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ABSTRACT 

The transient receptor potential (TRP) channels, TRPV1, TRPA1, and TRPM8 in particular, are chief molecular 

sensors for pain and chronic pain signal detection. As polymodal cation channels, they locally detect thermal, 

chemical, and mechanical stimuli in sensory neurons and hence contribute to nociceptive, nociplastic, and 

neuropathic pain conditions such as arthritis, diabetic neuropathy, and migraines. When dysregulated, they become 

linked to disorders like overactive bladder, cancer, and inflammation. TRPV1 is heat and capsaicin receptor that 

integrate painful stimuli and initiate neurogenic inflammation; resiniferatoxin, a TRPV1 agonist, is currently on 

trial for cancer pain, whereas, TRPV1 antagonists (e.g., NEO6860, mavatrep) often fail due to hyperthermia, burns, 

or less efficacy. TRPA1 reacts to irritants and oxidative stress while its antagonist, GRC-17536, is effective in 

phase II diabetic neuropathy studies but discontinued due to pharmacokinetic liabilities. TRPM8 is a cold sensor 

and a potential migraine target; antagonist like PF-05105679 reduce cold pain but cause mild side effects, whereas, 

agonists are useful for dry eye. Among the problems which have delayed clinical translation are species 

differences, poor pharmacokinetics, as well as on-target toxicities. Through their modulation, it is possible to 

achieve a therapeutic breakthrough in pain conditions that are currently not adequately treated. Efforts are being 

made in creating thermoneutral antagonists, siRNAs, and novel derivatives. 
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INTRODUCTION  

Pain is a distressing sensory and emotional experience related to the actual or potential tissue damage. Pain is not only 

a physical feeling but it also has emotional and psychological aspects according to the International Association for the 

Study of Pain. It is a warning system that signals the body about the presence of injury or dangerous stimuli like heat, 

pressure, inflammation or chemical irritation.  

 

The transient receptor potential (TRP) superfamily is a collection of nonselective cation channels that act as molecular 

sensors in response to changes in the intracellular and extracellular environments.
[1,3]

 These are integral membrane 

proteins that have been conserved throughout evolution. Molecular sensing, coincidence detection, and cellular signal 

integration are made easier by the polymodality of many TRP channels. From single-cell green algae to human 

systems, these channels have been found in a wide variety of eukaryotes. In addition to preserving homeostasis, TRP 

channels have been revealed to be involved in a number of biological processes related to thermo-, chemo-, photo-, and 

mechanosensation.
[4-6]

 

 

Based on sequence similarities, TRP channels in mammals are classified into six subfamilies: TRPA (ankyrin), TRPC 

(canonical), TRPM (melastatin), TRPV (vanilloid), TRPML (mucoliptin), and TRPP (polycystin).
[7,8]

 The downstream 

activation of phospholipase C cascades via G protein-coupled receptors (GPCRs) initiates mammalian TRPC channels, 

which are non-selective Ca2+ permeable cation channels. Based on amino acid homologies, these channels are a 

collection of seven different proteins that are separated into four subgroups: TRPC2, TRPC3,6,7, TRPC1, and 

TRPC4/5.
[9,10]

 

 

Dysregulation of Transient Receptor Potential (TRP) channels has been increasingly recognized as a contributing factor 

in the development of multiple disorders affecting different organ systems such as Overactive bladder (TRPV1), 

obesity (TRPV4 and TRPM5), chronic cough (TRPV1, TRPV1) and pain,
[11-12]

 diabetes (TRPV1, TRPM4), chronic 

obstructive pulmonary disease (TRPV4), cardiac hypertrophy (TRPC6), dermatological disorders (TRPV3), cancer 

(TRPV6, TRPV2, and TRPM8), and familial Alzheimer's disease (TRPM7) have all been linked to TRP channel 

dysfunction.
[13,14] 

 

Thus, regulating these hyperactive TRP channels by antagonist mediators may prove to be clinically favorable.
[15,16]

 

Besides, loss-of-function mutation like loss of TRPML1 function (type-IV mucolipidosis) is also alarming.
[17,18]

 The 

regulation of these hyperactive TRP channels using antagonist mediators may, therefore, be of clinical advantage. 

