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
Background - Nociceptors

 Specialized sensory neurons 

 DRG (or other primary sensory neurons)

 Afferent and efferent function

 A: L-glutamate

 E: Substance P and CGRP

 Found skin, muscle, joints and viscera 

 Detect noxious or damaging stimuli

 Sensitization – GPCR and Tyrosine kinase receptor




Background - Nociceptors

Two Groups of Nociceptors: 

1. Medium diameter myelinated

2. Small diameter unmyelinated




Background - Nociceptors

Medium diameter myelinated (A𝛿)
 Acute and fast pain 

 Two subtypes: 

 Type I

 Mechanical and chemical

 High heat threshold (>50 C)

 Type II

 Very high mechanical threshold

 Low heat threshold




Background - Nociceptors

Small diameter unmyelinated (C) 
 Slow and “second”

 Mechanical and heat sensitive 

 Ex. Heat sensitive, or mechano-cold sensitive 
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
TRP Channels

 Nonselective cation channels

 High permeability to calcium

 Sensitive to PIP2 (GPCR-PLC pathway)

https://www.cisbio.co
m/dd/by-
universe/gpcr-platform




Nociceptors/TRPs – Importance?

 Paroxysmal extreme pain disorders

 Rectal, perineal, ocular and mandibular pain

 Sodium channel (NaV1.7) gain of function mutation

 Familial episodic pain disorder 

 TRPA1 mutation

 Severe episodic pain

 Thorax and arms 

 Sweating, generalized pallor, periubuccal cyanosis, tachycardia, 
breathing difficulties and abdominal wall stiffness





More recently, clinical studies integrating phenotypic 
characterization, genetics, and in vitro elucidation of the functional 

effects of mutations have clearly established that Nav (and 
TRPA1) nociceptor channelopathies are an important cause of 
episodic pain disorders, insensitivity to pain, and painful SFN. 

Some evidence indicates that auto-immune Kv channelopathies 
may at least contribute to otherwise unexplained pain.




Nobel Prize 2021

David Julius and Ardem Patapoutian

https://www.nobelprize.org/prizes/medici
ne/2021/press-release/




Nobel Prize 2021

David Julius
 Used capsaicin to show how we interpret “heat” as chemical 

signals

 Had a library of millions of DNA fragments – only one single 
gene was coded for heat 

 Discovered TRPV1 – activates at temperatures deemed as 

painful

https://www.nobelprize.org/prizes/medici
ne/2021/press-release/




Nobel Prize 2021

Ardem Patapoutian
 Found a cell line that generated signals due to being probed with a 

micropipette 

 Inactivated gene after gene until..

 Discovery of Piezo1! (Greek for pressure) 

 Ion channels directly activated by exertion of pressure on 
membrane 

 Important for proprioception but regulate blood pressure, respiration 
and urinary bladder control 

https://www.nobelprize.org/prizes/medici
ne/2021/press-release/



 Molecular Cloning and 
Functional 

Characterization of a 
NovelReceptor-activated 
TRP Ca21Channel from 

Mouse Brain

Takaharu Okada‡, Shunichi Shimizu‡, Minoru 
Wakamori‡, Akito Maeda¶, Tomohiro 

Kurosaki¶,Naoyuki Takada‡§, Keiji Imoto‡, and 
Yasuo Mori‡§




Calcium

 Important in regulation

 Can be released intracellularly by IP3

 Connection between Ca2+ and TRP5? 
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

Control HEK293 Cells

Experimental HEK293 Transfected Cells (w/ TRP5 and CD8)
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
Conclusions

 Increases in intracellular calcium concentration linked to ATP in 
presence of extracellular calcium

 TRP5 permeable to calcium>monovalent ions

 Suggested there are other activators of TRP5
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 Protective Effects 
of HydrogenSulfide

Against the ATP-
InducedMeningeal

Nociception

Kseniia Koroleva1,2*, Elizaveta Ermakova1, Alsu
Mustafina1, Raisa Giniatullina2,Rashid 

Giniatullin1,2and Guzel Sitdikova1




Hydrogen Sulfide

 Common gaseous transmitter with many physiological roles

 Migraine pain associated with neuropeptides such as Calcitonin 
gene-related peptide (CGRP) and nitric oxide (NO) – induce 
pain

 Less interest in pain-reducers

 Suggested as a transmitter in nociception

 Contradictory evidence




Hydrogen Sulfide - Migraines

Pro-nociception

 Activates TRPV1 and TRPA1 
receptors

Anti-nociception

 Activates ATP and calcium 
dependent potassium 
channels

 Antioxidant and anti-
inflammatory




P2X Receptors

 Shown to be pro-nociception

 Mediated by ATP 

 Expressed in 80% of trigeminal neurons

 Interaction between H2S and P2X receptors?
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
Conclusions

 In the meninges H2S has strong protective properties against 
nociceptive agent ATP

 H2S likely directly affects function of P2X receptors to prevent 
nociception

 H2S can be used as a treatment or prevention of migraines


