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Abstract

Trigeminal neuralgia and orofacial pain often require effective local anesthesia with minimal
side effects. Puerarin (PUE), a major bioactive flavonoid derived from Pueraria lobata, has
shown potential analgesic properties. This study aimed to investigate the inhibitory effects
of local PUE administration on the excitability of wide-dynamic-range (WDR) neurons
in the spinal trigeminal nucleus caudalis (SpVc) and to compare its potency with the
conventional local anesthetic lidocaine. Extracellular single-unit recordings were performed
on SpVc WDR neurons in anesthetized rats. PUE (1 and 10 mM) or lidocaine (37 mM; 1%)
was administered subcutaneously into the peripheral receptive field. Neuronal responses
to graded non-noxious and noxious mechanical stimuli were quantified before and after
drug application. Local administration of PUE significantly suppressed the mean firing
frequency of SpVc WDR neurons in a dose-dependent and reversible manner. The inhibitory
effect peaked at 10 min post-injection and recovered within 30 min. Notably, 10 mM PUE
exerted an inhibitory magnitude (68.7 ± 6.4%) comparable to that of 37 mM lidocaine
(58.1 ± 4.3%), indicating that PUE possesses approximately four-fold the inhibitory potency
of lidocaine on a molar basis. The suppressive effect was consistent across both non-noxious
and noxious stimulus intensities. These findings provide the first in vivo evidence that
PUE effectively attenuates trigeminal nociceptive transmission, likely via the modulation
of voltage-gated sodium channels and acid-sensing ionic channels at peripheral nerve
terminals. As a natural dietary constituent with high potency and a low risk of systemic
side effects, PUR represents a promising candidate for complementary and alternative
medicine in the management of orofacial pain, such as temporomandibular disorders and
trigeminal neuralgia.

Keywords: puerarin; trigeminal pain; Na+ channel; lidocaine; acid-sensing ion channels
extracellular unit recording; complementary alternative medicine

1. Introduction
Nociceptive transmission from the orofacial area involves small-diameter fibers

(Aδ and C) that relay through the Trigeminal ganglion (TG) to the spinal trigeminal nucleus
(SpV) and upper cervical cord. While the SpV comprises the subnuclei oralis, interpolaris,
and caudalis, the SpVc/C1–2 complex is particularly essential for processing injury-induced
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pain [1–3]. This complex is characterized by nociceptive-specific (NS) neurons, which re-
spond selectively to noxious stimuli for precise spatial encoding, and Wide-Dynamic-Range
(WDR) neurons. Notably, WDR neurons exhibit graded responses to both innocuous and
noxious stimuli; their tendency to increase firing in proportion to stimulus intensity makes
them key drivers of pathological pain conditions like allodynia and hyperalgesia [2,3].

Complementary and Alternative Medicine (CAM), encompassing acupuncture and
phytotherapy, is a common recourse for pain relief, particularly when traditional Western
interventions yield insufficient results [4–7] or intolerable adverse effects [8,9]. Mount-
ing evidence underscores the systemic benefits of dietary constituents in cardiovascular,
neurological, and oncological contexts [10,11]. Recent pharmacological insights have
elucidated how specific dietary supplements can modulate neuronal excitability. For
example, genistein has been shown to reduce SpVc neuronal firing via the blockade of
voltage-gated sodium (Nav) channels in peripheral TG terminals [12]. Likewise, our
group previously identified that chlorogenic acid attenuates SpVc activity, a process likely
driven by the activation of voltage-gated potassium (Kv) channels and the modulation of
Acid-Sensing ion Channels (ASICs) [13]. While conventional local anesthetics are indis-
pensable, their potential for systemic absorption poses risks of severe central nervous and
cardiovascular toxicity [14]. Therefore, dietary-derived polyphenolic compounds represent
promising candidates for the development of safer analgesics, offering a favorable ther-
apeutic profile for managing orofacial pain conditions such as trigeminal neuralgia and
temporomandibular disorders.