Furthermore, a loss-of-function mutation such as a loss of TRPML1 function (type-IV mucolipidosis) is also very 

dangerous.
[19,20]

 

 

Transient Receptor Potential (TRP) channels are one of the main players in how the body senses and reacts to pain. 

They are ion channels that exist mainly in sensory neurons, especially in nociceptors, where they serve as the molecular 

detectors of various painful stimuli such as hot, cold, mechanical pressure, or chemical irritants. Upon activation by 

such stimuli, TRP channels let calcium (Ca²⁺) and sodium (Na⁺) ions into the neuron, causing depolarization and the 

production of electrical signals. These signals then travel via the peripheral nerves to the spinal cord and brain, where 

they are recognized as pain. 
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When the tissues are damaged or inflamed, inflammatory substances sensitize TRP channels, reducing their activation 

threshold and thus causing intensification of pain-related phenomena such as hyperalgesia and allodynia. 

 

Pain 

Pain is the body's warning system. It signals that something is wrong. In fact, it's a complicated experience that 

includes both the physical feeling and the emotions that go along with it. 

 

This means that pain is not only about feeling hurt but also about the emotional and psychological effects that come 

with it. Pain is a symptom of many different types of illness and injury. It can also be a warning sign that helps us avoid 

further harm. For example, the pain we feel when we touch something hot makes us pull our hand away quickly so that 

we don't burn ourselves. 

 

Pain and Its Types 

Chronic Pain is a major symptom of many illnesses and it severely disables sufferers and drastically lowers their 

quality of life. At present, pain management is very limited and this is a global health challenge that remains unmet.
[21]

 

The difficulty in understanding and treating pain has led to the overuse of morphine/opioids which has resulted in very 

serious side effects.
[22,23]

 Pain can essentially be divided into 3 types: nociceptive, nociplastic and neuropathic. 

Nociceptive pain represents the majority of chronic pain and it mainly results from neuronal cascades activation. The 

major conditions under this category are spinal pain and arthritis.
[24]

 

 

Nociplastic pain results from the pain signal processing mechanism malfunction without there being any tissue damage 

or disease. Neuropathic pain accounts for around 15% to 25% of the cases of chronic pain and it is caused by an injury 

or disease to the somatosensory nervous system. It is usually accompanied by sensory anomalies such as allodynia and 

numbness. It also comprises postherpetic neuralgia, diabetic neuropathy and radiculopathy.
[25,26]

 Both allodynia and 

hyperalgesia are symptoms of the disorder and they might be beneficial adaptations designed to prevent damage to the 

susceptible organs. Nevertheless, the increased pain sensitivity may go on for a long time even after the pain's initial 

cause has disappeared.
[27]

  

                                                            

To solve the problems related to pain management and to improve the level of patient lives, it is necessary to have a 

more in-depth knowledge of the mechanisms that regulate the in- – pain so that new methods of treatment can be 

developed. 

 

Nociceptive Pain 

The production of nociceptive pain is carried out by special nerve endings known as nociceptors which have a 

significantly.
[28]

 

 

Type Description Examples 

Somatic From musculoskeletal or skin tissues; sharp, localized. Sprains, cuts, bone fractures. 

Visceral From internal organs; poorly localized, cramping. Appendicitis, ischemia. 

Radicular Nerve root irritation; radiates along nerve path. Herniated disc pain down leg. 

 

higher activation threshold when compared to those that are involved in the sensation of taste, smell, sound, and light. 

Nociceptors are extremely sensitive to noxious heat stimuli, chemical irritants, extreme mechanical stimuli, and those 

stimuli that can potentially cause tissue damage. When the stimuli reach the threshold, they trigger the nociceptive 
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nerve terminals to generate action potentials, which later are transmitted and perceived as pain signals.
[29]

 The stimuli 

are converted into electrical signals and transduced into action potentials with the assistance of several channels and 

receptors located on the free synaptic terminals and nerve endings. Together as a class of cation-permeable poly-modal 

channels involved in cell depolarization, TRP channels are related to various physiological functions, including pain 

perception.
[30,31]

 

 

NOCIPLASTIC PAIN  

In nociplastic pain, it is the distorted nociception that causes the problem. Nociception refers to the processes involved 

in sensing and transmitting pain to the brain. Central sensitization is the most important pathophysiological mechanism 

of nociplastic pain. Central sensitization refers to the increased responsiveness of neurons in the spinal cord and brain. 

