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Background: Epilepsy is a complex neurological disorder characterized by

recurrent seizures. Neuroinflammation and excessive neuronal excitation are

key pathogenic factors, but current therapies fail to target these mechanisms

effectively, highlighting the need for novel therapeutic agents. Zingerone, a

bioactive compound derived from ginger (Zingiber officinale Roscoe), exhibits

anti-inflammatory, antioxidant, and neuroprotective properties. However, its

acute anticonvulsant efficacy and underlying mechanism in temporal lobe

epilepsy (TLE) remain unclear. This study aimed to investigate whether zingerone

exerts anticonvulsant effects by modulating neuronal excitability.

Methods: A lithium chloride-pilocarpine-induced acute TLE rat model was

established. Rats were randomly assigned to control, pilocarpine, and zingerone

treatment groups (75, 150, and 300 mg/kg, i.p.). Seizure activity was

evaluated via behavioral scoring (Racine scale) and electroencephalography

(EEG). Immunohistochemistry (IHC), hematoxylin-eosin (HE) staining, and

immunofluorescence were used to assess hippocampal microglial/astrocytic

activation and neuronal damage. Whole-cell patch-clamp recordings were

performed to analyze intrinsic neuronal excitability and synaptic transmission

in hippocampal CA1 pyramidal neurons.

Results: Acute administration of zingerone (150 and 300 mg/kg) significantly

reduced the number and duration of Racine stage IV/V generalized seizures.

Zingerone dose-dependently inhibited microglial (IBA1+) and astrocytic (GFAP+)

activation (p < 0.01 for 150 mg/kg; p < 0.001 for 300 mg/kg) and

preserved neuronal integrity in the hippocampal CA1 region, as evidenced by

reduced neuronal shrinkage, pyknosis, and increased NeuN+ neuron density.

Electrophysiological recordings revealed that zingerone (10 µM) decreased the

firing frequency of CA1 pyramidal neurons (p < 0.05), prolonged the inter-

spike interval (p = 0.0026), reduced the action potential peak (p = 0.041),

increased the rheobase current (p = 0.042), and increased afterhyperpolarization
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amplitude (p = 0.0001). Furthermore, Zingerone also modulated excitatory 

synaptic transmission onto CA1 neurons. 

Conclusion: Zingerone exerts acute anticonvulsant and neuroprotective effects 

in a TLE rat model by suppressing hippocampal neuroinflammation and reducing 

the intrinsic excitability of pyramidal neurons. These findings highlight zingerone 

as a promising natural compound for developing novel adjuvant therapies for 

drug-resistant TLE. 

KEYWORDS 

anticonvulsant effect, hippocampus, intrinsic neuronal excitability, neuroinflammation, 
pilocarpine, temporal lobe epilepsy, zingerone 

1 Introduction 

Epilepsy is a global neurological disorder affecting 
approximately 50 million people worldwide, with temporal 
lobe epilepsy (TLE) accounting for 30–40% of adult cases (World 
Health Organization, 2024; Fisher et al., 2017). TLE is characterized 
by recurrent seizures originating from the temporal lobe, frequently 
associated with hippocampal sclerosis, neuronal loss, and synaptic 
reorganization (Patel et al., 2019). Despite the availability of 
multiple antiepileptic drugs (AEDs) such as carbamazepine and 
levetiracetam are available, approximately 30% of TLE patients 
exhibit drug-resistant, and existing therapies merely suppress 
seizure activity without modifying the underlying epileptogenic 
process (Ryvlin et al., 2026; Kwan et al., 2010). This therapeutic gap 
underscores the urgent need to identify novel compounds targeting 
the core pathophysiological mechanisms of TLE. 

Neuroinflammation and neuronal excitability dysregulation are 
central to TLE pathogenesis and two interrelated driving factors in 
the pathogenesis of temporal lobe epilepsy (TLE) (Vezzani et al., 
2016; Rana and Musto, 2018; Borowicz-Reutt and Czuczwar, 2020). 
Seizure-induced activation of microglia and astrocytes triggers 
the release of pro-inflammatory cytokines, such as interleukin-
1β (IL-1β) and tumor necrosis factor-α (TNF-α), which disrupt 
the balance between excitatory (glutamatergic) and inhibitory 
(γ-aminobutyric acidergic) synaptic transmission (Zhang et al., 
2022; Ramos-Moreno et al., 2024). Simultaneously, excessive 
neuronal excitation caused by ion channel dysfunction, synaptic 
plasticity changes, and neuronal network remodeling promotes 
synchronous firing, a hallmark of seizures (Kudryashov et al., 2007; 
Yang et al., 2018). Hippocampus is a region highly vulnerable to 
seizure damage in the brain, which plays a central role in TLE, with 
significant excessive excitation and loss of pyramidal neurons in the 
CA1 region (Patel et al., 2019; Swindell et al., 2020). Dual treatment 
targeting neuroinflammation and neuronal excitability represents a 
promising strategy for developing effective therapies for TLE. 

Natural products have emerged as valuable sources of 
multi-targeted compounds for neurological disorders (Ahmad 
et al., 2022; Yang et al., 2020; C Sekhar et al., 2024; Sekhar 
et al., 2025; Kunjumon et al., 2022). Ginger (Zingiber officinale 
Roscoe) is a widely used medicinal and edible plant, and 
its bioactive components (gingerols, shogaols, zingerone) 
exhibit diverse pharmacological effects (Mao et al., 2019; 

Semwal et al., 2015). Zingerone (4-(4-hydroxy-3-methoxyphenyl)-

2-butanone) is a major ginger-derived phenol with 
well-documented pharmacological properties, known for its anti-
inflammatory, antioxidant, anti-apoptotic, and neuroprotective 
effects (Molavinia et al., 2024; Eriten et al., 2024; Tuncer et al., 
2024; Olasehinde and Olaokun, 2025; Xu et al., 2025; Oviosun 
et al., 2025; Ram et al., 2021). Recent study demonstrated that, 
following oral administration in rats, zingerone is absorbed 
and systemically distributed. It rapidly crosses the blood– 
brain barrier (BBB) and is easily metabolized in both rats and 
humans, achieving decent concentrations in the blood (Li et al., 
2019; Songvut et al., 2024). Furthermore, zingerone modulates 
neuronal electrophysiology by inhibiting voltage-gated sodium 
and calcium channels (Kudryashov et al., 2007; Wang et al., 2025; 
Lai et al., 2022) and suppresses neuroinflammation in models of 
neurodegeneration (Ramos-Moreno et al., 2024; Oviosun et al., 
2025). However, its acute anticonvulsant potential in TLE and the 
specific effects on hippocampal neuronal excitability modulation 
remain unelucidated. Most previous studies have focused on the 
chronic administration of ginger constituents, leaving their efficacy 
unknown during acute epileptic seizures, which are a critical 
clinical condition (Rashid et al., 2021; Eriten et al., 2024). 

Furthermore, although ginger-derived compounds like [6]-
gingerol and [6]-shogaol have been shown to exhibit anticonvulsant 
effects (Hitomi et al., 2017; Kim et al., 2010, 2022b), zingerone’s 
unique chemical structure (a less lipophilic derivative of gingerol) 
suggests distinct pharmacological profiles, including improved 
bioavailability and reduced toxicity (Li et al., 2019; Songvut et al., 
2024). Unlike existing AEDs that primarily target single ion 
channels, zingerone’s multi-targeted properties make it a promising 
candidate for addressing the complex pathophysiology of TLE. 

