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Subunits of Exosome Origin 
   

        
   

Abstract- The aim of the research was to study key issue 
aspects of features of simulation of inflammatory pain through 
AMPA receptor subunits of exosome origin in mice. The 
mechanism of functional modulation of AMPARs by their 
auxiliary subunits will benefit from further efforts to reach a 
tipping point where it will be useful for the development of 
improved therapies. Lipids require special attention because 
they may play an important role in the function of the AMPAR 
accessory subunit. Structural studies should only provide 
snapshots of complexes in action. Therefore, functional 
studies and molecular dynamics simulation approaches are 
expected to play an equally important role. Native AMPAR 
complexes contain more than one type of accessory subunits. 
Structural and functional studies of additional AMPAR subunits 
with complex molecular compositions, including lipids, will be 
required in the future. Given the strong functional modulation 
imposed on AMPAR by a specific accessory subunit, its 
regulation is expected to have significant effects on circuit 
activity, cognition, learning, and memory. The function of TARP 
γ-8 in hippocampal LTP has been extensively studied, but the 
role of additional non-TARP subunits in synaptic plasticity is 
only now being elucidated. The specific underlying molecular 
mechanisms that regulate circuit dynamics will be important 
questions to be addressed in the future. α-Amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid–type (AMPA-type) glutamate 
receptors (AMPARs) play a crucial role in synaptic plasticity  
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within the central nervous system. While there is anatomical 
evidence suggesting the presence of AMPAR expression in 
the peripheral nervous system, the functional significance of 
these receptors in vivo remains unclear. To address this 
knowledge gap, we used mice with specific deletions of key 
AMPAR subunits, GluA1, exclusively in peripheral pain-sensing 
neurons (nociceptors). Importantly, we maintained the 
expression of these subunits in the central nervous 
system. The nociceptor-specific deletion of GluA1 resulted in 
the disruption of calcium permeability and a diminished 
response to capsaicin stimulation in nociceptors. The deletion 
of GluA1, led to reduced mechanical hypersensitivity and 
sensitization in models of chronic inflammatory pain and 
arthritis. Further investigation unveiled that GluA1-containing 
AMPARs played a regulatory role in the nociceptors' 
responses to painful stimuli in inflamed tissues, influencing the 
excitatory signals transmitted from the periphery into the spinal 
cord.  
Keywords: simulation, inflammatory, pain, AMPA receptor 
subunits, exosome origin. 

I. Introduction 

onotropic glutamate receptors are the main mediators 
of excitatory synaptic transmission in the vertebrate 
nervous system. Glutamate receptor subunits are 

classified based on their pharmacological properties, 
biological role and sequence into those that are 
sensitive to the following: 1) α-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA; GluA1–4).  2) 
neurotoxin kainate (GluK1–5); and 3) N-methyl-D-
aspartic acid (NMDA; GluN1, GluN2A-D, GluN3A-B). 
Important structural details of glutamate receptors were 
determined first by solving the structure of the ligand-
binding domain and N-terminal domain, and then the 
structure of the complete tetrameric GluA2 subtype of 
AMPA receptor. Structures in the presence of various 
agonists, partial agonists, and antagonists, combined 
with spectroscopic measurements, electrophysiological 
measurements, and site-directed mutagenesis, have 
provided insight into the relationship between structure 
and function. The binding domain is a bilobed structure 
to which the agonist binds in the cleft between the two 
lobes. Two linker peptide chains connect the lobes, and 
the lobes can close to enclose the agonist. One lobe 
forms the dimer interface with a second copy of the 
ligand-binding domain within the tetrameric structure, 
and the second lobe is associated with the ion channel 
domain. When the dimer interface is intact, the force 
generated by the closing of the lobes can affect the ion 
channel and likely open the gate, allowing ions to pass 
through the channel. Complexities arise from the 
tetrameric structure and subtle differences between 
glutamate receptor subtypes, but the general pattern of 
channel activation is likely the same for this receptor 
class [1-5]. 

The mechanism of channel activation by partial 
agonists remains unclear. Single-channel recording 
measurements of AMPA receptors have shown that 

three or four conductance levels can be observed from 
a single channel, and these conductance levels are the 
same for full and partial agonists. Populations with 
higher conductance levels are favored at higher agonist 
concentrations, but at any given concentration, higher 
conductance levels are more common among full than 
partial agonists. The concentration dependence is 
consistent with a model in which each subunit has a 
gate that promotes ionic conduction, and the more the 
gate is open, the higher the conductivity. However, since 
conductance levels are similar for all agonists, this 
suggests that gate opening is an all-or-none process. 
That is, the signal from the ligand-binding domain leads 
to a coordinated change in the structure of the channel 
region. The question then becomes whether this change 
is caused by a particular conformation of the ligand-
binding domain (e.g., complete closure of the lobe), or 
whether multiple conformations can cause the same 
change, perhaps with different probabilities, or may be a 
combination of the two changes models [6-8].  

Initial crystal structures of the GluA2 ligand-
binding domain in the presence of partial agonists 
indicate a correlation between the degree of flap closure 
and ligand efficiency, suggesting that multiple 
conformations may control channel opening. Full 
closure results in a high probability of closing, while 
partial closure results in a significantly lower probability 
of opening. However, subsequent studies have shown 
that at least some partial agonists can induce multiple 
flap closures, and even the correlation in crystal 
structures between flap opening and efficacy is not 
always maintained. Most strikingly, the crystal structures 
of NMDA receptor partial agonists have a completely 
closed lobe, suggesting that partial agonism is 
fundamentally different for NMDA and AMPA receptors. 
Another view of partial agonism is that the stability of 
complete flap closure determines effectiveness. That is, 
partial agonists can potentially exist in dynamic 
equilibrium between two or more conformations. Some 
conformations may have a relatively open lobe 
orientation, while other conformations may be closed to 
the same extent as full agonists. According to this 
hypothesis, activation of the channel would require a 
completely closed form, and the stability of this form 
would determine efficiency. The binding of some weak 
partial agonists such as iodowillardiine (IW) is consistent 
with this idea, as a wide range of lobe closures have 
been observed in crystal and NMR structures and there 
is evidence of large-scale dynamics in the NMR spectra. 
In addition, mutations that reduce AMPA efficiency 
exhibit a range of lobe orientations measured by single-
molecule FRET. On the other hand, kainate, a weak 
partial agonist, represents a structural barrier to flap 
closure. The isoprenyl group of kainate appears to block 
flap closure due to an apparent steric conflict with the 
GluA2 side chain of Leu-650. Mutation of Leu-650 to 
threonine increases the potency of kainate, likely 
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reducing the steric interaction between this position and 
isoprenylkainate. Additionally, little evidence of 
dynamics on microsecond to millisecond time scales in 
the presence of kainate has been observed in NMR 
studies. However, the structures of GluA3 and GluA4 are 
more closed than those of GluA2 in the presence of 
kainate, and the D651A mutation of GluA3 results in 
even greater closure of the lobe by rotation of the Leu-
650 side chain (GluA2 numbering) [9-14].  