Puerarin (PUE), the major isoflavonoid extracted from Pueraria lobata, possesses notable
pharmacological properties [15,16]. Previous in vitro assays have established its ability
to suppress Nav currents in cardiomyocytes, thereby preventing arrhythmias [17]. In
sensory neurons, PUE exhibits a dose-dependent inhibition of Nav currents in the dorsal
root ganglion (DRG), with a potency comparable to lidocaine [18]. Notably, PUE shows
a higher affinity for tetrodotoxin-resistant (TTX-R) Nav channels, specifically Nav1.8, which
are pivotal in neuropathic pain signaling [19]. Additionally, its capacity to inhibit ASIC
currents suggests that PUE modulates both stimulus transduction and action potential
propagation [20]. Despite these mechanistic insights, the acute in vivo impact of PUE on
trigeminal nociceptive transmission has yet to be elucidated. The present study, therefore,
evaluated whether local PUE administration attenuates WDR neuron excitability in the
SpVc. Our results demonstrate that peripheral PUE application effectively suppresses
SpVc neuronal activity, likely by targeting TTX-R Nav and ASICs in trigeminal terminals.
These findings suggest that PUE could serve as a safe, local analgesic alternative within the
framework of CAM.

2. Materials and Methods
All experimental procedures described in this study were conducted with the approval

of the Animal Use and Care Committee of Azabu University. The protocols strictly adhered
to the ethical guidelines established by the International Association for the Study of Pain
(IASP) to ensure the humane treatment of animals [21]. Throughout the study, rigorous
efforts were implemented to minimize both the total number of animals utilized and any
potential distress or discomfort during the experimental sessions. Furthermore, the study
was designed and reported in accordance with the ARRIVE guidelines.

2.1. Extracellular Single Unit Recording of WDR Neuronal Activity in the SpVc

Extracellular single-unit recordings were obtained from 12 adult male Wistar rats (body
weight: 210–260 g). Initial sedation was induced with 3% isoflurane, followed by general
anesthesia using a triple-drug mixture (0.3 mg/kg medetomidine, 4.0 mg/kg midazolam,
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and 5.0 mg/kg butorphanol). Anesthesia was maintained via a jugular vein cannula with
a continuous infusion of the same mixture at 0.25–0.45 mL/kg/h, adjusted according to
the surgical depth. The adequacy of anesthesia was monitored throughout the recording
sessions by confirming the absence of a withdrawal reflex to noxious paw pinching. Core
body temperature was strictly maintained at 37.0 ± 0.5 ◦C using a homeothermic heating
blanket. To prevent peripheral sensitization and ensure animal welfare, 2% lidocaine
was applied to all wound margins throughout the surgical and recording procedures.
Following anesthetic induction, the rats were secured in a stereotaxic frame. A dorsal
midline incision was made to reflect the neck muscles, and the medullary brainstem was
exposed by carefully incising the atlanto-occipital ligament and the underlying dura mater.
Tungsten microelectrodes (impedance: 3–5 MΩ) were advanced into the ipsilateral SpVc
using a motorized micromanipulator (SM-11 and MO-10; Narishige, Tokyo, Japan) in 10 µm
increments. Electrode placement was guided by the stereotaxic coordinates from the rat
brain atlas of Paxinos and Watson [22]. Extracellular signals were amplified (DAM80; World
Precision Instruments, Sarasota, FL, USA), filtered (band-pass: 0.3–10 kHz), and monitored
using an oscilloscope (SS-7672; Iwatsu, Tokyo, Japan). Data were digitized and recorded for
offline analysis using PowerLab and Chart software (version 5; ADI Instruments, Oxford,
UK), consistent with previously described protocols [12].

2.2. Experimental Protocols for Electrophysiological Recording
2.2.1. Neuronal Identification and Characterization

SpVc WDR units were identified by mechanical stimulation of the ipsilateral whisker
pad. To prevent peripheral mechanoreceptor sensitization, a soft paintbrush was initially
used to localize the receptive field. Subsequently, single-unit activity was characterized
using a series of von Frey filaments, including non-noxious (2, 4, 6, and 10 g) and noxious
(15, 26, and 60 g) intensities. Each stimulus was applied for 5 s with a 5 s inter-stimulus
interval [12]. Neurons were classified as WDR based on their ability to exhibit graded firing
frequencies in proportion to the mechanical stimulus intensity. Once a WDR neuron was
identified, its mechanical threshold and receptive field size were determined. Receptive
fields were mapped using von Frey hairs and documented on a life-sized schematic of the
rat face [12].

