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The transient receptor potential ankyrin 1 (TRPA1) ion channel has emerged as
significant regulators of cardiovascular physiology and pathology. TRPAL is a
non-selective cation channel permeable to calcium ions. A unique feature of
the channel is its function as a sensor of various temperature, chemical and
mechanical stimuli, while it can also be activated by endogenous inflammatory
mediators and reactive oxygen species. Over the last two decades, much
progress has been made in illuminating the role of TRPAL in the regulation of
cardiovascular physiology and pathophysiology in addition to its important
function in pain sensation. This review provides a comprehensive analysis of
recent studies investigating the involvement of TRPAl channels in various
cardiovascular diseases, including myocardial infarction, ischemia-reperfusion
injury, myocardial fibrosis, and response to environmental toxins. We discuss
the diverse roles of TRPAL channels in cardiac pathology and highlight their
potential as therapeutic targets for cardiovascular disorders. Moreover, we
explore the challenges and opportunities linked with targeting TRPAL channels
for treating cardiovascular diseases, alongside future research directions.
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1 Introduction

Cardiovascular diseases remain a leading cause of mortality worldwide, necessitating a
deeper understanding of their underlying mechanisms and the development of novel
therapeutic strategies. Recent studies have implicated transient receptor potential ankyrin 1
(TRPA1) channels, known for their role as sensory receptors (1), in the pathogenesis of
cardiovascular diseases (2-4). Found predominantly in nociceptive sensory neurons,
TRPA1 channels belong to the transient receptor potential (TRP) ion channel superfamily,
known for their role in sensory transduction, notably in pain sensation (5). TRPAI and
TRP melastatin 8 are considered as sensors of cold and cool temperatures, respectively
(6-8), and they are involved in the vascular sensation of cold in the cutaneous
microvasculature (9, 10). These channels serve as sensitive detectors of various stimuli,
orchestrated through specialized receptors decorating the neuronal cell membrane (11, 12).
TRPAL1 is involved in the pathophysiology of a variety of diseases (13, 14), including renal
diseases (15, 16), and clinical trials are currently testing the therapeutic effects of its
agonists and antagonists in various neurological and dermatological disorders (17). TRPAL
channels are expressed in various cardiovascular cells, including vascular endothelial cells,
vascular smooth muscle cells, cardiac fibroblasts, as well as cardiomyocytes (18, 19).

Structurally, TRPA1 channels exhibit a sophisticated architecture consisting of six
transmembrane domains (TM), bordered by intracellular NH2 and COOH termini,
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with a pivotal pore-forming loop nestled between TM5 and TM6
(20-22). Of particular note is the expansive NH2 terminus,
housing 14 (in mice) or 16 (in humans) ankyrin repeat domains,
important for protein-protein interactions and imparting
structural elasticity (20). Functionally, TRPA1 channels exhibit
remarkable sensitivity to a wide range of triggers, facilitated by
the presence of specialized receptors on the neuron’s cell
membrane (1, 23-25). TRPA1l can be covalently and non-
covalently activated by various noxious and reactive chemical
compounds (25, 26). For example, plants-derived reactive
(AITC) and

cinnamaldehyde activate TRPA1 by covalently binding to its

electrophiles such as allyl isothiocyanate
N-terminal cytoplasmic cysteine residues while nonreactive
compounds such as menthol and thymol activate TRPA1 without
covalent binding (27). By carefully analyzing mutagenesis and
deletion constructs, researchers have pinpointed crucial regions
that control various functional aspects of TRPA1l channels.
These regions regulate calcium sensitivity, responsiveness to
electrophiles, phosphorylation, rectification, conductance, and
sensitivity to agonists such as AITC and carvacrol. Abnormalities
within the realm of TRPAI lead to specific functional changes,
highlighting its contribution to nociception and disorders related
to pain. This underscores the critical role TRPAl plays in
sensory transduction. Activation of TRPAI channels has been
shown to influence vascular tone (28, 29), inflammation (16, 30),
oxidative stress (29), and cardiac remodeling (31), thereby
impacting cardiovascular health. This review focuses on the role
of TRPALI in the development of cardiovascular diseases rather
than the underlying regulatory molecular mechanisms as they
have been discussed in previous reviews (2, 3).