α-Amino-3-hydroxy-5-methyl-4-isoxazolepropi-
onic acid–type (AMPA-type) glutamate receptors 
(AMPARs) play a crucial role in synaptic plasticity within 
the central nervous system. While there is anatomical 
evidence suggesting the presence of AMPAR 
expression in the peripheral nervous system, the 
functional significance of these receptors in vivo remains 
unclear. To address this knowledge gap, we used mice 
with specific deletions of key AMPAR subunits, GluA1, 
exclusively in peripheral pain-sensing neurons 
(nociceptors). Importantly, we maintained the 
expression of these subunits in the central nervous 
system. The nociceptor-specific deletion of GluA1 
resulted in the disruption of calcium permeability and a 
diminished response to capsaicin stimulation in 
nociceptors. The deletion of GluA1, led to reduced 
mechanical hypersensitivity and sensitization in models 
of chronic inflammatory pain and arthritis. Further 
investigation unveiled that GluA1-containing AMPARs 
played a regulatory role in the nociceptors' responses to 
painful stimuli in inflamed tissues, influencing the 
excitatory signals transmitted from the periphery into the 
spinal cord. Consequently, the application of AMPAR 
antagonists to the periphery alleviated inflammatory pain 
by specifically targeting calcium-permeable AMPARs, 
without affecting physiological pain or causing central 
side effects. Exosomes, nanoscale particles secreted by 
cells (typically ranging from 30 to 150 nm in size), carry 
a diverse array of biological molecules, including nucleic 
acids, proteins, and lipids. These exosomes are 
recognized for their crucial roles in facilitating 
intercellular communication. Leveraging their inherent 
stability, low immunogenicity, and impressive tissue/cell 
penetration capabilities, exosomes show promise as 
advanced platforms for targeted drug and gene 
delivery. Despite their potential, practical applications of 
exosomes may encounter limitations, such as 
inadequate targeting ability or low efficacy in specific 
cases. To address these challenges, various strategies 
have been employed to engineer exosomes derived 
from cells, aiming to enhance their selectivity and 
effectiveness in drug and gene delivery. To address this 
issue, we used mice specifically lacking of the key 
AMPAR subunits, GluA1, in peripheral, pain-sensing 
neurons (nociceptors), while preserving expression of 
these subunits in the central nervous system. 
Nociceptor-specific deletion of GluA1 led to disruption 
of calcium permeability and reduced capsaicin-evoked 

activation of nociceptors. Deletion of GluA1, led to 
reduced mechanical hypersensitivity and sensitization in 
models of chronic inflammatory pain and arthritis. We 
generated exosomes containing GluA1 and introduced 
them to mice around nociceptors, observing a reverse 
effect compared to GluA1 deletion. Mice treated with 
exosomes were more sensitive to pain [15-19]. 

Cysteine trapping studies (i.e., introducing two 
cysteines to determine whether a disulfide can form) 
have been used to determine the proximity of different 
parts of a protein or the proximity of two proteins or 
subunits. A criticism of this method is that proteins are 
dynamic structures and very rare conformations can 
potentially be captured. In this case, the disadvantage 
of the method may turn out to be an advantage. Partial 
agonists can activate the channel through a relatively 
rare transition to a fully closed lobe conformation, and 
then cysteine capture should be able to stabilize this 
form for further analysis by X-ray crystallography, NMR 
spectroscopy, and radioligand binding. Here we show 
that upon binding of glutamate, iodovyladiine, kainate, 
and CNQX, the A452C/S652C ligand-binding domain of 
GluA2 can be captured in a gated manner [20-24]. 

The Fast excitatory synaptic transmission in the 
mammalian brain is largely mediated by AMPA-type 
ionotropic glutamate receptors (AMPARs), which are 
activated by the neurotransmitter glutamate. At 
synapses, AMPAR function is regulated by accessory 
subunits, a diverse set of membrane proteins 
associated with the core pore-forming AMPAR subunits. 
Each accessory subunit provides distinct functional 
modulation of AMPARs, ranging from regulation of 
transport to modeling ion channel opening kinetics. 
Understanding the molecular functioning of these 
complexes is essential to deciphering synaptic 
modulation and its global role in cognitive activities such 
as learning and memory [25-29]. 

Ionotropic glutamate receptors (iGluRs) are 
ligand-gated ion channels that are activated by the 
neurotransmitter glutamate. Among them, the flagship of 
fast excitatory synaptic transmission is AMPA-type iGluR 
(AMPAR), which transmits signals on a millisecond time 
scale. The pore-forming subunits of AMPAR, known as 
GluA1–4, are composed of four domains. The N-
terminal domain (NTD) in the extracellular space is 
furthest from the membrane. The function of the NTD is 
the least understood but is critical for subunit assembly 
as well as receptor clustering and synaptic localization. 
The C-terminal region of the NTD forms a short linker 
that connects the NTD to the ligand-binding domain 
(LBD). When bound to glutamate, the LBD undergoes 
conformational changes that lead to channel closure. 
The LBD binds to the transmembrane domain (TMD), 
which consists of three membrane segments (M1, M3 
and M4) and a reversible helical loop (M2). In the 
primary structure of DNPN M1-3 is divided into two 
fragments: S1 and S2. The TMD forms an ion channel in 
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the membrane that conducts cations when it is open 
[30-34]. 

The pore-forming AMPAR subunits assemble 
into homo- and heterotetramers. A structural feature that 
generally distinguishes AMPARs and iGluRs from other 
ligand-gated cation-permeable tetrameric ion channels 
is the change in symmetry between the extracellular 
domains and the TMD; The NTD and LBD form dimers, 
and the TMD is a tetramer. Ligands that connect the 
LBD to the TMD and are part of the triggering 
mechanism compensate for this change in symmetry. 
Moreover, the transition between DTN and LBD involves 
domain swapping; Within each subunit, the NTD dimer 
partners differ from the LBD dimer partners. Free NTD-
LBD linkers allow such domain substitution. Among the 
iGluRs, the architecture of GluD1 is distinct and does 
not exhibit domain switching, maintaining the flexibility of 
the NTD-LBD linker [35-38]. 

The biochemical property that distinguishes 
AMPARs and kainate receptors (KARs) from NMDARs is 
their solubility in detergents. NMDARs require much 
more aggressive cleaning agents to dissolve them than 
AMPARs and KARs. The properties of the membrane 
surrounding the receptors and the mechanism of 
receptor docking are likely to vary significantly between 
iGluR subtypes. Lipids are often found in ion channel 
structures. In fact, cholesterol and fatty acids modulate 
the function of NMDAR and KAR ion channels, 
respectively. Cholesterol deficiency in cultured 
hippocampal neurons results in redistribution of 
synaptic AMPARs. However, it was only recently that 
lipids were found to be associated with AMPARs [39-
43]. 

Lipid density was observed in a 
heterotetrameric AMPAR architecture consisting of 
GluA1 and GluA2 in complex with TARP γ-8. These lipids 
must have been transferred from HEK cells in which the 
receptor complex was expressed. Interestingly, the 
lipids surrounding the GluA2-CNIH3 complexes are 
organized differently than the lipids of the GluA1-GluA2-
TARP-γ-8 complex. These observations have led to the 
hypothesis that lipids may play a functional role in the 
assembly and action of accessory subunits and that 
they may play different roles in different classes of 
AMPAR accessory subunit complexes [44-46]. 

