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Abstract: Nociceptor sensitization is a process triggered by proinflammatory factors that result in a significant increase in 
neuronal excitability by affecting both the threshold and frequency of action potential firing. The increased sensory neu-
ron activity is due to a metabolic change produced by the activation of intracellular signaling cascades that usually alter 
the expression and functionality of molecular sensors present in the neuronal surface, i.e. ion channels and metabotropic 
receptors. Cumulative evidence is showing that inflammatory sensitization of nociceptors is significantly contributed by 
an enhanced expression of ion channels that directly influence neuronal excitability. Furthermore, recent data indicates 
that mobilization and regulated exocytosis of a ready-to-go vesicular population of channels as a pivotal event underlying 
acute inflammatory sensitization of sensory neurons; whereas an increment in transcription and/or translation and traffick-
ing is involved in chronic neuronal sensitization. Therefore, identification of the molecular components involved in chan-
nel trafficking and exocytosis in the inflamed terminal may provide new strategies for attenuating nociceptor sensitization 
and their consequences, namely hyperalgesia and allodynia.  
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INTRODUCTION 

 Noxious stimuli evoke numerous physiological events 
triggering acute pain. However, in specific pathological 
circumstances, an enhanced sensitivity to mild or non-
noxious stimuli appears long after vanishing the original 
cause for pain, resulting in the development of chronic pain 
(for review [1]). Chronic pain can be classified as 
inflammatory pain, when tissue and/or viscera are injured or 
inflamed, or as neuropathic pain, following nervous system 
lesion or dysfunction. Further distinction is made depending 
on the stimulus intensity causing pain: the term hyperalgesia 
is applied when pain is caused by low-intensity stimuli and 
may be provoked by either a decrease in threshold, an 
increase in suprathreshold response, or both, whereas 
allodynia is defined when an innocuous stimuli causes pain 
(IASP). Hyperalgesia is the preferred term and can be further 
classified according to the nature that elicits pain as thermal 
or mechanical or both (polymodal).  
 Hyperalgesia arises either by peripheral and/or central 
sensitization. Peripheral sensitization occurs by enhanced 
excitability of high threshold Aδ- and C-fibres in Dorsal 
Root Ganglion cells (DRGs), trigeminal or nodose ganglia, is 
a transient phenomenon and remains constrained to the area 
of the injury. Noteworthy, not all Aδ- and C-fibres are 
nociceptive because they are responsive to low threshold 
stimuli. Likewise, large diameter-, Aβ fibers are also low 
threshold and only some of them may be nociceptive. 
Central sensitization is activity and use-dependent, and 
results in an increase in nociceptor synaptic efficacy and an 
enhanced responsiveness of dorsal horn neurons. NMDA, 
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non-NMDA and metabotropic glutamate receptors, ligand- 
and voltage-gated ion channels and neuropeptides such as 
Substance P deeply contribute to synaptic plasticity within 
CNS (For review see [2, 3]). Longer lasting changes in the 
properties of dorsal horn neurons result from intracellular 
signalling cascade activation that promote either 
posttransductional changes (such as phosphorylation) of ion 
channels and neurotransmitter receptors, altering electrical 
properties of the neuron or/and transcriptional changes in 
gene expression thus producing the phenotypic switching 
found in chronic pain (Fig. 1).  
 Various metabotropic and ionotropic receptors regulate 
neuronal excitability and synaptic transmission in the 
nociceptive sensory pathway playing key roles in both the 
induction and in the maintenance of nociceptor sensitization. 
Thus, for instance, several Transient Receptor Potential 
(TRP) channels, voltage-gated Ca2+ and Na+ channels, 
purinergic P2X receptors, Glutamate Receptors (NMDA-, 
Kainate- and AMPA- Receptor types) have been involved in 
neuronal sensitization. Whereas long term plasticity requires 
expression/silencing of specific genes, short term plasticity 
can be achieved by covalent modification of the receptor 
subunits (phosphorylation/dephosphorylation) thus altering 
the receptor biophysical properties and/or altering the 
number of functional receptor expressed at the cell surface. 
This trafficking mechanism that involves receptor expression, 
exocytosis, internalization and recycling underlies peripheral 
sensitization and is the topic reviewed in this chapter.  