2 Role of TRPAL in ischemic heart
disease: insights and therapeutic
implications

Ischemic heart disease is myocardial injury caused by insufficient
coronary blood flow to the heart. Persistent acute myocardial
ischemia for a prolonged period can lead to irreversible injury or
necrosis of cardiomyocytes, resulting in myocardial infarction (MI).
This condition typically results from the obstruction of coronary
arteries, often due to rupture of atherosclerotic plaques and
subsequent Myocardial
reperfusion (I/R) injury, resulting from the restoration of blood

formation of thrombosis. ischemia/
flow after ischemia, involves complex cellular and molecular
processes. Ischemia initiates intracellular and extracellular changes,
including calcium overload and ATP depletion, resulting in cellular
dysfunction and death. Upon reperfusion, immediate effects like
mitochondrial pore permeability and cytokine release exacerbate
tissue damage, leading to long-term consequences and progressive
cardiomyocyte death (32).

In the context of ischemic heart disease, the role of TRPAI has
garnered considerable interest. In recent studies focusing on the
role of TRPA1l channels in MI and myocardial I/R injury,
researchers have uncovered valuable insights into the molecular
mechanisms underlying this

pathological process and its
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potential therapeutic implications. However, the conclusions
from these studies are highly variable.

First of all, a genome-wide association study revealed that
TRPA1 variant at rs12541758 is the strongest susceptibility allele
for coronary artery disease in humans, which provided the most
conspicuous association between TRPAI and ischemic heart
disease (33). TRPA1l channels could be protective against
myocardial ischemic injury according to studies. In a study
conducted by Lu et al. (34), the presence and role of TRPAl
channels in cardiac myocytes and their involvement in regulating
myocardial I/R injury were investigated. Using biochemical
analysis techniques and a rat model of cardiac I/R injury, the
researchers demonstrated that TRPA1 is indeed present within
cardiac myocytes. Activation of TRPAl reduced myocardial
injury in the rat model, while inhibition of TRPA1 blocked the
infarct size-sparing effects of morphine, indicating a potential
interaction between TRPAI signaling and analgesic pathways. In
isolated cardiac myocytes subjected to hypoxia-reoxygenation,
TRPAI1 activation reduced cell death during reoxygenation,
further supporting the role of TRPAl in modulating cellular
responses to I/R injury (35). However, the beneficial effects of
TRPA1 agonists were not observed by Hoebart et al. who
conducted a study to unravel the involvement of TRPAI in MI
and I/R injury (36). Through a series of experiments utilizing
both pharmacological and genetic approaches, the researchers
illuminated potential implications of TRPAI in myocardial injury
and sensory neuron-cardiomyocyte interactions. In pharmacological
modulation studies conducted on Sprague-Dawley rats, the
administration of TRPA1 agonists and antagonists did not
significantly impact infarct size post-I/R injury. Similarly, genetic
deletion of TRPA1 in C57BL/6] mice did not yield substantial
differences in infarct size compared to wild-type mice. These
findings, while suggestive of a potential role for TRPAI, did not
establish a direct link between TRPA1 modulation and MI
in vivo. In vitro experiments involving sensory neurons derived
from dorsal root ganglia and cardiomyocytes provided
intriguing insights into the interplay between TRPA1l and
While the

presence of sensory neurons enhanced cardiomyocyte survival,

cardiomyocyte survival under I/R conditions.
the specific involvement of TRPA1 in this process remained
inconclusive. Additionally, investigations into the role of
another sensory neuron receptor, TRP vanilloid 1, did not
significantly alter cardiomyocyte protection under IR conditions,
further emphasizing the complexity of sensory neuron-
cardiomyocyte interactions.

In contrast, some studies demonstrated that TRPA1 channels
could be detrimental to MI and myocardial I/R injury. Conklin
and colleagues investigated the contribution of TRPA1 channels
to myocardial I/R injury using mouse models, including both
wild-type and Trpal gene knockout (Trpal™'~) mice (37).
Their that Trpal™'~ exhibited
significantly smaller infarct sizes following I/R compared to

findings revealed mice
WT mice. Additionally, immunofluorescence staining revealed
the presence of TRPA1 channels in both murine and human
hearts, with notable enrichment observed in the intercalated

disks of cardiomyocytes. Further experiments using isolated
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cardiomyocytes showed that TRPA1l deficiency conferred
resistance to acrolein-induced toxicity, a known activator of
TRPA1 channels. Blocking TRPA1 with a specific antagonist
protected cardiomyocytes from acrolein-induced calcium overload
and hypercontraction, suggesting a role for TRPAIl-mediated
calcium dysregulation in myocardial injury during I/R. These
findings highlight TRPA1 as a potential therapeutic target for
mitigating myocardial I/R injury, potentially through modulation
of calcium homeostasis and cellular toxicity pathways.