Peripheral tissues send pain signals via nociceptors to the spinal cord and brain where pain is perceived under normal 

circumstances. After that, the brain sends descending inhibitory pathways to regulate and suppress excessive pain 

signals. The balance between excitation and inhibition in nociplastic pain is compromised.
[32]

 Thus, excitatory 

pathways are going to be overactive while inhibitory pathways get weaker. Consequently, pain from a harmless 

stimulus will be very severe, and allodynia develops. Moreover, stimuli that would normally be painful might become 

even more painful, a condition called hyperalgesia. It means that the nervous system is simply "over-amplified" and 

keeps on sending pain signals even though the body has already been healed from the tissue damage. 

 

There are many cellular changes that accompany central sensitization amongst which increased release of excitatory 

neurotransmitters like glutamate in the spinal cord is the hallmark. Hence, neurons are firing more frequently becoming 

hyperexcitable.
[33]

 Accordingly, pain transmission pathways may be potentiated due to the enhanced effectiveness of 

NMDA receptors. Moreover, the effectiveness of inhibitory neurotransmitters like gamma-aminobutyric acid (GABA) 

and serotonin is reduced. Neuroplasticity, changes in the structure and function of neural circuits over time, helps to 

maintain and stabilize the pain pathways. Brain scans show that there is an aberrant functioning of the brain regions 

responsible for processing pain, emotion, and cognition such as the prefrontal cortex, insula, and anterior cingulate 

cortex. All these findings point to the fact that nociplastic pain can be considered as pain with sensory and emotional 

facets.
[34]

 

 

NEUROPATHIC PAIN 

Neuropathic pain is a type of pain that may arise when there has been damage done to nerves in the periphery, spinal 

cord, or brain. It may be a sequel of trauma, infection, metabolic changes, autoimmune diseases, or neurodegenerative 

disorders. Diabetes is one of the diabetes-related complications.
[35]

 In addition to that, the frequent occurrences of 

neuropathic pain are herpes zoster virus infection, cerebrovascular stroke, internal spinal cord damage, the autoimmune 

disorder multiple sclerosis, and nerve damage resulting from chemotherapy. The nervous system fundamentally is the 

main medium of sensing stimuli and thus any damage to it can cause the generation of aberrant and overly sustained 

pain signals.
[36]

 

 

Neuropathic pain presents the consequence of interactions of, among others, peripheral and central mechanisms. A 

broad range of structural and functional changes takes place in the nerve with the injury. One such change is that 

destroyed nerve fibers are capable of generating impulses by themselves in the absence of any external stimulus. The 

presence of this abnormal spontaneous activity will be reflected in the symptoms of burning or shooting pain which a 

patient is experiencing in the absence of a provocation.
[37]
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Pathophysiology of Pain 

The pathophysiology of pain is made up of a number of stages during which the nervous system recognizes, sends, and 

understands harmful stimuli. These stages are transduction, transmission, modulation, and perception. 

 

1. Transduction 

Transduction starts the pain pathway. During this phase, damaging stimuli like heat, mechanical, or chemical factors 

cause sensory receptors, nociceptors that are a special type of receptors, to create electrical signals.
[38]

 They are found 

in the skin, muscles, joints, and organs. When the tissues get hurt, chemicals like prostaglandins, bradykinin, histamine, 

serotonin, and cytokines are produced. These substances trigger nociceptors and start the process of sending electrical 

signals. Ion channels such as TRPV1 often participate in detecting heat and chemical stimuli at this stage.
[39]

 

 

2. Transmission 

Transmission is a term used to describe the sending of pain stimuli from the place of injury to the brain. After the pain 

receptors are turned on, the electrical signals go along the nerves to the spinal cord. Here are the two main types of 

nerve fibers involved: 

 

a) A-delta fibers that convey fast, sharp, and accurately localized pain. 

b) C fibers that convey slow, dull, and aching pain.
[40,41]

 

 

The pain signals make their way into the dorsal horn of the spinal cord and later climb the ascending pathways like 

spinothalamic tract to the brain, and in particular the thalamus and cerebral cortex. 

