Targeting the CNS for drug discovery for pain
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Understanding key types of

Cancer pain, Low Back Pain
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Affective aspects
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Fear, anxiety, sleep
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Incoming peripheral nerves

- Convey touch, temperature

+ Convey painful messages - heat, mechanical, chemical
- Are altered by tissue and nerve damage




VISCERAL

Irene Tracey et al
Oxford UK

PN — pontine nuclei
NC — nucleus coeruleus
PBN — parabrachial nucleus
RVM - rostral ventromedial medulla
NTS — nucleus tractus solitarius

Diagrams modified from Duvernoy H. The human brainstem and cerebellum.

Springer-Verlag/Wien 1995.
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» Location of Major Limbic System Structures
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Right CeA has a higher response to stimuli in late SNL animals,

independently of the side of surgery.
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Right AMY - Ipsilateral (to surgery) paw
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Altered functional magnetic resonance imaging resting-state
connectivity in periaqueductal

gray networks in migraine.Caterina Mainero MD, PhD1,
Jasmine Boshyan BS?, Nouchine Hadjikhani MD, PhD*2"
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Into the CNS ...
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Marked changes in calcium channel
function

Bauer CS et al. J Neurosci 2009:29:4076-88
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Pregabalin on spinal neurones - partial reduction - state dependent



GBP reduces hyperalgesic signals in human brainstem etc

normal transmission (periods 1-2)

central sensitisation (periods 3-4)
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Spinal Mechanisms - Central Hypersensitivity

Altered paln states

Wind-up - temporal summation
NMDA receptor activation.....

Peripheral and descending pathways converge ...



Peripheral contribution
spinal events

what the brain receives

Ketamine modulates
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é‘ee‘? Descending Facilitatory Systems

To Higher
Centres

Substance F
Glutamate
S5HT

GABA

mGIluR Metabotropic Glutamate Receptor
NKA1 Neurokinin 1 Receptor
MOR Mu Opioid Receptor

NMDA-R NMDA Receptor

AMPA-R AMPA Receptor



Midbrain and brainstem
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aspects of pain

Fear, anxiety,

hunaer a - '
Serotonin transporter gene (SLC6A4) polymorphlsm
In patients with irritable bowel syndrome and healthy controls.
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- Convey touch, temperature
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Descending inhibitions in humans.......

Mauron

Article
Activation of the Opioidergic Descending Pain
Control System Underlies Placebo Analgesia

Fulk Eippmarl 1,” Linka Bngal 2 Exder O Schoel ] Jul
mnd Lhrsdan By _ chall




Descending facilitations in humans
Translation to patients

PAG activation
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High PainDETECT > Low PainDETECT



Diffuse noxious inhibitory
controls (DNIC)

e Reduced In fibromyalgia
e Altered by gender, age....
e Reduced in opioid hyperalgesia



Descending excitations,
descending inhibitions
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Excitations up - Inhibitiens down

Reduced NA function - mood and sleep change
Increased 5HT function - anxiety, fear, sleep change
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Spinal - brainstem - spinal loops - increase - 5HT promotes

PERIPHERAL NEUROPATHY
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esponse Frequency

Response Frequency

Response Frequency

Neuropathy - endogenous 5HT promotes pain

10

stilateral hindpaw)

77 wvonFrey2g

_ von Frey 6 g . -
. T T I
| 1 T I IN\4
1 i I
. T T
. 1 il
1
0

Post operative day

Normal BHT
innervation

(Contralateral hindpaw)

——O—— SNL + saline
——@ — SNL +5,7DHT
— 11— Sham + 5.7DHT

von Frey 2 g

von Frey 6 g

von Frey 8 g

leT 5HT
Reduce allodynia

Post operative day



Descending facilitations allow hypersensitivity
Descending inhibitions protect....

Partly NA controls

Nerve injury Normal Nerve injury
Strain 1 Normal Strain 2
SNL Surgery No Surgery (from SNL Surgery
85% mechanical Strain 1) 50% mechanical
hypersensitvity hypersensitvity

De Felice M, et al. Pain. 2011 Jul
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Bench to bedside

e Triptans
e COX-2 inhibitors

ABT - NACR

GBP in pain

Ketamine analgesia
TCA, SNRI etc analgesia




Tapentadol — Two mechanisms on
neurones

Naloxone Yohimbine/Atipamezole
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Tapentadol: Analgesia and Antihyperalgesia
In Opioid Receptor Knock-Out Mice

I OPRM1 WT

[ ] OPRM1 KO
Acute Pain STZ diabetes

Activity in OPRM1 KO and WT mice

Morphine Tapentadol Morphine Tapentadol
10 mg/kg 20 min ~ 31.6 mg/kg 15 min 3.16 mg/kg 30 min  3.16 mg/kg 30 min

Antinociceptive and antihyperalgesic efficacy of
Tapentadol partially retained in MOR knock-out mice

Koegel B, Neuroscience Letters 2011
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