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Abstract 

 

The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor are 

tetrameric, cation-permeable ionotropic glutamate receptors that are expressed 

throughout the brain and have an essential role in the functioning of the brain. These 

receptors have shown a close association with pain. This review will specifically 

focus on orofacial pain, which is known to be pain in the head and neck region. The 

aim of this study is to create a complete review on the role of the AMPA receptors on 

orofacial pain and, also to determine if there is an association between the AMPA 

receptors and orofacial pain. To complete this review, information was taken from 

many different resources such as electronic databases which included; journals 

articles, books and some websites. Results have shown that the trafficking of AMPA 

receptor, their subunit composition, the process of phosphorylation and regulation of 

the subunits and all the interacting proteins, play a critical role in the nociceptive 

processing of the spinal cord. Out of all these processes the phosphorylation of the 

receptor plays a key role in the development of pain. Research has shown that 

AMPA receptors have a part in; stress, migraines and neurodegenerative diseases 

like amyotrophic lateral sclerosis (ALS) and craniofacial muscle pain which all 

consequently leads to orofacial pain. From the review conducted, it can be concluded 

that AMPA receptors does have role in the development of orofacial pain.  
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Summary  

 

Los receptores del ácido a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic (AMPA) 

son receptores tetraméricos de glutamato inotrópicos permeables a los cationes que 

se expresan en todo el cerebro y tienen un papel esencial en el funcionamiento del 

cerebro. Estos receptores han mostrado una estrecha asociación con el dolor. Esta 

revisión se centrará específicamente en el dolor orofacial, que se conoce como dolor 

en la región de la cabeza y el cuello. El objetivo de este estudio es realizar una 

revisión completa sobre el papel de los receptores AMPA en el dolor orofacial y, 

también determinar si existe una asociación entre los receptores AMPA y el dolor 

orofacial. Para completar esta revisión, se tomó información de muchos recursos 

diferentes como bases de datos electrónicas que incluían; revistas, artículos, libros y 

algunos sitios web. Los resultados han demostrado que el tráfico del receptor AMPA, 

su composición de subunidades, el proceso de fosforilación y regulación de las 

subunidades y todas las proteínas que interactúan, juegan un papel crítico en el 

procesamiento nociceptivo de la medula espinal. De todos estos procesos, la 

fosforilación del receptor juega un papel clave en el desarrollo del dolor. La 

investigación ha demostrado que los receptores AMPA participan en; estrés, 

migrañas y enfermedades neurodegenerativas como la esclerosis lateral amiotrófica 

(ELA) y el dolor de los músculos craneofaciales que, en consecuencia conducen a 

dolor orofacial. De la revisión realizada, se puede concluir que los receptores AMPA 

sí tienen un papel en el desarrollo del dolor orofacial. 
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1. Introduction  

 

1.1. Definition and relevance of pain 

The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor (1) has 

shown a close association with pain.(2)  This review will specifically focus on the 

association between the AMPA receptor and orofacial pain. Pain can be defined as 

an unbearable sensation and emotional experience an individual will feel. This can 

lead to actual or potential tissue damage that can compromise an individual’s life. (3) 

Universally this is understood as the pointer in a disease which brings the patient to 

the physician's recognition. It is known to be the main mark of inflammation and 

damages to the tissue which consequently causes tissue protection and tissue repair. 

 

A very important aspect of healthcare is the prevention and management of pain. 

Pain can come from any situation such as injury or trauma which is considered to be 

the main cause. Perception of pain is very subjective in every individual and is 

considered to be complex.  

 

1.2. Classification of pain 

There are many different variables which control pain, thus many different 

classifications for pain exist.(3)  One way to classify pain is to differentiate it from 

being nociceptive pain or neuropathic pain.(4) We talk about nociceptive pain during 

the process in which the body reacts to a painful stimulus and no nerve damage is 

caused, whereas neuropathic pain is that in which there is nerve irritation, 

inflammation or neural tissue compression. 



 6 

 

The experience of pain is very diverse and subjective to each individual therefore it 

can be difficult to classify pain in terms of this variable. However, pain can be 

separated into three categories, which are based on the initiating conditions and the 

anticipated underlying conditions. These three categories are: acute nociception, 

post tissue injury or inflammation and post nerve injury. (5) Acute nociception is 

crucial for survival; this is the warning signal for an individual or subject. With the 

removal of the stimulus the sensation of pain resolves.(5) For an example, if someone 

touches a hot plate the initial response would be to remove the hand from the plate 

due to acute nociception, and this will stop the sensation of pain. Tissue injury or 

inflammation causes pain due to continuous exposure to a high intensity stimulus. 

Even with the removal of the stimulus the sensation of pain continues. (5) Post nerve 

injury causes a state of pain in which there are components and persistency of 

hyperalgesia and allodynia.(5) Hyperalgesia is a condition in which an individual tends 

to have an increased sensitivity to the sensation of pain and thus leads to an 

elevated response. Whereas allodynia is a condition in which an individual feels the 

sensation of pain due to a stimulus that normally does not initiate pain. Both these 

conditions have been associated with distribution of the injured nerve. (5) 

 

1.3. Orofacial pain 

This review will focus specifically on orofacial pain, which is considered as a highly 

prevalent and incapacitating condition.(6) The orofacial region is complex that involves 

the hard and soft tissues of the head, oral cavity, neck and face thus pain can arise 

from many sources. (6)(7) It can be difficult to categorize orofacial pain due to the 
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abundant and intricate innervation of the region, which may condition the therapeutic 

approach, and consequently the efficacy of the treatment.(8) This type of pain can 

develop due to diseases of the orofacial structures, musculoskeletal disorders, 

peripheral or central nervous system (CNS) disease or may be due to the 

manifestation of psychological disorders. (7) Currently there are many different types 

of classifications that exist for orofacial pain as the level of pain can be considered 

subjective and very diverse. Okeson (9) classified orofacial pain into two conditions; 

physical and psychological. The physical conditions included temporomandibular 

disorders (TMD), neuropathic pain and neurovascular disorders.(9) On the other hand, 

psychological conditions included disorders related to mood and anxiety, such as 

stress which can be a causing factor.(6) (10)   For an example, some individuals when 

feeling stressed have shown to present certain habits such as bruxism, which can 

eventually lead to orofacial pain.  