 

3. Modulation  

Modulation is the mechanism that determines whether pain signals in the spinal cord and brainstem get intensified or 

suppressed. At this point, pain transmission is modulated by neurotransmitters as well as endogenous analgesic 

substances.
[42]

 The body does its part by producing and releasing natural painkillers like endorphins, enkephalins, and 

serotonin which instantly block the transmission of pain signals. The brain through descending pathways can also stop 

the relay of pain signals by affecting the spinal cord neurons.
[43]

 

 

4. Perception 

The brain interprets the pain signals and produces a conscious pain experience as the last step which is perception. The 

main sites for this process are thalamus, somatosensory cortex, limbic system, and frontal cortex. Emotional state, 

attention, cultural background, and past experiences are some of the factors capable of influencing how pain is 

recognized and interpreted.
[44]

 

 

TRP Channels  

Transient Receptor Potential (TRP) channels represent a large family of non-selective cation channels found primarily 

in the plasma membrane of various cell types, notably sensory neurons. These channels are key players in sensing both 

external and internal changes such as temperature, mechanical forces, pH alterations, changes in osmotic pressure, and 

exposure to chemical irritants.
[45]

 TRP channels control the flux of ions including calcium (Ca²⁺), sodium (Na⁺), and 

less frequently magnesium (Mg²⁺) through the cell membrane. Hence, they are involved in a wide range of 

physiological functions like the perception of pain, the inflammatory process, the maintenance of body temperature, 

and intracellular signaling. Some major members of this channel family are TRPV1, TRPA1, and TRPM8.
[46]
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How the TRP Channels Work with Pain 

Transient receptor potential ion channels, or TRP channels for short, are a group of sensory ion channels mainly found 

in nociceptive neurons. These neurons respond to potentially harmful stimuli by converting the stimuli physically and 

chemically into electrical signals. The brain perceives these signals as pain. Different subtypes of TRP channels are 

implicated in pain sensation through diverse mechanisms. 

 

Mechanism of action  

1. TRPV1 

TRPV1 is highly characterized among the TRP channels that cause pain. It can be triggered by heat at temperatures of 

approximately 43°C and above, acid, capsaicin, a component of hot chili peppers, and inflammatory mediators.
[47]

 

 

The activation of this channel results in the opening of the channel, leading to the entry of Ca²⁺ and Na⁺ into the sensory 

neuron. This influx of ions depolarizes the membrane and generates action potentials. These signals are then sent to the 

spinal cord and brain. Inflaming conditions release different substances that sensitize TRPV1 and are responsible for 

pain hyperalgesia.
[48]

 

 

2. TRPA1 

TRPA1 functions as a detector for chemical irritants, toxins in the environment, mustard oil, and oxidative stress. It 

localizes with TRPV1 both being involved in sensing noxious stimuli. Upon activation, the channel allows Ca²⁺ and 

Na⁺ ions into the neuron leading to its depolarization and a subsequent pain signal generation. TRPA1 is an important 

mediator in inflammatory and neuropathic pain.
[49,50]

 

 

3. TRPM8 

TRPM8 channels respond mainly to cool temperatures and to cooling products like menthol. The activation of these 

channels results in the movement of Ca²⁺ and Na⁺ ions into the neuron, thereby sending the signals that the brain 

interprets as cold or cold-induced pain. Under pathological conditions, TRPM8 is implicated in cold hypersensitivity a 

feature of neuropathic pain.
[51]

 

 

TRP channels causes diseases 

1. TRPV1 

This gene encodes the protein TRPV1. It is a protein that majorly found in sensory neurons and is triggered by heat, 

acid, and capsaicin. An excessive activation or sensitization of TRPV1 is the main cause of chronic pain, inflammatory 

pain, diabetes, and chronic cough. In cases of inflammation, agents like prostaglandins raise TRPV1 sensitivity, hence 

increasing the sensation of pain and the development of chronic pain.
[52]

 

 

2. TRPM8 

The cold-sensing receptor TRPM8 gets activated at very low temperatures or even by the cooling sensation of menthol. 

