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Introduction

1 | ntroduction

Pain is defined as “an unpleasant emotional expezi@ssociated with actual or potential
tissue damage, or described in terms of such ddrflatgrnational Association for the Study
of Pain, 1979).

The physiological consequences of pain involve eride and sympathetic
nervous system activation (Gaynor and Muir, 200@n-adequately treated or untreated
pain in animals in clinical settings is known taisa suffering, a decrease in immunity,
and an increase in morbidity and mortality (Silteirs, 2009). Furthermore, constant pain
can alter the pain transmission, modulation andguion, which can result in peripheral
and central sensitization (Woolf, 2011). The maateptor responsible for central
sensitisation at the level of the spinal cord & kimethyl-D-aspartate (NMDA) receptor.
This receptor is activated by the neurotransmgtetamate and glycine. Magnesium is a
natural antagonist on the NMDA receptor as the rasigim ion (Mg*) blocks the central
canal of the ionic receptor inhibiting calcium infl and preventing neuronal
depolarisation (Mayeet al, 1984, Petrenket al, 2003).

Based on the Mg interaction on the NMDA-receptor several invediiyas have
focused on a possible analgesic effect mediated sygtemic administration of

magnesium.

The majority of studies in humans showed a decrigabdger- and postoperative
opioid requirements in patients undergoing sofiugsand orthopaedic surgeries (Koinig
et al, 1998; Karaet al, 2002; Unligenegt al, 2003; Hwanget al. 2009; Kogler, 2009;
Guptaet al, 2011; Kiranet al, 2011). However, other studies found no bendfefi@ct
of magnesiumvhen administered systemically to human patients undergoing softiéiss
surgery (Wilder-Smithet al, 1998; Zarauzat al, 2000; Koet al, 2001; Tramér and
Glynn 2007; Sullivanet al, 2012). In a systematic review of 14 human randenhi
clinical trials, it was concluded that there was affect of systemic administration of
magnesium on post-operative pain intensity andgasat requirements (Lysakowsét
al., 2007).
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Only a few studies have investigated the effect sgstemic magnesium
administration in animals. Systemic administrat@fnmagnesium reversed mechanical
hyperalgesia induced by magnesium deficiency (Begbnal, 2001) and reduced
allodynia in rats (Xiao and Bennett, 1994). Howevatravenous administration of
magnesiumfailed to show a clear antinociceptive effect in gsloundergoing

ovariohysterectomy (Riojat al, 2012).

The main site of magnesiuaation is at the level of the spinal cord, but dbdity
of serum magnesium to cross the blood-brain bareerains unclear (McCarthgt al,
1998; Koet al, 2001). Therefore, the neuraxial administratiomafgnesium has been

investigated in human studies and animal trials.

Epidural and intrathecal administration of analgesirugs, such as local
anaesthetics and opioids, in humans and in anim@scommonly used methods to
achieve multimodal analgesia and anaesthesia (G26830; Valverde, 2008). The
benefits of neuraxial administration include legstemic absorption, using lower doses,
longer duration of the effects, which leads to fegiee effects and a superior analgesic
effect compared to systemic administration of aesilyg drugs (Bonath, 1986; Valverde
2008). However, when local anaesthetics are adtered neuraxially, this results in
motor paralysis (Tranquillet al.,2007) which may be undesirable. The administration
opioids in combination with other drugs that do meiuse motor paralysis, such as

magnesium, has been investigated.

In rats, magnesium administered intrathecally eobdnspinal anaesthesia
induced by opioids (Kroimet al, 2000) and delayed the development of opioid &viee
(McCarthyet al, 1998). Furthermore, intrathecal magnesium inirataced sedation and
sensory block (Bahast al, 1996) and motor block (Karasawaal, 1998). The addition
of magnesiunto epidural local anaesthetics or ketamine induegmolonged analgesic
effect in goats (Bigharat al.,2009), horses (Bigham and Shafiei, 2008), cafiEhghani
and Bigham, 2009b) and sheep (DeRessil, 2012).

In human clinical trials, magnesium administeredlefally or intrathecally in
combination with opioids and/or local anaesthetm®vides a longer duration of
2
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analgesia (Buvanendraat al, 2002; Ozalevlet al, 2005; Yousef and Amr, 2010; Shukla
et al, 2011; Nathet al, 2012), a post-operative opioid sparing effectc{émi et al,
2007; Ouerghiet al, 2011; Khezriet al, 2012) and a decrease in post-operative pain
scores (Suret al, 2012) in patients undergoing soft tissue andopdledic surgeries.
However, epidural administration of magnesium shibwe effect on postoperative pain

and analgesia requirement in paediatric patiendengoing surgery (Birbiceat al., 2007)

The purpose of this study was to determine whethetbosacral epidural
administration of magnesium would have an antireive effect on its own and
whether it would enhance morphine antinociceptiordogs. It was hypothesised that
magnesiumvould produce an antinociceptive effect when adstémed alone and that it

would enhance morphine antinociception when admarésl in combination.
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2 Literaturereview

21 Pan

2.1.1 Thedefinition of pain

The International Association for the Study of Rddfines pain as “an unpleasant emotional
experience associated with actual or potentialidistamage, or described in terms of such

damage” (International Association of the studipain, 1979).

Pain occurs as a conscious awareness of discoraguiting from injury, disease
or emotional stress. A series of complex neuroitygic processes are involved in
creating the experience of pain. These neuroplogimlprocesses can be divided into
four distinct components: transduction, transmissimodulation and perception. The
biological function of pain is to warn the indiviguof a harmful situation and to avoid
tissue damage by leading to motor action and agegham behaviour, which results in
avoiding, escaping or destroying the factors resiida for the nociceptive stimulus
(Gaynor and Muir, 2009).

Pain of high intensity or longer duration can atte neurophysiologic processes
and induce peripheral and central sensitisatiorchvisould result in pathological pain.
Pathological pain has no biological advantageHeranimal and can be seen as a disease
on itself (Woolf and Ma, 2007).

Animals are unable to verbally communicate the maiperience; therefore, the
assessment of pain in animals is challenging. Hewdfiere is scientific evidence that all
vertebrates and some invertebrates can experiaginebpt the way pain is experienced
and expressed depends on the degree of developrhethe central and peripheral
nervous systems (Gaynor and Muir, 2009). Neverdiselehe uncertainty about the
presence, quality and intensity of the pain exmegeby animals does not preclude the

administration of adequate pain treatment (Hell2804).
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Over the last decades, the understanding of painitanappropriate treatment
have been improved and pain management is becomarg and more an important
component of good medical practice in human anérietry medicine (Dohoo and
Dohoo, 1996; Hellyer, 2002).

In human medicine, the Joint Commission on Accesidih of Healthcare
Organisations (JCAHO) elevated pain to the fifttalvsign (together with temperature,
respiration, pulse and blood force) in 2000. Thayesthat “appropriate pain management
is good medicine because it results in quickeriadinrecovery; shorter hospital stays,
fewer readmissions, and improved quality of lifeading to increased productivity”
(Phillips, 2000).

In 2003, the American Animal Association followd@®tJCAHO's guideline and
elevated pain to the fourth vital sign (along wigimperature, pulse and respiration). The
American College of Veterinary AnaesthesiologistC#A) acknowledged in their
position paper on the treatment of animal pain 898at “animal pain is a clinically
important condition that adversely affects an atisrguality of life”. Furthermore, they
state that “the prevention and alleviation of adifpain is an important and tenable
therapeutic goal in veterinary medicine”. Therefoxeterinarians are morally and
medically obligated to address pain in animals tanalvoid, assess and treat pain in their
patients (Hellyer, 2002).

2.1.2 Peripheral nociception

The experience of pain involves a series of complexrophysiologic processes, which
can be divided into four distinct components: tdarcion, transmission, modulation and
perception (Gaynor and Muir, 2009). In this chaplter process of transduction will be

discussed.

Transduction is the transformation of a noxioumstus into an electrical signal
in a sensory nerve ending. Free nerve endings espond to both low-intensity (non-

painful) and high-intensity (painful) stimuli. Ontige nerve endings that respond to high-

5
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threshold stimuli are called nociceptors. Nociceptman be found in skin, muscle, joints,
periosteum and viscera. The type of noxious stirthdi the nociceptors can detect are
thermal, chemical or mechanical stimuli or a corabon of the three (Stoelting and

Hillier, 2005).

In normal tissue, nociceptors are inactive untiloxious stimulus, exceeding the
threshold of excitation, activates them and asrs@eguence an electrical excitatory signal
(action potential) is generated and transmittedh dorsal horn of the spinal cord
through the nerve fibre (Stoelting and Hillier, 3)0The greater the intensity of the
stimulus, the greater the number of electrical aigthat are generated by the free nerve
ending. Also, a stimulus of long duration produagsrolonged electrical signal (Gaynor
and Muir, 2009).

The nerve fibres are divided on the basis of themduction velocity into A,
AB, Ad and C-fibres, in order of greatest to lowest catidn velocity. Av and A3-fibres
are low-threshold fibres and respond to mechamittaduli. These fibres are regarded as
the ones responsible for transducing innocuousosgnaformation. A-fibres can be
nociceptors or not depending on their thresholdxaitation. Approximately 25% of the
Ad-fibres are nociceptors (Gaynor and Muir, 2009) apcbximately 85% of the C-fibres

are nociceptors (Gaynor and Muir, 2009).

The Ao-fibre nociceptors can be sub-divided into thresugs depending on the
type of activating stimulus: high-threshold mechamociceptors, mechano-heat
nociceptors and mechano-cold nociceptors. The nmechaat nociceptors are further
divided into Type | and Type Il (Djouhri and LawsoR004). Type | mechano-heat
nociceptors have a higher heat threshold and arloweehanical threshold than Type Il.
Type | mechano-heat nociceptors can also respostidmical stimuli. Therefore, these

Ad-fibres can be referred to as polymodal nocicepiojsuhri and Lawson, 2004.

The excitatory signals in &fibres are transmitted with a high discharge and a
rapid conduction velocity (12 to 30 m/s) due toitimeyelinated axon. The activation of
these fibres is responsible for the pricking shempsation associated with the initiation of

pain (Tranquilliet al, 2007).
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The C-fibre nociceptors are mostly high-thresholdels that respond to more
than one type of stimuli and they can also be referto as polymodal. They are
unmyelinated and respond with slow conduction véex: of 0.5 m/s to 2 m/s. The
activation of these nociceptors is associated wighow and burning type of pain, which
is poorly localised and less specifically relatedthe stimulus (Stoelting and Hillier,
2005).

Silent nociceptors are nociceptors with a high shoéd of excitation that are
normally not activated (Woolf and M2007). C and Bcfibres can be silent nociceptors.
However, this threshold can be reduced by tissfiaanmatory mediators such as
prostaglandins and leukotrienes, which will leachtbivation of these silent nociceptors
in the presence of massive tissue inflammatiois. firesumed that their activation is one
mechanism for primary hyperalgesia, also calledpperal sensitisation (Woolf and Ma
2007).

2.1.3 Central nociception

Central nociception consists of the neurophysialogirocesses of transmission,
modulation and perception in the central nervoustesy (CNS) (Stoelting and Hillier,
2005).

Central nociception commences when the primaryetftenerve fibres enter the
spinal cord. The spinal cord is divided into whitaatter formed by the axons from
projection neurons and grey matter formed by tHebmalies (Gaynor and Muir, 2009).
The grey matter contains interneurons also knowmyae cells and cell bodies from
ascending neurons. The grey matter is divided fhtee anatomic regions: the dorsal
horn, the intermediate zone and the ventral hoens8ry information is received,

transmitted and modulated in the dorsal horn (Gagnd Muir, 2009).

The grey matter is further subdivided into ten Lia@ai based on similar function
of the neuronal cells. Laminae | to VI are locatedhe dorsal horn and participate in

pain transmission and modulation (Gaynor and MV20O09).

7
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Lamina | plays an important role in pain sensatiirreceives sensory input
mostly from A-fibres in the skin, musculoskeletal system anctesia and contains
specific nociceptive neurons, wide-dynamic rangeroes as well as interneurons.
Lamina Il is also known asubstantia gelatinosand is composed of mostly C-fibres and
a large number of interneurons. Lamina Il integgagensory information together with
Lamina |. Due to the large number of interneurangamina I, it is believed that this
lamina plays a key role in the transmission and utaitbn of pain. Laminae Il to VI,
also known asnucleus proprius receive tactile, thermal and mechanical sensory
information from the periphery and furthermore thegeive descending information
from the brain. Lamina X is located around the @ntanal of the spinal cord and
receives and transmits sensory information to ttaénb Finally, Laminae VII to IX are
located in the intermediate and ventral zones efginal cord and are not involved in

pain transmission (Gaynor and Muir, 2009).

The primary sensory neurons enter the spinal doxugh the dorsal root, where
they synapse with secondary afferent neurons. Tifferent types of secondary afferent
neurons are described: nociceptive specific neudmd second-order wide dynamic
range neurons (Tranquille al. 2007). Nociceptive specific neurons are dedicptagly
to nociceptive stimuli and in consequence the alingnstimulus results in a more
discriminative nociception. In contrast, wide dynamange neurons are stimulated by
noxious and non-noxious sensory stimuli and asaltréhe conveyed nociception is less
discriminative. The wide dynamic range neurons as® characterised by reacting to
afferent noxious stimuli from the skin and the eiscand this results in the phenomenon
of “referred pain”. Referred pain occurs when aiaog stimulus received from the

viscera is perceived as having originated in thie E§kranquillieet al 2007).

Interneurons play an important role in modifyingdamegulating sensory
information. Melzack and Wall in 1965 developedameept of pain modulation in the
spinal cord that they called “the gate control thg¢Melzack and Wall, 1965), although
this theory seems to be somewhat inaccuratesttlisised to understand the modulation
of pain. This theory implies that afferent sensionpulses from nerve fibres entering the
spinal cord underline a modulating feedback in shbstantia gelatinosanediated by
interneurons. Nociceptive C- and-Aibres and non-nociceptive A-fibres connect with

8
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wide dynamic range neurons. The non-nociceptiverareu additionally synapse with
interneurons and the interneurons have inhibitspperties on the wide dynamic range
neurons. This results in less activation of the ewidynamic range neurons and
subsequently of the projection neurons. Summarisiog-nociceptive nerve impulses

“close the gate” for nociceptive stimuli (MelzaakdawWall, 1965).

The transmission and modulation of pain percegtiahe spinal cord is regulated
by a multitude of neurotransmitters. They can haddd into excitatory, inhibitory and
facilitating neurotransmitters. The most importagtrotransmitters are amino acids. The
dicarboxylic amino acids glutamate and aspartate the most important excitatory
neurotransmitters while the monocarboxylic aminasadike gamma-aminobutyric acid

(GABA), glycine and alanine act as inhibitory nexmasmitters (Gaynor and Muir, 2009).

Glutamate and aspartate have excitatory effectstamdact on multiple receptor
subtypes. The receptors are subdivided into iopatroeceptors (i.e. ligand-gated ion
channels) and metabotropic receptors (i.e. G-prateupled receptors). The ionotropic
receptors are named according to their specifiniggoin vitro. Subsequently ionotropic
receptors can be divided into: NMDA-receptorg;amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid-receptors (AMPA) and kagaagceptors (Zimmermann, 2004).

The NMDA-receptor is the main receptor in termdrahsmission of nociceptive
stimuli by afferent neurons in the central nerveystem and is widely spread at the level
of the spinal cord and the brain (Petrend al, 2003). The excitatory transmitter
glutamate binds to the NMDA-receptor site and thdransmitter glycine binds to the
modulatory site of the receptor. Both binding sitesst be occupied for the channel to
open. The activation of the NMDA-receptor resultsan influx of calcium ion causing
post-synaptic depolarisation and triggering a adesad events including activation of the
protein kinases (Petrenlat al, 2003). Mayer et al. discovered in 1984 that thaéDM
receptor is normally occupied by RKigat physiological extracellular concentrations,
which causes blockade of the ion channel, andthigtMg?* block is voltage dependant
(Mayer et al, 1984). Mayer et al. also showed that a decraasiei extracellular Mg
concentration results in a reduction of the voltagesitivity of the receptor (decreased
voltage-threshold of activation). This activatiohtbe NMDA-receptor caused by Mg

deficiency induces a state of hyperalgesia (Begbral, 2001). Several exogenous
9
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antagonists of this receptor are known. The anagstand analgesic action of ketamine

IS attributable to its antagonistic effect on tt@septor (Petrenket al, 2003).