 

Furthermore, another way orofacial pain can be classified is due to the nature of the 

pain being acute or chronic. One of the most common reasons for the development 

of orofacial pain is due to dental problems which affects the lower part of the face, in 

general the pain is of acute nature.(8) However, among the different types of chronic 

pain include pain of the temporomandibular, myofascial muscles in conjunction with 

neuralgia. These are the types of pain with a chronic nature that have a higher 

incidence in the dental practice.(8) In the majority of cases the pain felt is related to 

the teeth, periodontal structures, mucosal structures and the surrounding tissues. 

Usually, in most cases the dental pain is due to the consequence of an inflammatory 

process of the pulp and the duration and intensity normally depends on the 
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magnitude of the damage. (8)However, there are some conditions present in which we 

can find the painful processes in the same structures but the pain may be derived 

from other extraoral locations.(8) This condition will usually be identified by the dentist 

performing a thorough medical history, asking all the correct questions and by 

performing an extra oral and intra oral examination. The dentist will look for bleeding, 

red and inflamed tissues and conduct tests such as taking X-rays, checking the 

probing depth and percussion, to help identify the origin of pain. It is also important to 

take into account that the diagnosis of orofacial pain can have a diverse origin such 

as dental, oral or even systemic. Additionally, pain can be influenced by other 

subjective sensations of the patient like anxiety. (8)Therefore, reaching a correct 

diagnosis can sometimes be difficult to achieve. Another cause of the orofacial pain 

in the general population is headaches such as migraines.(8) 

 

Another type of orofacial pain is neuropathic pain, most commonly known as 

neuralgia. The etiology for this type of pain is usually unknown. (8) In the past, 

orofacial neuralgia was limited to the trigeminal nerve. (8) However, recently there 

have been new classifications for the study of different neuralgias such as trigeminal 

neuralgia, atypical trigeminal neuropathic pain, persistent idiopathic facial pain, 

neuralgia of the intermediate nerve of Wrisberg, neuralgia of the glossopharyngeal 

nerve, neuralgia of the superior laryngeal nerve, postherpetic neuralgia, atypical 

neurovascular pain and phantom tooth pain.(11)(8) Out of all of these, trigeminal 

neuralgia is the most common and most difficult to treat, due to the fact that it can be 

present in a different location and have a different etiology in each case. (8) The 
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episode of pain can last from a few seconds to several minutes, and patients who 

suffer from this usually present peaks of pain in a constant manner. (8)  

 

1.4. Pathway of pain  

The pathway of pain involves the function of the afferent sensory nerves. These 

transfer different types of information or signals to the brain.(12) These sensory end 

organs contain receptors which respond to stimuli within the skin and tissues and this 

is where the pathway begins. The primary afferent fibers includes; A-delta (Ad) thin 

myelinated fibers which conduct signals at a speed between 2 to 20 m/s and the C 

fibers which have the greatest presence in peripheral nerves, are unmyelinated and 

conduct at a speed less than 2 m/s. (12) Both the Ad and C fibers have a great 

involvement in the development of pain. They are both activated in response to 

chemical, mechanical, intense cold or heath stimuli.(12) When activated they form a 

signal known as an electrical impulse or action potential. This occurs within the 

sensory nerve and is transferred to the nerve cell body inside the dorsal root ganglion 

of the spinal cord. The nerve synapses with a spinal cord cell, allowing the action 

potential signal to be transmitted to the brain through two different tracts: the 

spinothalamic and spinoparabrachial tract. (12)Transmission of the action potential 

signals in the brain involves synapses within the different parts of the brain which 

include: the medulla obolongata, thalamus, amygdala, limbic system or 

somatosensory cortex among others.(12)  
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1.5. Inflammation and pain  

Orofacial pain is related to inflammation. This and trigeminal nerve injury are known 

to frequently cause persistent pain. Tissue inflammation arises due to continuous 

exposure to stimuli which retain high intensities leading to the sensation of pain that 

will continue even beyond the removal of the causing stimulus. (5) This type of pain 

typically ceases or patients recover from this after the injury state is treated.(5) 

Inflammation at the peripheral terminal also causes the activation of an innate 

immune cascade, which triggers the release of many different active factors that 

comes from the blood, injured cells and the local and migrating inflammatory cells.(5)  

These factors, which are released, will then stimulate C fibers. It will be achieved by 

action of the receptors that are located on the afferent terminal and will eventually 

sensitize these terminals.(5)  There are many different systems which underlie the 

spinal facilitation, they include; increased postsynaptic transmission,  local non-

neuronal systems, loss of local inhibition and the movement of on non-neuronal 

inflammatory cells in the dorsal root ganglion.(5) This sensation of pain can migrate to 

the different parts of the orofacial region which are innervated by the non-injured 

trigeminal nerve branches consequently leading to orofacial pain. (13) During orofacial 

ectopic pain, the sensation of pain spreads from the injured branch regions to 

uninjured branch regions.(13) In the dental clinic this is usually common after 

incidences such as, inflammation of the pulp in a tooth or the extraction of a tooth. 

