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ABSTRACT

BACKGROUND AND OBJECTIVES: Neuropathic pain is a severe and refrac-
tory medical condition, for which only partially effective treatments are currently 
available. Recent experimental data on the role of voltage-gated ion channels, 
particularly sodium and potassium channels, have been described. In this brief 
review, we aimed at addressing the role of sodium and potassium channels in the 
pathophysiology of neuropathic pain and recent evidences about their role as a 
new therapeutic target in painful conditions.
CONTENTS: Pharmacological and biophysical studies have shown that voltage-
gated sodium channels, particularly Nav1.3, Nav1.7, Nav1.8, and Nav1.9 isoforms 
are important in the pathophysiology of neuropathic pain. Similarly, the involve-
ment of voltage-gated potassium channels, especially KV
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the threshold to generate action potential.
Most Nav are rapidly inactivated opening, then suffering conformational 
changes for a new activation cycle. Nav are heteromultimer made up of a 
larger subunit called alpha (α) and of smaller auxiliary subunits called beta 
(β). Subunit α is needed to form essential functional structure of Nav and 
subunits β modulate channel biophysical properties, in addition to regulat-
ing channels transport and fixation next to the axonal membrane. 
Each domain has 6 potential segments in α-helix (S1 to S6) actively par-
ticipating in Nav activation and closing process. Nine mammal genes have 
been described so far (SCN1A to SCN5A; SCN8A to SCN11A) which are 
related at molecular level to different α subunits, causing the formation of 
nine different sodium channels isoforms (N av1.1 to Nav1.9), all sharing 
similar central structure, but with different amino acids sequences and, as a 
consequence, different kinetics and voltage-gated properties.
Structurally, isoforms Nav1.1, Nav1.2, Nav1.3 and Nav1.7 are similar to 
each other. These channels are broadly distributed and expressed in neu-
rons and are sensitive to tetrodotoxin block (TTX)12,13. Nav1.5, Nav1.8 and 
Nav1.9 are also similar to each other and are highly expressed in heart and 
dorsal root ganglion neurons, being however resistant to low TTX con-
centrations. Nav1.4 and Nav1.6 are significantly different from the others 
and are TTX-sensitive, being essentially expressed in skeletal muscle and 
nervous system, respectively12,13.
Dorsal root ganglion neurons express many different subtypes of voltage-
gated sodium channels, especially Nav1.1, Nav1.6, Nav1.7, Nav1.8 and 
Nav1.9, in addition to Nav1.5 isoform in low levels. Nav1.6 isoform is ex-
pressed in different neurons, while Nav1.1 is expressed in sensory neurons.
Nav1.8 is essentially present in nociceptive sensory neurons. Most neurons 
express multiple Na+ isoforms, being that Nav1.7, Nav1.8 and Nav1.9 are 
preferably expressed in peripheral neurons such as dorsal root ganglion 
neurons, being targets for the development of  pharmacological modulation 
without significant consequences on central nervous system and cardiovas-
cular system, where such structures are less prevalent12.
Sodium inflow in peripheral axons is essential for the generation and prop-
agation of action potentials which transmit painful information to central 
nervous system. Total blockade of Nav present in peripheral sensory fibers is 
possible with high concentrations of local anesthetics. However, such con-
centrations cannot be systemically reached due to high toxicity, especially 
related to the broad distribution of sodium channels in heart and central 
nervous system14,15.
Clearly, nerves submitted to traumatic injury are more susceptible to the 
anesthetic effect of Nav blockers, which is related to their building up in 
injured nervous region16. In addition, non-selective sodium channel block-
ers, such as lidocaine, more rapidly and intensively bind to active receptors, 
being more effective in more active fibers.
Some isoforms with altered expression in pathological states are more sus-
ceptible to lidocaine effects. Intriguingly, lidocaine and other local anes-
thetics used to treat NP may have a significantly longer effect than direct 
pharmacological effects based on their short half-lives, effect which seems 
to be related to long-lasting blockade of peripheral Nav, but which is still 
poorly understood15,16.
As a consequence of peripheral neural injury, there is disturbance in the ex-
pression of genes responsible from sodium channels transcription, causing 
decrease in slow sodium currents (inactivation) and increase in inactivated 
channels depolarization and recovery currents, converging to significant 
increase in excitability of sensory neurons responsible for painful transmis-
sion5-7.
During this process, there is increased Nav1.3 sodium channels expression, 
characteristic channel of embryonic neurons, but with relatively low ex-
pression in dorsal root ganglion neurons of adults5-7. Other studies have 
also shown that voltage-gated ion channels 1.6, responsible for saltatory 
conduction in thick myelinated fibers are also increased in pathological 
states in situations of nervous injury and regeneration17.
Additionally, multiple inflammatory mediators have been described as po-
tential modulators of the expression and activity of some Nav isoforms, 
especially Nav1.818. markedly, a selective Nav1.8 blocker (A-803467) was 
antinociceptive in animal models with inflammatory pain19 and NP20.
Animal studies have shown that neuromas formed after nervous injury may 
induce ectopic generation of spontaneous potential impulses and firings9, 
closely related to increased Nav1.3 expression21. Studies with human neu-
romas have also shown significant increase in the expression of Nav1.7 and 