TARPs were required to keep the channel gate 
open in the detergent because no free TARP structures 
supported the open gate architecture despite being 
bound to an agonist plus a desensitizing blocker or 
potentiating toxin. AMPAR-TARP complexes exhibit 
higher open probabilities and longer residence times at 
higher conductance levels than AMPARs without TARP, 
suggesting that TARP stabilizes the conformation of 
open and activated channels. The allosteric relationship 
between agonist binding and blockade can be 
disrupted by detergent, as is known to occur with 
nicotinic acetylcholine receptors. Therefore, it is possible 

that TARP recruits lipids into the complex and creates a 
membrane-mimicking environment [48-52]. 

Some complex-stabilizing lipids may be absent 
in non-neuronal cells but are present in brain lipids. This 
is supported by the observation that different detergent 
conditions were optimal for AMPAR solubilization in the 
brain compared to recombinant expression systems 
such as Sf9 and HEK cells. Identification of the lipid 
composition of native AMPARs will be challenging but 
may be critical to understanding the function of AMPAR 
accessory subunit complexes [53-54]. 

The postsynaptic receptor cycle is a complex 
and poorly understood cell biological process. Although 
it is clear that disruptions in the interactions between 
many of the dozens of proteins that mediate exo- and 
endocytosis can influence synaptic function and 
plasticity, a clear interpretation of the outcomes requires 
a much more complete understanding of the role that 
these proteins play in post activity synaptic. The proteins 
such as NSF, synaptobrevin, and amphiphysin play 
roles in the presynaptic vesicle cycle, little is currently 
known about the postsynaptic localization or function of 
these proteins. The unexpected finding that NSF directly 
interacts with AMPARs suggests that other proteins 
involved in vesicle fusion or endocytosis also serve dual 
functions as receptor chaperones or play other 
important roles in maintaining PSD integrity [55-59]. 

Although there is still no consensus regarding 
AMPAR cycling rates and the direct role of constitutive 
turnover in rapid forms of synaptic plasticity, it is likely 
that regulated endocytosis and exocytosis will become 
an important mechanism for rapidly influencing synaptic 
strength. It is possible that AMPAR components cycle 
too slowly to play a role in LTP and LTD (as suggested 
by half-life studies). Alternatively, long-term modulation 
of the relative rates of exo- and endocytosis may play an 
important role in homeostatic forms of plasticity such as: 
Synaptic scaling or activity- or development-dependent 
modifications. in the location of receptors acting over 
time. Finally, it remains to be seen that the role of the 
regulation of AMPAR-binding proteins plays in fast and 
slow forms of central synaptic plasticity. It is unclear 
whether introducing more receptors into the membrane 
without the resources to trap those receptors at the 
synapse would be beneficial. It is possible that long-
term changes in the number of receptors at the synapse 
require both the delivery of more receptors to the 
membrane and an increase in the ability to bind and 
immobilize these receptors [60-64]. 

II. Goal 

The aim of the research was to study and 
analyze the key issue aspects of features of simulation 
of inflammatory pain through AMPA receptor subunits of 
exosome origin in mice.  
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III. Materials and Methods 

Animals are used to the surveillance camera. 
The rats were injected subcutaneously (s.c.) with 15 ml 
of a 5% formaldehyde solution (formalin) onto the dorsal 
surface of the hind paw. The time spent licking the 
formalin-injected paw was recorded at 5-minute intervals 
up to 45 minutes after the formalin injection. Rats were 
injected with 50 ml of 5% formaldehyde and grimaces 
were counted at intervals ranging from 1 minute to 60 
minutes, starting immediately after formaldehyde 
injection. Gusts at 5-min intervals were summed as 
average gusts per minute. The observer was not 
informed about treatment methods or genetic 
background. 

In contrast to mechanical hyperalgesia, mice 
developed CFA-induced thermal hyperalgesia, 
calculated as the percentage reduction in paw 
withdrawal latency in the inflamed paw compared to the 
contralateral non-inflamed paw. SNS GluA1-/- and 
GluA1-/-+. exosomes (P < 0.05) at similar levels (P > 
0.05 between genotypes). SNSGluA2−/− mice did not 
differ from their GluA1−/−+ exosome -bearing 
littermates in CFA-induced thermal and mechanical 
hypersensitivity. 

Construction of a plasmid and stable MSC cell 
line overexpressing GluA2. Mouse bone marrow 
mesenchymal stem cells (BMSCs) were cultured in 
minimal alpha essential medium (MEM) (Gibco) 
containing 10% fetal bovine serum (BI) and 1% 
penicillin-streptomycin. GEN button) at 5% CO2 and 37 
◦C. All plasmids were provided by Genome Ditech, and 
the mouse GluA2 coding sequence was cloned into the 
PGMLV-4931 vector (Genome Ditech). GluA2 
overexpression plasmid or control plasmid and Lenti-HG 
mixture were transfected into 293T cells using HG 
transgene reagent (Genome ditech). The cell culture 
medium was then replaced with fresh medium 20 hours 
after transfection. After 48 hours of incubation, the 
medium was collected and viruses were isolated by 
sequential centrifugation. The viruses were then used to 
infect BMSCs, and puromycin was used to screen for 
stable cells resistant to puromycin. The effect of gene 
overexpression was confirmed by qPCR and Western 
blotting as described below. 

Characterization of BMSC-derived exosomes 
overexpressing GluA2. BMSC-derived exosomes (Exo) 
and GluA2-overexpressed BMSC-derived exosomes 
(GluA2) were purified using an Optima XPN-100 
ultracentrifuge (Beckman Coulter). To observe the 
morphology, images were taken using a transmission 
electron microscope (TEM). Zeta potential and exosome 
size were determined using Zetaview-based 
nanoparticle tracking assay (NTA) technology (Particle 
Metrix). Exosome markers were identified using Western 
blotting. Protein was measured using a BCA protein 
quantitation kit (Key GEN). 

All animal experiments were checked and 
approved by local authorities (taking into account 
international animal welfare regulations). All behavioral 
measurements were performed on awake, unrestrained 
adult mice of both sexes of the same age (>3 months) 
by persons blinded to the genotype of the mice 
analyzed. Before analysis, rats were habituated to the 
experimental setup several times. Nociceptive testing in 
rat models of acute and chronic pain was performed as 
previously described in detail (Supplementary Methods). 
All animal experimental protocols were approved by the 
local institutional review board. All behavioral 
measurements were performed on adult mice of both 
sexes, awake, unrestrained, and of the same age (>3 
months). Before analysis, rats were habituated to the 
experimental setup several times. In all experiments, the 
genotypes of the mice analyzed were not taken into 
account. 

The latency of paw withdrawal in response to 
noxious heat and pressure gradient was determined 
using the plantar test with a sensitivity of 0.1 s (n 7–14 
per group). Nociceptive thresholds and dimensions of 
each hindpaw were recorded before and at specified 
intervals after intraplantar injection of CFA (20 μl). The 
dimensions of the hind paw were measured using a 
caliper and a plethysmometer. Paw edema was 
calculated as the change in paw volume (length-width-
height) using a plastinometer as described in detail by 
Cirinoetal. 

