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Introduction

TRPA (transient receptor potential ankyrin 1) is the stand-alone subfamily of the
TRPA family of receptors. The gene itself encodes a large protein that is expressed in
humans, rodents, zebrafish, and Drosophila (1-3). Similar to the other subfamilies of
TRP channels, TRPA1 is a homotetrameric, non-selective cation channel, activated by a
multitude of exogenous and endogenous compounds (2-4). In the past decade, there
has been a growing body of literature that have described its role in pain modulation.
Several studies have shown that TRPA1 is expressed in Schwann cells, oligodendrocytes,
astrocytes, primary afferent neurons, vascular endothelial cells, and other tissues that
can relay nociceptive signals (5-8). It was first thought that TRPA1 served primarily in
cold afferent signaling and noxious temperature sensation (9, 10). However, we now
know that the channel plays a more expansive role in not only pain sensation but also
chemoreception, neurogenic inflammation, and hearing (11). Other known
chemomodulators of TRPA1 include cinnamaldehyde, isothiocyanate, or thiosulfinate
compounds (12, 13). The significance of TRPA1 in pain research stems from recent
studies demonstrating that modulation of TRPAI has potential therapeutic benefit to
the treatment of chronic pain. One recent study showed that CYP1B1-derived
endogenous agonists of TRPA1 plays an important part in producing pain response
(14). Deficiency of CYP1BI1, an enzyme expressed mostly in mouse brain, human
neurons, and astrocytes, had decreased pain-related outcomes consequently from
reduced TRPA1 agonism.

While several stimuli and chemoreceptors have been established as modulators of
TRPAI, one major mechanism TRPA1l transmits pain signals is sensing reactive
oxidative species (ROS) with subsequent activation (15, 16). ROS plays a critical role in
the development of pain of several etiologies through primarily increasing excitability in
pain pathways (17, 18). Additional pathways we know ROS contribute to creating tissue
inflammation, neuroinflammation, and pain include lipid peroxidation and decreased
GABA release from the central nervous system (17, 19, 20). In terms of how ROS such
as hydrogen peroxide, peroxyl radicals, and peroxynitrite relate to TRPAI, the recent
study from Ro’s laboratory describes the close relationship between ROS and TRPA1
(21). Their results ultimately reveal TRPAl to be a promising target to directly
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antagonize or inhibit pain in pain medicine via reducing ROS in
ganglionic neurons. To date, four TRPA1 antagonist compounds
have been clinically trialed with only GRC17536 successfully
passing Phase II trials. While GRC17536 showed a significant
with  diabetic
polyneuropathy, issues with bioavailability and pharmacokinetics

decrease in pain score within patients

have prevented it from entering Phase III. Further, an unclear
of TRPA1
compounds and their limited effect in rodent TRPAI limits
further safety and efficacy studies (22).

understanding of the mechanism antagonist

A recent study published in Frontiers in Pain Research from the
Ro’s laboratory further expanded upon the close relationship
between ROS and its direct relationship with pain via TRPAI
sensitization (21). The purpose of this research was to examine
whether inflaimmation in the masseter causes a prolonged
accumulation of ROS in trigeminal ganglionic neurons. Other
questions answered in this study included how ROS has
effects
expression in the setting of chronic inflammation. 50% Complete

concurrent in upregulating TRPA1 intraganglionic
Freund’s Adjuvant in isotonic saline was injected to the left
masseter muscles of the test group with the control group not
receiving either CFA or vehicle treatment. ROS levels were
measured using a cell-permeant oxidant-sensing probe 2°,7’-
dichlorodihydrofluorescein diacetate (H2DCFDA) as well as a
fluorescence assay. Trigeminal ganglia (TG) ipsilateral to the
injection site were removed at 1, 4, 7, 14, or 28 days after CFA
injection. A baseline fluorescence without H2DCFDA was
measured and subtracted from resulting fluorescence which
demonstrated the intensity of ROS in the treated TG.

They further
spontaneous muscle pain utilizing a behavioral model. Rats were

assessed mechanical hyperalgesia and
trained to lean against the experimenter’s hand wearing leather
gloves. Von Frey Filaments were then applied to the masseter
region with withdrawal of the head considered a positive
response. This same model was applied to examine the role of
intragangionic ROS accumulation. Rats were either given PBS,
the vehicle control, or phenyl N-tert-butylnitrone (PBN), a ROS
scavenger molecule. Lastly, this behavioral model was used to
examine the role of TRPAIl
hyperalgesia by administration of AP18, a TRPA1l antagonist,

in inflammatory mechanical

directly into the TG. They also tested if administration caused
spontaneous pain and if AT18 attenuated this pain. They used
the Rat Grimace Scale (RGS) which consisted of capturing face
images of the rats by a blinded observer over the 10-minute
course. Images were captured, at most, every 60 s yielding 10
images per rat.

