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A B S T R A C T   

Oropharyngeal dysphagia is a serious health concern in older adults and patients with neurological disorders. 
Current oropharyngeal dysphagia management largely relies on compensatory strategies with limited efficacy. A 
long-term goal in swallowing/dysphagia-related research is the identification of pharmacological treatment 
strategies for oropharyngeal dysphagia. In recent decades, several pre-clinical and clinical studies have inves-
tigated the use of transient receptor potential (TRP) channels as a therapeutic target to facilitate swallowing. 
Various TRP channels are present in regions involved in the swallowing process. Animal studies have shown that 
local activation of these channels by their pharmacological agonists initiates swallowing reflexes; the number of 
reflexes increases when the dose of the agonist reaches a particular level. Clinical studies, including randomized 
clinical trials involving patients with oropharyngeal dysphagia, have demonstrated improved swallowing effi-
cacy, safety, and physiology when TRP agonists are mixed with the food bolus. Additionally, there is evidence of 
plasticity development in swallowing-related neuronal networks in the brain upon TRP channel activation in 
peripheral swallowing-related regions. Thus, TRP channels have emerged as a promising target for the devel-
opment of pharmacological treatments for oropharyngeal dysphagia.   

1. Introduction 

Oropharyngeal dysphagia is a common problem in older adults and 
patients with neurological/neurodegenerative diseases (e.g., Alz-
heimer’s disease, Parkinson’s disease, amyotrophic lateral sclerosis, 
dementia, or multiple sclerosis), neuromuscular problems (e.g., myas-
thenia gravis), and neurovascular accidents (e.g., stroke or traumatic 
brain injury) [1–8]. It is often associated with sarcopenia, malnutrition, 
and dehydration [1,9–15]. 

Individuals with oropharyngeal dysphagia exhibit abnormalities or 
difficulties in transporting the food bolus from the oral cavity to the 
esophagus [16–18]. They often experience a delay in swallow initiation, 
leading to impaired swallowing safety because of the penetration or 
aspiration of food particles or liquids into the laryngeal vestibule, air-
ways, or lungs [9,19]. This impaired swallowing safety is often associ-
ated with delay in laryngeal vestibule closure, delay in upper esophageal 
sphincter opening, and slowed hyoid motion [20–22]. Studies have 
shown that > 50% of all patients with oropharyngeal dysphagia exhibit 
impaired swallowing safety because of bolus penetration or aspiration 
into the airway [20,23]. The aspiration of food particles or liquids can 

lead to aspiration pneumonia. Furthermore, patients with oropharyn-
geal dysphagia often experience a sensation that food is stuck in the 
throat or mouth because of weak bolus propulsion force and impaired 
pharyngeal clearance, which lead to bolus residues in oropharyngeal 
regions after swallowing [24,25]. 

Current management of oropharyngeal dysphagia in clinics largely 
relies on compensatory strategies, including modification of food vis-
cosity, texture, or volume [4,21,23,26–28]. Various swallowing-related 
postures, exercises, or maneuvers (e.g., chin tuck or head tilt) are often 
prescribed [29]. Although these compensatory strategies are intended to 
counteract swallowing difficulty, they display limited efficacy in terms 
of restoring impaired swallowing physiology [4,21,23,26–28,30]. There 
is no established pharmacological treatment for oropharyngeal 
dysphagia [31–34]. In recent decades, several pharmacological strate-
gies have been studied in swallowing or dysphagia-related research, 
including angiotensin-converting enzyme inhibition, calcium channel 
blockade, acetylcholinesterase enzyme inhibition, use of dopaminergic 
agents, and TRP channel targeting [31,33]. Among these strategies, TRP 
channel targeting is the most promising in terms of facilitating swal-
lowing function [31–35]. A recent meta-analysis of randomized 
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controlled clinical trials showed that, in patients with neurogenic 
dysphagia, treatment involving TRP channel targeting yielded a large, 
statistically significant effect size (magnitude of difference in outcomes) 
compared with placebo interventions [33]. The pooled effect size of 
treatment with other pharmacological agents was not statistically sig-
nificant. Animal studies revealed dose-dependent facilitation of the 
swallowing reflex by agonists of various TRP channels [32,36–38]. 
Therefore, TRP channel targeting is a promising strategy for the devel-
opment of pharmacological therapeutics for oropharyngeal dysphagia 
[31–33]. The present narrative review discusses recent advancements in 
TRP channel targeting research to facilitate swallowing function, 
including possible underlying neurophysiological mechanisms. 