The nociceptive tail flick reflex was induced by 
noxious heat applied through an infrared light source 
with a sensitivity of 0.1 s as previously described. 
Formalin test and capsaicin test Formalin (1%, 20 L) or 
capsaicin (0.06%, 10 L) was injected into the plantar 
surface of the right hind paw and the duration of 
nocifentive behavior including lifting, licking, or flinching 
of the paw. the injected paw was measured within 5 
minutes after capsaicin injection or at 5-minute intervals 
for 50 minutes after formalin injection as previously 
described. 

All data are presented as mean SEM. Student's 
t tests or analysis of variance (ANOVA) for random 
measures followed by Fisher's postdoc LSD tests were 
used to determine statistically significant differences (p 
= 0.05). 

IV. Results and Discussion 

Activation of mGluR1 as a mechanism for 
removing CP-AMPARs from synapses is common in 
other systems. For example, VTA dopamine neurons 
express CP-AMPAR LTD, which is induced in vitro by 
mGluR1 agonists or in vivo by a positive allosteric 
modulator of mGluR1. Later, the same group provided 
evidence that the GluA2 subunit, which replaces 
internalized CP-AMPARs, is rapidly synthesized in 
response to mGluR1 activation through the mTOR 
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pathway. More detailed information about the regulatory 
mechanism of GluA2 synthesis and subsequent 
synaptic inclusion is still missing. 

Another important feature of the VTA synapse is 
the cocaine-induced enhancement (and consequent 
CP-AMPAR expression) appears to persist for at least a 
week rather than returning to baseline levels later. It has 
not been directly demonstrated that this potentiation is 
still mediated by CP-AMPARs, but since the total 
amount of AMPARs is assumed to be unchanged, the 
remaining potentiation is likely still mediated by the 
greater conductance of CP- relative to CI-AMPARAS. 
Otherwise, cell viability is reduced 24 hours after injury in 
cultured neurons, making it difficult to assess surface or 
synaptic CP-AMPAR expression at later time points. In 
addition, GluA2 mRNA levels begin to decline 6 hours 
after ischemic stroke in vivo, promoting CP-AMPAR 
expression after this time. Although transport of specific 
subunits triggers a switch to CP-AMPAR after further 
disease/ischemia, this transition is largely supported by 
changes in GluA2 gene expression. A similar 
mechanism may underlie the persistence of cocaine-
induced VTA plasticity, although the results do not 
support this. Changes in GluA1 and GluA2 mRNA 
expression have been reported under these conditions 
[65-69]. 

Chronic pain is a common and poorly 
understood medical problem. Plasticity of synaptic 
transmission in the nervous system during peripheral 
organ inflammation or nerve injury is an important 
component of the cellular basis of chronic pathological 
pain. Glutamate acts as an important excitatory 
neurotransmitter at several key synapses in the 
somatosensory nociceptive pathway, activating 
ionotropic and metabotropic receptors there. Recently, 
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
(AMPA-type) glutamate receptors (AMPARs) have 
emerged as important mediators of synaptic plasticity in 
the brain. Unlike NMDA-type glutamate receptors, which 
always mediate Ca2+ influx when activated, AMPARs 
are an activity-dependent switch that controls 
glutamate-induced Ca2+ influx into neurons. This 
activity-dependent change is mediated by the regulated 
expression and binding of the GluA2 subunit (previously 
called GluR-B or GluR2), which mediates low Ca2+ 
permeability to AMPAR channels. In contrast, the GluA1 
subunit (previously called GluR-A or GluR1) is highly 
expressed in regions with high densities of calcium-
permeable AMPARs, including components of pain 
pathways. Although global genetic deletions of AMPAR 
subunits demonstrated that GluA1-containing AMPARs 
play an important role in chronic pain mechanisms, they 
were unable to determine anatomical localization. In 
fact, AMPARs are expressed in several important 
modulatory regions of somatosensory pathways that 
mediate pain, such as:  peripheral nociceptive neurons, 
the dorsal horn of the spinal cord, the ventral horn, and 

several brain regions that control sensory and emotional 
pain. and emotional. emotional pain. However, the 
different relative contributions of these regions to central 
sensitization and chronic pain remain unclear. All 
peripheral sensory neurons use glutamate as a major 
transmitter, and large subpopulations of dorsal root 
ganglion (DRG) sensory neurons are known to express 
mRNA or be immunoreactive for ionotropic and 
metabotropic glutamate receptors. Electron microscopy 
studies have provided compelling evidence that AMPAR 
subunits are transported to the peripheral processes of 
sensory neurons, and recent ex vivo anatomical and 
electrophysiological data also indicate a presynaptic 
localization and functional involvement of AMPAR 
subunits in vertebral terminals. However, the functional 
role of AMPARs located in the central and peripheral 
terminals of sensory neurons in whole-body nociceptive 
modulation in vivo remains unclear. Moreover, because 
AMPARs are also expressed in peripheral sympathetic 
neurons, Schwann cells, and keratinocytes, the use of 
pharmacological agents alone does not allow for a 
comprehensive analysis of the contribution of AMPARs 
at different sites to pain modulation in vivo [70-74]. 

The mechanism of functional modulation of 
AMPARs by their auxiliary subunits will benefit from 
further efforts to reach a tipping point where it will be 
useful for the development of improved therapies. Lipids 
require special attention because they may play an 
important role in the function of the AMPAR accessory 
subunit. Structural studies should only provide 
snapshots of complexes in action. Therefore, functional 
studies and molecular dynamics simulation approaches 
are expected to play an equally important role. Native 
AMPAR complexes contain more than one type of 
accessory subunits. Structural and functional studies of 
additional AMPAR subunits with complex molecular 
compositions, including lipids, will be required in the 
future. Given the strong functional modulation imposed 
on AMPAR by a specific accessory subunit, its 
regulation is expected to have significant effects on 
circuit activity, cognition, learning, and memory. The 
function of TARP γ-8 in hippocampal LTP has been 
extensively studied, but the role of additional non-TARP 
subunits in synaptic plasticity is only now being 
elucidated. The specific underlying molecular 
mechanisms that regulate circuit dynamics will be 
important questions to be addressed in the future [75-
79]. 

Exosomes are nanosized vesicles secreted by 
various cell types, including neurons, into the 
extracellular space. These vesicles carry a cargo of 
proteins, lipids, and nucleic acids, facilitating 
intercellular communication. Recent investigations have 
uncovered the presence of AMPA receptors, crucial for 
synaptic transmission, within exosomes, suggesting a 
novel mechanism of information transfer between 
neurons. 
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Here, we analyzed transgenic mice that lack the 
essential GluA1 subunit of AMPAR, specifically in the 
peripheral arm of the somatosensory pain pathway, i.e., 
the nervous system. System. The results showed that 
exosome derivatives containing GluaA1, restores 
nociceptive effects in GluA1 knockout mice. 

