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Abstract: Epilepsy is one of the most common neurological diseases worldwide with a high prevalence and unknown

pathogenesis. Further, its control is challenging. It is generally accepted that an imbalance between the excitatory and

inhibitory properties of the central nervous system (CNS) leads to a large number of abnormally synchronized

neuronal discharges in the brain. Transient receptor potential vanilloid protein type 1 (TRPV1) is a non-selective

cation channel that contributes to the regulation of the nervous system and influences the excitability of the nervous

system. This includes the release of neurotransmitters, action potential generation due to alterations in ion channels,

synaptic transmission, and the changes in glial cells. There is abundant evidence that TRPV1 is widely expressed in

the central nervous system (including microglia) and is involved in the development of epilepsy through

neuroinflammation. In conclusion, microglial TRPV1 participates in neuroinflammatory reactions and functions as a

potential proinflammatory mediator. This presents a novel treatment approach to regulate seizures brought on by

neuroinflammation.

Introduction

Epilepsy is a chronic and recurrent seizure disorder caused by
abnormal neuronal discharges that result in brain
dysfunction. The etiology of epilepsy falls into the following
categories: structural, genetic, infectious, metabolic,
immunological, and unknown causes (Scheffer et al., 2017).
Currently, the targets of clinical antiepileptic drugs (AEDs)
include ion channels, neurotransmitter transporters, and
neurotransmitter metabolizing enzymes. Recently, TRPV1
channels are emerging as a new potential antiepileptic
target, according to many studies. TRPV1 is widely
expressed in the CNS such as in the hippocampus, cortex,
cerebellum, olfactory bulb, midbrain, hindbrain, caudate
nucleus, thalamus, hypothalamus, and basal ganglia regions
(Toth et al., 2005). Further, it is highly expressed in the
hippocampus, the cytoplasm of cortical neurons and
dendrites (Hurtado-Zavala et al., 2017). In addition, TRPV1
is also expressed in microglia (Kong et al., 2019). Hence, the
central nervous system shows high levels of TRPV1
expression, particularly in microglia. Microglia are the

resident immune cells of the central nervous system,
accounting for about 5%–12% of brain cells (Lawson et al.,
1990). The morphological changes of microglia reflect the
degree of their activation. There are generally two types of
morphologies: the resting state, which is characterized by a
small branching cell body, and the active state, which is
characterized by a large cell body and shortened protrusions
like the shape of amoebas. In the development of epilepsy,
microglia were shown to actively monitor their
surroundings and regulate neurogenesis (Cunningham et al.,
2013), and also promoted neurons survival (Ueno et al.,
2013). Reports also showed they phagocytose neurons
(Svahn et al., 2013), regulate axonal connections (Squarzoni
et al., 2014), induce synapse formation (Miyamoto et al.,
2016), and phagocytosis synapses. Microglia also affect how
the brain functions by interacting with synapses. They also
support the preservation of synaptic function and the
development of learner-dependent synapses (Tremblay et
al., 2010; Wang et al., 2016) (Fig. 1). Different studies have
shown that inflammatory processes driven by glial cell
activation and proinflammatory cytokine release cause
neuronal damage that leads to epileptogenesis, a potential
epilepsy-related process (Devinsky et al., 2013; Vezzani,
2014). However, due to the complex mechanism of
microglial TRPV1 in epilepsy, the development of related
drugs still faces many challenges. In this article, we will
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mainly review the role and molecular mechanism of TRPV1
channels in microglia in epilepsy to provide theoretical
support for the treatment of epilepsy and the development
of drugs related to TRPV1 channels in microglia.

Transient Receptor Potential Vanilloid Protein Type 1
Channel

An overview of the transient receptor potential vanilloid
protein type 1
TRPV1 is a nonselective cation channel that was first reported
in 1997 in sensory neurons including dorsal root ganglion
(DRG) and trigeminal ganglion neurons (Caterina et al.,
1997). Using cryo-electron microscopy, it was found that
there is a pore between the fifth and sixth transmembrane
structural domains of the channel, which has six
transmembrane structural domains. The channel also has
cytosolic N- and C-terminal binding sites for substances
that control TRPV1 activity such as calmodulin, or CaM,
and ATP binding sites at the N- and C-terminals. TRPV1
exhibits high divalent selectivity, and activation produces a
significant flux of Ca2+ into cells (Liao et al., 2013). A study
used a pharmacological probe (peptide toxin and small
vanilloid-like agonist) to confirm that the capsaicin receptor
TRPV1 has a unique double-gating mechanism (Cao et al.,
2013).

