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ABSTRACT

This study investigates the pharmacological properties of lipoxygenase-derived metabolites, particularly 9-HODE and 13-
HODE, in modulating the activity of the transient receptor potential vanilloid-1 (TRPV1) ion channel, a key player in pain
signaling and neurogenic inflammation. Through fluorescence-based calcium imaging in cells overexpressing TRPV1, the
study explores the potency, efficacy, and desensitization potential of 9-HODE enantiomers in comparison with anandamide,
a well-known TRPV1 agonist. The findings reveal that 9(S)-HODE exhibits higher efficacy and potency in rat TRPV1
channels than 9(R)-HODE, though its activity in human TRPV1 is comparatively weaker. Additionally, 9-HODE
demonstrated partial desensitization of TRPV1, with a concentration-dependent response observed in dorsal root ganglion
(DRG) neurons. Unlike anandamide, which is selectively active at TRPV1, HODEs also interact with other TRP channels,
including TRPA1, TRPV2, and TRPM8. These results highlight the potential of lipoxygenase metabolites in modulating
pain pathways, offering new insights into their role in inflammatory pain and neurogenic inflammation. The study further
suggests that experimental conditions, such as assay endpoints and temperature, can significantly influence the potency of
TRPV1 agonists, underlining the complexity of their therapeutic potential.

Keywords :- TRPV1 ion channel, 9-HODE, Anandamide, TRP channels, Pain signaling.

Access this article online

Quick Response code
Home Page:
www.mcmed.us/journal/abs

Revised:12.07.2024 | Accepted:15.07.2024

Received:25.06.2024 |

INTRODUCTION

Several ion channels, including the transient
receptor potential vanilloid-1 (TRPV1), play significant
roles in the pathways associated with pain transmission
[1], as well as in conditions linked to heightened pain
sensitivity, such as hyperalgesia and allodynia [2].
TRPV1 is expressed in both the peripheral and central
nervous systems [3], specifically in regions responsible
for transmitting pain signals. It is predominantly found in
small and medium-sized unmyelinated nerve fibers [4].
The presence of TRPV1 is often associated with

neurogenic inflammation, which serves as a primary
trigger.

TRPV1 can be activated by a variety of physical
and chemical stimuli, including noxious heat, protons,
voltage changes, and certain compounds such as
endogenous lipids [5, 6]. Notably, some lipoxygenase-
derived metabolites, including anandamide and N-
arachidonoyldopamine, are capable of activating TRPV1
[7]. Interestingly, while activation of this channel can
initiate signaling, it may also lead to desensitization over
time.
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The passage also highlights the transient receptor
potential ankyrin-1 (TRPAL), which often functions in
tandem with TRPV1. TRPAL may become sensitized to
glutamate release in peripheral and central regions,
influencing synaptic transmission [8]. Additionally,
TRPA1 and TRPV1 can exhibit bidirectional
interactions, where activation or desensitization of one
channel may affect the other [9]. TRPAL activation has
been shown to inhibit voltage-gated calcium and sodium
currents, contributing to its analgesic effects.

Other pain-related ion channels, such as TRPV2
and TRPMS, are briefly mentioned. These channels are
primarily expressed in sensory neurons and, like TRPV1,
can be modulated by plant-derived cannabinoids and
endogenous endocannabinoids [10].

Endogenous binding proteins derived from

peripheral tissues are implicated in mechanical allodynia
and central sensitization, particularly through TRPV1
activation in the spinal cord. Research has identified 9-
hydroxyoctadecadienoic acid (9-HODE) and 13-
hydroxyoctadecadienoic acid (13-HODE) as potential
endogenous TRPVL1 ligands [11]. These ligands are
produced via the oxidation of linoleic acid by
lipoxygenases during peripheral inflammation or
exposure to noxious heat. TRPV1 activation by these
ligands leads to the release of neuropeptides such as
calcitonin gene-related peptide (CGRP) and substance P,
contributing to neurogenic inflammation.
To investigate the role of 9-HODE and 13-HODE in
TRPV1 activity, researchers conducted fluorescence-
based calcium assays and calcium imaging experiments
in cells overexpressing these ligands. Comparative
studies assessed the potency and efficacy of anandamide
lipoxygenase metabolites versus 9-HODE enantiomers.
Furthermore, the selectivity of 9-HODE and 13-HODE
for rat TRPV1 channels was evaluated in relation to
other channels such as TRPAL, TRPV2, and TRPMS.