2. TRP channels and their presence in peripheral swallowing- 
related regions 

TRP channels are non-selective cation channels that function as 
cellular sensors for a broad range of physical and chemical stimuli 
[39–42]. Most of the TRP channels are permeable to Ca2+. Some are also 
permeable to other cations (e.g., Na+ and Mg2+). Thus far, 28 types of 
TRP channels have been identified in mammals [39,40]. They are 
categorized into six subfamilies: TRPA (ankyrin), TRPC (canonical), 
TRPM (melastatin), TRPML (mucolipin), TRPP (polycystin), and TRPV 
(vanilloid). Some of these subfamilies have several members: six in the 
TRPV subfamily (TRPV1–6), seven in the TRPC subfamily (TRPC1–7), 
eight in the TRPM subfamily (TRPM1–8), three in the TRPML subfamily 
(TRPML1–3), and three in the TRPP subfamily (TRPP1–3) [39,40]. 
Several types of TRP channels have been detected in peripheral 
swallowing-related regions in animals and humans (Table 1). They are 
primarily located on nerve fibers and in epithelial cells; they are also 
expressed in other structures (e.g., fibroblast-like cells, taste bud cells, 
vascular endothelial cells, and sensory corpuscles). 

3. TRP channel expression patterns on afferent neurons that 
innervate swallowing-related regions 

TRP channels are also detected in swallowing-related ganglia (e.g., 
nodose, petrosal, jugular, and trigeminal ganglia), which contain the cell 
bodies of afferent neurons that innervate peripheral swallowing-related 
regions [36–38,44,59,62,63]. Researchers have identified afferent 
neurons in ganglia by injecting retrograde tracers into peripheral 
swallowing-related regions or incorporating tracers into the cut ends of 
nerves innervating those regions [36–38,44,59,62]. Those studies 
revealed that TRP channels were expressed on various percentages of 
retrograde-traced afferent neurons innervating peripheral 
swallowing-related regions (Table 2). 

The presence of TRP channels in peripheral swallowing-related re-
gions and on afferent neurons innervating those regions provides a 
rationale for utilizing TRP channels to facilitate swallowing. 

4. TRP channel targeting to improve swallowing function 

Several pre-clinical and clinical studies demonstrated promising re-
sults in terms of swallowing function when TRP channels were targeted 
in peripheral swallowing-related regions. 

4.1. TRP channel activation facilitates initiation of swallowing reflexes in 
animals 

Pre-clinical studies have examined the effects of topical application 
of TRP agonists/activators in peripheral swallowing-related regions to 
initiate swallowing reflexes (Table 3) [32,36–38,65–70]. The activation 
of a particular TRP channel by its agonist led to initiation of swallowing 
reflex; the number of reflexes increased when the dose of the agonist 
increased [32,36–38]. Topical application of an antagonist for a 
particular channel before application of the agonist significantly 

Table 1 
Locations of various TRP channels in peripheral swallowing-related regions.  

TRP 
channels 

Regions Locations Species Ref. 

TRPV1 Oropharynx and larynx 
(tongue, pharynx, and 
epiglottis) 

Epithelial cells 
Nerve fibers 
(submucosa) 
Vascular endothelial 
cells 

Human [43] 

Pharynx, epiglottis, soft 
palate, and larynx 

Nerve fibers 
(intraepithelial and 
subepithelial) 
Taste bud-like 
structures 

Rats [44] 

Larynx (epiglottic area) Epithelial cells, 
Nerve fibers 
(subepithelial, lamina 
propria) 

Human [45] 

Larynx (epiglottis, vocal 
fold, arytenoid, 
subglottic, and tracheal 
areas) 

Nerve fibers 
(intraepithelial, 
subepithelial) 
Epithelial cells 

Mice [46] 

Larynx Nerve fibers 
(subepithelial) 
Intralaryngeal ganglia 

Rats [47] 

Larynx (epiglottis, 
arytenoid, glottis, and 
subglottis) 

Nerve fibers 
(intraepithelial and 
subepithelial) 
Epithelial cells 
Intra- and subgemmal 
nerve plexus of taste 
buds 
Nerve fibers around the 
laryngeal glands 

Rats [48] 

Nasal cavity Epithelial cells 
Vascular endothelial 
cells 
Submucosal glands 
Nerve fibers 
(submucosa) 

Human [49] 

Trachea Nerve fibers 
(intraepithelial, 
subepithelial, around 
the blood vessels, and 
muscle) 

Rats [50] 

Oral cavity (tongue and 
palate) 

Nerve fibers (within 
taste papillae), 
Epithelial cells 

Rats [51] 

Tongue Nerve fibers Rats [52] 
Oral cavity (tongue and 
hard palate) 

Nerve fibers 
(intraepithelial and 
subepithelial) 
End bulbs of Krause 

Human [53] 

TRPV2 Pharynx, epiglottis, the 
root of the tongue, and 
soft palate 

Dendritic cells 
Nerve fibers 

Rats [44] 

Trachea Nerve fibers (mainly 
subepithelial) 
Some epithelial cells 

Rats [50] 

Larynx Nerve fibers 
(intraepithelial and 
subepithelial) 
Intralaryngeal ganglia 

Rats [47] 

Larynx Nerve fibers 
(intraepithelial and 
subepithelial) 
Intralaryngeal ganglia 

Rats [54] 

Larynx (epiglottis, 
arytenoid, glottis, and 
subglottis) 

Nerve fibers 
(intraepithelial and 
subepithelial) 
Epithelial cells 
Intra- and subgemmal 
nerve plexus of taste 
buds 
Nerve fibers around the 
laryngeal glands 

Rats [48] 

(continued on next page) 
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reduced the agonist-evoked swallowing reflexes, suggesting the 
involvement of a particular channel in swallowing reflex initiation [32, 
36–38,67,68]. 