Further, physical, chemical, endogenous, and external
stimuli can all activate TRPV1 channels. For instance,
TRPV1 could be activated by hazardous heat (>42°C)
(Tominaga et al., 1998), an acid solution (pH < 6.5)
(Tominaga et al., 1998), oxidative stress (NO, hydrogen
peroxide), endogenous lipid-derived molecules (unsaturated
N-acyldopamine, lipoxygenase products of arachidonic acid,
and endocannabinoids and some of their homologs) (van
der Stelt and di Marzo, 2004), food components(capsaicin)
and toxins (resinous toxins and vanilloid toxins) (Cao et al.,
2013). Additionally, exogenous substances such as
evodiamine, rutacine alkaloids, and M-channel blocker
linobidine were also shown to activate TRPV1 (Neacsu and
Babes, 2010; Ivanova and Spiteller, 2014).

TRPV1 channels were initially found to be expressed
mainly in neurons associated with injury perception. Hence,

the majority of the early research on TRPV1 focused on its
function in damage perception, and the intervention studies
on TRPV1 drugs were mainly aimed at the treatment of
pain. However, a growing number of studies have found
that TRPV1 is also expressed in neurons that are not related
to nociceptive sensation and in many different non-
neuronal tissues (Szallasi et al., 2007). Further, the brain was
discovered to have high levels of TRPV1 channel expression,
particularly in synapses (mainly in the postsynaptic zone
but also in presynaptic neurons), and the astrocyte endfeet
and pericytes by using immunohistochemistry, RT-PCR,
and in situ hybridization. The use of double-labeled
immunofluorescence colocalization with glutamate and γ-
aminobutyric acid (GABA) indicated that TRPV1 is
distributed on both glutamatergic and GABAergic neurons
(Sun et al., 2013). Given that the level and localization of
TRPV1 show a wide variation among studies, despite the
abundance of research studies, the presence of TRPV1 in
the brain is still a contentious topic (Menigoz and Boudes,
2011). Interestingly, the use of TRPV1 reporter mice
revealed robust expression of TRPV1 in primary afferent
neurons, with very low-level expression in several discrete
brain regions, most notably within and near the caudal
hypothalamus (Cavanaugh et al., 2011). This difference may
be caused by the transient expression of TRPV1 during
development. Other investigators have used reporter mice to
show that the specific medulla regions are innervated by
TRPV1 vagal afferent subsets (Kim et al., 2020).
Understanding the location of TRPV1 helps to clarify its
potential significance in epilepsy and is consistent with its
several roles.

The transient receptor potential vanilloid protein type 1
channel and epilepsy
Recently, several studies attempted to answer the question
regarding the physiological and behavioral relevance of
TRPV1 in epilepsy (Fig. 2). Experimental studies have
shown that in pilocarpine-treated mice, TRPV1 protein
levels in the dentate gyrus were increased after undergoing
status epilepticus (Bhaskaran and Smith, 2010). It was also
shown that TRPV1 is expressed not only in the plasma
membranes but also in the endoplasmic reticulum and
calcium storage vesicles (Marshall et al., 2003). Another
report revealed that TRPV1 influences the pathological
course of epilepsy through the regulation of synaptic
plasticity (Saffarzadeh et al., 2015). Synaptic plasticity is
mainly characterized by long-temporal inhibition of long-
term potentiation (LTP) and long-term depression (LTD)
(Bear and Malenka, 1994). Further, some researchers found
that TRPV1 was associated with LTP changes in
pilocarpine-induced status epilepticus (Saffarzadeh et al.,
2015). In one study, the in vivo induction of mossy cells
(MCs) and granule cells (GC) by LTP exacerbated kainic
acid (KA)-induced seizures (Nasrallah et al., 2022). In
animal models of epilepsy studies, it was found that the
synaptic connections in the granule cells of the dentate
gyrus of the epileptic hippocampus are similar to those of
LTP. Further, alterations in these synaptic connections in
LTP increase the efficacy of synaptic transmission and cause
increased excitability of the corresponding neurons, which

FIGURE 1. The role of microglia in the central nervous system.
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may be associated with epileptogenesis (Leite et al., 2005).
TRPV1-mediated LTD may play a role in physiological and
pathological changes during epileptic activity (Gibson et al.,
2008). In one report, the activation of TRPV1 facilitated
LTP and suppressed LTD (Li et al., 2008). Additionally,
nerve growth factor (NGF) has been proven to be a
regulator of TRPV1 expression (Chuang et al., 2001). NGF
enhances TRPV1 function and total phosphorylation. NGF
acts on TrkA receptors and increases TRPV1 expression
levels by phosphorylating TRPV1 at a single tyrosine residue
(Zhang et al., 2005). However, the phosphorylation of
individual tyrosines enhances mossy fiber sprouting,
exacerbates neuronal damage, and accelerates seizure
development (Adams et al., 1997).