Studies demonstrated that inhibition of TRPA1 might promote
myocardial repair after MI. In a study by Li et al, TRPAI’s
potential as a therapeutic target for improving outcomes post-MI
was explored using murine models (38). Male C57BL/6 mice
subjected to MI injury exhibited increased TRPAI expression,
implicating TRPA1 in MI-induced cardiac injury. Treatment with
the TRPA1 inhibitor HC-030031 (HC) post-MI resulted in
improved cardiac function, reduced myocardial apoptosis, and
ameliorated pathological changes, including reduced infarct
size and cardiac fibrosis. Mechanistic insights revealed that
TRPA1 inhibition promoted angiogenesis and activated the
phosphoinositide-3 kinase/protein kinase B signaling pathway,
offering potential avenues for therapeutic intervention in MIL

Overall, while the exact role of TRPA1 in ischemic heart disease
remains complex and multifaceted, these studies collectively
contribute to our understanding of TRPA1’s involvement in MI
and myocardial I/R injury and offer potential therapeutic targets
for mitigating myocardial damage and improving outcomes of MI.
The controversial results among studies might be due to the
complicated role of TRPAl in regulating cellular injury and
defense during myocardial ischemia. Many factors could be
responsible for the contradictory results. The role of TRPA1 may
vary from different animal models and may be distinct at different
stages of myocardial ischemia and MI In addition, TRPAl
channels are expressed in various cell types in the heart, including
fibroblasts, and
using conditional Trpal

cardiomyocytes, sensory nerve endings,

macrophages. Future studies gene
knockout mouse models may be helpful to further characterize its
role in MI and I/R injury. Possible nonspecific actions of TRPA1
agonists should also be considered and ruled out using specific

antagonists or gene knockout mouse models.

3 TRPAL channels in
myocardial fibrosis
Myocardial fibrosis, characterized by the excessive
accumulation of collagen and other extracellular matrix proteins
in the heart muscle, represents a hallmark feature of congestive
heart failure pathogenesis. There are two types of myocardial
fibrosis: reactive fibrosis and reparative. Reactive fibrosis refers to
interstitial fibrosis mostly due to hypertension or aging, while
reparative fibrosis, also known as replacement fibrosis, is
responsible for cardiac wound healing and repair after MI.
Reactive fibrosis is likely associated with decreased degradation of
collagens, whereas reparative fibrosis is mainly due to activation

of fibroblasts and increased synthesis of collagens (39, 40).
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Recent research has shed light on the role of TRPA1 channels in
modulating myocardial fibrosis and cardiac dysfunction in
response to different pathological stimuli. Studies utilizing animal
models and experimental approaches have provided valuable
insights into the potential therapeutic implications of targeting
TRPAL1 in the context of myocardial fibrosis.

Our recent study, utilizing TRPA1 gene knockout mice, has
linked TRPA1 to age-related cardiac remodeling and dysfunction
have also been linked to TRPA1l (31). We used 12-week-old
(young) and 52-week-old (older) Trpal™~ mice along with WT
littermates as their animal models. We evaluated cardiac function
and pathology using echocardiography and histological analyses
and measured the expression levels of 84 fibrosis-related genes in
heart tissue. Our findings reveal that older Trpal™~ mice
exhibited significantly increased left ventricular internal diameter
and volume, impaired systolic and diastolic functions, and
enhanced cardiac fibrosis compared to older WT mice, despite
similar levels of cardiac hypertrophy between the two strains.
Analysis of fibrosis-related genes showed significant upregulation
of pro-fibrotic genes and downregulation of anti-fibrotic genes in
older Trpal™~ mice compared to older WT mice. These results
suggest that TRPA1 deficiency exacerbates age-related myocardial
fibrosis, ventricular dilation, and cardiac dysfunction, indicating a
potentially anti-fibrotic role of TRPA1 in the context of cardiac
aging. The exacerbation of myocardial fibrosis and ventricular
dysfunction in older Trpal™~ mice suggests a protective role of
TRPA1 against age-related cardiac pathology (31). In doxorubicin-
induced dilated cardiomyopathy rat model, activation of TRPAI
using its agonist cinnamaldehyde alleviated cardiac dysfunction
and fibrosis, suggesting a protective role of TRPA1 in myocardial
fibrosis and dilated cardiomyopathy (41). Similarly, another study
demonstrated that activating TRPA1 attenuates right ventricular
fibrosis in a model of monocrotaline-induced pulmonary arterial
hypertension through secretion of calcitonin gene-related peptide
(42). These findings imply that interventions aimed at enhancing
TRPAL1 activity or expression may have therapeutic potential for
preventing or slowing down myocardial fibrosis and associated
cardiovascular complications.

