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ABSTRACT

Background: Pain and inflammation are complex physiological responses that
significantly impact the quality of life for millions of individuals worldwide. Current
pharmacological treatments often present substantial risks, underscoring the need for
safer and more effective therapeutic options.

Aim: This review aims to comprehensively explore the potential of phytochemicals as
modulators of the Transient Receptor Potential Vanilloid 1 (TRPV1) channel, a key
player in pain and inflammation pathways.

Material and Methods: A detailed examination of the mechanisms of action, therapeutic
benefits, and current research status of various phytochemicals was conducted. Special
attention was given to bioactive compounds derived from plants such as capsaicin,
curcumin, gingerol, eugenol, and piperine, alongside cocoa constituents like
theobromine and epicatechin.

Results: Phytochemicals exhibit diverse mechanisms of action on TRPV1, offering
analgesic and anti-inflammatory benefits with potentially fewer adverse effects
compared to conventional medications. Capsaicin, curcumin, gingerol, eugenol, and
piperine have demonstrated significant therapeutic potential. However, the application
of cocoa constituents in pain and inflammation management requires further exploration
and preclinical testing.

Conclusion: This study underscores the promising therapeutic potential of
phytochemicals as TRPV1 modulators. A multidisciplinary approach involving
healthcare providers, researchers, and regulatory agencies is essential for the effective
integration of phytochemical-based therapies into clinical practice. Future research
should focus on elucidating molecular mechanisms, exploring synergistic interactions,
and conducting large-scale clinical trials to establish long-term safety and efficacy,
thereby enhancing pain and inflammation management and overall patient care.

Keywords: Bioactive compounds, inflammation, pain, phytochemicals, Transient
Receptor Potential Vanilloid 1 (TRPV1)
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1. Introduction

Pain and inflammation are complex physiological responses that significantly impact the
quality of life for millions of individuals worldwide. Current pharmacological treatments,
including nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids, often carry substantial
risks such as gastrointestinal issues, addiction, and tolerance, highlighting the urgent need for
safer and more effective therapeutic alternatives (Amaechi et al., 2021; Bach-Rojecky et al.,
2019; Pergolizzi et al., 2021). One promising avenue is the modulation of the Transient
Receptor Potential Vanilloid 1 (TRPV1) channel, a key player in pain and inflammation
pathways (J. Yang et al., 2017).

Phytochemicals, which are bioactive compounds derived from plants, have garnered
attention for their potential to modulate TRPV1. These natural compounds, found in a wide
variety of fruits, vegetables, herbs, and spices, offer a rich reservoir of therapeutic agents with
diverse biological activities (Behl et al., 2021). Phytochemicals such as capsaicin and curcumin
have been shown to interact with TRPV1, providing relief from pain and inflammation through
mechanisms that are distinct from conventional drugs (Naik et al., 2021).

Therefore, this review aims to provide a comprehensive exploration of the potential of
phytochemicals as modulators of TRPV1, detailing their mechanisms of action, therapeutic
benefits, and the current state of research in this area. By synthesizing the available evidence,
this review underscores the importance of considering phytochemicals in the development of
novel pain and inflammation therapies. By advancing our understanding of the interaction
between phytochemicals and TRPV1, this review hope to pave the way for innovative
treatments that leverage the benefits of nature to enhance human health and well-being.

2. Results and Discussion

TRPV1 Receptors Overview
1) Structure and Function of TRPV1 Receptors

The TRPV1 receptor is a non-selective cation channel that is part of the broader TRP
family of ion channels (Baker et al., 2016). TRPV1 is composed of four subunits, forming a
tetramer. Each subunit is made up of six transmembrane domains and a pore area that facilitates
the movement of ions. This receptor is predominantly found in sensory neurons, namely
nociceptive neurons which are responsible for detecting pain. TRPV1 is triggered by various
stimuli including elevated temperatures (over 43°C), acidic environments (low pH), and
capsaicin, the active compound found in chili peppers (Brito et al., 2014; Chen et al., 2022; F.
Yang & Zheng, 2017). TRPV1 activation results in the entry of cations, specifically calcium
(Ca2+), into the cell, triggering a series of intracellular signaling cascades (Shah et al., 2020).
These pathways ultimately lead to the perception of pain and the production of substances that
promote inflammation, emphasizing the receptor's ability to contribute to both the sensing of
pain and the occurrence of inflammation.