The pain in these cases will be persistent or continuous and will develop in the 

uninjured and non-inflamed parts of the orofacial regions, which can cause severe 

discomfort to the patient.(13) 
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Following trigeminal nerve injury, the primary afferent neurons are activated causing 

the generation of action potentials in the trigeminal ganglion neurons. These signals 

will then be passed to the CNS.(13)  

Within the trigeminal ganglion neurons after the activation of the primary afferent 

neurons other activities will also be initiated such as nitric oxide (NO) signalling. (13) 

Expression of neuronal nitric oxide synthase (nNos) in the sensitized primary afferent 

neurons will increase the synthesis of NO. (13) Therefore, from the sensitized primary 

afferent neurons, NO is released or discharged. (13) NO signalling alters the activity 

like excitability in neurons, most commonly the neurons of the uninjured trigeminal 

nerve branches. (13) The activity of the injured neurons, together with the high 

excitability of uninjured neurons, will lead to the sensation of persistent or continuous 

pain.(13)  

The primary afferent neuron consists of a soma that is tightly surrounded by satellite 

glial cells (SGCs) in the trigeminal ganglion.(13)  These SGCs have shown to have an 

association with ectopic orofacial pain. Gap junctions are present in cells, these are 

also known as membrane channels which allow the movement of ions and other 

components between cell to cell. The primary components of gap junctions are 

Connexins, these can be categorised into two hemichannels, that are named 

connexons, which contributes to the binding of SGCs. (13) The primary gap junction 

protein is Connexin 43 (Cx43) and modulates transportation between the SGCs. (13) 

After a trigeminal nerve injury, Cx43 activates SGC which propagates throughout the 

trigeminal ganglion leading to the sensitization of uninjured trigeminal ganglions, that 

has a main involvement in ectopic orofacial pain.(13) 
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1.6. Glutamate signalling  

A neurotransmitter considered to be very important in the excitatory synapses of the 

CNS and also have a vital part in the development of pain, is known as glutamate. (14)  

Glutamate has many different receptors such as; kainite, N-methyl-D-aspartate 

(NMDA) and a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) 

receptor.(14)(15) The transmission of signals and information in the excitatory synapse 

mediated by glutamate, which is at the glutamatergic synapse, is shown to be 

determined by the number and function of the AMPA receptors. (2)  Previous studies 

have shown that glutamate expression increased after peripheral nerve injury 

specifically at the dorsal root ganglion, demonstrating glutamate involvement in 

nociception. (16)  Voltage-gated sodium channels (VGSCs) are required for the 

transmission of nerve impulses. Therefore, they are important for the excitability of 

neurons and play a critical role in controlling neurotransmitter release. (5)In the 

persistence of pain several VGSC are implicated such as, Nav1.3, Nav1.7 and 

Nav1.8.(5) Increased levels of Nav1.7 have been shown to be present after peripheral 

inflammation, which is regulated by cyclooxygenase (COX) dependent mechanism.(5) 

Additionally, the levels of Nav1.8 has been elevated due to the stimulation by a 

number of inflammatory mediators. A disruption in this stimulation has ceased or 

abolished inflammatory pain.(5) 

 

1.7. AMPA receptor  

Structure of the AMPA receptor: 

AMPA receptors have a tetrameric structure and are cation-permeable glutamate 

receptors. These receptors are widely present throughout the brain and have an 
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important role in its functioning.(17) (18)Also, these molecules consist of different 

combinations of four subunits which are: GluR1, GluR2, GluR3 and GluR4. The four 

different subunits have a very close association with somatosensory processing, due 

to the fact that they are widely expressed in the spinal dorsal horn. However, out of 

all the subunits GluR1 is particularly abundant in the superficial dorsal horn, 

specifically in laminae I-II and undetectable in the deeper dorsal horn laminae. (2) 

Whereas, the presence of GluR2 is observed all along the dorsal horn, especially at 

the inner lamina II where it is abundant and at the outer lamina II the presence is very 

scarce.(2) Also, tests have revealed that at the deep laminae III-IV of the dorsal horn 

there is scattered cell staining for GluR1, GluR2, GluR3 and GluR4.(2)  

 

Traditionally, the AMPA receptors were classified into two groups: long tailed and 

short tailed. (18) The long tailed group consists of GluA1, GluA4 and a splice variant of 

GluA4, however the short tailed group consists of GluA2, GluA3 and a splice variant 

of GluA4.(18) The difference between these two groups is that the long tailed AMPA 

receptors are taken into synapses in a manner that depends on the activity, whereas 

the short tailed AMPA receptors undertake constitutive cycling in and out of the 

synapses.(18) Furthermore, it is also known that the long tailed AMPA receptors are 

directed to synapses in response to neuronal activity, for an example during the 

induction of long term potentiation (LTP). However the short tailed receptors are 

constitutively directed to synapses.(18)  

 

Each of these subunits consists of around 900 amino acids and are composed of four 

different domains. These four domains include: extracellular amino terminal end, 
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ligand binding end, a receptor channel end and an intracellular C-terminal end. The 

structure of the receptor is presented on Figure 1.(2) (19). Within the ligand binding 

domain, there are two polypeptide segments that work as recognition site of the 

agonist. (2) The receptor channel end contains three transmembrane domains (M1, 

M3 and M4), as well as a re-entrant loop inside the membrane (M2), which takes part 

in the creation of the ion channel pore.(2) The intracellular C-terminal end has a very 

crucial role in regulating the function of the receptor. Intracellular C-terminal end 

contains multiple sites for phosphorylation, for many different protein kinases. (2) 

 

 

 

 

 

 

 

 

There is a diversity of C terminal intracellular tails of the AMPA receptors amongst 

the subunits. Additional variants are produced by RNA editing and alternative 

splicing. At the so-called “flip or flop exon”, alternative splicing results in subunit 

variants which have clear receptor desensitization properties. Out of all the various 

subunit combinations, GluR1 and GluR2 subunits are universally presented and are  

in most of the AMPA receptors in the adult mammalian CNS.(2)  

 