Additionally, TRPV1 activation could affect excitatory or
inhibitory neurotransmitter release (Shoudai et al., 2010;
Chavez et al., 2014). Studies have shown that TRPV1 is
present in synapses, presynaptic neurons, interneurons, and
postsynaptic neurons (Zhang et al., 2020). Reports on the
function of TRPV1 in synaptic plasticity have found that
TRPV1 can not only regulate excitatory synaptic input but
also target inhibitory synapses. For example, cells in
glutamatergic synaptic circuits in the hippocampus and
endocannabinoids regulate inhibitory synaptic transmission
by targeting TRPV1 channels (Chavez et al., 2014; Lee et al.,
2015). Looking at the control control of synaptic

transmission by TRPV1 in the CNS, it was widely believed
that TRPV1 activation not only regulates synaptic
transmission through presynaptic mechanisms but also
participates in synaptic transmission through postsynaptic
mechanisms (Doyle et al., 2002; Marinelli et al., 2003).
TRPV1 can be expressed in both pre-synaptic and post-
synaptic conditions and can increase or decrease the release
of neurotransmission depending on the specific synapse. For
instance, presynaptic TRPV1 usually increases glutamate
neurotransmitter release by increasing presynaptic calcium
concentration. Similarly, activation of this receptor in the
striatum enhances glutamate and epinephrine/
norepinephrine release in this brain region (Marinelli et al.,
2002). TRPV1 was also implicated in the modulation of
GABAergic transmission and glutamatergic transmission.
For example, using a combination of pharmacology,
electrophysiology, and an in vivo knockdown strategy, it was
demonstrated that activation of TRPV1 by capsaicin or an
endocannabinoid inhibited somatic but not dendritic
inhibitory GABAergic transmission in the dentate gyrus of
rats and mice (Chavez et al., 2014). The postsynaptic
mechanisms of TRPV1 including calcineurin and chained
lipoprotein-dependent AMPA receptor internalization
prevented excitatory transmission in the dentate gyrus of
rats and mice. Additionally, TRPV1-dependent regulation of
excitatory propagation in the nucleus accumbens is also

FIGURE 2. Transient receptor potential vanilloid protein type 1 (TRPV1) channel activation leads to a large increase in calcium (Ca2+). It has
been reported that mitochondria accumulate Ca2+, in which case there is a large amount of Ca2+ in the cell. In excessive amounts, Ca2+ can
result in significant mitochondrial permeability shift or even mitochondrial membrane rupture, and outer membrane rupture causes huge
swelling of the mitochondria and the release of molecules that trigger apoptosis, including caspase3 and caspase9 and ROS in high levels.
Heat treatment (over 42°C), acidic solutions (pH < 6.5), oxidative stress (NO, hydrogen peroxide), endogenous lipid derivative compounds
(such as unsaturated N-acyl dopamine, arachidonic acid lipoxygenase product, and some endocannabinoids and their homologs), food
ingredients (for instance, capsaicin), toxins (examples include resin toxins and vanilla toxins), and exogenous substances all induce Ca2+

accumulation through desensitization of TRPV1 channels. Moreover, by activating TRPV1 channels, it increases the rate of glutamate
release spontaneously from presynaptic terminals to neurons.
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mediated via postsynaptic processes, like endocytosis of α-
amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptors. (Chavez et al., 2010; Grueter et al.,
2010). Although the precise localization of TRPV1 remains
controversial, it has been demonstrated to control synaptic
efficacy in the postsynaptic compartments and
neurotransmitter release from presynaptic terminals.
Further, TRPV1 can alter the induction of additional types
of plasticity in addition to taking part in these types of
synaptic plasticity mechanisms. Recently, it was found that
TRPV1 can affect transmission between synapses, and
TRPV1 influences synaptic transmission through the
calcium ion concentration. Synaptic transmission in the
prefrontal cortex and the effects of capsaicin and
endogenous N-arachidonoyl taurine on TRPV1 activation
were also explored. It has been demonstrated in mice that
the exogenous agonist capsaicin activates TRPV1, which
controls synaptic activity in glutamatergic and GABAergic
synaptic transmission. Furthermore, TRPV1 activation by
the naturally occurring activator N-arachidonic acyl taurine
(NAT) also resulted in outcomes comparable to those of
capsaicin. Taurine, a NAT catabolic product, on the other
hand, significantly reduced the transmission of such induced
glutamatergic synapses. TRPV1 may also be found in
inhibitory interneurons according to immunohistochemistry
reports (Hurtado-Zavala et al., 2017). The findings
consistently demonstrate that TRPV1 enhances excitatory
innervation with a decreased frequency of miniature
inhibitory postsynaptic currents (mIPSCs) in foramen ovale
molecule (OLM) interneurons in the hippocampus.
Endocannabinoids (eCB), which are generally released from
postsynaptic compartments and work retrogradely to block
synaptic transmission, are also produced at a higher rate as
a result of TRPV1 activation (Chavez et al., 2014).