On the other hand, studies highlighted pro-fibrotic effects of
TRPA1 in the process of replacement cardiac fibrosis. For
instance, Li et al. investigated the role of TRPAI in driving
cardiac myofibroblast transdifferentiation post-MI injury (43).
Their findings suggest that TRPA1 activation promotes cardiac
myofibroblast transdifferentiation via the calcineurin/nuclear
factor of activated T cell signaling pathway. These results imply
that targeting TRPAIl-mediated myofibroblast activation may
represent a potential therapeutic strategy for reducing post-MI
fibrotic remodeling and improving cardiac function in MI
patients. In a rat model of diabetic cardiomyopathy, Wang et al.
demonstrated that TRPAI deficiency exerts protective effects
against cardiac dysfunction and fibrosis (44). Their findings
suggest that TRPA1 inhibition may represent a promising
therapeutic strategy for mitigating myocardial fibrosis in diabetic
patients, potentially reducing the risk of congestive heart failure,
and improving overall cardiac function. The identification of the
G protein-coupled receptor kinase 5 and nuclear factor of
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activated T cell signaling pathway as a downstream mediator of
TRPAl-related fibrotic changes highlights specific molecular
targets for future drug development efforts aimed at modulating
TRPAL activity. In the context of pressure overload-induced
cardiac hypertrophy and fibrosis, Wang et al. demonstrated that
TRPA1 inhibition attenuates cardiac remodeling and fibrosis
post-transverse aortic constriction surgery (45). This suggests that
pharmacological targeting of TRPA1 may represent a novel
approach for managing pressure overload-induced cardiac
diseases, such as hypertrophic cardiomyopathy and congestive
heart failure. The identification of calcium-dependent signaling
pathways and M2 macrophage transition as mechanisms
underlying the protective effects of TRPAI inhibition provides
valuable insights into the complex molecular pathways involved
in myocardial fibrosis regulation.

In conclusion, the collective findings from these studies highlight
the significance of TRPA1 modulation in myocardial fibrosis and
associated cardiac dysfunction. The TRPA1 variant rs574328516 is
related to cardiomyopathy in humans according to FinnGen Data
Freeze 10 (https://r10.finngen.fi). The role of TRPA1 in cardiac
fibrosis varies in different contexts. Overall, TRPA1 channels likely
inhibit reactive fibrosis but stimulate reparative fibrosis. Targeting
TRPAIL signaling pathways holds promise for developing novel
therapeutic interventions aimed at preventing or mitigating
myocardial fibrosis-related cardiovascular complications. These
diverse findings of previous studies underscore the complexity of
TRPA1 signaling in fibrosis regulation and highlight the need for
further research to understand its precise role and therapeutic
potential in different pathological conditions. Further research is
needed to clarify the exact molecular mechanisms underlying
TRPAl-mediated fibrotic remodeling and to translate these
findings into clinically relevant therapeutic strategies for improving
patient outcomes in cardiovascular diseases.

4 TRPA1 agonists: implications for
cardiovascular responses

The investigation into the cardiovascular effects of TRPAl
agonists, particularly AITC and cinnamaldehyde, has revealed
significant findings with broad implications for cardiovascular
physiology and potential therapeutic strategies. Studies have
that TRPAIl by AITC and
cinnamaldehyde elicits diverse cardiovascular responses in animal

demonstrated activation
models. In normotensive rats, AITC inhalation evoked atropine-

sensitive bradycardia, indicative of parasympathetic reflex
activation, whereas spontaneously hypertensive rats exhibited
complex brady-tachycardia accompanied by atrial-ventricular
block and premature ventricular contractions (46). Furthermore,
intravenous administration of AITC induced bradycardia in both
rat models, indicating distinct reflex pathways depending on the
route of administration (46). Additionally, investigations into
cinnamaldehyde’s cardiovascular effects revealed its ability to
induce relaxation of rat aortic rings and negative inotropic and
chronotropic effects on isolated mouse hearts (47). In vivo mouse

experiments demonstrated that cinnamaldehyde could induce a
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systemic depressor response through activating TRPA1 (4) and
increase cerebrovascular blood flow by mediating a neurogenic
vasodilatation (48).