It has been found that malfunctioning of the TRPM8 channel is associated with the development of neuropathic pain 

and prostate cancer. In the latter case, it also seems to affect the progression of tumor cells.
[53] 

 

. 
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3. TRPA1 

TRPA1 responds to chemicals present in cigarette smoke and pollution to cause persistent coughing, asthma, and 

chronic obstructive pulmonary diseases. TRPA1 activation in trigeminal neurons is associated with migraine headaches 

and its stimulation in primary afferent nerves of the skin leads to itching and inflammatory skin disorders.
[54]

 

 

TRP CHANNELS AS DRUG TARGET  

Although the TRP channels are highly conserved evolutionally, their sensitivity to extrinsic stimuli shows 

extraordinary species-linked differences. Because of this, most of the recent work has been focused on understanding 

the clinical ramifications of TRP channels in different diseases.
[55]

 Results of the research have shown that 4 types of 

TRPV channels (TRPV1-4) are mostly present in the afferent nociceptors, pain-sensing neurons, and are involved in 

the transduction of thermal and chemical stimuli. Most notably, TRPV1-3, and TRPM8 are primarily responsible for 

detecting changes in temperature, whereas TRPA1 and TRPV4 contribute to the sensation of mechanical stretch or 

pressure. Consequently, ion channels involved in thermal, chemical, and mechanical sensory perceptions are, thus, 

potential therapeutic targets for alleviating chronic pain. Ligands interact with these channels (TRPV1, TRPA1, and 

TRPM8) through covalent linkages and each of them modulates the channels in different ways. A majority of the 

ligands in the clinical trial pipeline have been unsuccessful due to their poor pharmacodynamic and pharmacokinetic 

properties.
[56,57]

 

 

TRPV1 

TRPV1 is an exemplar of a TRP channel that shows diversity in function and expression. It is mostly found on primary 

sensory neurons where it plays a major role as a potent inducer of neurogenic inflammation and a key integrator of 

painful stimuli. The sensory neurons that communicate with the brain via TRPV1 are linked to mechanisms of itching 

and sensing heat. The necessary work of David Julius with capsaicin as a pain inducer extracted from nature has 

allowed us to find the TRPV1 ion channel acting as a heat-activated nociceptor in the peripheral nervous system.
[58]

 

 

The Royal Swedish Academy of Sciences has particularly recognized this break- through discovery by awarding the 

2021 Nobel Prize in Physiology and Medicine to David Julius. Neuronal TRPV1 in the viscera triggers reflexes such as 

intestinal peristalsis, cough, micturition, and heart rate. Brain nuclei and non-neuronal cells also express TRPV1 but at 

lower levels. Different kinetics of the receptor activation have been made with TRPV1 agonists, MRD-652 and Olvanil 

(NE19550).
[59]

 Animals with pain both compounds resulted promising, anyway, their clinical manifestations are yet to 

be carried out. Resiniferatoxin, an ultra- potent capsaicin analog, is in the phases of clinical trials for checking its 

efficacy as a permanent analgesia in cancer subjects with severe intractable pain, and in chronic osteoarthritic pain. It 

has cervical been tested in a small-scale study involving females with cancer, and the outcomes have revealed 

promising results.48 In the latest research vitamin D has been shown to function as a partial agonist of TRPV1 at 

physiologically relevant free plasma levels.
[60,61]

 

 

At the same time, a number of TRPV1 antagonists have been also unravelled that have been clinically involved as lead 

candidates. Nevertheless, their responses have been different in pain preclinical models. A handful of them were 

demonstrated to be effective in neuropathic and inflammatory pain models whereas the rest efficacies were limited only 

to inflammatory pain models.
[62]

 Most of the first-generation TRPV1 antagonists caused several on-target adverse 

effects, which made them to be discontinued from clinical trials. GSK’s SB-705498 was the first TRPV1 antagonist 

that moved to clinical development in 2005 and later it failed to produce the desired results. New results, however, have 
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revealed (S)-N-(3-isopropylphenyl)-2-(5-phenylthiazol-2-yl) pyrrolidine-1- carboxamide as a potent and brain-

penetrant TRPV1 antagonist.
[63]

 

 

Mechanism of action  

TRPV1 gets switched on by heat (over 43°C), capsaicin, protons (low pH), and inflammatory agents. When triggered, it 

opens the ion channel, leading to Ca²⁺ and Na⁺ ions flowing into the sensory neurons. This results in the neurons 

becoming excited, and pain signals are sent to the spinal cord and brain. In the case of inflammation, agents like 

prostaglandins make TRPV1 more sensitive by lowering its activation threshold, which leads to hyperalgesia and long-

lasting pain. Medications that inhibit TRPV1 are able to lessen pain signal transmission and are currently being 

researched for nerve pain, arthritis, and chronic cough.
[64,65]

