrenalin was infiltrated 

subcutaneously in a ring around the scrotal neck and into the 

spermatic cords just distal to the tight rubber ring immediately 

after it had been applied. 

Ranking of the six treatments (Exp2) 

In order to arrive at a ranking of the six treatments 
described above, the following principles were adopted. 

(1) When the same procedure was carried out with and without 
local anaesthetic, it was accepted that the intensity and 
duration of the nociceptive activity would be less with local 

anaesthetic present. 
(2) When separate procedures were carried out together on the 

same animal it was assumed that the intensity and duration of 
the nociceptive activity would be more than when each was 

carried out separately. 
(3) It was not assumed that there is a direct relationship 

between the amount of tissue involved and the amount of 
nociceptive activity produced (Beecher, 1957). 

(4) It was accepted that damage to different tissues may give 
rise to different amounts and types (e. g. somatic and visceral) 
of nociceptive activity. 

(5) It was assumed that local anaesthetic would not always 
block all the activity from the tissues immediately, and that 
in some situations the action would persist for longer than one 
hour due to the occlusion of the blood supply by the rubber 
ring. 

Using these principles it is clear that the most noxious 
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procedure should be castration without local anaesthetic (CN). 

Then in descending order, castration plus local anaesthetic in 

the testes (CNLAT), this does however make the assumption that 
local anaesthetic will rapidly eliminate activity from the 
testes, this assumption may not be valid if the local 

anaesthetic has to diffuse long distances to reach the afferent 

axons or nociceptors in the testis. If all the activity from 

the testis is eliminated and all other activity remains this 

procedure should produce similar amounts of nociceptive activity 

to that produced by scrotal castration without local 

anaesthetic. If some testicular afferent activity remains in 

addition to nociceptive activity which could arise from the 

epididymis, vas deferens and peritoneum of the vaginal sac this 

procedure should be ranked higher than scrotal castration (SC). 

In both castration plus local anaesthetic distal to the ring 
(CNLADR), and scrotal castration plus local anaesthetic distal 

to the ring (SCLADR) the remaining sources of nociceptive 

activity should be the receptors in the skin and underlying 
tissues damaged by the rubber rings and the intact afferents to 

the CNS i. e. the skin proximal to the ring. Since following 

CNIADR there may be additional activity from the vaginal sac, 

epididymis and spermatic cords, it should be ranked above SCLADR 

but not above SC without local anaesthetic though this again 

assumes that the local anaesthetic penetrates to all tissues 

rapidly. The least noxious procedure is clearly control handling 

(C). 

Plasma cortisol assays and presentation of results (experiment 1 

and 2) 

Cortisol concentrations in experiment 1 were measured using 
an IDS kit (IDS Ltd. Tyne and Wear) with lowest detectable 
concentration 7.8 ± 1.1 nmol/l and intra and inter assay 
coefficients of variation of 4.5 and 9.0% respectively. Cortisol 
concentrations in experiment 2 were measured using an Amerlex 
kit (Amersham, Amersham International plc, Amersham UK) with 
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lowest detectable concentration 3.0 1 0.9 nmol/1 and intra and 

inter assay coefficients of variation of 11.7 and 8.8% 

respectively. Detailed methods are as described in general 

methods. 

Where applicable the plasma cortisol concentrations were 

expressed as the mean ± the standard error of the mean (SEM) 

for the six lambs in each group. The analysis of variance was 

carried out covering time periods 15,30 and 60 minutes, using 

the base cortisol level for each lamb as a covariate. A two by 

three and one by six treatment structure was used for experiment 

1 and 2 respectively. 

Experiment 1. (castration plus tailing (C/T) v control handling 

(C); control (Nil) v Local anaesthetic (LA) v Naloxone (Nx)). 

Experiment 2. (Control (C) v Castration (CN) v Ring scrotum (RS) 

v Castration plus local anaesthetic in testes (CNLAT) v Ring 

scrotum plus local anaesthetic distal to ring (RSLADR) v 

Castration plus local anaesthetic distal to ring (CNLADR)) 

The main output of this analysis was the two by three and one 
by six tables of cortisol means and the appropriate standard 

error of difference (SED) to allow comparison of the means 
(obtained from the residual). 

Behavioural monitoring and presentation of results (experiment 1 

and 2) 

Detailed description of the behavioural monitoring techniques 

and analysis of data using non parametric statistical tests is 

described in the general materials and methods chapter. In 

experiment 1 behavioural monitoring extended over a4 hour 

period and the presence or absence of particular behaviours was 

noted for each lamb at specific times after treatment. The 
different behaviours were: lateral recumbency, ventral 
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recumbency, standing and teat seeking or sucking. Behaviour was 

observed once every minute between one and 14 minutes, every two 

minutes between 17 and 29 minutes, every 5 minutes between 35 

and 60 minutes, every ten minutes between 70 and 120 minutes, 

and every fifteen minutes between 135 and 240 minutes. 
Behavioural data was presented in bar chart form, the incidence 

of each behaviour pattern expressed as a percentage of the total 

number of observations during each period. In experiment 2 this 
time period was reduced to 3 hours. Most lambs return to near 
normal by this time as assessed by initial monitoring techniques 

and this allows more lambs to be investigated. Three severities 
of lateral recumbency, ventral recumbency and standing were were 
recorded as was restlessness, a quantitative measure of how 

often all lambs got up and lay down. Restlessness was reported 
between 1 and 15 minutes. Behaviour was observed once every 
minute between one and 14 minutes, every two minutes between 17 

and 29 minutes, and at five minute intervals thereafter to the 
end of the experiment (180 minutes). Behaviour was presented as 
for experiment 1. A full description is given in the general 
methods. 
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EXPERIMENT 1 Effects of intravenous naloxone and complete local 

anaesthesia on behavioural and physiological 
indices following castration and tail-docking 

Expt 1 Group 1- Behaviour of control lambs 

The results are presented in Fig 3.1 and Tables 1 and 2. The 

behaviour of control lambs was consistent throughout the 

duration of the experiment (0-240 minutes), most lambs remaining 
in ventral recumbency (50-83% of observations). There was little 

evidence of teat seeking during the experiment (0-4% of 

observations) and only one time period (60-120 minutes) when a 
lamb lay in lateral recumbency. 

Plasma cortisol concentrations 

The results are presented in Fig 3.1 and Tables 1 and 2. The 

plasma cortisol concentration of control lambs increased from a 
basal level (22.4 ± 12.6 nmol/1) to a peak of 51.6 ± 13.2 nmol/l 

at 30 minutes, returning to basal levels by 60 minutes. 

Expt 1 Group 2- Behaviour of lambs to which local anaesthetic 
had been administered 

The results are presented in Fig 3.1 and Tables 1 and 2. 

Lambs following local anaesthesia lay in ventral recumbency more 
than control lambs from 0-240 minutes (74-88% of observations). 
This was significant from 120-240 minutes (P<0.05). One lamb 

lay in lateral recumbency from 60-120 minutes (3% of 

observations). 

Plasma cortisol concentrations 

The results are presented in Fig 3.1 and Tables 1 and 2. The 
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plasma cortisol concentration of lambs to which local 

anaesthetic had been administered increased from a basal level 

of 35.3 ± 13.6 to a peak of 61.1 ± 19.8 nmol/1 at 30 minutes, 

returning and falling to below pretreatment basal levels by 120 

minutes (24.3 ± 5.3 nmol/1). Two further peaks were evident at 
150 minutes (57.7 ± 16.8 nmol/1) and 240 minutes (53.2 ± 11.9 

nmol/1). The plasma cortisol response in group 2 was not 

significantly different from control lambs when compared from 

15-60 minutes (P<0.05). 

Expt 1 Group 3- Behaviour of lambs to which local anaesthetic 
had been administered prior to castration and tail-docking 

The results are presented in Fig 3.1 and Tables 1 and 2. 

Administration of local anaesthetic prior to castration 

eliminated the lateral recumbency associated with this procedure 

and restored the incidence of ventral recumbency to near control 
levels from 0-120 minutes, see group 4. Lateral recumbency was 

only recorded twice in this group from 120-180 minutes (8% of 

observations). These lambs lay more than control lambs from 

0-240 minutes (72-88% of observations). This was significant 
from 120-180 minutes (P<0.05). 

Plasma cortisol concentrations 

The results are presented in Fig 3.1 and Tables 1 and 2. The 

plasma cortisol response of lambs to which local anaesthetic had 

been administered prior to castration and tail-docking increased 
from a basal level (29.1 ± 10.6) to a peak of 53.0 ± 8.5 

nmol/l at 30 minutes, returning to basal levels by 60 minutes. 
The plasma cortisol response of group 3 lambs was not 

significantly different from control lambs when compared from 

15-60 minutes (P<0.05). 
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Expt 1 Group 4- Behaviour of lambs castrated and tail-docked 

The results are presented in Fig 3.1 and Tables 1 and 2. 

Lambs castrated and tail-docked lay in lateral recumbency from 

0-120 minutes (22-58% of observations) and 180-240 minutes (4% 

of observations). This was significant when compared with 

control lambs from 0-60 minutes (P<0.05). As a consequence of 

the lateral lying, lambs in this group lay less in ventral 

recumbency from 0-60 minutes than control lambs (P<0.05). From 

30 minutes these lambs showed progressively more ventral 

recumbeny until 180 minutes. From 120 to 240 minutes they also 
lay more in ventral recumbency (71-79% of observations) than 

control lambs. This was significant from 120-180 minutes 
(P<0.05). Group 4 lambs stood less (14-35% of observations) 
than control lambs throughout the duration of the experiment 
(0-240 minutes). This was significant from 120-180 minutes 
(P<0.05). 

Plasma cortisol concentrations 

The results are presented in Fig 3.1 and Tables 1 and 2. The 

plasma cortisol concentration of castrated and tail-docked lambs 

increased rapidly from basal levels (17.3 ± 8.4 nmol/1) to a 

peak of 142.5 ± 15.9 nmol/1 at 30 minutes, returning to basal 

levels by 90 minutes. From 90 to 180 minutes the plasma 

cortisol concentration continued to fall, to a new basal level 

of 8.3 ± 2.4 nmol/l. The increase in plasma cortisol was 

significantly greater than that in control lambs and that in 
lambs to which local anaesthetic had been administered either 
with or without castration and tail-docking, when compared from 

15-60 minutes (P<0.05). 

Expt 1 Group 5- Behaviour of lambs to which naloxone had been 

administered (0.2mg/kg I/V) 

The results are presented in Fig 3.2 and Tables 1 and 2. 
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Lambs to which naloxone had been administered, minutes lay 

predominantly in ventral recumbency from 30-240 minutes (58-83% 

of observations). These lambs lay more in ventral recumbency 

and stood less than control lambs from 120-240 minutes (P<0.05). 

Throughout the experiment (0-240 minutes) occasional teat 

seeking (0-15% of observations) and lateral recumbency (2-11% of 

observations) occurred. 

Plasma cortisol concentrations 

The results are presented in Fig 3.2 and Tables 1 and 2. The 

plasma cortisol concentration of lambs to which naloxone had 

been administered increased from basal levels (7.9 ± 6.7 

nmol/1) to a peak of 65.2 # 15.6 nmol/1 at 30 minutes, 
returning to basal levels by 60 minutes. The plasma cortisol 

concentration increased from 60 minutes to 31.8 ± 16.5 nmol/l 

at 90 minutes, followed by a slow return to basal levels by 240 

minutes. The plasma cortisol response of group 5 lambs was not 
significantly different from control lambs when compared from 

15-60 minutes (P<0.05). 

Expt 1 Group 6- Behaviour of lambs to which naloxone had been 

administered (0.2mg/kg i. v. ) prior to castration & tail-docking 

The results are presented in Fig 3.2 and Tables 1 and 2. 

Lambs to which naloxone had been administered prior to 

castration and tail-docking lay more in lateral recumbency 
(64-86% of observations) than lambs castrated and tail-docked 
without pretreatment with naloxone from 0-60 minutes. This was 
significant from 30-60 minutes (P<0.05). Lambs in group 6 lay 
less in ventral recumbency than control lambs from 0-60 minutes 
(P<0.05), after which the incidence increased. From 120-240 

minutes these lambs lay in ventral recumbency (79-88% of 
observations) more than control lambs. This was significant 
from 120-180 minutes (P<0.05). 
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The results are presented in Fig 3.2 and Tables 1 and 2. The 

plasma cortisol concentration of lambs to which naloxone had 

been administered prior to castration and tail-docking increased 

rapidly from basal levels (7.6 ± 7.8 nmol/1) to a peak of 151.1 

± 11.1 nmol/1 at 30 minutes, returning to basal levels by 150 

minutes. The plasma cortisol response of group 6 lambs although 

greater than, was not significantly different from that in in 

lambs castrated and tail-docked without naloxone pretreatment 

when compared from 15-60 minutes (P<0.05). The plasma cortisol 

response of these lambs was, however, significantly greater 

than that in control lambs, and those to which naloxone had been 

administered when compared over the same time (P<0.05). 

Plasma cortisol concentrations 

Experiment 1. 

the six groups. 

Procedure 
C 

C/T 

Mean plasma cortisol concentrations nmol/1 for 

DRUG NIL LA Nx 

34.8 30.9 43.1 

97.0 34.8 105.5 

Thus for an SED of 14.51, and using a two way T-test, 5% 

significance is obtained with any difference greater than 64.2 

nmol/1 between the mean treatment cortisol concentrations 
tabulated above. Note that the plasma cortisol response of lambs 

to which local anaesthetic had been administered prior to 

castration and tail-docking (C/T-LA) was not significantly 
different (P>0.05) from control lambs (C-Nil). Note also that 

although the plasma cortisol response of lambs to which naloxone 
(0.2mg/kg) had been administered prior to castration and 
tail-docking (C/T-Nx) was greater than that recorded for 

3ý ý_ 

Jý, t1f . EQjý, 
ýr 
Cý 
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castrated and tail-docked lambs (C/T-Nil), this difference was 

not significant (P>0.05). 

EXPERIMENT 2 Effects of partial local anaesthesia on behavioural 

and physiological indices following castration and 

scrotal castration 

Expt 2 Group 1- Behaviour of control lambs 

The results are presented in Fig 3.3 and Tables 3 and 4. 

Control lambs lay predominantly in ventral recumbency throughout 

the duration of the experiment (55-83% of observations), 
furthermore most remained with their eyes open (50-72% of 

observations). Uncharacteristically some lambs lay in abnormal 

ventral recumbency (V3) from 30-60 minutes and from 90-180 

minutes, this represented 8-12% of observations. There was 
little evidence of restlessness from 0-15 minutes (8 posture 

changes). 

Plasma cortisol concentrations 

The results are presented in Fig 3.3 and Tables 3 and 4. The 

plasma cortisol concentration in control lambs remained within 
22 nmol/l of the basal level (45.2 ± 25.8 nmol/1) throughout 

the duration of the experiment (0-180 minutes). 

Expt 2 Group 2- Behaviour of lambs castrated with tight rubber 
rings 

The results are presented in Fig 3.3 and Tables 3 and 4. 

Castrated lambs lay in lateral recumbency (L1-L2) from 0-90 

minutes (8-56% of observations), a behaviour which was not 

observed in control lambs or lambs subjected to scrotal 
castration with or without local anaesthetic. This difference 

was significant from 0-60 minutes (P<0.05). There was an 
associated decrease in ventral recumbency when compared with 
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control lambs from 0-60 minutes (30-45% of observations). This 

approached significance from 0-15 minutes (P<0.1). Lambs in 

group 2 also stood less (10-25% of observations) when compared 

with control lambs in all time periods except 90-120 minutes. 

This was significant from 15-30 minutes and 60-90 minutes 

(P<0.05). Abnormal standing (S2-S3,10-25% of observations) and 

abnormal ventral recumbency (V3,18-46% of observations) was 

present throughout the experiment (0-180 minutes). Castrated 

lambs stood less than lambs subjected to scrotal castration from 

0-60 minutes. This was significant from 15-30 minutes (P<0.05). 

When the main behavioural categories of the castration group are 

compared with the castration and local anaesthetic in testes 

group, there are no significant differences except for the 

increased incidence of ventral recumbency (94% of observations) 
in the latter group from 60-90 minutes, which approaches 

significance at P<0.1. Castrated lambs stood less than lambs 

administered local anaesthetic distal to the ring, from 0-180 

minutes. This was significant from 15-30 and 60-90 minutes 
(P<0.05). There was evidence of substantial restlessness from 

0-15 minutes (208 posture changes) which was significantly 

greater (P<0.05) than recorded in the control, castration and 
local anaesthetic in the testes and scrotal castration and 
local anaesthetic distal to the ring groups. 

Plasma cortisol concentrations 

The results are presented in Fig 3.3 and Tables 3 and 4. The 

plasma cortisol concentration of castrated lambs increased 

rapidly from a basal level of 42.2 ± 10.4 nmol/1 to a peak of 
231.3 ± 31.5 nmol/l at 60 minutes, returning to basal levels 

by 120 minutes. The plasma cortisol response of group 2 was not 

significantly different from that of castrated lambs with local 

anaesthetic injected into either the testes or distal to the 

ring when compared from 15-60 minutes. The plasma cortisol 
response of this group was, however, significantly greater 
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(P<0.05) when compared with the remaining groups over the same 
time. 

Expt 2 Group 3- Behaviour of lambs following scrotal castration 

The results are presented in Fig 3.3 and Tables 3 and 4. 

Following scrotal castration, lambs adopt progressively more 

ventral recumbency, and by 60-90 minutes the incidence (94% of 

observations) is significantly greater than control lambs 

(P<0.05). From 0-180 minutes lambs in group 3 stand in an 

abnormal manner (S2-S3,3-48% of observations), and from 0-30 

minutes almost all standing is abnormal. From 0-180 minutes 
lambs in group 3 also lie in abnormal ventral recumbency (V3, 

3-14% of observations), the incidence decreases throughout the 

course of the experiment. There was evidence of substantial 

restlessness from 0-15 minutes (200 posture changes) which was 

significantly greater (P<0.05) than that recorded in the control 

and scrotal castration and local anaesthetic distal to the ring 

groups. 

Plasma cortisol concentrations 

The results are presented in Fig 3.3 and Tables 3 and 4. The 

plasma cortisol concentrations of lambs subjected to scrotal 

castration rose from a basal level of 15.7 ± 5.6 nmol/l to a 

peak value of 107.2 ± 14.5 at 30 minutes, returning to basal 

levels by 90 minutes. The plasma cortisol response of group 3 

was significantly lower than that produced in lambs castrated 
with or without local anaesthetic administration (P<0.05) when 

compared from 15-60 minutes. The plasma cortisol response of 
this group was, however, greater than that produced in control 
lambs over the same time (approached significance at P<0.05). 
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Expt 2 Group 4- Behaviour of lambs following castration with 
local anaesthetic in the testes 

The results are presented in Fig 3.4 and Tables 3 and 4. 

Lambs castrated with local anaesthetic in the testes lie in 

lateral recumbency from 0-60 minutes (12-45% of observations), a 
behaviour which was not seen in control lambs. When compared 

with control lambs this difference was significant from 15 to 30 

minutes (P<0.05). The incidence of ventral recumbency in group 
4 lambs increased from the 15-30 minute period remaining the 

predominant behaviour until 180 minutes (59-94% of 

observations). When compared with control lambs there was more 

ventral recumbency from 60-180 minutes. This was significant 
from 60-90 minutes (P<0.05). Group 4 lambs lay in abnormal 

ventral recumbency (V3) from 0-180 minutes, with the highest 

incidence from 0-90 minutes (25-55% of observations). These 

lambs also stood abnormally (S1-S2) from 0-180 minutes (6-30% of 

observations). The lambs were restless from 0-15 minutes (120 

posture changes) which was significantly greater than that 

recorded for control lambs (P<0.05). 

Plasma cortisol concentrations 

The results are presented in Fig 3.4 and Tables 3 and 4. The 

plasma cortisol concentrations of lambs castrated with local 

anaesthetic in the testes rises rapidly from a basal level of 
39.6 ± 10.8 nmol/1 to a peak of 254.2 ± 18.4 nmol/l at 30 

minutes, returning to basal levels by 150 minutes. When 

compared to the plasma cortisol response in lambs castrated with 

or without local anaesthetic distal to the ring, there are no 

significant differences in the period from 15-60 minutes 
(P>0.05). The plasma cortisol response in group 4 lambs was, 

significantly greater than that in control lambs, and those 

subjected to scrotal castration with or without local 

anaesthetic when compared from 15-60 minutes (P<0.05). 
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Expt 2 Group 5- Behaviour of lambs subjected to scrotal 

castration with local anaesthetic distal to the rubber ring 

The results are presented in Fig 3.4 and Tables 3 and 4. 

Lambs subjected to scrotal castration plus local anaesthetic 
distal to the ring lay predominantly in ventral recumbency from 

0-180 minutes (57-83% of observations). There was evidence of 

abnormal ventral recumbency (8-30% of observations) which 
declines from the start of the experiment to 120 minutes. There 

was also evidence of abnormal standing (S2-S3) from 0-120 

minutes. The majority of the abnormal standing occurred in the 
first 30 minutes (25-31% of observations). These lambs stood 
less and lay more from 15-30 minutes than lambs subjected to 

scrotal castration without local anaesthetic distal to the 

rubber ring, the incidence was reversed by 60-90 minutes. These 

differences approach significance at P<0.1. There was some 

evidence of restlessness in these lambs from 0-15 minutes (65 

posture changes), which was not, however, significantly 
different (P<0.05) from that recorded for control lambs. 

Plasma cortisol concentrations 

The results are presented in Fig 3.4 and Tables 3 and 4. The 

plasma cortisol concentrations of lambs subjected to scrotal 

castration and local anaesthetic distal to the ring increased 

from a basal level of 37.2 ± 11.7 nmol/1 to a peak of 238.1 ± 

25.2 nmol/l by 30 minutes, returning to basal levels by 60 

minutes. The plasma cortisol response of group 5 lambs when 
compared with the response of lambs castrated with or without 
local anaesthetic from 15-60 minutes was significantly smaller 
(P<0.05). When the plasma cortisol response of group 5 lambs 

was compared with that of control lambs, and of those subjected 
to scrotal castration without local anaesthetic from 15-60 

minutes there was no significant difference (P>0.05). 
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Expt 2 Group 6- Behaviour of lambs castrated with local 

anaesthetic distal to the rubber ring 

The results are presented in Fig 3.4 and Tables 3 and 4. 

Lambs castrated with local anaesthetic distal to the ring, spent 

most time in ventral recumbency (64-69% of observations) after 

the first 30 minutes. Abnormal ventral recumbency (V3) occured 
from 0-180 minutes, though most was confined to the first 30 

minutes (22-28% of observations). There was also abnormal 

standing from 0-120 minutes (8-48% of observations). When the 

incidence of the main categories of behaviour were compared with 

control lambs, however, there were no statistical differences 

(P>0.05). Occasional lateral recumbency was observed from 1-15 

minutes and 30-60 minutes, which was significantly less than 

was recorded in lambs following castration from 0-60 minutes 
(P<0.05). There was also more standing from 15-30 minutes (55% 

of observations) and 60-90 minutes (36% of observations), when 

compared with both the castration group, and those castrated 

with local anaesthetic in the testes (P<0.05). These lambs lay 

less from 60-90 minutes when compared to lambs castrated with 
local anaesthetic in the testes (P<0.05). The lambs were 

restless from 0-15 minutes (145 posture changes) which was 

significantly greater (P<0.05) than that recorded for control 
lambs, and the difference approached significance when compared 

with lambs subjected to scrotal castration with local 

anaesthetic distal to the ring. 

Plasma cortisol concentrations 

Results are presented in Fig 3.4 and Tables 3 and 4. The 

plasma cortisol concentrations of lambs castrated with local 

anaesthetic distal to the ring increased rapidly from a basal 
level of 37.2 ± 11.7 nmol/1 to a peak of 238.1 ± 25.2 

nmol/l, returning to basal levels by 120 minutes. The plasma 
cortisol response in group 6 lambs was not significantly 
different from those of lambs castrated with or without local 
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anaesthetic in the testes when compared from 15-60 minutes 
(P>0.05). The plasma cortisol response of these lambs was, 
however, greater than that of control lambs or those of lambs 

subjected to scrotal castration either with or without local 

anaesthetic when compared over the same time (P<0.05). 

Experiment 2. 

the six groups. 

Procedure C 

Mean plasma cortisol concentrations nmol/1 for 

CN RS 

31.5 186.6 90.1 

CNLAT RSLADR CNLADR 

197.1 67.8 193.7 

Thus for a SED of 31.5, and using a two-way T-test, 5%, 10% 

and 20% significance is obtained with any difference greater 
than 64.2,53.6 and 40.9 nmol/l respectively between the mean 
treatment cortisol concentrations tabulated above. Note that 

the plasma cortisol responses of lambs castrated with (CNLAT, 

CNLADR) or without (CN) local anaesthetic treatments following 

application of the ring were not significantly different 

(P>0.05). Note also that the cortisol responses of lambs 

subjected to scrotal castration with (RSLADR) or without (RS) 

local anaesthetic treatments following application of the ring 

were significantly (P<0.05) lower than the plasma cortisol 

responses observed in the three castration groups. Although 

these two groups (RS and RSLADR) were not statistically 
different when compared (P>0.05), the plasma cortisol response 
of lambs subjected to scrotal castration (RS) was, however, 

significantly greater (P<0.05) than that in control lambs (C). 

Expt 2 Further comparison of behaviour of the castration with 
local anaesthetic distal to the ring (CNLADR) and scrotal 
castration (SC) groups based on the total time (minutes) spent 
by each lamb in each of the nine postures (L1-L3, Sl-S3, Vl-V3) 

The approach adopted thus far to analyse behaviour, has been to 
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compare the incidence of a particular category of behaviour 

(lateral recumbency, ventral recumbency and standing) between 

two groups for a given time period (e. g. 0-15 minutes). An 

alternative approach is to compare between groups the total time 

spent in each of the nine postures (L1, L2, L3, V1, V2, V3, Si, 

S2 and S3) or the three categories of behaviour over the entire 

course of the experiment. Results are presented using this 

alternative approach in Table 3.5 and 3.6. Lambs subjected to 

scrotal castration spend more time in ventral recumbency (788 

minutes) than standing (280 minutes). There was no incidence of 
lateral recumbency. 19% of the time was spent in abnormal 

postures (201 minutes), of which 11%, 6% and 2% was spent in 

S2, S3 and V3 respectively. Lambs subjected to castration with 
local anaesthetic distal to the ring also spent more time in 

ventral recumbency (680 minutes) than either standing (377 

minutes) or lateral recumbency (11 minutes). 25% of the time 

was spent in abnormal postures (257 minutes), of which 14%, 

10%, and 1% was spent in S2, V3 and L1 respectively. When the 
incidence of the three main postures (lateral recumbency, 
ventral recumbency and standing) and the nine categories (L1-L3, 

S1-S3, Vl-V3) were compared for the CNLADR and SC groups no 
significant differences were found (P>0.05). The largest 
differences between these groups were the greater incidence of 
normal standing (Si, 228 minutes) and abnormal ventral 
recumbency (V3,108 minutes) in the CNLADR which were 
significant at P<0.2 and P<0.3 respectively. 
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FIGURE 3.1 

The effect of regional local anaesthetic on the indices used for 

assessment of pain from castration and tail-docking 

The results shown were obtained from 4 groups (2 groups are 

common to Fig 3.1 and 3.2) of 6 lambs, each group was subjected 

to one of the following treatments 1) control handling 2) local 

anaesthesia 3) local anaesthesia and castration and tail- 

docking 4) castration and tail-docking 

Behaviour 

The incidence (%) of four behaviours (Ir Lateral recumbency, S- 

Standing, V- Ventral recumbency, T/S- Teat seeking or Sucking) 

were recorded for each group and presented in bar chart form in 

6 time periods; 0-15,15-30,30-60,60-120,120-180 and 180-240 

minutes, see materials and methods for numbers of observations 
in each period. 

Plasma cortisol 
Plasma cortisol concentrations were presented in graph form 

(nmol/1 ± S. E, (n-6)) at 9 times; 0,15,30,60,90,120, 

150,180 and 240 minutes. 

Statistical analysis 
A Indicates that the difference between the behaviour of the 

treatment group and the control handling group was 
significant at (P<0.05). 

Notes 1) Administration of local anaesthetic eliminates the 
lateral recumbency shown by the (castration and tail-docking) 

group and also eliminates the increase in plasma cortisol 

concentration (P<0.05), when compared with lambs castrated and 
tail-docked without local anaesthetic. 
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FIGURE 3.2 

Effect of intravenous naloxone on the indices used for 

assessment of pain from castration and tail-docking 

The results shown were obtained from 4 groups of 6 lambs, 

each group was subjected to a different treatment a) control 
handling b) intravenous naloxone c) naloxone + castration and 
tail-docking d) castration and tail-docking 

Behaviour 

The incidence (%) of four behaviours (L- Lateral recumbency, S- 

Standing, V-Ventral recumbency, T/S- Teat seeking and Sucking) 

were recorded for each group and presented in bar chart form in 

6 time periods; 0-15,15-30,30-60,60-120,120-180 and 180-240 

minutes, see materials and methods for numbers of observations 
in each period. 

Plasma cortisol 
Plasma cortisol concentrations were presented in graph form 
(nmol/1 ± S. E, (n-6)) at 9 times; 0,15,30,60,90,120, 

150,180 and 240 minutes. 

Statistical analysis 
A Indicates that the difference between the behaviour of the 

treatment group and the (control handling) group was 
significant at (P<0.05). 

C Indicates that the difference between the behaviour of the 
(naloxone + castration and tail-docking) group and the 
(castration and tail-docking) group was significant at 
(P<0.05) 

Notes 1) Intravenous naloxone increases the incidence of lateral 

recumbency after castration and tail-docking, this was 
significant (P<0.05) for the period 30-60 minutes. No 

significant difference (P<0.05) was found in the cortisol 
responses 
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TABLE 3.1 

THE EFFECTS OF SIX 

PERIODS 

TREATMENTS ON LAMB BEHAVIOUR IN SIX TIME 

In each period after treatment the incidence of the four 

postures (i. e. Lateral Recumbency, Standing, Ventral 

Recumbency and Teat Seeking or Sucking) are presented as the 

number of times that behaviour is observed, and as a percentage 

of the total number of observations made in that period. 
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FIGURE 3.3 and 3.4 

The effect of 6 treatments, proposed to represent 6 different 
levels of noxious stimulus on the indices used for the 
assessment of pain 

The results shown were obtained from 6 groups of 6 lambs, each 
group was subjected to a different treatment 1) control handling 
2) castration 3) scrotal castration 4) castration + local 
anaesthetic in the testes 5) scrotal castration + local 
anaesthetic distal to the ring 6) castration + local anaesthetic 
distal to the ring 

Behaviour 

The incidence (%) of three behaviours (L-Lateral recumbency 
(1-3) , S- Standing (1-3) , V- Ventral recumbency (1-3)) were 
recorded for each group and are presented in bar chart form in 6 
time periods; 0-15,15-30,30-60,60-90,90-120 and 120-180 
minutes, see materials and methods for numbers in each period. 