In this study, we hypothesized that zingerone exerts acute 
anticonvulsant effects in TLE by attenuating neuroinflammation 
and reducing the intrinsic excitability of hippocampal neurons. 
With using a lithium-pilocarpine-induced TLE rat model (Rashid 
et al., 2021), we combined behavioral, electrophysiological, and 
histological approaches to: (1) evaluate the acute anticonvulsant 
efficacy of zingerone; (2) assess its effects on hippocampal 
neuroinflammation and neuronal survival; (3) clarify its impact 
on intrinsic neuronal excitability and synaptic transmission. 
Our findings provide novel insights into zingerone’s therapeutic 
potential and underlying mechanisms, paving the way for its 
development as a natural adjuvant therapy for drug-resistant TLE. 
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2 Materials and methods 

2.1 Animals 

Fifty male Sprague-Dawley (SD) rats (8 weeks old, 220– 
250 g) were purchased from Shandong Jinan Pengyue Experimental 
Animal Breeding Co., Ltd. (License No.: SCXK 2022-0006). Rats 
were housed under standard conditions (12-h light/dark cycle, 20– 
26◦C, 50 ± 20% humidity) with free access to food and water, and 
acclimatized for 1 week before experiments. All procedures were 
approved by the Laboratory Animal Ethics Committee of Bengbu 
Medical University [Approval No. (2024) 474] and complied with 
NIH Guidelines for the Care and Use of Laboratory Animals. 

2.2 EEG electrode implantation 

Rats were anesthetized with 20% urethane (1 g/kg, i.p.) and 
positioned on a stereotaxic apparatus (RWD, China). A midline 
cranial incision was made to expose the anterior fontanel. 
Intracranial electrodes were implanted vertically at the following 
coordinates (relative to bregma): left occipital lobe (AP �4.80 mm, 
ML �3.0 mm), right occipital lobe (AP �4.80 mm, ML + 3.0 mm), 
and left parietal frontal lobe (AP + 2.0 mm, ML �2.0 mm). 
Electrodes were fixed with dental cement, and penicillin (i.p.) was 
administered to prevent infection. Rats were allowed 7 days of 
recovery before EEG recording and seizure induction. 

2.3 EEG recording 

EEG signals were recorded using a Solar 1848 system 
(sampling rate: 500 Hz; bandpass filter: 0.01–70 Hz). 
Recordings were synchronized with video monitoring to 
correlate electrophysiological changes with behavioral seizures. 
Epileptiform discharges (sharp waves, spike waves, polyspike 
waves) were quantified using Clampfit 10.7 software (Molecular 
Devices, United States). 

2.4 Lithium-Pilocarpine seizure model 
and drug administration 

Acute TLE was induced as previously described (Rashid 
et al., 2021; Zheng et al., 2022). Rats received lithium chloride 
(3 mmol/kg, i.p.) 18–20 h prior to pilocarpine injection. 
Scopolamine methyl nitrate (1 mg/kg, i.p.) was administered 
30 min before pilocarpine to block peripheral cholinergic effects. 
Pilocarpine (40 mg/kg, i.p.; Med Chem Express, Cat. HY-

B0726) was then injected to induce seizures. Seizure activity was 
monitored for 2 h, and Racine stage IV/V seizures were defined 
as generalized seizures (Racine, 1972). Diazepam (10 mg/kg, i.p.) 
was administered at the end of the 2 h period to terminate seizures 
and prevent fatal status epilepticus. Zingerone, dissolved in saline, 
was administered via intraperitoneal (i.p.) injection into the lower 
quadrant of the abdomen. 

A total of 50 rats were randomly divided into five groups: 

(a) Control group (Con, n = 8): Received saline instead of 
lithium chloride, pilocarpine, and zingerone. (b) Pilocarpine group 
(Pilo, n = 12): Received lithium-pilocarpine and saline (i.p.) at 
the onset of the first generalized seizure. (c) Zingerone low-dose 
group (ZO-L, n = 10): Received lithium-pilocarpine and zingerone 
(75 mg/kg, i.p.; Shanghai Macklin Biochemical Co., Ltd., V820486-
5g) at the onset of the first generalized seizure. (d) Zingerone 
medium-dose group (ZO-M, n = 10): Received lithium-pilocarpine 
and zingerone (150 mg/kg, i.p.). (e) Zingerone high-dose group 
(ZO-H, n = 10): Received lithium-pilocarpine and zingerone 
(300 mg/kg, i.p.). 

2.5 Brain tissue preparation 

Seven days after seizure induction, rats were anesthetized 
with 20% urethane (1 g/kg, i.p.) and transcardially perfused with 
normal saline followed by 4% paraformaldehyde (PFA) in 0.1 M 
PBS (pH 7.2–7.4). Brains were extracted, post-fixed in 4% PFA 
overnight at 4◦C, and dehydrated in 20–30% sucrose solution 
(in PBS) for 3 days. Coronal hippocampal slices (20 µm) were 
prepared using a cryostat (Leica, Germany) for IHC, HE staining, 
and immunofluorescence. The hippocampal slices (20 µm) used 
for all histological analyses (IHC, HE, Immunofluorescence) 
were collected from the dorsal hippocampus, specifically between 
�2.5 mm and �4.5 mm relative to bregma. In each animal, every 
10th slice along the septotemporal axis of the hippocampus was 
included in the analysis. At least three sections were imaged for each 
animal. We have revised the text to state this clearly. 

2.6 Immunohistochemistry 

Slices were washed with PBS (0.01M, PH 7.2–7.4). Endogenous 
peroxidase blocking agent incubated at room temperature for 
10 min, followed by PBS wash. Then incubated with 5% goat serum 
at room temperature for 30 min. We used the following primary 
antibodies as GFAP (1:1,000. CST, United States, Cat# 34001S) 
and IBa1 (1:1,000, CST, United States, Cat# 17198S), overnight 
incubation at 4◦

C following the protocol by Rashid et al. (2021) 
and Zheng et al. (2022). The next day, after washing three times 
with PBS, the sections were incubated with horseradish peroxidase 
(HRP)-conjugated secondary antibody at room temperature for 
1 h. Immunoreactivity was visualized using 3,3-diaminobenzidine 
(DAB, Max VisionIII Mouse/Rabbit). After immunoreactivity, 
slices were dipped in distilled water, dehydrated, mounted with 
neutral gum, and observed under an Olympus BX50 microscope. 
IBA1+ and GFAP+ cells in the hippocampal CA1 region were 
quantified using ImageJ software (NIH, United States). 

2.7 Immunofluorescence staining 

Slices were blocked with 5% goat serum for 30 min, incubated 
with anti-NeuN primary antibody (1:800, Abcam, Cat# ab104224) 
overnight at 4◦C, and then with Alexa Fluor R 488-conjugated 
secondary antibody (1:1,000, Abcam, Cat# ab150113) for 2 h at 
room temperature in the dark. Nuclei were stained with DAPI 
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(1:1,000, Biosharp, P24000042957) for 5 min. Slices were mounted 
with 50% glycerol and imaged using a Nikon confocal laser 
scanning microscope. NeuN+ neuron density in the hippocampal 
CA1 region was quantified using Image J. 

