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Abstract:

Abdominal pain remains a major issue in health care. It is commonly associated with numerous conditions,
frequently impacts individual quality of life, and is one of the most important determinants of healthcare
expenditures and lost work hours in digestive disease, including inflammatory bowel disease (IBD).(1-5) Ad-
ditionally, there are no analgesics that have been designed specifically to address visceral pain, and the most
commonly used medications to address abdominal pain in IBD are all associated with serious potential side
effects.(6) Patients and healthcare providers remain desperate to find new, safer and more effective analge-
sics. The pathological absence of abdominal pain in disorders such as Crohn’s disease (CD) and ulcerative
colitis (UC) (also known as hypoalgesic or silent IBD) also poses a significant problem, as those affected may
be unaware of the presence of chronic inflammation, and this can lead to the development of serious compli-
cations that might otherwise have been avoided.(7.8) Growing evidence indicates that voltage-gated sodium
channels (VGSCs) play a critical role in transmission of pain-related signals throughout the body. These chan-
nels have strong potential to provide critical insights into disorders of abdominal pain in IBD, as well as to
help investigators develop new, more selective, safer, and effective analgesics to manage this symptom in
these and other related disorders.

This article provides a brief overview of the role that VGSCs have related to pain, with a special focus on
pain derived from the viscera. It also discusses what is known regarding the potential for specific channels
to serve as novel diagnostic tools and/or analgesic targets in IBD, as well as other chronic digestive disorders.
Additionally, it will summarize current management approaches to abdominal pain and the pathological ab-
sence of abdominal pain in IBD, and how our knowledge of VGSCs can help improve care for these patients.
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1. Background

What are voltage-gated sodium channels, and why are they
important in pain?

Voltage-gated sodium channels are transmembrane pro-
teins that help to regulate the membrane potential of
cells.® In brief, they provide a hydrophilic corridor that
permits regulated movement of sodium ions through the
hydrophobic phospholipid bilayer of eukaryotic cells. Nine
different VGSC isoforms have been identified in humans,
designated Nav1.1 through Nav1.9, based upon the order in
which each isoform was recognized.(1011) VGSCs are differ-
entiated based upon their alpha subunits, which contain six
alpha-helical transmembrane segments that are folded
into four domains that form the aforementioned pore.(12)
Each isoform is made up of one alpha subunit and one or
more beta subunits. The alpha subunits determine the spe-
cific function of each VGSC isoform, including ion selectiv-
ity, expression location, and overall channel function. Beta
subunits affect gating and signaling functions of each chan-
nel, while also helping to anchor these channels within the
cell membrane (Figure 1).(1314) A more comprehensive re-
view of the structure and physiology of each VGSC can be
found in Coates et al.(15) and Heinle et al.(16) Of note, VGSCs
are encoded by the SCN gene family, which are numbered
1-11A. These gene designations correspond in order with
the isoforms described above, except for SCN6-7, which en-
codes Navx (a potential VGSC that is not yet fully character-
ized).(17.18)

The precise functions of different channels vary. How-
ever, all of the VGSCs are critical determinants of the excit-
ability of cells, including in neurons, muscles and endo-
crine cells, and they play important functions related to the
contractions of muscle and the initiation and propagation
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of action potentials.(18) VGSCs are also expressed through-
out the human body. Some isoforms appear to be preferen-
tially expressed in either the central nervous system (CNS),
or peripheral nervous system (PNS), but most of them are
found in both (e.g., Nav1.1 - Nav1.3, Nav1.5 and Nav1.6).(19
Importantly, though, Nav1.7, Nay1.8, and Nay1.9 are almost
exclusively expressed in the PNS, and frequently on pri-
mary sensory neurons.(18 20) In particular, Nav1.8 is
strongly associated with expression in dorsal root ganglion
and trigeminal ganglion neurons(21), primarily in neurons
that exhibit a major role in transmission of pain-related
(nociceptive) signals.

How do we know that VGSCs play an important role in pain
perception?

Genetics have played a particularly critical role in our
understanding of VGSC function, particularly as it relates to
pain in humans. For example, polymorphisms associated
with the genes encoding Nav1.7 (SCN94), Nav1.8 (SCN10A)
and Nav1.9 (SCN11A) have been linked with significant al-
terations in pain perception. Some polymorphisms have
been associated with “gain-of-function” changes. There are
over a dozen SCN9A mutations associated with inherited
erythromelalgia (a condition that causes intermittent pain
with exposure to heat), while at least eight SCN9A mis-
sense mutations have been linked to the “paroxysmal ex-
treme pain disorder” (PEPD), a rare but debilitating auto-
somal dominant disease characterized by recurrent bouts
of rectal, perianal and facial pain).(22) SCN9A variants have
also been associated with increased pain in osteoarthritis
(rs6746030, R1150W), while SCN9A (rs12478318,
M932L; rs71428908, 1228M) and SCN10A (rs968515082,
5116A>G, 11706V) variants have been linked to small-fiber
neuropathies.(22:24)  QOthers result in “loss-of-function”

Figure 1. Basic Components of a Voltage-gated Sodium Channel.
Note: Inset demonstrates proposed “overhead” simple structure of the pore created by the alpha subunits. D = domain, + =

positive charge.
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phenotypes, including frame-shift and nonsense mutations
of the SCN9A gene (c.774_775delGT and c.2488C>T re-
spectively), and an SCN11A mutation (rs483352920;
2432T>C) implicated in congenital insensitivity to pain
syndromes(23-25), Additionally, homozygosity for one
SCN10A mutation (rs6795970; G>A; A1073V) has been as-
sociated with diminished mechanical pain sensitivity.(26)

How do we know that VGSCs play an important role in vis-
ceral (abdominal) pain perception?