In the pentylenetetrazol-induced epilepsy rats,
hippocampal neurons showed higher apoptosis,
mitochondrial membrane depolarization, intracellular
reactive oxygen species (ROS), and caspase-3 and caspase-9
values via TRPV1 channels than in normal rats (Naziroglu
et al., 2015). Further, increased ROS generation is linked to
TRPV1 activation given that ROS can also influence this
signaling pathway. Nitric oxide (NO) and reactive oxygen
species can cause amino acid residues to be phosphorylated
to aggravate the toxic damage to neurons. There is proof
that TRPV1 activation boosts ROS production, disturbs the
mitochondrial membrane potential, and causes an
imbalance in the level of Ca2+ in cells. Reactive substances
(RSs) such as ROS and reactive nitrogen species (RNS)
produced in excess were shown to gradually impair
intracellular Ca2+ homeostasis. This made neurons more
vulnerable to further stress and activated cell apoptotic
pathways (Olowe et al., 2020). The findings on the
expression and function of TRPV1 in epileptic animal
models or epileptic patients are summarized in Table 1.

In contrast to the proconvulsive roles described above,
TRPV1 activation has also been linked to anticonvulsant
effects in a number of preclinical models (Jiang and Yu,
2023). Many animal studies show that capsaicin exerts both
anti- and pro-epileptic effects. For instance, the activation of
the TRPV1 receptors with capsaicin was also shown to
induce neuronal death both in vitro and in vivo (Gonzalez-
Reyes et al., 2013). The administration of the TRPV1
channel agonist capsaicin enhanced epileptic activity in rat
hippocampal. Further, mice with TRPV1 receptor blockers
have higher seizure thresholds (Socala et al., 2015).
Additionally, capsaicin reduced the severity of brain
oxidative stress, seizures, and neuronal damage and
provided neuronal protection (Lee et al., 2011; Abdel-Salam

TABLE 1

Transient receptor potential vanilloid protein type 1 (TRPV1) expression and its functions in epilepsy patients and animal models

Model Expression region examined Functions References

Rat with kainate-
induced seizure

Hippocampus, Neurons and Microglia Inhibit microglia activation, mitigates neuronal damage Landucci
et al.
(2022)

Mice with
hyperthermia-
induced febrile
seizure

Hippocampus and cortex, Neurons CPro-inflammatory cytokines.
CIncreased interleukin-1β(IL-1β), increased interleukin-6
(IL-6), tumor necrosis factor-α(TNF-α) and High
mobility group box-1 (HMGB1)

Huang et
al. (2015)

Mice with
Pentylenetetrazol-
induced seizure

Electroencephalograph and seizure
behavior with Trpv1 gene knock-out and
wild-type C57/BL6 mice

BSeizure susceptibility Kong et al.
(2014)

Rats with
Pentylenetetrazol-
induced epilepsy

Hippocampal neurons Inhibition of apoptosis, epileptic seizures and calcium
accumulation

Naziroglu
and Ovey
(2015)

Hippocampus brain
slices with Mg(2+)-
free solution

Hippocampal neurons Reduced both epileptiform burst amplitude and duration Iannotti et
al. (2014)

Rats with
pentylenetetrazol-
induced epilepsy

Hippocampal neurons CApoptosis, mitochondrial membrane depolarization,
intracellular reactive oxygen species (ROS), caspase-3 and
caspase-9

Naziroglu
et al.
(2015)
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et al., 2020; Pasierski and Szulczyk, 2022; Tyagi et al., 2022).
Capsaicin may exert its antiepileptic effects by causing
TRPV1 dephosphorylation through a calcium-dependent
mechanism (Koplas et al., 1997). In line with these findings,
a recent study suggests that cannabidiol (CBD), a TRPV1
agonist, also has anticonvulsant and neuroprotective effects
(Gray and Whalley, 2020). In contrast, other studies
indicated that the seizure threshold was reduced thus
facilitating epileptogenesis (Wallace et al., 2002).
Additonally, TRPV1 was strongly phosphorylated in
epileptic hippocampal tissue with both capsaicin and CBD
inducing TRPV1 dephosphorylation (Iannotti et al., 2014).
Further, many studies now indicate that TRPV1 has
physiological relevance for epilepsy, with reported functions
including those in rodent models. For example, TRPV1
knockdown reduces epilepsy susceptibility (Barrett et al.,
2016). A TRPV1 knock-out mouse model showed a
prolonged onset latency and a shortened duration and
seizure grade of febrile seizures when compared with wild
type (WT) mice based on behavioral testing for febrile
seizures (Huang et al., 2015). In addition, TRPV1 gene
deficiency decreased the susceptibility to PTZ-induced
seizures following early-life hyperthermia challenges in mice
(Kong et al., 2014).