 

 

TRPA1 

ARTtarget besides TRPV1. These channels are noted to be activated by a large variety of irritants such as allyl 

isothiocyanate, allicin, and cinnamaldehyde. Besides that, several endogenous molecules released during inflammation 

and oxidative stress have been identified to be linked to TRPA1 activation, thus clearly indicating a possible function 

of this channel in pain and nociception.
[66]

 

 

Accumulating evidence from animal models using a number of experiments points out the effectiveness of TRPA1 

antagonists like HC-030031, A-967079, and AMG0902 in the treatment of neuropathic pain in human subjects. The 

combined supplementation of CHEM-5861528 and streptozotocin to rats was found to prevent intraepidermal nerve 

fiber loss and attenuated pain. Up to now, GRC-17536 developed by Glenmark is the sole TRPA1 antagonist that has 

completed phase II clinical trials.
[67]

 It significantly reduced the pain in non-denervation patients having painful 

diabetic polyneuropathy without any adverse effects.
[68]

  

 

Due to pharmacokinetics and bioavailability issues, GRC-17536 was terminated before entering phase III trials. Also, it 

showed poor pharmaceutical characteristics in terms of lipophilicity, bulky structure, and poor solubility. Amgen came 

up with AMG9090, a partial agonist at rTRPA1 and an antagonist of hTRPA1, which was one of the candidate 

molecules among a class of species-specific TRPA1 modulators. Orion Corporation produced ODM-108 as a negative 

allosteric modulator of TRPA1, it could not proceed to phase II clinical trials due to the complexity of its 

pharmacokinetic outcomes.
[69,70]

 

 

Mechanism of Action 

The TRPA1 serves as a detector for harmful substances and reactive chemicals in the environment. It gets triggered by 

compounds like mustard oil, garlic derivatives, cigarette smoke, and pollutants. When activated, it permits the entry of 

Ca²⁺ into nociceptor neurons, resulting in pain, inflammation, and irritation.
[71]

 Apart from this, TRPA1 also promotes 

the release of neuropeptides that facilitate neurogenic inflammation. Due to its involvement in inflammatory pain, 

migraine, and respiratory irritation, TRPA1 inhibitors are currently under consideration as pain-relieving and anti-

inflammatory agents.
[72]

 

 

TRPM8  

Human studies have shown that a natural variation that causes lower levels of the TRPM8 gene is associated with a 

lower risk of migraine and less sensitivity to cold pain. Based on this insight, TRPM8 antagonists which block the 
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receptor can potentially be used as a therapy for migraine and cold-induced pain.
[73]

 It is worthy to note that TRPM8, 

like TRPV1, also exerted a basal activation tone. It has been reported that antagonists of TRPM8 channels induce mild 

hypothermia from which the permitted use of these drugs in clinics has not been constrained. Two TRPM8 antagonist 

drugs, PF-05105679 and AMG-333 are already in clinical trials which have been found to reduce pain sensation in the 

cold pressor test. A few participants of clinical trials reported that they felt "hot in the mouth" after being administered 

with PF-05105679 while AMG-333 induced mild side effects (grade 1) in a few volunteers. Furthermore, animal 

experiments with KRP-2529 and RQ-00434739 (TRPM8 antagonists) demonstrated that these compounds showed 

potential as therapeutics in alleviating bladder hyperactivity due to chronic inflammation, however, clinical trials of 

their use in humans are not yet available. Moreover, apart from TRPM8 antagonists, TRPM8 agonists such as DIPA 

(di-isopropyl-phosphinoyl-alkane) and WS-12 also have the potential of exerting analgesic effects.
[74]

 DIPA was 

observed to increase the occurrence of rapid, sharp pain-like contractions in the distal colon in human subjects. In 

addition, TRPM8 agonists have also been indicated to help keep the corneal moisture of patients with dry eye disease 

Recently, new thiazole derivatives have been designed, synthesized, and biologically evaluated as novel TRPM8 

antagonists. An assay has also been developed to facilitate the rapid screening of TRPM8 antagonists by automating 

patch clamp electrophysiology combined with virtual screening. Using this method, nebivolol emerged as a potential 