A multitude of studies have demonstrated that VGSCs
have a significant role in human abdominal pain experi-
ence. Protein and mRNA expression for all nine VGSC
isoforms has been associated with sensory afferent neu-
rons and other cell types associated with gut nocicep-
tion.(27) Electrophysiological signatures consistent with
several different types of VGSCs have been identified in
nerves associated with each region of the gut.(28-33) Notably,
though, some VGSC isoforms (e.g., Navl.1, Nav1.2, Navl.3,
or Nav1l.4) have not yet been otherwise linked to visceral
pain perception. At least one other has been linked to ab-
dominal pain syndromes (e.g., multiple SCN5A (Navl.5)
variants have been linked to increased risk of irritable
bowel syndrome (IBS)), but has not demonstrated a clear
physiological role to explain that association.(34-36)

The VGSC isoforms that have the strongest association
with human abdominal pain, and that have demonstrated
physiological relationships to gastrointestinal nociception
and transmission of pain-related signals, are Navl.7,
Nav1.8 and Nav1.9. However, several details related to ex-
actly how each of these channels impact human abdominal
pain remain unclear. For example, studies of Navy1.7 and its
role in visceral pain perception have been somewhat con-
tradictory in their findings. At least one prior investigation
demonstrated that pharmacological antagonism of Navy1.7
leads to reduced visceral pain perception.(37) However,
studies of Nav1.7 knockout models exhibited no discerni-
ble impact on visceral pain.(?7) As indicated above, though,
human studies utilizing biopsy samples from individuals
diagnosed with idiopathic rectal hypersensitivity and
PEPD (a.k.a. familial rectal pain), demonstrated that
Navl.7-positive nerve fibers were more frequently ob-
served in PEPD samples when compared to healthy con-
trols.38) Additionally, three polymorphisms associated
with SCN9A (the gene encoding Nav1.7) have been associ-
ated with PEPD (11461T, T14641, and M1627K).(39

Nav1.8 appears to have a more definitive role in this re-
gard. In fact, electrophysiological studies suggest that a
large percentage of gut-innervating afferent nerves
demonstrate characteristics that are most consistent with
Nav1.8 activity (e.g., high threshold, slowly inactivating,
TTX-resistant).(#041) Multiple animal studies demonstrated
that systemic and gut-focused genetic or pharmacological
antagonism of Nav1.8 leads to reduction in several visceral
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pain modalities.(*244) Human studies also support an im-
portant role for Nav1.8 in this context (including in the set-
ting of IBD). For example, several polymorphisms in the
gene encoding Nav1.8, SCN10A (e.g., 2884 A>G, 3218 C>T
and 3275 T>C), are associated with a lower likelihood of
developing visceral hypersensitivity disorders such as epi-
gastric pain syndrome, functional dyspepsia, and post-
prandial distress syndrome.(#5) Separate studies investigat-
ing hypoalgesic (or “silent”) IBD have demonstrated that
these patients are significantly more likely to demonstrate
homozygosity for a different SCN1I0A mutation (1073
A>V).(7.46) Notably, no other VGSC polymorphisms (includ-
ing any of those associated with insensitivity to pain de-
scribed above), were associated with silent IBD. Addition-
ally, this genotype has also been associated with reduced
pain severity after sigmoidectomy surgery, as well as re-
duced abdominal discomfort to barostatic rectal balloon
distension in healthy human beings.(“6.47)

The evidence for the role that Nay1.9 has in human ab-
dominal pain function is predominantly based on animal
studies. Gut-associated sensory afferent neurons in animal
models incorporating knockouts of the Nav1.9 gene,
SCN11A, exhibit attenuated actional electrophysiological
activity to noxious luminal distension.“8) These models
also exhibit significantly reduced abdominal pain percep-
tion, particularly in the setting of inflammation.(% Notably,
no published studies to date have demonstrated a defini-
tive association between a specific SCN11A4 variant and al-
tered abdominal pain perception in human beings. How-
ever, Nay1.9 has been linked to human intestinal motility, a
factor that can influence patient abdominal pain experi-
ence. In one study of a patient bearing a SCN11A polymor-
phism causing chronic insensitivity to pain (811 L>P), they
were found to have reduced GI motility during a surgery.(5%

How have these findings impacted management of disorders
associated with abdominal pain?