The NMDA-receptor consists of three subunits: NRR2 (types A, B, C and D)
and NR3 (types A and B). At least the subunit NR#l ane of the NR2 subunits are
required to form the receptor. Different types abwnits NR2 have been shown to
influence the pharmacological properties of theeptor. The affinity for agonist and
antagonist drugs is determined by the type of sbuiorming the receptor. The
sensitivity for blockade by Mg is also influenced by the subunits type and it is
exaggerated by type NR2A and NR2B (Petreekal, 2003). The NR3 subunit can be
co-expressed and influences the receptor actifen this subunit is present, the
receptor turns into an excitatory glycine recepturaffected by glutamate, impermeable
to calcium and resistant to NMfgblock. The role of the NR3 subunit on the pain

mechanism has not been investigated yet (Petren&ilh 2003).

The NMDA-receptor does not participate in normainpgiansmission as it is
normally blocked by M# (Figure 1). Constant afferent input alters the NMBEx&eptor
properties mediated by the protein kinase C (PK) the tyrosin kinase, resulting in
removal of the M§ block; therefore, calcium influx occurs (Figure Zhe increase in
postsynaptic calcium concentration leads to a Phiivation and thus exponentiation of
the NMDA-receptor response due to phosphorylatiogure 3) (Petrenket al, 2003).
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Figure 1: Normal synaptic transmission: Presynaptic calciuntux through voltage
sensitive calcium channel (VSCC) results in glutemeelease. Glutamate activates
AMPA-receptors leading to sodium influx into the spgynaptic dorsal horn neuron

extrapolated from, Petrenlat al, 2003.
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Figure 2: Constant afferent input leads to constant presya&@alcium influx. glutamate
and substance P (SP) release increase. SP leausutokinin 1 receptor activation
(NK1R), whereas glutamate activates AMPA-recepleasling to Sodium influx into the
postsynaptic dorsal horn neuron. The depolarisaifaihe postsynaptic membrane leads
to removal of the M§ block of the NMDA-receptors and calcium influx acs. NMDA-
receptor becomes activated and facilitate the respextrapolated from, Petrenkbal,
2003.
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Figure 3: Calcium influx leads to posttranslational modifioa of the NMDA-receptor,
where PKC phosphorylates the NMDA-receptor leading prolonged channel opening
time and decrease in voltage dependent‘Mipck extrapolated from, Petrenla al,
2003.
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Pain projection at the level of the spinal cordludes multiple nociceptive
pathways and their functions are overlapping andptex (Tranquilliet al 2007). The
spinal cord can be divided into the following coyimg ascending tracts: spinothalamic

tract, spinoreticular tract, spinohypothalamic ti@ad spinomesencephalic tract.

The final perception of pain occurs at the levethd brain, which results from
the integration, processing and recognition ofakeending information. Different areas
of the brain are involved in these processes afminmation is transmitted through
multiple pathways to ensure an adequate inputth#@dCNS. These multiple pathways are

called “parallel processing” (Gaynor and Muir, 209
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The ascending information from the spinoreticutact terminates in the reticular
formation. This area is composed of cores (mostomamt is theraphe nucleus
extending from the medulla oblongata to the diehagm and is involved in
consciousness as well as mediation of sensorynawtic and motor functions (Gaynor
and Muir, 2009). The reticular formation sends ateltals to other nuclei which are
located in the brainstem, hypothalamus, thalamub @arebral cortex (Lamorst al,
2000).

The hypothalamus is responsible for processing osgnsaand hormonal
information (Desborough, 2000). It plays a key riol@motional reactions and vegetative
responses. Activation of the hypothalamus leadsytmpathetic nervous system and

pituitary responses causing the release of catagtioés and glucocorticoids.

The limbic system contains cores in the cortical anbcortical regions. Some
autonomic functions such as thermoregulation asdir&tion are controlled in this area
in addition to emotional responses composed ofiplogical, cognitive and behavioural
changes (Tranquillet al 2007). Deregulation or over activity of the liralBystem can

lead to aggression, fear, anxiety or depressidugiStein, 2009).

The cerebral cortex performs the higher neurolddigzactions and nociception in
this area is described as cognitive-evaluative clwings affected by experience, learning,
attention and memory. Complex behaviour patterres atributable to this structure
(Tranquilli et al. 2007).

The perception of pain is also dependant on theadictn of the descending pain
pathway. The periagueductal grey matter (PAG) i®or@ of grey matter located in the
midbrain and is a key structure in ascending andceteding control of sensory
information (Lamontet al, 2000). The PAG receives input from higher bragmtoes
such as the cerebral cortex, the limbic systemthadypothalamus. The PAG is known
to have a high density of opioid receptors andstimulation results in release of

endogenous opioids and enkephalins (Tranagtildil 2007).
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The PAG synapses with theucleus raphe magnumcated in the reticular
formation, from which adrenergic and serotonergiovas descend to the spinal cord and
transmit inhibitory signals mediated by the PAGeT@ndogenous release of opioids can
induce inhibitory and analgesic effects in the trand at the level of the spinal cord
(Lamont, 2008).

2.1.4 Classfication of pain

Pain can be categorized based on different aspsat$y as according to underlying
disease (e.g. arthritis, cancer), anatomy (e.gk,badhopaedic), general region (e.g.
superficial, deep), duration (e.g. acute, chromic)l intensity (mild, moderate, severe)
(Gaynor and Muir, 2009). However, these categaaiespurely descriptive and they do
not explain the underlying mechanism responsible thee pain. Additionally, these

categories do not provide any therapeutic advice.

Amongst experts, pain is categorised most ofterordatg to the mechanism

responsible for its production.

One common classification of pain is into physiadady pain, caused by noxious
stimuli, pathophysiological pain, caused by a cleamg organ function (e.g. due to
inflammation) and neuropathic pain, caused by danadighe nervous system (Pfannkuche,
2008).

Another classification of pain is into nociceptiyain and neuropathic pain.
Nociceptive pain is further subdivided into visdgrain and somatic pain. Visceral pain
is described as diffuse, poorly localized and oftemsing autonomic nervous system
activation. Somatic pain originates from the skimd anusculoskeletal system and is
characterized as a sharp, pricking and well-loedlipain. Neuropathic pain involves
damage of the peripheral or central neural pathwaagksit is described as a burning type
of pain (Stoelting and Hillier, 2005).
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Woolf classified pain into adaptive and maladappan based on its biological
function (Woolf, 2010). Adaptive pain includes nmeptive pain and inflammatory pain.
Nociceptive pain functions as a warning system ewakes an immediate response such

as a withdrawal reflex, allowing the animal to aldhe potential damaging stimuli
(Figure 4).

Figure 4: Nociceptive pain extrapolated from, Woolf, 2010.
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Inflammatory pain is also adaptive and protectivel aappears after tissue
damage. It leads to an increase in sensitivity aastilts in decreased movement and

avoidance of further damage of the tissue, thepbynoting and assisting the healing
process (Figure 5).

Figure5: Inflammatory pain extrapolated from, Woolf, 2010.
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In contrast, maladaptive pain results from an amabrfunction of the central
nervous system and it is called pathological p®wolf subdivided pathological pain
into neuropathic and dysfunctional pain. Neurogagiain originates from damage to the
nervous system itself, whereas dysfunctional pairlargely evoked by non-noxious
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stimuli (e.g. touch), which induces an exaggerated excessive response in the nervous
system (Figure 6).

Figure 6: Pathological pain extrapolated from, Woolf, 2010.
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From a therapeutic point of view, Woolf's classifion of pain seems to be the
most useful.

Neuropathic pain originates from injury of the nmss system and neuroplastic
changes in it (Woolf, 2000). Neuropathic pain has Wological advantage. The
underlying pathophysiological mechanism is not jeainderstood, but a lack of
modifiability and plasticity of the nervous systésrconsidered to be responsible (Woolf,
2010;Tranquilli et al.,2007).

Peripheral sensitisation occurs due to a chandbeirchemical milieu resulting
from the disruption of cells, secretions of inflaatiory cells, mast cells degranulation
and induction of enzymes (Woolf and Ma, 2007). Aiety of substances have been

identified but new substances are still being ifiedt Well-studied substances are
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kinins, amines, prostaglandins, cytokines, chemexkiand growth factors. This so-called
“inflammatory soup” causes a decrease of the npticehreshold of activation and leads
to an exaggerated response to noxious stimuli (Wadl Ma, 2007). These changes
result in a condition called “primary hyperalges{@ianquilli et al.,2007). Furthermore,
silent nociceptors, with are normally inactive, ateo recruited and innocuous stimuli
start being sensed as noxious (Woolf and Ma, 200RAg hyperexcitability of the
nociceptors induces spontaneous depolarisatiomgnating in the axon or in the cell
body in the absence of a sensory stimulus. Thiswgdan sensitivity can lead to
spontaneous pain in the absence of any noxiouslstin{Woolf and Ma, 2007). This

condition is termed “allodynia” (International Asgation for the Study of Pain, 1979).

Central sensitisation is triggered by a high disghaate and long duration of
excitatory input in the spinal cord (Woolf, 2011).is characterized by an increased
synaptic efficacy that lasts longer than the doraof the conditioning stimulus. This
excitatory input leads to synaptic plasticity cledesised by changes in the microglia, gap
junctions, membrane excitability and gene transiomp The threshold, kinetics and
activation of the receptors and nerve terminalh@spinal cord change, resulting in an
increase in pain transmission and perception (Waifl1). The NMDA-receptor has
been shown to play a key role in the central seasibn process (Petrenlet al, 2003;
Zimmermann, 2004). In normal synaptic transmissiba,post-synaptic NMDA-receptor
is voltage-dependently blocked by extracellular?Mdhe increased excitatory input
leads to post-synaptic depolarisation mediated loyamate, which results in sodium
influx through the AMPA-receptor. A strong and mnoded post-synaptic depolarisation
reduces the voltage-dependent ZMdplock of the NMDA-receptor. Calcium influx
through the NMDA-receptor into the postsynaptidscetcurs. Additionally, intracellular
calcium leads to activation of the PKC and this iat$ an enhanced opening of the
NMDA-receptor. Pre-synaptic NMDA-receptors have oalbeen identified. Their
activation results in substance-P release, enhgrttie@ excitatory transmission at the
level of the post-synaptic membrane (Petreek@l, 2003). These changes result in a

condition called “secondary hyperalgesia” (Wool12).
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Peripheral and central sensitisation, which leadptomary and secondary
hyperalgesia and may also result in allodynia,litety to play an important role in the

development of neuropathic pain (Woolf, 2011).

The term “wind up” is used to describe the cenpialsticity stimulated by a
constant and rapid activation of C-fibres, whichdg to an increase in action potential
firing over the course of stimulus (Tranquit al.,2007). Wind up has been associated
with activation of the NMDA-receptor (Gaynor and ¥i2009).

Central sensitisation and “wind up” result in parception causing continuing

and severe pain (Gaynor and Muir, 2009).

2.1.5 Physological consequences of pain

The physiological effects of pain on the body andtiple and they aim to protect and

prepare the organism against the insult by mobdisenergy sources. Pain results in
behavioural modulation, activation of the sympdthetnd neuroendocrine systems
(Gaynor and Muir, 2009) as well as immunologicatl draematological changes. The
physiological changes caused by injury and trauneareferred to as stress response
(Desborough, 2000).

The behavioural modulation depends on the spea@samprises both a learned
and a memory component. Behavioural changes oéten & dogs during pain and fear
are avoidance, immobility and aggressive behavidte goal is to avoid and escape
tissue damage and to maintain homeostasis (GayrmbMair, 2009). The learned and
memory components are processed in the cerebraxc@rranquilliet al., 2007), while
the limbic system and the hypothalamus are resplenfr the fear and anxiety, as well

as the behavioural response (Tranqgeiilal.,2007).

The main change in endocrine function is causethéyieuroendocrine axis and
the activation of the sympathetic nervous systerfferAnt impulses stimulate the
secretion of corticotrophin releasing factor (CRRY vasoactive intestinal peptide by the
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hypothalamus, which leads to an increase in pruisecretion of adrenocorticotropin
hormone (ACTH), propriomelanocortin, growth hormpneasopressin and prolactin.
Propriomelanocortin is the link substrate betweka pituitary-adrenal axis and the
endogenous opioid system. Propriomelanocortin idabmised to ACTH andp-

endorphine. Additionally, CRF stimulates catechdf@rand endogenous opioid release

from the adrenal medulla (Tsigos and Chrousos, 2002

Adrenocorticotropic hormone increases the releaeglacocorticoids, in
particular cortisol, from the adrenal cortex. Csotiis known as the key mediator of the
stress response. It creates a catabolic stateifoulating gluconeogenesis, increasing
protein breakdown, enhancing the sensitivity oftisgue towards the action of lipolytic
hormones and causing insulin resistance. The coeseg of these effects is to ensure
glucose delivery to the brain and to provide enesgurces. The ability of cortisol to
stimulate the adrenomedullary secretion of catechmies enhances the stress response
and aids in maintaining cardiovascular stabilitynégative feedback is mediated from
the glucocorticoids on ACTH production but it seaim$e ineffective in trauma due to
surgery (Desborough, 2000). Another beneficial atffef cortisol is to prevent an
overreaction of the immune system by inhibiting tnegration of macrophages and
neutrophils into inflamed tissue and by decreasiiregamount of inflammatory mediators
such as prostaglandins (Tsigos and Chrousos, 200®)e is a direct relationship
between the amount of ACTH and cortisol releasethediegree of trauma (Weissmann,
1990).

The additional release from the pituitary glandgodwth hormone, vasopressin
and prolactin contribute in different ways to th@rhonal changes that occur due to the

stress response (Desborough, 2000).

Growth hormone also known as somatostatin is sstrétom the anterior
pituitary. Most of the effects are manifested tlyimincreased transcription of the insulin-
like growth factors in a variety of tissues. Ingtlike growth factor creates an anabolic
effect by enhancing protein synthesis, inhibitimgtpin breakdown, promoting lipolysis
and it also has an anti-insulin effect. As a reghk plasma becomes hyperglycaemic and
the glucose dependent tissues (e.g. brain) candequately supplied (Desborough,

2000). Different studies have shown that there de@ease in insulin and an increase in
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glucagon related to surgeries. The major effecians increase in gluconeogenesis
(Weissman, 1990).

Vasopressin is also known as antidiuretic hormdsesecretion is stimulated by
changes in plasma osmolality and also influence@ghanges in blood force and blood
volume during stress and fear (Weissman, 1990)opassin activates the vasopressin-2
receptors in the renal tubules causing an incrisasember of aquaporin water channels.
Renin is secreted from the juxtaglomerular celld angiotensin Il production increases,
which leads to a release of aldosterone. Aldosteteads to increased water reabsorption
due to Nareabsorption in the kidney. The main effect ofoessin and aldosterone is
an increase in water absorption and thereby alistinn of the body fluid volume
(Desborough, 2000).

The activation of the sympathetic nervous systesulte in release of adrenaline
by the adrenal medulla. Additionally, noradrenalisereleased from the sympathetic
nerve terminals and spills over into the plasmae Timjor catecholamine effects are
related to the cardiovascular system causing tachia, hypertension, an increase in
cardiac output, with a consequent increase in myimlaoxygen consumption, to provide
adequate perfusion to the body tissues and orgd@egos and Chrousos, 2002).
Additionally, adrenaline increases gluconeogenegjlycogenolysis and lipolysis,
decreases insulin release and causes peripheuéihinssistance (Weissman, 1990). The
increase in ventilation and heart rate due to §mpsithetic response can cause major
problems in patient with compromised cardiovascfuaction, when they are not able to

compensate (Weissman, 1990).