Central and somatic signals received by 
nociceptors in paraplegia, and the consequences of 
bringing nociceptors into a stable hyper functional state. 
Nociceptors receive injury-related signals in the spinal 
cord (highly activated postsynaptic dorsal horn (DH) 
neurons, activated glial cells, and infiltrating immune 
cells) and in the dorsal root ganglion (DRG) (from other 
DRG neurons, satellite glial cells, blood, etc.). 
Nociceptors have strong excitatory effects on pain 
pathways (referred to as DG neurons) and on circuits 
supporting somatic and visceral functions. LTP at DG 
synapses can be generated by somatic and peripheral 
AS, as well as after-discharge, which is facilitated by the 
hyper functional state of the nociceptor. Nociceptor 
activity causes central sensitization, promotes 
spontaneous and evoked pain, and enhances somatic 
and visceral reflexes. Nociceptor activity also results in 
positive feedback interactions with postsynaptic 
neurons, other somatic DRGs, inflammatory cells 
(microglia, infiltrating macrophages, and T cells), 
astrocytes, and satellite glial cells. PN - Proprioceptive 
Neuron:Proprioceptive neurons are specialized sensory 
neurons responsible for conveying information about the 
position and movement of body parts to the central 
nervous system (CNS). They play a crucial role in 
proprioception, which is the sense of the relative 
position of neighboring parts of the body. IN - 
Interneuron:Interneurons are neurons that transmit 
signals between other neurons, acting as connectors or 
relays within the nervous system. In the context of the 
DRG, interneurons could be involved in processing and 
modulating sensory information before it reaches the 
spinal cord or higher brain centers. They contribute to 
the integration and coordination of signals within neural 
circuits [80-84]. 

CFA-induced mechanical hypersensitivity was 
tested by applying gradual point pressure to von Frey 
hairs, and the minimum force producing a pull-off 
response in at least 2 out of 5 applications of von Frey 
hairs was termed threshold. Answer. While exosome 
SNS-GluA1-/-+ mice developed significant mechanical 
hypersensitivity (reduced von Frey capillary threshold) 4, 
12, 24 and 48 hours after CFA injection compared to 
their respective baseline values. 

Changes in paw withdrawal latency (PWL) in 
response to infrared heat in the inflamed paw 
represented as the percentage decrease over the 
contralateral uninflamed paw. P< 0.05. 

During exosome formation, the plasma 
membrane is invaginated and intracellular multivesicular 
bodies with intraluminal vesicles are formed. This 

endocytic pathway from the donor cell is followed by 
transport of transmembrane and intra vesicular proteins 
from the Golgi complex, leading to the formation of early 
endosomes. After maturation and differentiation, they 
become late endosomes. They are degraded by fusion 
with lysosomes, the plasma membrane or 
autophagosomes, releasing intraluminal vesicles into 
the extracellular environment as exosomes (40–150 nm 
in diameter). 

Exosomes interact with recipient cells through 
their surface receptor molecules and ligands. Some 
exosomes remain on the cell membranes of donor cells 
after secretion, while others interact with recipient cells. 
Internalization of exosomes occurs through a raft- or 
caveolae-mediated membrane integration process or 
clathrin-dependent endocytosis. Micropinocytosis and 
phagocytosis have also been described as methods for 
internalization of exosomes by recipient cells. This 
process of physiological integration into target recipient 
cells is believed to have therapeutic potential as a 
targeted delivery system to effectively carry out 
biological functions. However, the exosome 
components responsible for cell type or organ 
specificity remain unclear. 

Exosomes have great therapeutic potential for 
various diseases due to their intracellular transport 
ability. Nanomedicine technologies have given impetus 
to the study of the use of the pathogenic value of 
exosome particles in various diseases. Nanomedicine 
targeted drug delivery system focuses on the sustained 
release of exosomes to exert biological activity at the 
target site. Exosomes are used as vectors or carrier 
molecules to trigger a biological response. 

Under certain physiological circumstances, 
exosomes exhibit very low immunogenicity and the 
ability to bypass the physiological blood-brain barrier. 
Thanks to the stable lipid bilayer, the cargoes contained 
in exosome vesicles are protected from the action of 
native immune cells and digestive enzymes. Artificial 
exosome vesicles transport the cargoes with which they 
are loaded to the site of action through various 
mechanisms of endocytosis or membrane fusion. 
Electric vehicles are made up of different types of cells 
and tissues. When injected into a specific diseased 
tissue, EVs trigger tissue regeneration and homeostasis 
under certain conditions. EVs derived from 
mesenchymal stromal cells exhibit cell viability, cell 
trophism, anti-inflammatory, immunomodulatory, and 
therapeutic effects. They support neo angiogenesis and 
cell proliferation. Exosomes exhibit the same targeting 
effect as the parent cell. 

AMPA receptors belong to the family of 
ionotropic glutamate receptors and are crucial for the 
transmission of excitatory signals in the brain. This 
article provides an overview of AMPA receptor structure 
and function, emphasizing their contribution to synaptic 
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plasticity and their involvement in various neurological 
disorders. 

Moreover, these structural insights have 
unveiled the dynamic nature of AMPA receptors, 
showcasing conformational changes that occur during 
various stages of receptor function. The GluA1-GluA4 
subunits exhibit unique structural features that contribute 
to the diversity in their functional roles within the receptor 
complex. 

Studies utilizing X-ray crystallography and cryo-
electron microscopy have elucidated key interactions 
between the individual subunits and their binding sites 
for glutamate, the neurotransmitter that activates AMPA 
receptors. GluA2, in particular, plays a crucial role in 
regulating calcium permeability, impacting the overall 
signaling properties of the receptor. 

The intricate architecture of AMPA receptors 
extends beyond the individual subunits, as auxiliary 
proteins like TARP (transmembrane AMPA receptor 
regulatory proteins) and cornichons have been identified 
as modulators of receptor activity. These auxiliary 
proteins influence trafficking, synaptic localization, and 
channel properties, further highlighting the complexity of 
AMPA receptor function. 

Understanding the structural dynamics of AMPA 
receptors has significant implications for 
pharmacological interventions targeting neurological 
disorders. Drug design efforts can benefit from precise 
knowledge of the receptor's three-dimensional 
arrangement, allowing for the development of 
compounds that selectively modulate specific aspects 
of AMPA receptor function. 

In summary, recent strides in structural biology 
have unraveled the intricacies of AMPA receptor 
architecture, emphasizing the importance of the 
arrangement of GluA1, GluA2, GluA3, and GluA4 
subunits in determining the receptor's functional 
properties. These revelations pave the way for a deeper 
understanding of synaptic transmission and open 
avenues for the development of novel therapeutic 
strategies targeting neurological conditions associated 
with aberrant AMPA receptor activity. 

Mechanisms of AMPA Receptor Function: Upon 
glutamate binding, AMPA receptors undergo 
conformational changes that lead to channel opening, 
allowing the influx of cations, predominantly sodium 
ions. The rapid activation and subsequent 
desensitization of AMPA receptors contribute to the fast 
nature of excitatory neurotransmission. Moreover, the 
regulation of AMPA receptor trafficking and localization 
is critical for synaptic plasticity, synaptic strength, and 
learning and memory processes. 