Genetic testing is available to evaluate for the pain-re-
lated conditions and the associated polymorphisms out-
lined above. However, these tests are uncommonly em-
ployed in the clinical setting. This is particularly true in the
context of IBD, and other disorders associated with altered
abdominal pain perception. Additionally, even when these
genetic tests are used, there are no therapeutic interven-
tions currently available to address the related findings. In
other words, the potential benefits of these genetic tests
are currently only diagnostic.

There are recent therapeutic advancements related to
VGSCs that offer hope to more effectively and safely man-
age abdominal pain. For example, the novel Nay1.8 antago-
nist, suzetrigine, was approved this year for the manage-
ment of moderate to severe acute pain.°1) To date, no stud-
ies have been published describing the efficacy of suzetrig-
ine in addressing any form of chronic pain. Additionally,
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and relevant to this discussion, there are no data describing
its’ ability to treat any form of visceral pain. There are also
other Nav1.8 antagonists that are either in development or
being actively studied as potentially pain therapies. For ex-
ample, LTGO-33 is a selective small molecule inhibitor of
Nav1.8, that reportedly is very specific for this channel, par-
ticularly in human tissue.5? There are other drugs de-
signed to target more than one VGSC. ANP-230 antagonizes
Nav1.7, Nav1.8 and Nav1.9, and it has been found to have
significant analgesic impact in a variety of animal pain
models.(33) Existing analgesics also may have the potential
to impact VGSC activity. As an example, the tricyclic antide-
pressant, amitriptyline, has demonstrated efficacy to im-
prove chemotherapy-induced neuropathic pain, and elec-
trophysiological studies suggests that it does so by dimin-
ishing activity of Nav1.8.549) Some cannabinoids, including
anandamide, have also been shown to diminish Nav1.8-as-
sociated currents in neurons.(>3) Importantly, with the ex-
ception of amitriptyline, none of the targets or medications
described above have been studied specifically for use in
digestive disorders like IBD.

2. Clinical Pathway

Current approaches to manage abdominal pain in inflam-
matory bowel disease

While abdominal pain is recognized as a major problem
in IBD(36), and other digestive disorders(?, there are cur-
rently no consensus guidelines describing how to effec-
tively evaluate and manage abdominal pain in IBD. Instead,
there have been several expert reviews and medical soci-
ety-sponsored commentaries written to provide guidance
on how to manage abdominal pain in these disorders(57-60),
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The associated recommendations include several common
approaches to evaluate and manage abdominal pain in IBD.
These include: a) obtaining a careful history to properly
characterize the nature of the pain, and its potential con-
tributing factors, b) thoroughly assessing for the presence
of active disease and/or disease-related complications
(e.g., strictures, fistulae, abscesses) using standard diag-
nostic testing (including endoscopic, histologic, radiologic
and serological modalities), c) treating active inflammation
and/or disease-related complications with appropriate
anti-inflammatory medical therapy and/or surgery, d) pri-
oritizing evaluation for and supportive treatment of disor-
ders of gut-brain interaction (DGBI) in patients with ab-
dominal pain in the absence of active inflammation, and e)
employing a multi-disciplinary approach, particularly
when initial efforts to manage abdominal pain fail (Figure
2a). Of note, utilization of each recommendation should be
considered at each clinical encounter. Additionally, many of
these steps can be employed simultaneously (i.e., they do
not necessarily have to be used in sequential fashion). For
example, it is always important to maintain a careful and
updated history and characterization of the abdominal
pain, and never too early to incorporate multi-disciplinary
consultation.

These recommendations are largely uncontroversial as
they are generally based in common sense principles that
have been widely adopted. However, there are some im-
portant downsides associated with some of them. First,
they necessarily represent a reactive approach to ab-
dominal pain management. This is sensible from the stand-
point that these recommendations are designed to make
use of conventional, diagnostic strategies that most IBD
providers currently have reasonable access to. However,

Figure 2a. Simplified Scheme for Current Management of Abdominal Pain in Inflammatory Bowel Disease
Simultaneous to these steps, providers are performing recurrent careful history and physicals, and employing a multi-discipli-
nary approach as appropriate. Note: DGBI = disorder of gut-brain interaction.
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considering how common and impactful abdominal pain is
in this setting, even during periods of quiescence for some
patients, it would be highly advantageous to identify and
utilize tools that help to predict the likelihood of develop-
ing this symptom in individual cases, in order to potentially
mitigate future episodes as well as to reduce the often sub-
stantial associated healthcare costs. Second, and perhaps
more importantly, there is a common tendency to concep-
tualize and manage persistent abdominal pain in quiescent
IBD as part of a DGBI, such as IBS. While these conditions
are relatively common, including in the setting of IBD, they
are unlikely to explain most of the abdominal pain seen in
this context.(65861) Additionally, the analgesic therapies
most often recommended in this context are the same as
those used in DGBIs. These include tricyclic antidepres-
sants, antispasmodics and other neuromodulatory thera-
pies, none of which have actually demonstrated analgesic
efficacy in IBD.(®) There remains a tremendous need to bet-
ter understand the pathophysiology of abdominal pain in
quiescent IBD, and to find safer and more effective ways to
manage it.

