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Summary

Pain is defined by the International Association for the Study of Pain as “an unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage”. Pain may be described according to severity (mild,
moderate, severe), duration (acute or chronic) or type (nociceptive, inflammatory,
neuropathic). In the last two decades, considerable research directed at enhancing our
collective understanding of the neurobiology of pain has revealed that persistent
ongoing pain secondary to tissue inflammation or peripheral nerve injury is underpinned
by considerable complexity and plasticity in the pain signaling system. Following
tissue or peripheral nerve injury, there is sensitization of the somatosensory system so
that innocuous stimuli are detected as painful (allodynia) or there is a heightened
response to painful stimuli (hyperalgesia).

Although a large number of “pain” targets for potential modulation by small molecules
or biologics have been identified with several of these molecules now in preclinical or
clinical development, these potential new pain medicines are yet to reach the clinic.
Hence, pain is currently managed according to the World Health Organisation’s 3-step
Analgesic Ladder. For mild pain, non-opioid analgesics such as paracetamol
(acetaminophen) and nonsteroidal anti-inflammatory drugs are recommended, with
adjuvants (e.g. antidepressants, anticonvulsants or anti-arrhythmics) added as required if
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pain has a neuropathic component. For moderate pain, weak opioids such as codeine
and tramadol are added to non-opioids and/or adjuvants, as required. For moderate to
severe pain, strong opioids are recommended with morphine as the drug of choice due
to its ready availability worldwide at low cost. Strong opioids may be co-administered
with non-opioids and with adjuvants, as required. In the next decade, a new generation
of pain medicines is likely to reach the market, thereby expanding the armamentarium
of drugs available to clinicians for the management of persistent on-going pain.

1. Pain Definitions

Pain is defined by the International Association for the Study of Pain (IASP) as “an
unpleasant sensory and emotional experience associated with actual or potential tissue
damage, or described in terms of such damage” (Merskey and Bogduk, 1994).
Individuals may describe their pain in terms of its severity, duration and type. As a
patient’s emotional response to a painful stimulus contributes significantly to the pain
experience, there are often large inter-individual differences in reports of pain severity
evoked by apparently similar stimuli. Hence, there are no objective measures that can
be used with validity to compare the severity of one person’s pain with that of another.
Instead, a number of pain rating scales have been devised and validated for quantifying
changes in pain severity within individuals (Melzack and Katz, 2006).

1.1 Pain — According to Duration
1.1.1 Acute Pain

The IASP has defined acute pain as “pain of recent onset and probable limited duration;
it usually has an identifiable temporal and causal relationship to injury or disease”
(Merskey and Bogduk, 1994). Acute pain such as that which occurs following surgery,
trauma, burns or myocardial infarction, may be regarded as an adaptive response with a
physiologically important role. Acute pain generally comprises two phases. The first
phase (lasting seconds) “alerts” the individual to potentially dangerous stimuli and the
second, subchronic phase (lasting hours to days) may be regarded as a “protective”
mechanism characterized by “guarding” of the injured tissue as a means of promoting
healing and recovery (Merskey and Bogduk, 1994).

1.1.2 Chronic Pain

Chronic pain is defined as “pain lasting for long periods of time. It commonly persists
beyond the time of healing of an injury and frequently there may not be any clearly
identifiable cause” (Merskey and Bogduk, 1994). Persistent pain is often regarded as a
maladaptive response that confers no physiological advantage, such that the pain state
itself has become the “disease”, requiring treatment (Cousins, 2007). Persistent pain
may have multiple components including nociceptive pain, inflammatory pain and
neuropathic pain, which are variously defined as follows (Devor and Seltzer, 1999):

1.2 Pain — According to Type
1.2.1 Nociceptive Pain

Nociceptive pain refers to the normal, acute pain sensation evoked by activation of
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specialized primary afferent nerve fibres (nociceptors) located in undamaged or
previously undamaged skin, viscera and other organs in the absence of sensitization.

1.2.2 Inflammatory Pain

Inflammatory pain such as arthritis may be defined as hypersensitivity that arises in
inflamed tissue following sensitization of peripheral nerve terminals.