Figure 1: Image of an AMPA 
receptor subunit structure showing 
the four main domains. ATD 
represents the extracellular amino 
terminal domain, LBD stands for 
ligand binding domain, TMD are the 
transmembrane domain and CTD is 
the cytoplasmic carboxy-terminal 
domain. (19)  
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Compared to other subunits, most of the GluR2 subunits are subjected to RNA 

editing, which ultimately replaces a glutamine for a positively charged arginine during 

the editing process. This occurs at the assembled channel at the pore forming region 

changing the structure of the receptor. The new GluA2 now contains arginine at a 

vital point in the pore forming M2 segment and results in a prevention of calcium 

influx due to a decrease in permeability for this ion.(1) This modification results in the 

receptors containing GluA2 to have a linear current voltage relationship. As a result, 

the adult brain hosts the majority of GluA2-containing AMPA receptors, which are 

mostly impermeable to calcium ions. Furthermore, they exhibit a lower unitary 

channel conductance and an increase in decaying process. On the other hand, 

AMPA receptors lacking GluA2 are permeable to calcium ions and express an 

increased conductance to a single, along with faster rise and decay kinetics.  

 

Production and location of the AMPA receptor: 

AMPA receptors are usually located at excitatory glutamatergic synapses and are 

situated across from the presynaptic zone on the postsynaptic membrane. It is here 

where the glutamate-filled vesicles fuse with the plasma membrane and eventually 

release their contents into the synaptic cleft. At a mature synapse, there is 

abundance of AMPA receptors, ranging from tens to hundreds. This corresponds well 

with the spinal size and the strength of the synapse. These receptors are extremely 

dynamic and have the characteristic of being laterally mobile on along the surface 

between synaptic and extra synaptic sites. In addition, another distinctive feature is 

that they have a short half-life of tens of minutes and undertake constitutive trafficking 
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to and from the cell surface. The efficacy of the synaptic transmission depends on 

the number of these receptors at the synapse. 

 

Prior to reaching the synapses, the exchange AMPA receptors from the endoplasmic 

reticulum is modulated by various accessory proteins such as Cornichons and 

Transmembrane AMPA Receptor regulatory Proteins (TARPs). Each of these protein 

families include many different proteins. The best studied for TARPs include g-2 

(stargazin), g-3, g-4, g-5, g-7 and g-8, and for the Cornichon-like protein is CNIH2/3.(18) 

If a deficit occurs in these proteins, it will lead to dysregulation in the exchanging 

process of the AMPA receptors, as well as their presentation at the synapses. 

Especially with TARPs, they are comprised of transmembrane domains, four to be 

precise and a C-terminal domain. They have been shown to stabilize the AMPA 

receptors both at the surface of the cell and at the synapses. (18)The positively 

charged C-terminal domain interacts intensely with membrane lipids, which causes 

the AMPA receptors to stabilise. A loss of TARPs leads to a decreased AMPA 

receptor expression suggesting that the AMPA receptor becomes unstable.(18) 

Kinesin and GRIP1 are responsible for the interactions of the AMPA receptors when 

they are being transported along the dendrites. Another way the receptors could be 

trafficked is through the plasma membrane at the soma where they can diffuse 

laterally into the cell surface to the synapses. It is most important to note that the 

mRNA coding for GluR1 and GluR2 AMPA receptor subunits can be found in the 

dendrites together with the protein translation machinery.  
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The AMPA receptors reach the synapse through a process of exocytosis. Many past 

and current studies have hypothesised that the soma, dendrite or directly the spine, 

are sites of insertion. The mechanism of action is started when the receptors reach 

the extra synaptic regions, they travel into the synapses where they are terminated or 

retained. Both these processes are regulated by neuronal activity. The SNARE 

(Soluble NSF Attachment protein Receptors) proteins are involved in the exocytosis 

of the AMPA receptors. Studies have also shown that there is a distinction in 

exocytosis properties between the different AMPA receptor subunits.  

For example, the short tailed heterodimers (GluR2/3) travel in and out of the 

membrane, maintaining the surface pool of synaptic receptors. However, the long 

tailed subunits (GluR1/2 and GluR2/4) are inserted into synapses in an activity 

dependent manner. 

 

Role of the AMPA receptor: 

Glutamate binds to the AMPA receptor on the surface of the post synaptic cell 

membrane. When the receptor is activated it will allow calcium and sodium ions to 

pass into the postsynaptic cell, resulting in the depolarisation or reversal of the 

membrane potential. (14) The binding of glutamate and the AMPA receptor to the 

membrane acts as a mediator in majority of the fast excitatory currents in the CNS. 

This ultimately causes a depolarisation in the postsynaptic neuronal membrane to 

facilitate the production of action potentials.(14) The action of AMPA receptors acting 

by VGSCs could play a major role in pathological excitation leading to nociception. (20) 

These molecular events have shown a close association in the modulation and 

processing of pain (2) 
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2. Objectives  

 

The primary objective of this study is to create a complete review about the role of 

AMPA receptors in orofacial pain. The secondary objective is to study if there is an 

association between AMPA receptors and orofacial pain.  

 

3. Methodology  

 

For this review, many different resources were used to conduct the research. 

Resources such as electronic databases included journals, articles, books and some 

websites.  

 

Mainly electronic databases were searched for the majority of the information. These 

included: Medline (PubMed), Google Scholar and the electronic resources provided 

by Universidad Europea de Madrid. These were used to find studies and articles 

published from the year 2010 onwards to make sure the information was relevantly 

up to date. Search strategies were developed using the Boolean technique. The 

keywords included were: “pain”, “orofacial pain”, “pain pathway”, “AMPA receptor” 

and “glutamate”.  

 

After the initial research process a strict inclusion and exclusion criteria using the 

language, publication date was followed to obtain the final selection of articles. The 

language that was chosen is English and the publication date was from the year 
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2010, so articles found published before 2010 was excluded.  A final selection of 27 

articles was used to conduct this review.  