TRP CHANNELS  

 Transient Receptor Potential (TRP) channels constitute a 
large family of channels with a wide variety of: i) activation 
modes (voltage, temperature, pH, chemicals, stress, etc), ii) 
regulation and, iii) physiological functions. Given that six 
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TRP channels are expressed in DRG neurons and given their 
ability to influx cations in response to diverse stimuli, they 
became good candidates for chemical, mechanical or 
temperature transducers and even to contribute to the 
initiation and maintenance of acute and chronic pain. These 
channels are TRPV1 to TRPV4, TRPM8 and TRPA1.  
 TRPV1 was the first TRP receptor isolated from a DRG 
library using an expression-functional screening with 
capsaicin, the pungent component in chili peppers [4], which 
was already known to produce a flow of cations through 
nociceptor membranes [5]. TRPV1 is one of the main 
effectors that integrate multiple noxious stimuli and its 
activation leads to the sensitization of peripheral sensory 
nerves. Physiological and behavioural studies of TRPV1 
knockout animals have indicated a clear role of TRPV1 in 
the acute phase of thermal hyperalgesia (in the setting of 
inflammation) [6, 7] and also in the chronic (but not in the 
acute) phase of mechanical hyperalgesia [8]. 
 TRPV1 is expressed in a wide variety of tissues although 
the highest levels of expression are found in small and 
medium diameter neurons in DRGs, trigeminal ganglia and 
nodose ganglia. TRPV1 is activated by different physical 
(T≥42ºC and voltage) and chemical stimuli, such as 
exogenous vanilloids like capsaicin and resiniferatoxin, by 
acid and basic pH, by anandamide and lipooxigenase 
metabolites and by proalgesic substances released during 

injury (for review see [9]). In normal conditions, singular 
mediators display low potency and efficacy on TRPV1 
activation. Nonetheless, upon a lesion or under inflammatory 
conditions, several of these modulators are locally released 
and can act synergistically, leading to a reduction of the 
temperature threshold from 42ºC to ≈37ºC, and to nociceptor 
over-activation at body temperature.  
 TRPV1 potentiation by pro-algesic substances involves 
either direct phosphorylation by an interplay of kinases or 
phosphatases or by hydrolysis of phosphoinositides like 
phosphatidylinositol-4,5-bisphosphate (PIP2) thus releasing 
TRPV1 from PIP2-mediated inhibition [10, 11]. In addition, 
augmented nociceptor response due to enhanced cytoplasmic 
membrane receptor can be achieved either by mobilization of 
a subcellular reserve pool and/or by increasing the 
transcription/translation of the receptor [12, 13] . Some 
growth factors like Nerve Growth Factor (NGF) are 
upregulated in inflamed tissues inducing phenotypic changes 
in nociceptors and increasing peripheral heat hyperalgesia 
[14-16]. NGF appears to sensitize peripheral nociceptors 
through fast and slow mechanisms altering TRPV1 activity 
at different levels. The fast mechanism involves binding of 
NGF to its high affinity receptor trkA thus leading to 
Phospholipase C (PLCγ) hydrolysis, membrane PIP2 level 
reduction, and subsequent release of PIP2-mediated 
inhibition of TRPV1 [15]. NGF also involves phospha-

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Induction of nociceptor sensitization can be achieved by the functional overactivation of ion channel activity. Release of pro-
inflammatory agents bind different GPCRs that activate second messenger signalling cascades, phosphorylate/dephosphorylate or alter PIP2-
induced inhibition of ion channels thus altering intrinsic channel open probability. Activation of intracellular cascades can also alter the 
number and sub-cellular distribution of receptor channels expressed at the cell surface, thus modulating medium and long-term sensitization. 
Many signalling components share common pathways for different effectors. 



