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NMDA Receptor: Definition
Mechanism by which tissue injury produce 
pain under intense scrutiny

1980’s spinal delivery of NMDA receptor 
antagonist

• Inhibit hyperexcitability of spinal cord nociceptive
neurons induced by C-fiber stimulation

• Activation of NMDARs after tissue injury and 
inflammation enables facilitated processing in spinal 
cord



NMDA Receptor: Definition

Induce and maintain central 
sensitization during pain

Mediate peripheral 
sensitization and visceral pain



NMDA Receptor: Definition
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NMDA Receptor: Definition

NR2B

• Important for 
nociception



NMDA Receptor: Definition

Glutamate

• Major excitatory neurotransmitter

• Brain

• Spinal Cord

Exerts postsynaptic effects on membrane 
receptors

• Ionotropic

• Metabotropic



NMDA Receptor: Definition

• AMPA

• Kainate

• NMDA

• Excitatory synaptic 
transmission

• Plasticity

• Neurodegeneration

Ionotropic



NMDA Receptor: Definition

• Highly permeable to 
monovalent ions and Ca2+

• Binding of glutamate and 
glycine required for activation

• At resting membrane 
potential blocked by Mg2+

NMDAR 
Properties



NMDA Receptor Activation and 
Persistent Pain

NMDAR antagonists shown to effectively alleviate 
pain related behavior

Important for normal CNS functions

• Side effects of NMDAR antagonists

• Memory impairment

• Psychotomimetic effects

• Ataxia

• Motor incoordination



NMDA Receptor Activation and 
Persistent Pain

Peripheral NMDA Receptors

• Recognizing that plays important role

• Studies show them found on nerves in human tendons, and with 
increased concentrations of glutamate have shown creation of 
chronic pain from tendons

• Alfredson H, Forsgren S, Thorsen K, Lorentzon R. In vivo 
microdialysis and immunohistochemical analyses of tendon tissue 
demonstrated high amounts of free glutamate and glutamate 
NMDAR1 receptors, but no signs of inflammation, in Jumper’s 
knee. J Orthop Res 2001; 19: 881–6.



Figure 1. Schematic representation of possible subunit composition of peripheral (A) and 

spinal (B) NMDARs.

Petrenko A B et al. Anesth Analg 2003;97:1108-1116

©2003 by Lippincott Williams & Wilkins



NMDA Receptor Activation and 
Persistent Pain

Changes in the 
periphery after 
trauma lead to 

peripheral 
sensitization and 

primary hyperalgesia

• Central 
component

Only partly 
explained



NMDA Receptor Activation and 
Persistent Pain

Central Sensitization

• Dorsal horn excitability is increased, its response to 
sensory input is facilitated

• Allodynia

• Low intensity stimulus acting via low threshold 
afferents generate pain

• Hyperalgesia

• Noxious inputs result in a pain response increased

• Amplitude 

• Duration



Figure 2. Schematic illustration of the role of NMDARs in central sensitization.

Petrenko A B et al. Anesth Analg 2003;97:1108-1116

©2003 by Lippincott Williams & Wilkins

Normal

Removal of Mg2+ block

Ca 2+ increases channel
opening



NMDA Receptor Activation and 
Visceral Pain

May mediate pain from internal organs

Experiments in rats- ureter distensions ketamine

Noxious CRD (colorectal distention)/systemic ketamine vs
intrathecal

NMDAR use in treatment of visceral pain?

• IBS



Clinical Implications

Excessive activation implicated in:

• Depressive/ mood disorders

• Schizophrenia

• Alzheimers

• Addiction

• Oncogene induction

• Chronic Pain



Clinical Implications 

Repeated or constant noxious input 
primes NMDAR

• Windup Pain

• Opioid Tolerance

• Opioid induced hyperalgesia

• Receptive field size increase

• Pain threshold reduction

• Longterm potentiation



Windup Pain

Also called Temporal Summation of Second Pain

Neural activity increases in a spontaneous manner

“Hyperexcitability” results

Central sensitization occurs



Windup and Chronic Pain

Phosphorylation of NMDA receptors

Transcription/Translation of genes

Changing prototype of neurons

Increased excitability/sensitization

Long term potentiation

Staud, R. et al. Maintenance of windup of second pain requires less frequent stimulation in 
fibromyalgia patients compared to normalcontrols. Pain 110 (2004) 689–696



Opioid Tolerance

Higher dose is required over time to 
maintain the same level of analgesia

Coadministration of NMDA antagonists can 
be opioid sparing and reduce tolerance

May also attenuate withdrawal when 
decreasing doses



Opioid Induced Hyperalgesia

NMDA receptor antagonists such as MK801 to 
block opioid-associated hyperalgesia provides 
evidence that NMDA receptors are involved in 
hyperalgesic states

King et al 2005, Mao 2006, Ossipov et al 2005.