Table 1 (continued ) 

TRP 
channels 

Regions Locations Species Ref. 

Larynx (epiglottis, vocal 
fold, arytenoid, 
subglottic, and tracheal 
areas) 

Epithelial cells 
Nerve fibers (mainly 
subepithelial) 

Mice [46] 

Larynx (epiglottic area) Epithelial cells 
Nerve fibers (mainly 
subepithelial) 

Human [45] 

TRPV3 Larynx (epiglottis, vocal 
fold, arytenoid, 
subglottic, and tracheal 
areas) 

Epithelial cells Mice [46] 

Larynx (epiglottic area) Epithelial cells, 
Nerve fibers, 
Glands 

Human [45] 

Larynx (epiglottis, 
arytenoid, aryepiglottic 
folds, glottis, and 
subglottis) 

Epithelial cells 
Taste bud-like 
structures 

Mice [55] 

Larynx (arytenoid, 
subglottic, proximal 
esophageal, and tracheal 
areas) 

Epithelial cells Human 

Oral cavity (tongue and 
hard palate) 

Epithelial cells Human [53] 

TRPV4 Pharynx Nerve fibers 
Periaxonic cells 
(presumably Schwann 
cells and fibroblasts) 

Human [56] 

Laryngopharynx and 
associated laryngeal 
regions 

Nerve fibers Rats [38] 

Larynx (epiglottis, vocal 
fold, arytenoid, 
subglottic, and tracheal 
areas) 

Epithelial cells, 
laryngeal glands 

Mice [46] 

Larynx (epiglottic area) Epithelial cells, 
Glands 

Human [45] 

Larynx (epiglottis, 
arytenoid, aryepiglottic 
folds, glottis, and 
subglottis) 

Epithelial cells 
Taste bud-like 
structures 

Mice [55] 

Larynx (arytenoid, 
subglottic, proximal 
esophageal, and tracheal 
areas) 

Epithelial cells Human 

Tongue Epithelial cells 
Taste papillae 
Taste bud cells (type 
IV) 

Mice [57] 

Esophagus Epithelial cells Mice 
Oral cavity (tongue and 
hard palate) 

Epithelial cells Human [53] 

TRPA1 Laryngopharynx and 
associated laryngeal 
regions 

Nerve fibers (mainly 
subepithelial) 
Fibroblast-like cells 

Rats [36] 

Oropharynx and larynx 
(tongue, pharynx, and 
epiglottis) 

Fibroblast-like cells Human [43] 

Oral cavity (tongue and 
hard palate) 

Fibroblasts 
Immune cells 
Nerve fibers 

Human [53] 

TRPM8 Oropharynx (tongue, 
pharynx, and epiglottis) 

Nerve fibers 
(submucosa) 
Sensory corpuscular- 
like structures (Krause 
bulbs) 

Human [58] 

Oropharynx (nasal 
mucosa, soft palate, 
pharynx, epiglottis, and 
larynx) 

Nerve fibers 
(subepithelial and 
intraepithelial) 
Epithelial cells 
Taste bud-like 
structures 

Rats [59] 

Tongue (taste papillae) Nerve fibers (reached 
the outer epithelial 
layer in taste papillae) 

Rats [60]  

Table 1 (continued ) 

TRP 
channels 

Regions Locations Species Ref. 

Oral cavity (tongue and 
hard palate) 

Nerve fibers 
Cells in lamina propria 
End bulbs of Krause 
Epithelial cells 

Human [53] 

Oral and craniofacial 
structures (gingiva, 
incisal papilla, palatal 
ridge, lip, periodontal 
ligament) 

Nerve fibers 
(subepithelial and 
intraepithelial, beneath 
and within taste buds) 
Taste bud cells 

Rats [61]  

Table 2 
Percentages of afferent neurons expressing TRP channels.  

TRP 
channels 

Ganglia, 
where the 
cell bodies 
of afferent 
neurons 
located 

Innervating 
swallowing-related 
regions 

Percentage 
of neurons 
expressing 
the channel 

Species Ref. 

TRPV1 Jugular 
and 
petrosal 

Pharynx Around 
33% 

Rats [44] 

Jugular 
and 
petrosal 

Soft palate Around 
33% 

Jugular Trachea 59.3% Rats [50] 
Nodose 10.7% 
Nodose Laryngopharyngeal 

and associated 
laryngeal regions 

23.3% Rats [37] 
Petrosal 52.3% 
Jugular 50% 
Jugular Glossopharyngeal 

and vagus nerve- 
innervated regions 

57.1% Rats [62] 
Petrosal 39.8% 
Nodose 68.2% 
Trigeminal Tongue (anterior 

two-thirds) 
17.9% Rats [64] 

TRPV2 Jugular 
and 
petrosal 

Pharynx 11.5% Rats [44] 