Nav1.8 isoforms and of axonal biochemical mediators (p38 and protein 
kinase activated by mitogen ERK1/2)  
Previous studies have shown significant genetic relation of hereditary pain-
ful syndromes related to Nav disorders in humans and animal models23,24. 
SCN9A gene mutations, responsible for Nav1.7 channel transcription, were 
identified in two severe painful syndromes (hereditary erythromelalgia and 
paroxysmal extreme painful disorder)23,24. Mutations with loss of Nav1.7 
gene function were also identified in patients with congenital insensitivity 
to pain25.
As presented, there is significant and abundant information in the literature 
about the role of voltage-gated Na+ ionophores in painful transmission, in 
addition to the specific role of each subunit in the generation and mainte-
nance of chronic pain. To date, unspecific Nav blockers, such as lidocaine 
and carbamazepine have been significantly effective in different clinical 
protocols to treat chronic pain, especially NP. However, their partial ef-
ficacy, adverse effects profile and multifactorial aspects of pain mechanisms 
show the need for identification and development of safer, more selective 
and effective pharmacological therapies to address Na+ located in peripheral 
neuronal membrane.
In this context, the identification and the study of different Nav isoforms 
preferably or exclusively expressed in primary sensory neurons open a pos-
sibility for new therapies focused on decreasing neural hyperexcitability 
without significant cardiovascular effects or central nervous system toxic-
ity. Considering multiple recent studies focused on Nav, the clinical use of 
effective drugs to treat painful presentations and which are more selective 
for some Nav isoforms seems to be promising and may be soon available.

Electric potential difference-gated potassium channels
Voltage-gated potassium channels (Kv) have received significantly less at-
tention as compared to other ion channels (sodium and calcium) in terms 
of investigating their physiologic and pathologic role in pain transmission 
mechanisms. In spite of their minor representation in scientific literature, 
recent studies have shown that Kv are important in pain processing and in 
pathologic processes such as chronic pain of neuropathic orign26-31. 
Kv super-family has more than 80 different genes related to different sub-
units forming the ion channel, followed by the family of the gene responsi-
ble for their transcription and of their isoforms26, but different names have 
been described and used. Among different Kv subtypes, channels regulating 
neural membrane potential, as well as the shape and adaptation of neural 
action potential are the most closely related to axonal excitability modula-
tion in painful transmission26.
Kv from 1 to 12 are tetramers of α subunits associated to up to four aux-
iliary β subunits, able to change their binding properties4,26. Electrophysi-
ological studies have shown that many different Kv types are present in 
neurons of mammals, being briefly divided in fast activation Kv (mediated 
by the family of Kv1 channels) and slow activation Kv (mediated by the fam-
ily of Kv7 channels), being the latter the most widely studied Kv in painful 
transmission26.
Several non-selective blockers have been used in experimental pharmacolog-
ic models, such as tetramethylammonium ions (TEA) and 4-aminopyridine 
(4-AP), being that TEA is able to block Kv1 and Kv7, while 4-AP is more 
selective for Kv1 family ion channels, especially those related to fast current 
type (KDR)4. Interestingly, many natural toxins are Kv blockers, such as some 
spider poisons (margatoxin, agitoxin) or snake poisons (α-dendrotoxin) be-
ing that the latter helps discriminating different isoforms of the Kv1 family, 
being more selective for Kv1 and Kv2 than for Kv4

4,26.
In contrast to Kv1 channels, Kv7 channels may be more specifically modu-
lated by drugs able to open such potassium ion channels (retigabine) or to 
block them (linopirdine)4,26.
Specific classes of dorsal root ganglion neurons express combinations of 
different voltage-gated K+ subunits. Neurons with larger axonal diameter 
have higher levels of Kv1.1 and Kv1.2 channels (modulators of action po-
tential propagation) and of Kv7.2 (related to slow potassium currents which 
regulate neuronal excitability threshold), while smaller diameter fibers pre-
dominantly express Kv1.4 and Kv7.3 isoforms, also related to fast and slow 
potassium currents, respectively28,29.
Studies have shown that Kv block in neuromas after nervous injury is as-
sociated to spontaneous discharges amplification, emphasizing the stabiliz-
ing role of Kv in neuronal membrane, compensating increased excitability 
related to Ca+28. Additionally, there is significant decrease in the number 
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of Kv in dorsal root ganglion neurons, essentially attributed to decreased 
Kv1 channels expression26. Decrease of voltage-gated potassium channels 
in neurons submitted to traumatic injury seems to be related to stimuli 
amplification in chronic painful presentations.   
Considering the role of Kv in membrane stabilization during pain transmis-
sion process, one may infer that the investigation of drugs potentially able 
to promote the activation of such channels is a relevant target in the search 
for new pharmacological options, especially to treat NP. Recently, experi-
mental results have shown that drugs responsible for opening or activating 
Kv may represent a new class of analgesics to treat NP and other patholo-
gies29-34. In spite of the modest recent advance in the development of drugs 
able to positively modulate Kv1 channels, modulators of Kv7 channels activ-
ity are good alternatives in this context33-35.
Kv activator retigabine, developed as anticonvulsant, has shown significant 
analgesic properties34, effect potentially related to the opening of Kv7 po-
tassium channels, since it had its effect reverted by selective Kv7 channel 
antagonists35.

CONCLUSION 

This brief review has shown that recent evidences are emerging about elec-
tric potential difference-gated Ca+ and K+ as essential for physiologic pain 
transmission mechanisms and NP mechanisms, being considered relevant 
new targets for the development of therapeutic alternatives. Selective Ca+ 
block and K+ (Kv7) activation and modulation are able to produce effective 
analgesia in experimental models. Clearly, these results although prelimi-
nary suggest that drugs able to modulate these Ca+ may be a new class of 
analgesics to treat chronic pain and other pathological states.
However, regardless of increased availability of selective Ca+ blockers or K+ 
activators, one should be aware that painful presentations are hardly related 
to a disorder exclusively focused on an ion channel isoform. So, the combi-
nation of drugs and the tailoring of treatments based on pain mechanisms 
should remain as major therapeutic approach.
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