Plasma cortisol 

Plasma cortisol concentrations are presented in graph form 
(nmol/1 ± S. E, (n-6)) at 9 times; -10,0,15,30,60,90, 
120,150 and 180 minutes. 

Statistical analysis 

A Indicates that the difference between the behaviour of the 
treatment group and the (control handling) group was 
significant at (P<0.05) 

a As above but (P<0.1) 
B Indicates that the difference between the behaviour of the 

(castration) group and the (scrotal castration) group was 
significant at (P<0.05) 

d Indicates that the difference between the behaviour 
of the (scrotal castration) group and the (scrotal castration 
+ local anaesthetic distal to the ring) group was significant 
at (P<0.05) 

E Indicates that the difference between the behaviour of the 
(castration + local anaesthetic in the testes) group and the 
(castration + local anaesthetic distal to the ring) group was 
significant at (P<0.05) 

f Indicates that the difference between the behaviour of the 
(castration + local anaesthetic in the testes group) and the 
(castration) group was significant at (P<0.05) 

C Indicates that the difference between the behaviour of the 
(castration + local anaesthetic distal to the ring) group and 
the (castration) group was significant at (P<0.05) 

N. B. The statistical comparisons made between behaviours of 
different groups are restricted to the total incidence (%) of 
lateral recumbency, ventral recumbency and standing and not 
their respective subdevisions (i. e. Ll-L3, Sl-S3, Vl-V3). 
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TABLE 3.3 

THE EFFECTS OF SIX 

PERIODS 

TREATMENTS ON LAMB BEHAVIOUR IN SIX TIME 

In each period after treatment the incidence of three postures 
(i. e. Lateral Recumbency, Standing and Ventral Recumbency) are 

presented as the number of times that behaviour is observed, and 

as a percentage of the total number of observations made in 

that period. 
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TABLE 3.5 

Total time (minutes) spent by each lamb subjected to scrotal 
castration in one of nine postures 

LAMB L1 L2 L3 TOTAL Si S2 S3 TOTAL Vi V2 V3 TOTAL 

436 0 0 0 0 20 25 8 53 20 98 7 125 

444 0 0 0 0 15 39 9 63 15 81 19 115 

463 0 0 0 0 25 21 2 48 5 120 5 130 

460 0 0 0 0 15 8 0 23 5 138 12 155 

666 0 0 0 0 15 9 0 24 10 123 21 154 

472 0 0 0 0 58 11 0 69 5 101 3 109 

TOTAL 0 148 113 19 280 60 661 69 788 

TABLE 3.6 

Total time (minutes) spent by each lamb subjected to castration 
+ local anaesthetic distal to the ring in one of nine postures 

LAMB L1 L2 L3 TOTAL Si S2 S3 TOTAL V1 V2 V3 TOTAL 

395 0 0 0 0 30 66 0 96 5 73 4 82 

433 0 0 0 0 56 10 0 66 0 97 15 112 

458 5 0 0 5 36 38 0 74 5 62 32 99 

481 0 0 0 0 10 21 0 31 10 114 23 147 

501 6 0 0 6 40 12 0 52 30 61 29 120 

1001 0 0 0 0 56 2 0 58 15 100 5 120 

TOTAL 11 11 228 149 0 377 65 507 108 680 
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DISCUSSION 

74 

The three aims of the first experiment were achieved. First 

it was confirmed that the changes in plasma cortisol 

concentrations and behavioural responses obtained by Mellor and 
Murray (1989a) could be reproduced using the same stimulus 
(castration and tail-docking -C/T) after limited instruction by 

D. J. Mellor and by using a smaller group of animals. Second 
it was confirmed that the pain following castration and 
tail-docking is dependent on afferent neural activity from the 

affected areas and that by prohibiting access of all this 

activity to the CNS the behavioural indices and changes in 

plasma cortisol were eliminated. Third it was shown that lambs 

appear to utilise endogenous opioids to exert a limited control 

over the pain of C/T as judged by the use of these indices. 

It was concluded that it should be possible to produce a 

range of pain intensities by using different doses of naloxone 
and that these could be used to further test the sensitivity of 
the behavioural and physiological indices selected. It would, 
however, be necessary to use large numbers of animals and 

preferably reduce experimental variance in order to achieve 
this. A preliminary report of some of this work has appeared 
elsewhere (Wood et al, 1988), see appendix. 

The main aim of the second experiment was to compare a 

proposed sequence of increasingly noxious treatments with the 

sequence obtained by using physiological and behavioural changes 
to assess the pain produced. There were some discrepancies found 

and attempts have been made to explain these. 

The changes in behaviour and plasma cortisol concentrations 
observed here in the control and castrated and tail-docked lambs 
(Fig 3.1 and Table 3.1) were similar in all major respects for 

the same two treatments reported by Mellor and Murray (1989a). 
The peak cortisol concentrations following castration and tail- 
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docking or control handling were 142 t 16 nmol/l and 22 t 13 

nmol/l respectively for this study, compared with 114 t5 

nmol/1 and 22 ±2 nmol/l in the study of Mellor and Murray 

(1989a). The lower standard error in the latter study reflects 

the greater number of animals used. In both studies the time 

course of the response was similar with peak plasma cortisol 

concentrations occurring between 15 and 60 minutes after 

treatment. The time course of the cortisol changes, and the 

variability between lambs emphasised the importance of frequent 

blood sampling under strictly controlled conditions and using 

each animal as its own control (Fulkerson and Jamieson, 1982). 

In the present study lambs spent less time lying (54-83% of 

observations) in the later periods (35-240 minutes) than did 

those in the study by Mellor and Murray, 1989a (84-98% of 

observations). The difference may be due to postnatal age, 

breed difference, or both. Alternatively the behavioural 

monitoring methods adopted, inhibited the lambs from lying due 

to an increased level of disturbance. 

The present study helps to demonstrate that the indices used 

by Mellor and Murray (1989a) to measure pain and distress in 

groups of 52 to 57 lambs can be applied successfully to smaller 

groups (eg n-6), first because of the similar mean results in 

the two studies, and secondly because each of the castrated and 

tail-docked lambs in the present study showed similar patterns 

of change in behaviour and plasma cortisol concentrations. 

In this study it has been shown that local anaesthesia 

abolishes the behavioural and cortisol changes associated with 

castration and tail-docking, throughout the four hours of 

observation. This was expected during the period of local 

anaesthetic nerve block since similar techniques are used 

routinely in clinical veterinary practice to permit humane 

castration of older lambs as required by codes of practice for 

the welfare of sheep (Ministry of Agriculture, Fisheries and 
Food, 1988). 
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The duration of anaesthesia with lignocaine without added 

adrenalin is unlikely to exceed one hour (Soma, 1971). It was 

of interest therefore, to note that no changes occured in either 
behaviour or plasma cortisol concentration after the action of 

the local anaesthetic could have been expected to have ceased. 

The abnormal behaviour and elevated cortisol response in lambs 

castrated and tail-docked without local anaesthetic continues 
for up to two hours. This apparent discrepancy can be accounted 
for, by failure of redistribution of the local anaesthetic from 

the testes and scrotum following castration, due to occlusion of 

the blood supply. The afferent activity from the testes rather 

than the scrotum is likely to be responsible for the prolonged 

response observed in lambs castrated without local anaesthetic 

as studies on the effect of of the occlusion of the blood supply 

on the afferent activity from the testes in the rat showed that 

there was a gradual increase in afferent activity over the 

recording period (150 minutes) to more than 300% of the control 
(Grubb et si, 1990). These results provide evidence that 

changes in the indices used to assess pain are dependent on the 

afferent activity from the affected areas and support their use 
for recognition and assessment of pain and distress originating 
in this way in this age and species of animal. 

Some evidence was found for endogenous opioid activity in the 
lamb, which may provide a mechanism for pain inhibition 

(Terman et al, 1984). A proportion of lambs treated with 

naloxone alone lay in lateral recumbency on several occasions 
and some showed increased teat seeking and sucking. The number 
of lambs showing such changes was small but these results may 
indicate that at least some of these lambs were using endogenous 
opioids to reduce pain originating from an unknown source. That 

greater effects would be seen with a larger dose of naloxone was 

unlikely, as 0.2 mg/kg has been found to effectively antagonise 
endogenous opioid activity in a variety of species (Duggan and 
North, 1984). Increases in teat seeking and sucking could not 
be explained by the action of naloxone on appetite, since it 
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has been shown that naloxone generally reduces appetite 
(Brands et al, 1979; Nizielski et al, 1986; Arjune and Bodnar, 

1990) and indicates that teat seeking may be part of an 

additional mechanism for alleviating acute pain and distress in 

lambs. 

Lambs castrated and tail-docked after treatment with naloxone 

showed greater increases in the incidence of lateral lying and 
in plasma cortisol than without naloxone pretreatment. The 

differences were small, only being significant for behaviour 

during the period 30 to 60 minutes. This indicates that although 

some lambs were able to reduce the signs of pain and distress 

which follow castration and tail-docking, their capacity to do 

so was limited. The slight antinociceptive effect obtained with 
intrathecal morphine (500µg-3000µg) in sheep (Ley et al, 1989a) 

provides some further evidence that this species may have 

limited ability to use endogenous opioids to reduce pain and 
distress. 

As naloxone had a limited effect, further investigation of 
the reliability and sensitivity of such indices require that an 

alternative approach must be adopted to show that consistent 

relationships exist between the indices used here, and 
increasing or decreasing amounts of noxious stimulation. One 

alternative approach formed the basis of experiment 2. 

Experiment 2 

For this experiment the proposition was made that six 
different treatments produced six intensities and durations of 

pain as judged by the amount and type of tissue damaged, and 
the time for which a functional afferent nerve supply from the 
damaged tissue was present (see Fig 4.3, chapter 4 for 
innervation of the scrotum and testes). The proposed ranking 
(see methods) of the 6 treatments from most to least severe was: 
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(1) Castration (CN) 

(2) Castration plus local anaesthetic in the testes (CNLAT) 

(3) Scrotal castration (SC) 

(4) Castration + local anaesthetic distal to the ring (CNLADR) 

(5) Scrotal castration + local anaesthetic distal to the ring 

(SCLADR) 

(6) Control handling (C) 
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Comparison of the proposed order of severities of the six 

procedures with the changes in the behaviour and plasma cortisol 

responses 

The magnitude and significance (P<0.05) of the changes in the 

behavioural and plasma cortisol responses associated with the 5 

treatments were determined by comparing the behaviour over the 5 

time periods and plasma cortisol response from 15-60 minutes of 

each group with the control handling group. 

(a)Ranking of the six groups using behavioural indices 

Castration (CN) was the most severe stimulus based primarily 

on the incidence of lateral recumbency, the most informative 

behavioural measure in lambs subjected to substantial pain. 
Lambs castrated without local anaesthetic spent more time in 

lateral recumbency over the first 90 minutes (8-56% of 

observations) when compared with all other groups. This 

increase in lateral recumbency was significantly greater than 

that seen in all groups, except CNLAT during the first hour 

(P<0.05). The incidence of lateral recumbency in the CNLAT 

group was only significantly different from the control group in 

the period from 15-30 minutes (45% of observations, P<0.05), and 

was therefore ranked 2nd to the CN group. Lateral recumbency 
was observed during all periods in the first hour for the CNLADR 

group, the incidence was low (1-3 % of observations) and was 

not statistically different (P<0.05) when compared with the 

control group during any time period. The ranking of SC against 
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CNLADR is difficult. Lambs in the SC group were more restless 
(187 v 151, not significant P>0.05) and stood in abnormal 

postures (S3) from 0-60 minutes (3-12% of observations) none of 

which were recorded in the CNLADR group. There was, however, no 
incidence of lateral recumbency in the SC group, and less 

abnormal ventral recumbency (V3,3-14% of observations) was 

observed when compared with the CNLADR group (3-30% of 

observations) over the duration of the experiment (0-180 

minutes). Furthermore the duration over which abnormal 
behaviour (Ll-L3, S2-S3, V3) occured was shorter (<1 hour) in the 

SC group when compared with the CNLADR group (up to 2 hours). It 

was of interest to note that lambs in the SC group lay in 

ventral recumbency (60-180 minutes) more than control lambs 

(significant from 60-90 minutes, P<0.05) indicating they were 

either truly undisturbed, or alternatively were unprepared to 

stand due to the nature of the noxious stimulus from the 

scrotum. In the absence of statistically significant 
differences between the main behavioural categories of the 

CNLADR and SC groups, the CNLADR group was ranked third and the 

SC group was ranked fourth primarily on the basis that the 

shorter duration of marked abnormal activity (>5% of 

observations) in the SC group was the most significant feature. 

The SCLADR group was ranked 5th because there was significantly 
less restlessness in the first 15 minutes when compared with the 

SC group (187 v 68, P<0.05), the time spent in abnormal 

standing behaviour (S2) was shorter, and the incidence of 

abnormal standing (S2) was less than that recorded in the SC 

group. 

The category S2 as recorded here appears to be a sensitive 
measure of disturbance. This category was recorded when there 

was any detectable difference in the standing behaviour when 

compared with that of the control lambs (Si), though this 
judgement was not made by "blind" observers and is a subjective 
judgement. In the comparison between SCLADR, SC and C, it has 
been assumed that at pain intensities where lateral recumbency 
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does not occur, the restlessness score and incidence of 

standing, particularly if abnormal (S2-3) assume more 
importance. This assumption is still to be confirmed by 

subjecting individual animals to a range of gradually increasing 

pain intensities, which would reveal at what relative pain 
intensities the different behaviours appear. The control group 

was ranked 6th, as this group was used as the standard for 

comparison. Treatment of control lambs was as similar to that 

of the other groups as could be reasonably achieved and it was 

assumed that they were not subjected to any imposed noxious 

stimulation except that necessary to take blood samples. 

(b) Ranking of the six groups using plasma cortisol 
concentrations 

The plasma cortisol response in the CN, CNLAT and CNLADR 

groups appeared very similar (Figs 3.3 and 3.4) and were not 

significantly different when compared statistically for the 

periods from 15-60 minutes (P>0.05). They were ranked as 

equally severe treatments, despite the cortisol response in the 

CN group reaching a later peak at 60 minutes. The fourth most 

severe treatment was scrotal castration (SC), with a 

significantly smaller cortisol response than CN, CNLAT and 
CNLADR (P<0.05), and a greater response than that of the SCLADR 

group and the control groups. The difference between SC and the 

C groups was only significant at P<0.1, while the difference 

between SC and SCLADR groups was not significant (P>0.2). The 

SCLADR group was ranked fifth, as the cortisol response was 
less than the SC group and greater than that in control lambs 

though the differences were again not significantly different 
(P>0.2). The control group was ranked last with the lowest 

plasma cortisol response. 
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(c) Ranking of the six groups using plasma cortisol 

concentrations and the behaviour 

The results of ranking the severity of the six treatments 

using both the behaviour and the plasma cortisol responses is 

summarised below. 

Rank Behaviour 

1 CN 

2 CNLAT 

3 CNLADR 

4 SC 

5 SCLADR 

6C 

Plasma cortisol 

CN/CNLAT/CNLADR 

Sc 

SCLADR 

C 

When the two sets of results are combined, the rank remains 

the same as that obtained using the behavioural indices only. 

These results suggest that plasma cortisol responses of groups 

of six lambs can only be used to discriminate between 

substantial differences in intensity of noxious stimulus and 

that plasma cortisol changes in individual lambs provide a 

relatively insensitive index for assessment. The similarity of 

the rank orders obtained increases the confidence in the use of 
behavioural indices for assessment of pain and suggests that 

measurement of plasma cortisol does not increase the sensitivity 

of the measurement technique. 

(d) Comparison of the ranking obtained experimentally with 
that predicted by the amount and type of tissue injured (see 

methods) 

A comparison of the ranking predicted by the amount and type 

of tissue injured with that obtained using changes in the 
behaviour and plasma cortisol response are summarised below; 
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Rank Predicted 

1 CN 

2 CNLAT 

3 SC 

4 CNLADR 

5 SCLADR 

6C 
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Experimental 
CN 

CNLAT 

CNLADR 

Sc 

SCLADR 

C 

The only discrepancy found was in the ranking of SC in 

relation to CNLADR. The ranking of these two groups 

experimentally, was difficult using the behavioural indices, 

though there was a much larger cortisol response associated with 

CNLADR (Significant when compared from 15-60 minutes P<0.05) 

which was used as the main evidence for ranking CNLADR above SC. 

This discrepancy can be explained if the basis for the predicted 

ranking of pain intensity was incorrect in some respect. For 

example if the diffusion of the local anaesthetic was inadequate 

to stop afferent activity from nociceptors distal to the ring 

the stimulus produced by CNLADR would be greater than expected 

and more akin to that produced by CN or CNLAT. Achievement of 

some local anaesthesia in the CNLADR distal to the rubber ring 

can explain why the incidence of abnormal behaviour such as 

lateral recumbency was significantly lower in this group when 

compared with CN and CNLAT, but does not explain why there was 

no reduction in plasma cortisol response. A possible 

explanation could be that above a certain intensity of pain, the 

lamb has a restricted capacity to increase plasma cortisol 

release, implying the cortisol response may not relate directly 

to pain intensity in agreement with Rushen (1986). This is not 

due to adrenal exhaustion as injection of ACThI was found to 

produce a cortisol response substantially greater than that seen 

following castration and tail-docking (Mellor and Murray, 

1989b). Further discrepancies may occur between behaviour and 

plasma cortisol if p-endorphin (an endogenous opioid), which is 

released concomitantly with ACTH (Cuillemin et al, 1977) during 
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the cortisol response can provide some analgesia (Shutt at al, 
1988) for moderately intense pain in the CNLkDR group, but 

insufficient to attenuate intense pain as is proposed to occur 
in the CN and CNLAT groups. Insufficient is known, however, 

of the physiological role of p-endorphin (Dantzer, 1986) to 

predict if the latter proposal is likely. This possibility 

could be tested by undertaking analgesic tests in the lamb 

following administration of p-endorphin in doses that would 

reproduce the plasma concentration found in lambs following 

castration and tail-docking. 

Care must also be taken when interpreting the restlessness 

score, as it does not appear to be a reliable index of stimulus 
intensity. A lamb that is lying in the most severe form of 
lateral recumbency (L3), although possibly rolling and kicking, 

does not stand up and lie down regularly and so under these 

circumstances restlessness would underestimate the pain 
intensity. There is such a discrepancy between the score seen in 

castration with L/A in testes (60) and stimuli proposed to be 

less severe using other indices, namely, castration with local 

anaesthetic distal to the ring (75) and scrotal castration 
(100). It may be invalid to assume as suggested by Shutt et alp 
(1988) that such agitated behaviour represents more severe pain 
than immobile standing or abnormal recumbency. Restlessness is 

more likely to indicate unsuccessful attempts to escape/relieve 

pain/discomfort, whereas lateral recumbency is adopted when the 

intensity is higher and escape is not possible. This is also 
likely to apply to immobile standing postures. The delayed 

appearance of immobile standing or recumbency after castration 
and tail-docking with tight rubber rings may be related to a 

slow increase in visceral pain following occlusion of the 

testicular blood supply as suggested by Grubb at al, (1990). 

Mellor and Murray (1989a) found restlessness decreased following 

castration and tail-docking, and that after 30 minutes most 
lambs were lying in lateral recumbency. Despite the reduction in 

restlessness, however, pain was estimated to be more intense at 
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this time (30 minutes) as in these studies lateral recumbency 

was usually only associated with noxious stimulation, the 

incidence increasing with the severity of the stimulus. The 

restlessness score appears to be a better index for less intense 

pain which the animal appears to be able to accomodate by 

changes in posture. For this reason, the restlessness score was 

only used in the assessment of the rank order in those groups 

where no lateral recumbency was present, i. e SC, SCLADR and C. 

Extended analysis of the behavioural data of the CNLADR and SC 

groups (see table 3.5) 

Behavioural recording method 1, if applied to this data would 

show that the behaviour in the CNLADR and SC groups was largely 

similar to control lambs with only a small incidence of abnormal 
behaviour (lateral recumbency) in the CNLADR group. Examination 

of the behaviour using method 2 where the total time (minutes) 

spent in each of the nine postures (L1-L3, Sl-S3, Vl-V3) is 

used (see Table 3.5), shows that lambs in the SC and CNLADR 

groups spend 19% and 25% of the time respectively in some form 

of abnormal behaviour (L1-L3, S2-S3, V3). Can an approach 

where the total time spent by lambs in these abnormal behaviours 

is quantified, resolve the difficulties encountered ranking 
these two groups? 

Lambs in the CNLADR group spend 56% and 14% more time in 

abnormal ventral recumbency (V3) and abnormal standing (S2-S3) 

respectively when compared with the SC group, which in addition 
to the small incidence of lateral recumbency (1% of total time) 

suggests that CNLADR is the most severe treatment of the two. 
There are no significant differences (P>0.05), however, when 

the total time spent in abnormal standing or ventral recumbency 
is compared between the two groups using a students T-test, 
because of the variation between lambs. Of the abnormal 
behaviour in the CNLADR group 69% is associated with only three 
lambs, two of which lay in lateral recumbency (458 and 501), 
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while 67% of the abnormal behaviour in the SC group was 
associated with the only three lambs that stood in the most 
abnormal form of standing (436,444,463). These results suggest 
that although the behavioural indices selected are sensitive to 

changes in stimulus intensity in the individual lamb, time 

consuming comparisons as outlined above, are not warranted 

unless the stimulus intensity is equivalent in all animals in 

the group. An approach is required whereby pain intensity can 
be reduced with greater certainty, so that the subtle 
behavioural changes can be interpreted correctly. 

Pain recognition and assessment in the individual lamb 

In the practical clinical situation, where pain is assessed 
in one animal, and long observation periods are impracticable, 

recognition of behaviours which only occur at certain pain 
intensities would improve the sensitivity of the technique. This 

may already be possible using the classification in method 2. 
For example L3 and S3 behaviour suggests the presence of extreme 
and severe pain respectively. Such an approach can be extended 
by increasing the number of behavioural categories measured e. g. 
ventral 3 could be sub-divided into V3 (lamb lies with front 
legs tucked under body, one hind limb extended) and V4 which is 

a posture seen in transition from V3 to Ll (lamb lies with front 
legs tucked under body, one or both hind limbs actively 
extended). 

Is it possible to use these behavioural and physiological 
indices to measure the intensity of pain produced by a 
particular treatment? 

It has been possible to use the indices selected to rank 
several different treatments in order of severity. Lateral 
recumbency was found to be the most useful behavioural index for 
the highest pain intensities. Abnormal ventral recumbency (V3) 
and abnormal standing (S3) were indicative of high intensity but 
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probably occurred more at moderate to high intensities. 

Restlessness and abnormal standing (S2) were more useful at 
lower pain intensities. The plasma cortisol response was useful 

when comparing the most and least severe stimuli. The 

sensitivity of this index could be improved by using more lambs 

to compensate for variation between lambs, though such an 

approach ignores the problem of accurate pain assessment in 

individual animals. The indices studied so far clearly produced 

a ranking of intensity which is close to that predicted by the 

alternative approach. Use of these indices may, however, be 

considered more accurate than the alternative method since it is 

based on quantitative experimental results as opposed to 

theoretical estimates of likely intensities based on knowledge 

of the anatomy and physiology of the tissues and the possible 

effects of local anaesthetic. No final conclusion can be drawn 

until more quantitative ways are used to manipulate the pain 
intensity e. g. by the use of increasingly effective doses of an 

analgesic. As results such as these are repeated and extended, 
however, it should be possible to establish an agreed scale for 

the assessment of pain from castration and tail-docking. 

The approach used here to produce a range of noxious stimuli 
could be extended and additional intermediate procedures could 
be added such as castration following injection of local 

anaesthetic in one testicle which might be expected to reduce 
the pain by approximately 50%. This approach is, however, 
limited by the inability to accurately rank these procedures by 

an independent and quantitative method. Such considerations may 
explain why, although changes in behaviour have been proposed as 
the most important signs of pain or stress (Brambell, 1965), 

recent studies emphasise quantitative differences in the plasma 
cortisol concentration as the main indicator of pain/stress 
intensity (Fulkerson and Jamieson, 1982; Fell et al, 1985,1986; 
Shutt et al, 1987,1988; Mitchell et al, 1988; Mellor and 
Murray, 1989a, b). It must be considered when using different 
noxious stimuli, such as castration or scrotal castration, that 
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the differences in behaviour observed were due to the different 

types of pain from different tissues of origin and not just 

differences in the overall intensity of the pain. Changes in 

plasma cortisol concentration are likely to be less sensitive to 

the source of pain than are changes in behaviour. 

It is concluded that the behavioural indices used so far are 

sensitive to changes in pain intensity, but the quantitative 

relationships between different behaviours which may result from 

the nature or origin of the pain remains to be determined. This 

problem could be overcome by investigating the behaviours 

associated with different intensities of pain resulting from a 

standard noxious stimulus. Such an approach requires the use of 

an effective analgesic with which the pain intensity of the 

standard noxious stimulus can be manipulated. 
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EFFECTS OF EPIDURAL MORPHINE OR INTRATHECAL ETORPHINE ON INDICES 

USED FOR ASSESSMENT OF PAIN FROM CASTRATION OR CASTRATION AND 

TAIL-DOCKING IN YOUNG LAMBS 

Opioids as antinociceptive drugs 

The pain relieving qualities of opioids have been known for 

many centuries and their pharmacology in particular has been 

extensively researched with the first general review in a wide 

spectrum of species being completed by Krueger et al, in 1943. 

Due to the amount of detail now available in this field, more 

recent reviews are restricted in their coverage with some 

concentrating on the pharmacology (Martin, 1984; Veda , 1990; 

Kosterlitz, 1985; Kosterlitz and Walt, 1968), development of 
the opioid system (McDowell and Kitcher, 1987), the endogenous 
ligands (Weber et al, 1983; Woolf and Wall, 1983) or the 

electrophysiology (Duggan and North, 1984). As techniques have 

become available molecular aspects of the action (McFadzean, 
1988) or structure of the opioid system (North, 1986), have also 
been examined. 

The aims of the current work dictate that the main interest 
is in the analgesic effects of these drugs, which are generally 
accepted to result from actions on the central nervous system, 

see for example Basbaum and Fields (1978), and only to a 
limited extent a peripheral action (Levine and Taiwo, 1989). 

The central opioid effects involve activation of (a) 
intrinsic pain suppression systems originating in the brainstem, 

which via descending pathways in the spinal cord dorsolateral 
funiculus inhibits the spinal cord and trigeminal pain 
transmission neurones (Barton et al, 1980) and (b) the opioid 
receptors in the spinal cord. This spinal antinociceptive 
action of opioids (Yaksh, 1987) was not unexpected given the 
dense concentration of the opioid peptide enkephalin (Sar et al, 
1978) and opioid receptors (Atweh and Kuhar, 1977) in the 
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superficial layers of the dorsal horn associated with small 
diameter fibres which are inextricably linked with pain 

mechanisms. Following spinal transection, however, 2-3 times 
the dose of intravenous morphine was required to suppress 
withdrawal reflexes initiated by noxious stimuli when compared 

with the dose needed for similar suppression in intact rats 
(Irwin, 1951). This indicates that following systemic 

administration, morphine produces analgesia predominantly 
through a supra spinal mechanism. 

The components of supraspinal analgesia have been 

investigated by Barton et al (1980), by examining the effects 
on suppression of spinal withdrawal reflexes by opioids 
following lesions of several spinal funiculi. Lesions of the 
DLF consistently interfered with suppression by morphine of the 
tail flick response across the dose range studied (5-15mg/kg 
IP), as did lesions in the VQ though to a lesser extent. They 

concluded that both spinal and supraspinal sites contributed 
significantly to the analgesia produced by systemic 
administration of opioids. An important additional observation 
was that lesions in the DLF, and systemic administration of 
naloxone did not significantly alter baseline latencies 
indicating the descending inhibitory system activated by 

morphine is not tonically active. 

Opioid receptors and their endogenous ligands 

Binding sites for opioids were demonstrated in the early 
1970's (Goldstein et al, 1971) and notably by Terenius (1973), 

who showed that dihydromorphine was bound by synaptic plasma 
membranes. Once these opioid binding sites had been 
demonstrated endogenous ligands were sought to confirm that 
these binding sites were likely to be receptors, and of 
physiological importance. 
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Li et al (1965), while investigating a procedure for 

isolating ACTH from sheep pituitary gland, discovered a 

lipotrophic peptide, distinct from ACTH, which they called 

p-Lipotrophin. This peptide could be degraded to give 5 smaller 

peptide fragments. Ten years later came the significant 

discovery that a number of these fragments possess opioid 

activity (Li and Chung, 1976). This was also observed by other 

groups and it was then suggested that the active peptide 
isolated from the same (Tescemacher et al, 1975; Cox at al, 

1975) or other tissues such as brain (Hughes et al, 1975; 

Pasternack et al, 1975) was a fragment derived from breakdown 

of p-Lipotropin. 

The identification of opioid binding sites in nervous tissue 

(Atweh and Kuhar, 1977; Traynor and Woods, 1987), the 

discovery of their endogenous ligands and the subsequent 
discovery of the variety of receptor subtypes at which they may 

act, have been reviewed by amongst others (Mansour et al, 1988; 

Kosterlitz, 1985; McDowell and Kitcher, 1987; North, 1986; 

Weber et al, 1983). These reflect a greatly improved 

understanding of the mechanism of action for compounds that had 

been in use therapeutically for hundreds of years. 

Factors affecting opioid antinociception 

The antinociceptive activity of opioids is determined mainly 
by route of administration, the receptors at which they are 

active and the nature and intensity of the noxious stimulus 
being applied. 

(a) Route of administration 

Analgesia is routinely obtained clinically by oral, 
intravenous or intramuscular administration of opioids. 
Sometimes, however, these methods of administration produce 
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insufficient analgesia, or analgesia is only obtained at doses 

associated with unacceptable effects (Cousins and Mather, 1984). 

Spinal administration of drugs, was first tried by Tsou and 

Jang in 1964, but became widely used as an experimental method 

following the report by Yaksh and Rudy (1976a), that 

introduction of a chronic indwelling cannula into the spinal 

subarachnoid space made possible the investigation of the spinal 

action of opioids. Opioid drugs administered epidurally or 

intrathecally, in this manner, gain access to mu, delta and 

kappa receptors which are seen at significant levels in the 

spinal cord, with the highest binding evident appropriately, in 

the dorsal horn of the gray matter (Yaksh, 1984; Wamsley, 

1983). Microgram amounts of opioids administered by this route 

can produce profound analgesia (Yaksh and Rudy, 1976; Yaksh 

and Rudy, 1977), even in some cases when systemic drug 

administration has failed (Cousins and Mather, 1984). The high 

local concentrations obtained by this method, produce spinal 

analgesia which cannot be obtained following systemic 

administration without producing central sedation (Barton et al, 
1980). These central sedative effects were considered 

unacceptable in experiments where subtle changes in the 

behaviour of the animal were being investigated as potential 
indices of pain. 