Current approaches to manage hypoalgesic inflammatory
bowel disease

There are also no currently available societal guidelines
to help identify and manage hypoalgesic (silent) IBD. Ex-
pert recommendations on this topic have been pub-
lished.(6263) though it is important to note that these are
largely based upon relatively limited and low quality evi-
dence, as this condition is still understudied, inconsistently
described and poorly understood. Importantly, there has
also been no consensus regarding how to define silent IBD.
This is part of the reason that it remains very challenging
to identify this condition, particularly in individuals who
have not already been formally diagnosed with a form of
IBD. My colleagues and I have previously proposed the fol-
lowing approach to defining silent IBD(3): an individual
with IBD will be determined to have silent disease if they:
a) exhibit moderate-to-severe IBD-associated inflamma-
tion of the bowel, based upon direct gross (e.g., surgical),
endoscopic, histologic, radiologic (CT and MR enterogra-
phy), serologic (e.g., C-reactive protein) and/or stool-based
(e.g., fecal calprotectin) assessment(s), and b) are found to
be in clinical remission based upon simultaneous, IBD-
symptom assessment surveys (including the lack of per-
ceived abdominal pain at the time of the objective assess-
ments described above).

In those who do have an established diagnosis of silent
IBD, the general approach previously proposed to monitor
for silent disease activity is to have patients undergo one or
more objective tests on a regular, scheduled basis to evalu-
ate for bowel-related or systemic inflammatory activity
(Figure 2b). The optimal surveillance interval for silent IBD
has not been determined. Regardless of the testing interval
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Figure 2b. Simplified Scheme for Current Management
of Hypoalgesic (Silent) Inflammatory Bowel Disease

Start Regular,
More Frequent,
Objective Testing

Silent IBD

Identified

There are currently no guidelines for managing silent IBD.
Objective testing includes endoscopy, body imaging, and la-
boratory testing (including blood and stool tests assessing for
inflammation in the gut).

relied upon. Regardless of the testing interval relied upon,
this approach has the theoretical benefit that it is relatively
intuitive, as it incorporates testing strategies that IBD pro-
viders are familiar with and use on a regular basis. How-
ever, it has some important drawbacks. The tests described
above can be expensive and, in the case of certain endosco-
pies and imaging studies, challenging to get scheduled.
Their efficacy in screening for silent disease is also depend-
ent on the frequency and timing of their use, as well as the
disease location. For example, if they are not employed
quickly or frequently enough, significant inflammation can
develop that may lead to serious complications, including
strictures, fistulae and/or abscesses. On the other hand, if
they are employed too frequently, costs associated with
testing may be very high and patients may be exposed to
unnecessary risk related to the procedures above. Addi-
tionally, if an individual has inflammation focused in the
deep small bowel, certain testing modalities (e.g., stool-
based fecal calprotectin and standard endoscopic proce-
dures such as esophagogastroduodenoscopy (EGD) or ile-
ocolonoscopy) are unlikely to be reliable indicators of cur-
rent activity. Thus, depending on the strategy employed,
opportunities for effectively intervening on inflammation
and disease-related complications are either not guaran-
teed or become prohibitively expensive, onerous and even
potentially risk for the patient involved. In this setting, it
would clearly be advantageous for providers and patients
to have access to tools that can help predict individual risk
for developing silent IBD, and that may be used to better
tailor screening and/or intervention strategies on the indi-
vidual level.

3. How Voltage-gated Sodium Channels Can Help
Better Manage Abdominal Pain Disorders in Inflam-
matory Bowel Disease

My approach to each case depends on whether or not an
individual describes having abdominal pain. As indicated
above, both the presence and absence of abdominal pain in
IBD can present clinically significant challenges. In the
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paragraphs below, I describe my general approach to each
scenario, along with how our current knowledge relating
to VGSCs can help to further optimize these approaches
now.

For IBD patients who present with abdominal pain

In addition to taking the steps outlined above, it is now
reasonable to consider additional or alternative interven-
tions to address abdominal pain in IBD patients. For those
individuals who describe persistent pain, particularly in
the anorectal region, without evidence of persistent in-
flammation or other IBD-related complications (e.g., ano-
rectal stricture, fistula, and/or abscesses), providers
should prioritize non-toxic therapies (i.e., avoiding opioid
and NSAID medications), and consider use of emerging
Nav1.8-targeting analgesic strategies (e.g., suzetrigine)
(Figure 3a), ideally in coordination with a pain manage-
ment specialist as these remain untested therapies in this
setting. The latter point highlights the urgent need for fur-
ther study of these agents in the context of digestive disor-
ders, including IBD. As indicated above, it is also very im-
portant to obtain a careful history and physical examina-
tion, in part to accurately characterize the type of pain that
patients are experiencing. In patients with long-standing,
refractory anorectal pain that is not associated with active
IBD-associated inflammation or complications, providers
can explore genetic testing for Navl,7 (SCN94) polymor-
phisms associated with PEPD. While this approach does
not currently lead to novel pain management treatment(s),
it could provide diagnostic resolution for what are fre-
quently challenging and frustrating clinical situations. It is
important to note, though, that these are relatively rare
variants that require specialty genetic testing that is not
necessarily easily available to most IBD providers.
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Figure 3b. Using VGSCs to Help Manage Hypoalgesic
(Silent) Inflammatory Bowel Disease
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Early testing for the NaV1.8 (SCN10A) polymorphism, rs679-
5970, can help to stratify risk for silent IBD. Note: IBD = inflam-
matory bowel disease; SNP = single nucleotide polymorphism.