Damaged tissue due to injury or infection leadsadtvation of cytokines. This
group of proteins include the interleukins and tbeour necrosis factors. They are
produced from leucocytes, fibroblasts, macrophagesiocytes and endothelial cells and
play a major role in the acute inflammatory resgonsheir local effects include
chemotaxis, which stimulates migration of lymph@sytmonocytes and neutrophils to
inflamed tissue, while their systemic effects imtdufever, activation of the acute phase
response and an increase of ACTH release from ithéapy gland. After surgery the

major cytokines are interleukin-1, tumour necrdaigoro and, in a secondary phase of
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cytokine release, interleukin-6. The stimulationA@TH leads to an increase in cortisol,
which inhibits cytokine expression. The cortisoagha concentration during major
surgery in sufficient to depress the cytokine cotedion by the negative feedback
mechanism (Sheeran and Hall, 1997; Desborough,)2000

To summarise, the stress response results in botiatatate causing an increase
in blood glucose to mobilize energy in order topypghe damaged tissue (Tranquili
al., 2007). This stress response and the accompaniesiopdgical changes are meant to
be acute and of limited duration. However, inickih settings the evoked stress response
due to pain and trauma is argued to be unnecef@asporough, 2000) as it can lead to
weight loss and muscle wastage as well as decrdasednity due to high plasma
cortisol levels (Tranquillet al.,2007). This stress response has been shown tasere

mortality and morbidity in the clinical setting (Misonet al, 2003).

Hyperglycaemia produced by multiple hormonal intécms has been related to a
higher mortality rate in critical ill patients aftenajor surgeries (Eget al, 2009). It is
controversial if the hyperglycaemia is only a refien of the severity of the illness or if it
may cause harm on its own. The potential underlym@ghanisms of hyperglycaemia-
induced mortality include promotion of sepsis, @eth wound healing and

neuromyopathy (Kavanagh and McCowen, 2010).

Moreover, excessive trauma and stress can causespvghd release of
endogenous mediators such as cytokines that caseguéntly result in the systemic

inflammatory response syndrome, multiple orgarufailand death (Silverstein, 2009).

With analgesic and anaesthetic agents the strepsmnse related to surgery or

medical conditions can be controlled (Weissman801®esborough, 2000).
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2.2  Pain management

Analgesic drugs can be divided into non-steroiadi-iaflammatory drugs (NSAIDs)q-
adrenoreceptor agonists, opioids, local anaesshatid others (Gaynor and Muir, 2009).

These drugs act on different steps along the ahway.

Monotherapy with only one agent is often not su#int to achieve adequate
analgesia in clinical settings; therefore, multimbpain therapy has become the standard
practice in human and veterinary medicine. Multiedodnalgesia consists of the
administration of more than one analgesic drug #té$ at different levels on the pain
pathway (Hellyer, 2004). An advantage of this nmidtdal therapy is that pain is better
controlled because of additive or synergistic apsily effects of the drugs. Another
advantage is that lower doses of each drug areiregfjuthereby reducing or even
eliminating the potential adverse effects (Trarguwt al, 2007; Lamont, 2008). The
choice of drugs should be based on the mechanespsmsible for the pain pathogenesis
(Woolf, 2000). Systemically administered drugs aegional anaesthetic techniques with

local anaesthetics are often combined.

2.2.1 Epidural analgesia

A commonly used regional analgesic technique irerugdry medicine is the epidural
administration of drugs (Bonattt al, 1984; Valverde2008). Epidural analgesia using
local anaesthetics has been used in veterinary cinedsince the 1950s. After the
development of safer general anaesthetic agendsir@pitechniques were displaced, but
with the discovery of the opioid action on the sgpicord in the 1980s (Yaksh and
Noueihed, 1985), there was a re-emergence of egidechniques as analgesic effects
could be achieved using opioids without the sidieot$ of motor paralysis due to
administration of local anaesthetics (Valverde, &0CEpidural techniques are now
widely used for intra- and postoperative pain cantand new drugs are being

investigated (Hansen, 2001).

Epidural administration of drugs reduces the nemdsystemic analgesic drugs

(Torske and Dyson, 2000; Jones, 2008) and thewthyces the development of systemic
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adverse effects. The analgesia achieved by an mpidjection has been proven to have
a faster onset of action, a higher potency anaigdoduration compared to the systemic
administration of the same drug (Bonath, 1986).ifdybiting the pain-pathway at the
level of the spinal cord, central sensitisation banavoided and the stress response is
markedly decreased (Woolf, 2011). Furthermore, wpidanalgesia leads to a better
postoperative outcome (Grass, 2000; Rodgead.,2000; Jones, 2008).

Before performing an epidural injection the patishould be carefully selected.
Contraindications for epidural injections includeps8caemia, coagulation disorders,
trauma or infection in the area of injection andodmity of the anatomy (Hansen, 2001;
Valverde, 2008)

Epidural injections are commonly performed in thenbosacral intervertebral
space in small animals as it provides the larges¢ss to the spinal canal (Jones, 2001).
The dorsal intervertebral space in medium size dgogpproximately 2-4 mm. To insert a
spinal needle in the epidural space the followingtamic structures need to be pierced:
the skin, the subcutaneous fascia, the interspiniigsment and the prominent
interarcuate ligament oligamentum flavumThe meninges of the spinal cord from
outermost to innermost are the dura mater, thehamdea and the pia mater. The dura
mater is divided into an external and internal lzaei. The external lamina is represented
by the periosteum of the vertebral canal and dmdyimternal lamina surrounds the spinal
cord. The epidural injection is performed betwebre two laminae, which actually
represents the intradural space. The epidural spddked with fat to prevent the spinal
cord from injury. The next meningx surrounding fpénal cord is the arachnoidea, which
contains the cerebrospinal fluid (CSF). The arahrmater is named after its spider web
appearance provided by trabeculae and fibrousetjisghich are in close contact with the
pia mater. Injection of drugs into the fluid fillesubarachnoid space is known as
subarachnoid, spinal or intrathecal injection. Tilemningx closest to the spinal cord is the

pia mater, which contains blood vessels to supbéy gpinal cord with nutrition and

oxygen (Valverde, 200€)

In foetuses, the spinal cord extends as far asabeim. During growth, it shrinks

within the vertebral canal as the growth of thetelae is faster than the spinal cord
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growth. In large breed dogs the spinal cord tertemas thdilium terminaleat the fifth
lumbar vertebra and in small breeds it ends atlidtael of the lumbosacral point. This
anatomic feature makes it more likely to accidéyntaérform an intrathecal injection in
smaller dog breeds and in paediatrics (Valverd@8R0The subarachnoid space and the
sac of the dura mater extend around 2 cm beyondililn® terminale The sacral and

caudal spinal roots form tlrauda equina

The needle size should be chosen depending orizéhefsthe dog. A 2.5 cm, 22
Gauge (G) needle is recommended for small dogs8 @, 20 G needle for medium
dogs and a 7.5 cm, 18 G needle for large dogs évady; 2008).

The epidural injection should be performed in sedatr anaesthetised animals to
ensure correct needle placement by avoiding moveofehe patient (Torske and Dyson,
2000).

Positioning of the animal in sternal recumbencseommended as it is easier to
insert the needle in the midline compared to a plaged in lateral recumbency (Jones,
2008). The hind limbs can be pulled forward to masge the intervertebral space.
Rotation of the patient in right or left lateratuenbency or in dorsal recumbency can be
performed to allow increased spread of the drug ¢tive desired vertebral bodies. For
lumbosacral epidural injection, the anatomical laadks include the external angles of
the iliac crestst(iber coxay the dorsal spinous process of tidumbar vertebra and the
sacrum. The area is prepared using a sterile tggbrénd the needle is inserted in a
straight angle through the skin (Jones, 2008). Whetigamentum flavunis pierced an
increased resistance can be felt and is describeal “‘@op”. Correct placement in the
epidural space is tested by injecting a small arhotiair, sterile water or saline solution
with lack of resistance. Other methods to ensureecbplacement include the “hanging
drop” technique, the measurement of force wavem ftbe epidural space, the use of
electrical stimulation (Valverde, 2008) and thegtjon of a small amount of radiological
contrast (epidurogram) (Bartynskt al, 2005). In the study by Troncy et al. in 2002,
epidural injection failure occurred in 7% of dogedergoing surgery. The epidural
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injections were performed in 242 anaesthetised dogsa failure was considered as an
inability to decrease the requirement of inhalagers, which occurred in 17 dogs
(Troncy et al, 2002). If cerebrospinal fluid is obtained the dieewas inserted too far
into the subarachnoid space. The spinal needledh@uwithdrawn to position it in the
epidural space or, alternatively, the drug may fjected intrathecally but the injected
dose should be reduced (Valverde, 2008). Torskal.etecommended a general drug
reduction of 40% to 60% when drugs are injectedathecally (Torske and Dyson,
2000).

Another technique performed in humans is an epidaraombination with an
intrathecal injection. An epidural catheter is jgldcto ensure a prolonged block and
intrathecal injection is performed with a low ddeeobtain a rapid onset of action. This
technique has been successful performed in a d&phgith et al. in 1984 (Bonat al,
1984) and Novello and Corletto in 2006 (Novello &wutletto, 2006).

For a repeated or constant delivery of analgesiggjran epidural catheter may
be placed (Hansen, 2001). A commercial kit is usaataining a catheter and a Tuohy
needle. The Tuohy needle has a round tip with alb®vdirect the catheter into the
epidural space. The Tuohy needle is placed in @éheesmanner as the spinal needle, but
the “pop” is more pronounced as the needle is blurnthe stylet is removed and the
epidural catheter threaded through the needletimcepidural space. If the needle is in
the correct position the catheter can be insertgldout any resistance. To secure the
catheter it should be threaded far enough cransallyhat movement of the skin will not
retract the catheter. After this procedure the leeedn be removed. To ensure adequate
catheter placement radiographs may be obtained.eftrg of the catheter through the
skin should be protected with aseptic solutions anbacterial filter is placed on the
catheter (Hansen, 2001).
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Figure 7: Lumbosacral epidural Tuohy needle placement ioga d

The cranial spread of the drug is largely dependenthe administered volume
(Leeet al, 2004). Recommended volumes are 1 mL per 5 kgdy lveight to extend up
to the first lumbar vertebra, with a maximum voluofe6 mL as the epidural space is a
fixed volume space and cannot contain excessivema&s (Torske and Dyson, 2000).
Other authors recommend 0.3—-0.5 mL per 10 cm filmmotciput to the seventh lumbar
vertebrae (Westhuesd Fritsch;1960).

Local anaesthetic drugs are widely used in vetgringedicine (Tranquilliet al.,
2007). They block the sodium-selective voltage-dejeat ion channel in nerve fibres. As
result the sodium influx in the afferent nerve ébiis decreased and depolarisation of the
cell membrane becomes less likely (Mazoit, 2012)erAthe epidural injection, the local
anaesthetic will diffuse into the intervertebrataand act on the distal part of the dorsal
nerve roots. The drug will also spread from theaithiral space through the arachnoidea
into the subarachnoid space where it acts on theneots. A direct action on the spinal
cord is also suspected. The action of local anatisthextends to all nerves entering and
leaving the spinal cord resulting in motor, sensangl autonomic blockade of nerve
transmission (Torske and Dyson, 2000; Kokki, 20T2k onset of action depends on the

diameter of the nerve fibre, with sympathetic bbbk first, followed by sensory and
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finally motor nerves. Therefore, local anaesthefics likely to lead to motor paralysis,
which results in ataxia and pelvic-limb weaknesscdSsive cranial spread of the local
anaesthetic into the thoracic vertebrae will resulsympathetic block with hypotension

and decreased cardiac output (Valverde, 2008).

Another group of drugs used for epidural analgesi&a the opioids. Opioids
gained attention and popularity as epidural oraitiecally administered drugs after the
landmark study in 1976 by Yaksh et al. (Yaksh andyR 1976).

Opioids can be classified into opioid agonists,o@piagonist-antagonists and
opioid antagonists. Opioid receptors are class#igg k ands receptors. Tha receptors
are further subdivided intps:, u> andps receptors (Stoelting and Hillier, 2005). The
receptors mediate analgesia and euphoria and adndaurinary retention, whereas e
receptors mediate analgesia and cause respiradpmgstion, bradycardia and physical
dependence (Stoelting and Hillier, 2005). Tiereceptors are located in peripheral
nerves and lead to hyperpolarisation due to inflatron (Gaynor and Muir, 2009). The
receptors are known to cause sedation, analgediayaphoria, and cause less physical
dependence (Stoelting and Hillier, 2005). Lasthe & receptors modulatg receptor
activity (Gaynor and Muir, 2009).

Opioid receptors are found in the periphery andhm CNS. They are widely
distributed in pre- and postsynaptic neurons ingpi@al cord, thalamus and cortex and
are also part of the descending pain-pathwayslhikgeriaqueductal grey matter, nucleus
raphe magnus and medulla (Inturrisi, 2002). Alksks of opioid receptors are G-protein
coupled and mediate inhibition of the adenylatdase. They decrease presynaptic
excitatory neurotransmitter release and inhibit t@gsptic conduction by
hyperpolarising the cells. On presynaptic nerventeals, they decrease calcium influx,
which results in less substance-P release (Stgedtimd Hillier, 2005). This effect is
mainly seen on C-fibres and to a lesser extentdmpénding on the dose, ord-fibres
(Valverde, 2008). In postsynaptic neurons, theydase potassium efflux resulting in
hyperpolarisation of the cells. In addition, theyibit GABAergic inhibition action on
inhibitory pain neurons in the central nervous eys{Inturrisi, 2002). Another suspected
site of action of opioids is at the NMDA-receptarthe dorsal horn of the spinal cord,

enhancing the effects of NMDA-antagonists (Intur2902). As a result, opioids lead to
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a reduced neuronal action, which results in anagasd/or sedation (Stoelting and
Hillier, 2005).

The main site of action of epidurally administeaoids is the dorsal horn of
the spinal cord. After epidural injection, the drbigds to fat in the epidural space and
penetrates the meninges. The arachnoid mater igritmary barrier for the administered
drug. The possibility to penetrate this barrieinffuenced by the lipid solubility. Opioids
with a high lipid solubility such as fentanyl crod®e arachnoid mater rapidly, which
results in a fast onset of action and a short duradue to a high systemic absorption.
Less lipid soluble drugs like morphine have beemwshto have a slow onset and a long
duration of effect, which makes this opioid thefereed one for epidural techniques in
animals. Another pharmacokinetic factor affectingoa effect is the epidural blood
flow. An increased blood flow leads to an increalsarance from the epidural space and
a higher systemic absorption rate. Sympathetic rantbr blocks do not occur due to

opioid administration (Valverde, 2008).

When morphine is administered at a dose of 0.1 grigelidurally to animals the
onset time is 20-60 min (Jones, 2008; Valverde 8p@Mhd the analgesic duration of
action varies from 10 to 24 hours (Torske and DyspbO0O; Troncyet al, 2002;
Valverde, 2008; Jones, 2008). This contrast witk #ystemic administration of
morphine, which results in an analgesic effectingsbetween 4 and 6 hours. Therefore,
the epidural administration provides a much longealgesic duration (Inturrisi, 2002).
The rostral spread of morphine is extensive asetieml slow clearance from the CSF
(Valverde, 2008).

Side effects due to epidural opioid administratiwa dose dependent; therefore,
side effects are more likely to occur when lipahitipioids are administered as their
systemic absorption and plasma levels are highalvévde, 2008). Complication rate due
to epidural morphine administration is describe®.@6% in dogs and cats (Torske and
Dyson, 2000). With regards to the cardiovasculastesy, epidural fentanyl and
oxymorphone showed a dose dependent decreaserirrdiiea a decrease in blood force
and an increase in arterial carbon dioxide tensmmereby dogs treated with epidural
morphine had better blood forces and cardiac outputpared with the control group

(Troncy et al, 2002). Respiratory depression is potentiallyriwst serious adverse side
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effect of epidural opioids. It manifests as a daseein respiration rate and an increase in
arterial carbon dioxide tension in dogs receivingphine (Troncyet al, 2002). Usually
the respiratory depression is related to a widgabspread and is delayed in relation to
the time of administration. Additionally, urinargtention is described as an adverse
effect, which occurs more commonly in humans (Valee 2008). Other adverse effects
reported in humans are nausea and vomiting due ctiona on the medullary

chemoreceptor trigger zone in the brain (Intur@6i02).