110    The Open Pain Journal, 2010, Volume 3 Camprubí-Robles et al. 

tidylinositol-3-kinase (PI3K), Protein Kinase C ε (PKCε) 
and Ca2+/calmodulin-dependent protein kinase (CAMKII) 
signalling cascades activation. Phosphorylation of TRPV1 in 
specific Serine/Threonine (Ser/Thr) residues by these kinases 
increases TRPV1 open probability, sensitization and thus 
leads to inflammatory heat hyperalgesia [17, 18]. A similar 
mechanism could be implicated in Bradikynin (BK)-evoked 
sensitization of TRPV1, since it involves PLC hydrolysis 
[15] and PKCε activation [19]. Interestingly, in addition to 
Ser/Thr phosphorylation, NGF also activates Src kinase 
through the PI3K cascade and promotes phosphorylation of 
Tyrosine-199 at the N-terminus domain ensuing 
translocation of TRPV1 to the cell surface [18]. In addition 
to NGF, other mediators such as insulin and insulin growth 
factor-I (IGF-I) promote TRPV1 potentiation in heterologous 
expression systems and in DRG neurons via the PI3K 
signalling cascade and subsequent PKC activation. Thus, the 
enhanced TRPV1 activity upon release of NGF, insulin or 
IGF-I can be accounted from a significantly increased open 
channel probability as well as ∼2-fold receptor accumulation 
at the plasma membrane [20]. 
 Regulated exocytosis seems to lie beneath TRPV1 sur-
face receptor translocation as a regulated mechanism that 
contributes to nociceptor sensitization. Indeed, using the 
cytosolic N-terminus domain of TRPV1 as bait in a yeast-
two hybrid screen, we identified two vesicular proteins 
involved in the Ca2+-dependent neuronal exocytosis as 
interacting partners of TRPV1. The isolation of Snapin and 
Synaptotagmin IX (SytIX) suggested a vesicular reservoir of 
TRPV1 that may intervene in the TRPV1 trafficking and/or 
delivery to the plasma membrane. In heterologous 
expression systems, TRPV1 trafficking to the plasma 
membrane was promoted by PKC signalling activation and 
readily blocked by botulinum neurotoxins as well as 
overexpression of both snapin and SytIX. Thus, we 
concluded that PKC- sensitization of TRPV1 receptors was 
due at least in part by regulated exocytosis of channels 
located in a pool of cytosolic vesicles [21]. Evidence that 
botulinum neurotoxin attenuated heat hyperalgesia lent 
support to this hypothesis, although additional in vivo 
experiments are needed to determine the precise role of 
receptor exocytosis to the maintenance of neurogenic 
inflammation.  
 Whether TRPV1 translocation by SNARE-dependent 
exocytosis is a general mechanism promoted by some or all 
the different inflammatory ingredients released in the “In-
flammatory Soup” was analyzed in cultured DRG nocicep-
tors using a specific blocker of SNARE-dependent, Ca2+-
activated neuronal exocytosis, namely a 6-mer peptide pat-
terned after the N-terminus of the SNAP25 protein [22]. 
These experiments substantiated that neuronal exocytosis of 
TRPV1 channels play a key role in nociceptor sensitization 
and, additionally show that regulated secretion was not a 
general mechanism used by all pro-inflammatory mediators. 
Hence, NGF, IGF-I and ATP promoted both nociceptor sen-
sitization and TRPV1 surface translocation by a SNARE-
dependent exocytosis, translocation that was readily pre-
vented by inhibiting regulated exocytosis with the 6-mer 
peptide patterned after the SNAP25 protein. In contrast, IL-
1β, BK and Artemin (a neurotrophin from the Glial Cell 
Derived Neurotrophic Factor (GDNF) family) promoted sen-
sitization by a mechanism that was independent of regulated 