(b) Opioid receptor affinity 

Opioid drugs are classified as agonists, partial agonists and 

antagonists at one or more of three main receptor types, mu, 
delta or kappa, though there is evidence that more may exist 
(Mansour at al, 1988; Bhargava, 1989). There is also 

evidence for a number of subtypes of those already described eg 

µl, µ2 (Paul et al, 1989) and r-1, ila, rlb, c3 (Clark or al, 
1989). 
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During classification, however, few opioids can be 

described as pure agonists or antagonists. For example 

antagonists such as naloxone do exhibit agonist activity at low 

doses. Work by Woolf (1980), demonstrated a dose dependent 

bi-phasic change in nociceptive threshold in the rat following 

intrathecal injection of naloxone. This has been shown to be 

associated with agonist action at the delta receptor 

(Taiwo et al, 1989). 

Clinically useful opioid drugs are not likely to be active at 

one receptor subtype only, due to a lack of specificity and 

also because there is evidence for allosteric coupling between 

mu and delta receptors (Porecca et al, 1987), in support of 

earlier work (Vaught et al, 1982; Rothman and Westfall, 1982). 

Drugs may be classified by their receptor affinity, with these 

receptors in turn being classified as to whether or not they 

mediate antinociception in a variety of experimental pain models 

in animals (Tyers, 1980). Not only can an opioid be active at 

more than one receptor, but also it can potentially act as 

either an agonist, partial agonist or antagonist at any of 

these. Furthermore agonists acting on mu, delta and kappa 

receptors are shown to have varying antinociceptive actions on 

visceral, chemical and thermal stimuli (Schmause and Yaksh, 

1984). These variables when combined result in a wide range of 

analgesic activity. For example delta agonists when given 
intrathecally in the rat, show greater potency than morphine on 

the cutaneous thermal tests, but little or no efficacy in 

visceral chemical writhing (Yaksh and Noueihed, 1985). Species 

differences also exist due to the different predomination of 

receptors (Couarderes et al, 1982). Clearly it is important to 
have a knowledge of the potency and receptor affinity of the 

drug, its suitability for the type of noxious stimulus being 

used, and the species of animal. 
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(c) Stimulus intensity 
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Stimulus strength or pain intensity is also thought to be of 

importance in the effect produced by the opioids. It has been 

shown that the weaker of the stimuli, whether noxious heat or 

pinch (as measured by quantifying afferent volleys in the nerves 

subserving the region under stimulation), is reduced 

proportionately more (Parsons and Headley, 1989). The somatic 

or visceral nature of the stimulus may have an effect, as the 

writhing response to I/P injected irritants was more readily 

eliminated than the response to tail pinch, which in turn was 

more readily eliminated than the response to the hotplate test 

by mice and the tail flick response to radiant heat by rats 
(Martin, 1984). This supports findings by Cray at al (1970), 

that a very intense noxious stimulus, such as is used in the 

flick response to radiant heat, is not readily modified by 

analgesics and thus is not an appropriate way of testing these 

drugs. 

Synaptic location of opioid receptors within the spinal cord 

At present, the pre and/or post synaptic action is probably 

not the best way of thinking about the effect of morphine in the 

spinal cord (Lombard and Besson, 1989). What is known is that 

analgesic doses of I/T morphine (Yaksh and Rudy, 1977), result 
in a dose responsive inhibition of ascending activity evoked by 

A-delta and C but not AP afferent stimulation (Doi and Jurna, 

1982). Other drugs have demonstrated similar effects and 
importantly the rate of onset of their effect relates to times 
for the block of the skin twitch reflex in cats (Noueihed et al, 
1984) and their lipid partition coefficients (Herz and 
Teschemacher, 1971). 

It is not known if this suppression by morphine is by 

presynaptic inhibition at primary afferents, though the ability 
of opioids to produce preferential suppression of small diameter 
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fibres suggested that this was a possibility (Doi and Jurna, 

1982; Yaksh and Noueihed, 1985). Furthermore a reduction in 

receptor binding is seen after dorsal root section (La 

Motte et al, 1976) or if small diameter primary afferents are 

destroyed with the neurotoxin capsaicin (Gamse et al, 1979). 

Evidence also exists for inhibition of primary afferent 

transmitters by encephalinergic neurones (Jessel and Iversen, 

1977), demonstrated experimentally as a reduction of substance P 

release following the superfusion of the spinal cord with 

opioids in vivo (Yaksh et al 1980; Kuraishi et al, 1983). 

The current view of the mechanism of presynaptic inhibition 

by morphine dictates that a slow depolarisation in the primary 

afferent nerve terinal is a causal link in reducing the release 

of neurotransmitter from the terminal (For review see Schmitt, 

1971). Detection of depolarisation in the primary afferent 

nerve terminal, however, has proved to be technically very 

difficult and is not a consistent finding (Carstens et al, 

1979). This view of presynaptic inhibition may be an 

oversimplification as etorphine has been found to reduce 

synaptic transmission without associated changes in spike 

threshold or configuration following stimulation of dorsal root 

ganglion cells (MacDonald and Nelson, 1978). 

Evidence for a post-synaptic action was provided by 

Zieglgansberger and Bayerl (1976), while recording 

intracellularily in the nucleus proprius. They demonstrated 

that iontophoretic application of opioids in the vicinity of the 

cell bodies, reduced the rate of rise of EPSP. This action 

could, however, be accounted for by selective changes in 

sensitivity of membrane conductance (Duggan and North, 1984). 

The nature of the drug may determine the pre or post synaptic 

action. It was demonstrated while recording extracellularly in 

the nucleus proprius of the spinal cord that morphine depressed 

the responses evoked by noxious heat, only when applied in the 
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substantia gelatinosa near the dendritic terminals of cells 

found in lamina IV and V and not when applied near the cell 

bodies themselves (Duggan at al, 1977a). Opioid peptides, 

however, depressed the same responses evoked by noxious heat 

when applied near the dendrites or cell body (Duggan or al, 

1977b; Duggan et al, 1981). This latter finding is supported 

by Yoshimura and North (1983), who demonstrated while recording 

intracellularly in an in-vitro preparation that extracellular 

enkephalin administration produced hyperpolarisation. 

Choice of morphine and Etorphine 

Morphine sulphate was used as the first choice because it has 

been shown to be active in adult sheep (Ley et al, 1989a) and 

was established as the standard for comparison, and is commonly 

assigned the potency of 1 (Martin, 1984). It is normally a 

potent analgesic, due to it being an almost pure mu ligand. 

Magnan et al (1982), used receptor binding studies in guinea pig 
brain and bioassays in guinea pig ileum, mouse and rat vas 
deferens, to characterise the relative receptor affinities of a 

series of opioids for mu, delta and kappa sites. Morphine was 

classified as a mu agonist due to the high selectivity observed 
for the mu site, with only 2% cross-reactivity with delta sites 

and 0.6% with kappa sites. 

Etorphine was used as a second choice due to its high lipid 

solubility and hence rapid absorbtion from the CSF like other 

more routinely used lipophylic drugs such as pethidine 
(Gourlay et al, 1987). Although morphine is 1.8 times more 

potent than etorphine at the mu site, etorphine is 90 times 

more potent at the delta site and 700 times more potent at the 

kappa site than morphine (Magnan et al 1982). Etorphine is one 

of the most potent narcotics known, and has been reported to be 

1000-80000 times more potent than morphine depending on the 

parameter measured (Blane et al, 1967). Following subcutaneous 
injection in the mouse it has a rapid onset of action with a 
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peak effect at 15 minutes, and duration of only 50 minutes 

(Takemori et al, 1972). Use of the intrathecal route in the 

lamb was expected to prolong the duration of action. Once 

etorphine has been made up in solution it should be stored in a 

sealed container and protected from light. 

Absorbtion and distribution of epidural morphine 

No studies of the absorbtion and distribution of morphine in 

lambs have been found, so at this stage estimates are based on 

work in humans. In adult humans there is a rapid vascular 

uptake of morphine following epidural administration, with peak 

concentrations being obtained systemically in the plasma at 2-17 

minutes. Peak concentrations in the CSF are obtained much later 

(120 minutes), due to its polarity and hence hydrophylic 

nature. These results were obtained following the injection of 
10mg morphine epidurally in human cancer patients, with 

subsequent CSF and blood sampling (Courlay et al, 1987). The 

volume of injectate (either lmg/5m1 or lmg/ml), again in humans 

was found to produce no difference in terms of analgesia, PaCO2 

or side effects (Fitzgibbon, 1989). When radiolabelled ligands 

in the same volume (100µl) as used in the intrathecal studies 
being reported here in the lamb, was administered intrathecally 

to adult sheep, it was found to be distributed over 5 vertebral 

spaces (Waterman et al, 1988; Bouchenafa et al, 1988). 

Development of tolerance and dependence on opioids 

Little is known of dependence or addiction in animals with 

opioid agonist-antagonists (Martin, 1984). Throughout the 

experimental series each lamb only ever received one dose of 

opioid and thus tolerance was not a problem. No lamb having 

received morphine was then used in etorphine experiments, so 

cross tolerance was not seen. What is known is that opioid 

receptors are specific for certain ligands, and their topography 
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is determined by; species, the region of tissue, antagonist 

specificity and pharmacological actions (Martin, 1984). 

Ontogenesis of opioid receptors in the CNS of lambs 

At birth the brain of the lamb has reached 50% of the adult 

size, the cerebral hemispheres 52%, cerebellum 40% and the 

spinal cord 40%. The relative maturity of the brain at birth 

compared with that in the adult sheep justifies a classification 

of prenatal brain development (McIntosh et al, 1979). Despite 

this classification, results obtained by research on the CNS of 

adult sheep may not be applicable to the lamb. A study of the 

ontogenesis of opioid receptors by binding studies in 

homogeneates prepared from different regions of the sheep brain 

using radiolabled 3H naloxone and 3H Ala Met 5 enkephalinamide 
(Villiger et al, 1982), indicates that this process is not 

complete in lambs at birth. Binding increases during prenatal 
development but has not reached adult levels by birth. Opioid 

and alpha 2 binding sites have been demonstrated in adult sheep 

spinal cord (Brandt and Livingston, 1989; Bouchenafa and 
Livingston, 1987), but studies of such sites in the spinal cord 

of lambs have not been found. It is clear that it will be 

necessary to carry out such studies to help explain some of the 

results obtained. 

Unwanted effects of opioids in this study 

(a) Temperature regulation 

The lambs body temperature may influence behaviour by 

initiating postures which are adopted for thermoregulation. 
Although little is known of the temperature regulatory effects 

of morphine in lambs it has been shown to produce an increase in 

body temperature in the rat unless, the environmental 
temperature is low, where the response is attenuated and may 
even be one of hypothermia (Herman, 1942). Hyperthermia was 
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observed with as little as 2µg of morphine injected 

intrathecally in the rat (Rudy and Yaksh, 1977), indicating 

this is a spinal action, as such low doses of morphine do not 

gain access to supraspinal structures in significant 

concentrations (Yaksh and Rudy, 1976b). As observed by Herman 

(1942), this hyperthermic effect was dependent on environmental 

temperature, suggesting that morphine was disrupting the 

thermoregulatory mechanism. Morphine produces hyperthermia in 

the cat while in the dog it produces a dose related hypothermia. 

It is clear that opioid analgesics alter body temperature by 

acting at several sites, including the spinal cord, medullary 

raphe system and the anterior/ventromedial hypothalamus some of 

which effects may not be naloxone reversible (Martin, 1984). 

In conclusion the effect of opioids on temperature regulation 

are complex, dependant on species, dose, ambient temperature 

and time after injection. Where possible, therefore, the 

ambient temperature of the sheep housing should be kept 

constant, so any thermoregulatory effects of morphine will be 

the same for all animals. 

(b) Effects of opioids on plasma corticosteroid concentrations 

In unanaesthetised rats, morphine sulphate (10mg/kg S/C) 

significantly reduces ascorbic acid content in the adrenal 

cortex, indicating a increase in ACTH release (Nasmyth, 1954). 

The stimulatory effect of morphine on ACTH release was supported 
by Burdette et al (1961), paradoxically however, they found 

that morphine (20mg/kg I/P) inhibited the secretion of ACTH in 

stressed rats. Similarly Gibson et al (1979) found that 

although I/P administration of morphine (24mg/kg) to mice 
doubled basal levels of corticosterone in 15 minutes, the same 
dose of morphine administered to mice exposed to ethor vapour 

eliminated the stress induced elevation of plasma 
corticosteroids. Etorphine (2mg/kg I/P), however, was found 

to have no effect om plasma corticosteroid concentrations 
(Gibson et al, 1979). Nikolarakis et al (1989), have recently 



Chapter 4 99 

provided evidence showing that exogenously applied opioids 

increase ACTH release by both activating CRF secretion, and by 

activating peripheral sympathetic neuronal pathways. The dose of 

morphine administered to lambs (16mg) was anticipated to 

increase cortisol release in control lambs, but decrease the 

cortisol release associated with the different husbandry 

procedures. 

(c) Effects of opioids on the cardiovascular system 

Opioids have a complex action on the cardiovascular system 

which is dependent upon species, tolerance, anaesthetic state, 

drug, dose etc (Martin, 1984). In dogs and cats morphine causes 

a reduction in blood pressure, mainly due to peripheral 

vasodilation (Cohen and Coffman, 1979), but there is probably 

also a central component to this effect (Evans et al, 1952). 

When morphine (11-250nmol) is administered intracisternally in 

the chloralose anaesthetised rat there is a vasopressor response 

and bradycardia, which is followed by a hypotensive phase 
(Bolme et al, 1978). This apparent paradox can be explained by 

the opposing effects morphine has on different parts of the 

cardiovascular system. A stimulatory effect, via an increase 

in sympathetic tone (Borisov et al, 1964), and a depressant 

effect whereby brainstem neurones are depressed, decreasing 

sympathetic tone and increasing vagal tone (Martin, 1984). Such 

opposing effects of morphine may explain the bell shaped 

dose-response curve of heart rate when morphine (>0.15 mg/hr) is 

administered intravenously in lambs (Zhu and Szeto, 1989). 

(d) Effects of opioids on behaviour 

Behavioural effects of the opioids in humans have been 

comprehensively reviewed by Lal (1977). Morphine and related 
drugs have mood altering and sedative properties, (Martin, 

1984), which are dependent on the disposition of the subject 
prior to administration. The mu antagonist naloxone has been 
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shown to inhibit food intake (Brands et al, 1979), and so 

conversely the mu agonist morphine could be expected to increase 

food consumption. In lambs this would be seen as an increase in 

suckling frequency and duration. 

During initial pilot studies (see chapter 2), 3 lambs 

administered morphine (>32mg) showed hyperactivity. This is in 

agreement with Yaksh (1985), who suggests detectable motor 
dysfunction occured with mu agonists at doses at or above those 

classified as analgesic. Recent work by Nolan (1986), 

demonstrated that in sheep treated intravenously with 
buprenorphine, pethidine or fentanyl, there was initiation, to 

a greater or lesser degree of increased locomotor activity, a 

rigid base-wide stance, jerky head movements, bleating, 

chewing, sniffing and excitement such that physiological 
recording was made difficult. There is evidence to suggest that 
high doses of morphine produce hyperaesthesia mediated by a non 

opiate receptor. In rats to which morphine had been 

administered via epidural catheters this has been described as a 

pain syndrome, it -involves intermittent bouts of biting and 

scratching at the dermatomes innervated by segments proximal to 

the catheter tip (Yaksh et al, 1986) and was not reversible with 

naloxone. They suggested that high doses of morphine might be 
having a strychnine like effect, antagonising glycinergic 
effects at spinal neurones. Glycine normally producing 
postsynaptic inhibition in dorsal horn neurones, thus limiting 

their excitability (Game and Lodge, 1975). It has been 

previously shown by Duggan and Curtis (1972) that high doses of 
opioids can effectively block glycine receptors in the (cat) 

spinal cord. 

Epidural and intrathecal morphine and etorphine were expected 
to have significant analgesic activity in lambs. These routes 
of administration were chosen to minimise side effects, in 

particular behavioural changes, since such effects could not be 

completely eliminated, control groups were included to account 
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for these effects. Hypoalgesia could not be consistently 

demonstrated in pilot studies involving reflex analgesic tests/ 

foot withdrawal to thermal stimuli in restrained lambs. Doses 

were therefore selected on the basis that they were 75% of a 

dose which produced noticeable locomotor effects in 100% of 

lambs tested in pilot studies, (see general methods). This was 

because any treatment causing such side effects would interfere 

with the measurement and interpretation of the changes in 

behaviour which were being investigated as indices for 

assessment of pain. 
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Studies of the effects of the opioid agonists morphine and 

etorphine on responses to castration, or castration and tail- 

docking were based on the results obtained from two separate 

experiments, the first in March 1988 and the second in March 

1989. In total 48 Finnish x Dorset lambs (all male) weighing 
between 3.0-7.0kg, and ranging from 5-7 days old. In the first 

group of 24 lambs, the effect of epidural morphine (16mg) on 
behaviour patterns and cortisol responses produced by castration 

and tail-docking were examined. Behavioural and plasma 

cortisol data were recorded as described by Mellor and Murray 

(1989a), though presentation and analysis of results was 

modified, (see general methods). In the second group of 24 

lambs, the effect of intrathecal etorphine (10 nmol) on 
behaviour patterns and cortisol responses produced by castration 
alone, were examined. For this study changes were made in the 
behavioural monitoring technique. Behavioural monitoring was 

restricted to the main 3 postures; lateral recumbency, 

standing and ventral recumbency, which were graded into 1 of 3 

severities. A restlessness score was introduced, which 

quantified how often a lamb got up or lay down. The drugs used 
in these studies were, morphine sulphate (Boots the Chemists), 
dissolved in 0.9% NaCl solution to 80mg/ml; etorphine 
hydrochloride (Reckitt and Coleman), dissolved in 0.9% NaCl 

solution to 50nmol/ml. 

Experiment 1 

The null hypothesis was that 2x 8mg of morphine administered 
to young lambs via the epidural route would not change the 
behaviour patterns or plasma cortisol responses following 

castration and tail-docking. 
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A total of 24 lambs (Finnish x Dorset) from 5-7 days old and 

weighing 5.5 t 0.3kg were investigated. No lambs showing 

clinical signs of ill health were included in the investigation. 

Housing, feeding and bedding, followed routine husbandry 

practices as described in the general methods. 

Treatments 

A day before the experiment, wool was shaved from the full 

length of the neck to expose both jugular veins. A 10cm square 

of wool was also shaved from the skin overlying the lumbosacral 

junction. All lambs were anaesthetised with a mixture of 

halothane, nitrous oxide and oxygen, prior to and during the 

epidural or sham epidural procedures. General anaesthesia was 

maintained for no more than 10 minutes, 40 minutes were allowed 

after drug administration before the start of the experiment, 

see general methods for greater detail. 

While anaesthetised, the shaved area of skin on the dorsum of 

the lamb was cleaned with an antiseptic solution of Ilibiscrub 

(Pittman Moore, Europe Ltd) followed by application of 70% 

alcohol. The lumbar spinal cord was flexed to locate the 

lumbosacral space and a small incision made in the skin directly 

above this space with a stylet. A Tuohy needle angled at 4511 

from the vertical and directed from left to right (as seen from 

the rear of the lamb), with the chamfer facing uppermost was 
inserted through the lumbosacral junction into the epidural 

space of the spinal canal. A catheter was introduced into the 

epidural space via the Tuohy needle and advanced 80mm as 

indicated by marks previously made on the catheter. Drug or 

vehicle could then be injected in the region of thoracic segment 
10. The catheter was then withdrawn to the 10mm mark, so an 
injection could be made in the region of the lumbar segments 
6-7. Where lambs were tail-docked, a tight rubber ring 
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(Paragon Rubber Co Ltd., Skegness, England) was applied to the 

tail so that the remnant would cover the anus in ram lambs. 

When castrated a tight ring was applied to the neck of the 

scrotum so that both testicles were below and the two teats 

above the ring (Eales and Small, 1986b). All lambs were bled 

(2m1 samples) by venepuncture from a jugular vein immediately 

before and at 15,30,60,90,120,180 and 240 minutes. This 

procedure usually took less than 15 seconds. There were four 

treatment groups. 

Group 1 Control handling. Lambs were handled as if they were 
being castrated and tail-docked but without application of the 

rubber rings. 

Group 2 Epidural morphine only. Lambs (n-6) were anaesthetised 
and 2x 8mg of morphine in l00µ1 of saline was introduced into 

the epidural space at two separate locations (see above), 40 

minutes before the start of the experiment. 

Group 3 Epidural morphine followed by castration and tail- 
docking. Lambs (n-6) were treated as in group 2, and were 

castrated and tail docked at the start of the experiment. 

Group 4 Epidural saline followed by castration and tail- 
docking. Lambs (n-6) were treated as lambs in group 3 except 
that saline (2 x 100µl) alone was administered into the epidural 
space. 

Experiment 2 

The null hypothesis was that 2x 5nmol of etorphine 
administered to the young lamb via the intrathecal route would 
not change the behaviour patterns or plasma cortisol responses 
following castration. 
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A total of 24 lambs (Finnish Landrace x Dorsets) from 5-7 

days old and weighing 5.5 ± 0.2 kg were investigated. 

Treatments 

A day before the experiment wool was clipped from the full 

length of the neck to expose both jugular veins. Wool was also 

removed in a 10cm wide strip along the dorsum from mid-sacrum to 

thoracic vertebra 8. Preparation of the skin surface and 

anaesthesia were as described for experiment 1. 

The T10-Tll intervertebral space, and the lumbosacral 

junction were located by palpation of vertebrae and other bony 

landmarks and marked on the skin surface with a pen. A 1" 23 

guage needle was located centrally on the mark made at the 

lumbosacral space. While held vertically the needle was advanced 

through the skin and intervertebral space into the subarachnoid 

space until CSF was seen to flow from the hub (see fig 4.1). A 

new needle was located 5-10mm lateral to the mark previously 

made in the midline indicating the T10-Tll intervertebral space. 
The needle was then slowly advanced through the intervertebral 

space with the hub angled towards the rear of the lamb. 

Penetration was usually at a depth of about 15 mm for this size 

of lamb. If the needle hit the vertebral body it was retracted 

slightly and the angulation increased. The needle was then 

advanced again until until CSF was seen to flow from the hub. 

Due to the dead space of the needle, 120µl of solution was 
injected at both sites, after which the needle was removed with 
the syringe attached to stop the loss of CSF and drug. Despite 

the need for several attempts in early tests no neurological 
deficits were found that lasted for more than a few minutes and 

such deficits were only seen on 2 occasions. All animals were 
bled from a jugular vein before the animals were subjected to 

anaesthetic etc, then immediately before treatment, and at 15t 
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FIGURE 4.1 

SCHEMATIC DIAGRAM ILLUSTRATING THE INTRATHECAL INJECTION SITES, 

LOCATION OF THE TIGHT RUBBER RING AND INNERVATION OF THE SCROTUM 
AND TESTES 

See key opposite for somatic and visceral innervation 
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30,60,90,120, and 180 minutes after treatment. There were 

four treatment groups. 

Group 1 Control handling. Lambs (n-6) received a general 

anaesthetic, and 1" 23 gauge needles were inserted in both 

injection sites (as described above) but no drug or vehicle was 

injected. 

Group 2 Intrathecal etorphine only. Lambs (n-6) were 

anaesthetised and 2x 5nmol etorphine in l001L1 of saline was 

administered into the intrathecal space at two separate 

locations (see above), 40 minutes before the start of the 

experiment. 

Group 3 Intrathecal etorphine followed by castration. Lambs 

(n-6), were treated as in group 2, and were castrated by 

application of tight rubber rings. 

Group 4 Intrathecal saline followed by castration. Lambs (n-6), 

were treated as lambs in group 3 except that saline (2 x l00µ1) 

was administered into the intrathecal space. 

Plasma cortisol assays and presentation of results (Experiment 1 

and 2) 

Plasma cortisol concentrations in experiment 1, were measured 

by radioimmunoassay using an IDS kit (IDS Ltd. Tyne and Wear) 

with lowest detectable concentration of 7.8 ± 1.1 nmol/l and 

intra and inter assay coefficients of variation of 4.5 and 9.0% 

respectively. In experiment 2 cortisol concentrations were also 

measured by radioimmunoassay using an Amerlex kit (Amersham) 

with intra and inter assay coefficients of variation of 11.7 and 

8.8% respectively and lowest detectable concentration 3.0 ± 0.9 

nmol/l. Further details of the plasma cortisol estimation are 

discussed in the general methods chapter. 
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Where applicable the plasma cortisol results are expressed as 

the mean ± the standard error of the mean (SED). An analysis 

of variance was carried out covering the periods 15,30 and 60 

minutes for both experiments, using the base cortisol level 

for each lamb as a covariate. A2 by 2 treatment structure was 

used as shown below (see general methods for further 

explanation). 

Experiment 1. (Castration (CN) v Control handling (C); Control v 

Epidural morphine and castration (EDM)). 

Experiment 2. (Castration (CN) v Control handling (C); Control v 

Intrathecal etorphine and castration (ITE)). 

The main output of these analyses were 2 by 2 tables of 

cortisol means (nmol/1) and a standard error of differences 

(SED), which allowed comparison of the means. Any difference 

between the mean plasma cortisol concentrations which exceeds 

the figure accompanying the table (Derived from the SED) is 

statistically significant at the 5% level. 

Behavioural monitoring and presentation of results (Experiment 1 

and 2) 

Detailed description of the behavioural monitoring techniques 

and analysis of data using non parametric statistical tests is 

described in the general materials and methods chapter. In 

experiment 1 behavioural monitoring was extended over a four 

hour period and the presence or absence of particular behaviour 

was noted for each lamb at specific times after treatment. The 

different behaviours were: lateral recumbency, ventral 

recumbency, standing and teat seeking or sucking. Behaviour was 

observed once every minute between between one and 14 minutes, 

every two minutes between 17 and 29 minutes, every 5 minutes 
between 35 and 60 minutes, every ten minutes between 70 and 120 

minutes, every 15 minutes between 135 and 240 minutes. 
Behavioural data is presented in bar chart form, the incidence 
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of each behaviour pattern being expressed as a percentage of the 

total number of observations during each period. In experiment 
2 the overall recording time was reduced to 3 hours. Most lambs 

return to normal by this time as assessed by initial monitoring 
techniques and this reduction allowed more lambs to be 

investigated each day. Three severities of lateral recumbency, 

ventral recumbency and standing were recorded as was 

restlessness, a quantitative measure of how often a lamb got up 

and lay down. Restlessness was recorded by continuous 

observation between 1 and 15 minutes, and between 15 and 30 

minutes. Behaviour was recorded once every minute between one 

and 14 minutes, every two minutes between 17 and 29 minutes, and 

at 5 minute intervals to the end of the experiment (180 

minutes). Behavioural data is presented as for experiment 1. A 

fuller description is given in the general materials and methods 
(chapter 2). 



Chapter 4 111 

RESULTS 

Effect of epidural morphine on the behavioural and physiological 

indices selected, following castration and tail-docking 

EXPERIMENT 1 

Expt 1 Group 1- Behaviour of contol lambs 

The behaviour of each lamb was recorded regularly but 

intermittently. It was not therefore possible to determine the 

total time for which a lamb exhibited each behaviour. The 

results are presented in Fig 4.2 and Tables 1 and 2. The 

behaviour of control lambs was consistent from 15 minutes to the 

end of the experiment (240 minutes), most lambs remaining in 

ventral recumbency (67-94% of observations). In the first 15 

minutes following blood sampling, lambs lay in lateral 

recumbency (15% of observations) and showed teat seeking (18% of 

observations). Note, however, only one lamb was responsible for 

the lateral recumbency recorded. Furthermore in the first 15 

minutes lambs spent more time standing (44% of observations) 
than lying in ventral recumbency (23% of observations). 

Plasma cortisol concentrations 

The results are presented in Fig 4.2 and Tables 1 and 2. 

There was a rise in plasma cortisol concentration from a basal 

level (21.5 ± 16.1 nmol/1) at the start of the experiment, 
reaching a peak of 48.5 ± 16.7 nmol/1 at 15 minutes and 

returning to below initial basal levels by 60 minutes. The 

plasma cortisol concentration remained below the initial basal 

level for the remainder of the experiment (60.240 minutes). 
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Expt 1 Group 2- Behaviour of lambs following epidural, morphine 
(16mg) 

The results are presented in Fig 4.2 and Tables 1 and 2. 

Behaviour in lambs treated with epidural morphine (16mg) was not 

significantly different from control lambs in the first 15 

minutes. In subsequent time periods there was more standing 

than in control lambs which was significant (P<0.05) during the 

periods 15-30 and 60-120 minutes. Lateral lying was observed 
during the time periods between 0 and 180 minutes, which was not 

significant when compared period by period with the control 

group (P<0.05). The total time spent in lateral recumbency in 

this groupis, however, greater than that in the control group 
(P<0.05). These lambs lay less in ventral recumbency than 

control lambs throughout the experiment, and this was 

significant during the periods 15-30,30-60 and 60-120 minutes 
(P<0.05). Teat seeking and sucking was evident in the first 60 

minutes (14-27% of observations) in group 2, while almost 

absent from all time periods in the other 3 groups. The total 

time spent teat seeking approached significance at P<0.05 when 

compared with control lambs. 

Plasma cortisol concentrations 

The results are presented in Fig 4.2 and Tables 1 and 2. The 

plasma cortisol levels were reduced in lambs to which epidural 

morphine had been administered. When compared with control lambs 

from 15-60 minutes, this approached significance at the 5% 

level. Following administration of epidural morphine the plasma 

cortisol level fell from basal levels (40.0 ± 9.4 nmol/1) to 
below the minimum detectable concentration of the kit (7.8 ± 

1.1 nmol/1) by 30 minutes. Thereafter concentrations increased 

to establish a plateau value between 70-78 nmol/l from 120-180 

minutes. 
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Expt 1 Group 3- Behaviour of lambs to which epidural morphine 
had been administered (2x8mg) 40 minutes prior to castration 

and tail-docking 

The results are presented in Fig 4.2 and Tables 1 and 2. 

Lambs to which epidural morphine (2x8mg) had been administered 
40 minutes prior to castration, showed no reduction in the 

abnormal behaviour associated with this procedure. On the 

contrary in the first 60 minutes a greater increase in lateral 

recumbency occurred than that in lambs castrated and tail-docked 

without epidural morphine. This increase in lateral recumbency 

was significant from 0-15 minutes (P<0.05) and approached 

significance from 15-30 minutes (P<0.1). After 60 minutes most 
lambs stopped lying laterally, but spend more time standing 
(75-79% of observations) than those lambs castrated and tail- 
docked without morphine. The increase in standing, and 

associated decrease in ventral recumbency was significant 
(P<0.05) when compared with control lambs from 60-180 minutes. 

Plasma cortisol concentrations 

The results are presented in Fig 4.2 and Tables 1 and 2. 