Microglia, Neurons and Epilepsy

Many pathogenic effects, including neuronal loss, mossy fiber
sprouting, hippocampus glial proliferation, and synaptic
remodeling are caused by adult convulsions (Wolf et al.,
1993; Cendes et al., 1995). Many studies have shown that
microglia proliferate and secrete proinflammatory factors
after epileptogenesis, causing glial scarring. Microglia also
respond to the epileptic environment and alter their activity
by releasing proinflammatory and anti-inflammatory
cytokines (Benson et al., 2015), engulfing apoptotic and
viable cells (Luo et al., 2016), phagocytosing synapses
(Wyatt et al., 2017), and cause synaptic stripping Microglia
display a diverse phenotype in the epileptic brain that can
either be epileptic or antiepileptic. It has been suggested that
while brief microglial activation is advantageous (Vinet et
al., 2012), the development of epilepsy is adversely affected
by persistent microglial activation (Qin et al., 2007). Hence,
it is critical to understand how microglia change over each
stage of epileptogenesis. Microglia regulate hippocampal
structure and function after early seizures (Andoh et al.,
2020), neurogenesis, mossy fiber sprouting from granulosa
cells, and hyperexcitability (increased excitatory
neurotransmitters (Shoudai et al., 2010) and decreased
inhibitory neurotransmitters (Chavez et al., 2014)).
Microglia may also regulate mossy fiber sprouting early in
epileptic seizures. Studies have shown that in a neonatal rat
model of sepsis, interleukin-1β (IL-1β) production by
microglia decreased axon elongation factor (Han et al.,
2017). Following glutardiazole-induced convulsions in rats,
the expression level of repulsive guidance molecule-a
(RGMa), a molecule that prevents mossy fiber budding, was
also found to be diminished. Subsequent to spinal cord
damage in rats, active microglia showed elevated RGMa
expression, which slowed axonal development. These results

imply that convulsions may lower RGMa microglial
expression in the hippocampus, facilitating mossy fiber
elongation and branching (Li et al., 2012; Song et al., 2015).

A pathological alteration documented in epilepsy is
extensive synaptic remodeling. Microglia form neural
circuits through the release of soluble factors and direct
physical contact and also participate in neural network
elimination and synapse formation (Rice et al., 2015). Small,
soluble molecules known as soluble cytokines are involved
in intercellular communication, which control the
development, survival, differentiation, and function of cells.
These include colony-stimulating factors, insulin-like growth
factor (IGF), tumor necrosis factor (TNF), interferons (IFN),
interleukins, chemokines, transforming growth factor (TGF),
and neurotrophic factors like NGF and brain-derived
neurotrophic factor (BDNF). TNF was shown to influence
synaptic plasticity by interacting with the AMPA receptor
(Parkhurst et al., 2013). However, excessive amounts of
cytokines such as IL-1, IL-18, IFN, and TNFα have a
detrimental effect on neurons and impair synaptic plasticity.
Microglia contribute to synaptic formation and remodeling
during development and regulate synaptic enhancement and
plasticity through IL-1β release. Epileptic neuronal
hyperexcitability enhances neuronal interaction with
microglia, microglia activation, and IL-1β release. GABA is
an inhibitory neurotransmitter that can regulate the
remodeling and pruning of inhibitory synapses during
neural development by acting on microglia. Patients with
temporal lobe seizures have significantly more numbers of
microglia in their neurons. GABA in microglia can slow
down the presynaptic migration of microglia mediated by
P2Y12 receptors, thereby reducing neuronal excitability and
seizure susceptibility (Wan et al., 2020). Mice lacking P2Y12
receptors exhibit reduced microglia-neuron interactions and
increased severe seizures during status epilepticus (Badimon
et al., 2020). It has also been shown that the complement
cascade systems C1q, C3, C4, and CD47-SIRPα are involved
in synaptic eliminationin the brain (Stevens et al., 2007;
Lehrman et al., 2018; Sekar et al., 2022). Further, genetic
disruption of the microglia-specific protein DAP12
increased LTP and synaptic plasticity. Alterations in the
glutamate receptor content at synapses and microglial brain-
derived neurotrophic factor were proposed as the causes of
these changes (Roumier et al., 2004). Microglia also display
calcium level increases in response to increased neuronal
activity with microglia having strong calcium activity during
kainate administration-induced status epilepticus (Umpierre
et al., 2020). Using high-resolution two-photon imaging in
vivo and in vitro, investigators observed a significant
increase in microglial process convergence (MPC) following
experimental seizures induced by kainic acid or pilocarpine.
A deficiency of the fractalkine receptor (CX3CR1) decreased
MPC, while fractalkine (CX3CL1) treatment increased MPC.
This suggests that fractalkine signaling is a key regulator of
these microglia-neuron interactions (Eyo et al., 2016).

Microglia express a variety of neurotransmitter receptors,
such as glutamate receptors, GABA receptors, and purinergic
receptors to name a few. For instance, primary cultured rat
microglia expressed functional AMPA-kainateGluRs, and
stimulation of AMPA-kainateGluRs promoted the release of
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TNFα (Noda et al., 2000). Microglia also express purinergic
receptors, which upon activation affect the release of
potassium channels and cytokines from microglia and are
essential for the maintenance of membrane resting potential
and cytokine release. In addition, microglia also release ATP
or adenosine, a signal that plays a key role in
epileptogenesis, and experiments have shown increased
expression of microglia purinergic receptors in patients with
seizures and temporal lobe epilepsy (Ulmann et al., 2013).
Microglia feedback inhibits neuronal activity while the
elimination of microglia promotes epilepsy, and the ATP-
adenosine-A1R pathway mediates its feedback inhibition.