2.8 Hematoxylin and eosin staining 

Slices were washed with PBS three times (5 min each), 
stained with hematoxylin for 3 min, rinsed with tap water until 
blue, differentiated with 1% hydrochloric acid ethanol for 2– 
3 s, and rinsed again with tap water for 5 min. Slices were 
then stained with eosin for 3 min, dehydrated in gradient 
ethanol (85, 95, 100%), cleared with xylene, and mounted with 
neutral gum. Neuronal morphology in the hippocampal CA1 
region was observed under a Nikon optical microscope. Neurons 
exhibiting cytoplasmic shrinkage and hyperchromatic nuclei were 
identified as damaged cells. Quantification were expressed as 
the average number of pyknotic cells, three non-overlapping 
high-power field (HPF, 65 µm × 65 µm) were randomly 
selected per section. 

2.9 Whole-cell patch-clamp recordings 

Four-week-old male SD rats were anesthetized with isoflurane 
and decapitated. Brains were rapidly removed and immersed 
in ice-cold artificial cerebrospinal fluid (ACSF) containing 
(in mM): NaCl 124, KCl 2.5, NaH2PO4 1.2, NaHCO3 24, 
CaCl2 2, MgCl2 2, glucose 12.5, HEPES 5 (pH 7.35–7.45, 
osmolality 310–330 mOsm/L). Coronal brain slices (300 µm) 
containing the hippocampus were prepared using a vibrating 
microtome (Leica VT1000S) and incubated in oxygenated ACSF 
at 33◦C for 30 min, then maintained at room temperature 
until recording. 

Whole-cell patch-clamp recordings were performed 
on hippocampal CA1 pyramidal neurons using infrared 
differential interference contrast (IR-DIC) optics (Nikon 
FN1). The patch pipette solution contained (in mM): 
K-gluconate 140, HEPES 10, phosphocreatine 5, EGTA 
0.5, Mg-ATP 4, Tris-GTP 1, NaCl 4 (pH 7.4, osmolality 
290 mOsm/L). Action potentials were recorded using a 
Multiclamp 700B amplifier (Molecular Devices, United States) 
and sampled at 10 kHz with a Digidata 1550 interface. 
Data were analyzed using Clampfit 10.7 software 
(Molecular Devices). 

2.10 Action potential parameter 
measurements 

Inter-spike interval (ISI): The time interval between 
consecutive action potential peaks. The peak amplitude of 
action potentials (AP): Measured from the resting membrane 
potential baseline to the peak of the action potential. Threshold: 
Defined as the membrane potential level at which the rising 
phase slope exceeds dV/dt > 20 V/s. Afterhyperpolarization 

(AHP): The maximum hyperpolarizing deflection of the 
membrane potential below the resting baseline following 
an action potential (Figure 6C). Number of spikes: The 
total count of full action potentials recorded within a 
given time window. 

2.11 Statistical analysis 

Data were analyzed using OriginPro 2019 (OriginLab 
Corporation, United States) and GraphPad Prism 9 (GraphPad 
Software, Inc., United States). Comparisons between two 
groups were executed using either paired or unpaired 
Student’s t-tests. Multiple group comparisons, after passed 
Shapiro-Wilk test, were analyzed by the non-parametric 
Kruskal-Wallis H test or one-way ANOVA with Dunn’s 
post-hoc test, or two-way ANOVA with Sidak’s multiple 
comparisons test. The data was presented as the mean ± standard 
error of the mean (SEM), ∗p < 0.05 was considered 
statistically significant. 

3 Results 

3.1 Zingerone attenuates acute 
generalized seizures in TLE rats 

Lithium-pilocarpine injection successfully induced acute 
TLE in rats. The pilocarpine group exhibited frequent Racine 
IV/V generalized seizures over the 2 h monitoring period, 
accompanied by EEG epileptiform discharges (sharp waves, 
spike waves, and poly spike waves) (Figure 1B). As illustrated in 
Figure 1A, the experimental timeline included lithium chloride 
pretreatment, scopolamine administration, pilocarpine-induced 
seizure induction, zingerone/saline injection at the first generalized 
seizure, and 2 h behavioral/EEG recording followed by diazepam 
termination. 

Behavioral analysis confirmed the anticonvulsant effect 
of zingerone. For Racine IV seizures, the pilocarpine group 
experienced 25.45 ± 3.02 times and lasted a total seizures duration 
of 624.27 ± 57.93 s during 2 h (n = 11). ZO-M (150 mg/kg) 
significantly reduced these to 10.63 ± 2.78 times (p = 0.0003) and 
251.38 ± 109.94 s (p = 0.0196, n = 8), while ZO-H (300 mg/kg) 
further decreased them to 6.3 ± 1.19 times (p < 0.0001) and 
168.5 ± 23.09 s (p = 0.0049, n = 10) (Figures 1C–E). The ZO-L 
group (75 mg/kg) reduced the number to 4.11 ± 2.12 times 
(p < 0.0043, n = 9) but not alter duration (416.11 ± 79.44 s, 
p = 0.78). 

For Racine V seizures, the pilocarpine group had a number 
of 3.73 ± 0.76 times lasting 44.73 ± 12.32 s during 2 h. ZO-H 
significantly decreased both measures (0.2 ± 0.14 times, p < 0.0001; 
0.4 ± 0.28 s, p < 0.0002) (Figures 1F,G). ZO-M showed a non-
significant reduction (1.38 ± 0.31 times; 28.25 ± 16.53 s), and ZO-L 
had no effect (p > 0.05). As shown in Figure 1C, the distribution of 
seizure severity was assessed over a 2 h period using a grouped bar 
chart according to the Racine scale. 
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FIGURE 1 

Zingerone attenuates acute generalized seizures in lithium-pilocarpine-induced TLE rats. (A) Schematic of the experimental timeline. 
(B) Representative EEG traces: The control group shows stable background activity; the pilocarpine group exhibits high-amplitude sharp waves, 
spike waves, and polyspike waves. (C) Representative plot of seizure activity: The graph illustrates seizure activity within 2 h from the first generalized 
seizure. Each cluster of graph corresponds to an experimental group (Con, Pilo, ZO-L, ZO-M, ZO-H), within a cluster representing the cumulative 
duration or times of seizures at stages 0 through V. The blue bar represents the timing of zingerone administration. The gray bar represents the 
seizures below Racine III (or no seizure, as in the normal group).While yellow and red bars indicate the stage 4 and 5 seizures, respectively. 
(D) Quantification of Racine IV seizure times during 2 h: ZO-M and ZO-H significantly reduced seizure times compared to the pilocarpine group. (E) 
Quantification of Racine IV seizure total duration during 2 h: ZO-M and ZO-H significantly shortened seizure duration. (F) Quantification of Racine V 
seizure: ZO-H significantly reduced seizure times. (G) Quantification of Racine V seizure total duration: Only ZO-H significantly shortened seizure 
duration. Data are presented as mea ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001 vs. pilocarpine group (the non-parametric 
Kruskal-Wallis H test with Dunn’s post-hoc test). 
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FIGURE 2 

Zingerone inhibits microglial activation in the hippocampal CA1 region of TLE rats. (A) Representative IHC staining of IBA1 in the Con group: Resting 
microglia with small cell bodies and long, thin processes (scale bar: 100 µm). (B) Representative IHC staining of IBA1 in the Pilo group: Activated 
microglia with hypertrophied cell bodies and shortened, thickened processes (n = 4, scale bar: 100 µm). (C–E) Representative IHC staining of IBA1 in 
ZO-L, ZO-M, and ZO-H groups: Dose-dependent reduction in microglial activation (scale bar: 100 µm). (F) Quantification of IBA1+ cell density: 
ZO-M and ZO-H significantly reduced IBA1+ cell density compared to the Pilo group. Data are presented as mean ± SEM. **p < 0.01, 
****p < 0.0001 [one-way ANOVA with Dunn’s post-hoc test, F(4, 17) = 27.23]. 