Lambs castrated and tail-docked 40 minutes after epidural 

morphine administration (2x8mg) produced a significantly smaller 

plasma cortisol response than lambs castrated and tail-docked 
following saline administration when compared for the period 
15-60 minutes (P<0.05). The plasma cortisol changes in group 3 

were not statistically different from control lambs over the 

same time period. A distinct secondary rise in plasma cortisol 

concentration occurred from 90-180 minutes reaching a peak of 
70.8 ± 19.7 nmol/l by 150 minutes. 
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Expt 1 Group 4- Behaviour of lambs to which epidural saline had 

been administered 40 minutes prior to castration and tail- 
docking 

The results are presented in Fig 4.2 and Tables 1 and 2. 

Lambs to which epidural saline had been administered 40 minutes 

prior to castration and tail-docking lay more in lateral 

recumbency (6-69% of observations) from 0-120 minutes than 

control lambs. This marked difference was significant from 0-60 

minutes (P<0.05). Conversely lambs this group lay less in 

ventral recumbency (2-78% of observations) when compared with 

control lambs from 0-240 minutes, which was only significant 
(P<0.05), from 15-30 minutes. This reduction in ventral 
recumbency, was associated with a progressive increase in 

standing (10-46% of observations) from 15-240 minutes. The 
incidence of standing in this group was significantly greater 
than for control lambs (P<0.05) from 120-240 minutes. 

Plasma cortisol concentrations 

The results are presented in Fig 4.2 and Tables 1 and 2. The 

plasma cortisol response in lambs to which epidural saline had 

been administered 40 minutes prior to castration and 
tail-docking rose rapidly from a pretreatment basal level (16.3 

# 8.8 nmol/1) to a peak value of 183.2 1 45.7 nmol/l at 60 

minutes. The plasma cortisol concentrations returned to near 
basal levels by 120 minutes (33.4 ± 18.9 nmol/1). The plasma 
cortisol response was significantly larger than the other 3 

groups (P<0.05), for the periods between 15-60 minutes. 



Chapter 4 

Plasma cortisol concentrations 

115 

Experiment 1. Mean plasma cortisol concentrations (nmol/1) for 

the 4 groups. 

Drug Nil E/D Morphine 

Procedure 

C 52.8 -4.9 
CN 167.0 69.1 

Thus for a SED of 33.8, and using a two way T-test, 5% 

significance is obtained with any difference greater than 70.6 

nmol/l between the mean treatment cortisol concentrations 
tabulated above. Note that the castration and tail-docking 
(CN-Nil) group produces a cortisol response significantly 
greater than the other 3 groups (P<0.05). Lambs to which 

epidural morphine (16mg) had been administered prior to 

castration and tail-docking (CN-E/D Morphine) produced a 

cortisol response (69.1 nmol/1) which was not significantly 
different from control lambs (C-Nil). Note also, however, that 
lambs administered morphine only(C-E/D Morphino), had depressed 

plasma cortisol concentrations which approached significance at 
P<0.05. As a result of this depression in plasma cortisol 

concentration in the C-E/D Morphine group the response in the 

CN-E/D Morphine group significantly greater (P<0.05). 

EXPERIMENT 2 

Effect of intrathecal etorphine on the behavioural and 

physiological indices selected, following castration 

Expt 2 Group 1- Behaviour of control lambs 

The results are presented in Fig 4.3 and Tables 3 and 4. The 
incidence of normal standing (Si) in control lambs decreased 

progressively from 59% of the observations in the first 15 
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minutes to 22% of observations by 120 minutes. This was due to 

an increase in mainly awake ventral recumbency (V2) from 41% of 

observations in the first 15 minutes to 78% of observations by 

120 minutes. The trend of increasing ventral recumbency and 
decreasing standing was reversed from 120-180 minutes. There was 

no evidence of restlessness (11 posture changes) from 0-15 

minutes. 

Plasma cortisol concentrations 

The results are presented in Fig 4.3 and Tables 3 and 4. The 

plasma cortisol concentration in control lambs rises from a 
basal level prior to the first blood sample (17.3 ± 5.5 nmol/1) 
to a peak of 76.8 ± 17.5 nmol/1 at 30 minutes. Plasma cortisol 

concentrations then returned to basal levels by 60 minutes. 

Expt 2 Group 2- Behaviour of lambs to which intrathecal 

etorphine (2x5nmol) had been administered 40 minutes prior to 

castration 

The results are presented in Fig 4.3 and Tables 3 and 4. A 

similar pattern of behaviour occurred in lambs following 

intrathecal etorphine when compared to control lambs. there 
being no statistical differences between the behaviours of these 

two groups. In this group, the incidence of standing decreased 

progressively from 83% of the observations in the first 15 

minutes to 28% of the observations at the end of the experiment 
(180 minutes). This was due to an increase in mainly awake 
ventral recumbency (V2) from 17% of observations in the first 15 

minutes to 72% of the observations by 180 minutes. Unlike the 

control group, the standing was slightly abnormal (S2) from 

0-90 minutes (10-35% of observations) in group 2. There was no 

evidence of restlessness (7 posture changes) from 0.15 minutes. 
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Plasma cortisol concentrations 
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The results are presented in Fig 4.3 and Tables 3 and 4. The 

plasma cortisol concentration of lambs to which intrathecal 

etorphine (2x5nmol) had been administered 40 minutes prior to 

castration increased from a basal level (41.5 ± 13.0 nmol/1) to 

a peak of 82.9 ± 25.3 nmol/l at 30 minutes. After the peak 
there was a gradual return to basal levels by 90 minutes. From 
120 minutes there was a secondary increase which may have 

continued after the last sample at 180 minutes. The plasma 

cortisol response of this group was not significantly different 

from that in control lambs when compared for the periods between 

15-60 minutes (P<0.05). 

Expt 2 Group 3- Behaviour of lambs to which intrathecal 

etorphine (10 nmol) had been administered 40 minutes prior to 

castration 

The results are presented in Fig 4.3 and Tables 3 and 4. 

Lambs to which intrathecal etorphine (2x5nmol) had been 

administered 40 minutes prior to castration lie mainly in 

ventral recumbency throughout the whole experiment from 0-180 

minutes (61-72% of observations). Unlike control lambs, 
however, most ventral recumbency was abnormal (V3) from 0-90 

minutes (45-60% of observations), changing progressively to 

mainly normal awake ventral recumbency (V2) by 120-180 minutes. 
The incidence of standing was reduced from 0-180 minutes when 

compared with control lambs. This was significant (P<0.05) from 
0-60 minutes. Lambs in this group lay in lateral recumbency (L1 

and L2) throughout the experiment, with the peak incidence 

occurring from 30-60 minutes (33% of observations). Although no 
lateral recumbency occurred in control lambs, and only to a 
limited extent from 0-60 minutes in lambs castrated following 

administration of intrathecal saline (4-10 % of observations, 
all L1), no significant differences were found between these 
groups and group 3. There was also evidence of restlessness in 
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this group from 0.15 minutes (79 posture changes), which was 

significantly greater than that in control lambs (P<0.05), but 

was not significantly different when compared with lambs to whom 
intrathecal saline had been administered prior to castration 
(120 posture changes, P>0.05). 

Plasma cortisol concentrations 

The results are presented in Fig 4.3 and Tables 3 and 4. The 

plasma cortisol concentrations of lambs to which intrathecal 

etorphine (2x5nmol) had been administered 40 minutes prior to 
castration, rose rapidly from a basal level of 51.5 ± 22.5 

nmol/1 to a peak value of 325.5 ± 57.9 nmol/l at 60 minutes. 
There was evidence of a plateau between 30 and 60 minutes, 
indicating that an even higher peak probably occurred between 
these two sample times. Although the plasma cortisol response 
was greater in this group than that in lambs castrated following 

administration of intrathecal saline when compared between 15-60 

minutes, this was not found to be significant (P>0.05). The 

plasma cortisol response in this group was, however, 

significantly greater than the other two groups when compared in 

the periods 15-60 minutes (P<0.05). 

Expt 2 Group 4- Behaviour of lambs to which intrathecal saline 
had been administered 40 minutes prior to castration 

The results are presented in Fig 4.3 and Tables 3 and 4. 
Lambs to which intrathecal saline had been administered 40 

minutes prior to castration spent most time in ventral 
recumbency from 0-180 minutes (61-75% of observations). Ventral 

recumbency was mostly abnormal (V3) from 0-90 minutes (35-60% of 
observations), returning to normal awake ventral recumbency 
(V2) by 90-120 minutes. All standing was abnormal (S2) from 
0-120 minutes (25-35% Of observations) but began to return to 
normal by 120-180 minutes. Some lateral recumbency (L1) was 
evident from 0.60 minutes (4-10% of observations), however, none 
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of the main behavioural categories in this group were 

statistically different from either control lambs or lambs to 

which etorphine had been administered prior to castration 
(P<0.05). Consistent with the lateral recumbency, and abnormal 

standing the restlessness score was elevated to the highest 

frequency found in all four groups (120 posture changes) from 

0-15 minutes, which was statistically significant when compared 

with control lambs (P<0.05). 

Plasma cortisol concentrations 

Results are presented in Fig 4.3 and Tables 3 and 4. The 

plasma cortisol concentrations of lambs to which intrathecal 

saline had been administered 40 minutes prior to castration 
increased from a basal level (44.7 ± 17.0 nmol/1) to a plateau 
similar to that seen in lambs castrated following intrathecal 

etorphine administration. The peak concentration of the plateau 

at 60 minutes was lower (223.9 ± 28.0 nmol/1) though not 

statistically different from that latter group (P>0.05) when 

compared for the periods 15-60 minutes. The plasma cortisol 
response in this group was significantly greater, however, than 

control lambs, and those to which etorphine had been 

administered, when compared over the same time period (P<0.05). 

Experiment 2. Mean plasma cortisol concentrations (nmol/1) for 

the 4 groups. 

Drug Nil I/T Etorphine 
Procedure 

C 57.6 68.5 
CN 191.9 249.0 

Thus for a SED of 39.9, and using a two way T-test, 5% and 
20% significance is obtained with any difference greater than 
83.4 and 52.7 nmol/1 respectively between the mean treatment 
cortisol concentrations tabulated above. Note that lambs to 
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which intrathecal etorphine (l0nmol) had been administered prior 
to castration (CN-I/T Etorphine) produced the largest cortisol 
response (249.0 nmol/1). This response was significantly 
greater when compared to control lambs (C-Nil) and lambs 

receiving etorphine only (C-I/T Etorphine) at P<0.05, and lambs 

castrated without prior drug treatment at P<0.2. 
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Effect of epidural morphine (16mg) on the indices used for 

assessment of pain from castration and tail-docking 

The results shown were obtained from 4 groups of 6 lambs, each 

group was subjected to one of the following treatments 1) 

control handling 2) epidural morphine 3) epidural morphine + 

castration and tail-docking 4) epidural saline + castration and 

tail-docking 

Behaviour 

The incidence (%) of four behaviours (Ir Lateral recumbency, S- 

Standing, V- Ventral recumbency, T/S- Teat seeking and Sucking) 

were recorded for each group and presented in bar chart form in 

6 time periods; 0-15,15-30,30-60,60-120,120-180 and 180-240 

minutes, see materials and methods for numbers of observations 
in each period 

Plasma cortisol 
Plasma cortisol concentrations are presented in graph form 

(nmol/1 ± S. E, (n-6)) at 10 times; -10,0,15,30,60, 
90,120,150,180 and 240 minutes. 

Statistical analysis 
A Indicates that the difference between the behaviour of the 

treatment group and the (control handling) group was 

significant at (P<0.05) 

a As above but (P<0.1) 

B Indicates that the difference between the behaviour of the 
(epidural morphine + castration and tail-docking) group and 
the (epidural saline + castration and tail-docking) group was 

significant at (P<0.05) 

b As above but (P<0.1) 

Notes 1) Epidural morphine increases the incidence of lateral 

recumbency after castration and tail-docking, this was 

significant for the period 0-15 minutes (P<0.05) and approached 

significance for the period 15-30 minutes (P<0.1). 

2) The plasma cortisol response of the (E/D Saline + C/T) group 
is significantly greater than the (E/D Morphine + C/T) group 

when compared between 15-60 minutes (P<0.05) 
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TABLE 4.1 

THE EFFECTS OF FOUR TREATMENTS ON LAMB BEHAVIOUR IN SIX TIME 
PERIODS 

In each period after treatment the incidence of four postures 
(i. e. Lateral recumbency, Standing, Ventral recumbency and Teat 
Seeking or Sucking) are presented as the number of times that 
behaviour is observed, and as a percentage of the total number 
of observations made in that period. 
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126 FIGURE 4.2 

Effect of intrathecal etorphine (10nmol) on the indices used 

for assessment of pain from castration 

The results shown were obtained from 4 groups of 6 lambs, each 

group was subjected to a different treatment 1) control handling 

2) intrathecal etorphine 3) intrathecal etorphine + castration 

4) intrathecal saline + castration 

Behaviour 

The incidence ($) of three behaviours (L- Lateral recumbency 

(1-3), S- Standing (1-3), V. Ventral recumbency (1-3)) were 

recorded for each group and presented in bar chart form in 6 

time periods; 0-15,15-30,30-60,60-90,90-120 and 120-180 

minutes, see materials and methods for numbers of observations 
in each period. A restlessness score was recorded from 0-15 

minutes, and was presented as a quantitative measure of the 

total number of posture changes in all lambs. 

Plasma cortisol 
Plasma cortisol concentrations were presented in graph form 

(nmol/l +/- S. E, (n-6)) at 9 times; -10,0,15,30,60,90, 
120,150 and 180 minutes. 

Statistical analysis 
A Indicates that the difference between the behaviour of the 

treatment group and the (control handling) group was 

significant at (P<0.05) 

Notes 1) Intrathecal etorphine increases the incidence of 
lateral recumbency after castration during the time periods 
0-15,15-30,30-60 and 60-90 minutes. This was not 

significant (P<0.05). 2) Intrathecal etorphine also increases 

the incidence and duration of abnormal ventral recumbency (V3) 

after castration 3) No abnormal ventral recumbency (V3) or 
lateral recumbency (L1-3) was seen in either the (control 

handling) group or the (I/T Etorphine) group 4) The cortisol 

response of the (I/T Etorphine + Castration) group was greater 
but not significantly different from (P<0.05) the (I/T Saline + 

Castration group). 
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TABLE 4.3 

THE EFFECTS OF FOUR TREATMENTS ON LAMB BEHAVIOUR IN SIX TIME 
PERIODS 

In each period after treatment the incidence of three postures 
(i. e. Lateral Recumbency, Standing and Ventral Recumbency) are 
presented as the number of times that behaviour is observed, and 
as a percentage of the total number of observations made in that 
period. 
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DISCUSSION 

131 

The aim of these experiments was to find an analgesic with 

which to reduce the pain experienced by lambs after castration 

and tail-docking or castration. Neither epidural or intrathecal 

morphine at the doses employed here produced recognisable 

analgesia in these experiments. This suggests that unless 

unknown factors prevented access of active opioids to the spinal 

cord, or the drugs used had an insufficient duration of action, 

the pain produced by castration and tail-docking or castration 

cannot be reduced by epidural morphine or intrathecal etorphine. 
Evidence was, however, obtained that suggests opioids, 

administered by this route and in these doses, produce 
hyperalgesia. 

Interpretation of the results obtained in experiment 1 

There was no evidence from the behavioural data of any 
analgesia following epidural administration of morphine. The 
incidence of lateral recumbency (98% of observations) was 
significantly higher (P<0.05) during the period 15 - 30 minutes 
in lambs castrated and tail-docked following epidural morphine 
administration than in lambs castrated and tail-docked after 
receiving epidural saline. This change in behaviour could not 
be attributed directly to morphine, as the lambs receiving just 

morphine showed increased standing throughout the duration of 
the experiment (36-81% of observations), with only a limited 
incidence of lateral recumbency which occurred later in the 

periods from 30-120 minutes (though the total time spent in 
lateral recumbency was significantly greater than that seen in 

control lambs (P<0.05)). 

In contrast to the behavioural changes, the associated plasma 
cortisol response might be considered indicative of hypoalgesia, 

as this response was significantly smaller than that recorded in 
lambs castrated and tail-docked following epidural saline 
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(P<0.05). Epidural morphine alone, however, reduced the 

plasma cortisol levels to below resting values over the same 

time period (0-60 minutes) i. e. at the time that peak 

concentrations would be expected in lambs castrated and tail- 

docked. The reduction in plasma cortisol concentration by 

morphine could therefore be responsible for the lower peak 

plasma cortisol response obtained in lambs castrated and tail- 
docked following morphine administration. Morphine has been 

associated with an inhibition of the plasma corticosteroid 

response in rats produced by stress (Burdette et al, 1961; 

Gibson et al, 1979). One possible explanation for the 

reduction in plasma cortisol levels in lambs administered 

morphine only, may be that there is a background level of 

stress in lambs because of human contact before the start of the 

experiment, which is revealed by the drug treatment. 

Work by Carson and Challis, (1982) has demonstrated that 

administration of met- and leu-enkephalin increased plasma 

cortisol concentrations in lambs. Some evidence for such an 

effect in these experiments may be the long lasting increase in 

plasma cortisol which occurred after the initial suppression. 
This was seen as a gradual increase starting at about 30 minutes 

and rising to a peak at 120 minutes which was 95% higher than 

the basal level. The second peak which can be seen in the 

plasma cortisol response of lambs castrated and tail-docked 
following morphine from 90-180 minutes may also be explained by 

such an effect of morphine on plasma cortisol. 

Interpretation of the results obtained in experiment 2 

Intrathecal etorphine (2x 5nmol) unlike epidural morphine 
(2x8mg) was associated with behaviour which was not 

statistically different from the control lambs when the three 

main categories of behaviour were compared (P>0.05), though 

some abnormal standing (S2) was seen during the periods 0-15, 

15-30 and 30-60 minutes. The total time spent in abnormal 
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standing (S2) by lambs administered intrathecal etorphine was 

significantly greater than in control lambs (P<0.05). This 

abnormal standing is possibly attributable to the immobilising 

action of etorphine (Kania, 1985), which was seen in initial 

trials where larger doses were used (50nmol). An immobilising 

action could also explain why there was no increase in 

restlessness score following administration of etorphine. It 

was not possible to compare the effects of etorphine and 

morphine on restlessness because this index was was only 
developed for the etorphine experiment, though restlessness was 

observed after morphine administration. 

Intrathecal etorphine did not eliminate or reduce the limited 

incidence of lateral recumbency associated with castration, 

conversely there was an increase in the incidence and duration 

of this behaviour when compared with lambs castrated following 

intrathecal administration of saline. Further comparison between 

these groups revealed that those lambs castrated following 

intrathecal etorphine administration lie with an increased 
incidence (2-60% of observations) of abnormal ventral recumbency 
(V3) throughout the duration of the experiment providing 
additional evidence for hyperalgesia rather than hypoalgesia. 

Evidence for hyperalgesia included an increase in abnormal 
lying behaviour (lateral 1-2 and ventral 3) and a greater 
cortisol response than that recorded in lambs castrated 
following intrathecal saline administration but was only 

significant at P<0.2. The possibility cannot be excluded that 
the increase in abnormal lying behaviour is due to other 
physiological effects such as hyperreflexia or hyperaesthesia. 
It is likely that the association between abnormal activity and 
the plasma cortisol response demonstrated here, was maintained 
because I/T etorphine, unlike E/D morphine did not suppress 
cortisol release. On the basis of the behavioural indices the 

result obtained with morphine and etorphine is similar, in that 
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both produced changes which can be interpreted as evidence for 

hyperalgesia. 

Explanations for the absence of any analgesic effect following 

administration of either epidural morphine (16mg) or intrathecal 

etorphine (10nmol) 

(a) Failure of active drug to gain access to the spinal cord 

There were no obvious errors in drug administration which may 
be responsible for failed spinal analgesia (Munhall, 1988). Once 

in the epidural space morphine has been demonstrated to diffuse 

slowly into the spinal cord (Cousins and Mather, 1984), despite 

the necessity to cross the pia arachnoid, which may be a 

greater barrier to morphine than the dura mater (Bernards and 
Hill, 1990). Direct evidence that active morphine was 

administered was provided by behavioural changes following 

epidural administration of morphine. The increased incidence of 
teat seeking which approached significance, and lateral lying 

which was significant (P<0.05) (when the total time spent in 

these behaviours was, compared to that seen in control lambs)was 

attributable to an action at higher levels of the CNS, as was 
the increase in standing, which was significantly increased 
during the periods 15-30,60-120 and 120-180 minutes (P<0.05). 
The increase in teat seeking can be explained by the finding 

that opioid agonists can enhance intake of some nutrients, for 

review see Reid (1985). There was indirect evidence that active 
morphine gained access to the spinal cord due to the appearance 
of lateral recumbency from 0-180 minute in lambs administered 
just morphine (2x8mg), which could be produced by a 
hyper-reflexic action of morphine at the level of the spinal 
cord. Similar doses of morphine injected intrathecally (see 

chapter 5) were found to facilitate withdrawal reflexes in the 
hind limb, probably by depression of spinal inhibitory 

mechanisms at non opioid receptors (Curtis and Duggan, 1969). 
Such substantial changes were not seen following intrathecal 
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etorphine administration, the appearance of abnormal standing 
from 0-90 minutes (10-35% of observations) could be due to 

central and/or spinal effects as etorphine can have immobilising 

actions in sheep (Kania, 1985). Direct evidence that morphine 

and etorphine gained access to the spinal cord is required. 

This could be obtained from studies of binding of radio labelled 

opioids to the spinal cord following epidural and intrathecal 

administration in-vivo. 

(b) There is an inadequate population of functional opioid 

receptors in the spinal cord on which morphine and 

etorphine can act 

It is possible that there are species and age differences in 

receptor distribution and numbers (Couarderes et al, 1982) 

which account for the lack of analgesic activity found in these 

experiments with morphine and etorphine. Although lambs are 

physiologically well developed at birth, brain development is 

not complete (McIntosh et al, 1979), and at birth the adult 

complement of opiate binding sites has not been established 
(Villiger et al, 1982). In rats where there is comparable 
development of the opioid system after birth, morphine 

analgesia as measured by tail withdrawal from hot water, 
increases from a 40% increase in reaction time at 5 days to an 
85% increase in reaction time by 15 days. These increases were 

not considered to be attributable to changes in the blood brain 

barrier, as this barrier did not develop fully until after 15 

days (Auguy-Valette et al, 1978). It is possible that similar 
insensitivity to morphine analgesia may be occurring in the young 
lamb (5-7 days old) and since even adult sheep are also 

relatively insensitive to opioids (Krueger, 1941,1943; Davies, 

1985), a partially developed system could have little 

antinociceptive capability. Studies are necessary therefore to 

elucidate the functional state, location and density of opioid 

receptors in the lamb spinal cord over this period (5-7 days). 
Such work has been undertaken in adult sheep. Bouchenafa et al, 
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1989; Brandt and Livingston, 1989 demonstrated that 

opiate receptors are appropriately located in areas of the 

spinal cord associated with input from nociceptive primary 

afferent fibres. Autoradiographic studies using the mu selective 

agonist <3H> DAGO and the highly selective delta agonist <31> 

DPDPE have demonstrated binding in lamina I(µ) and lamina I and 
II(S) of the spinal cord in vitro. Intrathecal injection of <31-I> 

DAGO in l001i1 saline failed to reproduce the results seen in the 
in-vitro binding. They concluded that these receptors are not 

easily accessible to intrathecal opioids supporting the proposal 
that poor access of opioids to the lamb spinal cord is a 

possible explanation for failure to obtain analgesia. 

(c) The distribution, receptor affinity and duration of activity 
of morphine and etorphine is not adequate 

An alternative explanation for the absence of analgesia with 

morphine could be that a predominantly mu selective drug 
(Magnan et al, 1982) is less effective against a mixed 

cutaneous and visceral stimulus comprising both mechanical and 
chemical nociceptor activity than for example a purely cutaneous 
stimulus. Ness and Gebhart (1989) demonstrated morphine to be 

more potent in mechanical pain tests when compared with formalin 

tests in rats. Improved performance of morphine in one pain 
test does not imply, however, that it is ineffective in another, 
there being ample evidence that morphine is antinociceptive in a 

variety of thermal and non thermal, visceral and somatic pain 
tests (Tyers, 1980; Schmauss and Yaksh, 1984). In most human 

patients an epidural dose of 5mg of morphine has an onset of 
action within 20 minutes, produces complete pain relief by 40 

minutes and has a minimum duration of action of 4 hours (Torda 

and Pybus, 1982). Reflex studies in the conscious animal and 
the anaesthetised spinalised preparation, which are generally 
used to identify the analgesic potency of drugs destined for 
human use, indicate that morphine is indeed a potent analgesic 
narcotic (Irwin et al, 1951). 
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Kappa agonists have also been shown to produce similar levels 

of analgesia in both thermal and non thermal nociceptive tests 
(Parsons and Headley, 1989) if the intensity of the stimului as 
judged by excitability levels of neurones in the dorsal horn are 

comparable. Since morphine has little effect on K receptors, an 

opioid agonist with an action at K receptors could be selected. 
Etorphine is such a drug with high potency (Reckitt and Coleman, 
1982) and action at mu, delta and kappa receptor sites 
(Magnan et al, 1982). The finding that etorphine was no more 

effective at producing measurable analgesia than morphine was 
further evidence that young lambs are refactory to the action of 
the three main opioid receptor agonists administered in this 

way. Etorphine like other highly lipid soluble opioids such as 
fentanyl was expected to gain access to the spinal cord by a 
different mechanism than morphine (Gourlay et al, 1987) and this 

provided further evidence that access may not be the main 
explanation. The high receptor affinity of etorphine (Reckitt 

and Coleman, 1982) may, however, have resulted in a restricted 
spread of drug through the spinal cord producing 
antinociception, which did not include all the segments of the 

spinal cord receiving afferent activity from the testes and 
scrotum. A further explanation is that like fentanyl, there is 

a rapid onset of analgesia following etorphine administration 
but this is rapidly dissipated as the opioid is redistributed 
and analgesia does not last for long enough to counteract the 

effects of castration carried out 40 minutes after 
administration. 

(d) The stimulus intensity was too great for any analgesia 
obtained with morphine or etorphine to be revealed by these 

assessment methods 

The nociceptive stimuli of castration or castration and tail- 
docking cannot be directly compared quantitatively with stimuli 
such as just suprathreshold noxious mechanical pressure on the 
forelimb of the sheep, as described by Nolan et al (1987), but 
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it is clear that they are much more intense and are maintained 
for much longer. Analgesic effects may thus be obtained using 

these less intense and short lived stimuli whereas with 

castration such effects are swamped by the intensity of the 

response. The intensity of the stimulus is also important 

because, in rats, it has been shown that the analgesia obtained 

with either mu or kappa selective opioids, was more evident 

with weaker stimuli (Parsons and Headley, 1989). Intrathecal 

morphine (3000µg) has only been shown to produce antinociception 

at limited noxious pressures produced by a 1ON force applied by 

a metal pin to the skin of the sheep, this contrasts with the 

action of the alpha 2 agonist xylazine, intrathecal 

administration of (50µg) of which eliminated limb withdrawal 

responses when forces greater than 15 Newtons were applied to 

the skin (Waterman et al, 1988). It has also been shown that 

the response to certain extremely noxious stimuli such as 
intense noxious heat applied to the rats tail could not be 

readily reduced by analgesics (Gray et al, 1970). 

The intensity of the noxious stimulus used for the assessment 

of etorphine was reduced, by changing from castration and 

tail-docking to castration on its own. This remains a complex 

stimulus with both visceral and somatic components and is still 

extremely noxious. A further refinement along these lines would 
have been achieved by using tail-docking on its own, which 

provides a less intense stimulus with only somatic components. 
Sufficient evidence is, however, available from these studies 
to consider it unlikely that the intensity of the stimulus is 

the explanation for the absence of any recognisable analgesic 

effect of epidural morphine or intrathecal etorphine. If 

morphine and etorphine produced analgesia at lower intensities 

of noxious stimulation, an earlier termination to the abnormal 
behaviour following castration and tail-docking, or castration 
would be expected, because as indicated by these responses the 
intensity of these stimuli reduces with time. 
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(e) The doses of morphine and etorphine selected were too high 

Both morphine and etorphine, may have analgesic activity at 
doses below those selected for use in these experiments. Tyers 
(1980), demonstrated analgesia in the mouse using the hot plate 

test following 0.5-5.0 mg/kg of subcutaneous buprenorphine, 

whereas 5.0-20.0 mg was associated with a decrease in analgesia. 
This biphasic analgesic action of buprenorphine may account for 

the failure by Livingston et al (1986), to obtain analgesia in 

some sheep at doses above those which produced antinociception 
in all animals tested. The possibility of the existence of such 

a bell-shaped dose response curve in lambs was investigated in 

only a few preliminary experiments. No analgesia was found at 

morphine doses at or below 16mg in initial tests. However, the 

variability of the limb withdrawal and tail flick response to 

noxious heat or pinch when the lamb was restrained in a hammock, 
does not exclude the possibility that analgesia can be obtained. 
During the main experiment where lambs were castrated 40 minutes 
after administration of epidural morphine (16mg) or intrathecal 

etorphine (10nmol), if lower doses are more effective some 

evidence of analgesia might be expected to be found as the 

concentration of morphine or etorphine falls in the CSF and 

spinal cord. There was no evidence, however, that morphine or 
etorphine reduced the duration of the response to either 

castration and tail-docking or castration respectively. If this 

process produced analgesia later than 2 hours after castration 

or castration and tail-docking, it would be difficult to detect 
because plasma cortisol concentrations have returned to basal 
levels, and lamb behaviour is near normal after this time. 

Furthermore, following 16mg of epidural morphine it might be 

a considerable time before concentrations fell to those found to 
be analgesic in other pain models, particularly as lower doses 

than those used here can have an analgesic action for in excess 
of 10 hours in humans (Yaksh and Rudy, 1978). A dose response 
study using castration or castration and tail-docking as pain 
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models, might elucidate bi-phasic analgesic properties of 

morphine and etorphine, but such a study would require a large 

number of lambs. A higher dose, particularly of etorphine, 

might have produced analgesia, but because of the effects on 
behaviour it would not be possible to use the indices developed 

here. Since only one dose was used for each drug and since it is 

still not known if this dose lies on any analgesic dose-response 

curve for this age and weight of lamb it can only be concluded 
that the effectiveness of morphine and etorphine as analgesics 

capable of reducing the pain of castration and tail-docking in 

young lambs remains to be demonstrated. 