Microglia Transient Receptor Potential Vanilloid Protein
Type 1 and Epilepsy

The role of transient receptor potential vanilloid protein type 1
in microglial cells
Several studies on microglia and microglia cell lines have
shown that TRPV1 is expressed in microglia cell
membranes and in the membranes of microglial
intracellular organelles (Marrone et al., 2017). These include
the mitochondria, endoplasmic reticulum (ER), lysosomes,
and the Golgi apparatus (Miyake et al., 2015). TRPV1
activation results in a variety of outcomes, including
changes in microglial morphology, phagocytosis and death,
cell migration, the production of cytokines, and the
formation of ROS (Kim et al., 2006; Sappington and
Calkins, 2008; Schilling and Eder, 2009) (Fig. 3).

In a report, TRPV1 could promote microglial injury
through calcium signaling and mitochondrial destruction.
TRPV1 promoted both in vivo and in vitro microglial cell
death via Ca2+-mediated mitochondrial damage and
cytochrome c release (Kim et al., 2006) and Ca2+ influx may
promote microglia hyperactivation. Microglia TRPV1 was
found to be altered during microglial overactivation in a

mouse model by using immunofluorescence sections
Further, TRPV1 protein expression was significantly
upregulated on microglia under stress, revealing that TRPV1
protein in microglia was involved in a rapid response
process to stress. The observations suggest that TRPV1
channels are involved in regulating NADPH oxidase-
mediated ROS production in microglia (Schilling and Eder,
2009). Stimulation of microglia TRPV1 can control cortical
microglia activation and indirectly enhance glutamatergic
transmission in neurons by promoting extracellular
microvesicular shedding (Marrone et al., 2017). TRPV1 was
found to control the expression of genes necessary for
aerobic glycolysis and mitochondrial respiration to regulate
microglial metabolic activities (Ding et al., 2021).

TRPV1 may also mediate neuroinflammation by
regulating microglial activity. TRPV1 is activated in
response to stimulation by changing the morphology and
characteristics of microglial cells that monitor the neuronal
network and the surroundings of the brain, clear away
cellular debris, and aid in tissue healing. Inflammatory
pathways and neuronal dysfunction may become self-
sustaining and result in persistent neuroinflammation after
triggering events if there is ineffective control. Further, M1
and M2 phenotypes can be formed from polarized
microglial activation (Benson et al., 2015; Hu et al., 2015).
While the M1 phenotype expresses pro-inflammatory
cytokines and induces neuroinflammation, the M2
phenotype expresses anti-inflammatory cytokines, which
inhibit neuroinflammation and repair tissue. By boosting the
production and release of pro-inflammatory mediators, such
as TNF, IL-1, IL-6, HMGB1, and ROS, activation of TRPV1
may directly impact the microglial pathophysiological
response and shift microglia to an amoeboid-like
morphology and M1 polarization state (Bok et al., 2018;
Landucci et al., 2022). Relevant studies have shown that the
dysregulation of microglial TRPV1 can lead to
neuroinflammation and further aggravate neuronal damage.

FIGURE 3. The mechanisms associated with transient receptor potential
vanilloid protein type 1 (TRPV1) in epilepsy: In animal models of
epilepsy, TRPV1 activation exacerbates the pathological process of
epilepsy by altering the release of excitatory and inhibitory
neurotransmitters, oxidative stress, prominent remodeling, and mossy
fiber outgrowth. In contrast, persistent epilepsy exacerbates oxidative
neuronal damage, mossy outgrowth, and hippocampal sclerosis. Microglia
TRPV1 can exacerbate neuronal damage by releasing cytokines, and
inflammatory mediators, to activate microglia, leading to epilepsy.
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Microglial TRPV1 is located in the mitochondria, and
activation of this channel induces mitochondrial
depolarization, which then generates mtROS (activation of
cell migration via mitogen-activated protein kinases or
MAPK activation) (Marrone et al., 2017). Patients with
temporal lobe epilepsy had higher levels of TRPV1
expression in their cortex and hippocampus, which could
cause inflammation (Sun et al., 2013). TRPV1 was also
implicated in the inflammation caused by microglia when
capsaicin therapy increased bradykinin B1 receptor levels,
which were linked to increased interleukin-1 (IL-1) and
ROS generation as well as the redox-regulated NF-κB
pathway in spinal microglia (Talbot et al., 2012). As a
TRPV1 antagonist, Win-55, 212-2(WIN-2) decreased
microglial activation and the production of proinflammatory
cytokines while increasing the production of the anti-
inflammatory cytokine IL-1α. However, it also activates
cannabinoid receptors to increase hippocampal
neurogenesis. The antagonist actions of WIN-2 at the
TRPV1 receptor are responsible for the reduction in
microglial activation, which indicates that TRPV1 is
involved in hippocampal inflammation (Marchalant et al.,
2009). In addition to the cannabinoid agonists WIN-55 and
WIN-2, recent studies have shown that epoxides are also
able to affect the activity of cannabinoid receptor 1 (CB1),
and cannabinoid receptor 2 (CB2), and TRPV1 receptors.
These epoxides raise the levels of the anti-inflammatory IL-
10 cytokine in activated microglia and reduce
proinflammatory indicators interleukins: IL-6, IL-1β, tumor
necrosis factor-alpha (TNF-α), and NO. Activated microglia
also themselves produce epoxides, and the presence of
anandamide promotes this process. Epoxidase is activated
by inflammation, which speeds up the metabolism of N-
arachidonoyl-dopamine, N-arachidonoyl-serotonin, and
other eCBs to produce the appropriate epoxides. Further,
the anti-inflammatory drugs dopamine and 5-
hydroxytryptamine can modulate cannabinoid receptors and
TRPV1 channels by forming epoxides through the binding
of epoxides to the endogenous cannabinoid eCB (Arnold et
al., 2021).

