Chapter 1

General Introduction
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1.1. Introduction

It's common practice in parts of the world for lambs to undergo invasive
husbandry procedures. Procedures that are part of the yearly routine for
many sheep farmers include ear-tagging, castration, tail docking and
mulesing (procedure that involves the surgical removal of the breech skin).
These procedures have all been shown to cause pain (Lay et al, 1992;
Dinniss et al., 1997; Stafford and Mellor, 2005). The main purpose of
conducting these procedures is aid in management; castration prevents
indiscriminate breeding (Thornton, 1999; Grant, 2004), tail-docking and
mulesing is believed to reduce the risk of animals being fly-struck in the
future (Sutherland and Tucker, 2011; Trentini et al., 2013). There are several
methods that can be used to castrate and tail-dock lambs (Table 1).
Castration methods include surgical, clamp castration and ring castration;
tail docking methods include use of a docking iron, surgical, ring tail-docking
or a mix of clamp and ring or surgical and clamp (Mellor, 2000). In most
cases lambs are not provided with pain-relief for these painful husbandry
procedures. For example, in the United Kingdom, anaesthetic is only required
if lambs are castrated when they are over the age of three months (DEFRA
2003). In Australia, the standards and guidelines for sheep require that
adequate pain relief is provided to lambs only when they are over 6 months
of age (AHA 2014). However, only the topical formulation Tri-Solfen is
available and used by farmers to provide pain relief for mulesing operations.
The lack of pain-relief use in lambs and other species of livestock following
painful procedures is listed as a priority issue to be addressed by animal

rights groups Animals Australia and PETA (Anon 2013a; 2013b; n.d).
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In recent years the animal rights groups PETA and Animals Australia
have targeted particular husbandry procedures used by the Australian sheep
and cattle industry. In 2004, PETA targeted the Australian wool industry
over the practice of mulesing sheep, with their protests causing some
clothing manufacturers to boycott the Australian wool industry (Sneddon
and Rollin, 2010). Mulesing was targeted as it was seen as a highly painful
and cruel procedure (Sneddon and Rollin, 2010), which causes considerable

stress that negatively impacts the lambs’ welfare (Hemsworth, et al., 2009).

Because of the consequences of potential direct actions from animal
rights groups and the impact on the animal itself, it is important that
livestock industries address emerging welfare issues. Therefore, it is a top
priority for livestock producers to address the lack of the use of pain relief
for animals undergoing painful husbandry procedures. Limited use of pain
relief in livestock is the result of many factors, such as, belief that the animal
is unable to feel pain, difficulty of administration and particularly in
Australia, the lack of registered and approved analgesics for sheep (Coetzee,
2011; Colditz et al., 2011; Lizarraga and Chambers, 2012). Pain relief is also
difficult to administer to livestock raised in extensive systems due to
feasibility of repeated application over several days when the animals are
still experiencing pain (Lizarraga and Chambers, 2012). It would require
farmers to yard ewes and lambs daily causing unnecessary stress and
potentially have an increased risk of mismothering due to repeated

separation of lambs from their ewes.
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1.2. Pain and animal welfare

The International Association for the Study of Pain has defined pain in
humans as “An unpleasant sensory and emotional experience associated with
actual or potential tissue damage or described in terms of such damage” with
the note that the inability to communicate verbally does not remove the
possibility that the individual is experiencing pain (Merskey and Bogduk,
1994). It can be argued that the definition of pain for animals should be the
same, as pain in animals encompasses both classifications of animal welfare
(the animal’s biological state versus its emotional state). This is because pain
causes physical stress but it is also seen as a subjective emotional state.
Animals are also unable to inform us verbally that they are feeling pain,
however, we still assume that they feel pain in the same situations that

humans would feel pain (Wall, 1991).
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Table 1: Common methods of castrating and tail-docking lambs

PROCEDURE METHOD DESCRIPTION
Rubber rings are applied to the neck of the scrotum which causes the
Rubber Ring scrotal sac and testes to atrophy and eventually drop off due to the
prevention of blood flow.
CASTRATION Bloodless castrator A clamp is applied to the scrotal neck and crushes the spermatic cord, this
also causes the scrotal sac and testes to atrophy
Suraical This involves cutting the scrotum and removing the testes via cutting or
g twisting the spermatic cord, with or without cauterising or clamping.
Rubber Ring Rings are applied at the site of attachment of the caudal folds to the tail
Bloodless docking While clamped the tail is cut off distal to the clamp
TAIL-DOCKING

Surgical

Tail is cut with a sharp knife

Hot docking-iron

A clamp device is heated using gas and cauterises the tail as it cuts
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When an animal experiences pain, there are two physiological
systems that are activated, the sympathoadrenal (SA) system and the
hypothalamic-pituitary-adrenal (HPA) axis (Engelmann et al,, 2004). The SA
system is involved in what is known as the “fight or flight” response (Cannon,
1928). Following a challenge, the SA system responds immediately, using
adrenaline to alter physiological systems such as the cardiovascular system
and enhancing brain function (Jansen et al., 1995). This allows the animal to
return to homeostasis through an active behavioural response (Wechsler,
1995; Engelmann et al., 2004). The activation of the HPA axis and release of
cortisol allows the animal to return to homeostasis through a passive

response.

Cortisol has a wide range of physiological effects in the body, one of
the main functions is to stimulate gluconeogenesis and lipogenisis (Tsigos
and Chrousos, 2002; Landys, et al., 2006). If the HPA axis is chronically
activated and cortisol production is not inhibited (i.e. in the constant
presence of a threat or challenging situation such as pain) it can go on to
suppress the immune system (Cupps and Fauci, 1982; Glaser and Kiecolt-
Glaser, 2005), leading to an increased risk of ill-health. Cortisol can also
affect an animal’s growth by inhibiting pituitary growth hormone and
gonadotrophin (Dallman et al., 1992; Tsigos and Chrousos, 2002) resulting in

decreased growth and body size compared to peers.

The assessment of the effect of pain on an animal’s welfare is
determined by the approach used; that is looking at the biological state of the

animal or the affective state. Assessing welfare using biological state directly
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looks at an animal’s ability to cope within its environment (Broom, 1988), for
example it would be a lamb’s ability to cope with the pain of castration and
tail-docking. Assessing the lamb’s ability to cope with pain and determining
its welfare state would be done through behavioural and physiological
measurements. The lamb’s status would then be described on a scale of poor
to good welfare based on the measurements taken (Barnett and Hemsworth,
1990; . Mellor and Stafford, 2000). The approach of assessing welfare using
affective state looks at the animal’s mental or emotional state. It is not
possible to directly measure an animal’s feelings, however tests such as
cognitive bias can be used to help us make inferences as to how an animal
may be feeling (Paul ety al., 2005; Mendl et al., 2009). In sheep, recent novel
indicators of affect have been identified such as ear postures (Boissy et al.
2011) and facial expressions (McLennan et al., 2016). Facial expressions
were used in the pen castration and tail-docking experiment (Chapter 4) to
see if it could be used to indicate pain in lambs. However, as it is not within
the scope of this Thesis the results are presented in Appendix 1. Overall the
assessment of an animal’s welfare looks at the animal’s wellbeing. Using
indicators such as plasma cortisol concentration, the display of abnormal
behaviour or the prevalence of illness and impaired growth in an animal can

help us determine if that animal it is in a poor welfare state.

It is well known that the resulting pain from common husbandry
procedures causes physiological and behavioural changes in lambs that
indicates they are in a poor welfare state (Mellor and Murray, 1989; Kent et

al.1993, 1995; Lester et al., 1996; Dinniss et al., 1997; Dinniss, et al., 1999;
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Kent, et al, 2000; Kent, et al, 2001). Lameness is also a common issue in
sheep that causes pain (Bokko et al. 2003; Kaler et al., 2010). Recognition of
lameness uses some different measures of physiological and behavioural
changes that will be reported in this review, due to the use of a lameness
model in Chapter 1. The changes in physiology and behaviour can be used to

recognise if a sheep is in pain or a poor welfare state.

1.3. Recognition of pain and poor welfare and its
assessment

The use of physiological, behavioural and other measures to indicate if an
animal is in a negative state such as pain has been extensively reviewed
(Blackshaw, 1986; Duncan, 2005; Fitzpatrick, Scott, and Nolan, 2006). This
following section will briefly outline the common methodologies used to
recognise pain and assess welfare and highlight the measures used in the

experiments described in the chapters of this thesis.

1.3.1. Physiological measures

One of the most commonly used physiological measures is the reaction of the
HPA axis in response to a painful stimulus, through the measurement of
cortisol concentrations either from the blood or saliva. Surgical trauma is
known to activate the HPA axis leading to an increase in plasma cortisol
(Desborough, 2000); the cortisol concentration increase can vary with the
severity of the surgery (Nicholson et al, 1998). Following surgery the
presence of cytokines leads to further ACTH and subsequently cortisol

release (Desborough, 2000).
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Lambs that have undergone painful procedures have increased
plasma cortisol levels (Shutt et al, 1988), and although the activation of the
HPA would be a result of the stress of pain, other components of the
procedure such as capture and restraint are also sufficient stressors that lead
to HPA activity. Consequently, it can be difficult to determine what level of
contribution the pain of the procedure has in activating the HPA. During
experimental design the extra stressors need to be taken into account, this is
often done by including a handled control group. Comparison of the cortisol
increase of control lambs following handling and that of lambs that have
undergone castration and/or tail-docking shows that the pain of the
procedures, that lead to changes in HPA activity (increase in cortisol
concentration of approximately 20 nmol/L vs 40-80 nmol/L respectively) (

Kent et al., 1993; Lester et al., 1996; Kent et al., 1998).

An inflammatory response is also initiated following ring and surgical
procedures as well as infectious conditions such as those that cause
lameness. The signs of inflammation are commonly measured in relation to a
painful stimulus and are often used to determine the effectiveness of NSAIDs
due to their anti-inflammatory properties (Cheng et al., 1998). Inflammation
is often measured through systemic and local responses in the animal.
Systemic  measurements include reporting white cell count,
neutrophil/lymphocyte ratio and haptoglobin (Murata et al., 2004; Paull et
al., 2009; Colditz et al., 2011). Local response of inflammation that occurs at
the site of injury include measuring wound temperature, circumference of

the limb (in relation to lameness), nociceptive threshold testing (such as
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force plate pressure, palpation, pin-prick testing) and locomotion scoring
(Fitzpatrick et al.,, 2006; Colditz et al., 2011; Lizarraga and Chambers, 2012).
Persistence of inflammation, such as that produced by ring castration, tail
docking, footrot and mastitis can lead to chronic pain (Dolan et al., 2000;

Mellema et al.,2006; Melches et al., 2007).

1.3.2. Behavioural measures

At the time of a painful procedure the behaviours that lambs display include
struggling, kicking and vocalisation ( Grant, 2004; Erber et al., 2012). After
castration and tail-docking lambs exhibit new abnormal behaviours (Grant,
2004) also known as active pain avoidance behaviours such as rolling,
touching the wound site and kicking (Mellor and Murray, 1989; Molony et
al.1993; Kent et al., 1995) . Postures that have been validated as indicative of
lambs in pain include statue standing, lateral lying and abnormal walking

(Table 2).
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Table 2: Posture and active behaviours indicative of pain as described by Molony
(1993); Dinniss et al. (1999); Molony et al. (2002); Grant (2004)

Posture

Description

Abnormal lying

Legs extended when lying ventrally or lying with back end lifted
off ground.

Lateral lying

Lamb lies with shoulder on ground and limbs extended

Abnormal standing

Standing or walking unsteadily, walking backwards

Statue standing

Standing with limbs apart and stretched away from body for a
brief period of time

Abnormal Walking

Lamb walking with a stiff gait or walking backwards

Active pai L
. pain Description
avoidance
Rolling Lying on its side and rolling to the other
Restlessness Amount of times a lamb lies down and rises

Foot stamping and
kicking

Done with front and hind limbs, lifting and placing down limb with
force

The type of pain, acute or chronic, can also have an effect on an

animal’s behaviour, with reactions to acute pain perhaps not being seen in

animals suffering chronic pain. The behaviours mentioned previously are

those often seen in response to acute pain. Behaviours shown when animals

are in chronic pain include changes in activity (postures, Table 2), self-

administration of analgesics and avoidance of pain-causing stimuli (Chapman

et al., 1985; Mogil and Crager, 2004).
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1.3.3 Production measures

Production measures such as an animal’s condition score and growth rate
are often used to measure the impact of a painful procedure on welfare. If an
animal is subjected to challenging conditions such as pain, this may lead to
chronic stress which can have systemic alterations. As mentioned, chronic
activation of the HPA induces high circulating concentrations of cortisol,
which can inhibit an animal’s immune response (Tsigos and Chrousos, 2002;
Caroprese et al., 2010), leading to the animal becoming more susceptible to
disease. High levels of circulating cortisol can also affect an animal’s growth
by inhibiting pituitary growth hormone and gonadotrophin (Dallman et al.,
1992; Tsigos and Chrousos, 2002). Therefore, the prevalence of illness or
impaired growth in an animal could indicate it is in a poor welfare state. In
experimental studies a lamb’s growth rate and condition score are often
recorded several weeks after a painful procedure to see if there is a long term

effect.