2) Role of TRPV1 in Pain Sensation

TRPV1 receptors are essential for the perception and communication of pain. When
stimulated by harmful stimuli, TRPV1 receptors on pain-sensing neurons initiate the opening
of the channel, enabling positively charged ions to enter the cell (Benitez-Angeles et al., 2020).
This process causes depolarization of the neuron, resulting in the production of action potentials
that are conveyed to the central nervous system, where they are interpreted as pain (Li & Wang,
2021). This process is crucial for the body's capacity to perceive and react to detrimental
stimuli, offering a safeguarding mechanism against potential harm. Nevertheless, in
pathological circumstances, such as persistent pain, TRPV1 receptors have the potential to
become hypersensitive and excessively active. This sensitization can occur as a consequence
of continuous exposure to inflammatory mediators or nerve damage, resulting in increased pain
sensitivity and the occurrence of spontaneous pain (Matsuda et al.,, 2019). Gaining a
comprehensive understanding of the mechanisms that drive the activation and sensitization of
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TRPV1 is crucial in order to design precise and focused therapies for pain control.

3) TRPV1 in Inflammatory Processes

In addition to its function in perceiving pain, TRPV1 is also deeply implicated in
inflammatory processes. Stimulation of TRPV1 on sensory neurons not only initiates pain
signals but also results in the secretion of neuropeptides such as substance P and calcitonin
gene-related peptide (CGRP) (lyengar et al., 2017). These neuropeptides have a strong ability
to widen blood vessels and act as pro-inflammatory agents, which play a role in the body's
inflammatory response. They facilitate the expansion of blood vessels, heightened permeability
of blood vessels, and the mobilization of immune cells to the location of injury or infection. In
addition, the activation of TRPV1 might induce the synthesis of cytokines and chemokines, so
intensifying the inflammatory response (Bujak et al., 2019). TRPV1, when consistently
activated, has been associated with many inflammatory disorders such as arthritis,
inflammatory bowel disease, and neuropathic pain (Choi et al., 2016; Qu et al., 2023; Toledo-
Maurifio et al., 2018). Hence, regulating the activity of TRPV1 holds great potential as a
therapeutic approach to alleviate pain and manage inflammation in these circumstances.

Phytochemicals Targeting TRPV1

Phytochemicals are inherent substances present in plants that possess diverse biological
actions that are advantageous to human health (Harrison et al., 2015). While not classified as
essential nutrients like vitamins or minerals, these chemicals are recognized for their ability to
prevent disease and enhance health due to their antioxidant, anti-inflammatory, and anti-cancer
capabilities (Chang et al., 2019; Usman et al., 2022; Zhu et al., 2018). Phytochemicals regulate
the function of TRPV1 receptors through several ways, impacting their involvement in pain
and inflammation. Certain phytochemicals function as agonists by directly stimulating TRPV1
receptors. As an illustration, capsaicin, which is present in chili peppers, attaches to TRPV1
and triggers a structural alteration that unlocks the channel, resulting in the entry of ions and
the subsequent transmission of pain signals (Braga Ferreira et al., 2020; Cortés-Ferré et al.,
2021). Some phytochemicals serve as antagonists, which means they suppress the activation of
TRPV1 and hence decrease pain and inflammatory reactions (Abbas, 2020). In addition, many
phytochemicals indirectly regulate TRPV1 by affecting signaling pathways that control
receptor sensitivity and expression (Premkumar, 2014). These interactions may include the
regulation of intracellular calcium levels, suppression of protein kinases, or alterations in gene
expression.

Implications for Treating Pain and Inflammation

Phytochemicals have the potential to modulate TRPV1, which could be a promising
strategy for effectively treating pain and inflammation. Phytochemicals can provide analgesic
and anti-inflammatory effects by either activating or inhibiting TRPV1 receptors, which can
be advantageous in treating certain clinical diseases (Abbas, 2020). Phytochemicals such as
capsaicin, curcumin, gingerol, eugenol, and piperine are frequently utilized for their analgesic
and anti-inflammatory effects, as shown in Table 1.