For IBD patients without abdominal pain (who may harbor
silent disease)

As indicated above, there are currently no clear guide-
lines for how to most effectively evaluate for and manage
silent IBD. Considering the increased likelihood these pa-
tients have for serious complications, due to their inability
to sense active inflammation, it is critically important for
IBD providers to find more effective means to stratify each
patient’s risk for this condition. This is particularly im-
portant to help determine when to effectively implement
more aggressive surveillance strategies including the test-
ing described above. In this setting, [ think it would be rea-
sonable to have patients undergo genetic testing to evalu-
ate for homozygosity of the Navl.8 (SCN10A) polymor-
phism, rs6795970. (Figure 3b) This testing would ideally
be undertaken as soon as the patient was diagnosed with
IBD, or at least whenever the presence of silent IBD was re-
alized or suspected.

Figure 3a. Using VGSCs To Help Manage Abdominal Pain in Inflammatory Bowel Disease

As in Figure 2a, simultaneous to these steps, providers are performing recurrent careful history and physicals, and employing a
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4. Future Directions

As indicated above, growing evidence suggests that
VGSCs, particularly Nav1.7, Nay1.8, and Nay1.9, have signif-
icant potential to manage conditions associated with ab-
dominal pain. However, more carefully crafted studies are
necessary to better understand exactly how these channels
influence abdominal pain, especially in humans. Additional
studies, in larger and more carefully phenotyped patient
populations, are needed to expand our understanding of
the exact clinical impacts that the VGSC elements and
VGSC-targeted therapies described above have in IBD, and
other related disorders (including their effects on inflam-
matory status and other gastrointestinal functions that
have a potential impact on abdominal pain perception, in-
cluding motility). There is also a need for more careful
characterization of the precise physiological impact of
VGSC variants. To date, no biophysical (e.g., electrophysio-
logical, etc.) studies of any of the VGSCs has been under-
taken in human neurons or neuronal models. This is im-
portant, as there may be functional differences that stand-
ard animal or other proxy cellular models are not capable
of accurately replicating.

We also need to harness our current knowledge about
these channels to more effectively help our patients. For ex-
ample, as outlined above, there are multiple polymor-
phisms related to several VGS genes that we know of al-
ready that have the potential to be used diagnostically.
Most of them have not been formally categorized or, at the

References

1. Dahlhamer J, Lucas J, Zelaya C, Nahin R, Mackey S, DeBar
L, et al. Prevalence of chronic pain and high-impact
chronic pain among adults - United States, 2016. MMWR
Morb Mortal Wkly Rep. 2018;67(36):1001-6.

2. Peery AF, Crockett SD, Murphy CC, Jensen ET, Kim HP, Eg-
berg MD, et al. Burden and cost of gastrointestinal, liver,
and pancreatic diseases in the United States: Update
2021. Gastroenterology. 2022;162(2):621-44.

3. Peery AF, Crockett SD, Murphy CC, Lund JL, Dellon ES,
Williams JL, et al. Burden and cost of gastrointestinal,
liver, and pancreatic diseases in the United States: Up-
date 2018. Gastroenterology. 2019;156(1):254-72 el1.

4. Rikard SM, Strahan AE, Schmit KM, Guy GP, Jr. Chronic
pain among adults - United States, 2019-2021. MMWR
Morb Mortal Wkly Rep. 2023;72(15):379-85.

5. Bogale K, Maheshwari P, Kang M, Gorrepati VS, Dalessio
S, Walter V, et al. Symptoms associated with healthcare
resource utilization in the setting of inflammatory bowel
disease. Sci Rep. 2022;12(1):10577.

SMART-MD Journal of Precision Medicine 2026; Vol 3. No 1

very least, made more easily accessible to medical provid-
ers to order. For the variants that have demonstrated prom-
ise in this regard (ex: homozygosity of rs6795970 in silent
IBD), it would be useful to undertake prospective valida-
tion studies to determine whether screening for them in
newly diagnosed IBD patients is impactful on clinical out-
comes and healthcare costs. Itis also essential to determine
how these variants may work together to impact individual
patient risk of pain-related disorders. In this context, it
would be helpful to develop polygenic risk scores, or sepa-
rate “polyomic” predictive models, to more precisely char-
acterize each individual’s aggregate risk for developing the
conditions above.

Additionally, there are existing VGSC-targeted agents
(e.g., suzetrigine) that need to be tested over longer peri-
ods of time (it is currently only FDA-approved for manage-
ment of acute pain), as well as specifically in the setting of
IBD in order to determine whether they safe and effective
analgesic options in these settings. Similar studies should
also be undertaken focusing on individuals suffering from
other digestive disorders associated with alterations of ab-
dominal pain perception, including DGBIs (e.g., IBS),
chronic pancreatitis and gastroesophageal reflux disease
to new a few. Finally, further research is required in order
to develop additional medications that more selectively
target VGSCs. If this research is done appropriately, we will
be able to provide patients with more effective methods for
screening and predicting abdominal pain disorders, while
also having safer analgesic options to treat their pain.