exocytosis since their neuronal potentiation was fully insen-
sitive to the inhibitory action of the 6-mer peptide. There-
fore, this study indicates that TRPV1 translocation to the 
neuronal surface under inflammatory conditions is an impor-
tant but not general mechanism of nociceptor sensitization 
[23]. 
 The slower and sustained inflammatory response evoked 
by NGF injection is mediated by changes in sensory neurons 
that involve retrograde transport of the neurotrophin to the 
cell soma where it activates the p38 mitogen-activated 
protein kinase (MAPK) and increase the translation and 
transport of TRPV1 to the peripheral nociceptor terminal, 
where it contributes to enhance heat hypersensitivity [13]. It 
is interesting to note that the p38-mediated signalling 
pathway has been also involved in the inflammatory 
hyperalgesia evoked through activation of BK B1 receptors. 
Thus, an increment in the expression of TRPV1 channels in 
the peripheral nociceptor terminals seems fundamental not 
only for the induction but also for the maintenance of 
hyperalgesic conditions.  
 Furthermore, altered distribution of TRPV1 has been 
reported in different animal models of chronic pain. Thus, 
for instance, a shift of TRPV1 from small unmyelinated C 
fibers to myelinated Aβ-fibers has been reported in the 
nodose ganglia of a chronic airway inflammation rat model 
[24] and in DRGs of a diabetes-induced animal model [25]. 
In addition, an increase in TRPV1 immunoreactivity has 
been reported for human conditions such as vulvodynia [26]. 
Therefore, an increase of channel activity along with a 
change in nociceptor neurons that express the receptor gives 
rise to a sensitization and phenotypic change that results in 
the development of chronic pain associated to disease.  
 TRPV2, TRPV3, TRPV4, TRPA1 and TRPM8 are also 
widely expressed in non neuronal and neuronal cells and 
most remarkably in nociceptors. Besides TRPV1, other TRP 
channels such as TRPV2, TRPV3, TRPV4, TRPM8 and 
TRPA1 are classified as thermoreceptors. Additionally, 
TRPV4 and TRPA1 are also considered mechanoreceptors. 
Nonetheless they are polymodal receptors since they 
specifically respond to different irritant and aromatic 
compounds, to endocannabinoids, and to a wide temperature 
range (from noxious cold to noxious heat). Studies in mice 
lacking any of these TRP channels suggest that they might 
play important roles in either thermal or/and mechanical 
hyperalgesia and even to neuropathic pain. Although much 
lesser information is available regarding trafficking of these 
receptors during nociceptor sensitization, some similarities 
are shared with those reported for TRPV1. For instance, 
TRPV2, which shares ∼50% homology with TRPV1, 
activates with a threshold T≥ 52ºC, by cell swelling and by 
2- aminoethoxydiphenylborate (2-APB). In contrast to 
TRPV1, TRPV2 is highly expressed in Aδ fibers and in to a 
lesser extent in C-fibers. Little is known about TRPV2 
regulation but IGF-I and PI3K signalling seem to translocate 
TRPV2 to the plasma membrane [27, 28]. Its role in thermal 
nociception is not clear but TRPV2 upregulation reported in 
medium size diameter neurons in the nociception-induced 
test model of intraplantar Complete Freund's Adjuvant 
(CFA) injection suggested a role in thermal hyperalgesia 
during inflammation [29]. Nonetheless, because TRPV2 
appears to associate with TRPV1 subunits [30], the increased 
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TRPV2 expression observed during sensitization may be the 
consequence of TRPV1-TRPV2 heterooligomerization.  
 TRPA1 receptor is also a candidate sensor regulated in 
inflammatory conditions. TRPA1 is expressed in free 
endings from small diameter peptidergic C-fibers and highly 
coexpressed with TRPV1. Because TRPA1 is also expressed 
in inner hair cells and its fly homologue is a 
mechanoreceptor, TRPA1 was initially considered to be 
involved in mechanical nociception. Whereas the role of 
TRPA1 in mechanosensitivity and in detection of noxious 
cold-stimuli in TRPA1 knockout mice has resulted in 
controversial results, a clear role of TRPA1 has been 
demonstrated in sensing irritating substances such as 
mustard oil, acrolein and garlic [31, 32]. Regarding TRPA1 
regulation, BK promotes TRPA1 potentiation through 
activation of PLC. A transgenic mouse model 
overexpressing the growth factor Artemin, generated 
hypertrophied DRGs with high expression of both TRPV1 
and TRPA1 receptors. The heat threshold in C-fibres from 
these mice was reduced whereas the mechanical threshold 
was unaltered [33]. Interestingly, a close functional 
interaction/cooperativity between both TRPV1 and TRPA1 
receptors has been reported for the activation and 
internalization of TRPA1 [34]. Recently, the biophysical 
properties of native TRPA1 in DRGs were shown to better 
compare with heterologously TRPA1/TRPV1 expressing 
cells than those expressing TRPA1 alone suggesting a 
functional cooperation between both TRP receptors [35]. 
Indeed, it may be possible that both channels co-localize in 
the same vesicular population and that inflammatory 
mediators promote the surface expression of the receptors, 
thus linking thermal and mechanical hypersensitivity. 
Additional experimental evidence is required to prove this 
exciting hypothesis.  