2.2.2. Data Quantification and Drug Administration

Neuronal discharges were quantified by subtracting the mean spontaneous back-
ground activity, measured over a 2–5 min period, from the evoked response. Based on their
established role in orofacial hyperalgesia and referred pain [2], WDR neurons were the
exclusive focus of this study, and NS neurons were not analyzed. Post-stimulus histograms
(bin width = 100 ms) were constructed for each stimulus. The effects of subcutaneous Puer-
arin (PUE; Sigma-Aldrich, Milano, Italy; 0.02 mL; 1 and 10 mM) and 1% lidocaine (37 mM;
0.05 mL) were evaluated. PUE was initially dissolved in dimethyl sulfoxide (DMSO) as
a 10 mM stock solution and stored at −20 ◦C, then diluted with saline to the target concen-
trations immediately prior to use. Drugs were administered via a Hamilton microsyringe,
and neuronal responses were recorded at 5, 10, 20, 30, and 40 min post-injection to capture
the peak effect and recovery phase. Recording sites within the SpVc were confirmed using
micromanipulator coordinates (distance from the obex, midline, and dorsal surface) in
reference to the rat brain atlas [22].

2.3. Data Analysis

All data are presented as the mean ± standard error of the mean (SEM). Statistical sig-
nificance was evaluated using one-way repeated-measures analysis of variance (ANOVA).
When the ANOVA indicated significant differences, the Tukey–Kramer or Dunnett’s test
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was applied as a post hoc analysis to perform multiple comparisons of the electrophys-
iological data. All statistical procedures were conducted using Excel Statcel 4 software.
For all tests, a two-tailed p-value of p < 0.05% was defined as the threshold for statistical
significance. All illustrations were prepared with Adobe Photoshop (version 2024, Adobe
Inc., San Jose, CA, USA).

3. Results
3.1. General Properties of SpVc WDR Neurons Innervating the Orofacial Skin

In the present study, extracellular single-unit recordings were obtained from a total of
12 neurons within the SpVc. Of these, seven neurons were utilized to evaluate the effects of
subcutaneous PUE administration, while the remaining five served as a comparative group
for the effects of the Na+ channel blocker, lidocaine.

As illustrated in Figure 1A, the receptive fields of the recorded SpVc neurons were
localized to the whisker pad and exhibited responsiveness to both non-noxious and noxious
mechanical stimuli, consistent with previous reports [12]. The anatomical distribution of
the recording sites was primarily concentrated within the maxillary branch area in laminas
III–IV of the SpVc (Figure 1B). A representative histological confirmation of a recording site
is shown in the inset of Figure 1B. No significant spatial differences in recording locations
were observed between the PUE- and lidocaine-treated groups.

Figure 1. Electrophysiological and topographical profiles of wide-dynamic-range (WDR) neurons
in the spinal trigeminal nucleus caudalis (SpVc) under mechanical stimulation. (A) Representative
receptive field (marked in black) localized to the ipsilateral facial vibrissal region. (B) Anatomical
mapping of recorded SpVc WDR neurons sensitive to both innocuous and noxious mechanical inputs
(n = 12). The inset displays a histological section verifying a representative recording site within
the SpVc. D, dorsal; V, ventral; M, medial; L, lateral. (C) Typical extracellular waveforms (top) and
corresponding post-stimulus time histograms (bottom) of an individual SpVc WDR neuron. Neuronal
activity was elicited by graded mechanical stimuli, ranging from non-noxious (4, 6, and 10 g) to
noxious intensities (15, 26, and 60 g), applied to the orofacial receptive field. (D) Stimulus–response
relationship depicting the mean discharge frequency across varying mechanical intensities (n = 12).
Data are expressed as mean ± SEM. * p < 0.05 denotes statistical significance compared to the baseline
response at 2 g.
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Typical examples of SpVc WDR neuronal firing patterns are presented in Figure 1C.
These neurons demonstrated a characteristic increase in firing frequency that correlated
positively with the intensity of mechanical stimulation applied to the most sensitive re-
gion of their receptive fields. Spontaneous activity was observed in 2 of the 12 recorded
neurons. The relationship between mechanical stimulus intensity and the mean discharge
frequency (stimulus–response curve) for these WDR units is depicted in Figure 1D. The
mean threshold for mechanical stimulation-induced spikes was 1.9 ± 0.6 g. Based on these
physiological properties, all recorded units were categorized as WDR neurons [12].