Jugular 
and 
petrosal 

Soft palate 30.9% 

Jugular Trachea 8.8% Rats [50] 
Nodose 2.6% 

TRPV4 Nodose SLN-innervated 
regions 
(laryngopharynx 
and associated 
laryngeal regions) 

29.6% Rats [38] 
Petrosal 18.6% 
Jugular 14.3% 

TRPA1 Nodose SLN-innervated 
regions 
(laryngopharynx 
and associated 
laryngeal regions) 

46.5% Rats [36] 
Petrosal 57% 
Jugular 39.7% 

Jugular Glossopharyngeal 
and vagus nerves- 
innervated regions 

26.9% Rats [62] 
Petrosal 30.3% 
Nodose 29% 

TRPM8 Nodose Laryngopharyngeal 
and associated 
laryngeal regions 

46.8% Rats [37] 
Petrosal 50% 
Jugular 46.3% 
Jugular Glossopharyngeal 

and vagus nerves- 
innervated regions 

12.8% Rats [62] 
Petrosal 11.2% 

Jugular Pharynx 30.1% Rats [59] 
Petrosal 8.7%  
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4.2. TRP channel activation reduces the latency to swallow response onset 
or accelerates the timing of various swallowing events in patients with 
oropharyngeal dysphagia 

Clinical studies, including randomized trials, have evaluated the ef-
fects of acute (Table 4) and repeated (Table 5) TRP channel activation on 
swallowing in patients with oropharyngeal dysphagia of various etiol-
ogies. In those studies, solutions containing low concentrations of TRP 
channel activators/agonists were applied to peripheral swallowing- 
related regions or mixed in foods or boluses for ingestion by partici-
pants/patients [72–85]. Some studies evaluated the effects of TRP 
channel activation on the latency to swallow response onset or various 
swallowing parameters [72,75–77,80,81,86]. Other studies used vid-
eofluoroscopy to evaluate various biomechanical events or parameters 
(e.g., laryngeal vestibule closing time, upper esophageal sphincter 
opening time, penetration into the larynx, presence of pharyngeal res-
idue, and bolus propulsion velocity) during swallowing [73,77,78, 
82–84]. These studies showed that both acute and repeated TRP channel 
activation reduce the latency to swallow response onset, increase the 
frequency of spontaneous swallowing, and accelerate the timing of 

various swallowing events (including closure of the laryngeal vestibule, 
opening of the upper esophageal sphincter, and movement of the hyoid 
bone and larynx). Both types of TRP channel activation also improved 
swallowing safety by reducing penetration of food particles into the 
airway. No serious adverse effects/complications were reported in those 
studies. 

Some studies have evaluated the effects of acute or repeated inha-
lation of TRP channel activators on swallowing [88–90]. The inhalation 
of TRP channel activators reduced the latency to swallow response onset 
or improved swallowing performance. Additionally, the level of neuro-
peptide substance P in saliva increased upon daily inhalation of TRP 
channel activators or by daily ingestion of foods mixed with TRP 
channel activators for a specific period of time [74,88]. Substance P may 
play a facilitatory role in swallowing initiation. Some studies used an 
activator that can activate more than one TRP channel or a mixture of 
TRP channel activators to stimulate multiple TRP channels; the results 
showed swallowing performance improvements [78,82,83,88–90]. 

Table 3 
Pre-clinical studies evaluating the effects of TRP channel activation on initiation of swallowing reflexes.  

TRP 
channels 

Activators/ agonists 
of the channel 

Regions where the 
activators applied 

Concentration Outcome Species Ref. 

TRPV1 Capsaicin Laryngopharynx and 
associated laryngeal 
regions 

25 μM  1. The agonist triggered many swallowing reflexes  
2. The number of agonist-induced reflexes was more 

than that of distilled water  
3. The agonist shortened the swallowing interval 

compared to that of distilled water  
4. A TRPV1 antagonist significantly reduced the 

number of agonist-induced swallowing reflexes 
and lengthened the swallowing intervals 

Rats [37] 

Capsaicin Larynx 10 μM The agonist triggered more swallowing reflexes than 
saline 

Guinea pigs [65] 

Capsaicin Vocal folds 10 μM The agonist triggered many swallowing reflexes Rats [66, 
69] 

Capsaicin Vocal folds 10 μM  1. The agonist triggered many swallowing reflexes  
2. A TRPV1 antagonist significantly reduced the 

agonist-induced swallowing reflexes 

Rats [67, 
68] 

Hydrochloric acid Vocal folds 0.1 N  1. The agonist triggered many swallowing reflexes  
2. A TRPV1 antagonist significantly reduced the 

agonist-induced swallowing reflexes 

Rats [67] 

Capsaicin Pharyngolarynx 600 nM The agonist overcomes the hampered ability to 
trigger swallowing reflexes in a dysphagia model 

Rats (with transient 
occlusion of the middle 
cerebral artery) 

[70] 

Capsaicin Posterior tongue and 
vallecula 

10 ppm (33 
μM)  