ASIC CHANNELS 

 Acid-sensing ion channels (ASICs), which belong to the 
degenerin/epithelial Na+ channel protein superfamily, acti-
vate upon an extracellular pH reduction by triggering Na+ 
influx and membrane depolarization. ASICs are expressed in 
peripheral sensory neurons where they primarily function in 
nociception [36-40], mechanosensation [41-43] and taste 
transduction [44, 45]. Four of the seven cloned subunits have 
been reported in nociceptors: ASIC1a, ASIC1b, ASIC2b and 
ASIC3 [40, 46, 47]. In DRG neurons, ASIC1a is often asso-
ciated with the ASIC2 subunit thus forming heteromers, al-
though ASIC1a is also found as part of homomers. Interest-
ingly, ASIC channels have been reported both in the soma 
and in the peripheral endings of DRG neurons but not in the 
central projection [41, 46]. Furthermore, in inflammatory 
conditions, the transcript levels of different ASIC isoforms 
are highly increased and Aβ neurons acquire a pain fibre 
resembling phenotype by increasing number of acid respond-
ing neurons [48]. In contrast, ASIC1a transcripts decrease in 
spinal nerve ligation models [49]. 
 Formation and trafficking of functional receptors to and 
from the plasma membrane and the receptor/channel activity 
often relay in regulatory proteins such as chaperones, adaptor 
and/or cytoskeleton proteins. Using a yeast two-hybrid 
screen, annexin II light chain p11 was found to bind to 
ASIC1a N-terminal domain and modulate its trafficking to 

the plasma membrane [50]. Other proteins have been identi-
fied as ASIC-interacting proteins. For instance, PICK-1, a 
PSD-95 Drosophila discs-large protein Zonula occludens 
protein 1 (PDZ) domain-containing protein, was found to 
interact with ASIC1 subunit, depending on the ASIC phos-
phorylation state, thus determining ASIC1 subcellular distri-
bution [51]. On the other hand, ASIC3 subunit has been il-
lustrated to interact with CIPP, a multivalent PDZ domain-
containing protein, significantly increasing ASIC3 current 
density [52]. Heterologous expression of ASIC3 with PDZ 
domain-containing proteins PSD-95 and Lin-7b has shown 
interaction between these proteins and ASIC3. However, 
while PSD-95 decreases ASIC3 cell-surface expression, Lin-
7b accumulates ASIC3 at the cell membrane [53].  

VOLTAGE-GATED SODIUM CHANNEL (NAV)  