METHODS

This study, conducted in 2023 at PSP Medical
College and Hospitals, Oragadam, Chennai, Tamil Nadu,
India, focused on experimental techniques and
procedures involving TRPA1l, TRPV1, TRPV2, and
TRPMS8 ion channels, along with calcium imaging in
dorsal root ganglion (DRG) neurons. Key reagents and
methods were procured and performed to maintain a
controlled experimental environment. Ethanolamides,
including 9(R)-HODE, 9(S)-HODE, (+/-)9-HODE, (+/-
)13-HODE, and 15(S)-HETE, were obtained from
Cayman Chemical for use in various assays. These
experiments utilized human embryonic kidney cells
(HEK-293) transfected with TRPV1-cDNA clones
derived from either human or rodent sources. The culture
medium used was EMEM supplemented with
nonessential amino acids and 10% fetal bovine serum

(FBS), and the cells were maintained at 37°C in a
humidified atmosphere with 5% COx.

TRPV1 Channel Assays: Intracellular calcium
concentrations ([Ca?']i) were measured using the
calcium indicator Fluo-4-AM. Following a 1-hour
incubation period for dye loading, the cells were
analyzed using a spectrofluorimeter. Changes in
fluorescence intensity were monitored to evaluate the
impact of test compounds on [Ca?']i. Both novel TRPV1
agonists and antagonists were screened, along with
desensitizing agents, to assess their potency and efficacy.
The results were recorded and analyzed using
appropriate fluorescence parameters.

Channel Assays for TRPAL, TRPV2, and TRPMS:

These channels were overexpressed in HEK-
293 cells for specific experimental setups. Calcium
imaging experiments were conducted using DRG
neurons cultured in specialized primary neuronal basal
medium (PNBM). For real-time observations, Fluo-4-
AM was perfused into cells within a custom-designed
perfusion chamber. Digital imaging systems captured
fluorescence images both before and after the application
of the test compounds. Dose-response experiments were
conducted to calculate half-maximal effective
concentrations (ECso) and inhibitory concentrations
(ICs). Curve fitting and parameter estimation were
performed using GraphPad Prism® software.

Data Analysis:

The fluorescence data were analyzed using a
mathematical model to calculate free calcium
concentration ([Ca?'[free), based on the formula:

24 _ F — Fnin
[Ca**]free = K, F—F
Here, Fnin represents baseline fluorescence, F is the
fluorescence signal, Fx is the maximum fluorescence at
calcium saturation, and Kp is the dissociation constant
for calcium binding. The results were statistically
analyzed using ANOVA followed by Bonferroni’s test to
determine the significance of differences between
groups.

Overall, this study utilized advanced
experimental methodologies and analytical tools to
investigate the pharmacological properties and
interactions of TRP channels and associated calcium
dynamics. The integration of fluorescence-based calcium
assays, high-resolution imaging, and robust statistical
tools provided reliable insights into the functional roles
of TRPV1, TRPA1l, TRPV2, and TRPMS8 in pain
signaling and neuronal activation. These procedures
represent a comprehensive and methodical approach to
elucidating the mechanisms underlying TRP channel
modulation in cellular and neuronal contexts.
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RESULT

In addition to activating TRPV1, 9-HODE
significantly increased intracellular Ca*" levels. When
compared with anandamide, an endogenous vanilloid
compound, 9-HODE demonstrated relatively low
efficacy, ranging between 14% and 38%. The 9(S)-
HODE enantiomer, which naturally occurs with a
specific configuration at the C-9 chiral center, displayed
higher efficacy. Conversely, the 9(R)-HODE enantiomer
exhibited inaccurate potency measurements and reduced
efficacy. In rat TRPV1 channels, the 9(S)-HODE
enantiomer showed the greatest potency, though it had
lower efficacy when compared to human TRPVL1.
Responses of human TRPV1 to HODEs were notably
weaker than to anandamide. However, human TRPV1
showed a more robust response to 15(S)-hydroxy-AEA
(15(S)-HAEA), a product of 15-lipoxygenase-mediated
oxidation of anandamide. The TRPV1 antagonist iodo-
resiniferatoxin (I-RTX) effectively blocked the activity
of 15(S)-HAEA.

Capsaicin-induced intracellular Ca*" elevation
was employed to evaluate whether various compounds
could desensitize TRPVI1. The ICso value for 15(S)-
HAEA in TRPV1 desensitization was determined to be
6.3 + 0.4 mM. In contrast, 9(S)-HODE displayed lower
desensitization potency (ICso = 86.22 mM), although it
acted as the fastest desensitizing enantiomer. These

findings highlight that HODEs are generally more
potent, efficacious, and capable of desensitizing TRPV1
than anandamide.