Adverse effects due to epidural injections are amd epidural techniques are
relatively safe. In humans, post-dural puncturedaebes are reported as well as
neurological symptoms (Kokki, 2012). Mechanicaluiyj abscesses and spinal cord
infection have been described (Remedibal, 1996; Swalandegt al, 2000). Accidental
intravascular injection can lead to systemic tayi¢Mulroy et al, 1997). However, the
side effects are reduced and the analgesic eHentproved with epidural administration

compared with systemic drug administration (Valegr2008).

2.3 Magnesum

2.3.1 Magnesium physiology

Magnesiumis the fourth most common mineral salt presenth@ human body after
phosphorus, calcium and potassium.?Mg the second most common intracellular cation

after potassium (Dubé and Granary, 2003).

Approximately 99% of the body magnesium is stoneside the cells. Of this
amount, 67% of magnesium is in the bones togetitaraalcium and phosphorus, 20% is
stored in muscle tissue and 11% is found in otbértssues. Only 1% of the total body
magnesium is located outside the cells in the egthdar space. The exchange between
the extracellular and intracellular magnesatores is difficult to study but it appears that
there is only a very slow exchange between bonavarstle and the extracellular space.
Soft tissue seems to be much more able to libenaignesiunto the extracellular pool.
The 1% extracellular magnesiumpresented in three forms. The ionized form Ya&cti
form, 55%) (Md@"), the protein-bound form (20-30%) and the aniomgexed form
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(bound to phosphates and citrate, 15-25%). Itspatted that there is a shift between the

free ionized form and the complex form (DiBartd®2806).

The maintenance of an adequate magnesium balancemplex and mainly
controlled by intestinal absorption and renal etiore It is closely linked to other

electrolytes like sodium, potassium and calciumiriRart, 1990).

The absorption of magnesiuakes place between the ileum and the colon. Two
pathways for intestinal magnesium absorption ard Wweown. One pathway is the
passive paracellular route, through the tight jiomst between epithelial cells. The forces
for this movement are the transepithelial magnestoncentration gradient, the
transepithelial voltage gradient formed by wated aalt absorption and the permeability
of the tight junction to magnesium. The transepighenagnesiungradient is influenced
by the gut intraluminal Mg concentration and the total dietary intake of nesjumas
well as the amount of magnesitinat is chelated. A small positive intraluminal tagje
created by net movement of salt and water resnltsainsepithelial cation movement.
Additionally, cation movement results in solveniaglrcreated by sodium and water
absorbtion. The permeability of the tight junctisrcreated by numerous ion channels. A
specific magnesiunon channel has not been conclusively identifieiBg@dtola, 2006).
The second existing pathway in the gut is the adimanscellular route. At the moment
there are a lot of investigations in this fieldstfidy, which focus on the hypothesis that
several magnesiutransport proteins exist (Quamme and Rouffigna©020Parathyroid
hormone (PTH) has been identified to have a pesitifluence on the magnesium
absorption in the gut (Hardwickt al, 1991). The primary factor of the percentage of
magnesiumabsorbed by transcellular and paracellular mechaniss the dietary
concentration of magnesium. A high magnesiatake creates a large concentration
gradient and most absorption occurs through thaceg#lular route. Conversely, a poor
magnesium intake results in a less efficient pdidlee absorption and active
transcellular magnesiutmansport becomes more important for adequate nsagne
balance (DiBartola, 2006).

Magnesiumtransport in the kidney is influenced by calciumdaseveral
hormones. It is likely that similar control mechems influence magnesiusbsorption in

the gut. The kidney provides the most sensitivarobfor magnesium balance (Quamme
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and Rouffignac, 2000). In the glomerulus, 80% dhltserum magnesium is filtered.
Approximately only a small fraction of 15% is realdsed within the proximal tubuli. The
reabsorbtion is mainly via passive and unsaturadehanisms through paracellular
transport. A large amount of magnesium (60%) isbsegbed in the cortical thick
ascending loop of Henle. Paracellular pathwaysutinotight junctions seem to be the
most important mechanism. The principal force aifmyvmagnesiuntransport is the
electropositive luminal environment created by thevement of sodium and chloride
from the lumen to the interstitial space. In addlifi magnesiummovement in the
interstitial space occurs as a result of solvemtgdhrough the tight junctions. This
mechanism implies that a change in transepithetiidge influence the permeability for
magnesiunand additionally increase the absorption of magmasiAn increase in salt
movement from the lumen will elevate the transegligt electrical potential and facilitate
magnesiunabsorption. Calcitonin, PTH, glucagon, antidiurét@@mone, aldosterone and
insulin are known to increase magnesium absorp@nthe other hand, prostaglandins,
hypocalcaemia, hyphosphataemia and acidosis caratecmagnesium absorption. The
distal convoluted tubuli do not act as mass trarisp@f magnesiurbut constitute the
site that determine the final amount of magnesuanetion. Reabsorbtion of magnesium
in this area appears to be mainly through actiemstellular routes (Quamme and
Rouffignac, 2000).

Magnesiunhas a fundamental role in many cellular functidhg involved as a
co-factor in more than 300 enzymatic reactionsteeldo energy metabolism and nucleic
acid synthesis (Fawcett al, 1999). Magnesiuhas modulatory effects on sodium and
potassium currents by regulating the 2Nié+-ATPase, thus mediating a membrane
stabilising effect (Herroedest al, 2011). Magnesiuracts by regulating and controlling
different ion channels and its calcium antagonisfiects are well studied. Magnesium
regulates calcium channels in cell membranes ambglasmic reticulum. These results
in a direct competitive antagonistic action direcégainst calcium influx into cells and

outflow of calcium from the sarcoplasmic reticulgubé and Granary, 2003).

In muscles, magnesium and calcium and have ogpogiffects.
Hypomagnesaemia results in contraction and hypaeal@ induces relaxation. The
mechanism behind this effect is that hypomagnesaeaiises a rapid passive release of

calcium by the sarcoplasmic reticulum, which ledsontraction. Magnesium influences
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the neuromuscular transmission by blocking theyasitcalcium into presynaptic endings
which leads to a decrease in acetylcholine relédse decrease in acetylcholine has been
shown to increase the threshold for axonal exomatin conclusion, hypermagnesaemia
causes neuromuscular weakness while hypomagnesasmiges neuromuscular

hyperexcitability (Dubé and Granary, 2003).

Magnesiunis known to inhibit catecholamine release by blocking calcium
channels thus preventing calcium influx into symphathetic nerve endings. This
results in modulation of the sympathetic reaction to nociceptive stimuli and stress

response (Shimosawa, 2004).

In the spinal cord, Mg is a natural non-competitive NMDA-receptor antagbn
and leads to an increased activation threshold évietyal, 1984). It has been shown to
induce analgesia (Mayet al, 1984; Woolf, 2000; McCartnegt al, 2004; Soavet al,
2009) and has neuroprotective effects (Simpetaad, 1994).

The measurement of magnesium to diagnose magnesiicits is difficult and
controversial. At present there is no simple, rapid accurate laboratory test available to
assess the amount of total body magnegtwaminathan, 2003). The fact that only 1%
of the body magnesiums extracellular and only 55% of this is in the imed form
presents a diagnostic challenge to detect defigitere are two different methods to
assess magnesium clinically: either gy the total magnesium in various tissues, most

commonly blood.

Total serum magnesium is the most commonly usethadeof assessing
magnesiunas it is easy to obtain serum samples from pati@ntsthe assay is easy to
perform and widely available (DiBartola, 2003). &thissues (red blood cells, white
blood cells, muscle tissue) have been used to m@aswagnesiunconcentration.
However, because of the complexity of the assdngset methods are not routinely used

in clinical practice.
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Another method to assess magnestaficit is to assess the renal magnesium
handling by testing the renal retention of magnasitihis assay is based on the idea that
renal retention of magnesiusocurs during magnesium deficit. Consequently, ésisay
can not be used in patients with inadequate remaltion. However, these assays are not

widely used in veterinary practice (DiBartola, 2D03

Normal total serum magnesiwuancentration for humans ranges between 0.75—
0.95 mmol/l (Musso, 2009), 0.76-0.96 mmol/l (Fawoett al, 1999), 0.7-1 mmol/l
(Herroederet al, 2011), and 0.7-1.1 mmol/l (Swaminathan, 2003)ddgs, the normal
range is 0.6—1.2 mmol/l (Clinical Pathology Laborgtreference range, Department of

Companion Animal Clinical Studies, University ofelria).

Magnesiumdisorders such as hypomagnesaemia can be foundsipitélised
patients and it is common in critically ill patisntHypomagnesaemia is often associated
with other metabolic disorders, as for example,dkgtaemia and hypophosphatemia.
There are several causes of hypomagnesaemia. Coweemses include disorders of the
two regulating organs: kidney and gut. This resuita lack of input, less absorption or
excessive elimination. Some of these conditions fre example: malnutrition,
malabsorption, inflammatory bowel disease, diarahopancreatitis, hypercalcaemia,
hyperaldosteronism, diabetes mellitus and hypopgraidism (Dubé and Granary,
2003). Hypomagnesaemia manifests typically as aardnd/or neuromuscular disorders.
Clinical symptoms of hypomagnesaemia include anarexausea, vomiting, generalized
weakness, convulsion, tetani and changes in tharetardiogram (Dubé and Granary,
2003; Herroedeet al, 2011).

Hypermagnesaemia is less frequent and occurs tienga with chronic renal
failure and due to rhabdomyolysis, or iatrogenicafter excessive use of antacids or
laxatives containing magnesium-salts or treatmedots hypomagnesaemia. Clinical
symptoms can range from nausea, vomiting and s@noelto deep coma (Dubé and
Granary, 2003).
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2.3.2 Magnesium asa systemic analgesic

Magnesium as a physiological NMDA-receptor antagbis thought to have analgesic
properties by inhibiting central pain transmissatrihe level of the spinal cord as well as
inhibiting and preventing central sensitisation sml by peripheral nociceptive

stimulation of long duration (Mebazaaal, 2011).

Different studies in humans and animals have kpformed on the analgesic
effect of intravenous (IV) magnesiurmdministration. Most studies administered
magnesium sulphate (MgSOwhilst others used magnesiues laevulinate (Wilder-
Smithet al, 1997), gluconate (Steinlechner, 2006) or chloffksbyet al, 1996). Most
commonly, a single magnesium IV bolus was admirestdollowed by a constant rate
infusion (CRI) during surgery or for a certain peki But also single doses have been
tested (Schulz-Stiubnest al, 2001; Tramér and Glynn 2007). The majority oési
studies focused on the effect of magnesium on dke &inalgesic consumption in the
intraoperative and postoperative periods. Someaedielaluated the effect of magnesium
on neuropathic pain (Brilet al, 2002) and one study compared magnesittin the
NMDA-receptor antagonist ketamine (Felsityal, 1996).

The magnesium doses used in different studieseagewide. Described IV bolus
doses range from 5 mg kgto 50 mg kg (Apanet al, 2004, Ryuet al, 2008), and
doses for CRI range from 8 mgkdh to 500 mg h in humans (Kagaal, 2002; Aparet
al., 2004). In animals, different doses of magnesiummehbeen used, from a single
injection of 600 mg kg subcutaneously in rats (Xiao and Bennett, 19943, 50 mg kg
bolus followed by a 15 mg Kg h CRI (Riojaet al, 2012) and a 50 mg Kgbolus
followed by a 12 mg Kgh CRI (Anagnostoet al, 2008).

When magnesium was administered in humans durifigissue surgery, such as
hysterectomy or cardiac surgery, the opioid requénets decreased in the majority of
studies (Trameet al, 1996; Schulz-Stibnet al, 2001; Karaet al, 2002; Unligenegt
al., 2003; Aparet al, 2004; Seyhan, 2006; Steinlechner, 2006; Meeted, 2008; Ryu
et al, 2008; Gupteet al.,2011; Kiranet al, 2011; Leeet al, 2011; Olguret al, 2012),
while it did not have any effect in other studig@éiler-Smithet al, 1997; Zarauzat al,
2000; Koet al, 2001; Bhatieet al, 2004; Paeclet al, 2006; Tramer and Glynn, 2007,
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Sullivan et al, 2012). When magnesium was administered in humardergoing
orthopaedic surgery, the opioid consumption deex#Koiniget al, 1998; Telciet al,
2002; Levauxet al, 2003; Hwanget al. 2009; Kogler, 2009). Furthermore, the
administration of magnesium resulted in less pasttpre discomfort and better quality
of sleep (Trameet al, 1996; Bhatizet al, 2004) and a lower incidence of postoperative
shivering (Ryuet al, 2008).

A study compared ketamine with magnesium chloridaumans suffering from
peripheral neuropathic pain (Felsbst al, 1996). Ketamine or magnesium was
administered by a bolus infusion followed by a GRIUO pain was assessed using pain
scales as well as mechanical and thermal thredkstihg. Ketamine infusion, but not
magnesium, reduced spontaneous pain and allodygrdficantly. Mechanical and

thermal thresholds were unchanged by both admieidtérugs.

In a systematic review of 14 human randomized @dihirials, it was concluded
that there was no effect of systemic administrabbmagensium on post-operative pain

intensity and analgesic requirements (Lysakoweskl, 2007).

In studies in rats, magnesium reduced allodyniagXind Bennett, 1994). When
magnesium was administered to dogs undergoingawgsierectomy it did not affect the

analgesic consumption (Riog al, 2012).

Possible reasons for the different results foundhi@ previously mentioned
studies include different dosages (Lysakowskial, 2007), single bolus administration
(Tramér and Glynn, 2007), small nhumber of patigiRija et al, 2012) and limited
ability of magnesium to cross the blood brain (Ko et al, 2001).

2.3.3 Magnesium asa neuraxial analgesic

Intravenous administration of magnesium is knowrrgduce intra- and postoperative

analgesic requirements by acting as a physiologiseigonist on the NMDA-receptor in
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the dorsal spinal cord. Whether or not systemicatlyninistered magnesiuis able to
penetrate the blood brain barrier remains uncledr an increase in serum magnesium
concentration does not seem to increase the CSfentration of magnesium (McCarthy
et al, 1998; Koet al, 2001; Suret al, 2012). Therefore, the neuraxial administration of

magnesium has been investigated in animal and homoalels of pain.

The administration of high doses of magnesatrthe level of the spinal cord is
proven to have no toxicity in rat models (Chaninet\al, 1997; Takanaet al, 2000) as
well as in dogs (Simpsoet al, 1994) and cats (Tsat al, 1994). However, dose
dependant neurological dysfunction, neurotoxicityd ano protective effect against
ischaemic spinal cord injuries has been reporteter afntrathecal magnesium

administration in rabbits (Saeki et al., 2004).

In rat models of pain, intrathecal magnesium en&drspinal analgesia induced
by opioids (Kroinet al, 2000) and delayed the development of opioid &oviee (Mc
Carthyet al, 1998). Furthermore, intrathecal Magnesium induwnetbr block (Karasawa
et al, 1998), sedation and sensory block (Babiaal, 1996). Magnesium administered
intrathecally reversed hyperalgesia induced by gnasium deficiency (Begost al,
2001). High doses of magnesiimjected intrathecally showed analgesic effect using the
formalin test in rats (Takanet al, 2000). Lower magnesiudoses and antinociception
tested with other nociceptive tests failed to stamwy antinociceptive properties (Takano
et al, 2000). The authors argued that this outcome coeldue to the acute type of pain

evoked by the different antinociceptive tests.