6. Coates MD, Bielefeldt K. Improving management of ab-
dominal pain in inflammatory bowel disease. Expert
Opin Pharmacother. 2025:1-8.

7. Gonzalez-Lopez E, Imamura Kawasawa Y, Walter V,
Zhang L, Koltun WA, Huang X, et al. Homozygosity for
the SCN10A polymorphism rs6795970 Is associated with
hypoalgesic inflammatory bowel disease phenotype.
Front Med (Lausanne). 2018;5:324.

8. DuY, Spencer A, Roy P, Abdulhamid A, Dalessio S, Leven-
ick J, et al. Asymptomatic erosive esophagitis. Dig Dis Sci.
2025;70(2):462-8.

Catterall WA, Perez-Reyes E, Snutch TP, Striessnig J. In-
ternational Union of Pharmacology. XLVIIl. Nomencla-
ture and structure-function relationships of voltage-
gated calcium channels. Pharmacol Rev. 2005;57(4):411-
25.

10. Catterall WA, Goldin AL, Waxman SG. International Un-
ion of Pharmacology. XLVII. Nomenclature and structure-
function relationships of voltage-gated sodium channels.
Pharmacol Rev. 2005;57(4):397-409.



Winter 2026

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Goldin AL, Barchi RL, Caldwell JH, Hofmann F, Howe JR,
Hunter JC, et al. Nomenclature of voltage-gated sodium
channels. Neuron. 2000;28(2):365-8.

Yu FH, Catterall WA. Overview of the voltage-gated so-
dium channel family. Genome Biol. 2003;4(3):207.

Yu FH, Westenbroek RE, Silos-Santiago |, McCormick KA,
Lawson D, Ge P, et al. Sodium channel beta4, a new di-
sulfide-linked auxiliary subunit with similarity to beta2. J
Neurosci. 2003;23(20):7577-85.

Yu FH, Catterall WA. The VGL-chanome: a protein super-
family specialized for electrical signaling and ionic home-
ostasis. Sci STKE. 2004;2004(253):re15.

Coates MD, Vrana KE, Ruiz-Velasco V. The influence of
voltage-gated sodium channels on human gastrointesti-
nal nociception. Neurogastroenterol Motil.
2019;31(2):e13460.

Heinle JW, Dalessio S, Janicki P, Ouyang A, Vrana KE,
Ruiz-Velasco V, et al. Insights into the voltage-gated so-
dium channel, Na(V)1.8, and its role in visceral pain per-
ception. Front Pharmacol. 2024;15:1398409.

Kanellopoulos AH, Matsuyama A. Voltage-gated sodium
channels and pain-related disorders. Clin Sci (Lond).
2016;130(24):2257-65.

Cheng X, Choi JS, Waxman SG, Dib-Hajj SD. Mini-review -
Sodium channels and beyond in peripheral nerve dis-
ease: Modulation by cytokines and their effector protein
kinases. Neurosci Lett. 2021;741:135446.

de Lera Ruiz M, Kraus RL. Voltage-gated sodium chan-
nels: Structure, function, pharmacology, and clinical indi-
cations. J Med Chem. 2015;58(18):7093-118.

Bennett DL, Clark AJ, Huang J, Waxman SG, Dib-Hajj SD.
The role of voltage-gated sodium channels in pain signal-
ing. Physiol Rev. 2019;99(2):1079-151.

Djouhri L, Fang X, Okuse K, Wood JN, Berry CM, Lawson
SN. The TTX-resistant sodium channel Nav1.8 (SNS/PN3):
expression and correlation with membrane properties in
rat nociceptive primary afferent neurons. J Physiol.
2003;550:739-52.

Akopian AN, Sivilotti L, Wood JN. A tetrodotoxin-re-
sistant voltage-gated sodium channel expressed by sen-
sory neurons. Nature. 1996;379(6562):257-62.

Drenth JP, Waxman SG. Mutations in sodium-channel
gene SCN9A cause a spectrum of human genetic pain
disorders. J Clin Invest. 2007;117(12):3603-9.

Bennett DL, Woods CG. Painful and painless channelopa-
thies. Lancet Neurol. 2014;13(6):587-99.

Huang J, Yang Y, Zhao P, Gerrits MM, Hoeijmakers JG,
Bekelaar K, et al. Small-fiber neuropathy Nav1.8

Voltage-gated Sodium Channels & Abdominal Pain

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

€216

mutation shifts activation to hyperpolarized potentials
and increases excitability of dorsal root ganglion neu-
rons. J Neurosci. 2013;33(35):14087-97.

Duan G, Han C, Wang Q, Guo S, Zhang Y, Ying Y, et al. A
SCN10A SNP biases human pain sensitivity. Mol Pain.
2016;12.