1.4. Relieving pain

The limited use of pain relief in livestock is the result of many factors, such as
a belief that the animal is unable to feel pain, lack of producer knowledge,
lack of registered and approved pain relief drugs and difficulty of
administration (Coetzee, 2011; Colditz et al., 2011; Lizarraga and Chambers,

2012).

One method of pain relief is the use of local anaesthetic just prior to or
during the painful procedure. Local anaesthetics work by blocking the

sodium channels of nerves, preventing them for conducting, if applied before
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a surgical procedure they prevent the nerves that are being stimulated from
firing signals (Yanagidate, and Strichartz, 2007). A local anaesthetic that has
been studied extensively for its efficacy in sheep is lignocaine. Lignocaine
injected subcutaneously in lambs is effective at relieving the pain associated
with tail docking and castration (Dinniss et al., 1997; Dinniss et al., 1999;
Mellor and Stafford, 2000). The effectiveness of lignocaine depends on the
site and the timing of the injection and the method of castration and tail-
docking. Injection of lignocaine in the antero-medial surface of the scrotum
caused a reduction in abnormal behaviours for clamp plus ring castration in
lambs ( Dinniss et al., 1999) and for ring castration, injection of lignocaine to
the scrotal neck 5 to 10 s before ring application was shown as the most
effective method of reducing HPA activity (Sutherland et al., 1999). The pain
relief provided by lignocaine only lasts a few hours and it can be difficult to
administer as an injection (Paull et al., 2008; Lomax et al., 2010a). Due to the
short duration of action of local anaesthetics it has been suggested that a
combination of local anaesthetics with longer acting non-steroidal anti-
inflammatory drugs (NSAIDs) may be more effective at relieving pain (Paull

etal, 2007).

NSAIDs reduce pain associated with inflammation by inhibiting
cyclooxygenase which leads to the decreased production of prostaglandins
(Cheng et al, 1998) which are important in promoting inflammation
following injury (Ricciotti and FitzGerald, 2011). Currently there are no
registered NSAIDs for use in sheep; though, there is a large literature on their

efficacy, particularly carprofen and flunixin. Carprofen is a long-acting
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analgesic that has a half-life of 30+ hours in sheep (Welsh et al.,, 1992). It has
been shown to reduce pain-related behaviours in lambs that have undergone
mulesing, but it does not reduce physiological measures of pain (Paull et al.,
2007); Colditz et al., 2009. Carprofen has also been shown to reduce the
cortisol response to surgical castration and behavioural pain responses to
ring castration (Paull et al.,, 2009). Flunixin has been shown to be effective at
reducing the thresholds to noxious mechanical stimulation in sheep suffering
from footrot (Welsh and Nolan, 1995). NSAIDs are also effective at alleviating
other types of pain in sheep such as the pain associated with lameness.
Administration of meloxicam has been shown to be effective at reducing
lameness associated with a turpentine injection in sheep (Colditz et. al,
2011). However, there is considerable literature on the effectiveness of
NSAIDs at alleviating the pain associated with lameness through gait
improvement in cattle (Flower, et. al., 2008; Chapinal et al., 2010) and horses

(Owens et al., 1995; Keegan et al., 2008; Orsini et al., 2012).

Like anaesthetics, NSAIDs are most commonly administered through
injection, which can be impractical for producers; however, NSAIDs can also
be given orally. Literature on the efficacy of orally administered NSAIDs in
sheep is limited, although this route has been examined in cattle (Coetzee et
al, 2009;Coetzee et al., 2012). The efficacy of orally administered NSAIDs
have been tested in cattle; when administered orally through a stomach tube,
meloxicam had a peak concentration in plasma at 10-12 hours and a half-life
of 27 hours (Coetzee et al., 2009). Flunixin granules consumed by cattle were

found to have a longer retention time than intravenous administration (12 vs
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6 hours) and a bioavailability of 60% when compared to intravenous
administration (Odensvik, 1995). As sheep and cattle are ruminants, the
outcomes seen in cattle could be applicable to sheep, if NSAIDs can be given

orally it provides an easy method of administering pain relief.

1.4.1. Relieving acute versus chronic pain

As discussed pain relief can be provided at the time the painful procedure is
conducted, however, the pain of the procedures can last for several weeks
(Mellema, et al., 2006; Melches et al., 2007). The pain-relief provided to the
animals is dependent on the half-lives of analgesics used, with the time
ranging from 1 to 6 h for anaesthetics (Lemke, 2014) and up to 30 h for
NSAIDs (Welsh et al., 1992). Although this would cover the animal during the
procedure and during the acute pain phase it would not cover the animal
during the chronic pain phase. Combination use of anaesthetics and NSAIDs
post-procedure and has been previously shown to improve the welfare of
lambs (Molony et al., 1997; Paull et al., 2007). However, maintaining pain
relief further through repeated administration of medications is impractical
within conventional livestock management practices. Not only would it
increase the labour of the farmer but it would also expose lambs to excessive
mustering and restraint and repeated separation from the ewe which is
stressful. There is however potential to provide further pain relief to
livestock though administration of NSAIDs through feed or water. If NSAIDs
are provided in feed or water, there is also the possibility of teaching
livestock to administer feed or water themselves according to their

perceived level of pain (known as self-medication).
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1.5. Potential for sheep to self-medicate for pain

The ability to processes and learn new information is important for farm
animals as throughout their life they will experience new locations,
equipment, handlers and conspecifics (Wechsler and Lea, 2007). In order for
an animal to self-medicate for something like pain they must first be able to
learn the association between the feed that contains the medication and the
relief from pain that it provides. The mechanisms involved in learning to self-
medicate and the methods used to teach animals to self- medicate are

covered in Chapter 5.

It is known that sheep are able to discriminate between different
sheep and human faces (Kendrick et al., 1995; Peirce et al., 2001; Ligout and
Porter, 2003;) as well as learn to recognise and associate humans with
particular interactions. For example, the study by Davis, Norris, and Taylor
(1998) found sheep would respond better to a handler with which they have
previously received a positive food reward from. It is suggested that visual
and olfactory cues help sheep to discriminate between humans (Baldwin and

Meese, 1977; Davis et al., 1998; Peirce et al., 2001).

Learning and memory is important for the role of finding food as well
as discriminating between food. Testing has shown that sheep are able to
remember the location of where they had found feed within a paddock 24 -
72 hours after they had last located it (Edwards, et al, 1996; Dumont and
Petit, 1998). In both studies sheep were able to relocate food via spatial
location without the presence of extra cues. However, Edwards et al. (1996)

demonstrated that sheep were able to relocate food faster if extra cues given
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(in this case a turf of white clover in a container behind the food). An animal
learns about the food they consume by processing information about the
food’s characteristics (odour/flavour/texture) and pairing it with post-
ingestive consequences (Provenza et al., 1992; Provenza et al., 2006). This
allows the sheep to remember if feed it has previously consumed has had a
harmful or positive effect, so they can make decisions in the future. Through
the use of cues and location, it may be possible to help sheep learn the

association of a feed that contains pain relief and its pain alleviating effect.

1.6. Aims of this thesis

It is well known that castration and tail-docking causes pain to lambs, and as
consumer concern for animal welfare is increasing, there is growing interest
in the need for use of analgesic agents to control pain associated with
invasive husbandry procedures. NSAIDs are attractive candidate drugs for
pain relief in sheep as there is considerable literature on their efficacy in
these species. This Thesis will explore the potential to administer NSAIDs
orally and to train animals to self-administer the drugs in order to provide
pain relief over an extended period of several days. This was achieved by

conducting the following experiments:

1) Testing the efficacy of several NSAIDs at alleviating pain associated
with a lameness model when administered as an oral solution

2) Adding an NSAID to pelleted feed and testing the palatability,
pharmacokinetics and the efficacy of it alleviating the pain of

castration and tail-docking
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3) Testing if lambs can identify, self-select and administer feed

containing NSAIDs
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Chapter 5

Self-medication in animals and its potential role for

alleviating pain in livestock
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5.1. Introduction

Self-medication is considered to occur when animals consume plants or non-
vegetable substance (eg soils) that are not part of their normal diet in order
to alleviate a negative state. Most evidence for self-medication comes from
responses to parasitic infections and there is less experimental evidence for
self-medication in the context of pain relief. Several wild animal species have
exhibited behaviour that has been interpreted as self-medication including
Indian wild boars (Sus scrofa), Sumatran rhinoceroses (Didermocerus
sumatrensis) (Janzen, 1978) and Chimpanzees (Pan troglodytes) (Huffman,
1997). Self-medication has also been reported in insects including
caterpillars (Grammia incorrupta) (Singer et al., 2009) and bees (Simone-
Finstrom and Spivak, 2012). Animals have been reported to consume plants
that contain plant secondary metabolites during periods of high parasitic
burdens (Athanasiadou and Kyriazakis, 2004). These metabolites are
produced by plants to protect themselves from pathogens and herbivores,
giving the plant properties such as a bitter taste, potentially toxic or having
insecticide properties (Wink, 1988). Chimpanzees are one of the best
documented of these examples as it has been observed that they exhibit self-
medication type behaviours in response to parasitic burdens in the wild, by
consuming plants that are known to contain secondary metabolites that are

natural anthelmintics (Huffman, 1997).

High parasite burdens lead to reduced fitness through diarrhoea and
weight loss and can even result in the host’s death (Beveridge et al., 1985;

Dargie, 1987; Vercruysse and Claerebout, 2001). It is thought that the
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malaise accompanying infection will motivate animals to seek alternative
feeds which may have the potential to overcome these negative effects. If this
is true then it indicates that the animal is motivated to address a negative
state (Duncan and Petherick, 1991). The review which follows largely
examines self-medication in response to parasitic infestation. In particular, it
examines an animal’s ability to learn to self-medicate, examples of self-
medication and the potential application of this process for the livestock

industries as a pain relief option.

5.2. Mechanism to link food eaten with consequences

The idea that animals have nutritional wisdom (are able to adjust intake of
nutrients according to need) has been discussed for many years and
numerous studies have sought to understand the mechanisms that might
allow this to occur. When animals have access to a variety of plants, they
have the opportunity to select plants for specific nutrients and they are able
to change their preference of plant species based on their current nutritional
deficiencies (Provenza, 1995). Animals will also satisfy their nutritional
needs by obtaining minerals by either consuming soil or bones (Blair-West et
al., 1992; Wallisdevries, 1996). Macro and micro nutrient seeking can
become a part of an animal’s behaviour, for example white tailed deer suffer
from sodium deficiency in spring due to their high potassium and water
intake (Weeks and Kirkpatrick, 1976) and consequently will visit salt licks
every few days during this period (Wiles and Weeks, 1986; Atwood and
Weeks, 2002). Other animals have also been observed to have a peak use of

natural licks around nutritionally demanding times, such as known seasons
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of pregnancy and lactation (Ayotte et al, 2008). Consumption of soil or
natural licks can also have other positive outcomes such as the consumption
of clay which helps with the digestion of plant secondary compounds (Gilardi
et al, 1999; Houston et al,2001). In order for the animal to gain the
“nutritional wisdom” they first need to learn what “food” overcomes the

deficiency or negative state.

5.2.1. Recognition of changed state (positive or negative)

In order for an animal to self-medicate, they must be able to recognise a
change of state whether it be positive or negative. They must be able to
recognise that they have a deficiency (e.g. mineral or vitamin) or another
negative state (e.g. parasitism) which would initiate a searching behaviour.
Once finding the substance that would attenuate their state and after
sufficient consumption they would then need to recognise that the negative
state has been ameliorated to be able to return to normal behaviour. Sheep
normally eat a variety of plants but will approach new plants with caution,
this neophobia can prevent the sheep from consuming excessive amount of
toxin and becoming ill (Provenza et al., 1998). However when their internal
homeostasis is compromised their neophobia is reduced and they are
motivated to select and consume novel feed (Egea et al., 2014).

