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“To the Pain!” An Introduction to Pain
1. Pain derived from the Greek – Poine: Greek goddess of revenge
a. Definition “An unpleasant sensory and emotional experience associated with actual or potential tissue damage” 
b. 50 million Americans have persistent pain
i. 1/3 of those with pain lose > 20 h sleep / month
c. Nociception = perception of pain
d. Receptors in CNS, heart, lungs, kidney
2. 1st and 2nd Pain
a. 1st pain  via Aδ fibers 
i. Myelinated = fast conduction

ii. Quick, sharp, localized and well tolerated

iii. Aα and Aβ fibers are non-nociceptive

1) Aα Stimulated by proprioception (fastest)

2) Aβ Mechanoreceptors stimulated by touch (fast)

3) May be involved in the gating control of pain

a) Rubbing may reduce the feeling of pain

b. 2nd pain via C fibers

i. Unmyelinated = slow conduction

ii. Also conducts thermal sensory information and pain
iii. Slow, dull, broad rather than local, not well tolerated

3. Two main pathological Pain states

a. Hyperalgesia

i. Potentiation of normal pain

ii. Constant pain

b. Allodynia

i. No or benign stimuli producing pain

ii. Not constant

c. Somatic sensation - the ability to differentiate between pain states
d. Affective perception – emotional relationship to pain states
4. Two types of Pain: Mechanical and Polymodal

a. Mechanical: pain associated with touch

b. Polymodal: mechanical + thermal or chemical stimuli

i. Heat, chemical burning, 

5. 1st order peripheral nociceptive neuron (cell body in dorsal root ganglion) 

a. Numerous signaling pathways

i. Heat – VR1 / VRL1 receptors; pressure – DRG / ENaC receptors

ii. Chemical: 5-HT/5-HT3; NGF/TRKA; Bradykinin/BK2; ATP/P2X3; H+/ASIC3/VR1; Lipids/PGE2/CB1/VR1; SP/NK1; Histamine/H1-3; Glu/AMPA/NMDA; CGRP
b. stimulates a 2nd order spinal neuron 

c. project to brainstem through spinothalamic tract
6. Brainstem nuclei
a. RVM = rostroventral medulla

i. 5-HT – directly inhibits pain

1) Indirectly stimulates pain via 5H-T3 receptors

ii. Glu – directly stimulates pain

1) Indirectly inhibits via inhibitory internerons

iii. Opioids – inhibits pain

b. LC – NE

c. PAG

i. Enkephalin

ii. PAG-Enk fibers innervate raphe 

7. Gate Control Theory of Pain

a. 1st order Aα or β and C fibers project to Projection (2nd order) neurons

b. Aα or β and C fibers also project to inhibitory interneurons

i. Aα or β also activate the inhibitory interneurons

ii. Therefore Aα or β fibers can reduce the amount of pain

iii. C fibers inhibit inhibitory interneurons

Dave Arendt – 10 September 2010

Contribution of the spinal cord BDNF to the development of neuropathic pain by activation of the NR2B-containing NMDA receptors in rats with spinal nerve ligation

 S-J Geng, F-F Liao, W-H Dang, X Ding, X-D Liu, J Cai, J-S Han, Y Wan, and G-G Xing 2010 Experimental Neurology 222: 256-266
1. Pain stimulates endogenous BDNF concentration in dorsal horn of the spinal cord
a. Pain was induced by ligating L5 spinal nerve
i. BDNF is significantly elevated by 12 h and remain so for 7-14 days
b. Pain – rapidly increases as BDNF rises
i. Temporally aligned

ii. 50% PWT = paw withdrawal threshold
1) 50% PWT measure declines as sensation of Pain increases
2) PWT measured as Von Frey filament to produce pain
a) Von Frey filaments are calibrated by grams of pressure
b) Bending of Von Frey filament

c. BDNF is associated with initiation and early development of neuropathic pain
d. TRKB receptors also increase in response to pain
i. increase 1-7 days after spinal nerve ligation

ii. co-aligned time frame with BDNF

2. Pain also stimulates endogenous NMDA subunit NR2B concentration in dorsal horn
a. NR2B subunits are up-regulated by 48 h and remain elevated for 14 days

b. NR2B is involved in maintenance of neuropathic pain
i. Long term maintenance may require AMPA receptors