Synaptic Plasticity and AMPA Receptors: Long-
term potentiation (LTP) and long-term depression (LTD) 
are forms of synaptic plasticity that underlie learning and 
memory. AMPA receptors play a central role in these 
processes by modulating the strength of synaptic 

connections. The dynamic regulation of AMPA receptor 
trafficking, insertion, and removal from the synapse 
contribute to the fine-tuning of synaptic strength and 
plasticity. 

AMPA Receptors in Neurological Disorders: 
Dysregulation of AMPA receptor function has been 
implicated in various neurological disorders, including 
epilepsy, Alzheimer's disease, and mood disorders. 
Understanding the molecular mechanisms underlying 
AMPA receptor dysfunction in these conditions provides 
potential targets for therapeutic intervention. Modulators 
of AMPA receptor activity, such as positive allosteric 
modulators and selective agonists, are being explored 
as potential treatment options. 

Therapeutic Implications: Given the crucial role 
of AMPA receptors in synaptic transmission and 
plasticity, targeting these receptors holds promise for 
therapeutic interventions in neurological disorders. 
Researchers are actively investigating novel compounds 
and strategies to modulate AMPA receptor function 
selectively. The development of subtype-specific 
modulators and precise regulation of AMPA receptor 
activity may offer more targeted and effective 
therapeutic approaches. 

The role of the AMPA receptor in painful 
sensations. AMPAs are transmembrane proteins made 
up of 4 subunits (tetramers). There are 4 different 
subunits in the AMPAR family, GluR1-4. Each subunit 
contains approximately 900 amino acids and 4 main 
components: a large amino-terminal extracellular 
domain, an adjacent ligand-binding domain, a 
transmembrane domain, and a carboxy-terminal 
cytoplasmic domain. Most native AMPARs are 
heterothermies, meaning they are made up of a 
combination of different subunits. The synthesis of 
AMPAR subunits and their assembly into functional 
receptors begins in the rough endoplasmic reticulum. A 
group of proteins called AMPAR transmembrane 
regulatory proteins (TARPs) facilitate the transport of 
AMPARs from the endoplasmic reticulum to the plasma 
membrane and anchor these receptors at the synapse. 
Transport of AMPARs to and from the synaptic 
membrane occurs in a highly regulated manner. For 
example, phosphorylation of residue S831 in GluR1 by 
Ca/calmodulin-dependent protein kinases (CaMKII) and 
protein kinase C has been shown to result in transport of 
GluR1 subunits into the synapse. By adjusting the 
number and type of AMPARs on the synaptic surface, a 
postsynaptic neuron can modify its excitability, that is, 
its response to presynaptic signals [85-89]. 

Electrophysiological properties of AMPA 
receptors. Most functional AMPAs are located on the 
postsynaptic surface. When bound to glutamate, they 
are permeable to Na and K ions, but usually not to Ca2 
ions. Each AMPAR, when open, conducts a miniature 
excitatory postsynaptic current inward. Each of these 
small incoming currents depolarizes the cell membrane 
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to a small extent. When enough AMPARs bind 
glutamate and open, these miniature excitatory 
postsynaptic currents can sum and create a large 
depolarizing force, causing the neuron to fire an action 
potential. 3 Thus, AMPAR opening in response to 
glutamate provides the cellular basis for excitatory 
synaptic transmission. In addition, a subset of AMPARs, 
receptors without GluR2 subunits, are Ca2+ permeable. 
Most of these calcium-permeable AMPARs (CPARs) are 
composed of GluR1 homo tetramers, but they can also 
be formed by assembling a combination of GluR1, 3, 
and 4 subunits. CPARs conduct faster and larger inward 
currents than AMPARs. impermeable to calcium. CPARs 
not only exhibit faster and stronger postsynaptic 
currents, but through Ca2 influx they can also activate 
Ca2-dependent signaling cascades that lead to long-
term changes in synaptic strength. Thus, CPARs act as 
surrogates for NMDA receptors and likely play a similar 
role in processes such as memory formation and central 
sensitization. AMPA receptors and pain. Given the 
critical role of AMPARs in determining the strength of 
synaptic transmission in various neurological systems, it 
is not surprising that they are involved in pain 
transmission. In recent years, animal studies have 
focused on the first synaptic contact in the pain 
pathway, namely the synapse between the primary 
afferent neuron and the dorsal horn neuron. Using 
sophisticated electrophysiological recordings, the spinal 
cord neurons expressing AMPARs receive primary 
afferent inputs of nociceptive origin. During this time, 
Polgar and his colleagues were able to provide eight 
quantitative estimates of AMPAR. They observed that, 
for example, in lamina I-II of the dorsal horn, all neurons 
expressed GluR2 AMPAR subunits, whereas only 65% of 
these neurons expressed GluR1 subunits. In lamina III, 
100% of neurons express GluR2 and 80% express 
GluR1. They found that GluR3 and GluR4, although in 
smaller amounts, are also expressed in dorsal horn 
neurons. They also showed that these AMPARs are 
localized to postsynaptic density proteins, proteins that 
function as structures on the postsynaptic surface. Thus, 
their finding suggests that AMPARs are not only 
expressed by spinal cord neurons but likely play an 
active role in synaptic transmission between peripheral 
nociceptive neurons and spinal cord neurons [90-95].  

The discovery of AMPARs at the synaptic site of 
the pain pathway is the first step in determining the 
importance of these receptors in pain. The next steps 
are to identify specific AMPAR changes that occur 
during pain and show that these changes contribute to 
the experience of pain. Larsson and Broman recently 
showed that during acute pain (induced by capsaicin), 
there is an increase in the number of GluR1 subunits 
recruited to synaptic sites. This is an important finding 
because the dominant AMPARs in GluR1 tend to be 
Ca2+ permeable receptors, which can trigger long-term 
cellular changes. According to their model, inflammation 