Further approaches to finding a suitable analgesic with which 
to modify the pain of castration and tail-docking 

Since these established analgesics have not been successfully 
applied new approaches must be found to attack this problem. One 

important requirement of such approaches is that an analgesic 
administration technique is used whereby a variety of drugs at a 

range of doses can be tested in the same lamb. This could be 

accomplished by chronically implanting catheters into the 

subarachnoid space of 5-7 day old lamb as described for the rat 
(Yaksh, 1976a), but modified so that one catheter tip lies at 
the level of thoracic segments T10-T11, and the other at 
Lumbo-sacral segments (L7-S1). Use of a short lived repeatable 

noxious stimulus in unrestrained lambs the intensity of which 

can be varied quantitatively for short periods of time (e. g. 10 

seconds) could enable a suitable analgesic and range of stimuli 
to be found. Another approach using the anaesthetised and 
spinalised lamb is to investigate the effect of intrathecally 

administered potential analgesics on for example, activity in 

dorsal horn neurones evoked by noxious stimulation 
(Fleetwood-Walker et al, 1985; Dickenson and Sullivan, 1987). 
An effective analgesic would be expected to suppress activity 
initiated by noxious stimulation. 
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It was decided that it was first necessary to confirm that 

morphine and xylazine applied intrathecally to the spinal cord, 
in the doses chosen above, did not produce evidence of 

analgesia. As analgesic potency is routinely estimated by the 

ability of a drug to suppress reflex activity in spinalised 

animals (Irwin et al, 1951), the effect of both morphine and 

xylazine on the sural- semitendinosus reflex in the 

anaesthetised and spinalised lamb were studied. 
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EFFECTS OF EPIDURAL AND INTRATHECAL XYLAZINE ON INDICES USED FOR 

THE ASSESSMENT OF PAIN FROM CASTRATION AND TAIL-DOCKING IN 

YOUNG LAMBS 

Adrenergic agonists as antinociceptive drugs 

Initially interest in the adrenoceptor agonists was directed 

towards understanding their regulatory effects on catecholamine 
release and action on effector organs (Langer, 1974). This has 

expanded to include investigations of the sedative, hypertensive 

and hypotensive action (Solomon et al, 1989), and also the 

profound analgesia obtained in many species, including the 

sheep (Nolan et al, 1987). Selective adrenoceptor agonists 
could be expected to have an analgesic action because 

noradrenaline, one of the endogenous ligands, had been long 

established as having analgesic properties (Gross et al, 1948). 

The spinal action of such agonists was demonstrated by a number 

of techniques which are outlined below; 

Analgesia produced by electrical stimulation of the brainstem 

and by intracerebroventricular (ICV) injection of opioid drugs. 

The analgesia produced by electrical stimulation of the 
brainstem or by focal ICV injection of opioids may be by 

activation of the bulbospinal and pontospinal noradrenergic 
systems which exert an inhibitory modulation of the rostrad 
transmission of nociceptive information (Fields and Basbaum, 
1978). The monoamine nature of these spinopetal pathways was 
demonstrated in the mid sixties by Dahlstrom and Fuxe (1964, 
1965), using a histochemical fluorescence method, with 
immunochemical studies elucidating the finer anatomical detail 

of the descending noradrenergic projections and their spinal 
terminations (Westlund et al, 1982). 

That these pathways can produce hypoalgesia is supported by 

electrical stimulation of noradrenergic nuclei from which they 
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originate. Electrical stimulation in the region of the locus 

coeruleus of the rat resulted in a decrease in sensitivity to 

noxious stimuli (Segal and Sandberg, 1977). Hammond et al 
(1985), have shown electrical stimulation of noradrenergic 

nuclei to produce analgesia which is associated with an efflux 

of noradrenalin into spinal cord superfusates and can be 

attenuated by intrathecal injection of the noradrenergic 

antagonist phentolamine. 

Intravenous injection of morphine in cats (7mg/kg) was shown 
to have an effect by a descending pathway, as the suppressive 

action on reflex activity was eliminated following spinal 
transection (Takagi et al, 1955). That this analgesia was in 

part mediated by spinal alpha adrenoreceptors is supported by 

evidence demonstrating that these effects can be reversed almost 
completely by intrathecal injection of noradrenergic antagonists 
such as phentolamine (Yaksh, 1979). This finding also 
demonstrated how an interaction could occur between alpha 

agonists and opioid agonists. 

Release and turnover of spinal noradrenaline 

Focal brain stem stimulation in the nucleus raphe magnus and 
the nucleus reticularis paragigantocellularis results in release 

of noradrenalin at the level of the spinal cord as measured in 

the CSF by high performance liquid chromatography 
(Hammond et al, 1985). Increased turnover of 3-methoxy- 4- 

hydroxy phenethene (MHPG), a metabolite of noradrenalin , has 
been demonstrated following electrical stimulation of the locus 

coeruleus. When rat spinal cord tissue was assayed by gas 
chromatography and mass spectrometry for MHPG, it was found to 
have doubled in concentration when compared with control animals 
(Crawley et al, 1979). Other groups found the levels of 
metabolites such as normetaphrine to be more reliable measures 
of adrenergic activity than the levels of monoamines themselves. 
Following opioid administration (Shiomi and Takagi, 1974) 
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normetaphrine levels were seen to increase without associated 

changes in spinal noradrenalin concentrations. 

Spinal application of adrenergic agonists produces 

antinociception 

That the spinal cord is one site of action of 

alpha-adrenergic agents in producing antinociception, was shown 
by the intrathecal spinal application of adrenergic agonists. 
These agonists produced analgesia as measured by the tail flick 

test and mimicked central activation of the bulbospinal and 

pontospinal systems (Yaksh, 1985). It has also been shown that 
iontophoretic application of noradrenalin into the substantia 
gelatinosa directly above or near to the cell bodies reduces the 

activity of lamina 4 and 5 cells elicited by noxious heating 
(45°C) of the hind paw of the cat (Headley et al, 1978). 

A spinal analgesic effect of alpha 2 agonists has been shown 
in in adult sheep (Waterman et al, 1988; Eisenach and Dewan, 
1990) following intrathecal administration of xylazine or 

clonidine. The pharmacology of this spinal adrenergic agonist 

mediated antinociception has been described by Reddy et al, 
(1980). They showed that the increased thresholds in rats to 

the hot plate and tail flick test was dose dependent, reversed 
by alpha 2 antagonists such as tolazoline and yohimbine and was 

not due to an indirect action such as vasoconstriction 
(Reddy et al, 1980). 

Classification of adrenoceptor sites 

The classification of adrenoceptor binding sites into alpha 

and beta was based originally on whether they produced 
excitation or inhibition of particular effector cells (Alquist, 
1948). Langer (1974) referred to the post-synaptic 
alpha-receptor that mediates the response of the effector organ 
as ccl while he called the pre-synaptic alpha-receptor that 
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regulated transmitter release act. Since then, however, 

post-synaptic receptors which behave like pre-synaptic receptors 
have been found and are referred to as act (Langer and Hicks, 

1984). More recently, Bylund (1985), demonstrated that 

yohimbine binding in the rat CNS could be inhibited by prazocin 
in a biphasic manner indicating there were at least two 

populations of act receptors. Two subtypes of alpha 1 receptors 
have also been discovered (Gross et al, 1990). It has, 

however, been suggested by McGrath and Wilson (1988) that the 

proliferation of receptor subtypes, based on their affinities 
for different agonists or antagonists is no more helpful than 

the broad functional classification, where receptors were 
identified by their physiological action, as suggested by 

Berthelsen and Pettiger (1977). 

Location of receptors in the spinal cord: binding and 

electrophysiological studies 

(a) Binding studies 

The localisation of alpha 1 and alpha 2 adrenoceptors in rat 
brain and parts of the spinal cord was demonstrated in 1980 by 

Young and Kuhar (1980) by a light microscopic autoradiographic 
technique. They found that cc1 and cc2 binding sites were present 

at a low density over the grey matter in the spinal cord, except 
in lamina 2 which had a moderate level of e: 2 binding sites. 
Similar radioligand binding studies showed the presence of alpha 
2 adrenoceptors in the dorsal horn of the rat (Unnerstall et al, 
1984). The affinities and number of cc1 and 2 receptors was 
determined in homogenised sections of spinal cord using 

radio labelled ligands (Jones et al, 1982). It was thus possible 
to conclude that adrenergic receptors are present in the spinal 

cord. The location and density of ac2 receptors in sheep spinal 
cord has been investigated using <3H> clonidine as a ligand 
(Bouchenafa and Livingston, 1987; Brandt and Livingston, 
1989). Substantial binding was found in the superficial laminae 
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of the spinal cord, with less intense binding being evident 

around the central canal and the intermediolateral bundle. It 

appears therefore that the autoradiographic distribution of o: 2 
receptors matches the proposed analgesic function, because 

nociceptive primary afferents terminate predominantly in the 

superficial laminae. 

Labelled clonidine which was used in these binding studies is 

not, however, a specific cc2 antagonist. Bouchenafa (1988), 

demonstrated an interaction of <3H> clonidine and <3H> prazosin 
binding in the sheep spinal cord, suggesting distinct functional 

cc 1 and cc2 adrenergic binding sites are present in this species. 
Binding of <31> clonidine was further reduced in the presence of 
the alpha 2 antagonist idazoxan, with a small residue of 

activity remaining. This residual activity was attributed to 
binding at another receptor type described by Ernsberger et al 
(1987), the imidazoline receptor. 

(b) Electrophysiological studies (presynaptic and postsynaptic 
location of adrenoceptors) 

The pre and post synaptic action of the adrenoceptor agonists 
outwith the CNS is unclear though initially the view was that 

such drugs as clonidine, xylazine and yohimbine acted more 
through a presynaptic mechanism controlling the release of 

noradrenaline from nerve terminals (Langer, 1974; Starke, 
1977). In the spinal cord the alpha 2 receptors involved in 

antinociception are probably post synaptic to adrenergic 
terminals because clonidine is effective in the spinalised 
rabbit in suppressing the sural-gastrocnemius withdrawal reflex 
(Clarke et al, 1988). A location postsynaptic to the terminals 

of descending noradrenergic fibres is supported by the finding 

of Howe et al (1987a) who showed that cervical (Cl) hemi-section 

or intrathecal administration of the noradrenergic neurotoxin 
6-hydroxydopamine does not significantly alter the density of cc 2 
adrenoceptors in the spinal cord. Evidence for either a 
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presynaptic effect on primary afferent terminals or by a 

postsynaptic action on calls in the dorsal horn was provided by 

Davies and Quinlan (1985). They inhibited lamina 5 neurones in 

the cat following noxious cutaneous stimuli by ionophoretic 

application of clonidine close to the cell bodies suggesting a 

postsynaptic action. The possibility of presynaptic action at 

the primary afferent terminal cannot be excluded as Davies and 
Quinlan (1985) also inhibited lamina 5 cells by iontophoretic 

application of clonidine in the substantia gelatinosa. 

The presynaptic location of receptors on primary afferent 
terminals would also be supported by the effect of unilateral 
dorsal root ganglionectomy which produces a 20% reduction in 

dorsal horn cc2 binding (Howe and Yaksh 1984), and why more 

extensive unilateral dorsal root rhizotomy reduces the monoamine 
levels in the rat spinal cord, both ipsilateral and 

contralateral to the lesion as measured by HPLC (Colado et al, 
1988). 

The analgesic action of cc2 agonists appears to be by a direct 

action on the systems in which nociceptive activity is 

processed. a2 agonists do not appear to act indirectly via 

other neurotransmitter systems known to modulate spinal function 

including the opioids, G. A. B. A. and glycine. Electrophoretic 

application of noradrenalin is not antagonised by naloxone or 

mimicked by G. A. B. A. (Headley et al, 1978). In hot plate 
tests, the action of intrathecal noradrenalin in the rat is 

not antagonised by methysergide (serotonin antagonist), 
phentolamine (alpha adrenergic antagonist), picrotoxin (Gamma 

aminobutyric acid antagonist) or strychnine (glycine antagonist) 
(Reddy et al, 1980). The antinociceptive action of 

noradrenaline is not reproduced by other, potent, 
vasoconstrictors such as angiotensin II, and hence is not due 

to reduction in the blood supply to the spinal cord 
(Reddy et al, 1980). Evidence by direct observation of the 
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spinal cord that adrenalin does not cause blanching was reported 
90 years ago (Webber, 1904). 

Drugs acting on adrenoceptor sites, agonists and antagonists 

Adrenoceptor drugs can be broadly classified as either 
agonists or antagonists at mal, cc 2' 01, and p2 receptor 

sites. Work by Kuraishi et al (1979) showed the antinociceptive 
properties of the adrenergic drugs to be via their action on the 

cc-adrenoceptor drugs as intrathecal pretreatment with the 

cc-antagonist phenoxybenzamine substantially reduced the 

analgesia obtained in the rat after intrathecal noradrenalin,. 
For this reason the following review is restricted to the 

ac-adrenoceptor agonists. 

Choice of cc 1 or cc 2 agonist 

Howe et al (1983), stated that alpha agonists are selective 
but not specific, and that any of them at high enough doses 

will activate both adrenoceptor subtypes. Their work was 
designed to determine which alpha adrenoceptor was activated at 
antinociceptive doses. The motor effects of clonidine were 
found to be due to cc1 agonist activity while the antinociceptive 
effect, seen at low doses was due to act agonist activity. «1 
agonists were found to produce motor excitation and 
antinociception at similar doses (excitatory motor syndrome). 

The pharmacological profile of adrenergic agonists provides 
strong evidence that spinal administration of o: 2 drugs 

specifically produce antinociception. When the antinociceptive 
potency of alpha adrenergic drugs are ranked, the o: 2 compounds 
are found to be more potent than the ccl, this is also supported 
by the order in which their actions are reversed by antagonists 
(Yaksh, 1985). This may be a slight oversimplification since 
Tasker and Melzack (1989) demonstrated that intraperitoneal 
clonidine was more potent as a analgesic agent when assessed by 
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the rat formalin test than when compared to the hot water (50°C) 

tail flick test. The effect on the tail flick test was 

antagonised better by yohimbine (cc2 antagonist) and the effect 

on the formalin test was antagonised better by prazocin (cc 1 
antagonist). The possibility that this was a peripheral effect 

cannot, however, be excluded. 

Howe at al (1983) concluded that because of the marked 
disturbance of motor and autonomic function observed following 

intrathecal administration of al agonists, such agents were 

unlikely to be useful analgesics and that cc2 agonists were more 

promising candidates for therapeutic use. Electrophysiological 

evidence for specific cc2 antinociceptive activity has been 

reported by Fleetwood-walker at al (1985), who showed that 
ionophoretic application of the mixed agonist noradrenalin on 

multireceptive neurones of the spinocervical tract in the dorsal 
horn of the spinal cord produced an inhibition of the responses 
to noxious stimulation of the skin (heat/pinch) while it had no 
effect on the responses to non-noxious stimuli (brushing). This 

selective action was blocked by idasoxan indicating that an o: 2 
receptor was involved. Below is a table of some commonly used 

cc1 and cc 2 agonists and antagonists. Those drugs marked by an 
(*), are not only potent at that receptor but also specific. 
For example clonidine is a potent but non specific e: 2 agonist, 
with 4-15 times the affinity of phenylephrine at the ccl receptor 
but only 0.1-1.0 x the potency. At the cc2 receptor it has 

50-1000x the affinity and potency of phenylephrine (Starke, 

1981). Those drugs without an * have, like clonidine, some 
degree of mixed activity. 
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cc 1 agonists cc 1 antagonists cc2 Agonists cc2 Antagonists 

methoxamine prazosin ST-91 yohimbine 

phenylephrine phenoxybenzamine oxymetazoline tolazoline 

cirazoline methysergide clonidine rauwolscine 

8-OH-DPAT xylazine idazoxan 

RU24969 detomidine imiloxan 
WB40101 medetomidine DG-5128* 

phentolamine B-HT933* 

phentolamine 

Noradrenalin and adrenalin, the endogenous ligands are mixed 

alpha and beta agonists. As for opioids it is likely that the 
discovery of different receptor types has preceded the discovery 

of the endogenous ligands (Terenius, 1973). It is therefore 

possible that endogenous ligands do exist for the multiplicity 
of adrenergic receptor sites. 

Interaction of cc-agonists with opioid systems 

Since both opioids and cc2 -agonists can produce useful 

antinociception at the spinal level it is interesting to examine 

possible interactions between these effects. The antinociceptive 
action of cc 2 drugs is only reversed by 4% 2 antagonists whereas 
the antinociceptive activity of morphine and other opioids is 

not only reversed by the opioid antagonist naloxone but also 

attenuated by the cc 2 antagonist yohimbine (Browning et al, 
1982). This effect could be explained if morphine has a 

supraspinal action on the descending noradrenergic pathways. 
Direct evidence was provided by Yaksh (1979) that spinal 
noradrenaline terminals mediate the antinociceptive effect of 

morphine administered into the peri-aqueductal gray by 

microinjection. Not all interaction is supraspinal since 
Fleetwood-Walker et al (1987) have reported that responses to 

noxious stimuli of spinocervical tract neurons are inhibited by 
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ionophoretic application of kappa opioids in the dorsal horn and 

that this effect can be blocked by idazoxan. 

Choice of xylazine as an cc2 agonist for these studies 

Xylazine is the British Veterinary Codex-approved 

non-proprietrary name for 2- (2,6-dimethylphenylamino) 

5-6-dihydro-4H-1,3-thiazine, a compound first synthesised in 

1962, described as a sedative, analgesic and muscle relaxant. 
Xylazine is soluble in dilute acids but practically insoluble in 

water. Xylazine like clonidine was developed to meet the 

requirement for a direct acting alpha 2 agent which was able to 

cross the blood brain barrier (Schmitt et al, 1974). Following 

clinical trials in West Germany it was subjected to experimental 
and preliminary clinical trials in horses and cattle (Clarke and 
Hall, 1969), the results of which demonstrated that intravenous 
injection of 50-100µg/kg or the intramuscular injection of 
200. Oµg/kg produced good basal narcosis for 1-2 hours in cattle. 
It was concluded that xylazine might prove to be a valuable 
sedative in this species and subsequent work has shown this to 
be the case. Work with sheep provided similar findings. In the 

sheep, optimal anaesthesia can be obtained with intramuscular 
injection of 3.0mg/kg xylazine (Straub, 1972), however, analgesia 
and muscle relaxation is evident at lower doses (0.6 mg/kg i/m) 

which is associated with slowing of the heart and respiratory 
rate (Kosuch, 1973). At even lower doses of xylazine (0. lmg/kg 

i/m) sedation, analgesia and muscle relaxation could be 

obtained without respiratory and cardiovascular side effects 
(Shokry et al, 1976). Recent studies indicate that xylazine at 
doses as low as 50µg/kg does have some respiratory effects, as 
administration was shown to cause a significant degree of 
arterial hypoxia in conscious sheep (Waterman et al, 1986/87). 
Xylazine has now been in routine clinical use in sheep for over 
20 years at anaesthetic doses up to 60 times greater than those 
found to produce the respiratory effects shown by Waterman et al 
(1986/87), therefore this did not preclude the use of xylazine 



Chapter 5 152 

in lambs. Xylazine is a cheap and readily available 

sedative/analgesic licensed for use in sheep. Xylazine is also a 

safe drug for use in sheep, as although intravenous 

administration of 1-4mg/kg is lethal, up to 15mg/kg may be 

administered without ill effect if the anaesthesia is reversed 
before respiration stops, by administration of an o: 2 antagonist 

such as tolazoline (2.0mg/kg) (Zingoni et al, 1982). The dose 

of xylazine chosen for these experiments (50µg total dose) was 
in the range found to be subneuroleptic in healthy sheep and 

cattle (40-80µg/kg i/m) (Coranov et al, 1983), and was 
identical to that which was found when administered 
intrathecally to the adult sheep to produce clear 

antinociceptive effects when using mechanical pressure threshold 
detection tests (Waterman et al, 1988). 

Choice of the epidural and intrathecal route of administration 

Xylazine is routinely administered via the intravenous, 
intramuscular (Clarke and Hall, 1969) and subcutaneous routes 
(Goranov et al, 1983). One of the first objective evaluations of 
the analgesic action of intramuscular or intravenous xylazine 
was undertaken in the horse (Pippi and Lumb, 1979) using three 
kinds of pain (superficial and deep thermal, and visceral). An 

objective assessment of analgesic potency of intravenous 

xylazine (50.0µg/kg) has also been undertaken in the sheep by 

Nolan et al 1987 using noxious thermal and mechanical tests. In 

the sheep even low doses of systemic xylazine (50-150µg/kg) are 
associated with sedation (Nolan, 1986) which complicate the 
interpretation of the changes in behaviour based mainly on 
posture as an index of pain. The epidural route was selected 
because administration of opioids in humans via this route has 
been shown to produce pain relief without sedation or 
respiratory depression, showing the feasibility of selective 
blockade of pain at the spinal cord level and the safety of this 

method (Cousins and Mather, 1984). This route was expected to 
be successful in the lamb as cc2 receptors have been demonstrated 



Chapter 5 153 

in the spinal cord of sheep (Bouchenafa and Livingston, 1987), 

where they have been shown in a number of species to mediate 

antinociception. The intrathecal route was not used initially 

because, despite the advantage of obtaining higher 

concentrations of xylazine in the CSF, the risk of causing 

spinal damage was greater. The intrathecal route has been used 
in the sheep (Waterman et al, 1988), following surgical 
implantation of an indwelling cannula and spinal analgesia was 

produced after a dose of 50µg of xylazine, with little evidence 

of side effects. 

Unwanted effects of cc2 agonists in this study 

(a) Behavioural effects 

Since cc 2 agonists have effects on the CNS and change 
behaviour (Vanio and Vaha, 1990), administration of xylazine 
could complicate the interpretation of the changes in behaviour 

as an index of pain. Clonidine (10-1000µg/kg) produces a dose 

related increase in activity in rats less than 10 days old, 
following intraperitoneal injection (Smythe and Pappas, 1989) 

which may be associated with an effect at the cc 1 receptors known 

to be responsible for the motor excitation syndrome (Howe et al, 
1983). In adult rats 5-40 µg of xylazine given by 
intracerebroventricular injection caused sedation, and reduced 
the time they could remain on an accelerating rotarod 

(Drew et al, 1977). The dose used in the present studies was 
50µg of xylazine or approximately 10µg/kg by epidural or 
intrathecal injection and is a low dose by comparison with those 
above. At antinociceptive doses of noradrenalin (1 nmol) 
injected by the intrathecal route in the rat, there is no 
change in non-nociceptive reflexes such as placing or stepping 

(Reddy et al, 1980; Reddy and Yaksh, 1980). 

Shortly after intravenous injection of clonidine or xylazine 
in the sheep, behavioural changes were observed (Nolan, 1986). 
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Animals became sedated often adopting sternal recumbency 
(Xylazine, 50µg/kg) or a sitting position (Clonidine, 25µg/kg), 

and then commenced dribbling from the mouth after 15-20 minutes. 
Clonidine produced more profound and longer sedation, with 
increased respiratory effort and mouth breathing (Nolan, 1986), 

accompanied by hypoxaemia as measured by blood gas analysis 
(Waterman et al, 1986/87; Eisenach and Dewan, 1990). 

Clonidine administration produces hyperphagia, and has been 

used clinically in the treatment of anorexia nervosa in humans, 

and has been shown at high dose levels (0.1 mg/kg) to increase 

food intake in rabbits (Katz et al, 1989). With the dose of 

xylazine (0.05mg total) used in this study, little increase in 

feeding behaviour such as teat seeking or sucking was expected 
in the lambs. 

(b) Effects of cc 2 agonists on the cardiovascular system 

The amount of pain produced by rubber ring castration and 

tail-docking is likely to be related to blood pressure. When the 
blood vessels supplying these tissues are occluded the 
hydrostatic pressure in the tissues will be related to the blood 

pressure at the time of occlusion and mechano-sensitive 
noci-receptors would be expected to be stimulated more. 
Therapeutic doses of xylazine in sheep (0.5 mg/kg i/v) produces 

an initial hypertension followed by a prolonged fall in blood 

pressure (Aziz and Carlyle, 1978). This initial increase in 

blood pressure is due to adrenergic action at peripheral ccl and 

cc2 receptors both of which may be found post-synaptically in 

blood vessels where they mediate vasoconstriction (Langer and 
Hicks, 1984). The prolonged fall in blood pressure (Aziz and 
Carlyle, 1978) and heart rate (Hsu et al, 1987) seen following 

xylazine administration in the sheep is likely to be due to a 

central (Unnerstall et al, 1985) and spinal action (Guyenet and 
Cabot, 1981) at act receptors. It might be anticipated that 
both epidural and intrathecal xylazine (0.05mg) would have a 
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hypotensive effect, due to a restricted access to the spinal cc2 
receptors. Eisenach et al (1987), however, using the lowest 

maximally analgesic dose of epidural clonidine (300µg), did not 
find any marked hypotensive effect in sheep, and therefore no 

effects would be expected with a lower dose (50µg) of a less 

potent cc 2 agonist (xylazine). Intrathecal clonidine produced a 
biphasic change in blood pressure, and a dose dependent 

decrease in heart rate, which is consistent with a central and 

peripheral action (Eisenach and Dewan, 1990). Eisenach et al 
(1989) concluded that the haemodynamic effect of clonidine may ,. 
differ between epidural and intrathecal injection. 

(c) Effects of cc2 agonists on plasma cortisol 
concentrations 

Since catecholamines have an action on the CRF-ACTH system 
(Plotsky et al, 1989) administration of o: 2 agonists could 

effect cortisol release and complicate the interpretation of 
changes in plasma cortisol as an index of pain. Nanomolar 

concentrations of noradrenalin have been shown to increase ACTH 

release from rat anterior pituitary cells in primary culture 
(Giguere et al, 1981), and there is now also evidence that 

endogenous noradrenalin release from catecolaminergic nerve 
terminals in the hypothalamic PVN can increase cortisol release 
(Richardson et al, 1990). This effect on cortisol release was 

anticipated because a close association had been shown between 

adrenergic nerves and the CRF neurones found in the PVN 
(Mezey et al, 1984). There is, however, no evidence that an 
increase in plasma cortisol as produced by administration of 
catecolamines in the vicinity of these noradrenergic neurones 
also occurs after intrathecal injection of an act agonist such as 

clonidine up to a dose of 1500µg (Eisenach et al 1989; Eisenach 

and Dewan 1990). On the contrary any increase in plasma cortisol 
could be prohibited since some central cc 2 receptors have been 
implicated in an inhibition of ACTH release (Al-Damluji et al, 
1990). 
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Studies of the effects of the alpha 2 analgesic xylazine on 

responses to castration, or castration and tail-docking were 
based on the results obtained from two separate experiments, the 

first in April 1988 and the second in April 1989. In total 48 

lambs (all male) were used, weighing between 3.0 and 7.0 Kg, and 

ranging from 5 to 7 days old. In the first group of 24 lambs, 

the effect of epidural xylazine (50µg) on behaviour patterns and 

cortisol responses produced by castration and tail-docking were 

examined. Behavioural and plasma cortisol data were recorded as 
described by Mellor and Murray (1989a), though presentation and 

analysis of results were modified (see general methods). In the 

second group of 24 lambs, the effect of intrathecal xylazine 
(50µg) on behaviour patterns and cortisol responses produced by 

castration alone, were examined. For this study changes were 

made in the behavioural monitoring technique. Behavioural 

monitoring was restricted to the 3 main behavioural postures; 
lateral recumbency, standing and ventral recumbency and they 

were graded into 1 of 3 severities. A restlessness score was 
introduced, which quantified how often a lamb got up or lay down 

(see general methods). The drug used in this study was xylazine 
hydrochloride (Sigma Chemical Company), dissolved in 0.9% NaCl 

solution made slightly acidic with 2 drops of 0. lM HC1 acid to 
250µg/ml. 

Experiment 1 

The null hypothesis was that 2x 25µg of xylazine administered 
to young lambs via the epidural route would not change the 
behaviour patterns or plasma cortisol responses following 

castration and tail-docking. 

Animals 

A total of 24 lambs (Scottish Blackface) from 5-7 days old 
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and with a mean weight of 4.9 ± 0.2 kg were investigated. No 

lambs showing clinical signs of ill health were included in the 
investigation. Housing, feeding and bedding, followed routine 
husbandry practices, which were as described in the general 

methods. 

Treatments 

A day before the experiment, wool was shaved from the full 

length of the neck to expose both jugular veins. A 10cm square 

of wool was also shaved from the skin overlying the lumbosacral 
j unction. 

All lambs were anaesthetised with a mixture of halothane, 

nitrous oxide and oxygen, prior to and during the epidural or 
sham epidural procedures. General anaesthesia was maintained for 

no more than 10 minutes, 40 minutes were allowed after drug 

administration before the start of the experiment. See general 
methods for greater detail. 

While anaesthetised, the shaved area of skin on the dorsum of 
the lamb was cleaned with an antiseptic solution of Hibiscrub 
followed by application of 70% alcohol. The lumbar spinal cord 
was flexed to locate the lumbosacral space and a small incision 

made in the skin directly above this space with a stylet. A 
Tuohy needle angled at 450 from the vertical and directed from 
left to right (as seen from the rear of the lamb), with the 

chamfer facing of the Tuohy needle uppermost was inserted 
through the lumbosacral junction into the epidural space of the 

spinal canal. A catheter was introduced to the epidural space 
via the Tuohy needle and advanced 80mm as indicated by a mark 
previously made on the catheter. Drug could then be injected in 
the region of thoracic segment 10. The catheter was then 
withdrawn to the 10 mm mark, so an injection could be made in 
the region of the lumbar segments 6-7. 
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All lambs were bled (2m1 samples) by venepuncture from a 
jugular vein immediately before and at 15,30,60,90,120,180 

and 240 minutes after treatment. This procedure usually took 
less than 15 seconds. 

There were four treatment groups. 

Group 1. Control handling. Lambs (n-6) were handled as if they 

were being castrated and tail-docked but without application of 
the rubber rings. 

Group 2 Epidural xylazine only. Lambs (n-6) were anaesthetised 

and 2x 25µg of xylazine in 1001A of saline was introduced into 

the epidural space at two separate locations (see above), 40 

minutes before the start of the experiment. 

Group 3 Epidural xylazine followed by castration and tail- 
docking. Lambs (n-6) were treated as in group 2, and were 

castrated and tail-docked at the start of the experiment. 

Group 4 Epidural saline followed by castration and tail- 
docking. Lambs (n-6) were treated as lambs in group 3 except 
that saline (2 x l001i1) alone was administered into the epidural 

space. 

Experiment 2 

The null hypothesis was that 2x 25µg of xylazine 
administered to the young lamb via the intrathecal route would 
not change the behaviour patterns or plasma cortisol responses 
following castration. 

Animals 

A total of 24 lambs (Scottish Blackface) from 5-7 days old 
and with a mean weight of 5.2 ± 0.2 kg were investigated. 
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A day before the experiment wool was clipped from the full 

length of the neck to expose both jugular veins. Wool was also 

removed in a 10 cm wide strip along the dorsum from mid-sacrum 
to thoracic vertebra 8. Preparation of the skin surface and 

anaesthesia were as described for experiment 1. 