3.2. Impact of Peripheral PUE Administration on SpVc WDR Neuronal Responses to
Mechanical Stimuli

The suppressive effect of local subcutaneous PUE (10 mM) on the excitability of SpVc
WDR neurons is exemplified in Figure 2A. Following the injection of 10 mM PUE into the
receptive field center, neuronal firing in response to innocuous mechanical stimulation
(4–10 g) was significantly attenuated at the 10 min interval. This inhibitory action was
transient, as discharge rates reverted to pre-injection baseline levels by the 30 min mark.
Notably, PUE administration did not significantly alter the mechanical activation threshold.
The consolidated data for non-noxious stimulation are presented in Figure 2B. Mean firing
rates elicited by innocuous stimuli showed a significant reduction post-PUE injection
relative to controls (p < 0.05). Baseline recovery was consistently observed by 30 min.
Furthermore, no discernible changes in spontaneous firing frequency were induced by PUE.
As illustrated by the representative traces in Figure 2A, subcutaneous PUE also dampened
SpVc WDR neuronal responses to noxious mechanical stimuli (15–60 g). These inhibitory
effects reached their peak at 10 min post-administration and resolved within 30 min.
Quantitative assessment (Figure 2B) verified a significant decrease in mean discharge
frequency during noxious stimulation following PUE treatment (p < 0.05, n = 4). Conversely,
local vehicle (DMSO) administration exerted no significant influence on either spontaneous
or evoked activity (n = 3), consistent with previous reports [12].

PUE administration resulted in a significant dose-dependent suppression (ranging
from 1 to 10 mM) of SpVc WDR neuronal firing evoked by non-noxious mechanical
stimulation (Figure 3). Specifically, a significant reduction in discharge frequency was
observed when comparing the 0.1 mM dose to the 10 mM dose (p < 0.05%). Similarly, PUE
exhibited a significant dose-dependent inhibitory effect on noxious mechanical stimulation-
evoked responses within the 1–10 mM range (Figure 3). For these noxious stimuli, post
hoc analysis revealed that both 1 mM and 10 mM concentrations significantly suppressed
firing rates compared to the 0.1 mM dose (p < 0.05%).

3.3. Comparative Analysis of PUE-Induced Inhibition on Noxious vs. Non-Noxious
Mechanical Responses

The inhibitory efficacy of subcutaneous PUE (10 mM) was evaluated by comparing
its impact on responses elicited by non-noxious versus noxious mechanical stimuli. As
depicted in Figure 4, the percentage reduction in mean discharge frequency following PUE
administration showed no significant disparity between the two stimulus categories. These
data suggest that PUE exerts a consistent inhibitory influence on SpVc WDR neuronal
excitability, irrespective of the noxious or innocuous nature of the mechanical input.
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Figure 2. Inhibitory effects of local puerarin (PUE) administration on mechanical stimulus-evoked
responses in SpVc WDR neurons. (A) Representative extracellular traces and post-stimulus his-
tograms demonstrating SpVc WDR neuronal activity elicited by non-noxious (4, 6, and 10 g) and
noxious mechanical stimulation (15, 26, and 60 g). Data are shown for baseline (pre-injection), and
at 10 and 30 min following the subcutaneous delivery of 10 mM PUE into the peripheral receptive
field. (B) Temporal profile of the inhibitory effect of local PUE on the mean discharge frequency
across the range of stimulus intensities. The plot highlights a transient attenuation of neuronal firing,
characterized by a peak reduction at 10 min and a return to baseline by 30 min post-administration.
Data are expressed as mean ± SEM (n = 4). * p < 0.05 denotes a significant difference compared to
the pre-injection baseline; * p < 0.05 indicates significant recovery at 30 min relative to the 10 min
peak effect.
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Figure 3. Concentration-dependent suppression of mechanical stimulus-evoked SpVc WDR neuronal
activity by puerarin (PUE). The line graphs depict the mean discharge frequency of SpVc WDR
neurons elicited by non-noxious, noxious stimuli across different concentrations of PUE (1 and
10 mM). PUE administration induced a significant, dose-dependent inhibition of neuronal responses
across all mechanical stimulus intensities. Data are expressed as mean ± SEM (n = 4). * p < 0.05 denotes
a significant difference between the 10 mM and 1 mM PUE treatment groups.