Hockley JR, Gonzalez-Cano R, McMurray S, Tejada-Giral-
dez MA, McGuire C, Torres A, et al. Visceral and somatic
pain modalities reveal Na(V) 1.7-independent visceral
nociceptive pathways. J Physiol. 2017;595(8):2661-79.

Beyak MJ, Ramji N, Krol KM, Kawaja MD, Vanner SJ. Two
TTX-resistant Na+ currents in mouse colonic dorsal root
ganglia neurons and their role in colitis-induced hyperex-
citability. Am J Physiol Gastrointest Liver Physiol.
2004;287(4):G845-55.

Bielefeldt K, Ozaki N, Gebhart GF. Mild gastritis alters
voltage-sensitive sodium currents in gastric sensory neu-
rons in rats. Gastroenterology. 2002;122(3):752-61.

Bielefeldt K, Ozaki N, Gebhart GF. Experimental ulcers al-
ter voltage-sensitive sodium currents in rat gastric sen-
sory neurons. Gastroenterology. 2002;122(2):394-405.

Gold MS, Zhang L, Wrigley DL, Traub RJ. Prostaglandin
E(2) modulates TTX-R I(Na) in rat colonic sensory neu-
rons. J Neurophysiol. 2002;88(3):1512-22.

Moore BA, Stewart TM, Hill C, Vanner SJ. TNBS ileitis
evokes hyperexcitability and changes in ionic membrane
properties of nociceptive DRG neurons. Am J Physiol
Gastrointest Liver Physiol. 2002;282(6):G1045-51.

Su X, Wachtel RE, Gebhart GF. Capsaicin sensitivity and
voltage-gated sodium currents in colon sensory neurons
from rat dorsal root ganglia. Am J Physiol. 1999;277(6 Pt
1):G1180-8.

Locke GR, 3rd, Ackerman MJ, Zinsmeister AR, Thapa P,
Farrugia G. Gastrointestinal symptoms in families of pa-
tients with an SCN5A-encoded cardiac channelopathy:
evidence of an intestinal channelopathy. Am J Gastroen-
terol. 2006;101(6):1299-304.

Saito YA, Strege PR, Tester DJ, Locke GR, 3rd, Talley NJ,
Bernard CE, et al. Sodium channel mutation in irritable
bowel syndrome: evidence for an ion channelopathy. Am
J Physiol Gastrointest Liver Physiol. 2009;296(2):G211-8.

Beyder A, Gibbons SJ, Mazzone A, Strege PR, Sara-
vanaperumal SA, Sha L, et al. Expression and function of
the Scn5a-encoded voltage-gated sodium channel NaV
1.5 in the rat jejunum. Neurogastroenterol Motil.
2016;28(1):64-73.

LiuY, Tang J, Zhang Y, Xun X, Tang D, Peng D, et al. Syn-
thesis and analgesic effects of pu-TRTX-Hhn1lb on models



e217

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

of inflammatory and neuropathic pain. Toxins (Basel).
2014;6(8):2363-78.

Yiangou Y, Facer P, Chessell IP, Bountra C, Chan C,
Fertleman C, et al. Voltage-gated ion channel Nav1.7 in-
nervation in patients with idiopathic rectal hypersensi-
tivity and paroxysmal extreme pain disorder (familial
rectal pain). Neurosci Lett. 2007;427(2):77-82.

Fertleman CR, Baker MD, Parker KA, Moffatt S, Elmslie
FV, Abrahamsen B, et al. SCN9A mutations in paroxysmal
extreme pain disorder: allelic variants underlie distinct
channel defects and phenotypes. Neuron.
2006;52(5):767-74.

Lee CH, Ruben PC. Interaction between voltage-gated
sodium channels and the neurotoxin, tetrodotoxin.
Channels (Austin). 2008;2(6):407-12.

Gonzalez-Cano R, Tejada M, Artacho-Corddn A, Nieto FR,
Entrena JM, Wood JN, et al. Effects of tetrodotoxin in
mouse models of visceral pain. Mar Drugs. 2017;15(6).

Laird JM, Souslova V, Wood JN, Cervero F. Deficits in vis-
ceral pain and referred hyperalgesia in Nav1.8
(SNS/PN3)-null mice. J Neurosci. 2002;22(19):8352-6.

Matthews EA, Wood JN, Dickenson AH. Na(v) 1.8-null
mice show stimulus-dependent deficits in spinal neu-
ronal activity. Mol Pain. 2006;2:5.

Hillsley K, Lin JH, Stanisz A, Grundy D, Aerssens J, Peeters
PJ, et al. Dissecting the role of sodium currents in vis-
ceral sensory neurons in a model of chronic hyperexcita-
bility using Nav1.8 and Nav1.9 null mice. J Physiol.
2006;576(Pt 1):257-67.

Arisawa T, Tahara T, Shiroeda H, Minato T, Matsue Y,
Saito T, et al. Genetic polymorphisms of SCN10A are as-
sociated with functional dyspepsia in Japanese subjects.
J Gastroenterol. 2013;48(1):73-80.