These findings have several implications for cardiovascular
health. Firstly, it suggests that modulation of TRPA1 channels
may offer novel strategies for managing hypertension, ischemic
heart disease, and peripheral vascular disorders. Another way is
that the inhibition of L-type calcium currents by TRPAI agonists
suggests a potential role for TRPA1l channels in modulating
cardiac contractility and electrical activity, which could lead to
the development of selective TRPA1 modulators or channel
blockers for managing cardiac arrhythmias and heart failure. The
involvement of TRPAI agonists in cardiovascular reflexes
suggests a potential crosstalk between nociceptive and
cardiovascular pathways, providing insights into the pathogenesis
of conditions characterized by both pain and cardiovascular
dysfunction. Further research in this area may uncover additional
therapeutic targets and strategies for improving cardiovascular
health and treating related disorders. Furthermore, gaining a
deeper understanding of the exact mechanisms through which
TRPA1 agonists exert their cardiovascular effects holds the
potential to pave the way for the development of more targeted
and effective therapeutic interventions. Such advancements have
the promise of significantly enhancing outcomes for patients

grappling with cardiovascular disease

5 TRPAL in cardiovascular health:
response to environmental toxins

TRPAL is a versatile protein known for its involvement in
various physiological processes, including sensory perception
and vasoreactivity. Particularly relevant to cardiovascular
health, TRPAI has emerged as a critical mediator in response
to environmental toxins, such as crotonaldehyde and acrolein,
commonly found in cigarette smoke and air pollution.
TRPA1
activation and cardiovascular outcomes in the context of toxin

Understanding the intricate interplay between
exposure is essential for deciphering mechanisms underlying
toxin-induced cardiovascular toxicity and identifying potential
therapeutic targets.

Studies by Jin et al. have shed light on the cardiovascular
toxicity of crotonaldehyde, an abundant component of cigarette
smoke, and its interaction with TRPA1 (49, 50). Both acute and
chronic exposure to crotonaldehyde led to hypotension and
augmented relaxations in vascular tissue, with TRPA1 playing a
pivotal role in mediating these effects (49, 50). In Trpal ™~ mice,
crotonaldehyde exposure had no significant impact on aortic
highlighting  the of TRPAl in
crotonaldehyde-induced cardiovascular effects (49, 50). These

function, involvement
findings suggest that TRPA1 activation may represent a key
mechanism underlying crotonaldehyde-induced cardiovascular
toxicity, emphasizing its potential as a therapeutic target for
mitigating the adverse cardiovascular effects of cigarette smoke
exposure. Similarly, acrolein, a highly toxic aldehyde present in
tobacco smoke and air pollution, has been implicated in
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cardiovascular toxicity, with TRPA1 playing a crucial role in
mediating its effects (51). Studies by Conklin et al. demonstrated
that both male and female mice lacking the TRPA1l gene
exhibited increased susceptibility to acrolein-induced mortality
compared to wild-type mice, suggesting a protective role of
TRPA1 (52, 53). Surprisingly, post-acrolein exposure treatment
with a TRPA1l antagonist (HC030031) provided significant
protection against acrolein-induced mortality (52, 53). Further
investigation needs to address the compensatory effects of
TRPAI upon acrolein exposure and to reveal if the protective
effects of HCO030031 are mediated by TRPALI
Additionally, investigations by Kurhanewicz et al. revealed that

inhibition.

exposure to acrolein led to cardiac autonomic imbalance and
arrhythmia in wild-type mice (54, 55), which was absent in
Trpal™'~
mediating the cardiovascular effects of acrolein exposure. TRPA1

mice, underscoring the crucial role of TRPAI in

was also reported to mediate diesel exhaust exposure-induced
hypersensitivity of cardiac arrhythmias (56). Ethanol and its
metabolite acetaldehyde are known as cardiac toxins, and they
can also activate the TRPA1l channel (53, 57). However, it is
unclear whether TRPAI plays a role in the effects of ethanol
intake on the cardiovascular system.

Overall, these studies collectively highlight the pivotal role of
TRPAI in mediating cardiovascular responses to environmental
toxins, such as crotonaldehyde and acrolein. Understanding the
mechanisms underlying TRPA1 activation in response to toxin
exposure is crucial for identifying novel therapeutic strategies
aimed at mitigating toxin-induced cardiovascular toxicity. Future
research efforts should focus on elucidating the intricate
signaling pathways and downstream effects of TRPA1 activation
in cardiovascular tissues, with the ultimate goal of developing
targeted interventions to protect against toxin-induced
cardiovascular damage and promote cardiovascular health in

toxin-exposed populations.

