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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 taill-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 opiold
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 (1l6mg)
etorphine (10nmol) or xylazine (50ug) 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 wused 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 1Iin
lambs to which either eplidural or intrathecal xylazine (50ng)
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:
physlological and behavioural 1indices 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 1
GENERAL INTRODUCTION

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. 1In 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 1in 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 and mortality. 1In 1986 further
guldance on the operation of the new Animals (Scientific

Procedures) act 1986 (Home office, London) was provided in
which the onus was placed on those conducting experiments on
animals to alleviate pain, though no formal guidance on pain

recognition was included,

Existing veterinary and farm husbandry practices where pain

recognition is required to improve animal welfare

The 1mportance 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 wundertaken
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 wunderlying

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 specles (Tyers, 1985). The variable characteristics
of the response to pain was incorporated in a recent definition
of pain 1in animals by Uvarov (1989); "Pain 1is 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 1t helps 1In the recognition and assessment of pain 1in

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), 1is well developed
in animals such as the rat and monkey (Kevetter and Willis,
1984). 1If 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 1intense 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 1In pain, convey this to others by a wvariety 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 1in 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, 1is 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. 1In older children, however, 1little relationship
was found between the self-reports and the behavioural measure
(CHEOPS) of pain (Beyer et al, 1990). MecGrath  (1990)
emphasised the importance of the type of pain to which the

method 1s 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 1local 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). 1t 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, wunprovoked 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 wvariable 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 1t can be an
extremely sensitive measure. The prime physiological indicator
of stress le plasma cortisol (Munck et al, 1984), although now
frequently used as an indicator of stress in a wvariety of
husbandry procedures (Broom, 1986), remains to be validated as a
suitable indicator of pain. The AVTRW guldelines

(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 detall necessary for the recognition and quantitative

assessment of pain of wvarious kinds in different ages and

species of animals.

Recent studies on the response of a particular specles to
specific types of pain some of which provide useful models with
vhich 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

Castration and tail-docking of lambs provide

for current work.
species include

two such examples, though others for this
muelsing, disbudding and common natural diseases such as broken

mouth, footrot and some acute infectlous 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 1Initially showed no reaction but by 2 minutes they were
1lifting and stamping their hind legs. Additional behaviour
included bleating, looking around, shaking their hind limbs and
tall, 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/l to
128 £ 9nmol/l and 99 % 11 nmol/l 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, 1in 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 1lateral 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 1long before the sample is
taken at 24 hours. Although Mellor and Murray (1989%a,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 1levels of
"disturbance". To direct this type of work exclusively at the
problem of pain assessment, the plasma cortisol response needed
to be wvalidated as a sensitive indicator of pain, while
observation and measurement of lamb behaviour required greater
emphasis and more than a subjective analysis 1f a sensitive,
reliable and practical method of pain recognition and assessment
were to be developed.

Why must physlological 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 bilochemical 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 valid<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>