3.2 Zingerone inhibits hippocampal 
neuroinflammation 

To investigate whether zingerone exerts neuroprotective 

effects, rat brain tissues were collected 7 days after the 

establishment of the lithium chloride-pilocarpine-induced acute 

seizure. Immunohistochemical staining was performed to examine 

morphological changes in microglia, astrocytes, and neurons in the 

hippocampal CA1 region-a key area involved in TLE pathogenesis. 

For microglial activation (marked by IBA1), the control group 

showed resting microglia with small cell bodies and long, thin 

processes (Figure 2A). In contrast, the pilocarpine group exhibited 

robust microglial activation, characterized by hypertrophied cell 

bodies, shortened and thickened processes, and a significant 

increase in IBA1+ cell density (544 ± 52.19 cells/mm2 , n = 4, vs. 

Con: 153 ± 7.36 cells/mm2 , n = 6, p < 0.0001) (Figures 2B,F). 

Zingerone treatment dose-dependently reversed these changes: 

ZO-M reduced IBA1+ cell density to 203 ± 46.48 cells/mm2 

(n = 3, p < 0.0001 vs. Pilo) with partial restoration of microglial 

morphology, while ZO-H further decreased density to 139 ± 15.93 

cells/mm2 (n = 4, p < 0.0001 vs. Pilo) with morphology nearly 

identical to the Con group (Figures 2D–F). The ZO-L group 

showed minimal improvement (IBA1+ density: 367 ± 38.28 

cells/mm2 , n = 5, p < 0.01 vs. Pilo) (Figures 2C,F). 

For astrocytic activation (marked by GFAP), the Con group 
had quiescent astrocytes with thin, ramified processes (Figure 3A). 
The pilocarpine group displayed prominent astrocytic activation, 
with hypertrophied cell bodies, thickened processes, and increased 
GFAP+ cell density (n = 4, 349 ± 20.17 cells/mm2 vs. Con: 
225 ± 8.46 cells/mm2 , n = 5, F(4,15) = 14.58, p < 0.0001) 
(Figures 3B,F). Zingerone treatment inhibited astrocytic activation 
in a dose-dependent manner: ZO-M reduced GFAP+ cell density 
to 273 ± 17.21 cells/mm2 (n = 4, p = 0.0078 vs. Pilo) and 
improved astrocyte morphology, while ZO-H decreased density to 
240 ± 14.73 cells/mm2 (n = 4, p = 0.0003 vs. Pilo) with near-
normal morphology (Figures 3D–F). The ZO-L group showed no 
significant reduction in GFAP+ density (333 ± 6.01 cells/mm2 , 
n = 3, p > 0.05 vs. Pilo) (Figures 3C,F). 

3.3 Zingerone exerts neuroprotective 
effects in the hippocampus 

HE staining and NeuN immunofluorescence were used to 
evaluate neuronal damage and survival in the hippocampal CA1 
region. The experimental results showed that the effect of zingerone 
was dose-dependent. 

HE staining showed that the control group had intact 
neuronal morphology, with round, uniform cell bodies, distinct 
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FIGURE 3 

Zingerone inhibits astrocytic activation in the hippocampal CA1 region of TLE rats. (A) Representative IHC staining of GFAP in the Con group: 
Quiescent astrocytes with thin, ramified processes (scale bar: 100 µm). (B) Representative IHC staining of GFAP in the Pilo group: Activated 
astrocytes with hypertrophied cell bodies and thickened processes (scale bar: 100 µm). (C–E) Representative IHC staining of GFAP in ZO-L, ZO-M, 
and ZO-H groups: Dose-dependent reduction in astrocytic activation (scale bar: 100 µm). (F) Quantification of GFAP+ cell density: ZO-M and ZO-H 
significantly reduced GFAP+ cell density compared to the Pilo group. Data are presented as mean ± SEM [F(4, 15) = 14.48, p < 0.0001]. **p < 0.01, 
***p < 0.001 vs. Pilo group (one-way ANOVA with Dunn’s post-hoc test). 

nucleoli, and tightly arranged layers (Figure 4A). The pilocarpine 
group exhibited severe neuronal damage, including shrunken 
cell bodies, condensed and deeply stained nuclei, loss of 
nucleoli, and disorganized neuronal layers (Figure 4B). Zingerone 
treatment dose-dependently preserved neuronal integrity: ZO-
M showed moderate protection with relatively intact cell bodies 
and nucleoli (Figure 4D), while ZO-H exhibited near-normal 
neuronal morphology, with cell bodies and nucleoli similar to 
the Con group (Figure 4E). The ZO-L group showed minimal 
improvement in neuronal morphology (Figure 4C). Quantitative 
analysis of pyknotic neurons in HE-stained sections confirmed 
these observations. The pilocarpine group showed a significant 
increase in the number of pyknotic cells compared to the control 
group (Pilo: 20.60 ± 1.01 cells/HPF vs. Con: 3.11 ± 0.2 cells/HPF, 
p < 0.0001). Zingerone treatment dose-dependently reduced this 
parameter: ZO-L (16.95 ± 1.53 cells/HPF, p = 0.0497 vs.Pilo), 
ZO-M (8.61 ± 0.76 cells/HPF, p < 0.0001 vs. Pilo), and ZO-H 
(5.93 ± 0.49 cells/HPF, p < 0.0001 vs. Pilo). Data are presented 
as mean ± SEM [F(4, 24) = 54.35, p < 0.0001]. ∗p < 0.05, 
∗∗∗∗ p < 0.0001 vs. Pilo group (one-way ANOVA with Dunn’s 
post-hoc test). 

NeuN immunofluorescence (a marker for mature neurons) 
confirmed these findings. The control group had a high density of 
NeuN+ neurons with strong fluorescence intensity (Figure 4F). The 
pilocarpine group had a significant reduction in NeuN+ neuron 
density and weakened fluorescence (Figure 4G). ZO-M increased 
NeuN+ density vs. Pilo (Figure 4I), while ZO-H further restored 
density with fluorescence intensity comparable to the Con group 
(Figure 4J). The ZO-L group showed no significant increase in 
NeuN+ density (Figure 4H). 

Collectively, these results demonstrate that zingerone 
provides substantial neuroprotection against seizure-induced 
hippocampal damage. 

3.4 Zingerone modifies synaptic 
transmission within the hippocampal CA1 

To elucidate the mechanisms by which zingerone modulates 
the activity of the CA1 pyramidal neurons, we employed whole-
cell patch clamp techniques to assess the synaptic inputs to 
these neurons. Our findings indicate that zingerone (10 µM) 
administration resulted in an increased frequency of excitatory 
postsynaptic currents (EPSCs) in CA1 pyramidal neurons 
(Figures 5A,D, control: 0.22 ± 0.03 Hz, ZO: 0.14 ± 0.02 Hz, 21 
cells from 5 mice, paired t-test, p = 0.0028), while the amplitude 
of EPSCs remained constant (Figures 5B,C, control: 19.78 ± 0.47 
pA, ZO: 19.27 ± 0.50 pA, 21 cells from 5 mice, paired t-test, 
p = 0.1134). These results suggest that zingerone has the capacity 
to modulate the frequency of EPSCs in the hippocampal CA1 
pyramidal neurons. 