Not only can sheep recognise a change in homeostasis due to a
negative state but they are also able to identify different negative states (
Villalba et al., 2015) such as mineral deficiencies and select the food that aids

in recovery (Villalba et al., 2008). Sheep gain the knowledge about the food
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that overcomes their negative state over time through post-ingestive

feedback (Provenza et al., 2006).

5.2.2. Post-ingestive consequences

In the literature there is demonstrated importance for an animal to learn the
effects of a medicinal substance in order to self-medicate therapeutically. For
therapeutic self-medication an animal has to first learn that a certain
substance can attenuate a state of illness or pain. An individual animal is
likely to learn the benefit of a substance through trial-and-error; however, it
can be difficult for an animal to make the association if the behaviour and
consequence are not paired closely together (Provenza, 1987; Villalba and
Provenza, 2007). An animal learns about the food they consume by
processing information obtained through the interactions of the affective
system (post-ingestive feedback) and the cognitive system (the food’s
characteristics such as odour and flavour) (Provenza et al., 1992; Provenza et
al., 2006) (Figure 7). This feedback system is considered to be cyclical in its
functionality allowing self-regulation of food intake (Provenza et al., 2006;

Villalba and Provenza, 2009).
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Figure 7: Schematic representation of the processes involved in post-ingestive

feedback system modified from Provenza (1992) and Provenza and Villalba

(2006). An animal is motivated to consume novel food due to a negative state.

Consumption of the food leads to its biochemical constituants having either a

positive or negative effect on the animal. Through the affective process animals

will either increase or decrease intake of the feed. The cognitive process links

the postingestive feedback with the foods’ characteristics, leading to an

appropriate behavioural response (avoid or seek the food).
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5.2.3. Learning — trial and error or social?

Animals often learn by watching and copying close relatives or other animals
within their group (Nicol, 1995); however, for them to gain nutritional
wisdom they need to sample plants and learn consequences themselves
whether positive or negative through post-ingestive feedback
(Thorhallsdottir et al., 1990; Villalba and Provenza, 2009). For example, in
social animals, social facilitation can help an animal overcome a food
aversion. The animal with the aversion watches its peers eat the food that
they originally had an aversion to. They will resample the food in small
amounts, if there are no negative consequences the aversion can be
extinguished (Ralphs and Provenza, 1999). Hence on the occasion that an
animal has made an association with a medicinal benefit of a specific plant or
substance, maternal influences or social-interactions within the group could
be important for faster transmission of the learned behaviour, as socialising
can increase learning of individuals ( Villalba and Provenza, 2007; Sanga et
al.,2011). Therefore, if there is genetic variation in capacity to learn then this
could be passed to subsequent generations. However, learning the
consequences of specific feed still needs to occur in the individual animal.
Lambs will often display a preference for food that they have previously seen
their mother display a preference for, however they are still willing to
sample food that they have seen their mothers avoid (Mirza and Provenza,

1994; Savage et al., 2008).
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5.3. Evidence for self-medication for disease state in

grazing animals

A large proportion of the evidence for animal self-medication is anecdotal,
where a sick wild animal is observed to consume a plant not normally part of
their diet, a plant that has the capability of improving its health (Huffman,
2003; Lozano, 1998). However, in observations of wild animals, it can be
difficult to determine if the behaviour they are exhibiting is deliberate self-
medication or a result of the consumption of a wider diversity of feeds. To
distinguish whether an animal is exhibiting true self- medication, it has been
proposed by Huffman (1997) that the behaviour displayed should pass
certain criteria, namely,, that the substance consumed 1) is not part of the
animals normal diet; 2) it is of low nutritional value; and 3) is situation-

specific and 4) only affected individuals consume it.

5.3.1. Wildlife

In Africa, chimpanzees have been reported to self-medicate, based on the
above criteria and control parasitic burdens by leaf swallowing (Huffman,
2001). This leaf-swallowing behaviour is observed during the rainy season
when it is known that chimpanzees have an increased risk of developing
intestinal parasitic infections (Huffman et al.,, 1997). Infected chimpanzees
have been observed to take leaves that have rough or sharp surfaces, they
fold these leaves and consume them whole, and consequently are not
receiving any nutritional benefits from the leaves. These leaves then increase
gut motility, causing diarrhoea (Huffman and Caton, 2001) and subsequently
the expulsion of parasitic worms and adult strongyloid nematodes along

with the leaves (Huffman and Hirata, 2004; Fowler et al.,, 2007).

125



The ability to display and capacity to learn the leaf swallowing
behaviour has been tested on captive, parasite free, chimpanzees. Huffman
and Hirata (2004) offered the captive chimpanzees when in isolation, the
leaves of Helianthus tuberosus a plant that has a similar textured leaf to those
selected by chimpanzees in the wild. The chimpanzees had not been exposed
to the leaves prior to the study and of the 11 chimpanzees tested only two
exhibited leaf swallowing behaviour on first exposure; the rest either
chewed the leaves or avoided them. The chimpanzees were then offered the
leaves again and retested in a group, with a chimpanzee that had displayed
leaf-swallowing. At the end of the experiment 6 out of the 11 chimpanzees
had displayed the leaf-swallowing behaviour (Huffman and Hirata, 2004). As
for the chimpanzees who did not display leaf swallowing, they had not
directly observed another chimpanzee preform the behaviour (Huffman and
Hirata, 2004). Although this study did not demonstrate self-medication as
the animals were not infected with parasites it indicated that the animals
have the propensity to perform a spontaneous behaviour such a leaf-
swallowing as well as demonstrating that social-interaction can help the

uptake of a behaviour.

Another observation of self-medication by Huffman (1989) was of a
female chimpanzee who was visibly unwell, she moved away from her
foraging group until she found the shrub Vernonia amygdalina, known as
bitter leaf. She then broke of a stem and striped back the bark and chewed
and sucked on the inner pith, by the next afternoon her health had started to

improve. This behaviour is quite rare and in 10 years after this initial
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observation only four other chimpanzees with similar symptoms were
reported to display this behaviour (Engel, 2002). It is also known that
Vernonia amygdalina has anthelmintic properties (Adedapo et al,2007;
Ademola and Eloff, 2010) and in one of the observed cases in chimpanzees
faecal egg count was reported to have dropped within 24 h of consumption

(Huffman et al.,, 1993).

The display of leaf swallowing as well as chewing on bitter leaf pith is
considered ’therapeutic’ self-medication as the chimpanzees’ display the
behaviour when they are experiencing sickness. The other type of self-
medication is prophylaxis; this is where animals will eat plants all year
round that contain plant secondary metabolites to reduce or prevent the risk

or burden of infection.

5.3.2. Livestock

Free ranging wild animals graze a variety of plants and may have the
opportunity to learn the consequences of ingesting them through post
ingestive feedback. Grade, Tabuti, and Van Damme (2009) reported self-
medication in livestock with unrestricted access to forage in Uganda. For the
behaviour of sheep, cattle and goats to be classified as self-medication,
animals had to be observed to self-select and consume plants that they
would not normally eat when healthy, then their symptoms needed to
improve and their abnormal behaviour ceases. The most common ailment
that the livestock were reported to self-medicate for were parasitic diseases
(Grade et al., 2009). Unfortunately, there have been few such studies, thus a

majority of the demonstrations of self-medication in livestock comes from
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experimental settings. An advantage of these settings is that the role of
learning and the medicinal benefits of the consumed forages are easier to

quantify.

Most reports of instances of livestock self-medication in experimental
contexts are in response to parasitism. A study conducted by Fishpool, Kahn,
Tucker, Nolan, and Leng (2012) examined whether sheep could learn to self-
medicate with a medicated feed block (MFB) that contained the anthelmintic
fenbendazole when they were infected with a gastrointestinal nematode. The
sheep underwent a seven-week training period where they were exposed to
an un-medicated feed block for five weeks and then a MFB for a total of two
weeks. The sheep were then split into two groups, a group infected with the
gastrointestinal nematode Haemonchus contortus and an uninfected group.
Both groups were given access to the MFB for two weeks. During this period,
it was found that infected sheep ate more of the MFB in the first four days
than uninfected sheep and consumed sufficient fenbendazole to cause worm
egg counts to decline by the sixth day. Doubt remained, however, whether
self-medication had occurred due to the variability in the amount of the MFB
consumed by both infected and un-infected sheep during the one-week
period, and the continuing consumption of MFB by infected animals after
their worm egg counts had decreased. This experiment may have
demonstrated prophylactic self-medication or social facilitation of behaviour
as animals were kept as a group, and it is not clearly outlined how the

authors identified how much of the block each individual animal consumed.
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Similar prophylactic self-medicating behaviour has been observed in
free ranging goats that include condensed tannins (CT) in their diet (Cooper
and Owen-Smith, 1985; Glasser et al, 2012). Tannins are a natural
anthelmintic (Min and Hart, 2003), it is known that 2 - 4 % CT to be
beneficial in animals (Terrill et al., 1992; Wang et al.,, 1996), but higher levels
(>5%) can be detrimental to health (Aerts, et al, 1999). CT have a low
palatability and normally form a low proportion of the diet. However, by
consuming plants containing less than 5% CT in their normal diet the goats
have been shown to maintain low worm burdens and this provides an
example of prophylactically self-medication (Cooper and Owen-Smith 1985;
Kabasa, et al., 2000; Landau et al., 2010; Glasser et al., 2012). While initial
consumption of CT may be acquired through social learning, it has been
shown goats’ preferences for plants and even plant parts (i.e. new growth vs
old growth) containing lower levels of CT is acquired or learnt through post-

ingestive feedback (Provenza et al., 1990; Provenza et al., 1994).

There have been other demonstrations by Lisonbee et al, (2009),
Villalba, et al., (2010) and Juhnke, et al., (2012) that sheep can learn the
benefits of CT in their diets and subsequently preferentially consume CT
containing feed whilst parasite burdens are high. Similar to the results of
Fishpool et al. (2012), parasitized lambs preferentially consumed
supplements containing CT compared to uninfected sheep (Lisonbee et al.,
2009). This higher preference for CT feed by parasitized lambs continued for

the first 12 days but then reduced as their parasite burden decreased.
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Villalba et al. (2010) and Juhnke et al. (2012) have addressed the
role of learning in consumption of CT in response to parasitic burdens.
Villalba et al. (2010) conditioned a parasitised and a non-parasitised group
of lambs to consume feed containing CT. During this conditioning period it
was assumed that only parasitized lambs would have the opportunity to
learn the post ingestive benefit of CT by associating the consumption of feed
containing CT with the relief from their parasitic infection. The control non-
parasitized group of lambs did not have the opportunity to experience the
relief of CT feed and make the association. Juhnke et al. (2012) took a
different approach, both groups of lambs were parasitised but only one
group was conditioned to a feed that contained CT and the second group was
conditioned to a feed that would have no effect on parasitic burden. During
conditioning lambs that are parasitised should be able to associate the
consumption of feed containing CT with the relief from their parasitic
infection. The control group of lambs did not have the opportunity to
experience the relief of CT feed and make the association. In both studies by
Villalba et al. (2010) and Juhnke et al. (2012) the lambs that were previously
conditioned to the CT feed whilst they were parasitised, consumed more
tannin containing feed during subsequent parasitic burdens than the lambs
that did not have the opportunity to learn. These results suggest that prior
exposure and learning of the benefits of a medicinal substance may be
important for an animal’s subsequence utilisation of the feed as medication.
At the end of both the studies by Villalba et al. (2010) and Juhnke et al.
(2012) the sheep were drenched to remove the parasitic burden and

retested. Juhnke et al. (2012) found that the sheep in the conditioned group
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reduced their preference for CT following drenching and intake became
similar to the control group. Conversely in Villalba et al. (2010) the
conditioned group continued to show a preference for the CT containing
food. The different results of the two studies may have been due to the time
between drenching/retesting and the difference in the percentage of CT in
the diets. Juhnke et al. (2012) allowed an 8-day period between drenching
and retesting for preference. Villalba et al. (2010) drenched 6 days before
testing and re-drenched the day preference testing began, the whole phase
was conducted over 11 days. Having a shorter interval between drenching
and testing may have not given the sheep the chance to completely recover
from their parasitic burden and they could have still been suffering from
parasitic infection symptoms and therefore may have still been motivated to
self-medicate. The second difference was the percentage of CT in the diet.
Villalba et al. (2010) offered a diet containing 2% CT, a quantity which would
not cause negative nutritional effects, compared to the provision of 8% CT in
the diet in Juhnke et al. (2012) study. It is known that diets with over 5% CT
can cause negative effects on an animal (Aerts et al, 1999; Min and Hart,
2003). So the animals in Juhnke et al. (2012) may have no longer been
experiencing a positive outcome from consuming CT thus reducing their

intake.