TRPM8 inhibitor, and making changes to its structure could be the basis for novel TRPM8 blocker development.
[75]

 

 

Mechanism of Action 

TRPM8 is actually referred to as the cold receptor. It gets turned on by cold temperatures and substances that produce a 

cooling sensation like menthol. Once TRPM8 is triggered, it slides open and permits the entry of Ca²⁺ and Na⁺ ions into 

sensory neurons, thereby making signals that are interpreted as cold sensation. However, in disease states, 

overactivation may cause an increase in cold sensitivity and neuropathic pain. Changing the activity of TRPM8 could 

possibly be used for treating prostate cancer as well since the channel is very much present in prostate tissue.
[76,77]

 

 

Clinical Applications of TRP Channels (TRPV1, TRPM8, and TRPA1) 

Transient Receptor Potential (TRP) channels are a family of non-selective cation channels involved in detecting 

thermal, chemical, and mechanical stimuli. Among them, TRPV1, TRPM8, and TRPA1 are widely studied because of 

their important role in pain perception, inflammation, and sensory signaling. Due to their involvement in many 

pathological conditions, these channels have become promising targets for drug development in several clinical fields. 

 

TRPV1 

TRPV1 is commonly known as the capsaicin receptor and is activated by high temperature, acidic conditions, and 

chemical compounds such as capsaicin. This channel is mainly expressed in sensory neurons responsible for detecting 

painful stimuli.
[78]

 Clinically, TRPV1 is an important target for the treatment of neuropathic pain, inflammatory pain, 

and arthritis. Topical preparations containing capsaicin are widely used to treat conditions such as post-herpetic 

neuralgia and diabetic neuropathy. Continuous activation of TRPV1 leads to desensitization of pain-sensing neurons, 

which helps reduce pain perception. TRPV1 antagonists are also being investigated for the treatment of migraine and 

chronic inflammatory disorders.
[79]

 

 

TRPM8 

TRPM8 is known as the cold and menthol receptor because it is activated by cold temperatures and cooling compounds 

such as menthol. This channel is expressed in peripheral sensory neurons and plays an important role in temperature 
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sensation and pain modulation.
[81]

 In clinical practice, TRPM8 agonists are used to produce a cooling sensation that can 

relieve muscle pain and minor injuries. TRPM8 is also being investigated as a potential therapeutic target in 

neuropathic pain and migraine. Additionally, TRPM8 is highly expressed in certain cancers, especially prostate cancer, 

making it a potential biomarker and drug target in oncology.
[81,82]

 

 

TRPA1 

TRPA1 is activated by a wide range of chemical irritants, environmental pollutants, and endogenous inflammatory 

mediators. It is expressed in nociceptive neurons and plays a major role in detecting harmful chemical stimuli. TRPA1 

is strongly associated with inflammatory pain, chronic cough, and respiratory diseases.
[83]

 Activation of TRPA1 in 

airway sensory nerves can trigger coughing and airway irritation, which is why TRPA1 antagonists are being explored 

for the treatment of chronic cough and asthma. In addition, TRPA1 contributes to migraine and neuropathic pain 

through the release of inflammatory neuropeptides. Blocking TRPA1 activity may therefore provide a new strategy for 

treating chronic pain and inflammatory conditions.
[84] 

 

Challenges of TRP Channels  

TRPV1, TRPM8, and TRPA1, in particular, have the potential to be therapeutic targets. However, there are a number 

of challenges that prevent these from being clinically and successfully used in drug development. 

 

1. Lack of Selectivity 

Since many TRP channels feature similar structures, there is a considerable challenge in developing drugs that 

exclusively target a specific channel without simultaneously impacting others. Issues around the lack of selective 

targeting often result in side effects that may be undesirable.
[85] 

 

2. Adverse Side Effects 

Pharmaceuticals directed at TRP channels have the potential for side effects since these channels are ubiquitous in 

various tissues. For instance, certain TRPV1 antagonists aimed at pain control have been reported to cause loss of heat 

sensation and an increase in body temperature (hyperthermia).
[86] 

 

3. Complex Physiological Roles 

TRP channels participate in diverse physiological processes such as controlling body temperature, and mediating 

inflammation and senses. Therefore, drug interventions that either inhibit or stimulate these channels might lead to 

aberrations in the normal body operations, presenting a significant hurdle in therapeutic design.
[87] 

 

4. Redundant Signaling Pathways 

It's worth noting that various TRP channels are capable of mutual compensation within the sensory transmitting routes. 

