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m Pain is a clinical entity
rather than a compilation
of single disease states.

m Molecular mechanisms
of pain

m Antisense
oligonucleotides — a new
strategy of pain
treatment
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PAIN CLASSIFICATION

Pain
Nociceptive
Injury
» Post-operative
flare
¥
= Osteoarthritis
(16 million)
« Rheumatoid

A Wi~ e

Neuropathic Visceral Mixed

+ Post-stroke
» Multiple sclerosis
« Spinal cord injury

* Migraine (31 million)
« HIV related neuropathic

pain (0.3 million)

arthritis (2.5 million)

« Internal organ
» Pancreatitis .
« Inflammatory .

bowel syndrome

v

« Lower back
b (55 million)
» Post-herpetic  Cancer
neuralgia (0.1 million) (1.5 million)
» Diabetic neuropathy » Fibromyalgia
(3.2 million) (6 million)
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Long term chronic pain, mainly inflammatory or neuropathic,
afflicts about 25% of the general world population. More than
60% of people aged 65 plus complain of daily pains. This
degree of disability has a huge economic toll in terms of loss
of employment and disability payments but quality of life is
equally compromised. Pain is thus a major medical issue but
IS not simply a sensation but an event that also triggers
aversive and threatening psychological feelings. Intolerable
pain is one of the main reason for euthanasia.
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Measurements of pain

*Hargreaves test — thermal
hyper-/ hypoalgesia
*Randall-Selitto test —
™E* mechanical hyper-/
hypoalgesia

*Hot plate test — thermal
ava allodynia

*\Von Frel test - mechanlcal
/ tactile aIIodynla e
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Sensory pathways

il ===l == skin

Sensors Mechano- Anterolateral
sensors funiculus
Thermo-| Y A

Dorsal
Sensors sal column

Descending

| tracts T Thoracic
'p i cord
{Proprio- o
Sengors Inhibitory | Lumbar Cervical Dorsal
neuron cord cord root

151

Muscle
Viscero-
Sensors

Dorsal
horn

Viscera

. . L}
Propriospinal -

Ventral

haorn
Sympathetic
axons

:l'Ill-.I_n-"’-/
11l Thoracic

Propriospinal Anterolateral cord
funiculus  Cervical Lumbar

cord cord

Yentral
root

Motor axons




"
Organization of Cutaneous, Primary
Afferent Input to the Dorsal Horn of the
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Mechanisms of peripheral and central
sensitization in neuropathic pain

1 Opioid receptor
™1 Gilutamate receptor

E—3 NE/S-HT recaptor

Spinal cord
dorsal horn

"] GABA raceptor

=1 a-adrenoceptor

C=1 TRPV1 receptor
=1 AMPASKA receptor
B
= PP [--LLTL. ) Sodium channel

— — ) ) T l ﬂ Calcium channel

(a5 subunit)

NATURE CLINICAL PRACTICE NEUROLOGY, 2006
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Receptors and lonic Channels
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ASICs

m ASICs — Acid Sensing lonic Channels, are neuronal voltage-insensitive
cationic channels activated by extracellular protons. Activation threshold — pH
7.0; maximum current at pH 5.4.

m Acid-sensing ion channels are potential drug targets for treating a wide variety
of conditions linked to both the CNS and PNS.

pH ]

- ‘

“Receptor for protons” c',,;g Krishtal

(Krishtal and Pidoplichko,
Neurosci. Lett. 1981)
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Pathological conditions
associated with acidosis:

m iSschemia

m inflammation
m tumors

m fractures

m hematomes
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P2-(Purino)-receptors

m  P2X receptors are a family of cation-permeable ligand gated 1on channels that
open in response to the binding of extracellular adenosine S'-triphosphate (ATP).
In keeping with their wide distribution throughout the body, P2X receptors are
involved in a variety of physiological processes, including:
- Mediation of nociception
- Modulation of vascular tone
- Modulation of cardiac rhythm and contractility
- Contraction of the smooth muscle cells

ATP

1983 “Receptor for ATP in the
membrane of mammalian sensory

neurones” (Krishtal et al., Neurosci.
Lett. 1983)

Oleg Krishtal
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Effect of new P2X3 modulator: purotoxin1
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TRPV1 receptor

Transient Receptor Potential Vaniloid
Vaniloid receptor 1
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The best-known activators of TRPV1:

« heat greater than 43°C,

e capsaicin, the pungent compound in hot chili peppers

 allyl isothiocyanate, the pungent compound in mustard and wasabi.

Endogenous activators:

« low pH (acidic conditions),

« endocannabinoid anandamide,
« N-arachidonoyl-dopamine
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TRPV1 function under diabetic
peripheral neuropathy
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Low-voltage-activated calcium

channels

The first direct separation of HVA and LVA
currents was performed on dorsal root
ganglion (DRG) neurons at the Bogomoletz

Institute of Physiology (Ukraine) in 1983
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Increasing of T-type window current and
resting [Ca?*] in the C-fiber nociceptors of
diabetic rats
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AMPA receptors

In CNS AMPA receptors:
- found in many parts of the brain

- the most commonly found receptor in the nervous system
- mediate excitatory synaptic transmission
- mediate synaptic plasticity (LTP and LTD)

Important feature of AMPA

GIuR2 subunit determine Ca%*
receptors: they are not static.

permeability of AMPA receptor

Smith K. et al., Cell Sci. Rev. 2005
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In vivo and In vitro registration
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Park et al. J. Neurosci., 2009
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AMPA receptors
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Kopach et al. Pain, 2011



GIluR2

IGIuR1

Kopach and Voitenko Brain Res Bull., 2013
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Antisense oligonucleotides:

DNA

mBMNA

Transcription

=

.

Anlisansa

*=  Drug
(CHigonuclac|ca)

-

Traditional Drug

scheme of action
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