Capsaicin from chili peppers is extensively used in topical creams and patches
(Anantaworasakul et al., 2020; Sultana et al., 2020). When capsaicin activates TRPV1 on
sensory neurons, it can lead to an initial sensation of burning pain followed by prolonged
desensitization and reduced pain signaling, contributing to its analgesic effects. Low doses of
topical capsaicin can produce reversible desensitization without long-term effects, while high
doses have been shown to cause degeneration of nerve fibers and could potentially provide
long-term pain relief (Hall et al., 2020). Based on Anand et al. (2022), capsaicin particularly in
high concentrations such as an 8% patch, has been found to be effective in providing pain relief
for individuals with painful diabetic neuropathy by desensitizing pain receptors and may also
contribute to the regeneration and restoration of nerve fibers, which can lead to prolonged
analgesic effects. Capsaicin has also been used in the management of painful conditions such
as painful menses, toothache, muscle pain, neuralgia, diabetic neuropathy, osteoarthritis, and
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rheumatoid arthritis due to its analgesic properties (Frias & Merighi, 2016). Clinical evidence
suggests that capsaicin can significantly reduce pain and improve sensory perception, with
some patients experiencing pain relief for up to 12 months after a single application (Fattori et
al., 2016). Similarly, curcumin when interacts with TRPV1, downregulating its expression and
signaling pathways, thereby offering significant anti-inflammatory and analgesic benefits. The
study by Huiseyin et al. (2022), shows the effects of curcumin in preclinical models of
neuropathic and postoperative pain, which curcumin can reduce neuropathic pain behaviors,
downregulate proinflammatory cytokines, and attenuate pain via various biochemical
pathways. The curcumin demonstrates both protective effects against injured neurons and anti-
hyperalgesic activity in the context of postoperative pain, providing pain relief and potentially
facilitating recovery. Study by M. Yang et al. (2017), shows that curcumin supplementation in
rats reduced visceral pain and the activity of pain receptors, indicating its potential as a pain
management agent for ulcerative colitis. However, when curcumin encounters capsaicin, it may
slightly reduce the ability of capsaicin to activate the TRPV1 channel because they are both
trying to bind to the same place on the protein (Wang, 2021). Instead of working together with
capsaicin to enhance the activation of TRPV1, curcumin appears to be in competition with it.

Ginger, which contains gingerol, acts as a mild agonist of TRPV1, providing warmth and
desensitization to reduce pain signaling. Since gingerol can bind to the same site on these
receptors as the pain-relieving capsaicin, this suggests that gingerol and similar ginger
compounds might have analgesic or pain-relieving properties (Yin et al., 2019). Gingerol,
particularly 6-gingerol, interacts with transient receptor potential vanilloid-1 channels similarly
to capsaicin. It inhibits the human TRPV1 channel by interacting with its various domains,
which can lead to a decrease in the activity and expression of these receptors and thus affect
pain perception (Andrei et al., 2022). Based on Fajrin et al. (2020), 6-shogaol, another active
compound of ginger has a strong affinity toward TRPV1 and its administration reduced the
expression of TRPV1 in the spinal cord of mice with painful diabetic neuropathy, leading to
alleviated hyperalgesia and allodynia. While eugenol has been found to function as a weak,
partial agonist of the TRPV1 receptor and as a competitive antagonist to capsaicin (Ye et al.,
2024). It exhibits an inhibitory effect on TRPV1, which requires the channel to be activated.
Eugenol does not impact heat induced TRPV1 channel activity, and its TRPV1 activation
requires a higher concentration compared to capsaicin due to the absence of an amide group
and a long aliphatic tail in its structure. Additionally, eugenol could increase the expression of
TRPV1 in cells and activate TRPV1 to induce intracellular calcium influx, which might be
associated with the desensitization of pain sensations upon continued exposure (Andrei et al.,
2023). Study by Al-ameedi et al. (2017), shows that Eugenol, found in clove bud extract have
pain-relieving and anti-inflammatory effects in mice. It reduces pain by blocking certain neural
channels and appears to lessen pain responses, as seen in tests. Based on Takahashi et al (2021),
eugenol effects are concentration dependent; at low pH, lower concentrations of eugenol
enhance TRPV1 activity, whereas higher concentrations first enhance and then suppress it.
Thus, eugenol does not affect TRPV1 when activated by heat.