 

4. Discussion of results   

 

From all the journals and articles that were studied, the majority of them have shown 

that the processes related to the AMPA receptors such as, trafficking, the 

modification of their subunit composition, the phosphorylation and regulation of the 

activity of the subunits and the availability of all the interacting proteins have a vital 

role at the spinal cord, especially during nociceptive processing. (1) More importantly, 

we should note that specifically in the CNS of the adult mammalian, the subunits 

GluR1 and GluR2 of the AMPA receptor are widely expressed, as compared to the 

other subunits.   

 

A study by Galen et al. was conducted on mice models of visceral hyperalgesia.(1) 

Visceral hyperalgesia is a condition in which the subject has an increased sensitivity 

to pain in the internal organs, such as the face or stomach. Results showed that 

there was significant increase in trafficking of GluR1 present, especially in the spinal 

neurons. Within the spinal neurons information or signals were passed from the 

cytosol to the plasma membrane. (1)Therefore, this suggests that there is an 

involvement of AMPA receptor, especially its trafficking in spinal nociception causing 

an increased response to the sensation of pain.   
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In addition, a study on rats conducted by Chun et al. has demonstrated that 

peripheral AMPA receptors take part in causing muscle nociception, specifically they 

have a role in mediating craniofacial muscle pain.(21) Craniofacial muscle pain is 

known to be highly prevalent in TMD, which ultimately is a specific type of orofacial 

pain. (22)  

 

The specific subunits of the AMPA receptors GluR1 and GluR2 have been shown to 

be present in the small and medium size neurons. However, the GluR2 subunits 

have a greater expression in the trigeminal ganglia in comparison to the other 

subunits. (21) Additionally, GluR2 is expressed more in the masseter afferents. (21) The 

masseter muscle is part of the facial musculature and is present on both sides of the 

face. It originates at the zygomatic arch and extends down to the mandibular angle, 

being part of the orofacial region. Cyanquixaline (CNQX) is an AMPA receptor 

antagonist; this was used in this study to conduct tests and revealed that the 

presentation of CNQX leads to a decreased amount of AMPA receptor induced 

responses, thus proving the importance of these receptors in acute pain conditions. 

(21)Furthermore, the study showed that AMPA receptors add to the initiation of the 

central trigeminal neurons and play a significant role in acute muscle pain conditions. 

(21) Therefore it is evident that the acute nociception of the muscle is partly facilitated 

by the AMPA receptors.  
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4.1. AMPA receptors and neurodegenerative diseases  

Furthermore changing the composition of the AMPA receptor at certain points such 

as the spinal dorsal horn, through processes like GluR2 mRNA editing in diseases, 

can cause nociceptive responses.(1) For an example, dysfunctional GluR2 subunit 

editing of the AMPA receptor in the spinal cord of humans, results in a number 

neurodegenerative diseases like Amyotrophic Lateral Sclerosis (ALS).(1)  

 

ALS is a progressive neurodegenerative disease which targets the nerve cells in the 

spinal cord, specifically at the lower and upper motor neurons. Additionally, it targets 

the brain and brainstem.(23) This disease is also known to be the most common cause 

of adult motor neuron disease, and has shown a very close association with chronic 

orofacial pain. (24)  Patients with ALS have demonstrated a spinal onset causing 

referred weakness, muscle atrophy, fasciculations which affect the lower motor 

neurons and hyperreflexia and hypertonia which involve the upper motor neurons. (23) 

Sufferers of ALS have also shown progressive limitations at the masticatory 

functions, such as the opening of the mouth, which gets worse, leading to severe 

pain such as orofacial pain. (24) The maximum mandibular movement such as mouth 

opening, protrusion and laterotrusion and the bite force has been demonstrated to be 

significantly lower in ALS patients. (23)Furthermore there is a prevalence of TMD 

which leads to a certain type of orofacial pain in ALS patients. (23)This has shown that 

there is a relationship between the AMPA receptor, specifically the receptor 

containing the GluR2 subunit and orofacial pain.  
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4.2. AMPA receptors and migraines  

There have also been links between the role of AMPA receptors and migraines. In 

addition, recent reports have revealed that migraines may be more common in 

orofacial pain, they have been considered to be a part of the neurovascular orofacial 

pain. (7) Migraines are a type of headache disorders, and among the different types of 

headaches this particular type is the best studied and described. They can either be 

continuous or episodic. (7) Typically, the pain caused by migraines is solitary and is 

felt around the ocular and the frontotemporal area. However, the sensation of pain 

can be experienced anywhere around the head or neck. The underlying 

pathophysiology of headaches and orofacial pain is thought to be due to the 

sensitization and stimulation of the components of the trigeminal ganglion. (7) Usually 

migraines tend to occur because of the provocation of trigger zones. These zones 

may be present in some parts of the face, and when stimulated can cause painful 

paroxysms. 

 

In a study conducted by Liu et al. on a mouse model showed the importance of the 

contribution of the process of AMPA receptor phosphorylation in central sensitization 

during the transmission of pain.(25) Specifically, the phosphorylation of AMPA 

receptor at GluA1 Ser831 was increased after the intraperitoneal injection of 

nitroglycerin (NTG), which in turn caused acute migraine like pain. (25)  Central 

sensitization is a process in which the effectiveness of the synapse is augmented on 

the somatosensory neurons, which are present in the dorsal horn of the spinal cord 

and in the sensory ganglia of the cranial nerves. The reason NTG was chosen is 

because it has previously been shown to trigger migraine attacks in migraine-
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susceptible patients, as well as cause headaches in healthy people. The 

phosphorylation of the AMPA receptor occurs on the C-terminal part of the receptors, 

which contains many different sites for phosphorylation. This process is vital in 

causing modifications which are dependent on the activity, in synaptic processing of 

nociceptive information and also the central sensitization of the transmission of pain. 

