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A struggle between the
outer and inner worlds
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Key types of pain | e
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lociceptive pain
Pain caused by
an inflammatory or
non-inflammatory | - disex
responseto a perlpheral or central
noxious stimulus | nervous system
Tissue damage Nerve damage

Both types of
pain can co-exist

Mild
Moderate

Severe




Sensory aspects of paln -
threshold intensity and location
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/4 PsychoI0|caI aspects of pain -

\ unpleasant threatenlng aversive
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Social, economic issues
depression, anxiety, sleep disorders etc
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Brain stem mechanisms and descendlng controls

pain circuits
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Tissue damage induces cyclooxygenase 2
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Nerve Growth Factor -Direct peripheral, direct gene effects and
indirect...

Mesenchymal cells
Chondrocyte

a

Inﬂammatory Osteoblast

DRG
Sensory neuron

Dosal horn
Sensory terminals

cells Peripheral
Trk

' a » Neuropeptide

@ (SP/CGRP)
Mast cell = lon channels [
I « BDNF
Sympathetic efferent
Indirect action Direct action

Peripheral sensitization

Central sensitization

Xian CJ and Zhou X-F et al. (2009) Treating skeletal pain: limitations of conventional anti-inflammatory
drugs, and anti-neurotrophic factor as a possible alternative
Nat Clin Pract Rheumatol doi:10.1038/ncprheum0982
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\~ Tanezumab - humanized
Monoclonal Antibody

10pM >100 hr stable binding
Prevents TrkA action

Slgnaling

Meurite
Qutgrowth &
Differentiation

Excess of NGF in states of
Inflammation

Neuronal
Survival

Polymerization

Meurite

Outgrowth &
Differentiation
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Loss of NGF role
In neuropathy
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Neuropathy - nerves tend not to heal...

A -beta fibres
Non-noxious

A -delta fibres
Some noxious

C- fibres
Noxious

Disordered
conduction

Accumulations
of channels

Ectopic and @

ephatic activity

Calcium Potassium Sodium
De-novo channels




Fast Inactivated State
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Slow Inactivated State



Sodium channels

Nav 1,7 Expressed in fine fibres
Mutations cause sensory and autonomic changes in
erythermyalgia - analgesia

Nav 1,8 Unique to fine fibres
Roles in pain in animals and esp mechanical

Nav 1,3

cord after nerve injury - also in brain after

0 in visceral pain

Nav 1,5

Block multiple channels - TTX and 1.57



Channelo

pathic pain syndromes

Inherited

Lower threshold,

Attacks of burning pain

h lai Nav 1.7 enhanced responses and redness in
SnEEIEE P extremities
Paroxysma! Impaired inactivation Episodic lower body
extreme pain Nav 1.7 h q ocular. iaw pain
e Enhanced response » JaW P
Channelopathy
associated Nav 1.7 Loss of function Inability to sense pain
insensitivity to pain

. . Episodic upper body
EmlEl @pEeeiE TRPAL Enhanced response pain, triggered by

pain syndrome

fasting, cold, fatigue




A gain-of-function mutation in TRPA1
causes familial episodic pain syndrome

E Irritant sensor
5 Upper body pain
L .
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o — cold
Prodermal...... pain 1.5 hrs.....sleep — hunger
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Action Potential count

- Kremeyer B et al.
Normal acute pain Neuron 2010;66(5):671-80



Channels are key to neuropathic pain
-
¢ TN

Damaged Zone

ectrical activity

a,0 ligands
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Carbamazepine

Release of | Lidocaine
transmitters




Upregulated alpha-2 delta subunits in the
spinal cord on the side of nerve injury

Pregabalin at effective doses prevents
function of the subunit

Bauer CS et al. J Neurosci 2009:29:4076-88



Pregabalin and Alpha-2 Delta 1

« Traumatic neuropa
« In all peripheral fib

« Corresponds to ner -

* Pregabalin has no

« Pregabalin at beha

the membrane - tra

If the channel is no
normally.....state-d
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Tissue damage Hyperalgesia

Primary hyperalgesia
I FMS
OIH

CENTRAL h

SENSITIZATION

/ |

Spontaneous

pain Allodynia

Decreased Increased
threshold to spontaneous
peripheral Expansion of activity
Nerve damage stimuli receptive
field

Secondary hyperalgesia



NMDA receptors and wind-up

Neuronal response

40

307

207

10-

NMDA-R mediated amplification & prolongation of response

Decay dependent on peripheral input

|
ketamine

Stimulus no.

> secs - hours -weeks
Increased excitability (intensity and frequency of

. - . . ) stimulus)

Stimulus number
D’Mello RD, Dickenson AH. Br J Anaesthesia 2008:101:8-16



Spinal mechanisms - central hypersensitivity

Altered pain states
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Early C-fibre inputs

Wind-up - temporal.summation
Long-term potentiation

Peripheral and descending pathways converge ...