The T10-Tll intervertebral space, and the lumbosacral 

junction were located by palpation of vertebrae and other bony 

landmarks and marked on the skin surface with an pen. A 1" 23 

guage needle was located centrally on the mark made at the 
lumbosacral space. While held vertically the needle was advanced 
through the skin and intervertebral space into the subarachnoid 
space until CSF was seen to flow from the hub. A new needle was 
located 5-10 mm lateral to the mark previously made in the 

midline indicating the T10-Tll intervertebral space. The needle 

was then slowly advanced through the intervertebral space with 
the hub angled towards the rear of the lamb. Penetration was 

usually at a depth of about 15 mm for this size of lamb. If the 

needle hit the vertebral body it was retracted slightly and the 

angulation increased. The needle was then advanced again until 
CSF was seen to flow from the hub. Due to the dead space of the 

needle, l20µ1 of solution was injected at both sites, after 

which the needle was removed with the syringe attached to stop 
the loss of CSF and drug. 

All animals were bled from a jugular vein before the animals 
were subjected to anaesthetic etc, immediately before the 
treatment, and at 15,30,60,90,120, and 180 minutes after 
treatment. There were four treatment groups. 

Group 1 Control handling. Lambs (n-6) received a general 
anaesthetic, and a 1" 23 gauge needle inserted (as described 

above) but no drug or vehicle was injected. 
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Group 2 Intrathecal xylazine only. Lambs (n-6) were 

anaesthetised and 2x 25µg of xylazine in 100µl of saline was 

administered into the intrathecal space at two separate 
locations (see above), 40 minutes before the start of the 

experiment. 

Group 3 Intrathecal xylazine followed by castration. Lambs 

(n-6) were treated as in group 2, and were castrated by 

application of tight rubber rings. 

Group 4 Intrathecal saline followed by castration. Lambs 

(n-6), were treated as lambs in group 3 except that saline 
(2xlOOpl) was administered into the intrathecal space. 

Plasma cortisol assays and presentation of results (experiment 1 

and 2) 

Cortisol concentrations in experiment 1 were measured by 

radioimmunoassay (Read et al, 1977) using an IDS kit (IDS Ltd. 

Tyne and Wear) with lowest detectable concentration 7.8 ± 1.1 

nmol/l and intra and inter assay coefficients of variation of 
4.5 and 9.0% respectively. Cortisol concentrations in experiment 
2 were measured using an Amersham kit with lowest detectable 

concentration 3.0 ± 0.9 nmol/1 and intra and inter assay 

coefficients of variation of 11.7 and 8.8% respectively. Details 

of these methods are described in the general methods. 

Where applicable the plasma cortisol concentrations were 
expressed as a mean ± the standard error of the mean (SED). 

An analysis of variance for both experiments was carried out 
covering the periods 15,30 and 60 minutes, using the basal 

cortisol level for each lamb as a covariate. A two by two 
treatment structure was used as described in the general 
methods. 
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Experiment 1. (Castration (CN) v Control handling (C); Control 

v Epidural xylazine and castration (EDX)). 

Experiment 2. (Castration (CN) v Control handling (C); Control 

v Intrathecal xylazine and castration (ITX)). 

The main outputs of this analysis were two by two tables of 

cortisol means (nmol/1) and a standard error of differences 
(SED), which allowed comparison of the means. Any difference 
between the mean plasma cortisol concentrations which exceeds 
the figure accompanying the table (Derived from the SED) is 

statistically significant at the 5% level. 

Behavioural monitoring and presentation of results (experiment 1 

and 2) 

Detailed description of the behavioural monitoring techniques 

and analysis of data using non parametric statistical tests is 

described in the general materials and methods chapter. In 

experiment 1 behavioural monitoring extended over a4 hour 

period and the presence or absence of particular behaviours was 
noted for each lamb at specific times after treatment. The 
different behaviours were: lateral recumbency, ventral 
recumbency, standing and teat seeking or sucking. Behaviour 

was observed once every minute between one and 14 minutes, every 
two minutes between 17 and 29 minutes, every five minutes 
between 35 and 60 minutes, every ten minutes between 70 and 120 

minutes, and every fifteen minutes between 135 and 240 minutes. 
Behavioural data was presented in bar chart form, the incidence 

of each behaviour pattern expressed as a percentage of the total 

number of observations during each period. In experiment 2 this 
time period was reduced to 3 hours. Most lambs return to near 
normal by this time as assessed by initial monitoring techniques 
and this allows more lambs to be investigated. Three severities 
of lateral recumbency, ventral recumbency and standing were 
recorded as was restlessness, a quantitative measure of how 

often all lamb got up and lay down. Restlessness was reported 
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between 1 and 15 minutes, and between 15 and 30 minutes. 
Behaviour was observed once every minute between one and 14 

minutes, every two minutes between 17 and 29 minutes, and at 
five minute intervals thereafter to the end of the experiment 
(180 minutes). Behavioural data was presented as for experiment 
1. A fuller description is given in the general methods 
(Chapter 2). 
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RESULTS 

Effect of epidural xylazine on the behavioural and physiological 
indices selected, following castration and tail-docking 

Expt 1 Group 1- Behaviour of control lambs 

The results are presented in Fig 5.1 and Tables 1 and 2. The 

behaviour of control lambs was consistent from 30 minutes to the 

end of the experiment (240 minutes), lambs remaining in ventral 

recumbency (69-89% of observations). In the first 30 minutes, 

although ventral recumbency was predominant, the incidence of 

standing was higher than in later times (28-38% of 
observations). The incidence of teat seeking was low only 
reaching 17% of observations from 15-30 minutes. This was the 
highest incidence of teat seeking recorded in any of the four 

groups. 

Plasma cortisol concentrations 

The results are presented in Fig 5.1 and Tables 1 and 2. 

There was a rise in plasma cortisol concentration following 
blood sampling from the basal level (15.7 t 7.0 nmol/1) to 
39.6 ± 19.0 nmol/l at 30 minutes. Plasma cortisol 

concentrations were, however, similar to basal levels throughout 

the duration of the experiment. 

Expt 1 Group 2- Behaviour of lambs to which epidural xylazine 
(2x25µg) had been administered 

The results are presented in Fig 5.1 and Tables 1 and 2. 

Lambs to which epidural xylazine (2x25p. g) had been administered 
stood (29-64% of observations) more than control lambs 

throughout the duration of the experiment (0-240 minutes). This 

was significant for the period 30-60 minutes (P<0.05). As for 

the control group however, the incidence of ventral recumbency 



Chapter 5 164 

predominated overall. The behaviour in this group and control 
lambs was only significantly different for the period 30-60 

minutes. 

Plasma cortisol concentrations 

The results are presented in Fig 5.1 and Tables 1 and 2. 

Lambs to whom epidural xylazine (2x251. Lg) had been administered 

produced a rise in plasma cortisol concentration from the basal 

level (16.5 ± 7.2 nmol/1) to a peak of 73.4 ± 12.9 at 30 

minutes, returning to basal levels by 90 minutes. The plasma 

cortisol response seen in group 2 was not significantly 
different to that seen in control lambs when compared from 15-60 

minutes (P>0.05). 

Expt 1 Group 3- Behaviour of lambs to which epidural xylazine 
(2x25µg) had been administered 40 minutes prior to castration 

and tail-docking 

The results are presented in Fig 5.1 and Tables 1 and 2. 

Lambs to which epidural xylazine (2x25µg) had been administered 
40 minutes prior to castration and tail-docking lay in lateral 

recumbency for the periods between 0-60 minutes and 120-180 

minutes, which does not occur in control lambs. This was 

significant from 15-60 minutes (P<0.05), and approached 

significance from 0-15 minutes (P<0.1). The behaviour in this 

group is similar to control lambs after 60 minutes, with most 
lambs lying in ventral recumbency (69-75% of observations). 
There was more lateral recumbency in the periods from 0-60 

minutes in this group (31-50% of observations) than recorded in 

lambs administered epidural saline prior to castration (23-36% 

of observations). There were, however, no significant 
differences between any behaviours in these two groups (P>0.05). 
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The results are presented in Fig 5.1 and Tables 1 and 2. 

Lambs to which epidural xylazine (2x25pg) had been administered 
40 minutes prior to castration and tail-docking produced a rapid 

rise in plasma cortisol concentration from a basal level of 13.7 

± 3.4 nmol/l to a plateau from 30-60 minutes. The peak 

concentration of this plateau occured at 60 minutes (182.0 ± 

40.4 nmol/1), before returning to basal levels by 120 minutes. 
The plasma cortisol response of this group when compared with 
the control and epidural xylazine groups between 15-60 minutes, 

was significantly greater (P<0.05). Plasma cortisol 

concentrations in this group reach a lower peak which occurred 
later than that in lambs castrated and tail-docked following 

epidural saline administration. When compared between 15-60 

minutes there were no significant differences (P>0.05). 

Expt 1 Group 4- Behaviour of lambs to which epidural saline had 
been administered 40 minutes prior to castration and 
tail-docking 

The result are presented in Fig 5.1 and Tables 1 and 2. Lambs 

to which epidural saline had been administered 40 minutes prior 
to castration and tail-docking lay in lateral recumbency for the 

periods between 0-60 minutes (23-36% of observations), which did 

not occur in control lambs. This was significant from 0-30 

minutes (P<0.05). The trend in this group, as in the other 3 

groups was towards an increase in ventral recumbency. For the 

periods between 30-240 minutes the behaviour in this group was 
not significantly different from the control lambs (P>0.05). 

Plasma cortisol concentrations 

The results are presented in Fig 5.1 and Tables 1 and 2. 
Lambs to which epidural saline had been administered 40 minutes 
prior to castration and tail-docking produced a rapid rise in 
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plasma cortisol from a basal level of 41.0 ± 13.8 nmol/l to a 

peak of 226.4 ± 35.6 at 30 minutes, returning to basal levels 

by 120-150 minutes. The plasma cortisol response of this group 

was significantly greater (P<0.05) than that seen in the control 

group or the epidural xylazine group when compared from 15-60 

minutes. 

Plasma cortisol concentrations 

Experiment 1. Table of mean plasma cortisol concentrations 
(nmol/1) for the four groups. 

Drug Nil E/D Xylazine 
Procedure 

C 41.0 45.9 

CN 186.6 177.1 

Thus for a SED of 35.7, and using a two way T-test, 5% 

significance is obtained with any difference greater than 74.6 

nmol/1 between the mean treatment cortisol concentrations 
tabulated above. Note that the cortisol responses of lambs to 

which no drug (CN-Nil), or epidural xylazine (CN-E/D Xylazine) 
had been administered prior to castration and tail-docking are 
statistically greater (P<0.05) than that recorded in control 
lambs (C-Nil). There is, however, no statistical difference 
(P>0.05) in the plasma cortisol responses when these two groups 
are compared. 

Effects of intrathecal xylazine on the behavioural and 
physiological indices selected, following castration 

Expt 2 Group 1- Behaviour of control lambs 

The results are presented in Fig 5.2 and Tables 3 and 4. The 
behaviour of control lambs changed from a high incidence of 
standing (79% of observations) from 0-15 minutes to 
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predominantly awake ventral recumbency (V2) from 15-180 minutes 
(47-69% of observations). Abnormal behaviour was limited to 

standing (S2) in the first 15 minutes (20% of observations). 
There was no evidence of restlessness from 0-30 minutes (15 

posture changes in total). 

Plasma cortisol concentrations 

The results are presented in Fig 5.2 and Tables 3 and 4. The 

plasma cortisol concentrations of control lambs remain within 
l0nmol/1 of the basal level (10.3 ± 3.3 nmol/1) throughout the 
duration of the experiment (0-180 minutes). 

Expt 2 Group 2- Behaviour of lambs to which intrathecal 

xylazine (2x25pg) had been administered 

The results are presented in Fig 5.2 and Tables 3 and 4. 

Lambs to which intrathecal xylazine (2x25µg) had been 

administered lay more in ventral recumbency than control lambs 

throughout the duration of the experiment (0-180 minutes). This 

approached significance (P<0.1) from 60-90 minutes. The 
incidence (12-35 % of observations) and duration (0-60 minutes) 
of abnormal standing (S2) was greater in this group than in 

control lambs. There was no evidence of increased restlessness 
from 0-30 minutes (30 posture changes in total). 

Plasma cortisol concentrations 

The results are presented in Fig 5.2 and Tables 3 and 4. The 

plasma cortisol concentrations of lambs to whom intrathecal 

xylazine had been administered, remain within 10 nmol/l of the 
basal level (14.8 ± 7.9 nmol/1) throughout the duration of the 

experiment (0-180 minutes). There was no significant difference 
(P>0.05) in plasma cortisol responses when this group was 
compared with control lambs from 15-60 minutes. 
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Expt 2 Group 3- Behaviour of lambs to which intrathecal 

xylazine (2x25pg) had been administered 40 minutes prior to 

castration 

The results are presented in Fig 5.2 and Tables 3 and 4. 

Lambs to which intrathecal xylazine (2x25µg) had been 

administered 40 minutes prior to castration stand less and lie 

more than control lambs from 0-15 minutes. This approaches 

significance for both behaviours (P<0.1). Lambs in this group 

lie in lateral recumbency (Ll-L2) for the periods between 15-60 

minutes, a behaviour which was not recorded in control lambs. 

This was significant from 15-60 minutes (P<0.05). In this group 

abnormal ventral recumbency (V3) was recorded from 0-90 minutes 

(22-60% of observations) and abnormal standing (S2-3) was 

recorded throughout the duration of the experiment (10-50% of 

observations). The incidence of abnormal standing was higher in 

this group for the periods between 0-90 and 120-180 minutes than 

that seen in lambs to which intrathecal saline had been 

administered prior to castration, while the reverse was true for 

abnormal ventral recumbency (V3) from 0-60 minutes. When the 

main behavioural categories were compared for each time period 

between group 3 and lambs to which intrathecal saline had been 

administered prior to castration, no significant differences 

were found (P>0.05). Restlessness in this group of lambs was 

evident from 0-30 minutes, increasing from 172 posture changes 

in the first 15 minutes to over 208 posture changes from 15-30 

minutes, in contrast to group 4 lambs where the restlessness 

decreased over this time. The restlessness seen from 0-30 

minutes in group 3 lambs was significantly greater than control 

lambs (P<0.05), but was not significantly different from the 

restlessness seen in group 4 lambs (P>0.05). 

Plasma cortisol concentrations 

The results are presented in Fig 5.2 and Tables 3 and 4. The 

plasma cortisol concentrations of lambs to which intrathecal 
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xylazine (2x25µg) had been administered 40 minutes prior to 

castration increased rapidly from a basal level of 38.1 t 6.7 

nmol/l to a peak of 365.8 ± 69.3 nmol/l at 60 minutes, 
returning to basal levels by 120 minutes. The plasma cortisol 

response when compared from 15-60 minutes with the other 3 

groups, was found to be significantly greater (P<0.05) in all 

cases. 

Expt 2 Group 4- Behaviour of lambs to which intrathecal saline 
had been administered 40 minutes prior to castration 

The results are presented in Fig 5.2 and Tables 3 and 4. Lambs 

to which intrathecal saline had been administered 40 minutes 
prior to castration stand less than control lambs (3-39% of 
observations) for the periods between 0-120 minutes. This was 
significant for the periods 0-30 and 60-90 minutes (P<0.05). 
Lambs in this group lay more in ventral recumbency (60-85% of 

observations) when compared with control lambs from 0-120 

minutes. This was significant from 0-15 minutes (P<0.05). The 

majority of{ cases-. of ventral recumbency in these lambs was 
abnormal (V3) from 0-90 minutes (42-58% of observations). These 
lambs lay in lateral recumbency (L1-L2) from 0-90 minutes (2-33% 

of observations). This behaviour did not occur in control 
lambs, and when compared approached significance (P<0.1) from 
15-30 minutes. Restlessness was evident from 0-30 minutes, 
decreasing from 192 posture changes in the first 15 minutes to 
137 posture changes from 15-30 minutes. There was significantly 
more restlessness in these lambs than control lambs when 
compared from 0-30 minutes (P<0.05). 

Plasma cortisol concentrations 

The results are presented in Fig 5.2 and Tables 3 and 4. The 
plasma cortisol concentrations of lambs to which intrathecal 
saline had been administered 40 minutes prior to castration 
increased from a basal level of 9.2 ± 3.3 nmol/l to a peak of 
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190.4 ± 47.0 nmol/1 at 60 minutes, before reducing to basal 

levels at 120 minutes. When the plasma cortisol response was 

compared from 15-60 minutes with the other groups it was found 

to be significantly greater than the control group and the 
intrathecal xylazine group (P<0.05), but significantly lower 

than that recorded in lambs administered intrathecal xylazine 

prior to castration (P<0.05). 

Plasma cortisol concentrations 

Experiment 2. Table of mean plasma cortisol concentrations 
(nmol/1) for the four groups. 

Drug Nil I/T Xylazine 
Procedure 

C 36.4 24.4 

CN 160.6 224.3 

Thus for a SED of 26.3, and using a two way T-test, 5% 

significance is obtained with any difference greater than 55.0 

nmol/1 between the mean treatment cortisol concentrations 
tabulated above. Note the cortisol responses of lambs to which 

no drug (CN-Nil), or intrathecal xylazine (CN-I/T Xylazine) had 

been administered prior to castration are statistically greater 
(P<0.05) than that recorded in control lambs (C-Nil). The plasma 

cortisol response in the latter group (CN-I/T Xylazine) is, 

however, statistically greater (P<0.05) than the former group 
(CN-Nil). 
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Figure 5.1 

Effect of epidural xylazine on the indices used for assessment 

of pain from castration and tail-docking 

The results shown were obtained from 4 groups of 6 lambs, each 

group subjected to one of the following treatments 1) control 
handling 2) epidural xylazine 3) epidural xylazine + castration 

and tail-docking 4) epidural saline + castration and 

tail-docking 

Behaviour 

The incidence (%) of four behaviours (L-Lateral recumbency, S- 

Standing, V- Ventral recumbency, T/S- Teat Seeking and Sucking) 

were recorded for each group and presented in bar chart form in 

6 time periods; 0-15,15-30,30-60,60-120,120-180 and 
180-240 minutes, see the materials and methods for number of 

observations in each period. 

Plasma cortisol 
Plasma cortisol concentrations were presented in graph form 

(nmol/1 t S. E, (n-6)) at 10 times; -10,0,15,30,60,90, 
120,150,180 and 240 minutes. 

Statistical analysis 
A Indicates that the difference between the behaviour of the 

treatment group and the (control handling) group was 

significant at (P<0.05) 

a As above but (P<0.1) 

Notes 1) Epidural xylazine increases the incidence of lateral 

recumbency after castration and tail-docking during the time 

periods 0-15,15-30 and 30-60 minutes. This was not significant 
(P>0.05) 

2) No significant differences were found (P<0.05) in the 

cortisol responses. 
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TABLE 5.1 

THE EFFECTS OF FOUR TREATMENTS ON LAMB BEHAVIOUR IN SIX TIME 

PERIODS 

In each period after treatment the incidence of four postures 
(i. e. Lateral Recumbency, Standing, Ventral Recumbency and Teat 

Seeking or Sucking) are presented as the number of times that 
behaviour is observed, and as a percentage of the total number 

of observations made in that period. 
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FIGURE 5.2 

EFFECT OF INTRATHECAL XYLAZINE ON THE INDICES USED FOR 

ASSESSMENT OF PAIN FROM CASTRATION 

The results shown were obtained from 4 groups of 6 lambs, each 

group was subjected to one of the following treatments 1) 

control handling 2) intrathecal xylazine 3) intrathecal xylazine 

+ castration 4) intrathecal saline + castration and tail-docking 

Behaviour 

The incidence (8) of three behaviours (L- Lareral recumbency 
(Ll-L3), S- Standing (S1-S3), V- Ventral recumbency (V1-V3)) 

were recorded for each group and presented in bar chart form in 

6 time periods; 0-15,15-30,30-60,60-90,90-120 and 120-180 

minutes, see materials and methods for numbers of observations 
in each period. A restlessness score was recorded from 0-30 

minutes, and was presented as a quantitative measure of the 

total number of posture changes in all lambs. 

Plasma cortisol 
Plasma cortisol concentrations were presented in graph form 
(nmol/1 t S. E, (n-6)) at 9 times; -10,0,15,30,60,90, 
120,150 and 180 minutes. 

Statistical analysis 
A Indicates that the difference between the behaviour of the 

treatment group and the (control handling) group was 

significant at (P<0.05) 

a As above but (P<0.1) 

Notes 1) Intrathecal xylazine increases the incidence of 

abnormal standing (S2-S3) after castration during the periods 
1-15,15-30 

, 30-60 and 120-180 minutes 
2) No S3 standing was seen in the (I/T Saline + Castration) 

group 
3) The plasma cortisol response of the (I/T Xylazine + 
Castration) group was significantly greater (P<0.05) than the 
(I/T Saline + Castration) group when compared from 15-60 

minutes. 
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TABLE 5.3 

THE EFFECTS OF FOUR TREATMENTS ON LAMB BEHAVIOUR IN SIX TIME 

PERIODS 

In each period after treatment the incidence of three postures 
(i. e. Lateral Recumbency, Standing, Ventral Recumbency and 
Teat Seeking or Sucking) are presented as the number of times 

that behaviour is observed, and as a percentage of the total 

number of observations made in that period. 
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The aim of these experiments, as for the previous series 
(chapter 4) was to find an analgesic with which to reduce the 

pain experienced following castration, or castration and tail- 

docking. Neither epidural or intrathecal xylazine at the doses 

employed here produced recognisable analgesia. This suggests 

that unless unknown factors prevented access of active xylazine 

with a suitable duration of action, the pain produced by 

castration and tail-docking or castration cannot be reduced by 

epidural or intrathecal xylazine in lambs of less than one week 

of age. 

Interpretation of the results obtained in experiment 1 

There was no evidence from the behavioural measurements or 

the changes in plasma cortisol concentration to indicate that 

epidural xylazine produced analgesia. Epidural xylazine (2x25µg) 

did not reduce the incidence of lateral recumbency associated 

with castration and tail-docking, conversely the incidence of 
lateral recumbency was higher than that recorded in lambs to 

which only saline had been administered prior to castration and 

tail-docking, though the difference was not significant 
(P>0.05). This increase in lateral recumbency was unlikely to be 

due to general sedation as similar doses injected systemically 
did not produce central effects (Goranov et al, 1983). 

Furthermore lambs administered xylazine only, spent less time 

recumbent than control lambs, the decrease being significant 
(P<0.05) during the period 30-60 minutes. There were no 
differences in the plasma cortisol responses of those groups 

where either saline or xylazine were administered prior to 

castration and tail-docking when compared from 15-60 minutes 
(P>0.05). The similarity of the plasma cortisol responses in 

these two groups and the small increase in lateral recumbency 
(proposed to be the prime indicator of severe pain, see chapter 
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3) in the latter group suggests there is no analgesia following 

administration of xylazine. 

Interpretation of the results obtained in experiment 2 

Unlike epidural administration of xylazine, at these doses 

intrathecal xylazine results in lambs lying in ventral 

recumbency more than the control lambs throughout the duration 

of the experiment (0-180 minutes). This increase in ventral 

recumbency is significant at P<0. l during the time period 60-90 

minutes. This suggests that intrathecal administration of 

xylazine at these doses produces sedation, which may also 

account for the abnormal standing/walking (S2) seen during the 

time periods 15-30 and 30-60 minutes (12% of observations) as 

opposed to 0% in control lambs. 

There was little evidence for analgesia following intrathecal 

administration of xylazine, but some weak evidence for 

hyperalgesia. Xylazine pretreatment did not eliminate or reduce 

the lateral recumbency associated with castration, and there was 

an increase in abnormal standing (10-50% of observations, S2-S3) 

during the time periods 0-15,15-30 and 30-60 minutes when 

compared to lambs administered saline prior to castration. The 

limited evidence that intrathecal xylazine might have some 

analgesic action is the decrease in abnormal ventral recumbency 
(22-60% of observations - V3) during the time periods 0-15, 

15-30 and 30-60 minutes and the absence of lateral recumbency 
from 60-90 minutes when compared with lambs administered just 

saline prior to castration. It is difficult to explain the 

effects on standing and ventral recumbency produced by prior 
treatment with intrathecal xylazine in castrated lambs in the 

absence of an independent measure of pain intensity. As they may 

reflect dysaesthesia or other modifications of the responses to 

the noxious stimulus by action of xylazine at higher levels of 
the CNS, they are not considered to be evidence of analgesia. 
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The increase in plasma cortisol, seen in lambs administered 
intrathecal xylazine prior to castration, was significantly 

greater (P<0.05) in the period from 15-60 minutes than in lambs 

administered just saline prior to castration supporting the 

conclusion that intrathecal xylazine did not produce analgesia. 
The increase in plasma cortisol concentration was not 

attributable to xylazine itself, as no change in plasma 

cortisol concentration was seen in lambs administered just 

xylazine. 

Explanations for the absence of analgesic effects following 

administration of either epidural or intrathecal xylazine 
(2x25pg) 

(a) Failure of active drug to gain access to the spinal cord 

As described for morphine and etorphine administration, no 

obvious errors could be found in either the epidural or 
intrathecal administration technique which could occasionally be 

responsible for failed spinal analgesia (Munhall, 1988). There 

was good evidence that active drug was administered because 

there was an increase in standing (Significant during the period 
30-60 minutes, P<0.05) in lambs administered epidural xylazine 

and an increase in ventral recumbency (significant during the 

period 60-90 minutes, P<0.05) in lambs administered intrathecal 

xylazine when compared with control lambs, which can only be 

explained by the presence of an agent which has effects on the 

central nervous system (Vainio and Vaha-Vahe, 1990; 

Kitzman et al, 1982). Whether the active drug gained access to 

the spinal cord or not is less clear though weak indirect 

evidence that it did is provided by the increase in standing 
throughout the duration of experiment 1. This could be 

attributed to action of xylazine at alpha 1 receptors in the 

ventral horn since increases in motor activity have been 
described following intraperitoneal injection of the the alpha 2 

agonist clonidine (10-1000µg) to rats (Howe at a2,1983) and 
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Brandt and Livingston (1989) have demonstrated that the a2 

agonist <3H> clonidine binds to the ventral spinal cord of adult 

of adult sheep. As argued for the opioids, direct evidence 

that xylazine gained access to the spinal cord in this age of 
lamb is required. Such evidence could be obtained by 

demonstrating binding of radiolabelled cc 2 agonists in the spinal 

cord following intrathecal injection as described in the next 

section. It is concluded that active xylazine was administered 
but only inconclusive evidence was obtained that xylazine gained 

access to the spinal cord. 

(b) There is an inadequate population of functional act 

receptors in the spinal cord on which xylazine can act 

There is evidence that alpha 2 binding occurs in lamina II of 
the dorsal horn in the rat which is associated with nociceptive 

primary afferents (Young and Kuhar, 1980; Unnerstall et al, 
1984), and a similar distribution has also been demonstrated in 

the adult sheep using <3H> clonidine (Bouchenafa and Livingston, 

1987). Despite these findings, it cannot be assumed that a 

similar distribution will be found in the young lamb. At birth 

the CNS of the lamb is still developing, with the cerebellum and 

spinal cord less well developed than the cerebral hemispheres 

(McIntosh et al, 1979), furthermore it is likely that the 

adrenergic and opioid receptors are regulated in a specific 

manner which does not necessarily parallel brain growth 
(Villiger et al, 1982). Initially autoradiographic studies are 
required to locate adrenoceptors in the spinal cord of the young 
lamb. To quantify the density of binding sites, sections of 
spinal cord from the appropriate level (T10-Tll and L6-L7) could 
be dissected and saturation binding studies performed using the 

alpha 2 agonist <3H> clonidine (Brandt and Livingston, 1989). 

Although the presence of such binding implies that specific 
receptors are present and they are an important or integral 

component of the nervous system, it does not permit the 

conclusion that their development is directly related to any 
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particular process, such as antinociception (Clendeninn or al, 
1976). For example, although the sensitivity to morphine 

analgesia in young rats increases from day 5 to day 15 

postnatally (Auguy-Valette or al, 1978), there is a paradoxical 
decrease in opioid binding by brain and spinal cord homogenates 

from day 6 (Kirby, 1981). Even if adrenoceptors can be 

demonstrated to be present in the lamb spinal cord it does not 

necessarily follow that intrathecal xylazine should have an 

analgesic action; however, if limited cc2 binding can be 

demonstrated it would help to confirm the results obtained here. 

(c) The duration and distribution of activity of xylazine is 

not adequate 

Kalpravidh et al (1984), showed that intramuscular xylazine 
(2.2mg/kg) could provide 3-4 hours of analgesia against 

cutaneous and visceral pain in experimental ponies, while 
Waterman et al (1988) obtained 2 hours of analgesia against 

mechanical pain following intrathecal administration of xylazine 
(50µg) in the adult sheep. 

Waterman et al (1988), demonstrated that peak analgesic 

effects of intrathecal xylazine (50µg) in the sheep occur 40 

minutes after administration and lasts for up to 120 minutes. 
Although some differences in duration of action of xylazine may 

occur in lambs it was expected that similar doses to those used 
by Waterman et al (1988) when given to lambs would have at least 

the same duration of action and it was not expected that any 
analgesic action would wear off between administration of 

xylazine and the treatment 40 minutes later. This possibility 
should be further investigated, however, by means of 

chronically implanted catheters in the intrathecal space (Yaksh 

and Rudy, 1976a; Waterman et al, 1988). This approach would 
allow administration of the drug to a group of lambs 
immediately prior to the treatment and would permit incremental 
dosing during the course of the noxious stimulus. In this way it 
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would be possible to determine if xylazine has both a short 

duration of action and a narrow range of doses over which it is 

analgesic in the lamb. 

Intrathecal injection was expected to produce a restricted 

distribution in the spinal cord since Solomon et al (1989), 

showed that although peak blood levels of clonidine following 

intrathecal injection in the rat, occurred after 5 minutes, 

this only represented 2% of the injected dose (3.2-32.0 µg). 

Autoradiographic studies by Castro and Eisenach (1989) in the 

sheep using <31> clonidine, demonstrated that 36% of the drug 

remained in the lumbar spinal cord at the injection site, 5 

minutes after administration. The concentration of clonidine in 

the cervical cord was 10 fold lower, suggesting that although 

rostral distribution does occur, a greater proportion remains 

present at the site of injection. 

Similar results have been obtained following intrathecal 

injection of <3H> clonidine in 100µl of saline via a chronic 
indwelling cannula in the adult sheep (Bouchenafa et al, 1988; 

Waterman et al, 1988). The highest concentration of <311> 

clonidine bound to the spinal cord was found at the intrathecal 

injection site, with a measurable distribution restricted to 

about 5 vertebral segments around the catheter tip. What may be 

assumed is that the distribution was at least as extensive in 

the lamb. Some evidence suggests that it was more extensive. 
The sedation seen in lambs administered intrathecal, but not 

epidural xylazine at the level of thoracic segment 10 suggests 
that a greater rostral distribution occurs with intrathecal 

administration. This could be attributable to the smaller 

spinal canal of the lamb, or a combination of differences in 

passive diffusion and active transport by bulk flow in the CSF 

of xylazine compared with clonidine (Sato et al, 1971). 