A similar conditioning strategy has shown that lambs can learn the
medicinal effects of certain substances that can attenuate the aversive effects
of malaise-inducing foods (Provenza et al,2000; Villalba and Provenza,

2001; Villalba and Provenza, 2007). The experimental approach is based on
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exposing sheep to foods that cause sickness, such as high energy diets which
cause acidosis (Mackie et al., 1978), or a very high tannin diet which can
cause lesions in the gut mucosa and thus pain (Reed, 1995). Not only can
sheep learn to self-medicate to alleviate negative states, they also have the
ability to learn to choose the appropriate feed from several on offer to self-
medicate for the particular illness they are experiencing (Villalba et al,
2006). Villalba et al. (2006) demonstrate this capability to learn an
association between malaise and remedy with the malaise inducing feeds
grain, tannins, oxalic acid and respective attenuating substances sodium
bentonite, polyethylene glycol and dicalcium phosphate. In order for the
lambs to choose the appropriate feed for each situation, lambs were offered
an illness inducing feed for 5-7 days to acclimatise them to the feed before
offering the substance that would attenuate the state of malaise induced by
the feed. By using conditioning where lambs were fed on an illness inducing
feed and then given a substance that lead to the improvement of their state,
lambs were able to pair the three different illness-inducing feeds (grain,
tannins, oxalic acid) with the appropriate medicinal substance (sodium

bentonite, polyethylene glycol and dicalcium phosphate, respectively).

5.3.3. Evidence of self-medicating in response to pain

Husbandry procedures such as ear-tagging, tail-docking and castration are a
major cause of pain in livestock (Fisher, 2011; Grant, 2004; Hodgkinson and
Dawson, 2007; Mellor and Stafford, 1999; Stafford and Mellor, 2010). The
limited use of pain relief in livestock is often due to registration issues that

affect access to drugs, the difficulty of administering pain relief drugs
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(Coetzee, 2011; Lizarraga and Chambers, 2012), the difficulty of identifying
pain (Weary et al., 2006) and duration of pain livestock are experiencing
(Lomax et al., 2013). Therefore, self-medication could be an interesting
option. In such situations, farmers would not need to identify animals in pain

knowing that animals would medicate as needed.

Rats have been widely used in biomedical studies of pain relief, and
provide one of the few well documented examples of animals self-medicating
for pain. Using the learning method of operant conditioning, Martin, et al.,
(2007) and Gutierrez et al.,(2011) taught rats to self-administer opioids. In
these two studies it was found that rats that had a nerve injury would self-
administer drugs more often and the extent of self-administration was
correlated with the severity of pain. Pain severity was determined through
the rat’s reaction to mechanical pressure on their paws. Not only did rats
self-medicate in response to pain but they were also willing to work harder
to self-medicate by pressing the lever up to 9 times more often to receive
their dose, compared to rats not in pain (Gutierrez et al., 2011). Rats have
also been shown to self-medicate with the opiate fentanyl to alleviate pain
associated with adjuvant-induced arthritis (Colpaert et al., 2001). Similar to
the work with lambs by Villalba et al. (2010) and Juhnke et al. (2012), both
arthritic and non-arthritic rats in Colpaert’s et al, (2001) study were
conditioned to fentanyl by being offered only fentanyl containing water,
allowing arthritic rats to experience the positive effect of pain relief. The
rat’s self-medication was then tested by a preference test, where arthritic

and non-arthritic rats had the choice between a sweet water and water
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containing fentanyl. Arthritic rats self-administered more fentanyl than non-
arthritic rats and when arthritic rats were administered fentanyl or
dexamethasone subcutaneously their self-administration of fentanyl

reduced.

Chickens have also been shown to self-medicate for pain relief by
selecting feed containing the non-steroidal anti-inflammatory drug,
carprofen in response to the pain associated with naturally occurring
lameness (Danbury et al., 2000). For this study chickens were conditioned to
the medicated feed during a training period and the feed was coloured with
bright food dye to help them identify the different feeds. In the first half of
the study, group housed chickens were reported to self-medicate in
proportion to the severity of lameness and it was shown that self-medication
improved lameness scores (indicating it reduced their pain). In the second
half of the study, lame and non-lame chickens housed individually were
tested for their preference for medicated feed. Although lame chickens self-
selected carprofen medicated feed more than non-lame chickens, the
average concentration of carprofen in plasma did not significantly different
between lame and sound birds (Danbury et al., 2000). The lack of difference
in carprofen concentration between medicating and non-medicating animals
may have been due to the lack of a flush out period between training (where
all chickens were only given feed containing carprofen for several days) and
the testing period. Carprofen has a long elimination half-life in several

species (Welsh et al., 1992; Lees et al., 1994; Taylor et al.,, 1996) and thus
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may still have been present in plasma during the self-medication test as a

carry-over from the training period.

Conversely another study conducted with chickens that were either
beak-trimmed or left intact by Freire et al., (2008) using the same protocol as
Danbury et al., (2000) found that chickens that were beak-trimmed did not
self-medicate. Throughout the study there was no difference in consumption
of medicated feed and non-medicated feed for both beak-trimmed and intact
chickens. There was also no evidence that self-medication improved the pain
state in the chickens (Freire et al., 2008). The different outcomes seen in the
two studies may relate to the relative efficacy of carprofen in different types
of pain: Danbury et al.,, (2000) studied musculoskeletal pain whereas Freire
et al., (2008) studied neuropathic pain. While the efficacy of carprofen for
alleviating musculoskeletal pain is well established (McGeown et al., 1999;
Hocking et al., 2005; Caplen et al., 2013), its efficacy again neuropathic pain

is less clear.

In conclusion, experimental studies on parasitic disease, internal
malaise and pain indicate that sheep, goats and chickens can learn to self-
medicate to alleviate specific ailments, when exposed to a training paradigm
that establishes an association between alleviation of malaise and the

medicinal substance.

5.4. The potential use of self-medication in livestock

management

It would seem animals have the ability to self-medicate for different aliments

however the most commonly reported self-medication is against internal

135



parasites. This may be due to the ease in identifying animals that suffer from
parasites and the non-invasive methods of determining if the animal’s
behaviour has improved its health. It is clear that livestock have the ability or
at least the potential to learn the benefits of particular substances, as
observed with free ranging goats and sheep in experimental settings having
the ability to select CT when they are suffering from internal parasites.
However, in most commercial livestock industries the opportunity to learn
are not given to most livestock, particularly those raised in intensive
systems. So we may be depriving livestock of the opportunity to learn to self-
medicate due to the restricted variety of plants available to them in the

pasture feed base or reliance on concentrate diets.

Self-medication has potential in the livestock industries not just as an
alternative for parasite control; but also as an alternative method of
providing pain-relief if livestock can to learn to medicate for painful
situations. Every year sheep and cattle undergo many invasive husbandry
procedures that are common practice worldwide. These procedures include
castration, tail docking, dehorning and branding, which are all known to
cause pain (Lay et al., 1992; Dinniss et al., 1997; Stafford and Mellor, 2005).
Due to the public’s increasing concern for animal welfare (Hughes, 1995;
[zmirli and Phillips, 2012), it could be considered a priority for livestock
producers to provide pain relief in animals undergoing painful husbandry
procedures. When pain relief is used, it is administered at the time of injury
and animals are usually not given a follow up dose. However a single dose

may not provide sufficient pain relief for all animals, as like humans, an
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animal’s sensitivity and experience of pain varies, with factors such as
species (Stasiak et al.,, 2003), age and sex (Robertson, et al.,1994; Guesgen et
al.,, 2011). Providing livestock with the opportunity to learn to self-medicate
through food and water could address this need, giving animals a chance to
medicate according to the level of pain that they are experiencing and would
allow them to return to homeostasis by consuming a substance containing an
analgesic. Control by the animal over the amount of medication it consumes
differentiates self-medication from the widespread practice of delivering

medicines in formulated feeds for disease control and growth promotion.

Learning to self-medicate has important implications in livestock
particularly when the animals are not familiar with the potential benefits of
the medicinal substance that they need to consume. If given a variety of feed
choices, livestock would have the opportunity to learn to self-medicate for
their own self-perceived illness. As demonstrated in several studies
consumption of CT as part of the diet reduces parasite infection, if given
access to feed that contains CT along with an animal’s standard diet,
livestock could then self-select the CT according to their level of parasitic
infection. The implications for self-medicating livestock could be the
improvement of animal’s welfare as we allow them to take more control over
their homeostasis/wellbeing (Boissy and Lee, 2014) as well as reducing a
farmer’s reliance on chemical interventions. Other benefits of teaching
livestock to self-medicate particularly for painful situations include the ease
of administration of analgesics as well as reducing the need to identify

animals in pain. This could also be of use to animal behavioural science as
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using self-medication as an approach that lets the animal tell us when it is in
pain which reduces the need to solely rely on behavioural responses and
physiological measures in pain assessment. However there is no research on
livestock’s ability to learn to self-medicate for pain such as that caused by
painful husbandry procedures and only chickens have been shown to
medicate with an analgesic for a painful condition (Danbury et al., 2000). It
should be noted that training animals to self-medicate in commercial
instances could prove difficult and a more pragmatic strategy such as solely
providing animals with medicated feed or water during periods of likely pain

without the need to choose to self-medicate may be required.

For this thesis, the final experiment will explore the potential to train
lambs to self-administer flunixin to provide pain relief over a period of
several days. The importance for an animal to learn the consequences of a
food before they have the ability to make choices has been outlined in this
review. Therefore, lambs will first be conditioned to a medicated feed whilst
in a pain state before being offered medicated and un-medicated feed. If
sheep can learn to self-medicate, their voluntary choice to ingest medications
that are non-addictive when given a choice of a medicated and un-medicated
feed, could be indicative that it is experiencing pain. Thus, development of a
test procedure to examine the choice of sheep to self-medicate would also
provide a valuable indicator of affective state in these animals and help us

better understand pain and its impacts in livestock.
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Chapter 6

Can lambs in pain identify medicated feed?
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6.1. Introduction

In experimental settings sheep have been shown to have the ability to learn
to self-medicate (Chapter 5). There has been extensive research conducted
previously with sheep on their ability to learn to self-medicate for parasitic
infection (Villalba et al., 2010; Fishpool et al., 2012; Juhnke et al., 2012) as
well as other internal pain not caused by parasites (Provenza et al., 2000;
Villalba and Provenza, 2001; Villalba et al., 2006). If sheep can learn to self-
medicate, then their choice to ingest medications that are non-addictive is a
strong indicator that the animal is motivated to alleviate a negative affective
state. One of the methods used to determine if an animal has learnt to self-
medicate is through preference testing. In preference testing, animals are
offered choices and their relative choices indicate preferences. For example,
the animal is provided with a specific situation/resource (bedding type) and
given a variety of options (bare flooring, hay or woodchips) and they are
allowed to essentially “vote with their feet” as to which of these they prefer
(Duncan, 1992). In this case their preference would be the bedding type that

they spend the most time on or interacting with.

Preference testing could also potentially be used to detect pain in an
animal if the animal can associate the preference with pain relief. For
instance, in a scenario where an animal selects a non-addictive analgesic
when it is given a choice of a normal feed and a feed containing an analgesic,
this could be indicative that the animal is in pain. For the animal to have the
ability to make such a choice, it must first experience the consequences

(whether positive or negative) of the feed options available to it. An
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individual animal is likely to learn the benefit of a substance through trial-
and-error and by pairing the association of the behaviour and consequence
together (Provenza, 1987; Villalba and Provenza, 2007). The trial-and-error
experience can be created by including a conditioning period prior to the
preference test and there is evidence that this conditioning is effective in rats
suffering from chronic pain (Colpaert et al,, 2001). There is little work to see
if conditioning is effective in situations of chronic pain in lambs following

castration and tail-docking (Rennie, 2004).

