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What is Pain?

FPain is a sensory process that alerts us of lissue damage

Brain

§ensory Corte
Pain sensation

Withdrawal of affected
part via motor syste

Thermal - \
Mechanical
Chemical
Stimuli
action potential
J\_, DRG
(cell body) Ascending

Pain Pathwa

nociceptors

Nerve
Endings

Spinal Cord

Types of Pain:

1. Physiological pain
Natural process

Prevent tissue damage

2. Inflammatory pain

Occurs after the tissue damage e

3. Neuropathic pain \\

p e ﬁ
Occurs due to nerve damage 7 4c°

Persists as long-term chronic pain even
after healing of the wound
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Phospholipase-linked receptors
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Ca-activated Voltage-gated Ca™*  Na*
K* K channel Ca channel
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Thermosensitive
channel
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Ligand-gated
channel Voltage-gated
Na* Na channel

Na+ :':_ ] PG
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Adenylate cyclase-linked receptors
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a. Functional antagonist of opioid-induced analgesia.

Neurotransmitter Receptor Effect on nociception
Nonpeptides s
Monoamines KE=IR
Norepinephrine a, @ Inhibitory
5-HT 5-HT,, (5-HT), (5-HT)) @ !nhibitory
Amino acids
Inhibitory
GABA GABA,, GABA, @ Inhibitory
Glycine @ Inhibitory
Excitatory
Glutamate NMDA, AMPA, kainate, mGluR Excitatory
Aspartate NMDA, AMPA, kainate, mGluR Excitatory
NO * cGMP Excitatory
Acetylcholine Muscarinic @ nhibitory
Peptides
Opioids
Enkephalins 8 (OP,), k (OP,), u (OP,) ® inhibitory
B-Endorphins 3 (OP), x (OP), u (OP) ® Inhibitory —a—0O A&
Nonopioids- -
Substance P NK1 Excitatory (BEiAR S F DAL DHRZE)
CGRP CGRP Excitatory
CCK CCK, Antagonist?
Galanin GAL ® Inhibitory
Somatostatin sst @ nhibitory
Neuropeptide Y Y, (Y,) ® Inhibitory
Neurotensin NTS, @® Inhibitory
Bradykinin B, (B,) Excitatory
Other
Adenosine A, @ Inhibitory
Purines P2X, Excitatory
Cytokines Excitatory
Capsaicin VR1 Excitatory
Cannabinoids (8, ® Inhibitory

Norepinephrine (noradrenaline). 5-HT, 5-hydroxytryptamine; GABA, y-aminobutyric acid; NMDA, N-methyl-p-aspartate; AMPA, a-amino-3-
hydroxy-5-methyl-4-isaxazole propionic acid; mGluR, metabotropic glutamate receptor; cGMP, cyclic guanosine monophosphate; NO, nitric oxide;
NK, neurokinin; CGRP, calcitonin gene-related peptide; CCK, cholecystokinin.
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(1) KE#HE(—R=2—A>)
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BHR. KiidFk, REMEHLZ L

HoE L 72D (aemn. sEr. FEwE)
N FE=Z2—AVOREFHEKR, BRE
(sensitization)
(2) E=a2—RAYTOHERFEZSLMHEHEE
(reorganization)

(3) Bl & E iR DET

(down—regulation)
(4) [BENRY - FEMRVZEER

(emotional distress)
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BENLTE (MREFIEER)

HMEDEKX & IIH R DD

Afferent input

Adenosine

VSCcC
P2X, Reduced
Presynaptic presynaptic
augmentation NMDA inhibition
4-—‘\ SP BDNF glutamate GABA
b O
mGIuR R
~
O O O o (&) S
Increased transmitter release ~ © o o ¥ o Retrograde s'?:ms egNO
24) \
NMDA 7 @ TrkB \

\
SHT  Glycine \\

VSCC AMPA ;
mGIuR NK1 H
' " ' 1
Postsynaptic '\ 1 Reduced
facilitation ST W . :' postsynaptic
\ / inhibition
Ca2+ ,/

T Postsynaptic activity

AT

Stimulation

AMPA receptor-mediated EPSP

Y s it o ) i Y o O o Y e W e S S S

NMDA receptor-mediated EPSP

Figure 2.10 Schematic drawing of the time-courses of
a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
(AMPA) and the N-methyl-o-aspartate (NMDA) receptor-
mediated excitatory postsynaptic potentials (EPSP). Both
the rising and decay time constants of the AMPA receptor-
mediated EPSPs are much shorter than those of the NMDA
receptor-mediated EPSPs. Thus, while AMPA-mediated
synaptic events can reliably follow the stimulation
frequency, NMDA-mediated EPSPs are temporally
summated.
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BH =BT MBI (pain matrix)

S1,S2(F%, F#L ) . ACC(H) . Insula(’{) . Thalamus(FH) .
Prefrontal cortex(¥%) . EER (k)

Apkarian AV et al: Human brain mechanisms of pain perception and
regulation in health and disease. Eur J Pain 9 463-484, 2005
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