1. The agonist improved swallowing safety by 
decreasing the incidences of penetration and 
aspiration  

2. The size of the boluses decreased after the agonist 
application 

Infant pig (with a 
unilateral SLN lesion) 

[71] 

TRPV4 GSK1016790A Laryngopharynx and 
associated laryngeal 
regions 

1 μM to 500 
μM  

1. The agonist triggered swallowing reflexes in a 
dose-dependent manner  

2. The number of agonist-induced reflexes was more 
than that of saline/vehicle for the agonist  

3. A TRPV4 antagonist significantly reduced the 
number of agonist-induced swallowing reflexes 
and lengthened the swallowing intervals 

Rats [38] 

TRPA1 Allyl isothiocyanate Laryngopharynx and 
associated laryngeal 
regions 

0.25–10 mM  1. The agonist triggered swallowing reflexes in a 
dose-dependent manner  

2. The number of agonist-induced reflexes was more 
than that of saline  

3. A TRPA1 antagonist significantly reduced the 
number of agonist-induced swallowing reflexes 
and lengthened the swallowing intervals 

Rats [36] 

TRPM8 Menthol Laryngopharynx and 
associated laryngeal 
regions 

50 mM  1. The agonist triggered many swallowing reflexes  
2. The number of agonist-induced reflexes was more 

than that of distilled water  
3. The agonist shortened the swallowing interval 

compared to that of distilled water  
4. A TRPM8 antagonist significantly reduced the 

number of agonist-induced swallowing reflexes 
and lengthened the swallowing intervals 

Rats [37]  
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Table 4 
Clinical studies evaluating the effects of acute TRP channel activation on the swallow response or various biomechanical swallowing events.  

TRP 
channels 

Activators/ agonists 
of the channel 

Concentration Mode of application of 
the activators 

Participants/ Patients Outcome Ref 

TRPV1 Capsaicin 1 nM to 1 μM The solution of the 
activator applied to 
the pharyngeal region 

Older patients with 
oropharyngeal dysphagia 

Reduction of the time to initiate a swallow 
response 

[72] 

Capsaicinoid 150 μM The activator was 
mixed with nectar 
bolus and ingested by 
the patients 

Older patients with 
oropharyngeal dysphagia  

1. Reduction of the closing time for the 
laryngeal vestibule  

2. Reduction of the opening time for the 
upper esophageal sphincter  

3. Reduction of the maximal vertical 
movement time of the hyoid bone and 
larynx  

4. Reduction of the occurrence of 
penetration to the larynx  

5. Reduction of the presence of pharyngeal 
residue 

[73] 

Capsaicinoid 150 μM The activator was 
mixed with nectar 
bolus and ingested by 
the patients 

Patients with oropharyngeal 
dysphagia due to stroke/ 
neurodegenerative diseases/ 
age  

1. Reduction of the closing time for the 
laryngeal vestibule  

2. Reduction of the occurrence of 
penetration to the larynx  

3. Reduction of the presence of pharyngeal 
residue  

4. Increase of the velocity for bolus 
propulsion 

[78] 

Capsaicinoid 10 μM/50 μM The solution of the 
activator ingested by 
the participants 

Healthy participants without 
oropharyngeal dysphagia  

1. Improvement in swallowing efficacy by 
increasing the strength of pharyngeal 
swallow and time for upper esophageal 

sphincter activation and relaxation   

2. Increase of substance P level in saliva 
when 50 μM dose was used, and the 
increase of substance P level lasted for 
15 min after application of the activator 

[79] 

Capsiate 1–100 nM The solution of the 
activator applied to 
the pharyngeal region 

Patients with oropharyngeal 
dysphagia associated with a 
history of aspiration 
pneumonia 

Reduction of the time to initiate a swallow 
response 

[80] 

Capsaicin 10 µM The solution of the 
activator ingested by 
the participants 

Patients with oropharyngeal 
dysphagia due to stroke 

Increase the frequency of spontaneous 
swallowing 

[87] 

Capsaicin 0.5 g of 0.025% The activator was 
mixed in an ointment 
and placed into the ear 
canal 

Older patients with 
oropharyngeal dysphagia 

Improve the swallowing function 
(swallowing function evaluated by an 
endoscopic swallowing scoring where a 
high score indicated impairment in 
swallowing function) 

[86] 

TRPM8 Menthol 100 µm to 10 mM The solution of the 
activator applied to 
the pharyngeal region 

Older patients with 
oropharyngeal dysphagia 

Reduction of the time to initiate a swallow 
response 

[81] 

Menthol 1 mM and 10 mM The activator was 
mixed with nectar 
bolus and ingested by 
the patients. 