Chronic pain is common in young lambs that are castrated and tail-
docked using rubber rings. The use of rubber rings for castration and tail-
docking and have been shown to cause an acute pain phase lasting 4 h
(Lester et al., 1996; Kent et al., 2000) as well as causing a chronic pain phase
that can last for up to 35 days (Mellema et al., 2006; Melches et al., 2007).
Several analgesics have been shown to alleviate pain associated with
castration and tail-docking including bupivacaine (Graham et al, 1997),
naloxone (Wood et al, 1991) and non-steroidal anti-inflammatory drugs

(NSAID) (Graham et al., 1997; Paull et al., 2012) such as flunixin.

Flunixin is a potent NSAID and has been shown to reduce pain-related
behaviours in lambs that have undergone mulesing (Paull et al., 2007) as
well as reducing inflammation and pain in lambs that have undergone
surgical castration and tail-docking (Chapter 4). It is commonly used in
veterinary medicine for its anti-inflammatory, analgesic and antipyretic
properties and, like other NSAIDs it reduces inflammation by inhibiting

cyclooxygenase and, in turn, decreasing the production of prostaglandins
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(Cheng et al., 1998). Flunixin is reported to be more potent as an analgesic
than codeine in rats and has been shown to be a comparable analgesic to
morphine in primates; however, animals receiving flunixin do not develop a
tolerance to the analgesic action like they do to codeine and morphine

(Ciofalo et al., 1977).

The objectives of the present study were to identify if lambs that
experience acute and chronic pain after ring castration and ring tail-docking
could identify, as indicated through preference testing, a flunixin medicated
food. Further, we predict that that the preference should disappear when the

animal is no longer in pain.

6.2. Methods and Materials

A method of castrating and tail-docking lambs on separate days to produce
two acute pain phases as well as demonstrate chronic pain was previously
tested as part of developing the methods for this self-medication experiment
(Appendix 2; ARA 14/31). The current experiment was undertaken at
CSIRO’s FD McMaster Laboratory, Armidale, New South Wales (NSW),
Australia. The protocol and conduct of the experiment was approved by The
CSIRO Chiswick Animal Ethics Committee under the NSW Animal Research
Act, 1985 (approval ARA 15/09). Lambs were ear tagged at birth and ewe-
lamb pairs allocated to two cohorts, cohort being based on birthdate. Prior to
the study ewes and lambs were exposed to the food pellets that that were to
be used later in the experiment, through daily feeding for 1 week whilst in

the paddock.
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6.2.1. Self-medication method

Acclimation period

At 7-8 weeks of age, 36 male Merino lambs were checked for health,
drenched with 2 mL of Zolvix (Novartis Animal Health, Australia), 2 mL of
Flukazole C (Virbac, Australia) and vaccinated with Glanvac 6S B12 (Zoetis,
Australia) prior to being moved into an animal house with their mothers. In
the animal house the animals became accustomed to indoor housing and to a
standard pelleted ration (Ridley Agriproducts, Australia; 17% crude protein
dry matter; 9.04 M]/kg dry matter) ad libitum. Throughout the experiment
water was available ad libitum. At 9 - 10 weeks old, ewe-lamb pairs were
moved into individual pens (2.5m x 1.5m), which were in close proximity to
allow visual and social interaction with other experimental animals (Figure
8). Lambs were exposed to two artificial liquid odours, strawberry and
banana (IMCD, Australia, diluted with water to 0.15%) that were later used
as cues. The odours were sprayed onto the pellets (10 mL per kg of feed), the
odour that was added to the feed was alternated between days. These
odours had been previously identified in a separate preference test
(Appendix 3). The lambs were weaned from their mothers at 10-11 weeks of

age.

Odour preference

After weaning, lambs were tested for their preference of the two odours
during the week prior to experimental treatments; this was done to
determine their base preference to be used for comparison of their choice

during the self-medication test. Feed was placed into an 11 L feed bucket;
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lambs were given two buckets each containing 800 g of pellets and 200 g of
chaff. The feed was sprayed with a 10 mL volume of an allocated odour
(diluted with water to 0.15%) (Figure 9). Lambs were offered both feed
buckets simultaneously between 08:00 and 09:00 h for four days. The
location (left or right) of the odours (strawberry and banana) were
alternated each day, and the feed was removed 12 h after offer and weighed.
During this period lambs were also handled for 2 min once a day to reduce
subsequent handling stress. Four of the lambs were removed from the study
due to ill health and having reactive temperaments, hence 32 of the 36 lambs

from the odour preference test were used the self-medication training.

Figure 8: Lambs were placed in individual pens next to other lambs, where they
were able to interact with each other.
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Figure 9: A lamb in its individual pen, selecting feed from one of the two feed
buckets on offer.

Treatment allocation

Lambs were blocked by weight and randomly allocated within block

randomly allocated to a treatment. The two treatments were:

¢ Ring castrated day 0 and tail-docked day 7 (Ring)

e Sham castrated day 0 and sham and tail-docked day 7 (Sham)
The treatments were then allocated to subsequent sub groups, ensuring that
the odour used for the medicated feed was evenly divided between the

treatment groups (Figure 10).
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Figure 10: Diagrammatic representation of the experimental design indicating the
allocation of groups and subgroups during the experiment.

Conditioning period

Lambs were either ring castrated or sham handled as if they were to be
castrated on day 0, and the treatments were spaced to occur every 2 min.
During the conditioning phase lambs were only presented with one bucket of
feed which contained the medicated feed with their assigned odour cue.
Feed was prepared in the bucket with which the animals were presented and
contained; 600 g of pellets and 200 g of chaff mixed. The amount of feed on
offer was just below recommended requirements to ensure lambs could
consume all feed on offer. Lambs were weighed the day before castration to
calculate a correct medication dosage of flunixin based on 4.0 mg/kg. Liquid
flunixin (10 mg/ml, BOVA, Australia) was then applied directly to the pellets
using a syringe and mixed through the feed, incorporation being identified
by the change in pellet colour. The odour corresponding to the allocated

treatment (Fluxinin + cue odour) was then added to the feed; using a spray
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bottle, 10 mL was applied and also mixed through. At 30 min after castration
lambs were offered the bucket of feed. This procedure occurred also on days
1 to 3 post-treatment. The feed bucket was placed in the same location each
day, with location (L or R) alternated between pens. On days 4 to 6, lambs
were given one bucket with pellets and chaff without odour or flunixin to
ensure that they would not have therapeutic levels of flunixin (Chapter 2 and

3) when they were tail-docked.

Self-medication period

On the treatment day for tail-docking (day 7), lambs were weighed so the
dosage of flunixin could be adjusted. Lambs that were not to be tail docked
(Sham) were handled as if they were to be tail-docked and the treated lambs
had rings placed on the 3rd palpable joint of the tail (Ring), treatments were

again spaced to occur every 2 min.

Thirty minutes following treatment all lambs were then offered a
choice of both the feeds with the odours (medicated 1200g and non-
medicated 1200g). The amount of feed made available in each container was
above the lambs’ full daily allowance and the amount offered had to be more
than recommended requirements as lambs readily consumed 1000g of feed.
The bucket containing the medicated feed was placed in the same location in

the pen as during the conditioning phase.

To receive their full dose of flunixin, lambs had to consume all of their
allowance from the medicated feed container. Feed was prepared as

described for the conditioning period, making sure the medicated feed
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contained the odour to which the lambs had been conditioned. For 5
consecutive days following tail-docking, the residual feed was weighed at 1 h
and at 12 h after offering to obtain individual intakes of both feeds. Both

feed troughs were removed at 12 h, nothing else was offered.

After the self-medication test, lambs were treated with CLiKZiN
(Novartis, Australia) for fly control and returned to the paddock. After 5
weeks lambs re-entered the animal house and were retested for their
preference of each odour (without flunixin) for five days using the same
method as in the odour preference phase. The amount of feed offered to
lambs was increased to 1400 g per bucket (1200 g of pellets + 200 g of chaff)
to account for their higher bodyweight. The location of the feed with the cue
for medicated feed was again placed in the same location as during
conditioning and the self-medication test. A summary of the different

experimental phases is presented in Figure 11.
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6.2.2. Measurements

Behaviours

Video cameras were used to continuously record the behaviour of lambs in
the study. Five cameras were mounted on roofing rafters to record 3 or 4 of
the pens. Each camera provided a view of the entire area available to the
lambs. The cameras were connected to digital video recorders and captured
by IVMS4200 software from Hangzhou Hikvision Digital Technology Co., Ltd
(Hangzhou, China). The behaviour of the lambs in their pens on day 0 to 3
and day 7 to 10 were collated from the digital video records by observation
of a replay of the video using The Observer software (Noldus, The
Netherlands). The behaviours recorded were the same as that for the pen
castration (Chapter 4, Table 7). Behavioural assessment was undertaken by a
single operator, who was blinded to the animals’ treatment. The pain
avoidance behaviours were measured continuously for 1 min and took place
every 5 min during the first 90 min post treatment (day O and day 7).
Postural behaviours were scan sampled every 15 min for 12 h on the days of
treatment as well as on days 1 to 3 and days 8 to 10. Observation time points

were synchronized to each lamb’s individual treatment time.

Blood parameters

Blood was collected via the jugular vein using 21 gauge needles into 10 mL
vacutainers containing EDTA. Individual blood samples were collected at 0 h,
30 min, 6 h and 12 h on the day of treatment (day 0 and day 7) and then
every morning (08:00-09:00 h) up to 72 h post-treatment. Neutrophil and

lymphocyte counts in whole blood were determined with an automated
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haematology analyser (Cell Dyn 3500R, Abbott Diagnostics, Illinois U.S.A).
The blood samples were then centrifuged at 2000 x g for 15 min at 5°C and
plasma were separated into three aliquots which were then stored at -20°C
until assayed for cortisol concentration. Plasma cortisol concentrations were
determined using a commercial radioimmunoassay (Plasma Cortisol RIA, MP
Biomedical, Australia) which has been previously adapted and validated for
ovine plasma (Paull et al., 2007). Coefficients of variation on the quality
control plasma samples (50.3, 101.1, 211.7 nmol/L cortisol) were 8.48, 9.85,
7.28% for intra-assay and 11.2, 10.46 and 10.35% for inter-assay,

respectively.

At the time of blood sampling (from 30 min onwards) the lambs also
had their wounds palpated as previously described (Melches et al., 2007)
and their behavioural response recorded as a score from 0 = no response, 1 =
wincing to 2 = struggling, attempt at escape. The lambs were weighed on Day

-1,7, 14, 21, 28 and 35 relative to day 0 (day of castration).

6.2.3. Statistics

All data were analysed using R (R Development Core Team, Boston,
Massachusetts) and the packages nime (Pinheiro et al, 2015) and pscl
(Zeileis et al., 2008) were used. Data were tested for normality using the
Shapiro-Wilk test and visual inspection of residual plots. In all instances P <
0.05 was considered statistically significant and 0.1 > P > 0.05 was
considered a statistical tendency, results are presented as mean * SEM. Lamb
8454 from the Ring treatment group was removed from analysis for the self-

medication test and excluded from week 5 preference testing as he was
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removed during the self-medication test due to being lethargic and not

eating.

Behaviours

Active pain avoidance behaviour had to be combined and required the
use of a zero inflated Poisson model due to a high number of zeros in the
data. Postural behaviour (as a proportion) was analysed using a repeated
measures analysis, fitting the main effects of treatment, time and potential
interactions and fitting lamb as a random variable. Postural data analysed
following castration were normal lying, abnormal lying and total standing.
Total standing was analysed using a Kruskal-Wallis test. For tail docking,
postural behaviour was analysed for abnormal lying, normal lying and

normal standing.