3.5 Zingerone reduces intrinsic 
excitability of hippocampal CA1 
pyramidal neurons 

Whole-cell patch-clamp recordings were performed to 
investigate the effects of zingerone on the electrophysiological 
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FIGURE 4 

Zingerone exerts neuroprotective effects in the hippocampal CA1 region of TLE rats. (A–E) Representative HE staining images: (A) Con group: Intact 
neuronal morphology with round cell bodies and distinct nucleoli. (B) Pilo group: Shrunken cell bodies, pyknotic nuclei, and loss of nucleoli, as 
indicated by the yellow arrow. (C) ZO-L group: Minimal improvement in neuronal morphology. (D) ZO-M group: Moderate preservation of neuronal 
morphology. (E) ZO-H group: Near-normal neuronal morphology. (F–J) Representative NeuN immunofluorescence images (green: NeuN). (F) Con 
group: High density and orderly arrangement of NeuN+ neurons. (G) Pilo group: Reduced NeuN+ neuron density and disrupted architecture. 
(H) ZO-L group: exhibited a limited neuroprotective effect compared to the Pilo group. (I) ZO-M group: Increased NeuN+ neuron density. (J) ZO-H 
group: Near-normal density and distribution of NeuN+neurons, closely resembling the control group. 

properties of hippocampal CA1 pyramidal neurons. Zingerone (10 
µM) was applied to brain slices via perfusion, and action potential 
parameters were analyzed. 

Representative action potential traces showed that zingerone 
significantly reduced the firing frequency of CA1 neurons in 
response to depolarizing current pulses (Figures 6A,B). At a 
depolarizing stimulus of 160 pA, the firing frequency was 
15.86 ± 1.21 Hz in the Control group, which decreased to 
11 ± 1.26 Hz in the ZO group (Figure 6B, 21 cells from five mice, 
two-way ANOVA with Sidak’s multiple comparisons test between 
groups, p = 0.047). Further analysis revealed that zingerone 
prolonged the inter-spike interval (ISI) between the first and second 
action potentials: from 0.10 ± 0.01 ms (Con) to 0.21 ± 0.03 ms 
(ZO, p = 0.0026) (Figure 6D). Zingerone also slightly reduced the 
peak amplitude of action potentials (Con: 103.21 ± 2.44 mV; ZO: 
98.10 ± 3.48 mV, p = 0.0416) (Figure 6E). Zingerone increased 
the minimum current stimulation intensity required to elicit an 
action potential of pyramidal neurons (Con: 50.48 ± 6.42; ZO: 
69.52 ± 8.35, p = 0.0423) (Figure 6F). Additionally, Zingerone 
modulated other electrophysiological parameters: it increased the 
amplitude of the afterhyperpolarization (AHP) from −11.65 ± 1.38 
mV (Con) to −17.06 ± 1.36 mV (ZO, p = 0.0001) (Figure 6G), 

indicating enhanced potassium channel function. These results 

indicate that zingerone reduces the intrinsic excitability of 

hippocampal CA1 neurons by prolonging the ISI, increasing AHP 

amplitude, and decreasing firing frequency. 

4 Discussion 

This study demonstrates that acute administration of zingerone 

exerts significant anticonvulsant and neuroprotective effects in 

a lithium-pilocarpine-induced temporal lobe epilepsy rat model. 

The therapeutic effects are primarily mediated through two key 

mechanisms: inhibition of hippocampal neuroinflammation and 

reduction of intrinsic neuronal excitability. These findings address 

an important gap in the existing literature and highlight that 

zingerone holds promise as a natural adjuvant therapy for drug-

resistant temporal lobe epilepsy. 

The acute anticonvulsant effect of zingerone during acute 

seizure episodes is particularly noteworthy, while previous research 

has predominantly focused on chronic administration or other 
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FIGURE 5 

Zingerone modulates excitatory synaptic transmission in the CA1 pyramidal neurons. (A) Representative excitatory postsynaptic current (EPSC) 
traces recorded from hippocampal CA1 pyramidal neurons before and after application of zingerone. (B) The influence of zingerone on the 
amplitude of excitatory postsynaptic potentials (EPSPs) in CA1 pyramidal neurons is presented (orange curve). (C) The cumulative amplitude 
distribution and mean amplitude of EPSCs in ACC pyramidal neurons are also analyzed before and after the application of zingerone. (D) The 
cumulative frequency distribution and mean frequency of EPSCs in CA1 pyramidal neurons are presented, comparing measurements taken prior to 
and following zingerone (10 µM) administration. Control (black) and ZO (orange) groups are shown. 

ginger-derived compounds (Rashid et al., 2021; Kim et al., 2010, 
2022b). Our study found that a single dose of zingerone (150– 
300 mg/kg) administered during generalized seizures significantly 
reduced the frequency and duration of Racine stage IV/V 
seizures without apparent adverse effects. This finding carries 
important clinical implications, as acute seizure management, 
especially in patients with drug-resistant epilepsy remains an unmet 
need, and existing treatments such as benzodiazepines are often 
associated with sedation and cognitive impairment (Lyman and 
Chetkovich, 2019). The dose-dependent effect of zingerone, with 
higher concentrations yielding better anticonvulsant outcomes, 
aligns with its known pharmacological properties: zingerone 
modulates neuronal excitability and inflammatory pathways in 
a concentration-dependent manner (Kudryashov et al., 2007; 
Molavinia et al., 2024; Eriten et al., 2024; Tuncer et al., 2024; 
Olasehinde and Olaokun, 2025; Xu et al., 2025; Oviosun et al., 
2025).The robust central effects observed in our study, along 

with recent reports of zingerone’s neuroprotective actions in 
models of morphine dependence (Molavinia et al., 2024) and 
cognitive disorders (Olasehinde and Olaokun, 2025), strongly 
suggest that systemically administered zingerone can reach the 
brain at therapeutically relevant concentrations. 

Neuroinflammation is a central driver in the progression 
of temporal lobe epilepsy, where activation of microglia and 
astrocytes promotes neuronal hyperexcitability and loss (Vezzani 
et al., 2016; Zhang et al., 2022). Immunohistochemical results 
show that zingerone dose-dependently suppressed the activation 
of IBA1+ microglia and GFAP+ astrocytes in the hippocampal 
CA1 region. The activated glial cells can release pro-inflammatory 
cytokines such as IL-1β and TNF-α, disrupting the excitatory 
inhibitory balance by enhancing glutamatergic transmission 
and inhibiting GABAergic signaling ( Ramos-Moreno et al., 
2024; Rana and Musto, 2018; Borowicz-Reutt and Czuczwar, 
2020).zingerone exerts multi-target anti-inflammatory effects in the 
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FIGURE 6 