3. Pain was stimulated by intrathecal injection of BDNF

a.  it = cannula inserted between L4 and L5 into the space between dura and pia mater

b. NMDA NR2B antagonist blocks BDNF-induced neuropathic pain
c. NMDA receptors configured with NR2B subunits are required for BDNF potentiation of neuropathic pain
Inger Appanaitis – 17 September 2010

Mirrored, imagined and executed movements differentially activate sensorimotor cortex in amputees with and without phantom limb pain Martin Diers, C Christmann, C Koeppe, M Ruf, and Herta Flor 2010 Pain  149: 296–304
1. Phantom Pain
a. Pains that arise associated with missing anatomy

i. Amputation does not remove sensation or perception that the missing anatomy still exists
ii. Most common in limbs

1) Phantom pains can be menstrual cramps after hysterectomy, erection in lost penis, in the rectum,

b. 50-85% of amputees have phantom pain
i. Pain can be caused by neuroma at the limit of the limb remainder

ii. Cortical reorganization

1) The degree of reorganization is correlated with the degree of reorganization

iii. Body schema, neuromatrix, neural signature

1) An integrated “memory” of local function and experience

c. Effective therapies for Phantom Pain in include opiates and mirror visual feedback
i. Other biochemical and manual therapies have mixed results
2. Mirror visual feedback rely on visual sensory dominance
a. Mirrored movements of the intact hand provides visual input into the cortical representation zone that previously received input from the now amputated limb 

i. Influencing cortical reorganization
b. executed and imagined movements produce similar effects
3. Patients with phantom limb pain have reduced activity in 1° somatosensory (S1) and 1° motor (M1) cortices watching activity with mirror visual feedback
a. Amputation patients without pain have activation of S1 and M1 when watching a mirror image of the phantom limb move
4. Activity in a limb activates S1 and M1 in both hemispheres in intact controls and amputees without pain
a. But not in amputees with phantom limb pain
5. Imaginary movement of the amputated limb produces activity in the supplementary motor area
a. But patients with phantom pain had no contralateral S1 or M1 activity

b. Controls and amputees without phantom pain did have contralateral S1 and M1 activity

6. Magnitude of phantom limb pain is negatively correlated with contralateral S1 and M1

Sharleen Yuan – 24 September 2010

Pharmacological activation of 5-HT7 receptors reduces nerve injury-induced mechanical and thermal hypersensitivity  A Brenchat, X Nadal, L Romero, S Ovalle, A Muro, R Sánchez-Arroyos, E Portillo-Salido, M Pujol, A Montero, X Codony, J Burgueño, D Zamanillo, M Hamon, R Maldonado, JM Vela 2010 Pain  149: 483-494
1. Neuropathic pain is reduced by 5-HT7 agonist (AS-19)
a. Neuropathic pain reduced included both mechanical and thermal hypersensitivity 
b. Neuropathic pain is generated by nerve ligation with silk

i. Mechanical hypersensitivity tested with paw withdrawal to increasing von Frey filament pressure

ii. Thermal hyperalgesia – paw withdrawal using radiant heat (infrared photobeam)

2. Neuropathic pain is enhanced by 5-HT7 antagonist (SB-258719)
a. Pain included heightened mechanical and thermal hypersensitivity

b. Mechanical hypersensitive pain is stimulated by the 5-HT7 antagonist in normal animals

i. In sham operated animals without nerve ligation

3. Neuropathic pain increased by 5-HT7 antagonism is subsequently reversed (reduced to normal) by 5-HT7 agonism

a. For both mechanical and thermal hypersensitive pain
b. Combined 5-HT7 antagonist and agonist have slight increase in mechanical hypersensitivity

i. No reduction in pain of combined 5-HT7 antagonist and agonist for thermal hyperalgesia
4. Neuropathic pain is reduced by repeated delivery of sub-threshold 5-HT7 agonist (E-57431)

5. Nerve-damage stimulates up-regulation of 5-HT7 receptors in lamina I-II and III-IV of the dorsal horn of the spinal cord

a. Lamina I-II includes nociceptive Aδ and C fibers

b. Lamina III-IV includes non-nociceptive Aβ fibers

6. 5-HT7 receptors are co-localized with GABA neurons

a. 5-HT7 receptors stimulate Gs → cAMP to activate GABA neurons 

7. 5-HT7 receptors inhibit pain production indirectly via GABA inhibition of spinal neurons

