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“Strong emotions” block acute pain (1946)

Beecher, “Pain in Men Wounded in Battle”, Annals of Neurology, 1946

3/4 of severely wounded soldiers did not want additional morphine



Electrical stimulation of PAG allows surgery in awake rats

Reynolds, Science, 1969



Electrical stimulation of PAG for chronic pain patients

Text from Ossipov, 2010



PAG relays information to DH through the rostral ventromedial medulla

Fields and Basbaum in Basic and Clinical Pharmacology by Katzung

RVM

PAG



Microinjection of opioids into PAG or RVM reduces nociception

Ossipov et al, JCI, 2010

Chen and Heinricher, 2019

Descending pain inhibition from the PAG can be 
initiated by electrical stimulation or direct 
microinjection of opioids …. Opioids and 
cannabinoids inhibit pain by enhancing the baseline 
firing rate of off-cells and eliminating the off-cell 
pause in response to nociceptive stimuli. Inhibition 
of on-cell activity may abolish enhanced pain 
states. The on-cells and off-cells might correlate 
with pain facilitatory (+) and inhibitory (–) neurons 
in the RVM, respectively. 



Descending Modulation from RVM to Dorsal Horn

Basbaum, Clanton, Fields, PNAS, 1977



RVM Descending 5-HT Control of Transient Pain

Nucleus raphe magnus in the RVMM provides 
the bulk of 5-HT found in the dorsal horn 
(Basbaum)

Electrical stimulation of NRM reduced activity 
of DH neurons and inhibits tailflick. Blocked 
by 5-HT antagonists (e.g. Dickenson)

Stimulation of the PAG or RVM releases 5HT 
in spinal cord (Willis, 1999)

May explain the analgesic effects of drugs 
like serotonin-selective reuptake inhibitors, 
but…



RVM Descending 5HT control of Hyperalgesia through 5HT2 and 5HT3

Intrathecal injection 
of pharmacological 
antagonists to 5HT3 
(ondansetron) reverse 
hyperalgesia

Andy Cooper, unpublished

Stimulation of RVM 
can also increase
activity of DH 
neurons (Zhuo and 
Gebhart, early 
1990s)



RVM Descending Control in Persistent Pain States



How does noxious input get to the RVM?: Parabrachial Complex

Ossipov; Chen and Heinricher, 2017



How does noxious input get to the RVM?: Parabrachial Complex

Chen and Heinricher, 2017, 2019



Classic lateral inhibition theory of opioid action in RVM

Heinricher et al, Neuroscience, 1992

RVM ON-cells (pronociceptive): 
Normally quiescent. Noxious 
stimulus creates a “burst” of 
firing just prior to withdrawal

MOR agonists directly inhibit 
(pre- and post-synaptic) ON-cell 
firing  antinociception

Contribute to descending 
facilitation after injury (e.g. 
Porreca)

RVM OFF-cells (antinociceptive): 
Normally tonic (pain inhibitory?) 
firing. Noxious stimulus creates a 
“pause” in firing just prior to 
withdrawal

MOR agonists indirectly prevent 
the “pause” and thus increase 
firing of OFF-cells. (Opioids do 
not directly excite neurons, but 
rather inhibit GABAergic 
neurons)



RVM has many functions - but likely modulates nociception as a sensory system

Chen and Heinricher, 2019



Newer theory of parallel inhibition-excitation at ON-cells and OFF-cells

Reviewed in  et al, Lau and Vaughan, 2014



Injury increases the activity of both ON and OFF cells

Dubner et al; Heinricher et al; 2000s

No injury: OFF cell 
inhibition predominates

Injury conditions: ON cell 
facilitation predominates



Descending Control from the Locus Coeruleus: acute vs chronic pain

Ossipov et al, JCI, 2010

LC provides the bulk of norephinephrine found 
in the CNS, including the dorsal horn

Electrical stimulation of LC reduced activity 
of DH neurons and inhibits tailflick. Blocked 
by alpha-2 adrenergic antagonists (H. 
Proudfit)

May explain the analgesic effects of drugs 
like clonidine and norepinephrine selective 
reuptake inhibitors, but…



Descending Control from the Locus Coeruleus: acute vs chronic pain

Brightwell and Taylor, 2009

Selective 
destruction of 
noradrenergic LC 
neurons in the rat 
spared nerve 
injury model of 
neuropathic pain



Descending Control from the Anterior Cingulate Cortex

Electrical stimulation of ACC 
reduces tailflick latency with 
greater impact on operant assays.

ACC neurons projects directly to 
the RVM and the DH and may 
amplify descending facilitation 
(Zhuo)

By contrast, the rostral ACC 
contributes to pain inhibition, 
perhaps through connections to the 
PAG

Zhuo, review, 2017



Opioid-mediated placebo analgesia requires activation of ACC-PAG connectivity

Eipert et al, Neuron, 2009



Opioid-mediated placebo analgesia requires activation of ACC-PAG connectivity

Eipert et al, Neuron, 2009



The idea of a pain inhibitory circuit in the brain began with the concept of 
Diffuse Noxious Inhibitory Controls (DNIC)

LeBars 2002 review



Conditioned Pain Modulation