Blood parameters and additional measurements

Bodyweight, cortisol and neutrophil/lymphocyte ratio were analysed
using a repeated measures analysis, fitting the main effects of treatment,
time and potential interactions. The bodyweight of castrated animals was
also analysed separately to test the effect of medicated feed preference on
weight gain. For neutrophil/lymphocyte ratio and cortisol, pre-treatment
values (time 0 h) were fitted as a covariate when significant and animal was
fitted as a random effect. Wound palpation scores were analysed using a
general linear model with a Poisson distribution with the frequency counts
as the outcome. Neutrophil/lymphocyte ratio required a log transformation

and cortisol required a square root transformation.
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Feed preference analysis

Feed intake was recorded daily at 12 h (20:00-21:00 h) after lambs were
first offered their feed and during the self-medication phase feed intake was
also recorded at 1 h after being offered (9:00 - 10:00 h). The calculation, for
feed preference used in this study has been as described by Bell (1959).
Preference Indices are more sensitive than the individual intake of lambs (as
intake can vary across days) and preference index have been used in several
studies (Mirza and Provenza, 1990; Provenza et al., 1990; Ngwa et al., 2000;
Omokanye et al., 2001). However, the animal’s intake (g) was also analysed.
To allow for calculation, 5 g of feed was included to the preference index
calculation for instances where lambs did not consume any of the feed, 5 g
was chosen as it was lower than the lowest intake recorded (12 g). The
preference was calculated by:

(Intake of medicated feed + 5)
(Intake of medicated feed + 5) + (Intake of un — medicated feed + 5)

Lamb feed choice (tested as feed intake and preference index) were analysed
using a repeated measure. The main effects that were fitted, where
appropriate were treatment (Ring or Sham), feed type (medicated or un-
medicated) the location of the feed bucket (left or right), odour cue
(strawberry or banana), and day. When significant the initial preference for
the medicated cue was fitted as a covariate for the self-medication phase and
week 5 data and lamb was fitted as a random effect. Feed intake data

obtained during the self-medication phase in the first hour and for week 5
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was not able to be normalised and was analysed using a Kruskal-Wallis test.

Intake of flunixin (mg) was also calculated for each gram of feed consumed.

6.3. Results
6.3.1. Week 1 Odour preference

When analysing the feed intake of all animals, there was no odour (banana vs
strawberry, P = 0.58) or location (left or right, P = 0.76) or day (P = 0.96)
effect on the consumption of feed (Figure 12). When analysing the
preference index of the cue to be used for medicated feed there was no effect

of odour (P =0.63), location (P = 0.65) or day (P = 0.43, Figure 13).
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Figure 12: The mean intake of the feed containing the two odours (strawberry
and banana) calculated from the lambs that were included in the conditioning
and self-medication phases (n = 32). Days are in relation to the first treatment
day (castration at day 0).
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Figure 13: The mean intake of feed containing what was assigned as the cue for medicated feed and cue for un-medicated cue (left) as well as
the preference index (PI) (median, 95 % CI and outliers), for the cue for medicated feed (right), calculated from the lambs that were included in
the conditioning and self-medication phase (n = 32). Days are in relation to the first treatment day (castration at day 0)..
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6.3.2. Conditioning Phase

All lambs consumed all of the feed on offer each day throughout the week,
except for one lamb who on day 2 only consumed 200 g. In the 90 min
following treatment, lambs that were castrated displayed more active pain
behaviours (mean =15.1) than sham lambs (mean = 0.4, P < 0.05). For
abnormal lying, Ring lambs displayed a higher proportion of abnormal lying
on the day of treatment (day 0, 34 + 3 %) compared with Sham lambs (24 + 4
%, P = 0.02). The display of abnormal lying was also affected by day (P =
0.001), with ring lambs displaying less abnormal lying on day 2 and 3 (17 #
4%, P < 0.05) compared with treatment day. Sham lambs also displayed a
lower proportion of abnormal lying on days 1 and 3 (17 and 16 = 3%, P =
0.04) compared with treatment day. There was no interaction between time
and treatment (P = 0.23) on abnormal lying. For normal lying only a day
effect was seen (P <0.001), Ring lambs exhibited normal lying more often on
days 1 (27 + 4 %), 2 (35 + 4 %), and 3 (32 + 4 %) compared with the
treatment day (16 + 3 %). Sham lambs exhibited more normal lying on days
2 (32 +3 %) and 3 (28 + 3 %) compared with the treatment day (20 + 3 %).
Treatment had an effect on the display of normal standing (P = 0.04). Lambs
in the Ring group stood less (H (1) = 4.01, P = 0.04) than Sham lambs

(difference = 13.0), the critical difference was 13.09.

Following castration there was a time by treatment effect (P = 0.02)
for the neutrophil/lymphocyte ratio between Ring and Sham lambs. There
was also a time effect, with Ring lambs having a higher

neutrophil/lymphocyte ratio at 6, 24, 48 and 72 h compared to their baseline
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(P < 0.05). Sham lambs also had an increase in neutrophil/lymphocyte ratio
at 12 and 48 h compared to baseline (P < 0.05). At 72 h post treatment Ring
lambs still had a higher mean neutrophil/lymphocyte ratio than Sham lambs

(Figure 14).

There was an interaction between time and treatment on cortisol
concentration (P = 0.053) in addition to a significant time effect (P < 0.001).
Thirty minutes following treatment Ring lambs had a significant increase in
cortisol concentration (transformed mean = 3.5, back transformed = 12.25
nmol/L, P < 0.001) at 30 min compare to baseline. Ring lambs had higher
cortisol concentrations at 30 min compared to Sham lambs (transformed
mean = 8.3 back transformed = 68.89 vs transformed mean = 7.25 back
transformed = 56.64 nmol/L respectively, P <0.001). At 6, 12, 24 h Ring
lamb’s cortisol concentrations returned to baseline but they experienced a
significant rise again which was higher than baseline concentrations at 48 h
(P = 0.02) and 72 h (P = 0.001). Sham lambs experienced no change in

cortisol concentration (Figure 15).

Treatment had an effect on lambs’ reaction to palpation (P = 0.001) with
more Ring lambs reacting (mean = 5) compared to Sham lambs (mean = 2).

There was no time effect (P = 0.16).
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Figure 14: Raw data of the mean neutrophil lymphocyte ratios (10*6/mL) for lambs in the Sham (n =16) and Ring (n =16) treatment groups
following castration and tail-docking
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6.3.3. Self — medication phase

In the 90 min following tail-docking Ring lambs showed significantly more
active pain behaviours (mean = 5.9) than sham lambs (mean = 0.4, P <
0.001). There was no overall treatment difference in the display of abnormal
lying (P = 0.44), however, there was a significant time by treatment effect on
abnormal lying (P = 0.02), with lambs in the Sham group displaying more
abnormal lying on day 8 (24 %) and 9 (23 %) compared with day 7 (13%).
There was no difference between treatment groups for normal lying (P =

0.20) and normal standing (P = 0.12).

In the first hour of being offered the feed, Ring lambs consumed on
average 121.3 + 13.5 g and Sham lambs consumed 109.5 + 16.5 g of
medicated feed. Ring lambs consumed 161.6 * 19.9 g and Sham lambs 168.3
*+ 15.9 g of un-medicated feed. The mean intake of medicated feed in the first
hour in Ring lambs corresponded to an intake of approximately 10 * 1% of
the lambs flunixin dose. Only one lamb consumed 1% of its flunixin dose on
average in the first hour (Table 11). There was no difference in PI between

Ring and Sham lambs in the first hour (P = 0.18).

For the 12 h feed intake there was no effect of feed location (P = 0.75),
or day (P = 0.75) and there was no difference between Ring and Sham lambs’
intake of feed (P = 0.61). The cue odour strawberry influenced feed intake (P
< 0.05), with strawberry odoured feed having 149.2 + 25.5 g extra pellets
consumed. At 12 h Ring lambs consumed on average 516.7 + 44.6 g and
Sham lambs consumed 489.7 *+ 489 g of medicated feed. Ring lambs

consumed 469.7 * 48.6 g and Sham lambs 518.5 + 40.0g of un-medicated
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feed. Ring lambs on average consumed 43 * 3% of their flunixin dose (Table
11). There was no effect of day (P = 0.88), or treatment (P = 0.98) or an
interaction of day by treatment (P = 0.84) for PI (Figure 16). Location
approached significance (P = 0.07) and there was a location by treatment
effect with PI increasing by 0.14 for Sham lambs that had medicated feed

located on the right. The covariate was also significant (P = 0.001).

Table 11: Mean approximate percentage dose of flunixin consumed by lambs in
the Ring group (n = 15) at 1 h and 12 h during the self-medication phase.

Variable 1lh 12 h
Mean intake (%) £ S.D. 10£1% 43+3 %
Median (%) 10 % 49 %
Range (5) 1-18% 12— 66 %

For neutrophil/lymphocyte ratio following tail-docking there was a
significant time by treatment interaction (P = 0.02) and treatments
approached significance (P = 0.064). Sham lambs experienced an increase in
neutrophil/lymphocyte (transformed = 3.49, back-transformed=1.25
(10"6/mL), P = 0.02) at 24 h compared with baseline, while Ring lambs had a
significantly higher (P < 0.05) neutrophil/lymphocyte ratio compared with

baseline at 24, 48 and 72 h following treatment (Figure 14).

There was no effect of time (P = 0.37), treatment (P = 0.33) or their
interactions (P = 0.75) on cortisol concentrations for both Ring and Sham

lambs (Figure 15). For the palpation scores there was a significant treatment
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effect (P < 0.001), more lambs in the Ring group reacted to palpation (mean

= 8.3) compared to Sham (mean = 1.5).

6.3.4. Week 5 preference

Overall there was no difference in the intake of medicate or un-medicated
feed (P = 0.96), there was no treatment (P = 0.41), odour (P = 0.80) or
location effect (P = 0.45) on lamb’s feed intake. There was a day effect with
lambs consuming less feed on day 46 compared to days 47 to 50 (a = 0.05,
difference = 40.20). There was no difference between treatment groups and

PI of the medicated odour cue (P = 0.95, Figure 17).

6.3.5. Weight gain

The lambs’ weight gain was not affected by treatment (Ring or Sham, P =
0.28). For the animals that were castrated there was no effect of their PI for

medicated feed on weight gain (P = 0.50).
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6.4. Discussion

Ring animals experienced pain in response to both castration and tail-
docking as evidenced by the increased amount of active pain avoidance
behaviours and increased reaction to wound palpation in comparison to
Sham lambs. Neutrophil/lymphocyte ratio increased for both treatment
groups but tended to be higher in castrated and tail-docked lambs. However,
Ring lambs did not show an increase in abnormal postures following ring
tail-docking and did not experience a significant increase in cortisol
concentration following treatment as they did for castration. There was also
no indication that the lambs in the Ring group were able to self-medicate

their pain through preference for medicated feed.

As lambs that were in the Ring group displayed more active pain
behaviours than Sham lambs following both castration and tail-docking, it
can be assumed that they were experiencing pain before they were given
access to feed containing flunixin. During the conditioning phase all lambs
consumed their entire dose of flunixin (except for one lamb on day 2) so we

would have expected that all lambs would have experienced pain alleviation.

Previous work (Chapter 3) has indicated that lambs would be
required to eat at least 22 g of the medicated feed in 10 min for flunixin to
become first detectable in their blood and continued consumption of
medicated feed would lead to therapeutic concentrations in their blood
within 2 h (Marini et al, 2016). During the self-medication phase lambs
consumed on average just over 100 g in the first hour (approximately 10% of

their flunixin dose) and so there may have been a delay in obtaining pain
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relief. To reach and to maintain therapeutic levels lambs would have had to
have eaten most of their medicated feed in the 8-12 h following tail-docking
(Marini et al., 2016). In the study Marini et al,, (2016) ewes that consumed
their full dose of flunixin (4.0 mg/kg) over 12 h reached slightly higher than
inferred therapeutic concentrations (1.78 + 0.48 pg/mL). There is no work
on the therapeutic concentration of flunixin in sheep however therapeutic
effects are seen in horses when plasma concentrations reach 0.2 - 0.9 ug/mL
(Toutain et al., 1994). Lambs in the Ring group consumed on average 43% of
their flunixin dose in the 12 h that they had access to the medicated feed; this
may suggest that lambs may not have reached therapeutic concentrations of
flunixin. While plasma was collected in this study, the drug concentrations in
the plasma were not analysed, the information from the pharmacokinetics
study (Chapter 3, Marini et al., 2016), should be applicable to these lambs, as

the lambs would have functioning rumens (Boda et al., 1962).