Lastly, the commonly used of phytochemical for pain relief and inflammation is piperine
which also have warming sensation. Piperine activate the pain-related TRPV1 receptor, causing
calcium to enter cells and potentially enhancing the body's pain response. The study by
Panthong et al. (2020), observed that these substances enhanced contact sensitization in a
contact hypersensitivity model in mice, suggesting potential analgesic and adjuvant effects that
could be useful in the development of herbal analgesic drugs. Furthermore, based on Sanchez-
Trujillo et al. (2020), Piperine from black pepper was found to alleviate pain from normally
non-painful stimuli (allodynia) in rats with neuropathic pain. Administered in larger doses, it
appears to work by activating TRPV1 and GABA A receptors, showing promise as a treatment
for human neuropathic pain. These compounds offer a natural and often safer alternative to
conventional pain medications as shown in Table 1.
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Table 1. Key Phytochemicals Modulating TRPV1
Key Clinical Clinical Result Source
Phytochemicals Implications Applications
Nasal sprays, oral
ingestion for Effective in
weight weight loss,
Potential non- management, swallowing
opioid option with | dysphagia improvement,
Capsaicin varied improvement, pain relief, long- | (Braga Ferreira
P mechanisms, topical pain relief, | term et al., 2020)
possible cancer high-dose patches | neuropathic pain
cytotoxicity. for neuropathic relief, and
pain, diagnostic predicting
capsules for dyspepsia.
dyspepsia.
Reduces
Inhibits skin . . melanin
melanogenesis Topical application svnthesis i
, . . ynthesis in
Cansaici tential f for pigmentation ltured (Wuetal.,
psaicin potential for L culture
. and chronic pain 2020)
treating celief melanocytes and
hyperpigmentation. ' melanogenic
enzyme levels.
}lfllt{e;%c lt Srzgh tor Analgesic for Reduces lipid
for linid re 11101ation neuropathic, storage, protects
Capsaicin atherl; scler%) sis > | arthritic pain, itch, | gastric mucosa, | (Zhang etal.,
P revention. and gastrointestinal effective in 2021)
pas troin tesi[inal disorders, dietary | chronic pain
§r0 tection inclusion. management.
Anti-inflammatory, | Pain management Effectlv.e .
. . ; analgesic with S
Capsaicin beneﬁmal for in neu.ralgla, minimal side (Munjuluri et
cardiovascular diabetic : al., 2022)
effects, anti-
health. neuropathy. .
cancer potential.
Neuroprotective in r}?:l?rlf)cl(e)s cal
various conditions i rn%en ts (Abdel-Salam
Capsaicin like brain injury, - P ’ & Mozsik,
. , protects neurons
Parkinson's, from toxic 2023)
Alzheimer's. .
insults.
Reduces pain in
osteoarthritis,
M Creams, gels, h i
anages atches. sprays rheumatoi
Capsaicin neuropathic, ?n'ec ta‘t;le for}r,n’s arthritis, (Basith et al.,
P musculoskeletal jecta! . minimal 2016)
. . for various pain :
pain, pruritus. o systemic
conditions. .
absorption, few
side effects.
Directs . .
development of Significant pain
TRPV1-tarecti Pain and itch relief for
Canpsaicin anal esi_czrge ne treatment, arthritis, high- (F. Yang &
P ; den%i fies élru musculoskeletal concentration Zheng, 2017)
develo mentg pain management. | patches reduce
challenpges adverse effects.
. Therapeutic for Formulatlons f or Reduces slgn (Basharat et al.,
Capsaicin . . atopic dermatitis, inflammation
inflammatory skin .. 2021)
antioxidant, and edema,
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Key Clinical Clinical
Phytochemicals Implications Applications Result Source
conditions, pain anticancer beneficial for
management. properties, pain Alzheimer's
relief. disease
symptoms.
Antioxidant, anti- . Potential in pain
. Treats neuropathic, | management,
. inflammatory, . . - (Sun et al.,
Curcumin L ; postsurgical, bioavailability
antinociceptive for | : . . 2018)
. . inflammatory pain. | improvement
pain relief.
needed.
Anti-inflammatory, | Traditional Conflicting
. . efficacy and .
. anticancer, medicine uses for (Nalli et al.,
Curcumin o . . . safety reports,
antinociceptive inflammation, . 2017)
roperties pain, antioxidants further studies
p ' ’ " | needed.
Activates blood
circulation, pain
Curcumin - - relief, treats qi (Peng et al,
. 2022)
stagnation and
blood stasis.
Potential in Type 2 Improves
diabetes mellitus Dietary glucose control,
Gineerol (T2DM) treatment, | management, insulin (Pagano et al.,
& improves glucose traditional remedy | sensitivity, lipid | 2021)
control, lipid for T2DM. profiles; further
profile. studies needed.
Analgesic for
various pat types, Treats migraine,
potential Non- .
Gingerol steroidal anti- - dysmenorr.h.ea, (Kim ctal,
. osteoarthritis 2022)
inflammatory ain
drugs (NSAID) pathl.
alternative.
Analgesic effects RelleYes painl by S
. ) . targeting sodium | (Hitomi et al.,
Gingerol for pain conditions | - .
. . channels in 2017)
like oral mucositis.
Sensory neurons.
Significant
Antinociceptive, Dental pain relief, | analgesic and (Déciga-
Eugenol anti-inflammatory, | analgesic for anti- Campos et al.,
COX-2 inhibition. | various conditions. | inflammatory 2021)
effects.
Activates
. Transdermal TRPV1
Analgesic, local
. treatment, dental receptors, L
anesthetic, . . (Kopustinskiene
Eugenol . care, topical induces TRPV1
alternative to therapeutic expression et al., 2022)
opioids, NSAIDs. peut pres >,
formulations. effective pain
management.
Reduces
Antinociceptive, nociceptive
infl effects, engages livei 1
Piperine anti-inflammatory, | cholinergic and (Oliveira et al.,
TRPV1 receptor o 2018)
. vanilloid
involvement.
systems, no
toxicity.
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Other than that, Cocoa which are starting to be considered as Dietary supplements,
functional foods, on the other hand is less commonly used specifically for pain management
despite its promising therapeutic potential. The primary active compounds in cocoa,
theobromine and epicatechin, have demonstrated various health benefits, including anti-
inflammatory and analgesic properties (Dutra et al., 2024). However, its clinical applications
have been largely focused on general health and wellness, particularly in the form of dietary
supplements and functional foods aimed at improving cardiovascular health and overall
inflammatory markers.