 Four voltage-gated Na+ (Nav) channels have been 
reported as being specifically expressed in DRGs: Nav1.1 
and Nav1.3 which constitute the tetrodotoxin (TTX)-sensitive 
Na+ current, and Nav1.8 and Nav1.9, that originate the TTX-
resistant currents. Human mutation of Nav in different pain 
disorders as well as specific gene knockout in mice have 
provided great insight of nociceptor Nav channels in chronic 
pain conditions (for review see [54]). For instance, Nav1.3 is 
highly expressed during development although becomes 
over-expressed in adults upon inflammation or axotomy (a 
model of neuropathic pain) and reverses with GDNF 
treatment [55]. Different studies exploiting the knockdown 
or knockout of this gene have suggested a role in neuropathic 
pain although the exact contribution remains controversial. 
Among TTX-resistant channels, Nav1.8 has been shown to 
support action potential electrogenesis in small and medium 
diameter DRG neurons [56]. Furthermore, several human 
and rodent neuropathies seem accompanied by an increased 
NaV1.8 immunoreactivity in peripheral axons near the injury 
site [57] suggesting a functional peripheral upregulation of 
NaV1.8 [58]. However, discrepancies between these findings 
and the observed reduction of NaV1.8 protein and mRNA 
expression in the cell bodies of injured sensory neurons as 
well as the normal development of neuropathic pain 
behaviour in NaV1.8–null mice [59] raises controversy about 
its role in the development of neuropathic pain. In contrast, 
Nav1.9 null mice displayed an almost absent response to 
proalgesic substances such as formalin, CFA or to 
inflammatory mediators such as ATP or bradikynin [60, 61].  
 Inflammatory mediators such as PGE2 and serotonin 
modulate TTX- resistant currents via PKA and PKC 
signalling cascades. Interestingly, several groups found an 
upregulation of TTX-resistant currents in rat models of acute 
inflammation [62-64]. In chronic inflammatory pain Nav1.7, 
Nav1.8 and Nav1.9 have been shown to be up-regulated 
shortly and rapidly upon a single injection of CFA [65, 66] 
as well as after longer periods (up to 28 days) [67] 
suggesting that increased Nav channels expression 
contributes to the initiation and maintenance of nociceptor 
hyperexcitability.  

PURINERGIC P2X RECEPTORS 

 ATP can be released from injured tissue and locally 
depolarize DRGs and dorsal horn neurons from spinal cord 
through P2X receptors. P2X receptors are expressed in 
DRGs both at peripheral terminals, where they may initiate 
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nerve impulse, and in central terminals modulating sensory 
transmission to spinal cord. Seven P2X subunit have been 
identified that can form at least eleven functional forms [68]. 
P2X4 and P2X7 receptors have been proposed as being 
involved in chronic pain but the underlying mechanism are 
yet unclear. For instance, P2X5 subunit expression is 
overexpressed in DRGs following spinal nerve ligation (a 
model for neuropathic pain) [69]. Furthermore, P2X7 
deletion in mice reduced both neuropathic and chronic 
inflammatory pain [70]. However, P2X3 are the most 
extensively studied and can form both P2X3 homomers or 
P2X3/2 heteromers, with different kinetics upon infusion with 
α,β-methylene ATP. P2X3 is expressed on a subset of 
primary afferent neurons and, whereas homomers are highly 
expressed in TRPV1-containing DRG neurons and seem to 
mediate thermal pain, P2X3/2 heteromers are expressed in 
non-TRPV1 expressing DRGs and intervene in mechanical 
pain sensation [57, 58]. 
 Several inflammatory mediators modulate P2X receptors 
through subunit phosphorylation. One of the mechanisms 
proposed to link P2X receptors and nociceptor sensitization 
is up-regulation of P2X3 and P2X4 on DRG neurons upon 
inflammation. Indeed, CFA treatment induced a two- to 
three-fold increase in ATP current density and changed the 
voltage-dependence and enhanced ∼2-fold total receptor 
protein expression [71]. The neuropeptide CGRP, a 
vasodilator agent with pro-inflammatory ability, produced an 
increased peak current after 1h treatment as well as faster 
recovery from desensitization. Interestingly, biotinylation of 
surface proteins demonstrated a P2X3 receptor increase 2-5h 
after CGRP infusion due to an enhanced transcription and 
translation after the neuropeptide treatment [72]. The 
mechanism of CGRP on the overexpression of ATP 
receptors on trigeminal neurons could underlie the 
mechanism of increased plasma CGRP release and migraine. 
Alternatively, P2X receptor sensitization was obtained after 
infusion with growth factors such as NGF and Glia-cell line-
derived Factor (GDNF). While GDNF up-regulates P2X3 in 
regions where it is normally localized, NGF induced an 
abnormal de novo immunoreactivity of axons projecting to 
innapropiate lamina in spinal cord, so that peripheral ATP 
would now be able to activate a distinct population of 
nociceptive dorsal horn neurons from that normally activated 
[73]. 