Patients with oropharyngeal 
dysphagia due to stroke/ 
neurodegenerative diseases/ 
age  

1. Reduction of the closing time for the 
laryngeal vestibule.  

2. Reduction of the occurrence of 
penetration to the larynx 

[78] 

TRPA1 A mixture of 
cinnamaldehyde and 
zinc 

Cinnamaldehyde 
(756.6 μM) + Zinc (70 
μМ) 

The activators were 
mixed with nectar 
bolus and ingested by 
the patients 

Patients with oropharyngeal 
dysphagia due to stroke/ 
neurodegenerative diseases/ 
age  

1. Reduction of the closing time for the 
laryngeal vestibule  

2. Reduction of the opening time for the 
upper esophageal sphincter  

3. Reduction of the penetration-aspiration 
scale score  

4. Increase the frequency of safe swallows  
5. Reduction of the time to evoke a cortical 

response to pharyngeal electrical 
stimulation 

[82] 

Citral 1.6 mM The activator was 
mixed with nectar 
bolus and ingested by 
the patients 

Patients with oropharyngeal 
dysphagia due to stroke/ 
neurodegenerative diseases/ 
age  

1. Reduction of the closing time for the 
laryngeal vestibule  

2. Reduction of the opening time for the 
upper esophageal sphincter 

[82] 

TRPV1 and 
TRPA1 

Piperine 150 μM and 1 mM The activator was 
mixed with nectar 
bolus and ingested by 
the patients 

Patients with oropharyngeal 
dysphagia due to stroke/ 
neurodegenerative diseases/ 
age  

1. Reduction of the closing time for the 
laryngeal vestibule  

2. Reduction of the maximal anterior 
movement time of the hyoid bone  

3. Reduction of the penetration-aspiration 
scale score  

4. Reduction of the occurrence of 
penetration to the larynx 

[83] 

(continued on next page) 
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4.3. TRP channel activation promotes neuroplasticity in swallowing- 
related networks in the brain 

Clinical studies have investigated whether TRP channel activation in 
peripheral swallowing-related regions leads to neuronal plasticity 
development in cortical swallowing-related neuronal networks. In pa-
tients with oropharyngeal dysphagia, acute or repeated TRP channel 
activation increased the amplitude of a cortical response (pharyngeal 
event-related potentials assessed by electroencephalography) and 

reduced the latency to initiation of that response after pharyngeal 
electrical stimulation [82,84]. Repeated inhalation of TRP channel ag-
onists increased regional blood flow in some cortical swallowing-related 
areas [88]. Additionally, TRP channel activation increased excitability 
in the swallowing-related motor cortex [91]. These findings indicate 
that TRP channel activation in peripheral swallowing-related regions 
may promote neuroplasticity development in swallowing-related 
neuronal networks.. 

Table 4 (continued ) 

TRP 
channels 

Activators/ agonists 
of the channel 

Concentration Mode of application of 
the activators 

Participants/ Patients Outcome Ref 

Black pepper oil 100 μL for 1 min The activator was 
applied to the nostrils 
with a paper stick for 
inhalation 

Older patients with 
oropharyngeal dysphagia 
associated with 
cerebrovascular diseases 

Distilled water-induced swallow response 
time was reduced 

[88] 

Piperine 150 μM and 1 mM The activator was 
mixed with nectar 
bolus and ingested by 
the patients 

Patients with oropharyngeal 
dysphagia due to stroke/ 
neurodegenerative diseases/ 
age  

1. Reduction of the closing time for the 
laryngeal vestibule  

2. Reduction of the occurrence of 
penetration  

3. The velocity of bolus propulsion 
increased 

[78] 

TRPV1, 
TRPA1 
and 
TRPV3 

Vanillin 7 L/min for 200 ms The activator was 
delivered ortho-and 
retro-nasally 

Healthy participants The swallowing frequency to continuous 
intraoral glucose solution increased when 
the activator delivered retro-nasally 

[89] 

TRPA1 and 
TRPM8 

Citral and isopulegol Citral (1.6 mM) +
Isopulegol (1.3 mM) 

The activators were 
mixed with nectar 
bolus and ingested by 
the patients 

Patients with oropharyngeal 
dysphagia due to stroke/ 
neurodegenerative diseases/ 
age 

Reduction of the opening time for the upper 
esophageal sphincter 

[82]  

Table 5 
Clinical studies evaluating the effects of repeated TRP channel activation on the swallow response or various biomechanical swallowing events.  

TRP 
channels 

Activators/ 
agonists of the 
channel 

Concentration or 
dose 

Mode of application of the activators Participants/ Patients Outcome Ref 

TRPV1 Capsaicinoid 10 μM The activator was mixed with nectar 
bolus, and the patients ingested the bolus 
three times/day before meals for ten days 

Older patients with 
oropharyngeal dysphagia  

1. Reduction of the closing time for 
the laryngeal vestibule  

2. Reduction of the penetration- 
aspiration scale score 

[84] 

Capsaicin 1.5 μg/10 g of 
pickled cabbage 

The activator was mixed with pickled 
cabbage, and the participants ingested 
the cabbage before meals for 20 days 

Healthy participants without 
oropharyngeal dysphagia 

Reduction of the time to initiate a 
swallow response 

[85] 

Capsaicin 1.5 μg The activator was mixed with lozenges, 
and the patients chewed the lozenge 
before meals for four weeks 

Older patients with 
oropharyngeal dysphagia 
associated with 
cerebrovascular diseases 

Reduction of the time to initiate a 
swallow response 

[75] 

