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Abstract

Opioids are an extremely important part of medical practice, and for thousands of years,
continue to provide relief from severe acute and chronic pain. Intriguingly, however, the use
of opioids activates endogenous counter-regulatory mechanisms resulting in the release of
proinflammatory mediators from central immune cells that facilitates a wide-range of
effects on opioid pharmacodynamics including: opposition of acute and chronic opioid
analgesia, opioid analgesic tolerance, opioid- induced hyperalgesia, development of opioid
dependence, opioid reward, and opioid respiratory depression. Until recently, the counter
regulation of opioid-induced analgesia had been had been attributed to neuronal receptors
where the beneficial and detrimental actions of opioids were thought to be inseparable. It is
now apparent from molecular and rodent data that opioids have non-neuronal, non-classic,
non-stereoselective sites of action. Therefore, the purpose of this thesis was to further
identify this non-classical, non-stereoselective site of action and examine the kinetics of

opioid binding.

The first study examined, using in vivo, in vitro, and in silico techniques, the potential
involvement of toll-like receptor (TLR) 2 and TLR4 in the pharmacodynamic actions of
opioids. TLR4" animals demonstrated significantly altered analgesia, tolerance, withdrawal
responses to opioids compared with wildtype mice. A range of saturation, displacement, and
kinetic binding experiments were subsequently conducted to assess the non-stereoselective
binding of opioids to TLR4. However, at concentrations required for classical p receptor

binding, no TLR4 binding of classical opioid antagonists was observed.
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The second study assessed if many of the key drugs that target opioid induced immune
activation have any direct action at opioid receptors or whether they can modify opioid
receptor activation. Classical binding and functional studies were conducted in cells
overexpressing the human p receptor and in rat brain membranes. Of all the tested ligands,
only amitriptyline and WZ811 (CXCR4 antagonist) were shown to have direct binding at
sites defined by the classical antagonists diprenorphine and (-)-naloxone. All of the tested
ligands had no detectable efficacy for the m receptor or any allosteric modulatory effects.
This study confirms that ligands that alter in vivo opioid pharmacodynamic responses
(increase opioid analgesia and reduction of tolerance) do not do so via modifying p-opioid

receptor activity.

The final study employed the use of [*’H](+)-naloxone, a stereoisomer of (-)-naloxone that
has been shown to have extensive effects on classical opioid pharmacodynamics. Mouse
brain membranes and HEK293 cells overexpression systems were used in order to unmask
any non-stereoselective (+)-opioid isomer binding sites. However, using traditional [*H]
binding experiments, (+)-naloxone had no detectable binding at sites at low nM

concentrations. Due to the lipophilicy of (+)-naloxone and the subsequent high level of non-

specific binding, no specific binding was detectable at M concentrations.

In sum, this thesis provides additional evidence that TLR4 plays a significant role in the
pharmacodynamic responses to opioids. The kinetic assessment of TLR4 as a non-
stereoselective opioid site of action reveals that this site does not bind opioids at nM
concentrations. As such, this does not rule out the direct involvement of TLR4 in opioid

binding, but rather suggest that TLR4 has disparate binding characteristics compared with
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classical p-opioid receptor binding. Further assessment of this complex system is required,
particularly at higher concentrations. However, the present finding can assist with the future
discovery of a non-classical opioid binding site that is involved in opioid induced central

inflammatory events.
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3BM
5-HT

AP1

DAMGO
GIRK
GPCR
IC,
IFN-f
IKK

IL-
IRAK

IRF3

LPS
M3G
MAPK
MPE

MyD88

3-Biotinylated morphine

Serotonin

Activator protein-1

Total binding sites

Central nervous system

[D-Ala*, N-MePhe*, Gly-ol]-enkephalin
G protein-activated inwardly rectifying K* channels
G,/G, protein-coupled receptors
Concentration inhibition 50% of ligand binding
Interferon-f3

Inhibitor of NF-kB

Interleukin

IL-1 receptor-associated kinase
Interferon regulatory factor 3
Dissociation constant

Inhibitory constant

Equilibrium dissociation rate constant
Association rate constant

LPS binding protein
Lipopolysaccharide
Morphine-3-glucuronide
Mitogen-activated protein kinase
Maximum possible effect

Myeloid differentiation primary response gene 88
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NA

NMDA

NO

PAG

PAMP

PI3K

PKA

PLC

ROS

RVM

S-DDD

TIR

TLR

TNF-a

TRAF6

TRIF

UGT

WT

Noradrenaline

N-methyl-D-aspartate

Nitric oxide

Periaqueductal gray

Pathogen-associated molecular patterns
Phosphatidylinositol 3-kinase

Protein kinase A

Phospholipase C

Reactive oxygen species

Rostral ventromedial medulla

Sold defined daily doses

Toll/interleukin-1 receptor

Toll-like receptors

Tumor necrosis factor-o

Tumor necrosis factor receptor 6
TIR-domain containing adaptor inducing IFN-b
Uridine diphosphate glucuronosyltransferase

Wildtype
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