Zingerone reduces the intrinsic excitability of hippocampal CA1 pyramidal neurons. (A) Representative action potential traces in response to a 
depolarizing current pulse. The ZO group shows reduced firing frequency. The firing patterns are depicted without zingerone (black, top) and with 
zingerone (orange, middle) in response to the stimulus waveform (black, bottom). (B) The application of zingerone (10 µM) resulted in a rightward 
shift and a reduced gain in the input-output curve (repeated measures two-way ANOVA with Sidak’s multiple comparisons test between groups). 
(C) Schematic illustration depicting a typical neuronal action potential waveform and defining the key parameters measured. (D) The ZO group 
(orange trace) shows prolonged inter-spike interval (ISI) compared to the Con group(black trace) (unpaired t-test, p = 0.0026). (E) The effect of 
zingerone on the action potential peak is shown, demonstrating a reduction in the action potential peak (orange trace, paired Student’s t-test, 
p = 0.0416). (F) Zingerone increased the minimum current stimulation intensity required to elicit an action potential of pyramidal neurons (orange 
trace, paired Student’s t-test, p = 0.0423). (G) Afterhyperpolarization (AHP) amplitude: Zingerone (orange bar) significantly increased the AHP 
amplitude. *p < 0.05, **p < 0.01, ***p < 0.01 vs. Con group (paired Student’s t-test). Con, control; ZO, zingerone (10 µM); AHP, 
afterhyperpolarization. 

brain. Specifically, zingerone has been shown to inhibit the NF-
κB signaling pathway, downregulate pro-inflammatory cytokines 
(including IL-6 and TNF-α), and modulate oxidative stress (Hsiang 
et al., 2015; Rashid et al., 2021; Olasehinde and Olaokun, 2025; 
Mehrzadi et al., 2021). By reducing glial activation, zingerone may 
help to restore normal network activity. It is important to note, 
however, that reactive gliosis is a complex and context-dependent 
process. While our study focuses on the pro-inflammatory aspects 
of microglial and astrocytic activation following acute seizures, we 
acknowledge that glial cells can also exert beneficial effects in tissue 
repair and reorganization ( Vezzani et al., 2016). The observed 
increase in IBA1+ and GFAP+ cells in the pilocarpine group, 
characterized by hypertrophied morphologies, likely represents 
a shift toward a pro-inflammatory phenotype (often referred 
to as M1-like microglia and A1-like astrocytes) associated with 
neuronal injury. Future studies employing specific markers to 
differentiate between pro-inflammatory (e.g., CD68, iNOS for 
microglia; C3 for astrocytes) and anti-inflammatory (e.g., Arg1, 
CD206 for microglia; S100A10 for astrocytes) phenotypes would 
provide deeper insights into the nuanced modulatory effects of 
zingerone on glial function. This anti-inflammatory mechanism 
is further supported by zingerone’s neuroprotective effects: HE 
staining and NeuN immunofluorescence revealed that zingerone 
preserved neuronal morphology and reduced neuronal loss in the 

hippocampal CA1 region. Given that hippocampal sclerosis is a key 
pathological feature of temporal lobe epilepsy and contributes to 
drug resistance ( Patel et al., 2019), zingerone’s ability to protect 
hippocampal neurons may help slow disease progression. 

The reduction of intrinsic neuronal excitability represents 
another key mechanism underlying zingerone’s anticonvulsant 
action. In TLE, CA1 pyramidal neurons exhibit hyperexcitability 
driven by ion channel dysfunction, altered synaptic plasticity, and 
neuronal network reorganization (Kudryashov et al., 2007; Yang 
et al., 2018). Our electrophysiological recordings demonstrate that 
zingerone decreases firing frequency, prolong ISIs, reduces AP 
amplitude, increases rheobase, and enhances AHP. Furthermore, 
zingerone was found to modify synaptic transmission to CA1 
neurons. These effects are consistent with reported inhibition 
of voltage-gated sodium channels and potentiation of potassium 
currents (Kudryashov et al., 2007; Wang et al., 2025; Lai et al., 
2022; Kim et al., 2022a). Inhibiting sodium channels reduces the 
influx of sodium ions, thereby limiting depolarization and action 
potential generation, while activating potassium channel enhances 
potassium efflux, and strengthens afterhyperpolarization, thereby 
reducing the likelihood of repetitive neuronal firing. Notably, 
zingerone did not alter AP threshold, indicating that it modulates 
firing patterns rather than the initiation of action potentials. This 
mechanism differs from that of traditional antiseizure medications 
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such as carbamazepine, which primarily block sodium channels 
to raise the action potential threshold (Ryvlin et al., 2026). This 
distinct mode of action may partly explain zingerone’s efficacy in 
a drug-resistant temporal lobe epilepsy model, where ion channel 
alterations often render conventional drugs ineffective (Kwan et al., 
2010). 

Whether zingerone’s anti-inflammatory effect is a direct action 
on glial cells or an indirect consequence of its neuroprotective 
and anti-excitatory effects on neurons remains an open question. 
Our in vivo data cannot distinguish between these possibilities. 
It is plausible that both mechanisms contribute: zingerone may 
directly inhibit pro-inflammatory signaling pathways in glia, while 
simultaneously reducing neuronal hyperexcitability and injury, 
thereby diminishing the release of damage-associated molecular 
patterns (DAMPs) that trigger glial activation. Future studies 
employing in vitro co-culture systems, such as primary neuron-glia 
cultures, where zingerone can be applied in the presence or absence 
of neuronal activity blockers, will be essential to dissect the primary 
cellular targets of its anti-inflammatory action. 

The novelty of this study lies in the simultaneous 
demonstration of zingerone’s dual modulation of 
neuroinflammation and neuronal excitability, two interconnected 
pathophysiological pathways in TLE. Most existing antiseizure 
medications target a single pathway, which may contribute to 
their limited efficacy in patients with drug-resistant epilepsy 
(Borowicz-Reutt and Czuczwar, 2020). Zingerone’s multi-

target properties make it a promising candidate for addressing 
the complex pathological network of temporal lobe epilepsy. 
Moreover, as a low-toxicity, edible natural compound, zingerone 
is suitable for long-term adjuvant therapy (Li et al., 2019; 
Songvut et al., 2024). Studies by Songvut et al. (2024) have also 
provided pharmacokinetic evidence for the oral absorption and 
interconversion of ginger constituents, supporting the premise that 
orally administered ginger-derived compounds can yield systemic 
zingerone. Furthermore, recent work on nano-encapsulation 
of natural products (C Sekhar et al., 2024; Sekhar et al., 2025; 
Kunjumon et al., 2022) demonstrates how formulation strategies 
can enhance the bioavailability and neuroprotective efficacy of 
such compounds, which could be a promising approach for future 
development of zingerone-based therapies. In contrast to synthetic 
antiseizure medications, which are often associated with adverse 
effects such as hepatotoxicity and cognitive impairment (Ali et al., 
2008; Ezzat et al., 2018), zingerone did not induce significant 
behavioral abnormalities in this study, suggesting a favorable safety 
profile. 

5 Limitations of the study 

Several important limitations of this study should be 
acknowledged, which also outline directions for future 
research: 

5.1 Molecular targets 

While our electrophysiological data demonstrate that 
zingerone reduces intrinsic neuronal excitability by modulating 

firing patterns, rheobase, and AHP, the precise molecular 
targets remain incompletely defined. Although our data 
suggest involvement of voltage-gated sodium and potassium 
channels, the specific channel subtypes (e.g., Nav1.1, Nav1.6; 
Kv7/KCNQ, BK, SK channels) await identification. Future 
investigations employing pharmacological blockade experiments 
in voltage-clamp mode, single-channel recordings, and 
molecular approaches (such as gene knockdown or knockout) 
are required to pinpoint the exact ion channel subunits 
targeted by zingerone. 