Brian Burrell – 1 October 2010

Spinal endocannabinoids and CB1 receptors mediate C-fiber–induced heterosynaptic pain sensitization   Alejandro J. Pernía-Andrade, A Kato, R Witschi, R Nyilas, I Katona, TF Freund, M Watanabe, J Filitz, W Koppert, J Schüttler, G Ji, Volker Neugebauer, G Marsicano, B Lutz, H Vanegas, Hanns Ulrich Zeilhofer 2009 Science  325: 760-764

1. Many types of pain may be reduced by cannabinoids 
a. Endogenous cannabinoids include 2-arachydonoyl glycerol (2AG) and anandaminde (AEA)

i. Lipid neurotransmitters that are synthesized on demand (activity-dependent)
ii. Endocannabinoids are predominately made postsynaptically and delivered to the presynaptic neuron (retrograde) to bind to receptors

iii. require an active transport molecule (still unknown) to move across the synaptic cleft
iv. 2AG is synthesized by diacylglycerol (DG) and is the most common endocannabinoid in the brain

b. Analgesic effects occur through Gi protein coupled receptors CB1 and CB2
i. CB1 & 2 inhibit adenylate cyclase (AC) and cAMP
ii. Often inhibit neural transmission by inhibiting presynaptic release

1) Sometimes described as a circuit breaker

c. Other receptors include TRPV1 (transient receptor potential vanilloid 1) and other TRP’s
i. GPR55 is another possible G coupled cannabinoid receptor
2. Nociceptive (dorsal horn) synapses in the spinal cord of Gly (glycine) and GABA show reduced IPSCs by CB1&2 agonist
a. IPSC = inhibitory postsynaptic current

b. WIN 55,211-2 = CB1&2 agonist

3. Gly IPSCs are reduced at synapses with excitatory synapses by mGluR1/5 receptor agonist (DHPG) but more than recover by the CB1 antagonist (AM251)

4. CB1&2 agonist does not affect excitatory Glu-AMPA synapses

5. CB1 receptors are found in the presynaptic membrane in GABA and Gly neurons
a. In GABA neurons CB1 staining found co-localized with VIAAT (vesicular inhibitory amino acid transporter)

b. Paired pulse facilitation in Gly neurons

6. Capsaicin induces potentiated action potential firing in response to  mechanical stimulation (von Frey fibers) similar to 2° hyperalgesia and allodynia
7. Capsaicin-induced hyperalgesia is reversed by CB1 receptor antagonist (AM 251)

a. Capsaicin-induced hyperalgesia is also reversed by mGluR1 antagonist (LY367,385)

i. mGluR1 necessary for endocannabinoid production

ii. hyperalgesia is prolonged by inhibition of cannabinoid catabolism (URB 597)

iii. hyperalgesia is also prolonged by endocannabinoid reuptake inhibition (UCM 707)

1) not prolonged by mGluR5 antagonist MPEP

8. Capsaicin-induced secondary hyperalgesia is blocked in CB1-/- knockout mice
9. Capsaicin-induced 2° hyperalgesia is blocked by CB1-/- knockout in spinal cord interneurons (ptf1a CB1-/-)
a. 2° hyperalgesia induced by capsaicin is preserved in CB1-/- knockout of C fibers 

10. When pain is evoked by C fibers (nociceptive) endocannabinoids are analgesic

a. CB1 receptors in 1° nociceptors do not mediate 2° hyperalgesia

11. When pain is potentiated Aβ fibers (non-nociceptive) endocannabinoids are pro-nociceptive; leading to potentiated 2° hyperalgesia

a. 2° hyperalgesia induced by capsaicin is mediated by CB1 receptors in the spinal cord on non-pain neurons

Justin Smith – 8 October 2010

Epigenetic gene silencing underlies C-fiber dysfunctions in neuropathic pain   H Uchida, L Ma, H Ueda 2010 J Neurosci 30: 4806–4814
1. Neuropathic Pain includes paradoxical sensations: positive and negative symptoms
a. Positive symptoms 
i. Allodynia: A stimulus which does not normally provoke pain, either thermal or mechanical, often occurs after injury to a site. 