Figure 4. Comparative inhibitory efficacy of 10 mM puerarin (PUE) on non-noxious versus noxious
mechanical stimulus-evoked responses. The bar graph illustrates the mean reduction in SpVc
WDR neuronal discharge frequency following the administration of 10 mM PUE. The magnitude
of inhibition did not differ significantly between responses elicited by innocuous and noxious
stimulation, demonstrating that PUE exerts a comparable suppressive effect regardless of stimulus
intensity. Data are expressed as mean ± SEM (n = 4). NS, not significant.

3.4. Comparative Effects of Lidocaine on Mechanical Stimulus-Evoked SpVc WDR
Neuronal Responses

Finally, the inhibitory efficacy of PUE was benchmarked against that of lidocaine, a con-
ventional local anesthetic. The impact of 1% lidocaine on mechanical stimulation-evoked
activity is summarized in Figure 5. Following administration, a significant attenuation
of mean firing rates for both innocuous and noxious stimuli was observed within 5 min
(p < 0.05, n = 5). Notably, the duration of lidocaine-induced suppression was more ex-
tended than that of PUE; neuronal activity remained significantly depressed and returned
to baseline levels only after approximately 40 min (p < 0.05; Figure 5).
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Figure 5. Inhibitory effects of local lidocaine administration on mechanical stimulation-evoked SpVc
WDR neuronal excitability. The graphs illustrate the time-course of the effects of subcutaneous
1% lidocaine (37 mM) on the mean firing frequency of SpVc WDR neurons in response to non-
noxious and noxious mechanical stimuli. Lidocaine administration significantly suppressed neuronal
activity, with recovery occurring within approximately 40 min. Data are presented as mean± SEM
(n = 5). * p < 0.05% indicates a significant difference when comparing the 5 min post-administration
response to baseline (before); * p < 0.05% indicates a significant difference when comparing the 5 min
post-administration response to the recovery point (40 min).

3.5. Comparative Potency of PUE and Lidocaine on Mechanical Stimulus-Evoked SpVc
WDR Activity

The inhibitory potency of 10 mM PUE on trigeminal nociceptive transmission was
found to be comparable to that of 37 mM lidocaine. Quantitative analysis revealed that
both agents achieved equivalent levels of mean inhibition, as illustrated in Figure 6.

Figure 6. Comparative inhibitory potency of 10 mM Puerarin (PUE) and 1% lidocaine on SpVc
WDR neuronal excitability. The bar graph compares the mean magnitude of inhibition in discharge
frequency induced by PUE (10 mM) versus lidocaine (1% or 37 mM). The data demonstrate that
the inhibitory effect of 10 mM PUE (n = 5) is equivalent to that of 37 mM lidocaine (n = 5), with
no significant statistical difference observed between the two treatments. Data are presented as
mean ± SEM. NS, not significant.
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4. Discussion
4.1. Suppression of SpVc WDR Neuronal Excitability by Peripheral PUE Administration