Although increased distribution increases the likelihood that 

all levels of the spinal cord receiving afferent input from the 

affected areas are exposed to xylazine, insufficient 
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concentrations of drug may be present to provide useful 

analgesia. Studies such as those described above are therefore 

required to determine details of the pharmacokinetics of 

xylazine following intrathecal injection in the lamb. 

(d) The origin and intensity of the pain was such that any 

analgesia obtained with xylazine was not apparent using 

these assessment methods 

Abdominal visceral pain, which is produced by castration, is 

poorly understood and has often been found to be difficult to 

treat in humans (Procacci et al, 1986). Despite this, alpha 2 

agonists such as clonidine have been shown to attenuate certain 
types of visceral pain (chemical) more effectively than somatic 

pain in the rat (Ness and Cebhart, 1989). In other species, 

such as the horse, it was found that the alpha 2 agonist 

xylazine did not consistently produce analgesia in either 

visceral or somatic (thermal) pain tests (Pippi and Lumb, 1979). 

Castration, or castration and tail-docking in the lamb combines 

visceral and somatic pain (chemical and mechanical) and may 

represent a type and intensity of stimulus which can only be 

attenuated by a combination of analgesics directed at the 

different origins of the pain. Visceral pain originating from 

the spermatic cords, testis, epididymis and vaginal sac as a 

result of mechanical effects of the tight rubber ring may not be 

attenuated by cc2 agonists to the same extent as visceral pain 

produced by chemical effects of the rubber rings (Colburn et al, 
1989). Furthermore, nociception may be occurring during the 

complex stimulus of castration or castration and tail-docking 

via mechanisms with greater susceptibility to the analgesic 

action of cc 1 than cc2 agonists (Tasker and Melzack, 1989). 

Since xylazine produced no evidence of analgesia it is 

unlikely that a combination of agonists will be helpful, 
however, a possible approach to obtaining analgesia, would 
involve the combination of a potent acl and cc2 agonist or an 
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opioid and an cc2 agonist. Combination of an opioid and cc 2 
agonist, when administered intrathecally have been shown to 

have a synergistic action (Stevens et al, 1988), showing only 
limited cross tolerance (Solomon and Gebhart, 1988). Such an 

approach relies on opioid and adrenergic drugs operating via 

separate mechanisms to produce a synergistic action when 

combined and administered intrathecally (Wilcox et al, 1987). 

As for the opioids there is sufficient evidence from these 

studies to consider it unlikely that the intensity of the 

stimulus provides an explanation for the absence of any 

recognisable analgesic effect of epidural or intrathecal 

xylazine. If xylazine produced analgesia at lower intensities 

of noxious stimulation, an earlier termination to the abnormal 
behaviour following castration or castration and tail-docking 

would be expected, because as indicated by these responses the 
intensity of these stimuli reduces with time. The only evidence 
for an earlier termination of the abnormal behaviour was the 

absence of lateral recumbency from 60-90 minutes in lambs 

administered intrathecal xylazine prior to castration which was 

recorded in lambs administered only saline prior to castration 
(6% of observations). This incidence of lateral recumbency, 
however, was only attributable to 1 lamb and the incidence was 

not significant (P>0.05). 

Further approaches to finding a suitable analgesic with which to 

modify the pain of castration and tail-docking 

Several approaches to finding a suitable dose and 
administration technique for xylazine or alternative analgesics 
were described in the discussion of chapter 4 which are also 

applicable here. 
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THE WITHDRAWAL REFLEX IN THE CHLORALOSE ANAESTHETISED LAMB AND 

ITS USE FOR THE ASSESSMENT OF THE ANALGESIC POTENCY OF XYLAZINE 

AND MORPHINE WHEN ADMINISTERED INTRATHECALLY TO THE SPINAL CORD 

Since Sherrington's classic studies (Creed et al, 1932), 

reflex responses to noxious and electrical stimuli have been 

extensively investigated. In many of the early experiments with 

electrical stimulation, mixed fibre types were excited. That it 

was not necessary to excite unmyelinated fibres to elicit flexor 

reflexes (Lundberg, 1964), indicates drug effects may be 

investigated with a stimulus that might not be painful in the 

conscious animal. Results obtained by this method should always 
therefore be complemented by clinical trials using pain 
originating from disease or trauma (Beecher, 1957). Opioids 
(Brodo and Brooks, 1937; Martin et al, 1964) and alpha 

agonists (Anden et al, 1966) have both been shown to inhibit 

the withdrawal reflex. Many of these studies were performed in 

spinal animals (Irwin et al, 1951), where it was found that both 

excitatory and inhibitory interneurones in the spinal cord are 
under powerful, tonic descending inhibition which arises from 

the brainstem (Lundberg, 1964; Engberg et al, 1968). Other 

workers have argued that the spinal cord must be intact for 

morphine to have an effect on spinal reflexes (Takagi et al, 
1955). This latter view although not generally accepted could 
be explained by recent work indicating that much of the 
inhibition of reflex activity following systemic morphine 
administration was indirect via descending systems originating 
in the brainstem (Barton et al, 1980). 

Descending inhibitory influences on the withdrawal reflex 

Release from descending inhibition following spinalisation 
increases and stabilises reflexes and this makes it easier to 
investigate the effects of various drugs. This has been clearly 
demonstrated by several groups including Clarke et al, (1988) in 
decerebrate, low spinalised and intact rabbit preparations. In 
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non spinalised decerebrate rabbits the threshold and latency of 
the sural- gastrocnemius reflex were significantly higher than 

spinalised preparations. Intravenous naloxone and idazoxan were 
found to enhance reflexes while clonidine and morphine depressed 

them in a dose dependent fashion. Naloxone was more effective 
in spinalised rabbits and idasoxan in non spinalised rabbits, 

which is evidence that endogenous opioids have a segmental 

action which can be increased by descending adrenergic pathways 

acting through alpha 2 receptors. That descending inhibition is 

primarily by non opioid pathways was demonstrated by producing a 
discrete lesion in the Dorsolateral Funiculus. This lesion 

eliminates most of the inhibitory effects obtained with systemic 

morphine on spinal reflexes, yet the baseline latency of these 

reflexes remained unaltered. This indicated that the descending 
inhibitory system had not been disrupted and was therefore non 
opioid in nature (Barton et al, 1980). 

Evidence for the proposition that opioids will inhibit the 

sural-semitendinosus withdrawal reflex in the lamb 

Morphine, related narcotics and certain adrenoceptor drugs 

depress withdrawal reflexes initiated in the lumbar spinal cord 
in response to impulses in small diameter primary afferent 
fibres of both cutaneous and muscular origin (Koll et al, 1963). 

An example being the inhibition by morphine of reflex 

contractions observed in the tibialis anterior muscle following 

stimulation of C-fibre afferents in the superficial peroneal 
(Bell and Martin, 1977) or sural nerves (Willer and Brussel, 
1980). Morphine was also found to inhibit monosynaptic reflexes 
(primarily extensor reflexes) initiated by activity in large 
diameter fibres (Brodo and Brooks, 1937; Wikler, 1950). The 
inhibition of these reflexes was, however, dependent on the 

nerve stimulation frequency. Duggan and North (1984) proposed 
that at low stimulation frequencies the amount of excitation or 
inhibition of the interneurones, and any modification by 

morphine, was not sufficient to change the subsequent reflex. 



Chapter six 191 

Morphine can, however, enhance reflex activity at high doses 

(Kuschinsky et al, 1978; Jurna et al, 1978) which can be 

accounted for by its ability to reduce both direct and indirect 

recurrent inhibition in cats at doses of 20mg/kg (Curtis and 

Duggan, 1969) and 5-10 mg/kg respectively (Krugalov, 1964). 

This action was thought to be via an antiglycinergic effect at 

the spinal neurones (Curtis and Duggan, 1969). This was 

supported by Yaksh et al (1986), who demonstrated that these 

effects were not dependent on opioid receptors. This action of 

morphine was not antagonised, but was enhanced following 

systemic administration of naloxone or naltrexone. 

The mechanism of inhibition of the withdrawal reflex 
described by Koll et al (1963), was illucidated by their finding 

that in spinal cats, morphine (0.3-0.4mg/kg) suppressed activity 
in motoneurones elicited by stimulation of As and C-fibres in 

preference to Ace and A3-fibres. A similar effect was also found 

with activity produced by natural stimuli such as thermal > 42°C 

(Eisenphar and Piercey, 1980; Toyyoka et al, 1978) and 

cutaneous pinch and pressure (Yaksh, 1978) which in the 

conscious animal would evoke pain behaviour. In support of this 

inhibition of reflex withdrawal being an opioid receptor 

mediated effect, is the evidence that this reflex could be 

antagonised in a dose dependent fashion by naloxone (Yaksh, 

1978). Evidence that the site of this action is in the dorsal 

horn gray matter, was obtained by Johnson and Duggan (1981) who 

antagonised this suppression of activity by local iontophoretic 

application of naloxone. Barton et al (1980) found little tonic 
descending opioid related inhibition but naloxone increased 

activity of dorsal horn neurones to more than the initial value 

when administered after systemic morphine (Duggan at al, 1980), 

which indicates that there is some tonic segmental opioid 

activity. Such tonic activity is made more obvious when the 

tonic descending inhibition is removed by spinalisation 
(Clarke et al, 1988). In the preparation used here i. e. the 

chloralose anaesthetised, spinalised lamb, it was expected 
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that morphine at the lower doses (32µg-1600µg) selected would 

suppress the sural-semitendinosus reflex, but could cause 
facilitation of this reflex at the highest doses selected 
(16mg). 

Evidence for the proposition that cc2 agonists will inhibit the 

sural-semitendinosus withdrawal reflex in the lamb 

Anden et al in 1964, demonstrated that intravenous 

administration of L-Dopa (which increases noradrenalin release 
from nerve terminals) profoundly changed neuronal transmission 
in the spinal cord of the acute spinal cat by inhibiting 

transmission from the flexor reflex afferents to the flexor and 

extensor motoneurones. Kawasaki et al (1978), demonstrated 

that intravenous administration of the alpha 2 agonist clonidine 

could depress reflex activity. Kawasaki et al (1978), however, 

found inhibition of reflexes at low doses (0.03-0.06mg/kg), 

and facilitation at higher doses (0.5-1.0 mg/kg). The 

inhibitory effects were found to be antagonised by the cc2 

antagonists yohimbine (3.0mg/kg) and tolazoline (20mg/kg) and 
the alpha antagonist phentolamine (10.0mg/kg), while the 

excitatory effects were eliminated by the ccl antagonist 

phenoxybenzamine (5mg/kg). These results suggest that clonidine 

can affect spinal reflexes in the acutely spinalised rat in two 

ways, one involving an inhibitory mechanism and the other an 

excitatory one, and that different alpha receptor antagonists 
interact with one or other or both adrenoceptive mechanisms. 
Bell and Matsumiya, (1981), also found facilitation of C-fibre 

reflexes following microinjection of noradrenalin (10µg) into 

the ventral horn resulting in what has been called the motor 
excitation syndrome (Howe et al, 1983). 

The increase in noradrenalin release from nerve terminals in 

the spinal cord elicited by L-DOPA administration (Anden or al, 
1964), reproduced activation of the descending noradrenergic 
endogenous inhibitory system (Basbaum and Fields, 1978). Yaksh 
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(1985), concluded from the available evidence, including the 

work by Fleetwood-Walker et al (1985) that local application of 

noradrenaline (mimicing activation of the descending 

noradrenergic system) to the spinal cord selectively inhibits AS 

and C-fibre evoked activity in wide dynamic range dorsal horn 

neurones. This being both by a presynaptic action on primary 

afferent excitability, and a post synaptic effect on the wide 

dynamic range cells as demonstrated by the suppression seen with 

noradrenaline on excitatory amino acid evoked discharge. There 

is also evidence that many other interneurones in the dorsal 

horn are inhibited by noradrenaline (Engberg and Ryall 1966). 

Ness and Gebhart (1989), however, did report that noradrenaline 
facilitated the discharges in dorsal horn neurones to innocuous 

stimulation. They concluded that inhibitory effects on dorsal 

horn neurones following noxious stimulation, which they also 
found, were due to an action of noradrenaline at cc2 receptors. 
In the preparation used here it was expected that intrathecal 

administration of the potent cc2 agonist xylazine would suppress 

the sural-semitendinosus withdrawal reflex. 

Significance of suppression of a withdrawal reflex to pain 

sensation in the conscious lamb 

Not all inhibition of reflex activity is associated with pain 

suppression. Etorphine like morphine, reduces dorsal horn 

neurone excitation to a natural stimulus such as pinching the 

skin but etorphine was found at doses of 1-10 µg/kg to also 

reduce responses to light touch (Yaksh, 1978; Eisenphar and 
Piercey 1980). In most instances, however, a strong 

correlation has been maintained between suppression of reflex 

activity and analgesia obtained with a drug when used to treat 

'natural' pain, explaining why the use of reflex tests to 
determine the analgesic potency of drugs has been so successful. 
To relate inhibition of reflex activity by opioids and 

adrenergic agonists to the changes observed in pain experienced 
in a meaningful way it is important to demonstrate a connection 
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between the spinal reflex and the central perception of pain. 
Depression of reflex activity in itself is not responsible for 

pain relief, as surgical manipulations, such as leukotomy can 

eliminate intractable pain while resulting in facilitation of 

reflex activity (Wikler, 1953). 

Evidence for a central connection of spinal reflexes was 

provided by Zimmerman (1986), when eliciting the withdrawl 
reflex in cats using a thermal stimulus applied randomly to 

either one or other of the hind limbs. He found they sometimes 
lifted the wrong leg, which was evidence that there was some 

cognitive or learning mechanism in this reflex (Zimmerman, 
1986). The presence of a supraspinal connection from these 

spinal reflex centres was also shown electrophysiologically by 

Jurna and Gossman (1976), following intravenous administration 
of morphine (0.5mg/kg). They demonstrated a reduction of firing 
in the anterolateral tract axons in the cat in spinal segments, 
cephalic to the site of entry of dorsal root fibres conveying 
impulses produced by electrical stimulation of a peripheral 
nerve. This reduction in firing in anterolateral tract axons 
was associated with a concurrent inhibition of activity produced 
by AS and C-fibre primary afferents, which was naloxone 
reversible. 

Reduction in the response of dorsal horn neurones involved in 

these reflexes by opioids and adrenergic agents, is likely to 
be an important component of their analgesic effect 
(Zieglgansberger and Bayerl, 1976; Davies and Dray, 1978; 
Zieglgansberger and Tulloch, 1979; Satoh et a1,1979). This 

association between analgesic doses of opioids or adrenergic 
drugs and the suppression of reflex activity is fundamental to 

analgesic testing in anaesthetised animals as it depends on 
modifications in reflex activity being closely aligned to 
modulation of pain. 
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Further investigation of the apparent failure to obtain 

analgesia with epidural morphine and intrathecal xylazine in the 

conscious lamb 

Administration of epidural morphine and intrathecal xylazine 
did not produce demonstrable hypoalgesia following castration or 

castration and tail-docking using the behavioural and 

physiological indices selected. In order to demonstrate that 

these drugs at the doses used were gaining access to spinal 

cord, the action of these agents on the sural-semitendinosus 

withdrawal reflex in the hindlimb of the chloralose 

anaesthetised, spinalised lamb were studied. On the basis of 
the review above, both intrathecal morphine and xylazine were 
expected to suppress this reflex in a dose dependent manner. 
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Experiment 1 and 2 
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The null hypothesis was that a range of doses of morphine 
(321Lg-16mg) or xylazine (0.2µg-200µg) administered via the 
intrathecal route to chloralose anaesthetised and spinalised 
lambs would not suppress the sural-semitendinosus withdrawal 
reflex. 

Animals 

Experiments were conducted on 9 male Scottish Blackface lambs 

weighing between 3.3 and 7.0 Kg and 5.14 days old. In one lamb 

no reflex could be elicited. The results presented were 

obtained from 5 of the lambs. Results from three lambs were 
incomplete and were not included. Lambs were randomly selected 
and assigned to either the Morphine or Xylazine group. 

Anaesthesia and cannulation 

Prior to experimentation the throat, dorsal lumbosacral 

region, lateral aspect of the left leg and head were clipped 
free of wool. Induction of anaesthesia was with 4% halothane 

(Fluothane, ICI) in 1L Oxygen and 2L N2O/minute administered 
through a Fluotec III vapouriser via a rubberised face mask. 
After induction, lambs were maintained on 1.0-1.5% halothane. A 

jugular vein, carotid artery and the trachea were cannulated. 
Gaseous anaesthesia was replaced by cc-Chloralose (Fluky 
Chemicals Ltd) administered intravenously by infusion pump at a 
rate of 840 mg/hr for 20 minutes, reducing to 80 mg/hr for 4.5 

hours and then 60mg/hr to the end of the experiment. These 

infusion rates were adjusted where necessary to meet individual 

requirements for surgical anaesthesia as assessed by reference 
to the response of blood pressure to high intensity electrical 
stimulation and response to corneal stimulation. The initial 
infusion rates of cx-chloralose outlined above was used for all 
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lambs independent of weight, as individual requirements varied 

considerably. End tidal CO2 was measured continuously via a 

catheter inserted into the tracheal cannula. 

Maintenance of the anaesthetised and paralysed lamb 

The lamb was paralysed with Gallamine Triethiodide once 

exposure of the sural and semitendinosus nerves was complete 
(Flaxedil, May and Baker; 8 mg total dose initially and 

supplemented as necessary with 4-6 mg). The effects of 

gallamine were allowed to wear off periodically (every 2-3 

hours) in order to assess the depth of anaesthesia obtained with 

cc-chloralose. The animal was artificially respired using a 

reciprocating pump (Harvard Instruments). The stroke volume and 

rate was adjusted to maintain end tidal CO2 at 4%, which was 

monitored with a CO2 analyser (901 Mk2 Analytical Dev. Company) 

calibrated using a 5% CO2 mixture (Speciality gases Ltd). For 

most lambs a stroke volume of about 40 mis at 32/min was 

sufficient to maintain an end tidal CO2 level of 4.0-4.5%. 

Carotid arterial blood pressure was monitored with a pressure 

transducer calibrated by mercury manometer. After spinalisation 

the lambs maintained a blood pressure of between 60 and 100 

mmHg. An infusion of an isotonic glucose saline solution at 

approximately 20mis/hr was used to combat dehydration and 

maintain blood pressure. The core temperature was maintained at 
37°C ± 1.0°C by a thermostatically controlled heating blanket. 

Spinalisation and location of intrathecal cannulas 

Spinal transection was performed under deep halothane and 

chloralose anaesthesia as soon as possible to permit the maximum 

time for recovery from spinal shock before recording reflex 

responses. Spinalisation was performed in the cervical region 
Cl-C2 in the first experiment then subsequently at T8-T9 to 
limit the fall in blood pressure. After the laminectomy and 

exposure of the spinal cord the dura was removed and then 3001il 
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of lignocaine (2%) without adrenalin was applied both to the 

surface and injected into the substance of the spinal cord while 

slowly advancing the needle (25 SWG). In order to permit direct 

application of drugs to the spinal cord from T10 to L7 a 
laminectomy was performed on lumbar vertebra 3-4. Two cannulae 

were then introduced into the subarachnoid space, via small 
holes made in the dura with a 1" needle (23 SWG). One cannula 

was directed up the cord to the level of T10, the other directed 

down to L6-L7, and in some cases they were sealed in position 
with superglue. The cannulae were fixed with ligatures to the 
dorsal spines of L2 and L5 and the incised tissues were sutured 
together. 

Exposure of the sural and semitendinosus nerves 

The left leg of the lamb was supported at the knee(femur) and 

ankle(distal tibia), using rubber covered adjustable clamps. 
The biceps femoris muscle was removed from the quadriceps group 

along the fascial attachment and then bisected exposing the 

Sciatic nerve and its branches in the popliteal fossa. Bleeding 

was controlled by cutting all tissues with a cautery unit. The 

major noxious stimulus imposed by this surgery does not change 
the reflexes under examination when compared with those obtained 
from animals that have been subjected to the above procedures 

after local anaesthesia, of all tissues being stimulated, using 
lignocaine (Clarke et al, 1988). The cut muscle was retracted 

and a pool was formed by suturing the skin to a fixed ring. The 

pool was then filled with warm paraffin oil (37°C), to prevent 
dehydration and permit insulation of the recording and 

stimulating electrodes. 

The Sural nerve was dissected free from the sciatic nerve and 

cut peripherally in the popliteal fossa. The central end was 
then dissected free of connective tissue and placed over silver 
bipolar stimulating electrodes. The sural nerve was also 
disected free more proximally in the leg to permit recording 
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electrodes to be placed underneath it. These were used to 

record the compound action potential produced by electrical 

stimulation. The nerve suppling the semitendinosus (ST) muscle 

was dissected free from the muscle and placed over bipolar 

silver recording electrodes. The nerve was crushed between the 

electrodes to give a monophasic signal. Visualisation of the 

semitendinosus nerve required removal of most of the biceps 

femoris muscle. 

Stimulation of the sural nerve 

After surgery was completed, with recording and stimulating 

electrodes in place a period of at least one hour was left 

before continuing the experiment, this permitted recovery from 

any supplementary halothane anaesthesia and the surgical 
interference. 

The sural nerve (except in lamb 1.03.90, where the tibial 

nerve was used), was electrically stimulated in initial tests to 
determine the threshold of the lowest thresholds fibres at a 
stimulation duration of 0.2 msec. The compound action potential 
was measured as described. When the threshold had been 

determined a minimum of 30 control responses of the 

semitendinosus nerve to stimulation of the sural at 10 times 

threshold and 0.6 msec duration were performed to ensure that 

all As and AP fibres were being stimulated. Tests at stimulus 
intensities of 30 times threshold and 1.2 msec duration were 

carried out but no changes in the early responses being recorded 
were found. During the experiment at predetermined times before 

and after drug treatment, 12 successive stimuli were applied, 
one every 2 seconds, at five minute intervals. The 

stimulator, computer and oscilloscope were all controlled by a 
Digitimer programmer to synchronise stimulation and recording. 

Changes in the magnitude of the reflexes evoked by sural or 
tibial nerve stimulation were measured as changes in the size of 
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the compound action potential in the semitendinosus nerve. The 

compound action potential was amplified 1000 times and filtered 

(0.16-250 Hz). 10 successive responses were recorded on an FM 

tape recorder at 1 7/8" /sec and single examples of responses 

were simultaneously recorded on a digital storage oscilloscope 
(Hewlett Packard) from which one example was recorded on a paper 
recorder. An average signal was obtained from these 10 

successive responses using a Cromenco computer which sampled 
each signal (CAP) every 390µsec, see Fig 6.1. Responses were 
then quantified as the voltage/time integral (area) of the 

averaged neurograms. For presentation the responses were 
expressed as a percentage of the pre-treatment control levels 

Fig 6.2 and 6.3. 

Drugs 

The drugs used in this study were naloxone hydrochloride 

(Sigma Chemical Company), dissolved in 0.9% NaCl solution to 
3mg/ml; idazoxan hydrochloride (Reckitt and Coleman), dissolved 
in 0.9% NaCl solution to lmg/ml; morphine sulphate (Boots the 
Chemists), dissolved in 0.9% NaCl solution to 160mg/ml; 

xylazine hydrochloride (Sigma Chemical Company), dissolved in 

0.9% NaC1 solution made slightly acidic with 2 drops of 0.1M HCl 

acid to lmg/ml. All subsequent dilutions were made in 0.9% NaCl 

solution. 

Drug administration 

The following regime was used: Xylazine was given in doses of 
0.1,1.0,5.0,10.0,50.0, and 100.0 p. g at T10-11 and L6-L7, 

except in cases where drug was only administered at L6-L7. The 

Intervals between drug doses (15-35 minutes) was dependent on 
the effects observed. Idazoxan (0. lmg/kg I/V) was administered 
from 10-20 minutes after the last dose of xylazine. Morphine was 
given in doses of 16.0,160.0,200.0,400.0,800.0,1600.0, and 
8000.0µg at T10-11 and L6-L7. The intervals between drug doses 
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FIGURE 6.1 

Example of how an average signal was obtained from the 10 

successive responses in the semitendinosus nerve 

The diagram represents the data from one compound action 

potential in the semitendinosus nerve which has been adjusted to 
lie on a baseline determined by those values obtained after the 

stimulus to before the start of the response (see lamb 21.02.90, 

Fig 6.2: 3B). The voltage/time integral (area) of this 

response was determined for those values above the baseline 
between arrows A and B, by adding the area of each successive 
column shown by hatched marking (Bin width 390µsec). 10 

responses were used for each averaged signal. 

KEY 

Stirn - Stimulation of the sural nerve at lOx threshold. 
A- Start of the compound action potential in the 

semitendinosus nerve (8msec post-stimulus) 
B- End of recording 
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(15-45 minutes) was again, dependent on the effects observed. 
All drugs injections were flushed in with l40µ1 of isotonic 

saline (i. e. the catheter volume). 

Presentation of results 

The absolute sizes of the responses in the semitendinosus 

nerve were widely variable between experiments (6043-33058 

Mvµsec), and the data were normalised for presentation and 

analysis, using the control responses prior to drug treatment 

as a 100% response. The time shown on each table (see Fig 6.2 

and 6.3) was absolute, zero representing the start of the 

tests. Recordings were made at 5 minute intervals throughout 

the experiment. For clarity of presentation not all recordings 

are shown. 
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the sural- 

Morphine increased the reflex response in all 3 lambs tested. 

The dose at which this increase occured was between 320- 3200µg 

and the size of the increase was between 12-23%, see fig 6.2 and 

table 6.1. 

Lamb 15.02.90. Initially the response fell to 94% of the 

control value 10 minutes after a total dose of 32µg of morphine. 
The response rose from 94% to 112%, 5 minutes after 320µg, 

reaching a maximum of 165%, 30 minutes after 3200µg of morphine. 

Lamb 19.02.90. The lower doses of morphine used (32-1600µg), 

produced inconsistent increases in response when compared with 

the control value. Administration of 32µg, 320µg, 800µg, 

1600µg and 3200µg of morphine, resulting in responses of 120%, 

113%, 111%, 107% and 123% respectively. The highest dose of 

morphine (16000µg), resulted in a further increase to 143%, 50 

minutes after administration. 

Lamb 21.02.90. There was a progressive increase in response 

when compared with the control value following 800µg of morphine 

which reached 207%, 25 minutes after administration. This 

further increased following 400µg of morphine to a maximum of 
668%, 15 minutes after administration. 

These changes were not reversed by intravenous post treatment 

with 0.2 mg/kg naloxone. The increase in activity noted in 

lambs 15.02.90 and 21.02.90 was due to increased amplitude and 
duration of the response. The increase noted in lamb 19.02.90 

was confined to the early part of the response. 
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The effects of intrathecal xylazine on the sural/tibial- 

semitendinosus reflex in the lamb 

Xylazine produced a dose dependent suppression of the 

sural-semitendinosus reflex, see figs 6.3 and table 6.2. There 

was some variability in the dose/response relationship in the 4 

lambs in which it was tested. The most potent response being 

found in lamb 21.02.90 (dose 20.0 µg) and the least in lamb 

23.02.90. (total dose 46.2 µg). In lamb (1.03.90) administration 

of xylazine (20µg) increased the latency of the response from 

8-12 msec. 

Lamb 19.02.90. There was an initial decrease in response to 
58% of the control value, 5 minutes after administration of 
xylazine (100µg). This response continued to fall and by 15 

minutes after xylazine administration was 19% of the control 
value. Intravenous idasoxan (0. lmg/kg) was administered 20 

minutes after xylazine, restoring the response to 71% of the 

control value within 5 minutes. 

Lamb 21.02.90. There was a complete elimination of reflex 

activity within 5 minutes of administration of xylazine (2011g). 

Administration of 0. lmg/kg idasoxan I/V restored the response to 
67% of the control value within 5 minutes and to 71%, within 5 

minutes of a second I/V dose of 0.1mg/kg idasoxan. 

Lamb 23.02.90. Five minutes after administration of 0.1 p. g 
xylazine the response was reduced to 69% of the control value. 
An additional 0.1µg 20 minutes later had little additional 
effect. The dose was increased, with 1.0,5.0 and 20.0 µg of 

xylazine administered 55,90 and 105 minutes after the first 

dose of xylazine. These doses resulted in a reduction to 47%, 
29%, and 11% of the control value respectively. Administration 

of 0.1 mg/kg of idasoxan I/V restored the response to 17% of the 

control value within 5 minutes and 29%, 5 minutes after a second 
intravenous dose of 0. lmg/kg idasoxan. 
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Lamb 1.03.90. Five minutes after administration of 0.2 jig of 

xylazine the response increased to 102% of the control value. 
The dose was increased, with 2.0 and 10.0µg of xylazine 

administered 30 and 55 minutes after the first dose of xylazine. 
These doses resulted in in an increase of the response to 116% 

and 106% of the control value respectively. When the dose was 
increased further, with 20.0 and 200.0µg of xylazine 

administered 85 and 115 minutes after the first dose of 

xylazine, these doses resulted in an decrease in the response to 
59% and 2% of the control value respectively. Administration of 
0.1 mg/kg of idasoxan I/V restored the response to 102% of the 

control value within 5 minutes. 
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FIGURE 6.2 

Facilitation of the sural-semitendinosus withdrawal reflex with 
intrathecal morphine and the effect of intravenous naloxone 

Lamb 21.02.90. 

A (1-4) Shows single recordings of the compound action 

potential recorded from the semitendinosus nerve, 
following stimulation of the sural nerve at 10 x 
threshold (volts) and 0.6 ursec duration. 

B (1-4) Shows the average of 10 recordings for each treatment. 

Treatment 

1 Control 
2 25 minutes after intrathecal injection of 2x 400µg morphine 
35 minutes after a further intrathecal injection of 2x 200µg 

morphine 
45 minutes after intravenous injection of 0.2 mg/kg naloxone 

Note that the sensitivity of the recording in 3A and 4A are 

2.5 times less than in 1A and 2A. The sensitivity of the 

recording in 1B, 2B, 3B and 4B are the same. 
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TABLE 6.1 

EFFECT OF INTRATHECAL MORPHINE ON THE SURAL-SEMITENDINOSUS 

REFLEX IN THE LAMB 

The results shown were obtained from three lambs 

TIME Indicates the amount of time in minutes that has elapsed 
since the start of the experiment (00) 

TREATMENT Indicates the dose of morphine in µg administered 
intrathecally at the level of T10 and L7 

RESPONSE Indicates the average signal from 10 successive 
responses quantified as the voltage/time integral (area) of the 
averaged neurograms (See Fig 6.1 for example). For 

presentation, in the bottom row the responses are expressed as a 
percentage of the pre-treatment control levels 

* Note this data is presented in another way in Fig 6.2 
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FIGURE 6.3 

Suppression of the Tibial-semitendinosus withdrawal reflex 

with intrathecal xylazine and reversal by idasoxan 

Lamb 1.03.90. 

A (1-4) Shows single recordings of the compound action 

potential recorded from the semitendinosus nerve, 
following stimulation of the sural nerve at 10 x 

threshold ( Volts) and 0.6 msec duration. Recorded 

as output from digital storage oscilloscope. 