Depending on the cytokine environment, TRPV1
modulation has pro- or anti-inflammatory effects.
Additionally, TRPV1 antagonism can change the
phenotype of microglia into an anti-inflammatory type. In
addition, TRPV1 inhibitors alter calcium ion levels, which
has neuroprotective effects. As expected, although many
studies have shown proinflammatory effects of TRPV1,
different experiments have shown a protective role of
TRPV1 in several neurological disorders. In a rat model of
ischemia-reperfusion injury, TRPV1 has been found to
have advantageous neuroprotective effects as a crucial anti-
inflammatory modulator in the process of neurological
diseases. It was proposed that TRPV1 agonists may act
as anti-inflammatory molecules and immunomodulators
in the rat model of experimental autoimmune
encephalomyelitis (EAE) by inhibiting the levels of
cytokines, such as TNF-a, IL-1b, IL-12, IL17 and interferon
(IFN) (Tsuji et al., 2010).

Role of microglia transient receptor potential vanilloid protein
type 1 in epilepsy
Current studies also suggest that TRPV1 is involved in the
secretion of inflammatory mediators and cytokines. There is
strong proof that certain inflammatory mediators, such as
cytokines, chemokines, neurotransmitters, peptides or small
proteins, lipids, and growth factors, could sensitize TRPV1
(Wang et al., 2017). For instance, in primary cultured
rodent microglia, TRPV1 is functionally expressed and is
especially upregulated in activated microglia. Further, TNF-
α is also induced in microglia. In the central terminals of
DRG neurons, TNF-α may function as an endogenous
activator of TRPV1 to trigger glutamate release. TNF-α
induces spinal cord LTP by increasing sEPSC frequency
through TRPV1 (Park et al., 2011). Subsequent to TRPV1
receptor activation, the expression levels of IL-1β, IL-6,
TNF-α and HMGB1 were increased in wild-type mice with
febrile convulsions in one report. The increase in
proinflammatory factors aggravated brain inflammation and
aggravated the occurrence of epilepsy (Huang et al., 2015).
Further, capsaicin-based stimulation of TRPV1 in in vitro
experiments greatly decreased the levels of TNF and IL-6
released by activated microglia. TRPV1 influenced the core
inflammation by regulating the release of cytokines from
activated microglia, which then affected the occurrence of
epilepsy (Stampanoni Bassi et al., 2019). In mice, TRPV1
activation inhibits the neuroprotective impact of the
interaction between microglial transforming growth factor-1
(TGF-1) and Toll-like receptor 4 (TLR4), promoting
microglia activation and indirectly increasing epilepsy
susceptibility. TRPV1 gene deletion, on the other hand,
prevented aberrant microglial activation brought on by
lipopolysaccharide or hyperthermia and reestablished a
balanced inflammatory microenvironment in the brain
(Kong et al., 2019). In addition, a surplus calcium influx
causes depolarization of nerve endings to generate action
potentials and releases calcitonin gene-related peptide
(CGRP) and substance P (SP), which are involved in various
physiological and pathological activities of the body.
Further, TRPV1 activation induces an increase in
intracellular calcium concentration, which in turn stimulates
NO production by nitric oxide synthase, leading to
increased cellular excitability (Bhandari et al., 2021). In
addition, calcitonin gene-related peptide (CGRP)
upregulation activates the endothelial nitric oxide synthase
and nitric oxide signaling pathways, resulting in the
inhibition of inflammatory responses, and thus lowers
neuronal damage. It has also been shown that the excessive
activation of TRPV1 channels can reduce the release of
neurotrophic factor, aggravate the inflammatory response,
and affect nerve regeneration and repair after injury (Hsu et
al., 2017). Conversely, the inward flux of calcium ions
causes changes in microtubule disassembly and F-actin
reorganization, which in turn promotes cell migration.
Endoplasmic reticulum (ER) stress and calcium overload are
also caused by TRPV1 activation. These conditions then
cause the opening of mitochondrial permeability transition
pores and the production of ROS, which results in death
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(Naziroglu et al., 2019). During the development of epilepsy,
microglia are activated to release TNFα, which drives the
release of astrocyte ATP/ADP, with such astrocyte
purinergic signaling playing an important role in the
development of epilepsy (Bedner and Steinhauser, 2019). IL-
10 produced by microglia stimulates astrocytes to produce
TGFβ, which thereby attenuates microglia activation and
provides negative feedback to microglia activation and
reduces the neuroinflammatory response in the brain
(Norden et al., 2014). In addition, astrocytes may regulate
microglial cytokine release in status epilepticus through an
ATP-dependent mechanism (Bianco et al., 2005). Further,
TRPV1 assisted astrocyte migration, allowing pro-
inflammatory cytokines such as TNF, IL-1, IL-6, and iNOS
to permeate the area around neurons and cause seizures
(Wang et al., 2019). The activation of TRPV1 on microglia
membranes and on microglial organellar membranes
increases calcium ion concentration, which leads to the
increased presynaptic release of glutamate. This acts not
only on neurons but also on postsynaptic neurons as well as
astrocytes. In addition, malfunctioning of glutamate
transporters and the astrocytic glutamate-converting
enzyme, glutamine synthetase has been observed in epileptic
tissue (Eid et al., 2004). In the kainic acid-induced status
epilepticus model of temporal lobe epilepsy (TLE),
astrocytes mediated glutamate uptake (Takahashi et al.,
2010). Another study reported that reduced
monocarboxylate transporter 4 (MCT4) and excitatory
amino acid transporter 1 (EAAT1) expression in astrocytes
may lead to neuronal hyperexcitability and epileptogenesis
in the temporal lobe epileptic foci excised from patients
with intractable epilepsy (Liu et al., 2014). An increase in
extracellular glutamate may also precipitate seizures (During
and Spencer, 1993), where glutamine synthetase (GS)
converts glutamate to glutamine. In the chronic epileptic
hippocampus, loss of GS-impaired extracellular glutamate
clearance and glutamine supply to neurons results in
decreased GABA (Fricke et al., 2007; Yang and Cox, 2011).