Receptive field size expansion

Spinal neurons activate 
a pain response to field 
normally outside the 
original site of injury



Summation

It is clear that NMDARs are critically involved 
in the induction and maintenance of neuronal 
hyperexcitability after noxious events

Recognition of peripheral somatic and visceral 
NMDARs leads to greater involvement of this 
pathway in pain



Antagonists
Ketamine

Dextromethmorphan

Methadone

Memantine

Antidepressants

• TCA



Ketamine

When first and second-line drugs fail 
to provide satisfactory analgesia for 
the patient with chronic pain

• Opioids

• Anticonvulsants

• Antidepressants



Ketamine

Ketamine has an analgesic action at many 
sites both centrally and peripherally

• Opioid

• NMDA

• α-amino-3-hydroxy-5-methyl-4-isoxazole propionate

• Kainate

• γ-amino butyric acid A receptors

• inhibits serotonin and dopamine reuptake

• inhibits voltage-gated Na+ and K+ channels



Ketamine

Mechanism of action in the reversal 
of opioid tolerance by ketamine is 
believed to involve an interaction 
between:

• NMDA receptors

• Nitric oxide pathway 

• μ-opioid receptors



Ketamine

Patients with incapacitating, otherwise intractable, chronic pain may accept side 
effects from a treatment if pain relief is sufficiently effective

Generally does not provide a long-term solution and should therefore be regarded 
as a temporary measure while other treatment options are considered

Magnitude of reported benefit from ketamine in chronic pain is often little more 
than what could be expected by a placebo effect.

More study is needed



Dextromethorphan

• Low affinity noncompetitive 
NMDA receptor antagonist

• Dextrorphan 8 x the NMDA 
affinity

• Preventative analgesia

• IV Formulation

McCartney,C. et al. 
A Qualitative 

Systematic Review 
of the Role of N-

Methyl-D-Aspartate 
Receptor 

Antagonists in 
Preventive 
Analgesia. 

Anesthesia and 
analgesia 

2004;98:1385-1400



Dextromethorphan

• Effective as 
premedication 
adjunct for 
tonsillectomy and 
mastectomy

Siu, A & 
Drachtman,R. 

Dextromethorphan: 
A Review of N-

methyl-daspartate
Receptor 

Antagonist in the 
Management of 
Pain. CNS Drug 
Reviews. 2007:13; 

96-106



Dextromethorphan

• Analgesic effect beyond 
pharmacologic active perioid

• Lower VAS pre-post incision 
compared to control

• Even after 24 hours

Helmy,S. & Bali,A
The effect of the 
preemptive us of 

the NMDA receptor 
antagonist 

Dextromethorphan
on Postoperative 

Analgesic 
Requirements 
Anesthesia & 

Analgesia. 2001; 
92:739-44



Methadone

• S isomer 

• NMDA antagonist

• R isomer

• Mu agonist

Mixed 
Isomers



Methadone
Methadone may be an important alternative for those 
who have side effects related to the use of other opioids

No known active metabolites

Well absorbed by oral and rectal routes

Low cost



Memantine

• four week double-blinded, randomized 
placebo-controlled trial was performed 
to evaluate the efficacy of 30 mg 
memantine/day, an orally administrable 
NMDA receptor antagonist

• failed to demonstrate a significant 
clinical benefit of the NMDA-receptor 
antagonist memantine in chronic PLP. 
The administration of a higher dosage is 
probably not tolerable

Maier, et al. 
Efficacy of the 

NMDA-receptor 
antagonist 

memantine in 
patients with 

chronic phantom 
limb pain – results 
of a randomized 
double-blinded, 

placebo-controlled 
trial, Pain July 2002



Memantine

• A double-blind, randomized, placebo-
controlled trial was conducted to study 
the analgesic efficacy of the NMDA (N-
methyl-D-aspartate) receptor antagonist 
memantine (1-amino-3,5-
dimethyladamantane hydrochloride) in 
relieving postherpetic neuralgia (PHN). 

• Study results show that memantine is 
ineffective in reducing spontaneous and 
evoked pain in patients with PHN 

Eisenberg, et al, The 
NMDA (N-methyl-

D-aspartate) 
receptor antagonist 
memantine in the 

treatment of 
postherpetic

neuralgia: a double-
blind, placebo-

controlled study, 
Euro. Jnl Pain 1998, 

Pages 321-327



TCA

• Systematic review of randomized controlled 
trials, the main outcomes were global 
judgements, pain relief or fall in pain intensity 
which approximated to more than 50% pain 
relief, and information about minor and major 
adverse effects

• Compared with placebo, of 100 patients with 
neuropathic pain who are given antidepressants, 
30 will obtain more than 50% pain relief, 30 will 
have minor adverse reactions and four will have 
to stop treatment because of major adverse 
effects

Mcquay, A 
Systemic review 

of 
antidepressants 
in neuropathic 
pain, Pain, Vol
68, Dec 1996