5.2 Chronic efficacy and 
antiepileptogenesis 

This study focused on acute anticonvulsant effects in an 
acute seizure model. The potential antiepileptogenic properties 
of zingerone and its effectiveness in chronic TLE models (e.g., 
spontaneous recurrent seizure models following status epilepticus) 
remain to be investigated. Long-term treatment studies are 
necessary to determine whether zingerone can modify disease 
progression, not just suppress acute seizures. 

5.3 Toxicology and safety profile 

While no overt adverse effects were observed in this acute 
study, a comprehensive toxicological evaluation of zingerone, 
particularly at the 300 mg/kg dose, is lacking. Future studies must 
assess its potential effects on motor function (e.g., rotarod test), 
cognition (e.g., Morris water maze), and major organ systems 
(e.g., liver and kidney histology and serum biochemistry) following 
both acute high-dose and chronic administration to define its 
therapeutic index. 

5.4 Sex as a biological variable 

This study used only male rats to minimize hormonal 
variability. However, given the well-documented sex differences 
in epilepsy (e.g., catamenial epilepsy) and potential sex-dependent 
drug responses, future studies must include both male and female 
animals to evaluate potential sex differences in zingerone’s efficacy 
and pharmacokinetics. 

6 Conclusion 

In summary, acute zingerone administration alleviates seizures 
and protects hippocampal neurons in a TLE rat model by 
suppressing neuroinflammation and reducing intrinsic excitability 
and synaptic transmission in CA1 pyramidal neurons. These 
results position zingerone as a promising natural compound 
for developing novel adjuvant therapies against drug-resistant 
TLE. Future research should explore its long-term efficacy 
in chronic epilepsy models, its potential antiepileptogenic 
properties, its precise molecular targets, oral bioavailability, 
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comprehensive toxicological profile, and clinical translatability, 

with careful consideration of sex as a biological variable. 

Data availability statement 

The original contributions presented in this study are included 

in the article/supplementary material, further inquiries can be 

directed to the corresponding authors. 

Ethics statement 

The animal study was approved by the Laboratory Animal 

Ethics Committee of Bengbu Medical University [Approval No. 

(2024)474]. The study was conducted in accordance with the local 

legislation and institutional requirements. 

Author contributions 

HN: Investigation, Methodology, Visualization, Writing – 

original draft, Writing – review & editing. WY: Data curation, 

Investigation, Methodology, Visualization, Writing – original draft, 

Writing – review & editing. SH: Investigation, Methodology, 

Visualization, Writing – original draft. YW: Data curation, 

Investigation, Methodology, Visualization, Writing – original 

draft. HD: Investigation, Project administration, Writing – 

review & editing. TS: Investigation, Methodology, Visualization, 

Writing – review & editing. MZ: Investigation, Methodology, 

Writing – review & editing, JY: Data curation, Project 

administration, Writing – original draft, Writing – review 

& editing. RG: Conceptualization, Data curation, Funding 

acquisition, Project administration, Resources, Supervision, 

Writing – review & editing. 

Funding 

The author(s) declared that financial support was received 
for this work and/or its publication. The work was supported by 
the National Natural Science Foundation of China (Grant No. 
82171446), the Key Natural Science Project of Bengbu Medical 
College (Grant No. 2022byzd025) and Natural Science Research 
Project of Anhui Educational Committee in Anhui Province, China 
(Grant No. 2023AH051955, 2025AHGXZK30579). 

Conflict of interest 

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Generative AI statement 

The author(s) declared that generative AI was not used in the 
creation of this manuscript. 

Any alternative text (alt text) provided alongside figures in 
this article has been generated by Frontiers with the support of 
artificial intelligence and reasonable efforts have been made to 
ensure accuracy, including review by the authors wherever possible. 
If you identify any issues, please contact us. 

Publisher’s note 

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher. 

References 
Ahmad, N., Hui-Yin, Y., and Makmor-Bakry, M. (2022). Mechanisms of natural 
products as potential antiepileptic drugs. Pak. J. Pharm. Sci. 35, 1043–1053. 

Ali, B. H., Blunden, G., Tanira, M. O., and Nemmar, A. (2008). Some phytochemical, 
pharmacological and toxicological properties of ginger (Zingiber officinale Roscoe): A 
review of recent research. Food Chem. Toxicol. 46, 409–420. doi: 10.1016/j.fct.2007.09. 
085 

Borowicz-Reutt, K. K., and Czuczwar, S. J. (2020). Role of oxidative stress in 
epileptogenesis and potential implications for therapy. Pharmacol. Rep. 72, 1218–1226. 
doi: 10.1007/s43440-020-00143-w 

C Sekhar, V., Gulia, K. K., Deepti, A., Chakrapani, P. S. B., Baby, S., and Viswanathan, 
G. (2024). Protection by nano-encapsulated bacoside A and bacopaside I in seizure 
alleviation and improvement in sleep- in vitro and in vivo evidences. Mol. Neurobiol. 
61, 3296–3313. doi: 10.1007/s12035-023-03741-w 

Eriten, B., Caglayan, C., Gür, C., Küçükler, S., and Diril, H. (2024). Hepatoprotective 
effects of zingerone on sodium arsenite-induced hepatotoxicity in rats: Modulating the 
levels of caspase-3/Bax/Bcl-2, NLRP3/NF-κB/TNF-α and ATF6/IRE1/PERK/GRP78 
signaling pathways. Biochem. Biophys. Res. Commun. 725:150258. doi: 10.1016/j.bbrc. 
2024.150258 

Ezzat, S. M., Ezzat, M. I., Okba, M. M., Menze, E. T., and Abdel-Naim, A. B. (2018). 
The hidden mechanism beyond ginger (Zingiber officinale Rosc.) potent in vivo and 
in vitro anti-inflammatory activity. J. Ethnopharmacol. 214, 113–123. doi: 10.1016/j. 
jep.2017.12.019 

Fisher, R. S., Cross, J. H., French, J. A., Higurashi, N., Hirsch, E., Jansen, 
F. E., et al. (2017). Operational classification of seizure types by the 
international league against epilepsy: Position paper of the ILAE commission 
for classification and terminology. Epilepsia 58, 522–530. doi: 10.1111/epi. 
13670 

Hitomi, S., Ono, K., Terawaki, K., Matsumoto, C., Mizuno, K., Yamaguchi, K., 
et al. (2017). [6]-gingerol and [6]-shogaol, active ingredients of the traditional 
Japanese medicine hangeshashinto, relief oral ulcerative mucositis-induced pain via 
action on Na+ channels. Pharmacol. Res. 117, 288–302. doi: 10.1016/j.phrs.2016. 
12.026 

Hsiang, C. Y., Lin, L. J., Kao, S. T., Lo, H. Y., Chou, S. T., and Ho, T. 
Y. (2015). Glycyrrhizin, silymarin, and ursodeoxycholic acid regulate a common 
hepatoprotective pathway in HepG2 cells. Phytomedicine 22, 768–777. doi: 10.1016/ 
j.phymed.2015.05.053 

Frontiers in Neuroscience 12 frontiersin.org 

https://doi.org/10.3389/fnins.2026.1809792
https://doi.org/10.1016/j.fct.2007.09.085
https://doi.org/10.1016/j.fct.2007.09.085
https://doi.org/10.1007/s43440-020-00143-w
https://doi.org/10.1007/s12035-023-03741-w
https://doi.org/10.1016/j.bbrc.2024.150258
https://doi.org/10.1016/j.bbrc.2024.150258
https://doi.org/10.1016/j.jep.2017.12.019
https://doi.org/10.1016/j.jep.2017.12.019
https://doi.org/10.1111/epi.13670
https://doi.org/10.1111/epi.13670
https://doi.org/10.1016/j.phrs.2016.12.026
https://doi.org/10.1016/j.phrs.2016.12.026
https://doi.org/10.1016/j.phymed.2015.05.053
https://doi.org/10.1016/j.phymed.2015.05.053
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/