The antinociceptive effect of epidurally adminis@rmagnesiunin different
species has been investigated. Cross-over studigsaits (Bighanet al., 2009), horses
(Bigham and Shafiei 2008) and cattle (Dehghani &igham, 2009b) have been
performed using 1 ml of 10% magnesi(t@0 mg) combined with 2% lidocaine in all
studies. Time to onset of analgesia, duration @figesia, standing time, cranial spread
and vital parameters were assessed. The analgésit was measured recording the
response to superficial and deep muscular pinpiBighamet al, 2009) and pinpricks
and force from haemostatic clamps (Bigham and 8hafbh08; Dehghani and Bigham,

2009b). In all species, the onset of analgesiasigrsficantly prolonged in the lidocaine
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combined with magnesiutreatment compared with the lidocaine treatemarttalso the
duration of analgesia was prolonged. Mild ataxi®@ whserved in cattle and horses when
only lidocaine was administered (Bigham and Sha?@08; Dehghani and Bigham,
2009b). No difference in standing time was obseiwegbats (Bighanet al, 2009). The
vital parameters did not differ significantly frotmaseline in both treatment groups
(Bigham and Shafiei 2008; Bighaat al, 2009; Dehghani and Bigham, 2009b). In sheep,
epidural administration of 50 mg of magnesium pastbanalgesia for approximately 29

min and prolonged analgesia achieved by epidutahki@e (DeRossét al, 2012).

Different studies have been performed using in&redh magnesiunn clinical
human trials. Most studies focused on the effeanafinesium on the onset, degree and
duration of analgesia when administered in commnawith opioids and/or local
anaesthetics (Buvanendran al, 2002; Ozalevliet al, 2005; Arcioniet al, 2007; El-
Kerdawy, 2008; Yousef and Amr 2010; Shulkfaal, 2011; Nathet al, 2012) and the
effect on postoperative opioid consumption (Bdtiral, 2007; Birbicer, et al., 2007; El-
Kerdawy, 2008; Yousef and Amr 2010; Ouerghal, 2011).

The first trial dealing with magnesiumtrathecally in humans included 26
patients requesting analgesia for labour. Patiegteived fentanyl and magnesiso
mg) intrathecally. The duration of analgesia wa@ééd by the time the patient requested
additional drugs for pain management. Durationr@lgesia was significantly prolonged
in the fentanyl plus magnesium treatment (75 mmngared with the fentanyl alone
treatment (60 min). The authors argued that théopged duration might have limited
clinical relevance, but that it might be due to #siagle bolus and the low dose of

magnesiunadministered (Buvanendra al, 2002).

Similar results were observed in Ozalevli et atigdg with patients undergoing
lower extremity surgery (Ozalevikt al, 2005). Spinal anaesthesia was achieved by
intrathecal administration of bupivacaine (10 nightanyl (25 pg) and additional 50 mg
magnesium. The main findings were that the onsemofor and sensory block were
delayed and the duration of spinal anaesthesiapn@enged (median 173 min vs. 155

min) in the group receiving additional magnesium
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In another study in patients undergoing lower ewitg orthopaedic surgery, a 50
mg magnesium bolus followed by a CRI of 100 mg hgmesium was added to
bupivacaine (10 mg) and fentanyl (25 pg) intrathgc&l-Kerdawy, 2008). The onset of
spinal anaesthesia was significantly delayed ingtoeip receiving magnesium, but the
duration of analgesia was significantly longer. Theerall postoperative fentanyl

consumption was significantly lower in the magnesguoup.

In patients undergoing lower abdominal or lower Hinprocedure, 50 mg
magnesium intrathecally delayed the onset of as&gend prolonged analgesia achieved
by bupivacaine (15 mg), but the analgesic duratias shorter compared to the group
receiving additional dexmedetomidine (10 pg) (Sheklal, 2011).

Intrathecal magnesiunb0 mg) in addition to fentanyl (25 pg) and morghi{3
mg) in humans undergoing thoracotomy revealed aicextl postoperative analgesic

requirement (Ouerglat al, 2011).

Magnesium(100 mg) administered intrathecally in combination with &myl
(25 ng) and bupivacaine (12.5 mg) in patients wuiag hysterectomy produced a
delayed onset of sensory and motor blocks and pgelkb the duration of analgesia (Nath
etal, 2012) .

The postoperative fentanyl consumption was alsnifeigntly lower in a study
including patients undergoing hip surgery (B#it al, 2007). One group (25 patients)
received a continuouspidural infusion of fentanyl, whereas the othesugr received
fentanyl combined with a 50 mg kgnagnesium bolus followed by a 100 mg'kzer day
continuous infusion. Visual analogue scale scoresewower in the group receiving

additional magnesium and the overall fentanyl constiion was significantly less.

In another study, epidural magnesiwas added (500 mg) to bupivacaine (25
mg epidural and 10 mg intrathecal) and fentanylO(103) in women undergoing

caesarean section (Yousef and Amr, 2010). The nsagngroup showed significantly
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better muscle relaxation and delayed onset of pesative pain, whilst postoperative

analgesic requirements were significantly reduced.

A study compared the different routes of neuraadhinistration of magnesium
(intrathecal, epidural, combined epidural and fitkeaal) (Arcioni et al, 2007).
Postoperative morphine consumption was assessed psitient controlled analgesia.
Morphine consumption during 36 hours post-surgeag 8% lower in patients receiving
magnesium epidurally, 49% lower in patients recgjwinagnesium intrathecally and 69%
lower in patients administered a combined intragheand epidural injection of

magnesium.

However, epidural administration of 50 mg magnesimmmcombination with
ropivacaine showed no effect on postoperative pmid analgesia requirement in
paediatric patients undergoing lower abdominal emgscrotal surgery (Birbicer, et al.,
2007).

No difference in incidence of undesirable effetits bradycardia, hypotension or
sedation in comparison to the control treatment wegsorted (Ozalevliet al, 2005;
Ouerghiet al, 2011)

To the author’s knowledge no studies of neuraxialgnesiumadministration

have been performed in dogs to date.

24  Typesof threshold testing

Assessing pain in animals in an objective way prissa challenge in clinical, as well as
in research settings. Different types of pain sdlased on behavioural changes have
been developed. Also the use of physiological patara to assess pain has been
investigated (Hansen 2003). Another method to asgem is by using algometry, also
called nociceptive threshold testing (Logeal, 2011). However, at present there is no
established “gold standard” to assess pain ashalihtethods have limitations (Gaynor
and Muir, 2009).
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To investigate analgesic effects of drugs and @uate hyperalgesia, different
nociceptive testing techniques have been usedpiiiheiple behind nociceptive testing is
to apply a quantified nociceptive stimulus to a Yo@art until a behavioural or reflex
response is noticed, which indicates the pain bmies The behavioural or reflex
response is defined as the “end-point” and terraméte application of the nociceptive
stimulus. The ideal analgesiometer was described®dwgcher and is characterized by
repeatability and a good reliability. In additidhshould be easy to apply and the end-
point should be easy to detect. The applied stismghould be quantifiable, reproducible
and non-invasive, causing no tissue damage anddst@uassociated with perceived

pain; furthermore, it should show a dose-respoakdionship (Beecher, 1957).

There are several limitations to nociceptice algoynd he determination of the
end-point can be challenging as it is dependertherspecies and individual variability
(Love, 2001). Furthermore, an experimenter bigsoissible as the experimenter has to
judge whether there was a response to the apgliadlss or not (Bove, 2006). Also the
significance of the chosen end-point is importasitaareflex response indicates a less

complex conscious perception of pain than a monepbex response (Bove, 2006).

Nociceptive stimuli can be evoked by applying thaknelectrical, chemical and

mechanical stimulation (Love, 2001).

Thermal threshold testing, is commonly used in ftatwy animals (Le Barst
al., 2001; Zhangpt al, 2013) and domestic animals (Love, 2001; Pyperad@h, 2008).

By using thermal nociceptive stimuliéXibres mechano-heat nociceptors and
polymodal C-fibers are activated (Zhu and Lu, 20IMther studies have demonstrated
that the activation of the nociceptive fibres igpeledent on the speed at which the
temperature is increased. A rapid rate of heatotiyates A-fibres whereas slow rate of

heating activates polymodal C-fibres (Yeomans anodidfit, 1996).
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Commonly used thermal tests in laboratory animatsthe “tail-flick” reflex
response test, the “hot-plate” test (Beecher, 19%i#) “tail-immersion” test (Luttinger,
1985) and the “hind-paw thermal withdrawal” testr{@et al, 1997). These tests usually
record the latency to a response following appbcabf a constant temperature (Love,
2001). In horses, a source of radiant heat (lanag)bdeen used for thermal testing with
the end-point being latency period to hoof withdahar skin twitches (Carregaet al,
2007). An increase in time until a response occhas been interpreted as an
antinociceptive effect of tested drugs. One linvatof these methods is the inaccuracy
associated with timing. If the time between expedorthe heat source and the response
is short, this factor becomes more significant @,02001). Animals may learn to avoid
the nociceptive stimulus. Up to 50% of the hordeswed avoidance towards the heat-
lamp before the stimulus was applied (Kamerkal, 1985). Introducing a “sham test”
in the study protocol by exposing the horses ratyuta a non-heat producing lamp is
suitable to eliminate the learning effect (Kameglat al, 1985). An advantage of using
radiant heat is that there is no contact betweerskin and the heat source; therefore,
there is no sensation of touch or force, which datoke a reflex response (Beecher,
1957).

Another method of thermal threshold testing is gshre thermode based system.
A probe containing a heating element and a temperaensor is held against a clipped
area of skin. The contact of the probe with therslan be regulated and modified by
using a blood force cuff. The heating element haata constant rate until a change in
behaviour is noticed. The behavioural change vadesrding to the species being tested.
It can be a skin twitch or turn of the head in lesré_ove, 2001) or jumping, turning the
head, flicking the tail or licking and biting thegbe in cats (Pypendagt al, 2008). The
temperature at which the animal responds is refdoeas the thermal threshold. In order
to avoid tissue damage, should an animal not resmoout-out temperature has been set.
In horses, different heating rates have been iigasd. The slower the rate the more
clear the end-point and the more consistent thestimid temperature (Love, 2001). These
thermal threshold testing systems are criticisethag are in contact with the skin and

can thereby evoke mechanical stimulation (Le B, 2001).

Electrical stimuli are superior to other type afstli as they are quantifiable,

non-invasive and reproducible, but this kind ofnstius also has disadvantages as it is not
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a natural type of stimulus and activates all kimdsafferent fibres, from selective
nociceptor A and C-fibres up to large diameter non-nocicepfilvees. Furthermore, the
impedance of the stimulated tissue can vary anceméknecessary to monitor the given

current as well as the voltage required to gen¢hateurrent (Le Barst al, 2001).

Tests using chemical stimuli differ from tests gsither stimuli as chemical
stimuli change progressively over time, are of kmduration and inescapable. They are
known to be the closest experimental models tacairpain. Usually a chemical agent is
injected intradermally or intraperitoneally. Injiects at other regions are less common.
The injection of formalin is the most widely penfoed, but hypertonic saline, capsaicin
and other substances have also been used. Paonsesigz dependent on the dose and
concentration of the injected agent. The behavlowgsponse (licking, biting, rest and
protection of the injected limb) can be assesselsaored. Formalin causes a biphasic
behavioural response in rats and mice. The firasphesults from a direct activation of
the nociceptors and the second response is dafldammatory pain. Therefore, chemical
stimuli can be used to evaluate analgesic effectsoth opioids and NSAIDs. Opioids
have been shown to suppress both phases of thegsgionse while NSAIDs only block
the second phase (Le Batsal, 2001).

24.1 Mechanical threshold testing

Mechanical threshold testing is mostly performeglgpg gradually increasing force
over a given area of the skin until a behavioural-point is reached. The responses can
vary from a simple spinal reflex-response to v@aion and complex changes in
behaviour (Love, 2001).

The main criticism of mechanical threshold tesigghat the applied force may
be difficult to measure with precision and thaepatition of the stimulus can lead to an
increase in threshold of the assessed body pamBérset al, 2001). Activated receptors
include low-threshold mechanoreceptors as well agcaptors; therefore, this type of
stimulus has been criticised for being not specifio avoid the activation of low-
threshold mechanoreceptors it is necessary to apmlatively high force, which leads to
a weak sensitivity for nociceptive detection andn ceause tissue damage and

inflammation (Le Bar®t al, 2001).
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Different devices for different species have beevetbped (Le Barst al, 2001).
The main group of devices are based on von Frewsstigations in 1922, when he
developed the first monofilament by attaching a mmatan hair to a handle. Semmes
and Weinstein further developed a set of nylon rfiaments of different diameters
fixed on a handle. The theory behind monofilaméstto apply the monofilamet of a
given thickness to a surface until it bends. Thecdogenerated remains constant
throughout the bending excursion and the forceegeddent on the thickness of the
monofilament. When no response is evoked the nragkdr filament is chosen and

applied until a response is evoked and the thrdsbaletermined (Bove, 2006).

Different configurations of the monofilaments hdeen investigated. The probe
has been fixed to a controlled mechanical advampreducing a controlled force as with
the Dynamic Plantar Aesthesiometer (Modell 37450 Basile Srl, Italy). On the other
hand, the electronic von Frey device contains ia tig, which is manually applied, and
the maximum force in grams that elicits an end-p@ilectronically recorded.

Figure 8: Electronic Von Frey device, monitor and handlehwigid tip.

The main limitations of the mechanical thresholdtimds have been discussed

by Bove et al. (Bove, 2006). Bending of the filamesults in a change of the tip surface
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and results in an edge being applied to the slie.Sharpness and area of the filament tip
is dependent on the bending degree and increasiestwength of the surface to which it
is applied. This leads to an unpredictable foragegation, dependent on tip geometry and
strength of tissue to which it is applied (BoveQgp Some mechanical threshold devices,
like the electrical von Frey device (Electronic verey, Model 23931; IITC Life Science,
California, USA) are using rigid tips. Thereforemitations discussed for flexible tips do
not apply for the rigid tips. Other studies repbst filaments meant to produce the same
force do not, depending on the manufacturer (Boatid Young, 2000), and that
interfilament variation from the same manufactuséso occurs (McGillet al, 1998).
Further discussed is an experimenter bias, asxiperienenter decides which filament is
used and which behavioural change is considerégeasnd-point (Bove, 2006). Another
point of criticism is the different ways of repagi monofilament threshold testing. The
application of the monofilaments varies from nopasing duration of application
(KuKanich et al, 2005), applying the tip for only one second (Deigu al, 2004,
Lindegaardet al, 2009) or for up to more than 10 sec (Bove, 2006 recording of the
force applied varies from grams (Redetaal, 2002; Lindegaaret al, 2009) to newtons
(Lascelleset al, 1997) to pascals (Bove, 2006). The reported obmrge expressed in
percentage changes from baseline (Lasceateal, 1997; KuKanichet al, 2005) and
changes in grams from baseline converted to Idgargcales (Reduet al, 2002; Duque
et al, 2004). Therefore, a comparison between diffestatlies and findings is very
difficult.

Other limitation are that a learning behaviour roagur, as the animal may learn
to avoid the nociceptive stimulus (Love, 2001). Heer, in a study using von Frey
filaments in dogs the threshold values in the @drgroup did not change significantly
over time compared to baseline (KuKanieh al, 2005). Another study comparing
mechanical thresholds in horses on non-incision ianidion site found no changes in
mechanical thresholds at the non-incision site Javbihanges were found at the incision

site, which proved absence of a learning procesdif&et al, 2002).

Furthermore, mechanical threshold testing may bectfd by environmental or
external factors (e.g. time of the day, visual stipnoise, which may cause distraction
and increase the thresholds) and internal factkeskehaviour (e.g. frightened animals or

very active animals would respond earlier than cata friendly animals) (Bove, 2006).
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In summary, all types of nociceptive stimuli haweit limitations, advantages
and disadvantages as well as different pattern@# activation. Overall, there is no
“Gold Standard” in threshold testing.
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3 Objectives and Hypotheses

3.1 Objectives

3.1.1 Primary objectives

« To study whether magnesium administered in the asabral epidural space in dogs
produces antinociceptive effects determined usorgRrey mechanical thresholds.

* To study the possible antinociceptive interacti@meen magnesium and morphine
when administered in combination in the lumbosaapldural space in dogs

determined using von Frey mechanical thresholds.

3.1.2 Secondary objectives

» To study the onset and duration of the antinociceffects produced by magnesium
alone or in combination with morphine when admeanisd in the lumbosacral epidural
space in dogs.

¢ To study whether magnesium administered alone opinbination with morphine in

the lumbosacral epidural space in dogs producesrrdeficits.