METABOTROPIC RECEPTORS 

 Although these receptors have no intrinsic ion channel 
activity, they usually modulate the functionality of ion 
channels present in sensory neurons. Thus, we will briefly 
expose the current knowledge on the alteration of their levels 
and functionality upon inflammatory sensitization of 
nociceptors.  
 Metabotropic Receptors constitute a large and 
functionally diverse receptor family with a common architec-
ture of seven trans-membrane (7-TM) domains that signal 
through activation of intracellular heterotrimeric G proteins, 
and are referred to as G-protein coupled receptors (GPCRs). 
Agonist binding classically occurs in the receptor extracellu-
lar protein domain, inducing a protein conformational 
change that translates into Receptor-G protein coupling and 
activation. GPCRs modulate ion channel activity either by 

second messenger cascade activation, kinase activation and 
channel phosphorylation or by direct Gβγ subunits binding 
to the ion channel. Several GPCRs underlie pain modulation 
(for review [74]), here we will focus on those whose 
trafficking is regulated upon injury or in inflammatory 
conditions. 

OPIOID RECEPTORS 

 Opiates are among the most effective drugs currently 
available for treating from acute to chronic pain. Small- 
medium- and large-diameter DRG neurons express opioid 
receptors and opioid peptides and the excitability of these 
neurons can be modulated by both endogenous opioids as 
well as by opiate drugs. These receptors directly or indirectly 
inhibit voltage-gated Ca2+-channels, TTX-resistant Na+-
channels or open K+-channels, or other ion channels such as 
P2X and TRPV1 receptors. 
 The three classical opioid receptor subfamilies described: 
mu-, delta- and kappa-opioid receptors (MOR, DOR and 
KOR, respectively) seem to be involved upon tissue lesion or 
inflammation, since the systemic or local application of 
specific agonists for each of the receptor subfamilies elicits 
pronounced pain attenuation [75, 76]. Interestingly, inflam- 
mation induced in a CFA animal model increased MOR and 
DOR expression [77, 78] while KOR remained unaltered. 
MOR upregulation is caused both by an increase of the 
number of MOR-expressing neurons, by augmenting MOR 
density per neuron [79] and by enhancing G-protein coupling 
efficacy while the affinity for its specific agonist DAMGO 
remains unaltered [79]. This increase in MOR positive cells 
and receptor density may be related to mediators of 
inflammation [80]. Bradykinin and capsaicin activation of 
DRGs also promotes membrane recruitment of opioid 
receptors to the plasma membrane [81-83].  
 Nowadays, most of the clinically used opioids are spe-
cific for MORs. Sistemic administration of opioids display 
unwanted central side effects (like tolerance and 
dependence) while a large proportion of the analgesic effects 
seem to be mediated by peripheral opioid receptors. An 
important line of pharmacological developments includes 
opioids that do not cross the blood-brain barrier. 
Alternatively, specific DOR agonists are currently been 
explored because their specific analgesic efficacy and much 
lower incidence of dependence. Nevertheless, DOR selective 
agonists have been shown effective in preclinical studies in 
various pain models such as cancer, neuropathic and 
inflammatory pain. Several groups have shown that DOR 
analgesic activity arise by a translocation of DOR to the 
plasma membrane which, in DRG neurons is mediated by a 
regulated secretory mechanism that depends on neuronal 
activity or noxious stimulation [82, 84-86].  
 Patients with either long term- or high dose- treatment 
with opioid agonists described tolerance and sometimes 
hyperalgesia. High dose of agonist leads to receptor desensi-
tization which is associated to receptor phosphorylation, to 
agonist-mediated receptor internalization and to downregu-
lation. Although receptor internalization was initially 
correlated to opioid tolerance, nowadays is a subject of 
controversy. Indeed, recent studies have shown an inverse 
correlation between the potency of drugs to induce interna-
lization/recycling and tolerance generation This internaliza-
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tion mechanism, therefore, has been now proposed to 
prevent that inactivated receptors become internalized and 
further degraded but rather recycled to the cell surface in a 
reactivated state, thus preventing long term desensitization 
(for Review see [87]). On the other hand, opioid-induced 
hyperalgesia has been shown to elicit thermal and 
mechanical hyperalgesia by an enhanced TRPV1 receptor 
activity [88, 89] that, at least in part, is consistent with a 
moderate increase in TRPV1 positive cells within the spinal 
cord [89]. 