Capsaicin 0.75 μg The activator was mixed with thin film 
foods, and the patients ingested the film 
food before meals for one week 

Older patients with 
oropharyngeal dysphagia  

1. Reduction of the duration of the 
cervical esophageal opening  

2. Reduction of the symptoms of 
oropharyngeal dysphagia  

3. Increase of concentration of the 
substance P in saliva in patients 
who showed improvement in 
swallowing 

[74] 

Capsaicin 150 μM The activator was mixed with nectar 
bolus, and the patients ingested the 
nectar bolus and received a cold thermal, 
tactile stimulation before meals for three 
weeks 

Older patients with 
oropharyngeal dysphagia 
associated with a history of 
stroke 

Improve the parameters of 
swallowing function assessed by 
swallowing assessment tools. 

[76] 

Capsaicinoid 10 μM The activator was mixed with nectar 
bolus, and the patients ingested the 
nectar bolus before meals for ten days 

Older patients with 
oropharyngeal dysphagia  

1. Reduction of the prevalence of 
aspiration.  

2. Reduction of the score of the 
penetration-aspiration scale 

[77] 

TRPV1 
and 
TRPA1 

Black pepper oil 100 μL for 1 min The activator was applied to the nostrils 
with a paper stick for inhalation three 
times/day before meals for 30 days 

Older patients with 
oropharyngeal dysphagia 
associated with 
cerebrovascular diseases  

1. Distilled water-induced swallow 
response time was reduced  

2. Substance P level in serum 
increased 

[88] 

Black pepper oil 100 μL for 1 min The activator was applied to the nostrils 
with a paper stick for inhalation three 
times/day before meals for three months 

Pediatric patients associated 
with severe neurological 
disorders often under tube 
feeding  

1. The amount of oral intake of 
foods increased  

2. Swallowing-related movements 
increased 

[90]  
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5. Neurophysiological mechanisms of TRP channel activation- 
induced swallowing improvement 

The basic pattern of swallowing is generated by a brainstem neural 
network known as the central pattern generator for swallowing (sCPG) 
(Fig. 1) [8,92,93]. It consists of dorsal and ventral neuronal groups. The 
dorsal neuronal group is located within the nucleus of the solitary tract 
(NTS) and the adjacent reticular formations. It is involved in generating 
the swallowing pattern, shaping, and timing of sequential or rhythmic 
swallowing. The ventral neuronal group located adjacent to the nucleus 
ambiguous distributes the swallowing drive to the motor neurons of 
several cranial nerves {e.g., trigeminal (V), facial (VII), glossophar-
yngeal (IX), vagus (X), hypoglossal (XII)}. The sCPG is activated by 
commands from the cerebral cortex and sensory inputs from peripheral 
swallowing-related regions. The sensory nerve fibers of several cranial 
nerves carry the peripheral sensory inputs (Fig. 1). TRP channel acti-
vation in peripheral swallowing-related regions excites sensory nerves, 
thereby increasing peripheral sensory inputs to the brainstem sCPG, as 
well as the cortical and subcortical swallowing-related regions; this 
process facilitates swallowing [32,34]. The activation of channels pre-
sent in the sensory nerves causes cations (e.g., Ca2+) to enter the nerves, 
resulting in nerve excitation (Fig. 1) [32]. TRP channel-expressing 
epithelial cells may also indirectly excite the nerves [32,34]. Epithelial 
cells may release neuroactive molecules (e.g., adenosine triphosphate 
[ATP]) upon exposure to TRP channel agonists, thereby exciting intra-
epithelial or subepithelial nerves [32]. Several studies have shown that 
epithelial cells release ATP in response to TRP channel agonists [94–97]. 
Neuroactive molecules may also be released into saliva in response to 
TRP channel agonists. The levels of neuropeptide substance P in saliva 
increased upon TRP channel activation in healthy individuals [79] and 
patients with oropharyngeal dysphagia [74,88]. Sensory nerves can also 
release neuropeptides (e.g., substance P or calcitonin gene-related 
peptide) upon excitation by TRP channel agonists. Increased levels of 
neuroactive molecules in peripheral swallowing-related regions may 
further enhance the excitation of swallowing-related sensory nerves 
[32]. An increase in sensory nerve excitation may cause an increase in 
motor drive from the sCPG and cortical swallowing-related motor areas, 
thereby promoting swallowing [32,34]. 

Additionally, TRP channel activation in peripheral swallowing- 

related regions may cause prolonged excitatory neurotransmitter 
release in the NTS [32]. In vitro activation of TRPV1 in solitary tract 
afferent nerves reportedly causes prolonged glutamate release in the 
NTS [98–100]; this prolonged release may facilitate swallowing initia-
tion [32]. This hypothesis is supported by animal studies in which 
repeated swallowing reflexes were initiated upon TRP channel activa-
tion in peripheral swallowing-related regions [36–38]. 