Coates MD, Walter V, Stuart A, Small J, Dalessio S,
Carkaci-Salli N, et al. Impact of SCN10A polymorphism
on abdominal pain perception and visceral hypoalgesia
in Crohn's disease and ulcerative colitis. Clin Transl Gas-
troenterol. 2024;15(12):e00778.

Coates MD, Kim JS, Carkaci-Salli N, Vrana KE, Koltun WA,
Puhl HL, et al. Impact of the Na(V)1.8 variant, A1073V,
on post-sigmoidectomy pain and electrophysiological
function in rat sympathetic neurons. J Neurophysiol.
2019;122(6):2591-600.

Hockley JR, Boundouki G, Cibert-Goton V, McGuire C, Yip
PK, Chan C, et al. Multiple roles for NaV1.9 in the activa-
tion of visceral afferents by noxious inflammatory, me-
chanical, and human disease-derived stimuli. Pain.
2014;155(10):1962-75.

SMART-MD Journal of Precision Medicine 2026; Vol 3. No 1

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Martinez V, Melgar S. Lack of colonic-inflammation-in-
duced acute visceral hypersensitivity to colorectal dis-
tension in Na(v)1.9 knockout mice. Eur J Pain.
2008;12(7):934-44.

Leipold E, Liebmann L, Korenke GC, Heinrich T, Giessel-
mann S, Baets J, et al. A de novo gain-of-function muta-
tion in SCN11A causes loss of pain perception. Nat
Genet. 2013;45(11):1399-404.

Karri J, D'Souza RS, Cohen SP. Between promise and
peril: role of suzetrigine as a non-opioid analgesic. BMJ
Med. 2025;4(1):e001431.

Gilchrist JM, Yang ND, Jiang V, Moyer BD. Pharmacologic
characterization of LTGO-33, a selective small molecule
inhibitor of the voltage-gated sodium channel Na(V)1.8
with a unigue mechanism of action. Mol Pharmacol.
2024;105(3):233-49.

Kamei T, Ishibashi F, Takada Y, Ohno A, Tani N, lkeda K, et
al. A novel Nav1.7, Nav1.8, and Nav1.9 blocker, ANP-230,
has broad analgesic efficacy in preclinical pain models
with favorable safety margins. Biochem Biophys Res
Commun. 2025;777:152197.

Genevois AL, Ruel J, Penalba V, Hatton S, Petitfils C, Du-
crocq M, et al. Analgesic effects of topical amitriptyline
in patients with chemotherapy-induced peripheral neu-
ropathy: mechanistic insights from studies in mice. J
Pain. 2021;22(4):440-53.

Okura D, Horishita T, Ueno S, Yanagihara N, Sudo Y,
Uezono Y, et al. The endocannabinoid anandamide in-
hibits voltage-gated sodium channels Nav1.2, Navl.6,
Nav1.7, and Nav1.8 in Xenopus oocytes. Anesth Analg.
2014;118(3):554-62.

Hurtado-Lorenzo A, Honig G, Weaver SA, Larkin PB, Hel-
ler C. Chronic abdominal pain in IBD research initiative:
Unraveling biological mechanisms and patient heteroge-
neity to personalize treatment and improve clinical out-
comes. Crohns Colitis 360. 2021;3(3).

Colombel JF, Shin A, Gibson PR. AGA clinical practice up-
date on functional gastrointestinal symptoms in patients
with inflammatory bowel disease: Expert review. Clin
Gastroenterol Hepatol. 2019;17(3):380-90.e1.

Coates MD, Clarke K, Williams E, Jeganathan N, Yadav S,
Giampetro D, et al. Abdominal pain in inflammatory
bowel disease: An evidence-based, multidisciplinary re-
view. Crohns Colitis 360. 2023;5(4):otad055.

Baillie S, Norton C, Saxena S, Pollok R. Chronic ab-
dominal pain in inflammatory bowel disease: a practical
guide. Frontline Gastroenterol. 2024;15(2):144-53.

Keefer L, Hashash JG, Szigethy E, Mayer EA. AGA clinical
practice update on pain management in inflammatory



Winter 2026

61.

62.

63.

bowel disease: Commentary. Gastroenterology.
2024;166(6):1182-9.

Coates MD, Johri A, Gorrepati VS, Maheshwari P, Dales-
sio S, Walter V, et al. Abdominal pain in quiescent in-
flammatory bowel disease. Int J Colorectal Dis.
2021;36(1):93-102.

Sorrentino D. Preclinical and undiagnosed Crohn's dis-
ease: The submerged iceberg. Inflamm Bowel Dis.
2016;22(2):476-86.

Coates MD, Binion DG. Silent inflammatory bowel dis-
ease. Crohns Colitis 360. 2021;3(3):0tab059.

Voltage-gated Sodium Channels & Abdominal Pain e218

Corresponding Author:

Matthew D. Coates, MD, PhD

Professor of Medicine, Neuroscience & Experimental
Therapeutics

Division of Gastroenterology & Hepatology

Penn State College of Medicine

Hershey, PA

mcoates@pennstatehealth.psu.edu

Contributions:

Dr. Coates developed and wrote the manuscript.

Conflicts of interest:

The author declares that he has no competing inter-
ests.

Funding:

Not Applicable