Effects of HODESs on Other TRP Channels

HODEs influence other TRP channels as well,
exhibiting overlapping functions with anandamide in
activating and desensitizing TRPV1. The importance of
these effects is emphasized through their differential
interactions across various TRP channel subtypes.

Neuronal Response to 9(S)-HODE in DRG

Given the potency and efficacy of 9(S)-HODE
among all tested HODEs, we sought to explore its
activity in primary cells that constitutively express TRP
channels. Calcium imaging using Fluo-4 as a
fluorimetric probe revealed that Ca2* levels increased in
95.2% of rat DRG neurons (n = 100) upon
administration of 50 mM 9(S)-HODE and 1 mM
capsaicin. When compared to ionomycin (4 mM) and
capsaicin (1 mM), 9(S)-HODE showed no significant
advantage in cell culture conditions. At a concentration
of 25 mM, 9(S)-HODE was nearly inactive, whereas it
displayed full activity at 50 mM, confirming its
concentration-dependent effectiveness.

Table 1: Neuronal Response to 9(S)-HODE and Other Compounds in DRG Neurons.

Compound | Concentration
(mM) (%)

Ca* Response in DRG Neurons | Significant Advantage | Full Activity

Over Reference

9(S)- 25 Nearly inactive No Yes (at 50 mM)
HODE
Capsaicin 50 95.2 - Yes

lonomycin | 4 Reference

Discussion:

The study revealed significant differences
between 9-HODE and anandamide regarding their
potency, efficacy, and selectivity for TRPV1. The
TRPV1 activity of 9(S)-HODE was influenced by the
configuration at the C-9 chiral center [13], while the
9(R)-HODE enantiomer was found to be ineffective.
Significant activity of 9-HODE agonists in rat DRG
neurons was observed only at higher concentrations
(above 25 mM). Human TRPV1, however, did not
exhibit the same sensitivity to HODEs as it did to
anandamide [14]. Furthermore, 15(S)-hydroxy-AEA
(15(S)-HAEA) was capable of inhibiting human TRPV1.
The inflammatory hyperalgesia associated with 15(S)-
lipoxygenase is more likely to result from the oxidation
of anandamide or arachidonic acid, rather than linoleic
acid.

Desensitization and Selectivity: While 9(S)-
HODE demonstrated lower potency than anandamide, it

still induced partial desensitization of TRPV1. Both 9-
HODE and 13-HODE were found to activate TRPA1
and/or TRPV?2 at concentrations similar to those required
to activate TRPV1, much like anandamide. However,
unlike anandamide, which is selective for TRPV1 over
TRPA1 and TRPV2 [15], there is no selective
endovanilloid activity observed with these HODEs.
Similar to other TRPV1 agonists, HODEs also exhibited
functional antagonism at TRPMS.

Assay Differences and Inconsistencies: This
study reported discrepancies in the potency of HODEs
compared to previous research. These discrepancies can
be attributed to differences in assay conditions, such as
the assay endpoints, temperatures, and the presence of
different endovanilloids. Despite these variations, the
findings suggest that HODEs are generally more potent,
effective, and selective than anandamide, while also
activating a broader range of TRP channels.
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CONCLUSION

This study highlights the significant role of
lipoxygenase-derived metabolites, particularly 9-HODE
and 13-HODE, in modulating TRPV1 activity and their
potential contribution to pain signaling and neurogenic
inflammation. The results suggest that the configuration
of HODE enantiomers significantly influences their
potency and efficacy in activating TRPV1, with 9(S)-
HODE showing the greatest efficacy in rat TRPV1
channels. While 9-HODE demonstrated lower potency
than anandamide, it was still able to desensitize TRPV1,
indicating its potential as a modulator in pain pathways.
Moreover, the study underscores the broader functional
effects of HODEs, as they also interact with other TRP
channels such as TRPA1, TRPV2, and TRPMS, further
complicating their role in pain modulation. This wide-
ranging interaction profile contrasts with the more

selective activity of anandamide for TRPV1. The
differential effects of HODEs on TRP channels, coupled
with the higher concentrations required to activate
TRPV1 in primary neurons, suggest that they may play a
nuanced role in pain signaling, especially in conditions of
inflammation or chronic pain.

In addition, discrepancies in potency between
this study and previous research emphasize the
importance of experimental conditions in determining the
effects of TRPV1 agonists. These findings also provide
insights into the potential of lipoxygenase metabolites as
therapeutic targets for modulating TRPV1 activity in
inflammatory pain and hyperalgesia. Further studies are
needed to explore the broader implications of HODEs in
both peripheral and central pain processing, as well as
their potential as therapeutic agents for pain relief.
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