Furthermore, repeated TRP channel activation in peripheral 
swallowing-related regions may induce plasticity in cortical and 
subcortical swallowing-related neuronal networks, thereby promoting 
swallowing [32,34]. In patients with oropharyngeal dysphagia, repeated 
TRP channel activation in peripheral swallowing-related regions may 
facilitate the conduction and integration of peripheral sensory inputs in 
cortical swallowing-related neuronal networks [82,84]. 

6. Advantages of TRP channel targeting in the treatment of 
oropharyngeal dysphagia 

The pharmacological targeting of TRP channels for treatment of 
oropharyngeal dysphagia has several advantages relative to conven-
tional compensatory treatment strategies. The addition of thickeners, a 
widely used compensatory treatment strategy to increase the viscosity of 
the bolus to be swallowed, improves swallowing safety by reducing 
bolus velocity in the pharynx [23,101]. Higher viscosities can also de-
lays laryngeal vestibular closure, and upper esophageal opening, 
thereby slowing the swallowing response [101–103]. Although the use 
of thickeners to increase bolus viscosity improves swallowing safety, it 
can increase the prevalence of bolus residue in oropharyngeal regions 
[23]. Additionally, thickeners are poorly tolerated by patients, resulting 
in low treatment adherence [23,104,105]. In contrast, TRP channel 
activation in peripheral swallowing-related regions improves swallow-
ing safety by accelerating the swallowing response, laryngeal vestibular 
closure, and upper esophageal opening, thereby promoting the resto-
ration of impaired swallowing physiology [32,34,82,84,103]. It also 
improves swallowing efficacy and reduces the prevalence of bolus res-
idue in oropharyngeal regions [32,34,82,84,103]. Natural TRP agonists 
are inexpensive and can easily be added to food for patients with pres-
byphagia (i.e., age-related changes in the swallowing mechanism) or 
patients with dysphagia who have not discontinued oral intake [79]. 

Table 6 
Evidence of cortical neuroplasticity development after TRP channel activation in peripheral swallowing-related regions.  

TRP 
channels 

Activators/ agonists 
of the channel 

Concentration or dose Mode of application of the 
activators 

Participants/ Patients Outcome Ref 

TRPV1 Capsaicinoid 10 μM The activator was mixed 
with nectar bolus and the 
patients ingested the bolus 
three times/day before 
meals for ten days 

Older patients with 
oropharyngeal dysphagia  

1. Increase of the cortical sensorial 
response amplitude to pharyngeal 
electrical stimulation.  

2. Reduction of the time to evoke a 
cortical sensorial response to 
pharyngeal electrical stimulation  

3. Reduction of the time to evoke a 
cortical sensorial response to 
pharyngeal electrical stimulation was 
strongly correlated with the 
reductions in laryngeal vestibule 
closure time, indicating a relationship 
between enhanced cortical activity 
and improved swallowing function 

[84] 

Capsaicin 10 μM The solution of the activator 
ingested by the patients 

Patients with oropharyngeal 
dysphagia due to stroke 

Enhancement of motor cortex excitability [91] 

TRPA1 A mixture of 
cinnamaldehyde 
and zinc 

Cinnamaldehyde 
(756.6 μM) + Zinc 
(70 μМ) 

The activators were mixed 
with nectar bolus and 
ingested by the patients. 

Patients with oropharyngeal 
dysphagia due to stroke/ 
neurodegenerative diseases/ 
age 

Reduction of the time to evoke a cortical 
response to pharyngeal electrical 
stimulation 

[82] 

TRPV1 
and 
TRPA1 

Black pepper oil 100 μL for 1 min The activator was applied to 
the nostrils with a paper 
stick for inhalation three 
times/day before meals for 
30 days 

Aged patients with 
oropharyngeal dysphagia 
associated with 
cerebrovascular diseases 

The blood flows in the right orbitofrontal 
and left insular cortex increased 

[88]  
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The addition of natural TRP channel agonists to foods may also increase 
tolerability and patient compliance [106]. Therefore, TRP channel ag-
onists can be used in the development of foods for patients with 
oropharyngeal dysphagia. In this context, a recent review paper has 
highlighted the importance of TRP channel agonists in the formulation 
of swallow-safe food [106]. 

7. Conclusion 

The results of various studies have suggested that TRP channel tar-
geting in peripheral swallowing-related regions is a promising phar-
macological treatment strategy for oropharyngeal dysphagia. Both acute 
and intermediate-term repeated administration of TRP channel agonists 
improved swallowing safety and physiology in patients with oropha-
ryngeal dysphagia [32,34,103]. Although the repeated administration of 
TRP channel agonists was well-tolerated by patients [32,34,35,103], the 
effects of long-term administration have not been studied. In the future, 
long-term multicenter clinical trials involving large numbers of patients 
with oropharyngeal dysphagia are needed to understand the effects of 
long-term administration of TRP channel agonists. Additional basic 
research is necessary to understand the molecular and neurophysio-
logical mechanisms by which TRP channel agonists facilitate improved 
swallowing performance. A detailed understanding of the 
swallowing-related mechanisms and functions of various TRP channels 
may lead to the development of effective therapeutics for oropharyngeal 
dysphagia. 
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