3.2 Hypotheses

3.21 Primary hypotheses

¢ Magnesium administered in the lumbosacral epidspalce in dogs will produce an
antinociceptive effect detectable using von Fregtmaaical thresholds.

e The combined administration of magnesiama morphine in the lumbosacral epidural
space in dogs will produce a greater antinociceptffect compared with the

administration of each drug alone.
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3.2.2 Secondary hypotheses

The onset of action of the antinociceptive effechmgnesium administerdd the
lumbosacral epidural space in dogs will be longer and the domashorter than
morphine alone or the combination of magnesiumraacphine.

Administration of magnesiunalone or in combination with morphine in the

lumbosacral epidural space in dogs will not prodaicg motor deficits.
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4 Material and M ethods

41 Dogs

A total of six healthy, adult, neutered researcltadgde dogs (3 male, 3 female) were
enrolled in the study. The weight and age of thgsdeere 15.2 + 1.5 kg and 4 £ 1 years,
respectivelyDogs were determined to be healthy prior to eneolitbased on a clinical
examination and blood work including a completeobdl@ount, total serum protein and
creatinine concentrations. Also, the dogs’ totaluse magnesium concentration were
determined to exclude states of hypomagnesaemsn agclude interfere with the study
aim. Additionally, a clinical examination was perfeed every morning before the dogs
were anaesthetized. Dogs were housed in cagesaanddlily regular access to a free run,
they were fed with commercial dog food and had sede fresh watead libitum The

University of Pretoria Animal Use and Care Comneitépproved the study (V074-11).

4.2  Study design

This was an experimental, randomized, blinded, sosr study. Dogs received four
treatments in a random order with a one week waspetiod between treatments.

Epidural injections consisted of:

« Treatment control (Co): sterile water (0.115 mLikgSabax water for injection 10
mL Adcock Ingram Critical Care, South Africa).

e Treatment magnesium (Mg): Mg$&0% alone (0.005 mL kg 2.5 mg kg?) (Sabax
Magnesium sulphate 50%; Adcock Ingram, South Ajrica

« Treatment morphine (Mo): morphine alone (0.1 mgkgMorphine Sulphate-
Fresenius PF 10 mg mi_Fresenius Kabi for Bodene, South Africa).

« Treatment magnesium and morphine (Mm): a combinatfaMgSQ (0.005 mL kg')
and morphine (0.1 mg Ky

Sterile water was added to treatments Mg, Mo and telmbtain a total volume
of 0.115 mL kdg. The above-described solutions were always prephyethe same

anaesthetist (BD), who was not involved in therasticeptive evaluations.
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421 Anaesthesia

A clinical examination was performed on the dogsrgweek in the morning before each
treatment. Food was withdrawn for a minimum of Ispurs prior to anaesthesia, which
was performed in the morning of the day of thettmemt. A 20 G catheter (Jefed.V.
Catheter Radiopaque purple 20 G x 1.75"; Smithglidéé¢ International, UK) was
aseptically placed in the cephalic vein. Anaesthegsas induced in study dogs using
propofol (Propofol 1% Fresenius; Fresenius Kabi tBodfrica, South Africa),
administered intravenously to effect (ranging frod+8 mg kd) until loss of
consciousness, and the trachea was intubated wiiffed polyvinyl chloride endotrachel
tube (size 8). Anaesthesia was maintained witHusmie (Isofor Inhalation Anaesthetic;
Saffeline Pharmaceuticals, South Africa) in 100%g®n via a circle circuit rebreathing
system, with a fresh gas flow rate of 1 L rhirVital parameters were continuously
monitored during anaesthesia using a multiparametenitor (SurgiVet Tm; Smiths
Medical PM, Wisconsins, USA) including: respiratioiate, haemoglobin oxygen
saturation, expired Cf) electrocardiogram and arterial blood forces, mesb
noninvasively with an oscillometer. Dogs receivedntd kg! h' of Lactated Ringer's
solution (Sabax Ringer-Lactate [Hartmann's Sol{figxdcock Ingram, South Africa)
intravenously during anaesthesia. Rectal temperatwas also measured before
anaesthesia and in recovery. Dogs recovered fraasdinesia in sternal recumbency and

under continuous observation from the primary redes.

4.2.2 Epidural catheter placement and drug administration

Anaesthetised dogs were placed in sternal recumgb@he lumbosacral area was clipped
and aseptically prepared using chlorhexidine artd @rohol. An 18 G x 4.45 cm Tuohy
needle was inserted in the lumbosacral epiduralespath the bevel pointing cranially. A
volume of 0.5 to 2.5 mL of sterile water was inggttto verify placement by lack of
resistance to injection of a small volume and doorate correct epidural needle
placement. A 20 G epidural catheter was then iotred through the needle into the
epidural canal (Epidural Catheterization Set witbxFTip Plus® Catheter for Pedriatric
Lumbar Placement; Arrow International Special OrBeoducts, South Africa) (Figure
9). The epidural catheter was advanced 2 to 4 totive epidural space. Corresponding
drugs were immediately administered through thalwpi catheter with the dog still
under anaesthesia. The order of administratiorhefdrugs was done in a consistent
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manner and time of injection was recorded. After &#md of the epidural injection the
epidural catheter was removed and the dogs wesevexdl to recover from anaesthesia.
Epidural catheter placement and injection were gby@erformed by a single experienced
anaesthetist (ER), who was blinded to the treatsnent

Figure 9: Epidural catheter set, top-left 18 G x 4.45 cm Twokedle, bottom-right 20 G
catheter with injection port attached (Epidural li@aerization Set with Flex Tip Plus®

Catheter for Pedriatric Lumbar Placement; Arrowetngtional Special Order Products,
South Africa).

4.2.3 Antinociceptive threshold testing using the von Frey device

Antinociceptive threshold testing was performedgs von Frey device (Electronic von
Frey, Model 23931 [modified]; ITC Life Science, Karnia, USA). The device
consisted of a load cell, a handle, a monitor amijid tip. The plastic tip (4.5 cm in
length, 0.5 cm diameter) was custom built and niediby filling it completely with an
epoxy putty (Repair Metal power Epoxy; Pattex, Gamg), to increase the rigidity
(Figure 10).
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Figure 10: Rigid von Frey device custom built plastic tipyfrt) and tip filled completely

with an epoxy putty (left).

The load cell is designed to measure an appliedefaf 1 g to 1000 g.
Calibration was performed each day of the studgrpio data collection. The monitor
retrains the maximum force applied in grams befoitedrawal occurred. The operator,
always the same person (AB), was trained to ineréas applied force in a slow constant

manner until a nociceptive response occurred.

The repeatability of von Frey measurements was saede prior to
commencement of the experimental evaluation ofrireats (phase 1 of the study). Three
investigators (AB, ER and BD) performed two setsndasurements on two separate
days, with three measurements on each region osixlaogs. Tested areas included the
carpal pad, lateral surface of the epicondylugddiseof the humerus, thoracic wall at the
intercostal spaces 6 or 7, lateral surface oftiflghtand plantar metatarsus, on both sides.
These areas were clipped bilaterally for consisteiitie most consistent results were
obtained at the carpal pad (Cp), thorax (Th) andatassus (Mt) and, therefore, these

areas were selected for the study (Figure 11).
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Figure 11: Regions evaluated with the Von Frey device: capgals, both sides of thorax

and metatarsi.

Threshold testing was performed in a temperaturgrolled room with minimal
restraint and minimal distraction of the dogs. Dagse allowed to stand or lie in lateral
recumbency during the measurements. During therempetal (phase 2 of the study)
evaluation, measurements were performed by a singéstigator (AB) who was blinded
to the administered treatment.

During the experimental evaluation, threshold testivas always performed in
the morning prior to anaesthesia and epidural figec which was considered the
baseline and at 30 minutes, 1, 2, 4, 6, 12, 182hHours after the epidural injection.
Three consecutive measurements were obtained latregion and on the left and right
side at each time point. The maximum force at whichsponse was noted (the von Frey
threshold) was recorded by a second observer disded to treatment group. The
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measured von Frey threshold were expressed in geardsthe three measurements

averaged for statistical analysis.

Briefly, the tip was applied on each region perpemdr to the body surface on
clipped skin and force was applied in a consisyentreasing manner until a nociceptive
response was obtained. A nociceptive response wrsidered withdrawal of the limb
(Cp and Mt), a skin twitch or turning of the heddh). A withdrawal reflex obtained in
response to touching with the tip was not recordsda nociceptive response. A
maximum cut off force of 600 g was set. The in\gegtir was notified to stop if this force

was reached and it was recorded as the von Fregtthid.

The assessments of the antinociceptive thresholdghe Cp were always
performed with the dogs standing. The antinocieepthresholds measured at the Th and
the Mt were obtained whilst the dog was standinm dateral recumbency, depending on
the dog's preference (Figure 12). The measurememrte obtained first at the Cp,
followed by the Th and lastly at the Mt. The lefidaright sides were assessed in random

orders.
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Figure 12: Electrical von Frey device applied to the metatarstia Beagle in lateral

recumbency

Tested regions were visually inspected weekly fissible signs of tissue damage

caused by the applied force.

424 Additional measurements

Dogs’ behaviour during the threshold testing wasessed using a numerical descriptive
scale, with 0 being frightened, shy and quiet; thgpealm and cooperative and easy to
work with; 2 being anxious, unsettled and restless,still possible to work with; and 3
being excited, non-cooperative and difficult to warith.
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The level of sedation after recovery from anaeshess also scored using a
numerical descriptive scale, with 0 being not sedlafi being mildly sedated, 2 being

moderately sedated, and 3 being severely sedated

Tail tone was assessed to evaluated motor efféthe dreatments. The degree of
tail tone was scored using a numerical descrifgoade, with 0 having a nhormal tail tone,
1 having a mild decrease in tail tone, 2 having@enate decrease in tail tone, and 3

having no tail tone.

Additionally, ataxia of the pelvic limb was assab$e evaluated motor effects of
the treatments. Ataxia of the pelvic limbs was edawith the dog walking three meters
in a straight line using a numeric descriptive scalith 0 being no ataxia, 1 mild ataxia,

2 moderate ataxia, and 3 severe ataxia.

Additional measurements were always obtained bystree person (AB), who
was unaware of the treatments. Sedation, tail &mkataxia were evaluated immediately
prior to the von Frey thresholds measurement ahd\beur was assessed after threshold

testing at each time point.

Room temperature and humidity were recorded at @awh point during data
collection with a combined thermometer/hygrometd©OBBO Data Logger-U14-001;
Onset, Massachusetts, USA).

4.3  Statistical analysis

Data were assessed for normality through the pbpttf histograms, calculation of
descriptive statistics and the Anderson-Darling fes normality. Outcome variables
violating the normality assumption were transformsihg natural logarithms or ranks
prior to statistical analysis. Repeatability waseased by calculating the coefficient of
variation (standard deviation divided by the meah}he three repeated measurements

and by performing a variance components analysiénéar mixed model was used to
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analyse the effect of treatment and time on theRrmy thresholds. Dog was included as
a random effect in the model and behaviour, siglgipn and week were included as fixed
effects. Week of the study was evaluated as a pateonfounder or effect modifier in
the evaluation of treatment effects. Multiple paswvcomparisons were adjusted using
Bonferroni correctionA non-parametric Freidman test was used to compiae
distance of the epidural catheter within the casmalong treatmentData were
analyzed using commercially available software (SR&rsion 17.0; SPSS Inc; Chicago,

lll. USA) and results interpreted at the 5% leviesignificance.
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5 Results

5.1 Dogs

Data are expressed as mean + SD unless othervwesédisp. Haematology and clinical
examination prior to the study revealed no abnatrealin any dog. The blood serum
total magnesium concentration was 0.8 + 0.1 mmaettich was within the normal range

of the University of Pretoria clinical pathologylaratory (0.6—1.2 mmol/L).

5.2 Anaesthesia, epidural catheter placement and drug

administration

Anaesthesia was induced using 6.6 + 1.3 g é&@propofol and total anaesthesia time
was 13.0 £ 4.3 min. All vital parameters monitorédring anaesthesia were within

normal limits and no complications occurred.

Lumbosacral epidural catheter placement could dréopned in all dogs. The
epidural catheter was advanced 2.68 + 1.06 cm timoepidural canal. The epidural
injection could be completed in all dogs withouty atomplications. The volume of
injected drugs was 1.73 + 0.17 mL. Additionallytagal of 1.42 + 0.51 mL of sterile
water was added to the injected drugs. Thereftie tdtal epidural volume was 3.17 +
0.68 mL.

Induction, maintenance and recovery from anaesthvesie uneventful in all dogs.

No signs of inflammation or tissue damage at ttseiition site of the epidural

catheter were noticed during the study.
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5.3 Antinocicpetive threshold testing using the von Frey

device

Testing with the von Frey device was well tolerabgdall dogs. There was no evidence
of tissue damage, injury or lameness at any tinet plue to the applied force of the von

Frey mechanical threshold testing.

53.1 Repeatability of thevon Frey threshold

During phase 1 of the study, data collected from @p, Th and Mt had the highest
repeatability (data not shown) and were selectedhi® evaluation of treatment effects.
The mean coefficients of variation (range) of tba ¥rey thresholds for the three regions
for the investigator AB was 20.8% (3.2%-40.3%); 27%3.6%—-49.8%) and 18.9%
(3.7%—42.4%) at the Cp, Th and Mt sides, respdgtifFeigure 13). The majority (74%)
of variability in the von Frey mechanical threshwoMas unexplained, but 18.4% was
attributed to the operator, 3.4% to the dog, 3.8%h¢é region and 0.7% to the day.

Figure 13: Coefficients of variation (%) (mean [minimum, maxim]) of the von Frey

threshold for the investigator (AB), at the CP, Wh,and all regions combined.
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5.3.2 Antinocicpetive effects of the treatments

Mechanical von Frey threshold values are preseagethe median (interquartile range)

grams.

During phase 2 of the study, there was a signifiedfiect of treatment and time
in all regions. Threshold values varied signifitarity region (p<0.001). Threshold
values for Th were the highest, followed by Mt @yl (Table 1). Baseline thresholds at

each region were similar throughout the study adadt significantly vary by week.

Table 1. Overall mechanical threshold values in gram (mediaterquartile range])
obtained with the von Frey device at the Cp, Thl¢ihd

Regions Median
Cp 138 (118-165)
Th 172 (140-214)
Mt 162 (136-192)

Treatment had a significant effect on the von Ftegeshold values when
combined over all regions (p<0.001). Overall theddhvalues for treatment Co were
significantly lower compared with the three otheatments (p<0.001). Overall threshold
values for treatment Mm were significantly lowernmgqmared with Mg (p=0.022). No
differences in overall threshold values when combirover all regions were found

between Mo and Mg treatments.

Treatment also had a significant effect on the Foey threshold values at the
three independent regions, Cp (p<0.001), Mt (p<0.@®d Th (p<0.001).

At the Cp, treatment Co had the lowest obtainedstiold readings. Threshold

values at the Cp obtained with treatment Co wageifitantly lower than with treatment
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Mo (p=0.019) and treatment Mg (p<0.001), but th&rewnot significantly different from
treatment Mm (p=0.099) (Table 2).

At the Th, treatment Co had the lowest obtainedstwld readings. Threshold
values at the Th obtained with treatment Co weagsificantly lower than with treatment
Mo (p=0.014), treatment Mg (p<0.001) and treatnint (p=0.012) (Table 2).

At the Mt, treatment Co had the lowest obtaine@ghold readings. Threshold
values at the Mt obtained with treatment Co wegaificantly lower than with treatment
Mo (p<0.001), treatment Mg (p<0.001) and treatnint (p=0.003) (Table 2).

There were no significant differences in threshatlies comparing Mo, Mg and

Mm analysed for each region (Table 2).
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5.3.3 Changesin the antinociceptive threshold over timefor regions

Time had a significant effect on the von Frey thodd values. Overall von Frey
threshold values (when treatments and regions werabined) were significantly
increased at 30 min, 2, 4, 6 and 12 hours afteciign of the treatments compared with
baseline values (p<0.001, p=0.002, p=0.001, p=0440.001, respectively). The
measurement obtained at 1 hour after treatmentrashnaition was increased compared to

baseline, but it did not reach statistical sigwifice (p=0.073) (Table 3).