ii. Hyperalgesia: an extreme reaction to a stimulus which is normally painful
iii. Parethesia: tingling or pricking (pins and needles)
b. Negative symptoms

i. Hypoesthesia: A reduced sense of touch or sensation, or a partial loss of sensitivity to sensory stimuli

ii. Hypoalgesia: A decreased sensitivity to painful stimuli

iii. Possible mechanisms for negative symptoms
1) Dysfunction of small-diameter C-fibers

2) Loss of C-fiber terminals

3) Impairment of C-fiber mediated axon-reflex flare responses

4) Increase in the threshold against C-fiber-specific-stimuli
2. Nerve injury → ↓ peripheral morphine analgesia
a. Due to loss of μ-opiate receptors in dorsal root ganglion (DRG)
i. Through long lasting NRSF epigenetic silencing of μ-opioid receptors

1) NRSF = neuron-restrictive silencer factor binds to NRSE (response element) on DNA

2) μ-opiate receptor gene has NRSE in promoter and exon I

3. Nerve injury → hypoesthesia

a. Due to loss of voltage gated Na++ 1.8 channels (Nav1.8) in dorsal root ganglion (DRG)

b. Through long lasting NRSF epigenetic silencing of Nav1.8

1) Nav1.8 gene has 1-2 forward and 1 reverse NRSEs
a) 2 forward (in promoter) and one reverse (promoter in front of exon 11) NRSEs in humans

4. Nerve injury → ↑ NRSF expression and protein
a. injury →NRSF exon I and II expression (not III)

b. injury → ↑ acetylation of histone tail 4 (H4) (not H3) at the NRSF gene
c. NRSF-antisense oligonucleotide (as-on) blocks nerve injury induced NRSF expression

5. nerve injury → ↑ NRSF binding to μ-opioid receptor-NRSE

a. ↑ NRSF binding → ↓ acetylation of H3 and H4 on μ-opioid receptor gene
i.  NRSF → ↓ μ-opioid receptor gene expression

b. NRSF-as-on blocks NRSF inhibition of μ-opioid receptor gene expression
6. nerve injury → ↑ NRSF binding to Nav1.8-NRSE

a. ↑ NRSF binding → ↓ acetylation of H3 and H4 on Nav1.8 gene

i. at NRSE1 and NRSE2 of H3

ii. and NRSE2 for H4

iii. NRSF → ↓ Nav1.8 gene expression

b. NRSF-as-on blocks NRSF inhibition of Nav1.8 gene expression

7. NRSF-as-on blocks NRSF inhibition of TRPM8 and TRPA1 gene expression
a. But not CGRP gene expression
8. NRSF-as-on blocks injury induced hypoesthesia via C-fibers
a. Reversed by Nav1.8 antagonist A-803467

i. A-803467 also reduces sensitivity in uninjured touch reception

b. NRSF-as-on does not blocks injury induced 1°Aδ–fiber or 2°Aβ–fiber hyperalgesia

9. NRSF-as-on reverses the loss of μ-opioid receptor mediated analgesia
10. Nerve injury can result in reduced opiate pain relief, and a reduction in touch sensitivity and therefore reduced capacity for massage relief through Aβ–fiber LTD desnsitization

Travis Bjordahl – 15 October 2010

Mas-related G-protein–coupled receptors inhibit pathological pain in mice  Y Guan, Q Liu, Z Tang, SN Rajaa, DJ Anderson, X Dong 2010 PNAS  325: 760-764

1. Formalin injections into the plantar surface of the paw stimulates 2 phase Pain
a. 2% formalin stimulates both Aδ and C fiber components to pain
i. Aδ and C fiber components in 1st mechanical phase

ii. C fiber component is activated in 2nd inflammatory phase

b. 2% formalin stimulates c-fos in spinal cord dorsal horn laminae I & II (L4 – L6)