caused by capsaicin leads to the transmission of pain 
signals to the C-fiber neuron in the form of action 
potentials. The flooding of these action potentials is 
sufficient to recruit CPAR to the synaptic site of the 
dorsal horn neuron. The accumulation of CPAR in turn 
induces long-term memory at this synapse between the 
C-fiber and the spinal neuron, facilitating subsequent 
pain transmission. Thus, Ca2+permeable AMPARs act 
as surrogates for NMDA receptors to mediate central 
pain sensitization. Additional evidence for the 
accumulation of Ca2+ -permeable AMPARs during pain 
conditions comes from studies focusing on chronic 
pain. Ca2+-permeable AMPARs accumulated at spinal 
cord synapses in several rodent models of chronic pain. 
After administration of Freund's complete adjuvant, a 
proinflammatory agent, to the paws of rats or mice, 
these rodents exhibited long-lasting (2 weeks) 
mechanical allodynia and thermal hyperalgesia. After 
the onset of chronic pain, Luo and his colleagues 
dissected the spinal cords of these mice and found that 
not only did the number of GluR1 subunits in spinal cord 
neurons increase, but also the active part of this subunit 
(phosphorylated). fraction) was also increased. Thus, 
their results indicate that chronic pain activates AMPAR 
GluR1 and recruits it to the cell surface. dorsal horn 
neurons. Two additional studies showed that not only 
did the number of GluR1 subunits increase, but there 
was also a concomitant decrease in the number of 
GluR2 and GluR3 subunits at the synapse between the 
peripheral nociceptive neuron and the dorsal horn 
neuron. Regulation of the soluble factor N-
ethylmaleimide fusion protein, a protein required to 
transport GluR2 subunits to the cell surface, was 
actually downregulated due to chronic pain. Moreover, 
Tao's group showed that GluR2-containing AMPARs can 
subsequently be internalized or cleared from the 
synaptic site over time through activation of the NMDA 
receptor. Thus, a complex signaling cascade begins to 
emerge from these studies. First, chronic pain induces 
intense AMPAR-mediated synaptic transmission 
between the peripheral nociceptive neuron and the 
dorsal horn neuron, activating NMDA receptors and 
causing Ca2+ influx. Ca influx in turn activates a number 
of downstream signaling proteins, including kinases and 
other transport proteins, to replace Ca-impermeable 
AMPARs with Ca2+ permeable AMPARs in the cell 
membrane. Finally, administration of Ca2+-permeable 
AMPARs allows for increased Ca2+ influx, thereby 
improving synaptic transmission from peripheral 
neurons to spinal cord neurons. This pathway partially 
underlies the mechanism of central sensitization [96-99]. 
Modulation of AMPA receptors leads to changes in pain 
sensitivity. If AMPA receptors are involved in spinal cord 
pain pathways, and more specifically in the synaptic 
contact between a nociceptive afferent neuron and a 
spinal cord neuron, modulation of these receptors 
should lead to changes in pain sensitivity in animals. In 
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fact, researchers have been trying to administer 
intrathecal glutamate receptor blockers to treat pain for 
many years. The reason for this approach was to 
interrupt all synaptic transmission between peripheral 
nerves and spinal nerves by blocking AMPARs. For 
example, Sang and colleagues showed that 
tezampanel, a nonspecific AMPAR blocker, can be used 
to reduce mechanical hyperalgesia in a rodent model of 
inflammatory pain. This treatment modelimpairing pain 
transmission—requires chronic administration of the 
drug. However, chronic administration of an AMPAR 
antagonist results in unacceptable side effects by 
interfering with normal nociceptive and non-nociceptive 
sensory transmission and motor functions. In addition, 
these drugs can penetrate the cerebrospinal fluid and 
disrupt synaptic transmission in the brain. However, 
recent studies on the role of CPARs in the induction and 
maintenance of central sensitization have shed new light 
on the therapeutic potential of AMPAR blockade. 
Therefore, therapeutic AMPAR blockade may require a 
different strategy aimed at disrupting the molecular 
mechanisms of central sensitization rather than 
disrupting complete synaptic transmission. This strategy 
may only require proactive blocking of signaling events 
that lead to accumulation of CPARs or selective 
antagonism of CPARs themselves. In support of this 
strategy, the examined pain perception in mice carrying 
genetically modified GluR2 as part of an investigation 
into the mechanism of central sensitization in the spinal 
cord. They genetically modified GluR2 subunits to 
render these receptors unable to be internalized. 
Consequently, these mutated GluR2 receptors remained 
on the cell membrane longer and displaced GluR1 
receptors. Remember that CPARs require the absence 
of GluR2 and the presence of GluR1. This mutation 
essentially results in a decrease in the amount of CPAR 
on the cell surface. Interestingly, but perhaps 
unsurprisingly, rodents with this mutation exhibited less 
chronic pain. Using a different genetic approach, 
examined the effect of selective deletion of GluR1 or 
GluR2 on the acute pain threshold in mice. for 
transmission. signs of acute pain. However, in a model 
of chronic inflammatory pain, genetic deletion of GluR1 
subunits in mice resulted in a higher pain threshold, and 
deletion of GluR2 had the opposite effect. Because 
GluR2 is Ca2-permeable without AMPARs, these genetic 
data suggested that altering the number of Ca-
permeable AMPARs at synaptic surfaces may alter pain 
transmission. The difference lies in the chronic nature of 
the pain. Although CPARs are interesting for acute pain 
signaling, they are likely to play an important role in 
chronic pain due to their influence on central 
sensitization [100-104]. 

AMPA receptors mediate fast excitatory 
synaptic transmission in the mammalian central nervous 
system when activated by the neurotransmitter 
glutamate at the postsynaptic membrane. The receptors 

are composed of four subunits GluA1-GluA4, which can 
combine with each other in various combinations to 
form glutamate-activated ion channels with different 
physiological properties. However, AMPA receptor 
function is also influenced by concomitant factors, such 
as the TARP family of AMPA receptor transmembrane 
regulatory proteins. For example, TARP γ8 allows AMPA 
receptors that have been desensitized due to the 
chronic presence of glutamate to return to an open state 
[105-107]. 

NMDA receptors are well expressed on the cell 
surface and function when double cysteine mutations 
are introduced into NR1 or NR2 to block lobes. The 
GluA2 A452C/S652C mutation is highly expressed but 
does not reach the cell surface. However, when 
expressed in bacteria, the GluA2 LBD with these 
mutations’ folds correctly and the agonist binding site 
remains intact. Assuming that the protein is correctly 
folded but does not translocate to the cell surface, the 
transport defect may be due to a defect in dimer or 
tetramer formation or a conformational state (e.g., 
desensitization). The L483Y mutation appears to 
promote tetramerization and stabilize the interface 
between LBD dimers. Despite the formation of 
tetramers, the lack of desensitization of L483Y mutants 
limits their penetration to the cell surface. The formation 
of the A452C/S652C disulfide destabilizes the interface 
between LBD dimers and likely has the opposite effect 
on tetramerization (or even dimerization) [108-112]. 

The use of a disulfide bond demonstrated that it 
is possible to obtain an almost completely closed form 
of the GluA2 LBD in the presence of several partial 
agonists. This suggests that the flocs may exhibit 
transitions to multiple conformations, as previously 
suggested by dynamic NMR measurements and single-
molecule FRET experiments. Although these 
experiments do not directly address the conformation 
required for channel activation, previous studies 
showing that partial agonists can adopt a range of 
conformations suggest that this ensemble may 
determine efficacy. The finding that the fully closed form 
is part of this set is consistent with the idea that the 
stability of the fully closed form determines 
performance. 