Based on study by Aprila Fajrin et al. (2024), the ethanol extract of cocoa pod husk
(EECPH), has significant effects on the management of diabetic neuropathy in mice. EECPH
treatment demonstrated repair properties on the histology of the pancreas, improving the
number and diameter of Langerhans cells while decreasing degeneration and necrosis. The
treatment also improved nerve morphology in the mice, indicating potential benefits for
diabetic neuropathy. The expression of the TRPV-1 protein in the pancreas and spinal cord was
modulated by EECPH, with decreased expression correlating with reduced hyperalgesia and
blood glucose levels. Despite these promising attributes, cocoa remains underutilized in clinical
pain management (De Feo et al., 2020; Sa & Castor, 2023). This underutilization highlights the
urgency for more focused research on cocoa's analgesic properties. Conducting comprehensive
clinical trials to evaluate the efficacy and safety of cocoa compounds in pain management can
provide the necessary evidence to support its use in clinical practice. Such research can also
help identify the optimal dosages and formulations for maximizing therapeutic benefits.
Furthermore, expanding research on cocoa can lead to the discovery of novel mechanisms
through which its compounds alleviate pain and inflammation. Understanding these
mechanisms can pave the way for the development of new, targeted pain therapies that leverage
cocoa's natural properties.

Discussion

Phytochemicals targeting TRPV1 offer several potential therapeutic benefits for treating
pain and inflammation. These natural compounds provide analgesic and anti-inflammatory
effects with relatively fewer adverse effects compared to conventional medications. They offer
a holistic approach to pain management, addressing both the symptoms and underlying
mechanisms of pain and inflammation. Moreover, phytochemicals present diverse chemical
structures and mechanisms of action, allowing for the development of novel therapeutics
tailored to specific patient needs (Lagoa et al., 2020; Mazurakova et al., 2022). However, there
are limitations to consider, including variability in bioavailability, efficacy, and safety profiles
among different phytochemicals. Additionally, challenges related to standardization,
formulation, and regulatory approval pose hurdles to their widespread clinical use (Hossain et
al., 2022). Further research is needed to address these limitations and optimize the therapeutic
potential of phytochemicals in pain and inflammation management.