2. Mas-related G-protein coupled receptor (Mrgpr) gene knockout increases formalin-induced  C fiber pain
a. Mrgprs are orphan receptors – with no known ligand
b. Mrgp receptors are found on non-peptidergic sensory DRG neurons

c. The Mrgpr knockout deleted 12 Mrgpr DNA sequences

i. Mrgpr KO removed about 50% of Mrgp receptors

d. Bovine adrenal medulla peptide 8-22 (BAM8-22) is an agonist for MrgprC11
i. BAM1-7 binds opioid receptors
3. Electrical stimulation at 1 Hz stimulates pain via deep dorsal horn Wide Dynamic Range (WDR) neurons
a. 2° sensitization in spinal cord

b. Repeated stimulation produces sensitization = windup

c. Mrgpr KO mice show sensitization with below threshold stimulus of 0.2 Hz

d. Mrgpr KO mice also have enhanced sensitization at stimuli above the  1 Hz threshold

4. Mrgp receptors produce analgesia at dorsal root and 2° spinal cord neurons
5. BAM8-22 in wild-type mice reduces thermal-inflammatory pain
a. No effect on Mrgpr KO mice

i. Thermal-inflammatory pain stimulated by CFA injection

b. No effect on Aδ acute pain 

c. No effect on contralateral paw

i. Hargeaves test

6. BAM8-22 in wild-type mice also reduces neuropathic pain
a. Left sciatic nerve ligation

b. Mrgpr KO and WT mice both show neuropathic pain
c. No effect of BAM8-22 in Mrgpr KO mice

d. No effect of  BAM8-22 in the contralateral paw of WT or KO mice

e. BAM8-22 continues to reduce pain at higher von Frey pressures

7. BAM8-22 reduces 2° sensitization of WDR neurons of WT mice (windup)

a. Washout of BAM8-22 returns 2° sensitization (windup)

b. BAM8-22 enhances 2° sensitization and pain in Mrgpr KO mice

c. BAM8-22 stimulates increased response to each stimulus level

8. BAM8-22 binding to the MrgprC11 is anti-hyperalgesic (analgesic for 2° sensitization)
9. Some Mrgp receptor systems provide reduction for inflammatory, thermal, and mechanical C-fiber pain and 2° sensitization of those pain types
Torrie Rasmussen – 22 October 2010

How the number of learning trials affects placebo and nocebo responses   Luana Colloca, P Petrovic, TD Wager, M Ingvar, Fabrizio Benedetti 2010 Pain  151: 430–439 
1. Pain is limited by placebo analgesia through endogenous opioid mechanisms
a. Placebos activate endogenous opioid systems
i. Placebo is a sham or simulated medical intervention that can produce a perceived or actual improvement

ii. Nocebo = unpleasant response or reaction caused by a placebo drug or condition

b. Opioid antagonists such as naloxone inhibit the placebo analgesic response

2. Placebo analgesia may occur without involvement of endogenous opioids

a. Naloxone blocks placebo analgesia only partially

3. Anterior Cingulate (ACC) may control placebo responses
a. ACC activity increased by acute pain
i. Lesion of ACC → analgesia
ii. Electrical or chemical stimulation of ACC → pain
iii. Opioid injection → ACC → analgesia
b. ACC activity increased by opioid analgesia and placebo analgesia
i. Blocking Enk or GABA input to the ACC → pain
1) GABA/Enk inhibition of ACC inhibits pain
c. ACC → PAG

4. Expectation of pain relief triggers opioid release in the CNS
5. Expectation of elevated pain sensation produces nocebo effect

a. Pain perception is only briefly elevated when tactile, not painful, stimuli are used 
i. Tactile stimulus is not elevated

ii. Short-lived nocebo response with short training regimen
1) No clear placebo effect upon expectation of relief

b. Short-training with painful stimuli produces placebo and nocebo effects

i. Placebo effects from expectation of pain relief even when pain is not reduced

1) Extinguished very rapidly

ii. Nocebo effects from expectation of greater pain, even when the pain is constant

1) More persistent
6. Longer training produces persistent placebo and nocebo effects
a. Long lasting experience of reduction of pain upon placebo light signal (green) reduces pain perception even when the actual intensity of the stimulus is not decreased

i. True for tactile or painful stimuli

ii. Persistent placebo effect

iii. Greater pain reduction with increased training

b. Long experience of increased pain upon nocebo light signal (red) increases pain perception, even when intensity of stimulus is not increased
i. For both tactile and painful stimuli

ii. Persistent nocebo effect + greater pain sensation with increased training
7. Correlation between placebo and nocebo effects ∆ed with training length and stimulus type

a. Positive: more placebo as nocebo response increases with short training + painful stimuli

b. Negative: greater placebo but reduced nocebo response with long training + tactile stimuli

