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Abstract

Biomarkers have potential utility in the treatment of pain as diagnostics and for quantification of drug
efficacy and safety. A qualified biomarker will capture overlapping disease mechanisms and will be
responsive to treatment. The necessity for these strict requirements renders it difficult to discover new
biomarkers, particularly one that is reliable, practical and non-invasive, and simple for routine utilisation.
This thesis demonstrates that two approaches may be useful to overcome these challenges: bottom-up
and top-down biomarker discovery and development. Current animal models of neuropathic pain are
inadequate to develop biomarkers as they only cover ‘no pain’ and ‘high pain’: not the heterogeneity that
exists between these extremes. Therefore, a novel rat model of graded neuropathic pain was developed
by advancing the existing chronic constriction injury model. Sciatic nerve and subcutaneous chromic gut
sutures were varied, resulting in ‘dose-dependent’ behavioural allodynia. Allodynia was correlated with
microglial activation marker expression in the ipsilateral lumbar dorsal horn of the spinal cord,
suggesting that changes in behaviour are associated with disease mechanisms. A literature review of
the pathophysiological mechanisms of pain, filtered by the criterion for accessible biomarkers, revealed
that the peripheral immune system was the ideal target for the bottom-up approach. As such, the graded
model was then used to explore peripheral immune mechanisms in order to begin the process of
construct validation of potential neuropathic pain biomarkers. It was demonstrated that peripheral
immune cells significantly contribute to chronic constriction injury-induced allodynia, as adoptive transfer
of splenocytes or peripheral blood mononuclear cells from high pain donors to low pain recipients
potentiates allodynia. Intrathecal transfer of high pain immune cells to low pain recipients potentiated
allodynia, confirming that infiltrating immune cells are not passive bystanders, but actively contribute to
nociceptive hypersensitivity in the lumbar spinal cord. The graded transcriptome of dorsal horn of the
ipsilateral lumbar spinal cord was compared with that in the blood, identifying chemokines and

transcription factors as potential blood-borne biomarkers of neuropathic pain. The top-down approach
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explored the utility of saccadic eye movements as an objective, functional biomarker of sedation, an
adverse effect associated with opioid treatment of pain. This study compared the interaction between
sleep deprivation and opioids on opioid-naive with opioid-tolerant participants. The naive-participant
study evaluated the effects of sleep deprivation alone, morphine alone and the combination; the
tolerant-participant study compared day-to-day effects of alternate-daily-dosed buprenorphine and the
combination of buprenorphine on the dosing day with sleep deprivation. Psychomotor impairment was
measured using saccadic eye movements, other oculomotor measures and an alertness visual
analogue scale (VAS). Saccadic eye movements demonstrated an additive interaction between acute
opioids and sleep deprivation, however the nature of the interaction between chronic buprenorphine and
sleep deprivation remained unclear. This study revealed greater saccadic eye movement, but not VAS
impairment in tolerant versus naive participants, suggesting that chronically dosed patients may not
become tolerant to the sedative effects of opioids. These findings open up a number of new
opportunities for pain biomarker development within the peripheral immune system, identify potential
pain biomarker candidates, as well as further validating saccadic eye movement analysis as a
biomarker of sedation. This thesis highlights that bottom-up and top-down approaches are appropriate

methods for biomarker discovery and development.
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