This study primarily aimed to determine whether local PUE administration modulates
the excitability of SpVc WDR neurons under physiological conditions, specifically in re-
sponse to both noxious and innocuous mechanical stimuli. Our core findings demonstrate
that: (i) peripheral injection of PUE (1–10 mM) induces a dose-dependent reduction in the
mean discharge frequency of SpVc WDR neurons; (ii) this inhibitory action is reversible,
with firing rates recovering to baseline within 30 min; and (iii) the vehicle (DMSO) lacks
any significant effect on evoked neuronal activity. While in vitro evidence has established
that 100 µM (0.1 mM) PUE significantly inhibits Nav currents in DRG neurons [18,19], the
present in vivo study utilized a 10 mM concentration. This dose was selected based on
the assumption that extracellular fluid dilution would yield a functional concentration
of approximately 100 µM at the nociceptive terminals. To our knowledge, these results
provide the inaugural in vivo evidence that local PUE application dampens the excitability
of primary sensory afferents within the trigeminal system. This suppression is likely at-
tributable to the blockade of Nav channels and ASICs residing on the peripheral terminals
of TG neurons. Nevertheless, future investigations employing in vitro patch-clamp record-
ings from retrogradely labeled TG neurons innervating the whisker pad are necessary to
definitively elucidate these underlying ionic mechanisms [23].

4.2. Peripheral Mechanisms Underlying the Suppression of SpVc Neuronal Excitability by PUE

Nociceptive signaling is fundamentally characterized by four sequential processes:
(i) transduction, where external stimuli are converted at the peripheral terminal; (ii) gen-
eration, the initiation of action potentials; (iii) propagation, the conduction of potentials
along the axon; and (iv) transmission, where the central terminal acts as the presynaptic
element [2,24].

Nav channels, essential for the propagation of pain-related action potentials, are gen-
erally classified into two groups. Small-to-medium-sized nociceptive neurons selectively
express TTX-R Nav channels, whereas large-to-medium-sized Aβ- and Aδ- sensory neu-
rons primarily express TTX-sensitive (TTX-S) Nav channels [3,25]. Previous in vitro studies
have demonstrated that PUR exerts a concentration-dependent inhibitory effect on Nav
currents in DRG neurons, with an efficacy comparable to the local anesthetic lidocaine [18].
While PUE has been reported to show a stronger affinity for TTX-R Nav over TTX-S Nav
currents in neuropathic pain models [19], our current in vivo data revealed a significant
reduction in discharge frequency for both noxious and non-noxious stimuli. Interestingly,
the mean inhibitory effect of PUE did not differ significantly between these stimulus types
(62.8 ± 8.1% for non-noxious vs. 68.7 ± 6.4% for noxious). Given that PUE is known to
suppress ASIC—a key candidate for mechanosensitive transduction—in hippocampal neu-
rons [20], it is highly probable that peripheral PUE administration targets ASICs within the
TG nerve terminals. By inhibiting both mechanosensitive transducer channels and voltage-
gated Nav channels, PUR effectively attenuates generator potentials and subsequent action
potential firing in both nociceptive and non-nociceptive TG neurons.

Furthermore, calcium-activated potassium (Kca) channels play a critical role in reg-
ulating neuronal excitability by linking intracellular Ca2+ concentrations to membrane
potential [26–29]. An influx of Ca2+ triggers these channels, leading to K+ efflux and subse-
quent membrane hyperpolarization, which regulates action potential frequency and burst
intervals [30]. Since PUE has been shown to act as a Kca channel opener in vascular smooth
muscle cells [15], it may similarly activate Kca channels in sensory neurons, further damp-
ening SpVc neuronal firing in response to mechanical stimulation. However, additional
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in vitro investigations are necessary to confirm the involvement of Kca channels in this
specific analgesic pathway.

4.3. Functional Significance of PUE in the Modulation of Nociceptive SpVc Neuronal Activity

In recent years, there has been a burgeoning interest in CAM for the management
of both acute and chronic pain [7,31–33]. Patients often seek CAM interventions when
conventional Western pharmacological treatments prove ineffective or intolerable [6]. No-
tably, traditional local anesthetics can occasionally induce adverse effects on the central
nervous and cardiovascular systems [14]. Consequently, the identification of bioactive di-
etary constituents that function as effective analgesics with minimal side effects represents
a significant contribution to the field of CAM.