Genes related to
memory processes,
responses to the
outside world etc.

N

Cytoplasmic tail

Caz2+-Calmoduline

Adenylate cyclase CaM kinase Il

Citrulline

PSD-95

Rygh LJ et al. Eur J Neurosci 2006; 761-72



To Higher
AMPAR Centres

Second Order
Neurone

Substance P Cca2*
Glutamate
S5HT

GABA

Btabotropic Glutamate Receptor

NK1 Neurokinin 1 Receptor
MOR Mu Opioid Receptor
NMDA-R NMDA Receptor

AMPA-R AMPA Receptor



Differential development of central hypersensitivity
and a measure of spinal cord hyperexcitability
following whiplash injury
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3 weeks 3 months 12 months

Sterling M. Pain 2010 in press



A Beta
Input Revealed
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Glutamate -

DORSAL HORN To Higher

Centres

GABAergic Inhibitory
interneurone

CIRCULATING MICROGLIA
PRECUSORS



Measure of Pain

Non-neuronal cell changes - the issue of timing.....

2o Gliosis

Post-Operative Day

= |L Pain-like Behaviour IL Astrocyctosis

= |L Microglicsis



Noradrenaline and 5HT

II Limbic System Mood, fear, anxiety,
Amygdala - ]
B il rage, panic, sleep-wake....
Periaqueductal grey
Locus coeruleus
Off-Cell

'I’ w l ‘ ‘H Rostroventral medial medulla
——————q%
4 4

Noradrenaline and 5HT

Neutral Cell

Inhibitory and excitatory controls



Pain changes our brain functions

Difficulty sleeping 60
Lack of energy 55
Drowsiness 39
Concentration difficulties 36
Depression 33
Anxiety 27
Poor appetite 18

0 10 20 30 40 50 60 70

% patients with moderate to very severe
discomfort due to symptoms (n=126)

Meyer-Rosberg K et al. Eur J Pain 2001;5:379-89



Neuropathy - 10ss of NA Inhibition - gain
of S5HT facilitation

/

Brain stgm mechanisims and
descending controls

"= I
5HT - anxiety, sleep issues

-
Aprrm———— |
Hyperexcitability throug splis events Peripheral
- g transduction




Excitations up — Inhibitions down




Time ..... The pain moves....

100+

VF 8¢

Maintained hypersensitivity
after peripheral neuropathy
and abnormal cold...

Ablation of RVM descending
facilitations

Response Frequency (%)

Control values

0 5 10 15
Post-operative Day

Could there be time-related events in neuropathic pain?
Bee LA, Dickenson AH. Pain 2008;140:209-23
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signal change (a.u.)

normal transmission (periods 1-2)
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central sensitisation (periods 3-4)
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i34 "5 35 hyperalgesic signals
~ in human brainstem etc
lannetti et al
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Translation to patients.....

PAG activation Psychophysical and Functional
Imaging Evidence Supporting
Presence of Central
Sensitisation in a Cohort of
Osteoarthritis Patients

High PainDETECT > Low PainDETECT

0 5 10 15 20 25
Pain DETECT score

% change of BOLD signal
(vmax) within PAG mask

Gwilym SE et al. Arthritis Rheum 2009; 61(9):1226-34



Modes of action
Tapentadol vs. Tramadol

Tramadol - mu opioid binding/ NA and 5HT uptake block
Direct opioid receptor inhibition via metabolite
Isomers acting on monoamines

NA<—(>C>
]

Tapentadol - mu opioid and NA only —

. | Mu removes pro-pain SHT - single entity
opioid

NA4—© - MU
Synergy Opioid




Tapentadol + Intense pain

brainstem

noradrenaline MOR - NRI

e



MOR - NRI

Severe pain




Tapentadol — Two mechanisms on
neurons

Naloxone Atipamezole

MOR < NRI

Same receptor structure
Similar mechanisms

Similar potassium channels

||~ Mechanical SNL




*Increases in efficacy on spinal neuronal
hypersensitivity
after nerve injury

*Increased effects on brush and heat

*Equal potency, greater efficacy than morphine Iin
nerve injury

*Opioid and alpha-2 adrenoceptor synergy

Move to greater alpha-2 adrenoceptor actions after
nerve injury

Systemic tapentadol modulates
spinal
opioid function and increases spinal
NA



Multiple

Trauma mechanisms

|

Genes may protect
or predispose

® Harlan: Sham

® Harlan: Ligated i q
m Holtzman: Sham S'QHS an

a Holtzman: Ligated SYMPTtOMS

L N=4-21
O 1 1 T T E T T T T T
0 2 4 6 8 2 4 6 8 10

Days Weeks

Post nerve ligation



Opioid induced hyperalgesia
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‘ TCA Uuloxetine

NMDA
blockers

Lidocaine

Lacosomide GBS i CNS level
Tanezumab

Qutenza -

CBZ

Peripheral level