Activation of AMPA receptors begins with 
agonist binding and general movement of the LBD, 
which in turn causes displacement of the ion channel 
gate and the passage of cations through the channel 
pore. Closure of the LBD bipartite structure is at least 
partially responsible for channel opening. Single-
channel recording experiments showed that full and 
partial agonists can activate AMPA receptor channels at 
the same three or four different conductance levels. At 
saturating agonist concentrations and without 
desensitization, partial agonists exhibit lower currents 
than full agonists because lower conductance levels fill 
preferentially than those observed with full agonists. The 
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different levels of conductance were thought to be due 
to the activation of separate gates on each of the four 
subunits. That is, the highest level of conductance is 
achieved with the gates open for all four subunits, the 
next highest level of conductance is with three gates 
open, and so on. At saturating concentrations of 
agonists, all four subunits are occupied, so in the 
absence of desensitization, the occupancy of lower 
conductance states by partial agonists suggests that 
the activation channel is not automatically triggered 
upon agonist binding, but rather that the channel is 
open. The gate to one subunit is associated with 
conformational equilibrium, the energy levels of which 
change upon agonist binding. Partial agonism is based 
on a number of crystal structures that correlate lobe 
orientation in the GluA2 LBD with efficiency. The more 
sheet closures observed in a set of crystal structures, 
the higher the efficiency. Conduction states were shown 
to be identical for full and partial agonists, and the 
population of conductance levels followed a bionomic 
distribution. The success rate of a bio name can be 
viewed as a measure of effectiveness. The efficiency 
coefficient, in turn, correlates with the relative orientation 
of the LBD flaps. This hypothesis has been called the 
explanation because the relatively fixed degree of gate 
closure determines the likelihood of gate activation. An 
alternative, but not mutually exclusive, dynamic model is 
that each subunit has a conformational set that is 
modified by the binding of full and partial agonists. For 
full agonists, the conformational set primarily favors a 
closed valve state and gate activation for the subunit, 
whereas partial agonists include a fully closed state as 
well as a distribution of more open states with less 
frequent gate activation for the subunit. this subunit. In 
the simplest version of the model, the fully closed state 
of the LBD would be the trigger to activate the channel 
gate, and the probability of achieving a fully closed LBD 
would determine the effectiveness [113-118]. 

The half-life of AMPAR in cultured spinal 
neurons, measured by pulse receptor labeling or 
surface biotinylating, is approximately 30 hours. In 
contrast, a recent report using an antibody pulse to label 
surface receptors on live human embryonic kidney 
(HEK) cells and hippocampal neurons in culture showed 
that the labeled receptors were internalized very quickly, 
with a constant of time of approximately 40 minutes. 
These internalized receptors were colocalized with 
proteins, associated with clathrin-coated pits. This 
suggests that receptor endocytosis occurs much more 
rapidly than receptor degradation, leaving the majority of 
internalized AMPARs intact (and possibly functional). 
This, in turn, raises the possibility that internalized 
AMPARs may be recycled back to the synaptic 
membrane. Although constitutive cycling models of 
receptors at the NMJ emphasize a slow, stately 
exchange of receptors over a period of days, these 
recent studies suggest that central AMPARs may 

constantly travel between extracellular and intracellular 
compartments, although direct tests provide proof of 
this. require the reappearance of receptors on the 
synaptic membrane. Another reason for caution in 
interpreting the discrepancy between half-life and 
internalization rates is the possibility that the method 
used to measure internalization itself (the binding of 
antibodies to AMPARs in living cells) influences the rate 
of receptor internalization. For example, it would be 
good to know whether the receptor half-life decreases 
with antibody treatment. An interesting observation in 
cells treated with hypertonic sucrose or transfected with 
a dominant negative dynamin mutant (both 
manipulations intended to inhibit endocytosis) was that 
constitutive AMPAR internalization was significantly 
reduced, the percentage of AMPAR but the total surface 
area was not increased. This observation led to propose 
that the internalization and insertion rates of the 
constituent receptors are somehow linked, such that a 
change in one result in coordinated changes in the 
'other, and that the total number of surface receptors 
remains constant. This interpretation could explain the 
lack of effect on basal transmission observed with 
subsequent blockade of exocytosis, but is in direct 
contradiction to the findings that exocytosis blockers 
had a profound effect on basal transmission. Insulin 
treatment reduced the number of surface receptors on 
cultured HEK or hippocampal neurons, and this 
reduction was sensitive to agents that disrupt 
endocytosis. Additionally, insulin treatment and LTD 
blocked in hippocampal slices. This suggests that 
certain agents (such as insulin and activity) are able to 
transiently uncouple endocytosis and exocytosis and 
produce a net gain or loss of cell surface receptors. 
These results are supported by the accompanying 
report that cerebellar LTD (and reduction in insulin-
mediated synaptic transmission) was strongly 
attenuated by inhibitors of clathrin-mediated 
endocytosis, whereas basal transmission was not 
affected. The reports suggest that the synaptic plasticity 
mechanisms from different brain regions (hippocampus 
and cerebellum), using different transduction 
mechanisms, might ultimately converge on the same 
cellular mechanism to control the number of AMPARs 
expressed at synaptic sites [119-123].  

The CP-AMPARs have been implicated in 
pathological processes such as ischemia for many 
years, their role in “normal” physiological memory 
processes has only recently been recognized, and CP-
AMPARs are now emerging as an important additional 
property of various forms of synapses. The subunit 
composition of synaptic AMPARs can change quite 
rapidly due to the movement of certain subunits. 
Compared to the wealth of knowledge about AMPAR 
trafficking in general, little is known about the specific 
mechanisms that regulate synaptic inclusion of CP-
AMPARs. As mentioned above, GluA1-dependent 
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mechanisms, already identified as important for LTP 
expression but previously thought to apply primarily to 
GluA1/GluA2 heteromers, may be synonymous with CP-
AMPAR transport immediately following LTP induction 
and perhaps other forms of plasticity that also include 
the CP-AMPAR insert [124-127]. Internalization of GluA2, 
which is part of CP-AMPAR expression, may share 
mechanisms with the induction of LTD (which does not 
involve synaptic CP-AMPAR expression). It will be 
important to see how signaling pathways upstream of 
AMPAR subunits and the accessory proteins are 
specific for CP-AMPAR expression. Unraveling the 
details of the illicit trade requires a modern cell culture 
system that can be used for high-resolution imaging in 
combination with acute genetic manipulation. Although 
such a system is clearly available for hippocampal 
neurons, research on other types of neurons has lagged 
in this regard. However, it is already clear that there are 
many similarities between the neurons of the 
hippocampus, VTA and lateral amygdala. 

V. Conclusion 

So, the Modulation of AMPA receptors leads to 
changes in pain sensitivity. The AMPA receptors are 
involved in spinal cord pain pathways, and more 
specifically in the synaptic contact between a 
nociceptive afferent neuron and a spinal cord neuron, 
modulation of these receptors should lead to changes in 
pain sensitivity in animals. In fact, researchers have 
been trying to administer intrathecal glutamate receptor 
blockers to treat pain for many years. The reason for this 
approach was to interrupt all synaptic transmission 
between peripheral nerves and spinal nerves by 
blocking AMPARs. For example, Sang and colleagues 
showed that tezampanel, a nonspecific AMPAR blocker, 
can be used to reduce mechanical hyperalgesia in a 
rodent model of inflammatory pain. The nociceptor-
specific deletion of GluA1 resulted in the disruption of 
calcium permeability and a diminished response to 
capsaicin stimulation in nociceptors. The deletion of 
GluA1, led to reduced mechanical hypersensitivity and 
sensitization in models of chronic inflammatory pain and 
arthritis. So, the GluA1-containing AMPARs played a 
regulatory role in the nociceptors' responses to painful 
stimuli in inflamed tissues, influencing the excitatory 
signals transmitted from the periphery into the spinal 
cord.  
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