The phosphorylation process switches the AMPA receptor from being calcium-

impermeable to being calcium-permeable.(25) In this study, the phosphorylation of the 

AMPA receptor at the GluA1 Ser831 was measured in the spinal trigeminal nucleus 

caudalis (Sp5C), through a technique known as quantitative western blotting. Results 

showed that out of the four subunits of the AMPA receptors, GluA1 is present with 

the highest amount in the Sp5C. (25) Furthermore, this article demonstrates that the 

regulation of the AMPA receptor at the specific site GluA1 through the process of 

phosphorylation in the Sp5C plays a critical role in the molecular mechanism for 

migraine-like pain, which was provoked by NTG. (25) This was further proven by 

another test which involved mutations that targeted the AMPA receptor GluA1 

Ser831 phosphorylation site. Here, different type of mice was used, they were AMPA 

receptor GluA1 S831A phospho-deficient mutants in which the normal site of 

phosphorylation was modified using a gene knock in technique. These results 

demonstrated that the mutation inhibits NTG-induced migraine-like pain.(25) 

Therefore, there is a clear link between AMPA receptors and migraines, which in turn 

leads to orofacial pain.  
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4.3. AMPA receptors and inflammation 

Orofacial pain has also been associated with inflammation. Studies show that the 

trafficking of GluR2 and GluR3 of the AMPA receptor are involved in continuous 

inflammatory pain, which are present in the orofacial region. Within the activity of 

somatosensory processing, these two subunits are considered to be important. This 

process takes place at the spinal dorsal horn. Furthermore, the GluR2 subunit has 

shown to control AMPA receptor functions, these include synaptic plasticity, dendritic 

spine formation and most commonly trafficking, through specific interactions with 

intracellular molecules. In a study conducted on an animal pain model, it was 

reported that the N-ethylmaleimide sensitive fusion protein (NSF) is associated to the 

central sensitization of spinal cord neurons. This occurs by an alteration in the 

composition GluR2 subunit, resulting in peripheral inflammation. (26)  There are 

connections that occur between the binding proteins and the C-terminal end proteins 

of the GluR2, these connections have shown to normalise or control the receptor 

internalization in the spinal dorsal horn neurons, which usually takes place in an 

inflammatory pain model. Regulation of the binding proteins occurs due to the GluR2 

C-terminal undergoing phosphorylation by the specific protein kinase C.  

 

Furthermore, in this study it was observed that in the AMPA receptor subunit 

knockout mice there was an enhancement of nociceptive plasticity that consequently 

lead to augmentation of inflammatory hyperalgesia.(26) On the other hand, GluR1 

knockout mice have shown some deviations in the inflammatory pain indicating that 

GluR2 may be involved in continuous pain after the incidence of peripheral 

inflammation. (26)  In addition, orofacial noxious stimulation is known to activate 
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second order nociceptive neurons, which are present in the subnucleus caudalis 

(Vc), spinal subnucleus interpolaris (Vi) and the transition zone which involves them 

both (Vi/Vc). (26) They are also present in the superior cervical spinal cord (C1/C2).(26) 

From the orofacial regions, the nociceptive neurons will receive signals considered to 

be noxious inputs. These are then all organised somatotopically within the orofacial 

regions.(26) After orofacial inflammation, it was noted that the excitability of the 

neurons of Vi/Vc, Vc and C1/C2 upon nociceptive signals was considerably greater 

and fields of reception of these nociceptive neurons was considerably greater too. (26) 

The results from this particular study by Honda et al. reveal the process of 

exchanging that takes place on membranes particularly involving the subunits GluR2 

and GluR3, is also involved in increasing the neuronal excitability of Vi/Vc, Vc and 

C1/C2 in hyperalgesia. Furthermore, the results suggests that the trafficking of GluR3 

trafficking maybe connected with inflammatory pain. (26) Trafficking of GluR2 and 

GluR3 is similarly also linked with the event of orofacial hyperalgesia as well as 

allodynia. These conditions are part the orofacial inflammatory pain conditions. (26) 

From this study, we can further confirm that a strong association exists between the 

AMPA receptor subtypes and orofacial persistent inflammatory pain. 

 

4.4. AMPA receptors and stress  

Stress can also induce the alteration of pain by the process of potentiation, which can 

be achieved by increasing the interactions of the AMPA receptor phosphorylation. 

Psychological conditions have been known to be a causing factor in orofacial pain, 

and stress can be a part of these psychological conditions. (6)  The predisposition to 

stressful incidents can induce physiological and behavioural changes, and have been 
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shown to cause disruptions in long term adaptive responses. (10) Out of all the 

responses to a stressful incident, the main response is considered to be the quick 

activation of the autonomic nervous system. This leads to the rapid discharge of 

epinephrine and norepinephrine (NE) into the circulation.(10) Epinephrine and NE both 

act as neurotransmitters and hormones, they are responsible for the body’s “fight or 

flight” response. The process of phosphorylation of AMPA receptors occurs at the C-

terminal part of the receptor. NE has a key role in the intrinsic control of pain, through 

acting on the alpha 1 and alpha 2 adrenoreceptors. The relation NE has with AMPA 

receptor is that NE can enhance the AMPA receptor phosphorylation through the 

beta adrenoreceptor. (10) Furthermore, NE can stimulate the activation of cAMP 

dependent protein kinase A (PKA) and calcium or calmodulin dependent protein 

kinase II (CaMKII), these two protein kinases phosphorylate AMPA receptor GluA1 

Ser831. (10) However, the GluA1 Ser845 is only phosphorylated by the PKA and not 

the CaMKII.(10) NE is a stress hormone that can stimulate the induction of GluA1 

phosphorylation at both the Ser831 and Ser845 sites and so can enable long term 

potentiation (LTP) induction. The activation of the hypothalamus-pituitary-adrenal 

axis occurs due to stressful events, causing the release of glucocorticoids. 