Lambs in the Ring group displayed active pain avoidance behaviours
and increased reaction to wound palpation after both castration and tail
docking. However, following tail-docking Ring lambs did not display postural
behaviours indicative of pain. The procedure of tail-docking with rings is
known to cause pain in lambs, with lambs displaying more postural
behaviours indicative of pain than those who have received pain-relief
(Graham et al., 1997; Kent et al., 1998). The difference seen in the display of
abnormal postures in the current study may have been due to age, with the
studies by Graham et al.,, (1997) and Kent et al., (1998) using lambs aged 5 to

8 days and 3 weeks old, respectively. Lambs in the current study were aged
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between 12 and 13 weeks when tail-docked. A previous study by McCracken
et al. (2010) that tail-docked lambs at a separate time to castration reported
that the age at which lambs were castrated had an effect on the reaction to
tail-docking, with lambs castrated at 1 day old reacting more to subsequent
tail-docking than lambs castrated at 10 days of age. It has been suggested
that that early life pain experiences increases hyperalgesia in later life
(Pattinson and Fitzgerald, 2004). Although lambs in this study experienced
ear-tagging within a few hours of birth, the level of pain produced by the
procedure is low and not as severe as castration (Grant, 2004). The reduced
response to tail-docking in the current study is possibly due to castration
and tail-docking occurring at an older age in these lambs and lambs having

no prior exposure to severe pain.

Following tail-docking, the lambs in the current study also did not
show a cortisol peak. Tail-docking alone has been shown to result in cortisol
peaks, with cortisol concentrations remaining elevated for 1 -2 h (Mellor and
Murray, 1989; Graham et al., 1997; Kent et al., 1998). Kent et al., (1998) did
report a lower cortisol peak in lambs that were only tail-docked (60 nmol/L)
compared with lambs that were only castrated (120 nmol/L). In this present
study lambs did not experience a peak in cortisol after tail-docking, with
Ring lambs having a mean cortisol concentration below 25 nmol/L at 30 min
following treatment, which was no different to Sham lambs. It is also possible
that the excessive handling experienced by lambs by the time they were tail-
docked could have reduced their cortisol response to tail-docking. Gentle

handling of lambs is often used in experiments that look at the effects of pain
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to reduce the lamb’s cortisol response being influenced by capture and
restraint (Paul, Small, Lee, Palladin, and Colditz, 2012). This reduction of
cortisol response in lambs following habituation to handling was

demonstrated in Sham lambs in Chapter 4.

Sex has also been shown to effect lambs’ response to tail-docking,
with male lambs reported to have lower cortisol response to tail-docking at 8
weeks of age compared with female lambs of the same age (Turner et al.,
2006). It is known that the response to pain in lambs can vary depending on
factors such as age and sex (Molony et al., 1993; Turner et al., 2006; Guesgen
etal, 2011). The reduced response to the pain of tail-docking compared with
that from castration in Ring lambs may have affected the lambs’ choice to

consume medicated feed.

A majority of the studies that have reported self-medication in
animals including sheep is in response to a parasitic infection (Villalba et al.,
2010; Fishpool et al, 2012; Juhnke et al., 2012). It is suggested that the
animals learn which substance will improve a negative state (whether it be
caused by parasitic infection or pain) by trial and error, the animal develops
preferences through the interactions of the foods characteristics (odour,
flavour and texture) and post-ingestive feedback (Provenza et al., 1992;
Provenza et al, 2006). In the current study, we ensured lambs were
experiencing pain induced by ring castration before giving them the
opportunity to learn the benefits of a medicated feed. To help the animals
learn through post-ingestive feedback the medicated feed was cued with an

odour, and the location of the feed bucket which contained the medicated
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feed was kept in the same location throughout the conditioning period and
the self-medication phase. However, the lambs in this study did not display
self-medication in response to pain. Perhaps the mechanisms for learning to
self-medicate for pain may be different to other negative states such as
nutritional deficit and parasitism. The information that an animal receives
from post-ingestive feedback goes through the limbic system, where it is
processed through the hypothalamus, modifying drive and behaviour to
maintain internal homeostasis (Provenza et al., 1992; Provenza et al., 1998).
Whereas information that would be received from a painful stimulus such as
tail-docking is processed in the pons, medulla, thalamus (Basbaum and
Fields, 1978; Cross, 1994; Steeds, 2013) and the cortex, which is involved in
cognitive processing, learning and memory (LeDoux, 1993; Bechara et al,
2000; Davidson, 2002; Wiltgen et al., 2004). The differences in the feedback
system and the difference in the locality of the feedback may impact on the
animal’s ability to learn that feed they consume containing medication is

linked to the relief from pain that they experience.

It has been previously shown that sheep have the ability to learn self-
medicate for parasitism, but this study was not able to demonstrate that
lambs can self-medicate for a state of pain. There may have been several
possibilities as to why lambs were unable to learn to medicate for pain. The
learning mechanism to link the experience of pain relief following the
consumption of a medicated feed may be far more complicated than the
post-ingestive feedback system that helps animal gain nutritional wisdom.

Perhaps the feedback between consuming the feed and pain relief may have
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been to slow for the lambs to make the connection. There may also be the
possibility that lambs in the Ring group may not have been experiencing a
sufficient level of pain, as the lambs response to tail-docking was less than
what has been seen in previous studies. There may have been several factors
that contributed to the lambs reduced perception and display of pain
following tail-docking. As the lambs in the current study were 12-13 weeks
old, they may have had a better capacity to tolerate pain compared with
younger lambs. Excessive handling could have reduced the lambs cortisol
response to tail-docking or they were possibly receiving mild benefit from
flunixin, which would have effected their motivation to preferentially select

the medicated feed.
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Chapter 7

Overall Conclusion

Every year lambs undergo several husbandry procedures and it is well
accepted that the procedures such as castration, tail-docking and mulesing
cause pain to lambs (Wood et al, 1991; Molony et al, 1993; Molony, et
al.,1997; Melches et al., 2007; Paull et al., 2008; Lomax et al., 2010; Small,
Belson, Holm, and Colditz, 2014). Due to increasing concern for animal
welfare (Hughes, 1995; Izmirli and Phillips, 2012), it could be considered a
priority that lambs are provided pain relief following painful husbandry

procedures.

When pain-relief is provided to lambs it would be done so at the time
of the procedure. However, the pain associated with most painful husbandry
procedures in sheep may last for several days to weeks (Mellema et al.,2006;
Melches et al., 2007; Tucker et al. 2014) and the effectiveness of analgesics
used at the time the procedure is performed is limited by their half-lives.
Therefore, repeated administration of medications to livestock still
experiencing pain would be required to maintain adequate pain relief. There
are limitations that effect the provision of pain relief to sheep such as lack of
registered analgesics and ease of administration, as anaesthetics and NSAIDs
are commonly administered parenterally and can require veterinary
involvement. To combat some of the issues of administering pain relief to

lambs, administration of analgesics through feed was explored as a
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potentially practical method for farmers to provide pain relief to lambs over

several days.

For this Thesis, flunixin, a non-steroidal anti-inflammatory drug
(NSAID), was selected as an appropriate candidate to be used throughout the
experiments, due to the well documented use as a pain relief for a variety of
species including horses (Toutain et al.,1994; Pellegrini-Masini et al.,2004;
Valverde and Gunkel, 2005), cattle (Anderson et al., 1986; Webster et al.,
2013) and sheep(Welsh and Nolan, 1995; Paull et al., 2007). Flunixin also has
the ability to be administered orally, it is water soluble and is stable under
normal temperatures and pressures. Flunixin is currently registered for use

in livestock in the USA, Europe and Australia.

Flunixin was tested for palatability and pharmacokinetics when

administered through feed, this was required to:

. Identify if sheep may have an aversion to flunixin;

. Determine how long it would take for sheep to obtain levels of

flunixin in their blood that would be sufficient to provide pain relief.

It was found that flunixin when consumed with pellets is rapidly absorbed
into sheep plasma and therapeutic concentrations could be reached within a
few hours of ingestion. Although neophobia was displayed in one ewe who
did not eat feed with flunixin on both days, the possible mild aversion
displayed to feed supplemented with flunixin on day 1 in the remaining
sheep did not persist on day 2 indicating that the medicated feed is readily

accepted by most sheep.
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The display of neophobia by the one ewe may have been a result of
being housed individually. In a group house setting it is possible to reduce
neophobia and increase the uptake of the feed with an NSAID due to social
facilitation (Thorhallsdottir et al,1990), as discussed the self-medication
literature review in Chapter 5. It would also still be possible to allow all
animals receive their dose of a NSAIDS through feed when group housed.
Using a similar method to the one used for the castration experiment in
Chapter 4. The dose of the NSAID provided in the feed would be calculated
on the heaviest ewe in the flock and on the average amount of feed eaten by
ewes. It is at least known from the experiment in Chapter 3 that if the ewes
were to eat variable amounts of the feed throughout the day they would still

receive an adequate dose of NSAID.

Following the palatability and pharmacokinetics experiment, flunixin
was tested for efficacy at alleviating the pain of surgical castration and tail-
docking in lambs when administered through pellets (Chapter 4). Flunixin
was effective at providing some pain relief and ameliorating the
inflammatory response (reduced neutrophil/lymphocyte ratios and reduced
wound swelling and improved wound appearance) to lambs when
administered through feed. Lambs receiving flunixin in feed exhibited fewer
pain related behaviours and reduced abnormal postures following castration
and tail-docking than lambs with access to un-medicated feed. This
experiment demonstrated the potential in providing pain relief to lambs

through feed. Furthermore, if we can teach lambs to self-select and self-
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administer feed containing analgesics, it can provide us with an insight into

animal pain states.

The final experiment attempted to create a model to train lambs to
identify a feed that contained an analgesic and to determine if lambs could
then self-medicate for chronic pain. If the lambs were able to display a
preference for medicated feed, it could have given better understanding
more about the lamb’s pain perception. For the lambs to have the ability to
choose between medicated and un-medicated feed they must first
experience the consequences (whether positive or negative) of the feed
options in question. This required the use of a pain model that would
provide acute and chronic pain, allowing lambs sufficient time to learn the
effects of flunixin. Currently there are limited pain models for use in sheep,
one model used in the thesis was the induced lameness model (Chapter 2).
This pain model used an oil of turpentine injection, which elicits an
immediate acute pain response as well as a longer inflammatory response.
The effects of the injection only last for up to 72 h (Colditz et al., 2011). It
was determined that this would not have been sufficient time to allow the
lambs to learn an association between feed and pain relief and also provided
them the opportunity to self-medicate, unless it was turpentine was
reinjected. However, the toxicity of turpentine is unknown and it was
considered unethical to re-administer. Another pain model that may have
been suitable to use due to its chronic pain was foot rot (McLennan, et al.
2016). However, foot rot is not common in our area (Armidale, New South

Wales, Australia) and it would have been unethical and uneconomical to
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induce these conditions in sheep. Another potential chronic pain model was
the peroneal nerve injury (PNI) model created by Wilkes et al., (2012). This
model of pain is an irreversible surgery that involves nerve ligation, this was
not possible to do and also considered unethical for the requirements of the

experiment.

Due to the limitations of these pain models the use of a common
husbandry procedure, ring castration and tail-docking, was considered. To
determine the effectiveness of the use of ring castration and tail-docking as a
model, a pilot study was conducted to develop to determine if it would
provide lambs with a sufficient timeframe to be able to learn to self-medicate
(Appendix 2). The model looked at separating the events of ring castration
and tail-docking, considering that both ringing events may lead to a more
prolonged experience of pain. In substance this model does not change the
treatment animals would receive on farm for lamb marking and was

considered less invasive than the other chronic pain models listed.

To test if lambs could learn to self-medicate, lambs were castrated
and offered medicated feed with a cue during a training period. The lambs
were then tail-docked a week later and offered medicated and non-
medicated feed to see if they would have a preference. If lambs had learnt to
associate medicated feed with pain relief, they should display preference for
the medicated feed. Even though lambs appeared to be experiencing pain
from tail-docking there was no indication that the lambs were able to self-

medicate for their pain through preference for medicated feed.
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There may have been several possibilities as to why lambs were
unable to learn to medicate for pain. Although we ensured lambs were
experiencing pain before giving them the opportunity to learn the benefits of
a medicated feed, with the assistance of cues and location, it may have been
difficult for lambs to link the experience of pain relief following the
consumption of a medicated feed. This may be due to the way that an animal
receives information from post-ingestive feedback and a painful stimulus.
Another possibility was that the feedback received from the pain relief may
have occurred too slowly and they may not have made that link between
feed ingestion and pain-relief. It can be difficult for an animal to make the
association if the behaviour and consequence are not paired closely together
(Provenza, 1987; Villalba and Provenza, 2007). There is potential to retest
the self-medication method using the pain model we used, however, instead
of providing the pain-relief through the feed during the training period, an
intra ruminal infusion of flunixin could be provided instead. As soon as the
lamb has started consuming the pellets the infusion of flunixin could be
provided. This may allow feedback to occur faster. Similar methods have
previously been used to train sheep to associate a particular feed and cue
with a nutritional consequence. Using intraruminal infusion Villalba and
Provenza (1999) were able to teach lambs to associate between poorly
nutritious foods (paired with intraruminal infusion of energy and flavour cue
or paired with water and a different flavour cue). Lambs in this study
showed a preference for the flavour cue linked with the intraruminal

infusion of energy.
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There may also be the possibility that lambs in the Ring group may
not have been experiencing a sufficient level of pain, as the lambs response
to tail-docking was less than what has been seen in previous studies, which
could have effected their motivation to preferentially select the medicated
feed. The lambs may also have found a different way to cope with the pain
and so the measurements of pain that were used may not have been
sufficient enough to detect this chronic pain. Similar to what was seen in the
Chapter 1 experiment where sheep appeared to be able to cope with the pain
of a turpentine injection in a different way to what was previously recorded
and so we were not able to adequately measure their pain response using

the standard methods.