8. Conditioning is necessary for persistent placebo and nocebo effects
Donald Simone – 29 October 2010  
Spinal neurons that possess the substance P receptor are required for the development of central sensitization SG Khasabov, SD Rogers, JR Ghilardi, CM Peters, PW Mantyh, Donald A Simone 2002 Journal of Neuroscience 22: 9086–9098
1. Pain receptive neurons in the periphery may be increased or decreased with neuropathy
a.  Remaining nociceptors or mechanoreceptive neurons can produced increased pain

i. Spontaneous activity in C-fibers can produce pain
2. Substance P-Saporin conjugate binds to NK1 receptors and are internalized; kills specific neurons
a. Only 5% of neurons contain SP

i. All of the SP neurons are ascending (see loop)

b. SP-Saporin injected intrathecally dramatically decreases hyperalgesia
3. Rostroventral Medulla (RVM) has 3 types of cells

a. Neutral cells
b. On cells – turned on during pain

i. Facilitate pain through nociceptive neurons in spinal cord

ii. Sensitized by SP or NK1 agonist
1) Stimulates hyperalgesia
iii. SP-Saporin kills these cells and blocks sensitization and hyperalgesia
c. Off cells

i. Inhibit pain
4. Pain Loop

a. Nociceptor → spinal cord superficial (lamina I) Dorsal Horn interneuron → deep Dorsal horn 2 afferent nociceptive ascending neurons → RVM (on and/or off cells) → deep dorsal horn → superficial dorsal horn

i. Separate nociceptors for itch and pain

1) Itch nociceptors stimulated by histamine and cowage 

5. You need hyperalgesia
a. Surrounding receptive field is also sensitive to pain

b. Enhanced pain may enhance healing by reducing the use of that area 

Tyler Vanadurongvan – 5 November 2010

The spinothalamic system targets motor and sensory areas in the cerebral cortex of monkeys   Richard P Dum, DJ Levinthal, PL Strick 2009 Journal of Neuroscience 29: 14223–14235
1. Spinothalamic afferent neurons carry Pain signals and nociceptive information
a. Pain stimulus in the periphery is transmitted by nociceptors (Aδ or C fibers) through dorsal root to superficial laminae (I) of the dorsal horn of the spinal cord
i. 2° lamina I interneurons connect to the spinothalamic neurons
1) 3° ascending nociceptive neurons begin the Spinothalamic System
2. Spinothalamic System: 3° nociceptive neurons project to Thalamus

a. Painful information in 3° nociceptive neurons project to A1-A2, A5-A7, Parabrachial nucleus (PB), and Periaqueductal gray (PAG) on the way to the thalamus
b. Nociceptive nuclei of the thalamus include VPI, MDcv, VMpo (PoSG), VLc/VPLc
3. Thalamic 4° projections include 2° Somatosensory Cortex (S2) and Cingulate motor areas, but very little to S1 (1° Somatosensory Cortex)
a. Includes posterior  (S2) and granular (Ig) insula
i. Thalamic VMpo/PoSG connects to Ig (41% of all nociceptive information)

ii. Thalamic VPI connects to S2 (29%)

b. Cingulate motor areas include M4 (CMAd and CMAv) and M3 (CMAr)

i. CMA areas are found in the cingulate sulcus

ii. Thalamic MDvc connects to CMA (24%)

c. Thalamic VPLc connects to S1 (but only 4%)

4. High overlap in brain region activation between experiencing pain and observing others experience pain

a. Also between experiencing activity and observation of activity
5. Vicarious responses to painful stimuli in other individuals activate similar areas to those activated by actual pain

a. Strong activation of S2, Insula,  and Broadmans area 2 (BA2) in S1

i. Especially anterior insula

ii. More BA2 than BA1, not in BA3b

1) BA2 is more associative than other areas of S1

iii. Moderate activation of rostral Cingulate Cortex

1) Cingulate motor areas

6. Mirror neurons are activated in associative somatosensory and motor areas are activated during vicarious observation of pain and other behaviors
Katie Oliver – 3 December 2010

Meditation experience predicts less negative appraisal of pain: Electrophysiological evidence for the involvement of anticipatory neural responses CA Brown, AKP Jones 2010 Pain 150:428–438