B (1-4) Shows the average of 10 recordings for each treatment. 

Treatment 

1 Control 

2 25 minutes after a further intrathecal injection of 2x 10.0µg 

xylazine 
35 minutes after a further intrathecal injection of 2x 100.0µg 

xylazine 

45 minutes after intravenous injection of 0.1 mg/kg idasoxan 
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TABLE 6.2 

EFFECT OF INTRATHECAL XYLAZINE ON THE SURAL OR TIBIAL 

-SEMITENDINOSUS REFLEX IN THE LAMB 

The results shown were obtained from three lambs 

TIME Indicates the amount of time in minutes that has elapsed 

since the start of the experiment (00) 

TREATMENT Indicates the dose of xylazine in µg administered 
intrathecally at the level of T10 and W. Where the symbols 
2X are absent, xylazine was only administered at the level of L7 

RESPONSE Indicates the average signal from 10 successive 

responses quantified as the voltage/time integral (area) of the 

averaged neurograms (see Fig 6.1 for example). For 

presentation, in the bottom row the responses are expressed as a 

percentage of the pre-treatment control levels 

* Note, this data is presented in Figure 6.3 
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DISCUSSION 
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The main aim of this series of experiments was to determine 

if morphine or xylazine administered intrathecally to lambs at 
dose levels similar to those used in the castration and 

tail-docking, or castration experiments (see chapter 3 and 4) 

had any effect on the spinal cord and in this way to confirm 

that active agent was able to gain access to the spinal cord via 

this route and at this dose. Time permitted only a limited 

number of experiments to be performed. 

The sural-semitendinosus reflex provided consistent results 
in most preparations but no response was obtained in two lambs. 

In one lamb this was the case for both limbs. No differences in 

anaesthesia, spinalisation or isolation of the nerves could be 

found to explain this. Distal tibial (plantar nerve) 

stimulation produced a consistent response in one of these lambs 

(1.03.90) and this nerve should be used subsequently. In the 

rabbit, the sural-semitendinosus reflex can also be unreliable 
(Clarke, personal communication), possibly because this 

"pairing" is not part of a withdrawal reflex in this species. 
There is evidence that afferents in the sural and other nerves 
from the region of the stifle can in the rabbit inhibit reflex 

activation of S. T motoneurones (Clarke et al, 1988). A similar 

problem had not been anticipated for the lamb because the sural 

-semitendinosus reflex was expected to be part of the limb 

withdrawal mechanism in the lamb and in 4 of 6 lambs this was 

the case. The limb was clamped at the stifle and the 

stimulation by the clamp might be responsible for inhibition of 
this reflex. In the absence of a response to sural nerve 

stimulation in 2 lambs a response was produced by tibial nerve 

stimulation. This response was larger than that obtained by 

sural nerve stimulation, and may be more suitable for such 

reflex studies in this species. It was used in preference to the 

sural nerve for the last lamb in the series (1.03.90). Thus 
data presented was from two different reflexes. The results for 
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both were similar i. e. in both cases xylazine produced a dose 

dependent suppression of the reflex which was reversed by 

intravenous idazoxan (1.0 mg/kg). (see table 5.2, lamb 1.03.90 

v lamb 21.02.90). 

Possible effects of spinalisation on the results obtained 

Lambs were spinalised to confirm that any effects seen 
following drug administration were due to a spinal rather than 

supraspinal action (Sinclair at al, 1988; Vigouret at al, 
1973). Following spinalisation reflex activity below the level 

of the spinalisation is exaggerated due to the removal of more 
descending inhibition than excitation (Engberg at al, 1968; 

Foong and Duggan, 1986; Osburn et al, 1990; Dickenson and Le 

Bars, 1987), and because the reflex is enhanced it is easier to 
demonstrate the spinal action of drugs in such preparations 
(Clarke et al 1988). Damage to the spinal cord has been shown 

to produce a naloxone reversible decrease in blood flow to the 

cord (Faden at al, 1984), suggesting spinalisation itself may 
be a stimulus to release of endogenous opioids, which could 

obscure the results obtained following administration of 

morphine. 

All drug doses were injected in 100µl vehicle volumes which 
in the adult sheep was found for <311> clonidine to give a 
distribution of 5 spinal segments around the catheter tip 
(Waterman et al, 1988). Spinalisation, as carried out here, 

did, however, interrupt the normal flow of CSF and this could 
interfere with the distribution of drugs. Injection of dye did 

indicate that this volume of injectate distributed itself within 
the subarachnoid space from the level of spinalisation 

proximally, to beyond the sacrum distally. This gives no 

quantitative information about the drug concentrations that 

might be expected in the CSF around the spinal cord at the 
different levels, but this could be determined using <311> 

clonidine. Morphine sulphate is hydrophylic and it has been 
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shown to remain in the intrathecal space for many hours (Yaksh 

and Rudy, 1978) and with the high doses used (2x8mg) the 

distribution was expected to be adequate despite interruption of 
CSF flow. 

The effect of morphine on the sural-semitendinosus reflex 

In all 3 lambs, except in lamb 15.02.90 for one dose of 

morphine, intrathecal administration of morphine produced an 
increase in the sural-semitendinosus reflex. The difference in 

response between animals may be accounted for, by the different 

total injection volumes changing the CSF volume and hence the 

drug distribution and dilution. Alternatively they could be 

accounted for by individual differences in the development of 
the receptors at which opioids act, as the final complement of 
CNS opioid receptors has not been attained in this age of lamb 

(McIntosh et al, 1979). The possibility of procedural errors, 

such as incorrect weighing of drugs and subsequent dilution or 
differences in rate of uptake following administration cannot be 

entirely excluded. 

The results for morphine were unexpected as opioid 

administration in most species results in dose dependent 

suppression of reflex withdrawal when elicited by activity in 

small diameter and unmyelinated fibres (Brodo and Brooks, 1937; 

Kivoy et al, 1973; Duggan and North, 1984; McClane and 
Martin, 1967; Clarke and Ford, 1987). Furthermore Clarke and 
Ford, 1987 have demonstrated supression by morphine of all 

classes of myelinated fibre reflex. The more general view for 

species other than the rabbit is that mu and kappa agonists 

selectively inhibit nociceptive reflexes (Parsons and Headley, 

1989). Nociceptive reflexes would have been reproduced with 

greater certainty if electrical stimuli of the sural nerve 
likely to have stimulated all C- fibres had been used, however, 

no clear cut responses with latencies greater than 100msec were 
recognised when stimului of 1-2 msec and 30 x threshold were 
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used. In this present model it was, however, expected that 

opioids would have an effect on the early responses attributable 

to AP and AS stimulation which occured within 8msec of 

stimulation (Clarke et al, 1988). These earlier responses were 

not changed by increasing the stimulus intensity to above 

C-fibre threshold. 

These results were consistent with findings in experiments 
(see chapter 3) where E/D morphine failed to produce measurable 

analgesia following castration and tail-docking as determined by 

our indices. 

Failure of intrathecal morphine to suppress the sural- 
Semitendinosus reflex 

The possibility exists that spinalisation in the lamb 

disrupts the mechanism by which morphine suppresses reflex 

activity. It is unlikely, however, that the spinal cord must be 

intact to obtain an inhibitory effect of morphine on withdrawal 

reflexes as once suggested by Takagi et al (1955). Opioid 

inhibition has been shown to be largely segmental and the 

inhibitory effect on withdrawal reflexes remained after 

spinalisation (Duggan et al, 1980). It is possible that the 

intense noxious stimulation resulting from preparative surgery 

resulted in the maximum activation of opioidergic inhibition. 

Such inhibition has been reproduced by high intensity peripheral 

nerve stimulation (Clark et al, 1989), and by the application 

of "natural" noxious cutaneous stimuli to the limb being used 
(Pettit et al, 1989). It has also been shown that intense 

noxious stimuli can enhance some reflexes, possibly as a 

protective mechanism (Woolf and Wall, 1986). Such effects could 

obscure an insubstantial morphine action. To investigate the 

possibility that opioid systems are operative prior to the start 

of the testing procedure, systematic investigation of the 

effects of naloxone on the sural- semitendinosus reflex in this 

preparation are required. Some tonic segmental opioid inhibition 
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of reflex activity in the spinal cord has been shown in species 

other than the sheep (Goldhart and Bugh, 1976; Clarke at al, 
1988; Bell, 1989). 

Facilitation of the sural-semitendinosus reflex with 
intrathecal morphine 

The sural- semitendinosus reflex was increased by what may be 

considered high doses of morphine and was not reversed by 

naloxone (0.2mg/kg), evidence that it was acting at non opioid 

receptors. Similar responses have been described following 

intrathecal injection of morphine in the rat, and has been 

associated with hyperaesthesia (Yaksh et al, 1986). This 

hyperaesthesia may be mediated by a non opioid receptor, the 

response being compared with a strychnine like action. Such an 

action is dependent on an antiglycinergic effect at those spinal 

neurones which mediate postsynaptic inhibition in dorsal horn 

neurones (Duggan and Curtis, 1972; Yaksh et al, 1986). The 

antiglycinergic effect is seen in the conscious animal as 

excitation (Krueger, 1943) motor rigidity and hyperreflexia. 

Thus "low" doses of morphine in lambs do not affect the reflex 

and "high" doses produce effects similar to those described for 

high doses in other species. There is thus no evidence that 

opioids produce antinociceptive effects in the spinal cord of 

the lambs either in these experiments or in those described in 

chapter 3. The possibility cannot be excluded, however, that 

access of morphine to the glycine receptors is better than for 

opioid receptors. Under these circumstances analgesia though 

present, would be obscured. To show this morphine could be 

administered in small incremental doses from 16µg until the 
first indication of an increase in reflex response. If 

subsequent administration of naloxone (0.2 mg/kg I/V) increased 

the response further, this would provide evidence for an 

underlying inhibitory effect of morphine at opioid receptors. 
The results obtained here suggest that the increase in lateral 
lying observed in lambs castrated and tail-docked following 
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epidural morphine administration, may be due at least in part 

to hyper-reflexia, and not necessarily hyperalgesia. 

In order to determine if the results are due to absence or 
late development of opioid receptors, studies such as those of 

Gouarderes et al (1982), must be undertaken to determine if 

there are differences in the development and distribution of 

opioid receptors in the spinal cord of the lamb when compared 

with other species. The argument being that the final CNS 

complement of functional opioid receptors has not been attained 
in this age of lamb (McIntosh et al, 1979). In vivo binding 

studies in the lamb would also provide evidence with respect to 

the accessibility of opioid receptors in the sheep spinal cord 
to intrathecal opioids (Brandt and Livingston, 1989). It would 
be helpful to compare the effects of morphine on the sural 

semitendinosus- reflex in the spinalised and non spinalised lamb 

as has been done in the rat (Sinclair et al, 1988). The 

development of a non spinalised preparation, would allow CSF 

flow, which may be important for effective drug distribution 

when a small injection volume is used (l00µ1). 

The possibility that, in young lambs, the action of morphine 
is confined to spinal motor effects (Duggan and Curtis, 1972) 

cannot be excluded. In attempts at analgesic testing carried 

out in these studies, lambs regularly remained refractory to 

noxious thermal and mechanical stimuli when restrained, with 

all four feet of the ground, in a rubber hammock. This 

observation provided some evidence for a "stress" induced 

analgesia. If this analgesia was not dependent on endogenous 

opioid or adrenergic ligands as suggested by the results 

obtained with morphine, etorphine and xylazine some other 

system(s) such as the spinal seretonin system acting on 5-HT 3 
receptors must be responsible for such analgesia in the lamb 

(Glaum et al, 1990). 
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Effects of intrathecal xylazine on the sural/tibial- 

semitendinosus reflex 

Intrathecal xylazine at doses of 0.1 to 20 µg produced 
inhibition of the sural/tibial- semitendinosus reflex in all 4 

lambs. A dose dependent suppression in this reflex following 

xylazine administration was particularly evident in one lamb 

(23.02.90). Others have shown that spinal release or 

administration of adrenergic agonists decreased reflex 

withdrawal (Anden et al, 1966; Yaksh , 1985; Barasi and 
Clatworthy, 1987; Clarke et al, 1988). The variability in 

responses observed can be attributed partly to the different 

dosing regimes adopted and partly to variation between lambs. 

Where the first dose (10-50µg) produced a significant effect, 
such as in lambs (19.02.90 and 21.02.90) there was a substantial 
decreases in reflex activity within 5 minutes. Incremental 
dosing regimes, however, starting at 0. lµg or 0.2µg (lambs 

23.02.90 and 1.03.90), delayed the marked decrease in reflex 

activity until higher doses were administered. 

In lamb (1.03.90) administration of xylazine (20µg) not only 

suppressed reflex activity, but also increased the latency of 
the response from 8 ursec to 12msec. This increase in time from 

stimulus to response could be explained if summation of afferent 

activity was necessary to elicit activity in neurons of the 

reflex arc. Any reduction of afferent activity by pre or 

post-synaptic inhibition would slow summation and delay 

excitation of the motoneurones. 

Facilitation of reflex activity by alpha agonists 

It has been shown that because noradrenergic drugs can have 

excitatory effects on motoneurones of the spinal cord (White and 
Neuman, 1980) focal administration in the dorsal horn gray 
matter could be used to avoid this problem (Bell and Matsumiya, 
1981; Bras et al, 1988). Excitation of neurones in the ventral 
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horn (White and Neuman, 1980), is primarily associated with cc 1 
agonist activity. Xylazine like clonidine would be anticipated 
to have a significant action on cc1 receptors only at high doses 

(Howe et al, 1983), a finding that was used to explain the 

observation by Kawasaki et al (1978) that clonidine, inhibits 

the tail flick reflex generated by pinch in the spinal 
transected animal at low doses (0.06mg/kg), whereas 
facilitation was seen at higher doses (0.5mg/kg), 
(Wiesenfeld-Hallin, 1987). An excitatory effect was only seen 
in lamb 1.03.90 at lower doses of xylazine (0.2µg to 10.0µg). 

This increase in reflex activity was limited to a 16% increase 

above control levels, indicating that if cc1 effects are 

present, they are either small or concealed by cc2 effects. 

Explanation for the absence of analgesia following 

administration of intrathecal xylazine in castrated lambs, when 

similar doses inhibit the sural/tibial-semitendinosus 

withdrawal reflex 

Xylazine inhibited the sural/tibial-semitendinosus reflex in 

all 4 lambs tested. The inhibition of such reflexes has been 

associated with an analgesic action in the conscious animal 
(Gamble and Milne, 1989). It cannot be assumed, however, that 

similar doses of intrathecal xylazine would also suppress the 

guarding reflex (rectus abdominus muscle) which is more likely 

to be elicited by stimulation of the spermatic nerve. This 

reflex would have been a more appropriate test of xylazine as a 
likely analgesic for castration, as occlusion of the testicular 
blood supply (which occurs following rubber ring castration) has 

been shown to substantially increase afferent activity in the 

spermatic nerve (Grubb et al, 1990). It was, however, 

considered appropriate to use the sural-semitendinosus reflex in 

initial tests to detect if two of the drugs used (morphine and 
xylazine), gained access to the spinal cord and produced an 
effect on a well characterised spinal mechanism, the sural- 
semitendinosus withdrawal reflex. 
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Gray et al (1970), have reported that although analgesics 

suppress reflex activity elicited by just suprathreshold noxious 

stimuli in the conscious rat, reflex activity elicited by severe 

noxious stimuli may remain refractory to their effects, lending 

support to the view that such reflex tests may be an unreliable 

way of estimating analgesic potency against severe clinical 

pain. Castration with tight rubber rings is such a stimulus with 

both visceral (testes) and somatic (scrotum) components and is 

presumed to be a more severe stimulus than that represented by 

intermittent, short duration (0.6ms) stimulation of a cutaneous 

nerve. 

Drug distribution problems associated with the intrathecal 

injection method may contribute to the anomaly between reflex 

effects and analgesia. The concentration of xylazine at the 

catheter tip (located at L6-L7) may be sufficient to suppress 

reflex activity organised at this level but insufficient, even 

with injection of additional xylazine at T10-Tll, to modify the 

noxious input to various levels of the cord produced by 

castration or castration plus tail docking (see Fig 4.1 chapter 
4). Similar cc2 compounds such as clonidine have, however, been 

shown to readily gain access to the intact spinal cord in the 

sheep following intrathecal administration, and with an 

injection volume of 100µ1 should distribute to all levels of the 

cord (Waterman et al, 1988) receiving scrotal and testicular 

afferent innervation. 

Conclusion 

The main aim of this experiment was accomplished in that both 

morphine and xylazine at dose levels covering the range used in 

the castration and tail-docking, or castration experiments, 

were shown to have effects on spinal function. The failure of 

morphine sulphate to suppress the sural-semitendinosus reflex in 

these experiments is consistent with findings in the conscious 
lambs, where no evidence for analgesia was obtained. 
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Suppression of the sural/tibial- semitendinosus reflex by 

xylazine while apparently producing no analgesia in the 

conscious lamb is not, however, consistent with the general 

view that reflex suppression is highly correlated with the level 

of analgesia. 

The implications of these results are that more extensive 
investigation is required into the effects of a range of 

xylazine doses on the response of the lamb to castration. 
Electrophysiological work could also be extended to examine the 

effect of xylazine on reflexes initiated by spermatic nerve 

stimulation which would more closely approximate to the stimulus 

produced by castration. The spermatic nerve has a mainly C-fibre 

population, which would require late responses to be recorded 
in nerves associated with muscles used in the guarding reflex. 
In addition to selecting a nerve more likely to reproduce the 

source of pain experienced by castration, some consideration 

should be given to increasing the stimulation frequency from 

once every 2 seconds, as this may not be representative of the 

more consistent barrage present in clinical pain (Duggan and 
North, 1984). Initially, however, doses of xylazine found to 

suppress the sural/tibial -semitendinosus reflex should be used 

to repeat experiment 2 in chapter 3 in order to confirm these 

results. Confirmation is also required that adequate levels of 

xylazine reaches the spinal cord receptors. One approach would 
be to undertake radioligand binding studies, using a labelled 

alpha 2 ligand injected via the same route and volume of vehicle 
to demonstrate the distribution of drug in the spinal cord. 
Alternatively CSF samples may be obtained, following intrathecal 

drug administration, from the conscious lamb at various levels 

of the spinal cord to confirm the distribution and 

concentrations of the drug. These samples should also be taken 

at frequent intervals to obtain a half life of the drug in the 

CSF. That possible explanations exist for the failure to obtain 

analgesia with morphine, etorphine and xylazine, indicate a 
single trial with one dose of drug, is insufficient to provide 



Chapter six 225 

conclusive evidence that these drugs either do or do not provide 

analgesia in young lambs. 



Chapter 7 

GENERAL DISCUSSION 

Can pain be recognised in young lambs? 

226 

Pain could be described as a physiological phenomena which is 

hard to define in humans, and extremely difficult to recognise 

and interpret in animals. Pain cannot be measured directly and 
its assessment is always subjective in man and animals, though 

the experience is usually associated with actual or potential 

tissue damage (Kitchell and Johnson, 1985). In these studies, 

the assumption was made that activity in nociceptors would be 

induced by the tissue damage caused by castration, scrotal 

castration or castration and tail-docking with tight rubber 

rings, and by analogy with man, produce the sensation of pain. 
On the basis of this assumption, pain was recognised in the 
lamb, primarily by changes in the behaviour and also by the 

associated increases in plasma cortisol concentration (see 

chapters 3-5). 

Can pain be assessed in young lambs? 

Assessment of pain in lambs following a variety of painful 

procedures has been carried out using the indices described in 

the general methods. The noxious procedures were ranked on the 

basis of significant differences in the behaviours and plasma 

cortisol responses of the different groups and these rankings 

agreed well with the alternative method of ranking. How reliable 

were these indices and how can they be further improved? 

(1) Plasma cortisol 

The correlation between biochemical parameters and the 

experience of pain were described by Sanford et al (1989) as 

unclear. The current study has shown that a biochemical 

response such as the release of plasma cortisol can reflect the 
intensity of pain experienced, provided that comparisons are 
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restricted to a particular pain in a specific species of uniform 

age. The plasma cortisol response was, however, shown to be 

susceptible to drugs, particularly following high doses of 

epidural morphine (16mg). This should be taken into 

consideration if pain intensity is to be manipulated using 

analgesics or hyperalgesics. As discussed in chapter 3, plasma 

cortisol concentrations could only be used to discriminate 

between high and low intensity stimuli. The sensitivity of this 

measure would be best improved by reducing the inter and intra 

assay variation, increasing the number of lambs in each group, 

and increasing the sampling frequency. There is a limit imposed, 

however, by availability of lambs, practicability and cost of 

the experiments which restrict the use of the latter two 

approaches. The usefulness of plasma cortisol concentration as 

an indicator of pain was such, that it was neither practical or 

reliable in the individual animal for diagnostic purposes but 

was helpful when investigating pain intensity in groups of 

animals experimentally. 

(2) Behaviour 

Behaviour resulting from pain, is likely to be species 

specific, designed to alert conspecifics to possible danger, 

and marshall aid for the individual in distress (Craig and 
Prkachin, 1983). Behaviours were found which appeared to 

reliably reflect the pain experienced by the lamb and which did 

alert the attention of the dam. As with plasma cortisol, 
behaviour was also shown to be influenced by drug effects, and 
is an important consideration when attempting to assess pain 
following administration of such drugs. Despite evidence that 

the drugs used in this study produced measurable changes in 

behaviour, these changes were small when compared with those 

elicited by the various noxious procedures and hence lamb 

behaviour remained a reliable indicator of pain. 
The sensitivity of the behavioural monitoring technique was such 
that it discriminated between various intensities of noxious 
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stimulus whereas this could not always be determined by their 

plasma cortisol responses. Furthermore behavioural changes were 

present in some cases for more than 2 hours after plasma 

cortisol responses had returned to basal levels and when casual 
inspection indicated lambs had returned to "normal". 

To improve the sensitivity of the behavioural recording 

method, the monitoring frequency could be increased, the 

number of categories of behavioural postures/events extended or 

more sensitive behavioural changes sought. Practical pain 

recognition in an individual animal, when time is limited would 
best be obtained using the latter two approaches. The ideal 

would be to associate particular changes in behaviour with a 

particular intensity of pain, which would allow quick pain 

assessment in either small groups or the individual animal. 

Many of the subtle changes in behaviour noted with the 

current monitoring method, however, could not be interpreted 

easily. The intention had been to reduce pain intensity 

gradually using established analgesics to reveal the full 

spectrum of lamb behaviour and plasma cortisol responses. The 

appearance and disappearance of particular behaviours could then 

be closely correlated with a relative pain intensity. It is 

imperative therefore that a method of producing analgesia is 

found if this goal is to be achieved. To increase the 

likelyhood of finding such analgesics, the stimulus selected 

should produce somatic pain, as visceral pain is less well 

understood and can be difficult to treat clinically with 

analgesics (Procacci et al, 1986). Tail-docking provides such a 

somatic stimulus and could be used to assess the effects of 

various analgesics. Possible approaches to investigating 

explanations for the absence of analgesia following 

administration of morphine, xylazine and etorphine were 
discussed (see discussion Chapter 4 and 5). If it transpires 
that young lambs are indeed refractory to the action of these 
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drugs, alternative approaches such as those described below 

should be investigated. 

One option would be the use of spinal anaesthesia using 

epidural bupivicaine, since this is successfully used for 

abdominal surgery (Bengisson et al, 1983). Although such an 

approach is almost guaranteed to produce analgesia, any 

associated paralysis would interfere with the use of behavioural 

indices currently being investigated. Another option, would be 

to develop a reliable quantitative method for use in 

unrestrained lambs. Any such experimental design would require 

that the noxious stimulus was applied remotely and that the 

intensity and duration of the applied stimulus was acceptable 

under codes of practice endorsed by the IASP. 

Are the findings here applicable to different ages and species 

of animal? 

In the general introduction it was stated that the reaction 

of animals to stimuli which cause pain in ourselves are similar 

to our own (Thorpe, 1965). By inference, therefore, the 

reaction of different ages and species of animals to pain is 

considered likely to be similar. Although indices as used in 

this study can be further developed, the reliability of those 

presented is thought to be sufficient to warrant investigation 

of their validity for the the same pain in other species and 
different types of pain in the same and other species. The long 

term aim is to establish a library of the behavioural and 

physiological responses to various types of pain from various 

sources in domestic and companion animals. Such a library would 

enable (a) rapid detection of the condition so that analgesic 

therapy can be indicated where appropriate and (b) allow bodies 

such as the Farm Animal Welfare Council (F. A. W. C. ) in Great 

Britain and the Animal Welfare Advisory Committee (A. W. A. C. ) in 

New Zealand to assess the degree of pain experienced during a 
variety of husbandry practices. The F. A. W. C. is now committed 
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to making recommendations as to how or when painful husbandry 

procedures should be undertaken (if they are to continue). If a 

reliable technique for pain assessment were available, these 

recommendations could be made with a scientific basis. 

Welfare considerations 

If these experiments do indicate the intensity of pain and 
distress experienced it must be concluded that young lambs 

subjected to castration and tail-docking, castration only or 

scrotal castration with tight rubber rings experience intense 

pain and distress for at least one hour. This contrasts with 
findings of Barrowman et al (1954), that lambs of less than one 
week old castrated with tight rubber rings showed few signs of 

pain and distress. The details of the techniques described by 

Barrowman et al (1954), do not permit an explanation of the 
differences found, but it is suspected that they may be due to 
differences in the rubber rings used. It can be concluded that 

young lambs cannot significantly reduce the pain and distress of 

castration and tail-docking by endogenous opioid activity but 

that it can be eliminated by pretreatment with local anaesthesia 
of the affected areas. Ideally the procedure should not be 

undertaken, particularly in fat lamb production where castration 
has been accepted as unnecessary (Robertson, 1966). 
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similar to those of Adult mammals, we have examined 
thq effects of trestment with two analgesics on 
responses to CST. Croups of six lambs were 

. subjected to either 16mg of motchine (malnty,. U 
sgonist) or hrýq of xylatlne 92 agonist). half 
Introduced Into the eoidurel soace of the thetaco- 
lumbar 3rad half Into the Junco-sacral spinal cord 
In 10qul of normmal saline under halothane 
sriae, F. heste. Fm, r gtcuos of 5 lamas were used far 
each ! xoerlmgnt. Including treated and conttol 
grcuos. This xylatine treatment did riot affect the 
changes In either olasma cortisol or behhaviourt the 
motcinine treatment produced complex effects on 
plasma cortisol and behaviour, but no clear 
evidence of analgesia. Ley et at. (19139) hsve 
shown that Intrethecal clonidine (2 agonise) can 
produce mmtked analgesia, whereas intrathi. cal 
morphine was relatively tneff. ctive In adult shr'et1" 
The slgniflcancr. of these results will be discussed 
Ley,,.. Oash. A. r Waterman, R. and Llvingston. IT. 
(1989). Adv. In Alomed. Sciences (in pres, ). 
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RESPONSE OF AFTERFNTS IN 111E SUPERIOR SFEP VVTIC NERVE OF RATS TD Poster 245 
OCQIISICN OF WE TESTKULM ARTERY AND VEIN. BLUE Th-Frl 
B. D. Grubb*, V. Molony and G. N. Wood*, Department of Preclinical Exhibit Hall 
Veterinary Sciences, Royal (Dick) School of Veterinary Studies, Abs No 785 University of Edinburgh, Edinburgh, Scotland. 

AIM OF INVESTIGATICNs To clarify the neural basis for the changes in plasma 
cortlool and behaviour produced by castration of lambs with tight rubber ringe . 

MMMSS Multiunit recordings were made from afferents in the main trunk of the 
super off-spermatic nerve in 5 urethane (0.6 ml/25% w/v/100 g) anaesthetised rats. 
The presence of activity fron the testis was confirmed by non-noxious and noxious 
mechanical stimulation of the testis. Neural activity was continuously recorded 
before and for up to 150 mina after the testicular artery and vein were clamped. 
The effectiveness of occlusion of the blood supply to the testis was determined by 
injection of Trypan blue dye into the systemic circulation. The spermatic cord at 
the recording site was fixed for microscopic exmination in two rats. 

RESUurS1 Background afferent activity was present from the start of recording at 
frequencies up to about 40 i. p. s. and increased activity was produced by mechanical 
stimulation of the testis at qualitatively non-noxious and noxious intensity. 
Occlusion of the testicular artery and vein produced a gradual increase in afferent 
activity over the recording period of more than 300%. Experiments were s 
before afferent activity decreased. The fibre spectrum of the nerve was obtained 
fron electronmicroscopic examination. 

ootaCtMICNS: Activity in testicular afferents in anaesthetised rats continues 
and n es for more than two hours after occlusion of the blood supply. If the 
same response can be shown in lambs it will help to explain the signs of pain shown 
after castration of lambs by application of tight rubber rings to the neck of the 
scrotum. For this to occur the superior spermatic nerve(s) must continue to conduct 
through the rubber ring. 

RSSFcJSES OF YWI'$ IAHIDS TD CAS'IRATICN AFTER INIRAmm ETUU'HINE Poster 198 
CR XYL, AZDJ BLACK Mon-Tues 
G. R. i^13od*i, V. Molonyl, J. C. Hodgson*2 and S. M. Fleetwood-Walkerl, Exhibit Hall 
Department of Preclinical V terinary Sciences, R. (D. )S. V. S., The Abs No 241 

University of Edinburgh and I The Moredun Research Institute, 
Edinburgh, Scotland. 

AIM CP INVESTIGATION: Tb produce spinal analgesia in young 18Tbs in order to 
extend investigettions of methods for the recognition and assessment of pain in lange 
produced by various methods of castration. 

t nEES: Six groups of six (5 day old) lathe were treated intrathecally with 
sal end , etorphine or xylazine at doses 75% of those which produced obvious ataxia 
and sedation. 100 pl of saline with or without xylazine or etorphine were injected 
intrathecally undef halothane 1.5% anaesthesia at T 

ý1i and L6_7. T+ýventy minutes 
after recovery from anaesthesia the lathe were hanMeä as for castration or were 
castrated with tight rubber rings applied to the neck of the scrotum. Castration 
using this method is a common husbandry practice in the U. K. and elsewhere. These 
experiments were permitted as part of studies designed to improve regulation of such 
procedures. Blood samples for measurement of changes in plasma cortisol were taken 
before and during the three hours after treatment. Behaviour was also recorded. 

RESULTS: Neither etorphine nor xylazine significantly changed the responses used 
here as indices of pain produced by castration. Both etorphine and xylazine did 
produce some sedation as indicated by changes in behaviour in both castrated and 
control groups. 

DI tLLJSTCNS: Intrathecal etorphine (oploid) and xylazine (oCZ agonist) did not 
produce measureable analgesia in young lambs as assessed by their behavioural and 
plasma cortisol responses to castration with tight rubber rings. Alternative 
approaches met be sought for investigation of the reliability and sensitivity of 
the methods used for recognition and assessment of pain in young lambe. 