1.2.3 Neuropathic Pain

Neuropathic pain is defined by the IASP as pain due to a dysfunction of, or damage to, a
nerve or group of nerves, primarily peripheral nerves, although pain due to central
nervous system (CNS) damage (“central pain”) may share these characteristics.
Examples of peripheral neuropathic pain are painful diabetic neuropathy, post-herpetic
neuralgia (post-shingles pain), HIV-AIDS (human immunodeficiency virus-acquired
immunodeficiency syndrome) neuropathy and chemotherapy-induced neuropathic pain.
The most common types of central neuropathic pain are post-stroke pain, pain in
multiple sclerosis and spinal cord injury pain.

At present, persistent inflammatory and neuropathic pains present great challenges to
general practitioners and pain specialists alike, because the currently available drugs
used to treat these conditions have significant limitations. Moreover, opioids that are
effective for the relief of moderate to severe nociceptive pain are often considerably less
effective for the relief of neuropathic pain, particularly when administered by systemic
routes.

1.3 Emotional Response to Pain

Although the 1ASP definition of pain recognizes its multi-dimensional nature,
incorporating a patient’s emotional response to a noxious stimulus, it is only relatively
recently that brain imaging techniques have begun to explore this latter aspect in
humans, and most research attention has focused on brain imaging of acute pain
(Kupers and Kehlet, 2006). By contrast, in the last two decades, there have been
considerable advances in our collective understanding of the neurobiology of pain,
particularly persistent pain, which has revealed many novel potentially “druggable”
targets for the development of new pain therapeutics for human use (Pace et al., 2006;
Schaible, 2007). Hence, this chapter has been structured in two parts, with the first
providing an overview of the pain signaling system, highlighting recent advances in our
understanding of the neurobiology of pain with emphasis on potential targets for the
development of new pain therapeutics. The second provides an overview of medications
currently used for managing acute and chronic pain.

2. Pain Signaling System
2.1 Pain Detection

Put simply, pain signals from peripheral tissue exposed to damaging or potentially
damaging stimuli are detected by nociceptors located in the affected tissue and whose
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cell bodies are located in the dorsal root ganglia (Sherrington, 1906). Nociceptive (pain)
signals are transmitted via nociceptive primary afferent nerve fibres (so-called first-
order neurones) to the outer layers (laminae | and I1) of the dorsal aspect of the spinal
cord (dorsal horn) (Sherrington, 1906). Nociceptive signals are then relayed from the
dorsal horn by second-order neurones via spinothalamic tracts to higher centres in the
brain, which may in turn activate descending inhibitory mechanisms to reduce the
severity of the perceived pain to tolerable levels (Figure 1) (Sherrington, 1906; Dubner,
2004; Yaksh, 2006).

2.2 Functional Characteristics of the Pain Signaling Apparatus
2.2.1 Nociceptors

Nociceptors (Figure 1) in the skin (cutaneous), muscle, joints, viscera and dura that
detect noxious (damaging or potentially damaging) stimuli (Sherrington, 1906), respond
in aggregate to a broad range of physical (heat, cold, pressure) or chemical (acid,
irritants, inflammatory mediators) stimuli, but only at intensities capable of causing
tissue damage (Millan, 1999; Caterina et al., 2000). Nociceptive information is relayed
from the nociceptors to the CNS via axons that are either small (2-6 um) myelinated
Ad-fibres with a conduction velocity in the range 4-30 m/s, or thin (0.4-1.2 pm),
unmyelinated C-fibres with conduction velocities < 2.5 m/s. Additionally, cutaneous
mechanoreceptors are often supplied by large (> 10 um), fast (30-100 m/s) myelinated
Ap fibres that, in the absence of tissue or nerve injury, are responsive only to touch,
vibration, pressure and other modes of non-noxious, low intensity mechanical stimuli
(Woolf et al., 1994; Millan, 1999; Willis and Coggeshall, 2004). Generally, a single
discharge of an individual nociceptor is not perceived as noxious and many nociceptors
need to be recruited for “pain” to be perceived (Millan, 1999; Willis and Coggeshall,
2004). However, in the presence of persistent inflammation or nerve injury, Ap fibres
undergo phenotypic change such that non-noxious stimuli may become encoded as
noxious stimuli (Dubner, 2004).