At the Cp, time significantly influenced the mecltah threshold values at the

time point 30 min (p<0.001) after injection of tlneatments (Table 3).

At the Th, time did significantly influence the abted mechanical thresholds
values. The threshold values were significantlyated compared to baseline at 30 min,
1, 2, 4, 6 and 12 hours after injection of the tirests (p<0.001, p<0.001, p<0.001,
p<0.001, p<0.001, p=0.002, respectively) (Table 3).

At the Mt, time did significantly influence the @limed mechanical threshold
values. The threshold values were significantlwa&ted compared to baseline at 30 min

and 2 hours after injection of the treatments (980, p=0.003, respectively) (Table 3)
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Results

534 Changes in the antinociceptive threshold over time for

treatments

Von Frey threshold values when regions were contbst®wed a significant effect of

time for the different treatments (Table 4).

The Co treatment had a significantly elevated thwks compared to baseline at
30min, 2, 4 and 12 hours after injection of thatneents (Table 4).

The Mg treatment had a significantly elevated thoéd compared to baseline at

30min after injection of the treatments (Table 4).

The Mo treatment had a significantly elevated thoéd compared to baseline at

4 hours after injection of the treatments (Table 4)

The Mm treatment had a significantly elevated thoéd compared to baseline at

2 hours after injection of the treatments (Table 4)
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Results

Figure 14 illustrates the actual mechanical thriesiaalues over time obtained at
the Cp for all four treatments separately. No stigtl significance could be detected at
any time point.

Figure 14: Mean (SD) threshold values obtained at the Cp ¢wee with the four

treatments.
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Results

Figure 15 illustrates the predicted mechanicalshotd values over time obtained
at the Cp for all four treatments separately.

Figure 15: Mean (SD) predicted threshold values obtained @tGp over time with the

Mm e€eatments.
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Results

Figure 16 illustrates the actual mechanical thriesiaalues over time obtained at
the Th for all four treatments separately. No sta&ial significance could be detected at
any time point.

Figure 16: Mean (SD) actual threshold values obtained at thevier time with the four
treatments.

i C O e \O Mg —— Mm

300
280
260
240
220
gzoo
5180
160
140
120 |+
100

80

hours

69



Results

Figure 17 illustrates the predicted mechanicalsoél values over time obtained

at the Th for all four treatments separately.

Figure 17: Mean (SD) predicted threshold values obtained efTth over time with the

four treatments.
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Results

Figure 18 illustrates the actual mechanical thrieslialues over time obtained at
the Mt for all four treatments separately. No statal significance could be detected at
any time point.

Figure 18: Mean (SD) actual threshold values obtained athever time with the four

treatments.
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Results

Figure 19 illustrates the predicted mechanicalsthotd values over time obtained
at the Mt for all four treatments separately.

Figure 19: Mean (SD) predicted threshold values obtained@tMt over time with the
four treatments.
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In summary, a trend for onset and duration of thgnaciceptive effects of the
different treatments could be illustrated, althoughsignificant differences were found
between time points for individual treatments, omlyen all treatments were combined.
There was an increase in the threshold values B&fter administration of all treatments
in all regions. Threshold values seemed to increasen between 4-6 hours after drug
administration. Return to baseline values seemeddtur 18 hours post-injection.

Finally, a slight increase in threshold values seio take place 24 hours post-injection.
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Results

535 Changes in the antinociceptive thresholds over time in

individual dogsfor each treatment

5.3.5.1 Changesin theantinociceptivethreshold over timefor treatment Co

Figure 20: Threshold values obtained at the Cp over timergatment Co.
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Results

Figure 21: Threshold values obtained at the Th over timdrfatment Co.
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Figure 22: Threshold values obtained at the Mt over timetfeatment Co.
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Results

5.3.5.2 Changesin theantinociceptivethreshold over timefor treatment Mo

Figure 23: Threshold values obtained at the Cp over timeréatment Mo.
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Figure 24: Threshold values obtained at the Th over timdratment Mo.
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Results

Figure 25: Threshold values obtained at the Mt over timetfeatment Mo
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Results

5.3.5.3 Changesin the antinociceptive threshold over timefor treatment Mg

Figure 26: Threshold values obtained at the Cp over timar&atment Mg.
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Figure 27: Threshold values obtained at the Th over timdriatment Mg.
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Results

Figure 28: Threshold values obtained at the Mt over timetfeatment Mg.
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5.3.54 Changesin theantinociceptive threshold over timefor treatment Mm

Figure 29: Threshold values obtained at the Cp over timaréatment Mm.
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Results

Figure 30: Threshold values obtained at the Th over timerEatment Mm
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Figure 31: Threshold values obtained at the Mt over timetfeatment Mm.
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Results

5.3.6 Effect of ssdeon thethresholds

There was a significant effect of side on the maida threshold values (p<0.001) on all

three regions (Table 5).

Table 5: Median (range) mechanical threshold values obdadmethe right and left sides
in grams. * Significant difference compared to tiggt side (p<0.05).

Left Right
Regions combined 157 (130, 193) 154 (126, 189)
Cp 141 (120, 171) 135 (115, 159)
Th 171 (140, 213) 174 (139, 216)
Mt 165 (136, 196 160 (133, 188)

54 Additional measurements

54.1 Sedation

Thirty minutes after epidural injection, the majpriof dogs were mildly (58%) to
moderately (13%) (Figure 30) sedated. Sixty minatiésr epidural injection, most dogs
were non-sedated (67%) and 120 minutes after egidojection, only two dogs (4%)

still showed mild signs of sedation (both receivivg treatment).
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Figure 32: Sedation score obtained 30, 60 and 120 minutes gfidural injection of the
treatments; no sedation (0), mild sedation (1)randerate sedation (2)
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5.4.2 Behaviour

Behaviour score 1 was most commonly given (78%)ovieed by score 2 (15%) and
score 3 (5%). Behaviour score 0 was given 5 timesly two dogs (3%) (Figure 31).

Dogs with behaviour score 0 had significantly higloeerall threshold values

(166 [137,189]) compared to dogs with a behavicores2 (164 [133, 197]) (p = 0.045).

At the Mt, dogs with a behaviour score 3 had sigaiitly higher threshold
values (185 [156, 215]) than dogs with a behavsmare 2 (172 [145, 197]) (p = 0.029).
At the other regions, no significant differencesriachanical thresholds could be detected

between the behaviour scores.
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Figure 33: lllustration of behavior scores observed in dog%ol
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543 Motor effects

The tail tone scores were always 0 on all dogdl &tvee points with all treatments.

The scores for ataxia were always 0 on all dogsallatime points with all

treatments.

54.4 Room temperature and humidity

The median (range) room temperature was 24.9°B7€621.4°C) and humidity was
65% (79%—-49%) throughout the study.
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6 Discussion

Lumbosacral epidural injections in dogs can be lehging and failures of epidural
injection are reported to range from 7% (Tromtyal, 2002) to 12% (Heath, 1992). To
avoid epidural injection failures and therefordséanegative results an epidural catheter
was placed in all dogs before each treatment. Cogpidural catheter placement was
assessed by lack of resistance to advancementeotatheter cranially and lack of
resistance to injection of sterile water. A morewaate method to ensure correct epidural
needle placement is the performance of a fluorosem epidurogram (EI-Khourst al,
1988; Bartynskiet al, 2005). However, due to ethical consideration raigg the X-ray

exposure these methods could not be performeaiddls enrolled in the study.

The used morphine dose of 0.1 mgtkg the recommended dose for epidural
administration in dogs by several authors (Trarigetl al, 2007; Valverde, 2008). Side
effects due to epidural morphine administrationrare including respiratory depression,
urinary retention and pruritus at the injectiore gitorske and Dyson, 2000). In this study

no side effects could be observed.

There are no previous studies investigating thmegcitceptive effects of epidural
magnesium administration in dogs in the literatdree doses of neuraxial magnesium
described in the literature are very variable. limhns, a single dose of 50 mg of
magnesium has been most commonly used intrathegdhlyno apparent adverse effects
(Buvanendraret al, 2002; Ozalevlet al, 2005; Shuklat al, 2011). Epidurally, 500 mg
bolus (Yousef and Amr, 2010) and 50 mg bolus withathecal CRI of 100 mg hour has
been investigated (Biliet al, 2007; El-Kerdawy, 2008). Epidural doses of 0n@ kg
have been administered in horses (Bigham & Sh&@#8), 0.21 mg kg in cattle
(Dehghani and Bigham, 2009a), and 2 mg! kg goats (Bighamet al., 2009) in
combination with local anaesthetics. A dose of 3 kgg of magnesium administered
intrathecally to dogs did not cause any adversectffand it seemed to possess
neuroprotective effects (Simpson et al. 1994). Hmxreneurotoxicity was observed after
3 mg kg' intrathecal magnesium administration in rabbitsef® et al., 2004). Based on
the lack of clinically recommended doses and thgaemt safety of epidural magnesium,

a relatively high dose of 2.5 mg-kgvas used in the present study.
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The antinociceptive effect of magnesium extendedoutine thoracic limbs. The
dispersion of a drug in the epidural space is dépenon the injected volume, the force
within the epidural space (Torske and Dyson, 2@0@) the lipid solubility of the drug, as
these factors facilitate the absorption acrossltime membrane and into the cerebrospinal
fluid (Valverde, 2008). The total volume administgiwas approximately equivalent to a
volume of 0.2 mL kg, which has been described to migrate up to theatodumbar area
(Torske and Dyson, 2000; Valverde, 2008). The ofegkeffect on the thoracic limbs has
been previously described with lumbosacral epidanarphine (Valverde, 2008) and
subsequently explained the absorption of the dnig the cerebrospinal fluid, which

promoted its cranial migration (Valverde, 2008).

The von Frey device was used to determine incréaseantinociceptive
mechanical thresholds following morphine and maymegpidural administration. The
von Frey device is validated for antinociceptiveetinold testing in dogs and various
other species (Jensen and Yaksh, 1986; Redual, 2002; Vivancoset al, 2004;
KuKanichet al, 2005). In this study, the rigidity of the tip wareased using an epoxy
putty to avoid bending of the tip with applicatiohhigh force as described in KuKanich
et al.’s study in 2005 (KuKanicét al, 2005). Bending of the tip would lead to a change
in the surface area being applied to the bodyetheproducing an unpredictable change
in the force applied (Bove, 2006). With this mochfiion no bending occurred in any of
the measurements, regardless of the force apflleelsame tip was used throughout the

whole study to avoid a source of possible varigb{BBooth and Young, 2000).

The end-point of threshold testing was defined inpitot study before
commencement of the study and the principal ingastr (AB) was trained to apply the
force in a constant manner. Furthermore, to avosbkible observer bias (Bove, 2006),
the principal investigator was blinded to the maximreading obtained, which was

recorded by a second person.

The negative control, treatment Co, had overall ltheest thresholds at all
regions and therefore, as expected, no detectahlgesic effects. There was no evidence
of change in thresholds obtained for treatment @ertome that could be attributed to

tolerance, hyperaesthesia or learning behaviour.
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The Mo treatment, used as a positive control, skowignificantly higher
thresholds compared to the negative control treattr@e. This effect could be observed
at all three measured regions separately as wall e overall analysis. The significant
increase in threshold at the carpal pads indicditasthe analgesic effect of morphine
reached up to the front limbs as described in anadtudy (Valverdeet al, 1989). The
analgesic effect of morphine is mainly due to tian on C-fibres in the dorsal horn of
the spinal cord, on central pain perception as wsllon descending pain pathways
(Stoelting and Hillier, 2005) and only at high desealso affects A fibres (Djouhri and
Lawson, 2004). The nociceptive stimulus elicitedthbg von Frey device is mechanical
and causes activation of 8A (high-threshold mechano-heat and mechano-cold
nociceptors) and polymodal C-fibres (Djouhri andvsan, 2004). The pain elicited by
the von Frey device can be described as similaatorally occurring pain (Le Baet al,
2001). The results of the present study show tlaatdministered morphine did have an

analgesic effect and that the von Frey device wasigve enough to show this effect.

As hypothesised, the magnesium treatment showeadifisantly higher
thresholds compared with treatment Co. This analgeffect was identified on all
measured regions. This implies that epidural magnesediated an analgesic effect that
spread up to the front limbs. Interestingly, theesimolds obtained in magnesium
treatment were numerically the highest of all gmyugdthough this was not statistically
significant. Similar results were found in the stds/ Bahr et al. in 1996 (Bahat al,
1996), where intrathecal magnesium also inducedasgrblock, although in this study
they also showed motor block and sedation. Thegasal effect of magnesiuisithought
to be due to its antagonistic action at the NMD#Aeggtor (Dubé and Granary, 2003). The
NMDA-receptor is mainly activated by continuous ieptive input from C-fibres and
contributes to the development of central sensitisa(Bhatia et al, 2004). Other
possible mechanisms for the antinociceptive eftéamagnesium include inhibition of
catecholamine release causing a decrease in néuactigity (Shimosawa, 2004),
inhibition of acetylcholine release or membrandititzation (Herroedeet al., 2011). All
these mechanisms are due to the calcium-antagoeiéticts of magnesium (Fawcett
al., 1999). The obtained serum magnesium levels wiergithin normal limits (0.6-1.2

mmol/L) and all dogs were healthy; hence a stateyppmagnesaemia in these dogs was
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unlikely. Therefore, the antinociceptive effectmagnesiunwas most likely due to its

direct effect on the spinal cord and not due tocttreection of a magnesiuteficiency.

Neuraxial administration of magnesigapidural and intrathecal) in combination
with opioids and/or local anaesthetics provides amgér duration of analgesia
(Buvanendraret al, 2002; Ozalevliet al, 2005; Yousef and Amr, 2010; Shulda al,
2011; Nathet al, 2012), a post-operative opioid sparing effectc{@mi et al, 2007;
Ouerghiet al, 2011; Khezriet al, 2012). A synergistic effect between magnesiuna
opioids has been previously postulated (Traeteal, 1996). This possible interaction
was investigated in this study by administeringhbdtugs in combination. Treatment
Mm had significantly higher thresholds comparedhwiteatment Co when all regions
were analysed together and at the thorax and msitafd the carpal pads, thresholds
obtained were numerically higher than in treatm@ot but it did not reach statistical
significance. It is possible that with a greatempbe size an effect on the front limbs
could have been also observed. However, no enh@rteof antinociception was
observed when magnesium was combined with morpsimee the thresholds were not
significantly different from those obtained with rphine or magnesium administered
alone. Therefore, no synergistic or additive effamild be demonstrated in this study. A
possible explanation could be the limited sampte sif six dogs. Another possibility is
that the nociception elicited by the von Frey deug of different quality and intensity
than pain elicited by surgeries (Ozaleeli al, 2005; El-Kerdawy, 2008; Yousef and
Amr, 2010), and therefore, the synergistic effe€t opioids in combination with
magnesium seen in patients undergoing surgeriektrbigy due to the difference in pain
experience. Both opioids and magnesibave an antagonistic action on calcium
channels, preventing calcium influx into pre-sym@aptells leading to a decrease in
excitatory transmitter release (Tranqudti al., 2007; Fawcetet al, 1999). Therefore, a
ceiling effect on the inhibition of the pre-synaptialcium channels could have been
reached when both drugs were administered togetti@ich may have prevented an
enhancement of the antinociceptive effect. Anotpessibility is that the dose of
magnesiumwvas either too high or too low to observe a symigiinteraction with

morphine. A dose-finding study would be necessamgstablish this.

An increase in mechanical thresholds was observednfin after drug

administration with all treatments and decreasedofr after injection compared to
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baseline. The measurement obtained 1 hour afeetiop showed no significant increase
compared with baseline. During the first von Fregeshold testing 30 min post-injection
most of the dogs were mildly to moderately sedatdtkbreas 1 hour post-injection less
than half of the dogs showed signs of sedationréfbee, the increase in threshold at 30
min could have been due to sedation. A sedatedigdagpre likely to respond only to
nociceptive stimuli of greater intensity and theatéon time might also be prolonged
compared with a non-sedated dog (Beecher, 195AueMer, in a study performed by
KuKanich et al. in 2005 (KuKanickt al, 2005), a high dose of intravenous morphine
was administered to dogs and the reported sedddisted for 7-12 hours whereas
antinociception, evaluated with the von Frey devimaly lasted for 4 hours. Based on
these results the authors suggested that von Fesmhanical thresholds were able to
discriminate between antinociceptive effects andiagen. In our study, the observed
sedation of the dogs was most likely due to residnaesthesia from isoflurane (Lopeiz
al., 2009), which might be different from the sedatmediated by IV morphine. Another
possible explanation for the increase in thresh@dsmin post-injection is the rapid
initial systemic absorption of the injected drugsising systemic rather than neuraxial
analgesia, as has been shown following epiduralphoe in dogs (Valverdet al,
1992).