Glucocorticoid is a type of corticosteroid hormone that comes from the adrenal 

glands. (10) The main glucocorticoid present in rodents such as mice is the 

corticosteroid. This can quickly and continuously control AMPA receptor GluA2 

trafficking, which is known to have a crucial involvement synaptic transmission and 

plasticity. The induction or stimulation of the glucocorticoid receptors leads the 

hormone corticosteroid to efficiently condition the contents present within the 

synapse of the AMPA receptors and then consequently trigger the potentiation of the 
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synapse.(10) Therefore, hormones especially the ones released during stress, have 

been shown to play a role in the regulation of the AMPA receptor phosphorylation 

and trafficking, thus influencing the interactions and plasticity at the synapse. (10) 

 

Also, there have been studies conducted to reduce traces of pain, by changing the 

composition specifically the subunits of the AMPA receptor, again proving the 

importance of this receptor during the sensation of pain.(27) To erase the sensation of 

pain low frequency stimulation (LFS) is used to condition primary afferents at the C 

fiber, which induces LTP at the C fiber synapses and changes AMPA receptor by 

modifying the state of phosphorylation on the receptor. (27) The process of 

phosphorylation of the AMPA receptor is known to be important in causing pain, and 

so the dephosphorylation of this receptor has been shown to reduce the trace of 

pain. Protein phosphatase 1 (PP1) can dephosphorylate the AMPA receptor. The 

dephosphorylation of the GluR2 subunit at Ser880 by PP1 causes a reduction of 

endocytosis of the AMPA receptors.(27) The specific reversal of these post synaptic 

memory traces of pain have shown the involvement of the state of phosphorylation of 

the AMPA receptor, and thus verifies the role of AMPA receptors have in pain.  

 

A study by Li et al. conducted on mice has proven that by releasing stress hormones 

there is an alteration in the AMPA receptor phosphorylation and trafficking. (10) Stress 

has shown to regulate the AMPA receptor phosphorylation and trafficking, causing a 

modification in the structure of the AMPA receptor by altering the composition of the 

subunits.  This change in the subunits composition leads to a switch of the AMPA 

receptor from being calcium-impermeable (containing GluA2) to becoming calcium-
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permeable (lacking GluA2). (10) There will be an enhancement in calcium influx due to 

this switch and will further activate calcium-dependent protein kinases, eventually 

leading to the promotion of the phosphorylation of the AMPA receptor and other 

activities which are triggered by this phosphorylation process.(10) A positive feedback 

loop can be created, which has been shown to have some contribution to the 

molecular mechanisms that are present in stress-induced pain changes that occur 

after surgery. (10) It is also known that decreasing spinal calcium-permeable AMPA 

receptors causes a reduction in nociceptive plasticity. The opposite occurs when 

increasing the calcium-permeable AMPA receptor: there will be an acceleration of 

nociceptive plasticity. An acceleration of nociceptive plasticity can stimulate the 

action of LTP, which will consequently lead to a long lasting inflammatory 

hyperalgesia.(10) This again supports the view that AMPA receptors have a valuable 

role in the involvement of activity-dependent changes that occur within the synapse 

when processing nociceptive inputs.  

 

The process of central sensitization is usually stimulated after tissue injury or nerve 

damage. Processes such as phosphorylation and trafficking of the AMPA receptor 

are considered very important in spinal central sensitization, especially in response to 

nociceptive stimulation. The consequent alterations in spinal central sensitization 

which may be long lasting and have a clear association with chronic pain 

development. (10) 

 

In this study conducted by Li et al. they conducted tests by genetically modifying 

mice by a process of mutation, specifically knock in mutations were done.(10) These 
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mutations were designed at the specific sites Ser831 and Ser845 of the GluA1 to 

prevent the process of phosphorylation. (10) From this study we can observe that this 

mutation lead to disruptions in the plasticity of the synapse and learning, which is 

ideal in reduction of pain.(10) Another way to reduce pain is to lower the threshold for 

the induction of LTP and this can also be done by mutating the phosphorylation sites 

Ser831 and Ser845. This change in composition of the receptor has definitely shown 

to have an important role in pain. Additionally, results have shown that the targeted 

mutation of the GluA1 phosphorylation site at Ser880 blocks the occurrence of 

chronic inflammatory pain.(10) Results from this study have further proven that, the 

prolongation of incisional pain has been induced by stress and in this study the use 

of the mutant mice, which had the modification at the phosphorylation site has 

confirmed this. Further observations included that GluA1 phosphorylation at Ser831 

site has an involvement in pain modification which is stimulated by stressful events. 

More specifically, the GluA1 phosphorylation is sufficient to reduce the threshold for 

spinal LTP induction.(10) Stress has been shown to control the phosphorylation of the 

AMPA receptor and this may be vital in spinal central sensitization and stress 

induced pain modifications.  

 

To further investigate if stress activates the transition of pain by the potentiation of 

the AMPA receptor phosphorylation, Li et al. conducted tests using a calcium 

antagonist to permeable receptors.(10) The antagonist binds to the receptor to prevent 

the emergence of a response. Using the antagonist selectively reverses the 

secondary mechanical hyperalgesia in this study and does not have any effect on 

primary mechanical hyperalgesia in the plantar incision model. From this, we can 
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gather that secondary hyperalgesia, which is caused by central sensitization in 

postoperative patients, is regulated by the permeability of the AMPA receptors to 

calcium.(10) Whereas primary hyperalgesia which can be considered to be more 

severe resulting from actions such as creating an incision is not dependent on these 

receptors.(10) The results also demonstrated that the AMPA receptor regulated the 

LTP in the spine, and this was stimulated by subthreshold 10Hz activation in the 

AMPA receptor GluA1 S831D + S845D of the phosphomimetic mutant mice, again 

stressing the importance of phosphorylation in pain. (10) Also, NE amplified the 

process of spinal GluA1 phosphorylation. Therefore, it can be determined that 

particularly GluA1 phosphorylation has an important function in spinal central 

sensitization and the shift in pain stimulated by stress. (10) One of the underlying 

mechanisms of stress induced pain transition is due to the contribution of stress 

controlling the process of phosphorylation on AMPA receptor. By enhancing the 

phosphorylation of the AMPA receptor, additional signalling pathways may also be 

activated due to stress. This study has shown the involvement of stress and 

development of pain. It is also known that in stressful situations, people may develop 

certain habits such as clenching their teeth, grinding their teeth and even biting their 

nails. Continuously conducting these habits, can lead to TMD, which consequently 

will lead to orofacial pain by different mechanisms already described in this review.  