6 Potential mechanisms underlying the
role of TRPA1

The exact mechanism underlying the regulatory role of TRPA1
in cardiovascular health and disease is not well understood and is
quite controversial. TRPA1 potentially has direct and/or indirect
effects on myocardium. Studies have reported that the roles of
TRPA1 are likely mediated by its effects on oxidative stress and
inflammation (41). However, the direct effects of TRPA1 remain
questionable as a recent study reported that no functional
TRPAI is expressed in cardiomyocytes, which makes a direct
effect in cardiomyocytes unlikely (58). It has been confirmed that
TRPA1 is abundantly expressed in sensory nerve endings
including vagal afferent nerve fibers and that activation of
TRPA1 stimulates vagal nerve activity (59-61). Improved vagal
nerve activity can exert anti-inflammatory actions through
binding to alpha 7 nicotinic acetylcholine receptor on
macrophages and other immune cells (59, 62). So far, the
indirect effects of TRPA1 through regulating cardiac vagal tone

seem to be reasonable but warrant further investigation.
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7 Summary

Taken together, TRPA1l channels play diverse roles in
cardiovascular physiology and pathology and are involved in the
development of cardiac fibrosis, ischemia-reperfusion injury, and
arrhythmogenesis. Unlike previous reviews, this article focuses on
the role of TRPA1 in the development of cardiovascular diseases.
Over the past few years, research has tended to explore the
effects of TRPA1 agonists and antagonists in addition to the role
of the Trpal gene. The roles of TRPAI in cardiovascular
disorders have been summarized in Table 1.

While targeting TRPA1 channels holds promise as a therapeutic
approach for cardiovascular diseases, further research is needed to
elucidate their precise roles and regulatory mechanisms. Future
studies should focus on validating TRPAI as a viable therapeutic
target and exploring novel strategies to modulate TRPA1 activity
for the treatment of cardiovascular diseases. As TRPALI is expressed
in various types of cells and tissues, using conditional Trpal gene
knockout mouse models may provide more precise insights into its
role in cardiovascular pathophysiology. Controversial results were
observed by using TRPA1 knockout mouse model and agonists/
antagonists. Further studies need to confirm the functional status
of TRPAI channels after administrating their agonists and
antagonists as their dosage, frequency, and duration may have
distinct effects on the receptor. For instance, TRPAl can be
desensitized when exposed to agonists such as AITC, and as such
the observed effects of AITC could be due to desensitization of
TRPA1 (63). the effects of TRPAIl
antagonists on cardiac sympathetic and parasympathetic nerve
activities warrant further clarification. We should be careful that
there is a complicated relationship between TRPA1 and L-type
example, the TRPAIl
cinnamaldehyde can block L-type calcium channels (47), and the
L-type calcium channel blocker nifedipine can activate TRPAl

Furthermore, agonists/

calcium  channels.  For agonist

(64). Therefore, results from experiments testing TRPA1 agonists
and antagonists should be carefully interpreted. Several TRPAl
agonists and antagonists have been testing in recent and ongoing
clinical trials in various disorders other than cardiovascular diseases
(65, 66). When we transform the studies from bench to bedside,
the pharmacological effects of TRPA1 agonists and antagonists

TABLE 1 The role of TRPAL in cardiovascular disorders.

Cardlovascular Animal | References
disorders models

Myocardial infarction/ Protective | Rat, mouse (34, 35)
myocardial I/R injury Detrimental | Mouse (37, 38)
Neutral Rat, mouse (36)
Age-related cardiac fibrosis Protective Mouse (31)
Dilated cardiomyopathy and Protective | Rat (41)
fibrosis
Right ventricular fibrosis Protective Mouse (42)
Post-MI cardiac fibrosis Detrimental | Mouse (43)
Diabatic cardiomyopathy and Detrimental | Rat (44)
fibrosis
Left ventricular hypertrophy Detrimental | Mouse (45)

and fibrosis
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from animal studies should be carefully interpreted. The therapeutic
response to TRPA1 agonists or antagonists may be dependent on the
expression level or profile of the TRPA1 protein, therefore, future
studies may need to identify specific variants that potentially
regulate the expression of TRPAl in cardiovascular diseases.
Comprehensive clinical trials are warranted to evaluate the safety
and efficacy of TRPAIl-targeted therapies in patients with
cardiovascular disorders, paving the way for the development of
innovative treatments for these debilitating conditions.
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