To summarize, these findings strongly demonstrate the
fact that TRPV1 is expressed in microglia and is crucial for
glial activation. It is also involved in epilepsy caused by
inflammation (Fig. 2).

TRPV1 Acts as a Potential Therapeutic Target for Epilepsy

TRPV1 is now being studied in the laboratory and is being
viewed as a potential target molecule for epilepsy treatment
in the future (Naziroglu, 2015). CBD is the only TRPV1
medication currently being used clinically to treat epilepsy.
Further, CBD has been approved by the US Food and Drug
Administration (FDA) for the treatment of seizures
associated with Dravet syndrome, Lennox–Gastaut
syndrome, and tuberous sclerosis complex. In the European
Union, the drug has been authorized by the European
Medicines Agency for the treatment of seizures associated
with Dravet syndrome and Lennox–Gastaut syndrome, in
conjunction with clobazam. Further, it is under regulatory
review for the treatment of seizures in patients with
tuberous sclerosis complex (Lattanzi et al., 2021).

Summary

In conclusion, the study of the role of TRPV1 in microglia in
epilepsy is a meaningful and promising area of research.
Clinical studies on epilepsy are now examining a variety of
TRPV1 agonists and antagonists. More research is still
needed to fully understand the therapeutic potential and
regulatory mechanisms of TRPV1 in microglia. The
majority of the evidence for the widespread expression of
TRPV1 in the brain comes from research employing
neonatal and adult rat models of epilepsy, pain, and other
inflammatory diseases. Rodent studies have similarly
demonstrated that TRPV1 improves the CNS response to
inflammatory stress. The activity, transport, and expression
of TRPV1 are also regulated by inflammatory mediators.
The increase in TRPV1 in microglia following epilepsy has
been shown by various studies that have examined the
impact of inflammatory mediators, cytokines, and oxidative
stress on microglia TRPV1 expression in epilepsy models
and patients. TRPV1 plays a crucial role in the control of
synaptic transmission and its plasticity, as well as in the
communication between microglia and neurons and the
process of development. Thus, the impact of TRPV1 in
microglia and on the onset and progression of epilepsy
cannot be ignored.

There is a need for a better understanding of the role of
TRPV1 in neurogenic inflammatory pathways in microglia
and its role in inflammatory injury-induced epilepsy. The
results will provide clinicians with valuable insights and
provide them with new therapeutic targets and improved
approaches for treating epilepsy. The pharmaceutical
industry has not yet properly acknowledged the TRPV1
channel as a viable new drug target. Future research should
focus on TRPV1 channel inhibitors as potential novel
antiepileptic medications.
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