1. Anticipation of Pain
a. Anticipation of events can allow for coping with emotional and physiological pain
i. Anticipation of pain can lead to anxiety
2. Anxiety can predict pain severity and behavior

3. Placebo experiments = anticipation  → ↓ activity in pain areas
a. in anterior insula, anterior cingulate cortex (ACC) and contralateral thalamus 
b. but increases in PFC
4. Meditators show normal pain-induced activity
a. In thalamus, 1° and 2° somatosensory cortices, insula, PFC, and ACC
5. Low-resolution electromagnetic tomography (LORETA) analysis of EEG activity for pain
a. Localization of signal

b. Pain anticipation: MCC, inferior parietal cortex (IPC), mPFC, pACC

c. Pain experience: contralateral insula, ipsilateral S2 cortex

6. Meditators showed reduced anticipation and pain experience neural activity
a. If meditation was practiced more than 6 years

b. Length of meditation was negatively correlated with pain unpleasantness (r2 = 0.424)
c. Meditation group had lower activation of MCC and IPC during late anticipation

i. Visual signals countdown to pain stimulus: black dot 3s, gray 2s, white 1s, laser pain

ii. anticipation

d. Meditators: higher activity of PFC during late anticipation 
i. Meditators: negative correlation between PFC activation and pain unpleasantness

ii. Non-meditators had a positive correlation between PFC activation and pain 

e. Meditators: lower pain response activity in S2 and pInsula

7. More meditation experience correlated with lower perception of pain unpleasantness
8. Meditation reduces negative appraisal of pain during anticipation
Tori Collins – 10 December 2010

Chronic stress induces transient spinal neuroinflammation, triggering sensory hypersensitivity and long-lasting anxiety-induced hyperalgesia   C Rivat, C Becker, A Blugeot, B Zeau, A Mauborgne, M Pohl, J-J Benoliel 2010 Pain  150: 358–368
1. Chronic Pain is an inescapable stress
a. Many patients with chronic pain suffer from depression
i. Depressed patients have an altered perception of pain
2. Central stress responsive regions also influence descending pain pathways

a. Amygdala, mPFC, anterior cingulate (ACC), and dorsomedial hypothalamus (DMH) project to periaqueductal gray (PAG = MCG)
3. Descending control of nociceptive pathways[image: image1.png]



a. influences the perception of pain
b. Nociceptive input is prioritized relative to homeostasis
c. CeA, mPFC, ACC and DMH to PAG
i. DMH and PAG project to RVM

1) RVM, VLM and DRt project to lamina I of the dorsal horn
d. RVM and VLM have inhibitory and stimulatory pathways

i. producing both analgesia and hyperalgesia
1) Opiods, OFF-cells: analgesia

4. CCK, ON-cells: hyperalgesia
5. Social defeat → ↑ synthetic pathways for enzymes that produce inflammation and pain
a. → ↑ inducible nitric oxide synthase (iNOS) and cyclo-oxigenase 2 (COX2)

b. also → ↑ anxiety (EPM)

i. persistent: anxiety lasts 15 days, iNOS and COX2 lasts 5 days

ii. anxiolytic chlordiazepoxide inhibited anxiety but not enzymes

iii. aspirin (COX1+2 inhibitor) inhibited iNOS and COX2 but not anxiety

iv. Cholecystokinin 2 receptor antagonist (CI-988) blocks ↑anxiety and iNOS and COX2
c. Social defeat → ↑ pressure sensitivity (pain)
i. Aspirin limited the ↑ in pain sensitivity

ii. Anxiolytic was ineffective in reducing pain sensitivity

iii. CCK2 antagonist (CI-988) into RVM completely reversed pain sensitivity

1) Reversed after 1 h

6. Social defeat → ↑ formalin-induced pain 
a. Systemic CCK2 antagonist (CI-988) or anxiolytic (chlordiazepoxide) blocked the Social defeat → ↑ formalin-induced pain
b. No effect on pain of intra-RVM injection of CI-988
Spring 2011 Wnt/-catenin 

Fall 2011 Epigenetics of Depression 
∆ → ↑ ↓ ↔   ° é ∑ α β γ δ λ θ μ π ± ≤ ≈ ≠ ≥ ♀ ♂ ∞ 
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