2.2.2 Primary Sensory Neurones

The cell bodies of primary afferent sensory neurons that innervate the limbs and trunk
are located in sensory ganglia associated with spinal nerves (dorsal root ganglia). The
axons of these primary afferent sensory neurones give rise to a peripheral branch that
innervates various tissue types and a central branch that travels through a dorsal root to
enter the spinal cord and synapse with second-order neurones (Todd and Koerber,
2006). Fibres that innervate skin are referred to as cutaneous sensory neurons, whereas
afferent fibres inervating abdominal or pelvic viscera are termed visceral afferents
(Todd and Koerber, 2006). Together, these primary sensory neurones are a means for
providing ongoing surveillance of the external environment as well as the ongoing state
of the body itself (Todd and Koerber, 2006).
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Figure 1. Nociceptive signals are detected by specialized primary afferent nerve fibres
(nociceptors) located in the injured peripheral tissue from where they are transmitted to
the dorsal horn of the spinal cord. Nociceptive signals are then relayed to higher centres

in the brain, which may result in activation of the descending inhibitory system to
reduce the severity of the perceived pain. (See also Figure 6)

2.2.3 Primary Sensory Neurons and the Spinal Cord

The central terminals of nociceptive primary afferents mainly terminate in the
superficial layers (laminae I and Il) of the dorsal horn, the site of the first synapse in
ascending pathways that convey sensory information to the brain (Todd and Koerber,
2006). However, it should be noted that myelinated and unmyelinated fibres that signal
the presence of innocuous mechanical and thermal stimuli also project to these same
laminae (Todd and Koerber, 2006). Low-threshold A mechanoreceptors terminate in
deeper laminae (Willis and Coggeshall, 2004). The rostrocaudal and mediolateral
location of the central terminals of primary afferents in the dorsal horn encodes the
location of the afferents’ peripheral receptive field, generating a somatotopic map of the
body surface in the horizontal plane of the dorsal horn (Woolf and Salter, 2006). At the
level of individual nerve territories, the map is organized such that neighbouring
peripheral fields occupy contiguous parts of the spinal cord (Woolf and Salter, 2006).

2.2.4 Spinal Cord Neurons
Dorsal horn neurones can be classified as (i) projection neurons, (ii) local interneurons,

or (iii) propriospinal neurons (Willis and Coggeshall, 2004). Although projection
neurons are the primary output from the spinal cord, transfering sensory information
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from the spinal cord to the brain, they represent a small minority of the total number of
cells in the dorsal horn (Woolf and Salter, 2006).

2.2.4.1 Projection Neurons and the Spinal Cord

Neurons with axons that project to the brain are present in relatively large numbers in
lamina | and are scattered through the deeper part of the dorsal horn (laminae 111-VI)
and the ventral horn. Those in lamina | and many of those from deeper laminae have
axons that cross the midline and ascend to a variety of supraspinal targets including the
thalamus, midbrain periaqueductal grey matter, lateral parabrachial area of the pons and
various parts of the medullary reticular formation (Todd and Koerber, 2006). Projection
neurons are also involved in the activation of descending control systems, which in turn
modulate dorsal horn neurons through both excitatory and inhibitory mechanisms
(Woolf and Salter, 2006).

2.2.4.2 Spinal Interneurons

The majority of the dorsal horn neuronal population is comprised of interneurons that
arborize in the same segment generally close to the cell body, although it is also quite
common for cells to give rise to axons that extend into other laminae (Todd and
Koerber, 2006; Woolf and Salter, 2006). Dorsal horn inter-neurones may be inhibitory
cells that use gamma-amino-butyric acid (GABA) and/or glycine as their principal
neurotransmitter, and excitatory glutamatergic cells (Todd and Spike, 1993).
GABAergic cells comprise ~25-30% of neurones in lamina 1/11 and ~40% of those in
lamina 11l (Todd and Sullivan, 1990). Many inhibitory interneurons are spontaneously
active, and in this way maintain an ongoing tonic inhibitory control over dorsal horn
nociceptive processing (Woolf and Salter, 2006). Excitatory glutamatergic interneurons
identified by the presence of vesicular glutamate transporters (VGLUTS), are present in
large numbers of axons in the spinal cord (Todd et al., 2003). Within the dorsal horn,
VGLUT1-expressing neurons are largely restricted to the deeper laminae (I11-V1) with
VGLUT present mainly on the central terminals of myelinated primary afferents (Todd
et al., 2003) whereas VGLUT? is present on numerous axon terminals that are more
evenly distributed throughout the dorsal horn (Todd et al., 2003).
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