The integration of phytochemicals targeting TRPV1 into clinical practice requires a
multidisciplinary approach involving healthcare providers, researchers, and regulatory
agencies as shown in Figure 1. Clinicians or Healthcare providers play a crucial role by
incorporating phytochemical-based therapies as adjuncts or alternatives to conventional
treatments, particularly for patients with chronic pain conditions or those seeking natural
remedies (Choudhari et al., 2020). Essential to this process is patient education, ensuring that
patients are well-informed about the potential benefits, risks, and interactions of
phytochemicals with other medications (Dores et al., 2023; Ekor, 2014; Grellier et al., 2017).
Continuous education is vital for healthcare providers to stay updated on the latest research
findings and guidelines for the use of phytochemicals in pain and inflammation management.
Researchers are tasked with advancing the understanding of phytochemicals targeting TRPV1
by conducting rigorous studies on their efficacy and safety, as well as exploring their
mechanisms of action. Collaboration with industry stakeholders is critical for developing
standardized, safe, and effective phytochemical formulations (Cordell, 2015). Furthermore,
researchers are responsible for generating the evidence needed to create and support practice
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guidelines, which are then shared with healthcare providers to inform clinical practice.
Regulatory agencies are responsible for the regulation and oversight of phytochemical-based
therapies, ensuring they meet established safety and efficacy standards. These agencies also
develop and enforce guidelines for the clinical use of phytochemicals based on the latest
research (Bahorun et al., 2019). Additionally, they play a key role in promoting public
awareness about the benefits and risks associated with phytochemical use, ensuring that
accurate and transparent information is accessible to the public.

Collaboration on research and
formulation development Researchers

Advancing Research

_ Development of
TRPV1 Targeting Formulations

Phytochemicals Evidence-Based Guidelines

Implementation of guidelines and Ensuring evidence-based

dissemination of information Regulatory guidelines and safety standards

Agencies

* Regulation and Oversight
* Guideline Development
* Public Awareness

Figure 1. Integration approach of implementing phytochemical targeting TRPV1

Future research in the field of phytochemical modulation of TRPV1, especially cacao
which still less implemented should focus on several key areas to further elucidate their
therapeutic potential and optimize clinical outcomes. This includes investigating the
mechanisms of action of phytochemicals on TRPV1 receptors at the molecular level, exploring
synergistic interactions between phytochemicals and other therapeutic agents, and evaluating
their long-term safety and efficacy in large-scale clinical trials.

3. Conclusion

In conclusion, the exploration of phytochemicals as modulators of TRPV1 presents a
promising avenue for the effective treatment of pain and inflammation. Phytochemicals such
as capsaicin, curcumin, gingerol, eugenol, and piperine exhibit diverse mechanisms of action,
including both agonistic and antagonistic effects on TRPV1 receptors, offering analgesic and
anti-inflammatory benefits with potentially fewer adverse effects compared to conventional
medications. Meanwhile, it is crucial to underscore the urgent need for further exploration and
preclinical testing regarding the constituents of cocoa and their active compounds. Despite the
promising therapeutic potential demonstrated by compounds like theobromine and epicatechin
in various studies, their application in pain and inflammation management remains
incompletely understood. Further investigation into the mechanisms of action of these
compounds on TRPV1, coupled with preclinical research to elucidate their efficacy and safety
profiles, is imperative. Furthermore, a multidisciplinary approach involving healthcare
providers, researchers, and regulatory agencies is essential to integrate phytochemical-based
therapies into clinical practice effectively. Future research should focus on elucidating the
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molecular mechanisms of action of phytochemicals on TRPV1, exploring synergistic
interactions with other therapeutic agents, and conducting large-scale clinical trials to establish
their long-term safety and efficacy. By addressing these challenges and advancing the
understanding of phytochemical modulation of TRPV1, it can harness the therapeutic potential
of natural compounds to improve pain and inflammation management and enhance overall
patient care.
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