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Kuner and Flor, Nat Rev Neurosci, 2017

Chronic Pain

• Over 100 million Americans

• Financial cost of is $635 billion 

• Co-morbidity: associated with 
   depression, anxiety, insomnia.  

• Global chronic pain epidemic
     

Inflammatory pain - arthritis 
Neuropathic pain - nerve injury 
Cancer pain - tumor

Opioid use disorder epidemic  

Pain pathway



Inflammation: Injury to peripheral tissue, systemic response 

Neurogenic inflammation: Activation of nerve fibers and involvement of
neuropeptides  

Neuroinflammation: Local inflammation in the PNS and CNS 

Matsuda M, Huh Y, Ji RR.  J Anesth. 2019

Roles of inflammation, neurogenic inflammation, and neuroinflammation in pain.
Matsuda M, Huh Y, Ji RR.  J Anesth. 2019 Feb;33(1):131-139. doi:

Different Types of Inflammation

https://pubmed.ncbi.nlm.nih.gov/30448975/




Inflammation, inflammatory mediators,  and Pain

Ji et al., Nat Rev Drug Discov., 2014

Nociceptor

1. Neuromodulation 2. Immune modulation 

One stone, two birds

5 cardinal signs of inflammation

• Rubor (redness)
• Calor (increased heat)
• Tumor (swelling) 
• Dolor (pain)
• Functio laesa (loss of function)

Inflammatory mediators 
Pro-inflammatory
(Pronociceptive)  

Anti-inflammatory
(Anti-nociceptive)  

SPMs / Omega-3 Fatty acids
Anti-inflammatory
Pro-resolution  
Anti-nociceptive  



Primary sensory neurons, spinal cord, pain sensors 

Pain sensors TRPV1 and PIEZO2 are activated by inflammatory mediators 



Cell biology of pain

Ji et al., Science, 2016



Microglial signaling in chronic pain 
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Ji et al., Science, 2016

Neuron-glial and glia-glial interactions in chronic pain 



Fish oil / Omega-3 EPA/DHA

360 mg Omega-3 / Softgel 
    180 mg EPA
    120 mg DHA

EPA DHA

Joint and bone
Mental health
Cholesterol levels
Eye health 
Skin health
Heart health 
Healthy blood glucose 

Energy and endurance 
Pain relief  

Benefits  



DHA

EPA

EPA levels are under constant demand and DHA deficiency 
in adolescents and adults correlates with mental issues.

Fish oil / Omega-3 EPA/DHA



GPR40 / long-chain free fatty acid receptor 1 (FFAR1) 

How does fish oil modulate pain? 

Anti-inflammation and analgesia (weak effects) 

Direct effects 



SPMs (specialized pro-resolving mediators) 

Fish oil, SPM, and pain 

Anti-inflammation, pro-resolution, analgesia (potent effects) 

Indirect effects 



DHA

17R-Resolvin D Series
Acetylated COX-2

Aspirin:COX-2

LOX

17S-Resolvin D Series
Lipoxygenase mechanism

Epoxidation

PD1=
NPD1Protectins

Neuroprotectins

LOX

EPA
Aspirin:COX-2

P450

microbial

18R-H(p)EPE

LOX

RvD2

RvE1

RvD1

Biosynthesis of SPMs resolvins and protectins
    during resolution phase of inflammation   
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CFA-induced heat hyperalgesia in mice

Xu et al., 2010; Nature Medicine 
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Resolvins potently inhibits inflammatory pain

Vehicle
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Xu et al., Nat Med, 2010



RvE1 inhibits inflammation and neuroinflammation 
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Xu et al., Nat Med. 2010 

Hind paw inflammation 

Xu et al., J Neuroimmune Pharmacol. 2013 

In vivoIn vitro

Mechanical Allodynia

Microglial activation  



Patch clamp 
recording

6 s

Control

Capsaicin (100 nM)

RvE1 (1 ng /ml) + Capsaicin

20 pA

Mouse sEPSC

RvE1 inhibits TRPV1 signaling in DRG and spinal cord  neurons  
                            and acts as a neuromodulator 

Xu et al., 2010; Nature Medicine 

TRPV1 / ChemR23
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Resolvins, fish oil, and inflammatory pain

Park et al., J Neurosci, 2011



Pre-treatment of DHA and NPD1 protects neuropathic 
pain in mice after nerve trauma

Xu et al., Annals of Neurology, 2013



Post-treatment of NPD1 and gabapentin,
but not DHA, attenuates established neuropathic pain

5. Protectin D1 (PD1)

Xu et al., Annals of Neurology, 2013

Comparison with 
gabapentin  



SPMs as Resolution Pharmacology for the Control of Pain and Itch

Ji,  Annu. Rev. Pharmacol. Toxicol. 2023



SPM receptors and signaling

Ji, Annu. Rev. Pharmacol. Toxicol. 2023

GPR37



GPR37 is a possible receptor for NPD1 in macrophages  

Hind paw skin

Bang et al., JCI, 2018



NPD1 induces macrophage phagocytosis via  GPR37 

Zymosan particles-pH sensitive  

GPR37 regulates the resolution of inflammatory pain

Bang et al., JCI, 2018



Neuroprotectin D1 (NPD1) Artisunate (ARU)



NPD1 and neuropathic pain after traumatic brain injury (TBI)  

Unpublished data



Demyelination in sensory cortex and hippocampus after mTBI   

Sham surgery mTBI + vehicle mTBI + NPD1

Unpublished data



NPD1 restores TBI-induced down-regulation of GPR37  

Unpublished data



SPM receptors and signaling

Ji, Annu. Rev. Pharmacol. Toxicol. 2023

GPR37

MaR1

GPR37L1



GPR37L1-E296 mutation

Bang et al., JCI, 2024

GPR37L1 signaling in SGCs in mouse and human pain 



GPR37L1 identifies satellite glial cells in the DRG   

20 um

Bang et al., JCI, 2024



Hanani and Spray, Nat Rev Neurosci, 2020

Satellite Glial Cells (SGCs) and lipid signaling

McGinnis and Ji, Cells, 2023



SPMs and resolution of inflammation  
SPMs: specialized pro-resolving mediators  

Chen et al., Neuron, 2019 

Charles Serhan

SPMs (resolvins, protectins, and maresins) 

Anti-inflammation, pro-resolution, analgesia 



Neuroimmune Modulation for Pain Resolution  

Ji et al., Anesthesiology, 2018
Buchheit et al., JCI, 2020
Zhao et al., Pharmacol Ther.  2023
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