They found that ipsilateral masseter injection with CFA
resulted in ROS upregulation in the TG. This study also showed
that using scavenger molecules to reduce ROS, attenuated the
CFA-induced mechanical hyperalgesia, showing a correlation
between ROS accumulation and mechanical hyperalgesia. AP18
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was found to significantly attenuate CFA induced mechanical

hyperalgesia, showing a correlation between TRPAl and
mechanical hyperalgesia. Direct ROS administration via H,O,
were shown to have a statistically significantly higher RGS score
of 1.25, which was attenuated to nearly 0.5 when H,0, and
AP18 were co-administered. H,O, treated rats were also found to
have higher levels of Trpal mRNA in TG compared to the
control group. These results support that ROS activates TRPA1
in the trigeminal ganglion in a model of CFA induced TMJ pain.
ROS stimulation of TRPAI can also

upregulation of this ion channel in the TG and this can be

Furthermore, induce

dampened by ROS scavenger therapies.

The study performed by the Ro’s laboratory showed that CFA
(Complete Adjuvant)
accumulation in the TG (trigeminal ganglia) leading to TRPALI

Freund’s induced prolonged ROS
dependent hyperalgesia. This study elucidates the potential role
of pharmaceuticals that either reduce ROS accumulation within
somatic sensory ganglia or downregulate TRPA1 expression. For
example, TRPA1 antagonist, HC-030031, was shown to reduce
guarding pain behaviors after deep tissue incision even with
increases in endogenous ROS and H,O, after injection of HC-
030031 (22).

Bortezomib, an antineoplastic agent, is known to induce ROS
CIPN
induced peripheral neuropathy) (23). The Trevisan laboratory
showed that treatment with HC-030031 or a-lipoic acid, a ROS
scavenger, 7 days after administration of bortezomib in mice

accumulation and potentially cause (chemotherapy

reversed the mechanical hypersensitivity (23). Therefore, further
investigation should be done on reductions in mechanical
hypersensitivity with ROS scavengers alone, TRPAI antagonists
alone, or in combination in animal models with elevated ROS
accumulation due to drug administration or pathologic
inflammatory conditions. Many conditions beyond temporal pain
show the potential for TRPA1 antagonists to reduce hyperalgesia
IBD

(inflammatory bowel disease) (24). However, the use of TRPA1

such as rheumatoid arthritis, endometriosis, and

antagonists and ROS scavengers has not been thoroughly

explored in humans with various pathologic conditions,
necessitating experiments in mouse models that can mimic these
proinflammatory conditions. For example, active immunization
can produce CIA (collagen induced arthritis) mouse models
which should be treated with ROS TRPA1

antagonists, and a combination of the two to evaluate changes in

scavengers,

mechanical hyperalgesia (25).

TRPV1 (transient receptor potential vanilloid 1) is also known
to be linked to hyperalgesia (26, 27). TRPV1’s role with ROS is still
poorly understood, however we know that both TRPV1 and
TRPAL are linked to the hyperexcitability of nociceptive afferents
in the cough reflex via ROS accumulation (28). To better
understand ROS accumulation effects on TRPV1 and TRPALI in
a mechanical pain-invoking condition, such as CIPN, a mouse
differences in

model should be created to evaluate the
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hyperalgesia by comparing different treatment modalities such as
TRPV1 or TRPALI antagonist alone or in combination with ROS
scavengers such as a-lipoic acid.

Research has shown how ROS and TRPAI1 activation in
sensory terminals contribute to pain (21). That said, one
important finding in Ro et al’s paper is that ROS-TRPAI
mechanism “within sensory ganglia” is both necessary and
sufficient to mediate inflammatory pain. Intraganglionic
mechanisms of pain modulation occur within the sensory ganglia
and contribute to the regulation and modulation of pain signals
(29). They include neuropeptide release, ion channel regulation
(21), immune cell interaction, glial cell activation, synaptic
plasticity, and modulation of sensory neuron excitability.
Understanding intraganglionic mechanisms of pain modulation is
crucial for developing targeted therapies for chronic pain
conditions. By targeting these mechanisms, researchers and
clinicians aim to alleviate pain while minimizing side effects

associated with more general pain management strategies.
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