Lidocaine, a classic Nav channel blocker, remains the gold standard for local anesthe-
sia. However, our recent in vivo studies have demonstrated that other dietary constituents,
such as quercetin and (−)-epigallocatechin-3-gallate (EGCG), also effectively attenuate the
excitability of trigeminal nociceptive primary neurons [34,35]. These studies revealed that:
(i) quercetin and EGCG modulate generator potentials; (ii) they suppress Nav channels
while potentiating Kv channels; and (iii) their inhibitory potency on nociceptive primary af-
ferents follows the order: 10 mM Quercetin = 10 mM EGCG = 37 mM (1%) Lidocaine [34,35].
In the present study, we established that 10 mM PUE provides an inhibitory effect on SpVc
WDR neuronal discharge frequency that is comparable to 37 mM lidocaine. This indicates
that PUE possesses approximately four-fold the inhibitory potency of lidocaine on a molar
basis. Taken together with our previous findings, the relative local analgesic potency for
these compounds can be summarized as: PUE = Quercetin = EGCG (10 mM) > 1% Lidocaine
(37 mM). In contrast to the broad action of lidocaine, the selective modulation of Nav (both
TTX-R and TTX-S) and ASICs by PUE provides a more targeted approach to attenuating
primary neuronal excitability. This specific pharmacological profile underscores PUE’s
potential to overcome the clinical constraints associated with current local anesthetics,
offering a refined and safer strategy for analgesia.

Furthermore, peripheral nerve damage caused by chemotherapy agents, such as
paclitaxel, often leads to debilitating neuropathic pain [36,37]. Recent evidence suggests
that local PUE administration dose-dependently attenuates paclitaxel-induced mechanical
allodynia and thermal hyperalgesia by specifically inhibiting TTX-R Nav currents [19]. Our
findings support the hypothesis that PUE preferentially blocks TTX-R Nav channels, thereby
reducing nociceptive neuron excitability. This suggests a promising new clinical application
for PUR in mitigating chemotherapy-induced peripheral neuropathy (CIPN), although
further investigations are warranted to fully elucidate these therapeutic possibilities.

5. Conclusions
The present study provides the first in vivo evidence that local administration of

PUE to peripheral receptive fields significantly attenuates the excitability of nociceptive
second-order neurons within the SpVc. This inhibitory effect is likely mediated by the
modulation of TTX-R/S Nav and ASICs at the peripheral terminals of TG neurons (Figure 7).
While the specific cellular mechanisms in this in vivo model remain to be fully elucidated
through further mechanistic studies, our findings underscore the pharmacological potential
of PUE as a plant-derived analgesic. Given its favorable safety profile and low risk of
systemic adverse effects, PUE represents a promising alternative or adjunct in the field of
CAM. These results support the development of PUE-based therapies for managing clinical
orofacial pain conditions, such as temporomandibular disorders and trigeminal neuralgia.
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Figure 7. Proposed mechanism underlying Puerarin (PUE)-mediated inhibition of SpVc WDR
neuronal responses to mechanical nociception. Peripheral administration of PUE is hypothesized
to suppress the initiation of both generator potentials and action potentials within nociceptive
afferent terminals. This inhibitory action likely arises from the modulation of mechanosensitive
and transducer ion channels, including acid-sensing ion channels (ASICs) and transient receptor
potential ankyrin 1 (TRPA1), alongside the blockade of both tetrodotoxin-resistant (TTX-R) and
tetrodotoxin-sensitive (TTX-S) voltage-gated sodium (Nav) channels. Notably, the pharmacological
efficacy of PUE in attenuating these nociceptive signals is comparable to that of traditional Nav
channel blockers, such as clinical local anesthetics.
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Abbreviations
The following abbreviations are used in this manuscript:

TG trigeminal ganglion
SpVc spinal trigeminal nucleus caudalis
C1-C2 upper cervical spinal cord
CAM Complementary alternative medicine
Nav voltage-gated Na+

Kv voltage-gated potassium
Kca Ca2+-activated K+

ASIC acid-sensing Ion channel
PUE Puerarin
TXX-R tetrodotoxin-resistant
TTX-S tetrodotoxin-sensitive
DMSO dimethyl sulfoxide
EGCG (−)-epigallocatechin-3-gallate
ANOVA analysis of variance
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