An increase in thresholds was observed from 30 tmih2 hours, excluding 1
hour, compared with baseline following administatof all treatments when all regions
were pooled together. An onset and duration ofitldésidual treatments could not be

established.

Interestingly the control group showed a significarcrease in threshold over
time compared to baseline when treatments wereg/sathlseparately. These observation
remains unexplained. An increase of power mighhéeessary to detect differences in
the pairwise comparisons for the individual treaitee A larger sample size would be
necessary to detect onset and duration of eachidudil treatment. An onset of action for
epidural morphine is reported to be 20-60 min (3or#901; Valverde, 2008). In the
literature magnesium is described to delay the tooksanalgesia achieved with opioids
and local anaesthetics (Ozaleel al, 2005; El-Kerdawy, 2008). The duration of the
analgesic action of epidural morphine in dogs regubm the literature varies from 10 to
23 hours (Torske and Dyson, 2000), 12 to 24 hodasvérde, 2008), 16 hours (Troney
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al., 2002) and 16 to 24 hours (Jones, 2001). It waeaed that magnesium would
prolong the analgesic effect of morphine as preslipdescribed (Ozaleviet al, 2005;
Shuklaet al, 2011; Nathet al, 2012); however, this could not be determined \lit

methods used in this study.

Little is known about onset of action of epidurakgnesium. In a study
performed in humans the onset of systemically athtdred magnesiuim approximately
30 min (Brill et al, 2002). A delayed onset of analgesia is describdadumans when
magnesium is added to spinal anaesthesia (Ozatewdil, 2005; El-Kerdawy, 2008)
Epidural injection of magnesium combination with lidocaine in goats (Bighash al.,
2009), horses (Yousef and Amr, 2010) and cattleh@dani and Bigham, 2009b) results
in a rapid onset of analgesic action of a few masutwhich could be due to the rapid
onset of action of lidocaine (Valverde, 2008). tetdingly, these studies report a delayed
onset of a few minutes when magnesium is added amdpto the administration of

lidocaine alone.

Little is known about the duration of antinociceptiof epidural magnesium
administered alone. In sheep epidural magnegitoduced an analgesic effect lasting
approximately 29 minutes (DeRosdi al, 2012). When magnesiuism administered in
combination with lidocaine, the duration of analges reported to be approximately 3
hours (Bighamet al., 2009; Dehghani and Bigham, 2009b; Yousef and At04,0). In
humans,intrathecal magnesiunmn combination with a local anaesthetic andogioid

resulted in an analgesic effect of approximatehpdrs (Ozalevlet al, 2005).

A potentiation of the analgesic effect of morphiwéh magnesium may be
demonstrated by obtaining higher thresholds or bgeoring a prolonged duration of
effect compared to each drug administered indivigy®zalevli et al, 2005; Shuklaet
al., 2011; Nathet al, 2012). An increase in the duration of the anticeputive effect
could not be demonstrated in this study. Possikfd@aeations could be the limited

sample size, the lack of clinical pain and/or #xeklof sensitivity of the methods used.

Interestingly, the thresholds obtained on the $ite were significantly higher
than on the right side in all regions. The positidrithe patient after an epidural injection
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is known to influence the contact of the agent wviltle target tissue and therefore,
influence the spread of the drug (Valverde, 2008)the present study, the epidural
injection was performed with the dogs in sternalurebency and during recovery the
dogs remained in sternal recumbency until they vaéte to stand and walk on their own.
Also, during the von Frey testing, dogs remainedtanding or sitting position. During
threshold measurements at the thorax, some dogs pesitioned in lateral recumbency;
however, this was approximately 35 min after ir@ttand the spread of epidurally
administered drugs is believed to be complete &fteinutes post-injection (Tranquibit
al., 2007). Therefore, it is unlikely that the changegposition at this point in time might
have influenced the spread of the drugs. Anothesipte explanation is the lateralization
of the epidural catheter during its introductiotoithe epidural canal. The same person
(ER) performed all the catheter placements and ubed same technique. This
investigator is right handed and this could haviduémced the lateralization of the

catheter towards the left side.

It has been previously hypothesized that mecharniuashold testing may be
affected by environmental or external factors (&rge of the day, visual stimuli, noise,
which may cause distraction and increase the tblésh and internal factors like
behaviour (e.g. frightened animals or very actinenals would respond earlier than calm
and friendly animals) (Bove, 2006). In the presgintly behaviour significantly affected
the mechanical thresholds obtained, with more actiegs obtaining greater threshold
values than calm dogs. In calm dogs the devicedcbelapplied more accurately, with
slower increasing force and it was easier to selea end-point than in very active dogs.
All the evaluations were performed in a familiaomp separated from the wards, with
minimal restraint and minimal distraction of thegdao try to exclude the influence of
external factors. However, some environmental factould not be totally controlled as
for example the time of the day when dogs were wach was in the morning and
probably influenced the results. Nonetheless, hehawvas included in the model to

account for its possible effects on the mechartioaksholds.

As hypothesized, epidural magnesiumection did not cause a decrease in tail
tone or ataxia. By acting mainly on the NMDA-rea@ptmagnesiuncauses analgesia,
but it is only an exaggerated antagonistic actinrthe NMDA-receptor that may cause

ataxia and motor incoordination as observed preloin rats (Baharet al, 1996;
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Karasaweet al, 1998). At the doses used in the present studgams that magnesium

may be safelpdded to epidural morphine without causing any maédicits.

Room temperature may affect nociception due to efect on skin
vasoconstriction and vasodilatation (Love, 2011e humidity may affect the bending
filaments, but it is unlikely to affect the rigigps. In this study, room temperature and
humidity were controlled and maintained relativebnstant; therefore, it is very unlikely

that they influenced the threshold readings obthinghese dogs.

One limitation of this study is the fact that it svperformed in dogs; therefore,
the end-point for antinociception (i.e. withdrawélimb or turning the head at the probe)
is subjective and might be influenced by otherdexts discussed above. Unfortunately,
there is currently no “Gold Standard” method fotirmociceptive testing in animal studies
of pain. In this study using von Frey mechanicaésholds the antinociceptive effect of
morphine, our positive control treatment, coulddetected; therefore, it seems that the

methodology was appropriate.

Another limitation of the study is the sample sihjch was limited to six dogs.
However, by performing a cross-over study the \dlitst is decreased; therefore, the
statistical power is increased. The sample size laege enough to detect overall
differences between treatments in the 3 studieidmegbut it was insufficient to detect an

onset and duration of effect of the individual treants as previously discussed.

A possible source of variability is the observerf@ening the testing. The intra-
and inter-observer coefficients of variation weaécualated before commencement of the
study and they were within the range of 20-30%,cWwhs considered acceptable for the
validation of serological tests (Jacobson, 1998}ertobserver variability could be
excluded as only one person performed the measatem&he principal investigator
performing the measurements practiced using the=veyn device before the actual study
and learned to increase the force gradually. Thegetthis source of variability should

have had a minimal impact on the results of thigyt
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7 Conclusion

In conclusion, the present study showed that a deabral epidural injection &5 mg

kgt MgSQ: produces an antinociceptive effect in dogs witheautsing any motor deficits
when administered alone or in combination with nhdmp. The antinociceptive effect of
magnesium could be observed in the Cp, Th and Micating that antinociception
reached up to the thoracic limbs. The onset andtidur of the antinociceptive effect

could not be determined, although a tendency coelldbserved.

No potentiation of the antinociceptive effect coldd demonstrated between

morphine and magnesium.

The von Frey aesthesiometer was able to detectattimociceptive effects

mediated by morphine and magnesium.

Towhat extend these results can be extrapolatediriiwall cases needs further
investigation. As this was not a clinical trial and clinical pain was present in these
dogs, results obtained are not directly applicablelinical cases with acute pain, chronic
pain or central sensitization. Clinical studies aeeessary to determine whether epidural

administration of magnesium would be beneficial.

In addition, the fact that a potentiation of theirciceptive effect was not
observed between morphine and magnesium contratieténdings from the reviewed
literature. Further studies with other type of stitndifferent dosages or performed in
clinical cases with naturally occurring pain arernaated to demonstrate a possible

positive interaction effect between these drugs.
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8 Summary

Antinociceptive effects of epidural magnesum sulphate alone or in

combination with morphinein dogs

The analgesic properties of magnesinaditated by its physiologicahtagonistic action

on the NMDA-receptor is of great interest in humamd veterinary medicine. The
primary objectives of this study were to invest@gathether the lumbosacral epidural
injection of magnesium could produce an antinodigeeffect and to determine whether
there was possible potentiation of the antinocigepeffect between magnesium and
morphine when administered epidurally in combirmafio dogs. A secondary goal was to
study the onset and duration of the antinocicepifect of epidural magnesium alone or
in combination with morphine in dogs. Furthermadhe possible motor deficits induced

by epidural magnesiumere investigated.

Six healthy, adult, neutered research Beagle d8gwdle and 3 female) were
used in a randomized blinded crossover study witheweek wash-out period between
treatments. Treatments consisted of an epidurattioin of: 0.115 mL kg of sterile
water (treatment Co); 0.1 mg kgf morphine (treatment Mo); 2.5 mg kof MgSQy
50% (treatment Mg); and 2.5 mg kgf MgSQ;, together with 0.1 mg kbof morphine
(treatment Mm). Sterile water was added to treatssto, Mg and Mm to receive a total
volume of 0.115 mL k& Dogs were anaesthetized with propofol and isaflerto place
a lumbosacral epidural catheter for the administnadf the treatments. Antinociceptive
effects were evaluated at different time pointsZérhours post-injection using von Frey
mechanical thresholds. Three threshold measurernenteth sides were obtained at the
carpal pads, thorax and metacarpi at each timet gwid then averaged for statistical
analysis. Maximum applied force eliciting a nocitep response was recorded and
compared between treatments. Within each treatmeasurements obtained at different
time points were compared with baseline values| ficmie, level of ataxia, level of
sedation and behaviour were scored at each tinmd. fi@@ta were analysed using a linear

mixed model with significance set as p<0.05.
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The treatment groups Mg, Mo and Mm had significahigher thresholds at all
three measured regions compared with treatmenteQoept for the carpal pads with
treatment Mm). There was a significant increastniashold values over time obtained at
the thorax and at all three regions pooled togetdermotor deficits were observed with
any of the treatments at any time point. Behaviofiuenced the mechanical thresholds

and was included in the statistical model as alfie&ect.

In conclusion2.5 mg kg MgSQ,administered in the lumbosacral epidural space
in dogs produces antinociception without causingomeffects. The antinociceptive
effect of magnesium reached up to the thoracic simblo potentiation of the
antinociceptive effect could be detected betweegmasium and morphine. Onset and
duration of analgesia could not be determined aljhathere was a significant effect of

time on the threshold values.

The present study suggests that a lumbosacral r@pidijection of magnesiuim
dogs might be useful to provide analgesia to tleaitic and pelvic limbs, as well as the
thorax. However, to what extend magnesium causaiesia in clinical cases and in

states of central sensitisation requires furthegestigation.
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9 Zusammenfassung

Anti-nozizeptive Effekte von epidural verabreichtem Magnesumsulfat allein

und in Kombination mit Morphin beim Hund

Die analgetische Wirkung von Magnesiats physiologischer Antagonist am NMDA
Rezeptoist von grof3em Interesse in der Human- und TiermmedZiel dieser Studie war
Zu untersuchen, ob die epidurale lumbosacrale Adtrétion von MgS®beim Hund
eine analgetische Wirkung besitzt und ob eine Potenzierung durch gemeinsame
Verabreichung mit Morphin erzielt werden kann. Des Weiteren wurde Eatritt und
die Dauer der analgetischen Wirkung von MgS@llein und bei gemeinsamer
Administration mit Morphin untersucht. Das mdglichauftretenden motorische

Funktionsausfélle wurde ebenfalls studiert.

Sechs gesunde, ausgewachsene, kastrierte Beaglén@ich und 3 weiblich)
wurden in einer randomisierten, blinden, ,crossrbvestudie verwendet. Die
Auswaschzeit zwischen den verschiedenen Behandiutgtrug eine Woche. Die
Behandlungen bestanden aus epiduralen Injektionen ®,115 ml kg steriles Wasser
(Gruppe Co); 0,1 mg kbMorphin (Gruppe Mo); 0,005 ml KgMagnesium (Gruppe Mg);
0,005 ml kgt Magnesium und 0,1 mg KgMorphin (Gruppe Mm). Steriles Wasser wurde
zu den Gruppen Mo, Mg und Mm hinzugefuigt, um eigadltes Volumen von 0,115 ml
kg'zu erhalten. Die Hunde wurden anasthesiert undatheter, fur die Verabreichung
der Behandlungen wurde in den lumbosakral in deidEglraum eingeftihrt. Die anti-
nozizeptive Wirkung wurde zu verschiedenen Zeitpenkiber einen Zeitraum von 24
Stunden evaluiert. Zur Evaluierung des anti-nqatize Effekts wurde der mechanische
Schwellenwertes unter zur Hilfenahmen des Von Feeyates bestimmt. Jeweils drei
Schwellenwert-Messungen an der linken und rechi@pétseite am Carpus, Thorax und
Metatarsus wurden durchgefuhrt. Der maximale zugefiDruck, der zu einer
Schmerzreaktion fuhrte, wurde aufgezeichnet. Die rt8®/ewurden gruppenweise
verglichen. Des Weiteren wurden die Werte in denpBen mit den Ausgangswerten
verglichen. Zusatzlich wurde die Spannung der R@ead der Sedation und das

Verhalten der Hunde zu jedem Messzeitpunkt bewertet
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Die Gruppen mit der Behandlung Mg, Mo und Mm hatsggnifikant hohere
Schmerzschwellenwerte an jedem der untersuchtepefdmreale verglichen mit Gruppe
Co. Ausgenommen davon waren die Werte von MM, de ksignifikant hoheren
Schwellenwert am Carpus aufwiesen. Uber den Zégiwewar ein signifikanter Anstieg
des Schmerzschwellenwerts am Thorax und an allehgg&imessenen Korperareale zu
bemerken, vorausgesetzt diese wurden gemeinsamjsemtl(ausgenommen 1 Stunde
nach der Injektion). Das Vergleichen von Schwellerten innerhalb jeder Gruppe zum
jeweiligen Ausgangsschwellenwert zeigte keinen ifigmten Anstieg des
Schwellenwertes Uber den Zeitverlauf. Das Verhaltem Hunde beeinflusste den
Schwellenwert und wurde demzufolge in der statibs Auswertung mit berlicksichtigt.
Eine Anderung der Rutenspannung trat zu keinenpielt auf. Die Hunde waren nach

der Anasthesie wahrend der ersten Messungen dasmgittelgradig sediert.

Diese Studie schlussfolgert, dass Mg®pidural verabreicht, bei Hunden zu
einem analgetischen Effekt fuhrt, ohne paralytisth wirken. Eine synergistische
Wirkung zwischen Magnesiuim der verwendeteosis und Morphin konnte nicht
festgestellt werden. Der Beginn und die Dauer deeldesie konnte nicht bestimmt

werden, wenn auch der Faktor Zeit eine Rolle zalspischeint.

Die vorliegende Studie lasst vermuten, dass didbasakrale epidurale Injektion
von Magnesiunzur analgetischen Wirkung an der Vorder-, HinterglieBmaund am
Thorax fihrt. In welchem Umfang Magnesiimm klinischen Einsatz und bei zentraler

Sensibilisierunganalgetische Wirkungen vermittelt, bedarf weitdderiersuchungen.
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