When one channel is inhibited, other channels may continue to convey the pain stimulus, thereby possibly diminishing 

the impact of TRP channel-targeted medicines.
[88] 

 

5. Limited Clinical Trial Success 

While plenty of TRP modulators demonstrated their potential in animal experiments, only a handful has made it to 

clinical trial phases and even fewer have become successful. Among the challenges during drug development, toxic 

effects, unsatisfactory pharmacokinetics, and ineffectiveness are usually the main reasons for failures.
[89] 
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6. Tissue-Sp ecific Expression 

TRP channels can be found in different body organs like skin, brain, lungs, and bladder. Producing drugs that would 

selectively operate in one organ without causing the impact of others is imagining a major challenge.
[90] 

 

7. Incomplete Understanding of Mechanisms 

Extensive studies notwithstanding, molecular mechanisms and pathways of TRP channels in most of the pathological 

conditions have remained ambiguous. This containment of knowledge has a direct impact on the ability to create 

specific therapies.
[91]

 

 

Future directions  

Future research on TRPV1, TRPM8, and TRPA1 focuses on improving their therapeutic potential and overcoming 

current limitations in drug development. These channels are involved in pain perception, inflammation, temperature 

sensing, and various pathological conditions, making them promising targets for future medical therapies.
[92]

 One 

important direction is the development of highly selective modulators. Scientists are working to design drugs that 

specifically target individual TRP channels without affecting other ion channels. Improved selectivity may reduce 

unwanted side effects and increase therapeutic effectiveness in treating chronic pain and inflammatory disorders.
[93.94] 

 

Another promising area is personalized medicine. Genetic studies of TRP channel variations may help identify 

patients who respond better to TRP-targeted therapies. This approach could allow clinicians to tailor treatments based 

on a patient’s genetic profile, improving clinical outcomes.
[95]

 Research is also focusing on novel drug delivery 

systems. Advanced delivery methods such as nanoparticle-based formulations or targeted topical therapies may help 

deliver TRP modulators directly to affected tissues, reducing systemic side effects and increasing drug efficiency.
[96]

 

 

Additionally, TRP channels are being investigated as biomarkers for disease diagnosis and progression, especially in 

neurological disorders, cancer, and inflammatory diseases. Understanding their expression patterns may help detect 

diseases at earlier stages and monitor treatment responses.
[97,98]

 

 

CONCLUSION 

Transient receptor potential (TRP) channels represent a significant group of ion channels that largely contribute to the 

detection and transmission of sensory signals in the human body. These channels participate in the sensing of 

temperature changes, mechanical stress, and chemical stimuli, and as a result, play an important part in physiological 

phenomena such as pain perception, inflammation, and cellular signaling. Out of the multiple types of TRP channels, 

TRPV1, TRPM8, and TRPA1 are the ones that have been mostly studied for their shared and individual roles in the 

nociceptive and sensory physiology processes. These channels essentially serve as molecular sensors that are 

responsible for the conversion of external stimuli such as heat, cold, and chemical irritants to electrical impulses that 

the nervous system can interpret. 

 

In the last several decades, studies have found that abnormal or continuous activation of TRP channels can cause or 

contribute to many pathological conditions, such as chronic pain, neuropathic pain, inflammatory disorders, respiratory 

diseases, and migraine. Due to their implication in these disease mechanisms, TRP channels are now considered among 

the most interesting targets for the development of new therapeutic drugs. Drugs that either activate or inhibit TRP 

channels have been shown to be effective in treating pain and inflammation. Therapeutic agents that interact with 
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TRPV1, TRPM8, and TRPA1 are currently being tested for their effectiveness in lowering pain, controlling 

inflammation, and modulating the activity of sensory nerves. 

 

Although TRP channels hold great promise for the therapy of various conditions, a number of obstacles need to be 

addressed before these findings can be turned into treatment options that actually work in clinics. Factors such as 

insufficient drug selectivity, adverse side effects, and the intricate functions of these channels in the body can all pose 

challenges to drug development. Besides, since TRP channels are present in a number of different tissues, therapies 

need to be carefully designed so as not to cause off-target effects. 
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