CANNABINOID RECEPTORS 

 In addition to the use of opioids, cannabinoids are 
considered nowadays either as alternative or supplementary 
pharmacological therapeutic candidates for the treatment of 
some chronic pain conditions. Unfortunately, cannabinoid 
use in humans is accompanied by central side effects such as 
sedation and clumsiness as well as transient memory loss 
and dependence. The Cannabinoid (CB) receptor family is 
formed by two members: CB1 and CB2, and possibly by the 
orphan receptor GPR55, all belonging to the 7-TM GPCR 
type of receptors signalling through the Gi/o proteins. CB1 
and CB2 receptors are widely expressed in non-neuronal 
cells as well as in peripheral and central neurons. Parallel to 
peripherically injected opioids, peripheral administration of 
specific CB1 or CB2 agonists induce analgesia in several 
pain models. As previously mentioned, some endogenous 
cannabinoids operate as partial agonists of different 
receptors involved in nociception (such as TRPV1 and 
TRPA1). Nevertheless, CB receptor activity may indirectly 
activate the above TRP receptors plus TRPV2 and P2X 
receptors. In addition, CBs have been reported to inhibit 
different voltage gated channels (Kv, Nav and Cav) as well as 
voltage insensitive channels TASK K+ channels (For review 
see [90]). CB1 receptors are expressed in nociceptive DRG 
and trigeminal ganglia, specially medium- and large-
diameter neurons [91-94]. Interestingly, upon inflammation, 
CB1 receptor expression became upregulated in C-fiber 
nociceptors, increasing labelling at nociceptors soma and 
free endings [95]. Although surface CB1 receptors have been 
located in both the axonal compartment and in the 
presynaptic terminal, only in the synaptic compartment 
undergoes constitutive receptor endocytosis and recycling in 
the chronic presence of agonist, suggesting that agonist-
induced desensitization is correlated to the mobilization of a 
specific receptor from the synaptic terminal [96]. CB2 
upregulation has also been observed in nociception states. 
Specifically, an increased reactivity was detected in afferent 
fibres at the spinal cord level in a fibre ligation model of 
neuropathic pain [97].  

GLUTAMATE RECEPTORS 

 Peripheral and central sensitization involves activation of 
both ionotropic glutamate (NMDA, AMPA and/or kainate 
subtypes) receptors as well as metabotropic glutamate 
receptors (mGluRs). Released inflammatory mediators 
activate protein kinases PKC, PKA and CaMKII and Src that 
in turn phosphorylate these receptor subunits altering the 
channel open probability as well as trafficking to the 
synaptic membrane. Thus, for instance, intraplantar noxious 
stimulation with capsaicin or by heat leads to 
phosphorylation of NR1 PKA- and PKC-dependent 

phosphorylation [98-100]. NR1 phosphorylation is important 
for the suppression of an ER retention signal [100]. 
Furthermore, a rapid and sustained recruitment of GluR1 
AMPA receptor subunit to plasma membrane was detected 
in spinal cord upon intracolonic capsaicin infusion, by a 
mechanism dependent, at least in part, of CaMKII activation 
[101]. Eight mGluR are classified in three groups depending 
on the activated cellular cascade and their pharmacology. 
Different mGluRs are expressed in DRGs and spinal cord 
neurons where they primarily function as autoreceptors to 
provide feedback regulation of glutamate release. 
Furthermore, mGluRs can also be found in GABAergic 
interneurons. Therefore, metabotropic receptors seem to 
regulate firing activity of spinal dorsal horn neurons in acute 
and chronic pain models both by controlling and by 
integrating excitatory and inhibitory inputs. Upregulation of 
specific mGluRs has been reported in some animal models 
of inflammatory an neuropathic pain [102, 103].  
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