 

4.5. Limitations of the study  

From the research conducted, the majority of the results have proven that the AMPA 

receptors have a major function in the development and maintenance of pain. 

Furthermore, specifically related to orofacial pain some associations were found. 
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However, in this study there were some limitations such as the limited number of 

sources were evaluated. Also, most of the information found were results from tests 

conducted on mice, which may be different on humans. Therefore, more research 

and studies will be needed to be conducted.  

 

5. Conclusion  

 

In conclusion it is evident from the research conducted, that the AMPA receptors 

have a major role in the sensation of pain. Especially the trafficking of the AMPA 

receptor, their subunit composition, the process of phosphorylation and regulation of 

the subunits and all the interacting proteins, have a great function in the nociceptive 

processing at the level of the spinal cord.  

 

The AMPA receptors are considered to be essential in the functioning of the brain. 

Changes in the post synaptic receptor are also thought to be fundamental 

mechanisms for most forms of synaptic plasticity.(18) The C-terminal end of the AMPA 

receptor subunits have been shown to contain a key role in the process of causing 

pain. From the research conducted, phosphorylation of the AMPA receptor is the 

main process that has led to pain. These phosphorylation sites are placed on the C-

terminal ends of different AMPA receptor subunits and specifically the 

phosphorylation sites Ser831 and Ser845 of the GluA1 subunit have shown a greater 

importance. Furthermore, it was observed that AMPA receptors are associated to 

inflammatory pain, which is present in orofacial pain. The trafficking of the GluR2 and 

GluR3 has been shown to be involved in continuous inflammatory pain, present in 
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the orofacial region. It is clearly evident that the AMPA receptors have a very 

important role in pain.  

 

There has been some evidence proving that there is an association between AMPA 

receptors and orofacial pain. Research has shown that AMPA receptors are 

modulated by: stress, migraines, neurodegenerative diseases like ALS and 

craniofacial muscle pain, all related to orofacial pain. However, more research and 

studies will be needed to further prove this association.  

 

6. Responsibility 

 

We have a social responsibility of improving the quality of a patient’s life. From this 

current study conducted, I have a deeper and better understanding of pain. Also, I 

have understood the importance of managing pain in clinical practice, this has helped 

me in becoming a better healthcare professional. From all the knowledge I have 

gained through the research conducted, I will be applying this to improve the quality 

of a patient’s life. In addition, I will try to be updated with future articles related to 

pain, so I can continuously provide patients with the better treatments.  

 

Furthermore we can determine that more research will need to be conducted for the 

potential development of new treatments that can treat the sensation of pain. 

Therefore, we need to be aware of the economic responsibility as for research and 

development there will be more costs involved. As being part of the healthcare 

professionals, it is our responsibility to support research that can benefit patients. 
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Without research there is no information or new knowledge, so it is vital that we 

support researches conducted in the future.  
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8. Annex  

1. Regulation of AMPA receptors in spinal nociception. 
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2. Regulation of AMPA receptors in spinal nociception. 
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3. Definition of pain and classification of pain disorders. 
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4. International spinal cord injury pain classification. Part I. Background and 

description.  
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5. A brief comparison of the pathophysiology of inflammatory versus neuropathic 

pain. 
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6. Orofacial pain management: current perspectives. 
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7. Orofacial pain and headache: A review and look at the commonalities topical 

collection on uncommon headache syndromes.  
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8. Dolor orofacial en la clinica odontológica. 
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10. Stress induces pain transition by potentiation of AMPA receptor 

phosphorylation. 

 

 



 47 

11.  Persistent idiopathic facial pain. 
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12.  Pain: Pathways and Physiology. 
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13.  Peripheral and central mechanisms of persistent orofacial pain. 
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14.  AMPA receptors and pain – A future therapeutic intervention?  
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15.  Structure and mechanism of AMPA receptor – auxiliary protein complexes.  
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16. Evidence for glutamate as a neuroglial transmitter within sensory ganglia. 
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17. The role of AMPA receptors in postsynaptic mechanisms of synaptic plasticity. 

 



 54 

 
18.  The AMPA receptor code of synaptic plasticity. 
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19.  AMPA receptors and pain – A future therapeutic intervention? 
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20.  AMPA receptor localization in trigeminal ganglion and its upregulation in 

migraine. 
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21. Peripheral AMPA receptors contribute to muscle nociception and c-fos 

activation. 
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22. Neural pathways of craniofacial muscle pain: Implications for novel treatments. 
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23. Alterations in the masticatory system in patients with amyotrophic lateral 

sclerosis. 
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24. Masticatory muscle pain and progressive mouth opening limitation caused by 

amyotrophic lateral sclerosis.  
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25. AMPA receptor GluA1 Ser831 phosphorylation is critical for nitroglycerin-

induced migraine-like pain. 
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26. Involvement of AMPA receptor Glur2 and Glur3 trafficking in trigeminal spinal 

subnucleus caudalis and C1/C2 neurons in acute-facial inflammatory pain.  
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27. How to erase memory traces of pain and fear.  
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