Using our self-medication experiment method, we were not able to
establish whether lambs could identify a benefit of medicated over un-
medicated feed. However, we were able to demonstrate the potential for
delivering pain relief to lambs in medicated feed. The supplementation of
both ewes and lambs with medicated feed following painful procedures as
demonstrated in Chapter 4 could be a suitable practical method for farmers
to provide pain relief to lambs over several days without the need to train

lambs to associate medicated feed with pain relief. Key Findings

e For practical provision of pain relief to lambs for painful husbandry
procedures such as castration and tail-docking, flunixin can be
administered as a drench or incorporated into feed.

e Oral or in-feed administration of flunixin 1-2 h prior to painful

husbandry procedures would ensure that lambs have therapeutic
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concentrations in their blood at the time the procedures are
performed.

e Medicated feed could be offered before and on the days following
castration and tail-docking to provide pain relief for the duration of
the pain responses to castration and tail-docking with minimal
disturbance to the animals.

e There is potential for flunixin to be incorporated into pellets in its
powdered form.

e As a generic drug, flunixin could be taken to market by more than one
pharmaceutic company or feed manufacturer. Registration issues for
infeed delivery of flunixin have not been addressed in this Thesis.

Although it is recommended throughout the Thesis that pain relief should be
provided to lambs for several days following painful husbandry procedures
more work needs to be done to determine any toxicity issues. The longest
period lambs had access to a the NSAID flunixin was 2 weeks, which included
a rest period of 3 days and lambs did not consume their complete dose every
day (Chapter 6). During this experiment lambs were monitored for any signs
of adverse effects but none were observed. In Chapter 2 ewes were given a
complete dose of their assigned NSAID for 6 days, some adverse effects
(diarrhoea) were reported for ewes that received ketoprofen. It is known
that NSAIDs can cause gastrointestinal issues, such as ulceration, vomiting
and diarrhoea, when given to cats and dogs over long periods of time
(Gaynor, and Muir, 2014). Currently there are no toxicity data for flunixin in
sheep, further study should be conducted to determine toxicity levels and

effects in sheep.
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Conclusion

Using our self-medication experiment method, we were not able to establish
whether lambs could identify a benefit of medicated over un-medicated feed.
Further research needs to be conducted to determine if self-medicating for
pain is achievable in livestock. There are a variety of methods that could be
tested to teach animals the link between feedback from feed containing pain
relief with the sensation of pain alleviation. This could include using different
models of chronic pain, such as foot rot, or attempting to use intraruminal
infusion to reduce the time between medicated feed ingestion and feedback.
Further work also still needs be conducted to determine the therapeutic
levels of flunixin, as well as the toxicity in sheep. The provision of pain relief
was shown to be an effective and practical method of pain administration to
lambs following castration and tail-docking. Providing pain relief through
feed would allow farmers to give livestock access to pain relief over a longer
period of time and avoid excessive mustering, restraint, the use of injections

and stress of ewe-lamb separation.
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8 Appendix
8.1. Appendix 1: Using a grimace score to identify pain in lambs

Grimace scales have been previously developed for rats, rabbits and horses. They are an
alternative non-invasive method that has been validated to identify and assess pain in
these animals. The lamb grimace scale used to identify pain in lambs in this study was
developed by Guesgen (2014). Using methods similar to those used to develop mouse
and rat grimace scales, Guesgen (2014) identified five facial action units that change in
lambs following painful procedures. These were the nose, mouth, cheek, eyes and ear
posture, the facial units were scored on a 3-point scale, 0 (not present), 1 (moderate), 2
(obvious). The aim of this study was to assess Merino lambs for pain following surgical

castration and tail-docking by gas knife using the lamb grimace scale.
Methods

This grimace scale was tested on the lambs in Chapter 4 and compared to the
behavioural measurements. The groups as described in Chapter 4 were Sham handling
(S), Castration and Tail-docking (C), Flunixin in feed + Castration and Tail-docking (CF)
and Flunixin injected + Castration and Tail-docking (CI). Lambs were recorded, in their
pens (free) and when restrained (held) at 0, 0.5, 6, 24 and 48 h relative to castration and
tail-docking. For analysis the scores given for each facial unit were averaged to give an
overall score. Ears were not included as they could not be scored with confidence.
Lambs were first assessed prior to castration and tail-docking; this was done to see if
the stress of being held may affect the facial expression of the lamb. Data at time 0 h
were analysed by Chi-square test and data post-marking were analysed as proportions

using a binomial test.
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Figure 18: Examples of the changes and scores given to lambs using the 3 point

scale 0 (not present), 1 (moderate), 2 (obvious). When in pain, eyes become more
closed, nostrils become tighter and flatter, the mouths normal appearance of a
curved “smile” becomes a flattened line, cheeks appear hollow, ears are rotated
backwards and faced downwards

Results
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Prior to castration and tail-docking, there was a significant association between free vs.
held and incorrect pain assessment x 2 (1) = 12.70, P < 0.001, with 62% of held lambs
and 18% of free lambs incorrectly identified as being in pain. After the procedures, a
free vs held effect (P = 0.03) was observed for some treatments, with lambs in the S and
CF and CI groups being scored as in pain more when held than free. A treatment effect
(P < 0.001) and treatment x position effect (held vs free) were also observed. When
assessed in the pen, lambs in the C group were classified as in pain more often
compared to lambs in the other groups (P < 0.05 for all). CF and CI lambs were classed
as in pain more than S lambs (P < 0.05). When held C lambs were classified as in more

pain more often than held S and CI lambs (P < 0.05).

Conclusions:

The grimace scale shows potential as a rapid and practical method to assess pain in
lambs, but lambs should be observed without interference, as restraint may change
aspects of facial expression. Using the grimace scale we were able to correctly identify
lambs in pain, when scores were based on photos of lambs in their pen (free). Ear
postures were difficult to determine, as lambs would orientate to the observer and so
ears were excluded from the analysis. Hollowing of cheeks were infrequently observed,
this could have been due to lambs having wrinkled, woolly faces, which affected the

ability to detect changes in the cheeks.

Guesgen, M (2014) The Social Function of Pain-Related Behaviour and Novel
Techniques for the Assessment of Pain in Lambs. Ph.D. Thesis. Massey University: NZ
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8.2. Appendix 2 Develop methodology for self-selection and self-

administration of analgesics to lambs

Investigation of a model of pain to allow lambs to learn to self-medicate
Objective

Lambs were monitored for up to 35 days after ring castration and tail-docking to assess
chronic pain that may be associated with this procedure. Ring castration and ring tail-
docking were performed on separate days to produce two events rather than one, so
that the pain effect was more similar to chronic pain. The objective of this study was to
establish a chronic pain model through extending the duration of pain with the
application of rings for castration and tail docking on separate days to be used for a self-

medication experiment.
Methods and Materials

There were 30 lambs involved in this experiment. Lambs were castrated at
approximately 6-12 weeks of age. Lambs were weighed the day before treatment,

individually side branded, and assigned to treatment groups on the basis of weight:
There were three treatment groups, 10 lambs in each treatment group.

e Group 1: Sham control
e Group 2: Elastrator castration day 0 and tail-docking on day 3
e Group 3: Elastrator castration and tail-docking on day 0 as per farm protocol
(day 0)
Lambs were kept with their mothers, in a paddock situation. They were separated from

their mothers on the morning of treatment, for a maximum of 3 h. The ewes were
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released into a small paddock (approximately 40 m X 60 m) beside the lamb marking
pen. Lambs were caught, restrained in a marking cradle, and treated according to
assigned treatment. After castration, the lamb was released into the small paddock

containing their mothers.

Behaviour of the lambs was monitored for 2 h by personnel blinded to treatments. A
team of 2 observers undertook scan sampling of lamb behaviour every 15 minutes.

Behaviour was classified as

e Standing (normal standing, hunched standing, grazing)

e Lying -ventral and lateral

e Suckling

e Walking

¢ Running/ playing
Atday 1, 2, 3,7, 10, 14, 17 21, 28 and 35 post-castration, behaviours were assessed by
5-min continuous focal animal sampling. Counts of all events were summed for each 5-
min observation period. On day 3 lambs had their behaviour observed after group 2

lambs were tail-docked.

Ondays -1, 7, 14, 21 and 28, ewes and lambs were mustered and lambs weighed.

Following blood sampling each lamb had their wound palpated day 1, 2, 3, 7, 10, 14, 17
21, 28 and 35 post-castration. Their response was recorded as a score from 0=no

response to 2= struggling.

Observations ceased after day 35.
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Results

Lamb weight was not affected by treatment, all lambs gained weight following
treatment day. On the day of treatment, there was a significant difference (P < 0.05) in
the amount of pain related postures exhibited by the three groups. Control animal
exhibited less pain related postures than both castrated groups. Lambs in the castrated
and docked group exhibited more pain related postures (P = 0.03, 1.6 * 0.71) than

lambs that were only castrated on day 0.

On day three which was the day of tail-docking for the castrated only group, this
group of lambs exhibited more pain related behaviour then they did on day 1 (P = 0.04).
They also exhibited more pain related behaviour than the group that was castrated and
tail-docked on day 0 (P < 0.05). However, overall there was no difference in the
cumulative amount of pain related behaviour exhibited by the groups over the 35-day

period.

Lambs that were castrated and tail-docked still exhibited a response to the
palpation of their wound at 35 days’ post-castration (Figure 19). Both groups that were
castrated and tail-docked had more lambs react to the palpation of their wound site
than the control group (P < 0.001). There was no difference between the two castration

groups in the number of lambs that reacted to palpation.
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Figure 19: Number of lambs in each group (n=10/group) that exhibited a response to
palpating the “wound” site following castration and tail-docking. C is lambs castrated and tail-
docking on day 0, CD is lambs that were castrated on day 0 and tail-docking on day 3, S is
control lambs that did not undergo the procedures.

Conclusion

Lambs were monitored for up to 35 days after ring castration and tail-docking to assess
chronic pain that may be associated with this procedure. Ring castration and ring tail-
docking were performed on separate days to produce two acute pain events and
potential increase the length of time chronic pain was experienced. The objective of this
study was to establish a chronic pain model through extending the duration of pain with
the application of rings for castration and tail docking on separate days to be used for a

self-medication experiment.

Overall lambs that were castrated and tail-docked didn’t show a significant
amount of observable signs of pain (pain related behaviour and postures) after the

treatment day. This may have been due to limitations of observing the lambs in the field.
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However, lambs still exhibited discomfort of the wound site up to 35 days following the
procedure. This suggests that ring castration and tail-docking can be a suitable chronic
pain model for use in the self-medication experiment. Lambs that were tail-docked 3
days after castration, again displayed pain related behaviour on that day of treatment,

indicating that a secondary acute pain can be achieved.
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8.3. Appendix 3 Determining an odour cue

To determine which odours to use in the self-medication experiment and to test for any
aversions in the sheep, we conducted a pilot trial where five odours: banana, apple,

strawberry, coconut and green tea were tested in pelleted feed.

To test the odours, eight sheep were acclimated to the mating yards and reintroduced to
eating pellets for a week, after which they were split into two groups of four in two of
the yards. They then had the option of 6 feeds placed in separate feed troughs (2.5 kg of
each). One feed contained only normal pellets and the remaining five contained one of
the odours (banana, apple, strawberry, coconut or green tea). They were offered these
feeds over a period of 5 days and their intake of each was recorded 24 h after they were

first offered.

The results of this pilot trial indicated that sheep had a higher preference for both

banana and strawberry over the other odours.
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