Ni et al. 10.3389/fnins.2026.1809792 

Kim, M. K., Chung, S. W., Kim, D. H., Kim, J. M., Lee, E. K., Kim, J. Y., et al. (2010). 
Modulation of age-related NF-kappaB activation by dietary zingerone via MAPK 
pathway. Exp. Gerontol. 45, 419–426. doi: 10.1016/j.exger.2010.03.005 

Kim, S., Cheon, C., Kim, B., and Kim, W. (2022a). The effect of ginger and its 
sub-components on pain. Plants 11:2296. doi: 10.3390/plants11172296 

Kim, S., Gang, J., Lee, J. H., Yang, H., Cheon, C., Ko, S. G., et al. (2022b). [6]-shogaol 
attenuates oxaliplatin-induced allodynia through serotonergic receptors and GABA in 
the spinal cord in mice. Pharmaceuticals 15:726. doi: 10.3390/ph15060726 

Kudryashov, I. E., Pavlova, T. V., Kudryashova, I. V., Egorova, L. K., and Gulyaeva, 
N. V. (2007). Kindling in the early postnatal period: Effects on the dynamics of 
age-related changes in electrophysiological characteristics of hippocampal neurons. 
Neurosci. Behav. Physiol. 37, 765–772. doi: 10.1007/s11055-007-0080-x 

Kunjumon, R., Viswanathan, G., Jayasree, D. V., Biju, P. G., Prakash, P., 
Pulikkaparambil Sasidharan, B. C., et al. (2022). Anti-excitotoxicity and 
neuroprotective action of asiaticoside encapsulated polymeric nanoparticles 
in pilocarpine rodent seizure model. Can. J. Chem. 100, 396–404. doi: 
10.1139/cjc-2021-0281 

Kwan, P., Arzimanoglou, A., Berg, A. T., Brodie, M. J., Allen Hauser, W., Mathern, G., 
et al. (2010). Definition of drug resistant epilepsy: Consensus proposal by the ad hoc 
task force of the ILAE commission on therapeutic strategies. Epilepsia 51, 1069–1077. 
doi: 10.1111/j.1528-1167 

Lai, M. C., Wu, S. N., and Huang, C. W. (2022). Zingerone modulates neuronal 
voltage-gated Na+ and L-Type Ca2+ currents. Int. J. Mol. Sci. 23:3123. doi: 10.3390/ 
ijms23063123 

Li, L. L., Cui, Y., Guo, X. H., Ma, K., Tian, P., Feng, J., et al. (2019). Pharmacokinetics 
and Tissue distribution of gingerols and shogaols from ginger (Zingiber officinale 
Rosc.) in rats by UPLC−Q-Exactive−HRMS. Molecules 24:512. doi: 10.3390/ 
molecules24030512 

Lyman, K. A., and Chetkovich, D. M. (2019). CRAFTing a new approach 
to antiepileptic drug discovery. Epilepsy Curr. 19, 182–183. doi: 10.1177/ 
1535759719842148 

Mao, Q. Q., Xu, X. Y., Cao, S. Y., Gan, R. Y., Corke, H., Beta, T., et al. (2019). 
Bioactive compounds and bioactivities of ginger (Zingiber officinale Roscoe). Foods 
8:185. doi: 10.3390/foods8060185 

Mehrzadi, S., Khalili, H., Fatemi, I., Malayeri, A., Siahpoosh, A., and Goudarzi, M. 
(2021). Zingerone mitigates carrageenan-induced inflammation through antioxidant 
and anti-inflammatory activities. Inflammation 44, 186–193. doi: 10.1007/s10753-020-
01320-y 

Molavinia, S., Nikravesh, M., Pashmforoosh, M., Vardanjani, H. R., and Khodayar, 
M. J. (2024). Zingerone alleviates morphine tolerance and dependence in mice by 
reducing oxidative stress-mediated nlrp3 inflammasome activation. Neurochem. Res. 
49, 415–426. doi: 10.1007/s11064-023-04043-2 

Olasehinde, T. A., and Olaokun, O. O. (2025). Zingerone as a neuroprotective agent 
against cognitive disorders: A systematic review of preclinical studies. Int. J. Mol. Sci. 
26:6111. doi: 10.3390/ijms26136111 

Oviosun, A., Oviosun, E. C., Nto, N. J., Memudu, A. E., and Anyanwu, E. G. 
(2025). Zingerone attenuates cadmium-induced neuroinflammation, oxidative stress 
and cognitive deficit on the prefrontal cortex of adult Wistar rats. J. Exp. Pharmacol. 
17, 323–341. doi: 10.2147/JEP.S519571 

Patel, D. C., Tewari, B. P., Chaunsali, L., and Sontheimer, H. (2019). Neuron-glia 
interactions in the pathophysiology of epilepsy. Nat. Rev. Neurosci. 20, 282–297. doi: 
10.1038/s41583-019-0126-4 

Racine, R. J. (1972). Modification of seizure activity by electrical stimulation. II. 
Motor seizure. Electroencephalogr. Clin. Neurophysiol. 32, 281–294. doi: 10.1016/0013-
4694(72)90177-0 

Ram, A., Edwards, T., McCarty, A., Afrose, L., McDermott, M. V., and Bobeck, 
E. N. (2021). GPR171 agonist reduces chronic neuropathic and inflammatory pain 
in male, but not female mice. Front. Pain Res. 2:695396. doi: 10.3389/fpain.2021.69 
5396 

Ramos-Moreno, T., Cifra, A., Litsa, N. L., Melin, E., Ahl, M., Christiansen, S. H., et al. 
(2024). Collagen VI: Role in synaptic transmission and seizure-related excitability. 
Exp. Neurol. 380:114911. doi: 10.1016/j.expneurol.2024.114911 

Rana, A., and Musto, A. E. (2018). The role of inflammation in the development of 
epilepsy. J. Neuroinflammation 15:144. doi: 10.1186/s12974-018-1192-7 

Rashid, S., Wali, A. F., Rashid, S. M., Alsaffar, R. M., Ahmad, A., Jan, B. L., et al. (2021). 
Zingerone targets status epilepticus by blocking hippocampal neurodegeneration via 
regulation of redox imbalance, inflammation and apoptosis. Pharmaceuticals 14:146. 
doi: 10.3390/ph14020146 

Ryvlin, P., Huot, M., Valton, L., Maillard, L., Bartolomei, F., Derambure, P., 
et al. (2026). REPO2MSE study group. Seizure-related biomarkers of sudden 
unexpected death in epilepsy (SUDEP) in drug-resistant focal epilepsy (REPO2MSE): 
A prospective, multicentre case-control study. Lancet Neurol. 25, 50–60. doi: 10.1016/ 
S1474-4422(25)00379-5 

Sekhar, V. C., Baby, S., Biju, P. G., and Viswanathan, G. (2025). Protective activity 
of bacopaside I encapsulated polymeric nanoparticles against kainic acid-induced 
excitotoxicity. Tissue Barriers 2582881. doi: 10.1080/21688370.2025.2582881 [Epub 
ahead of print]. 

Semwal, R. B., Semwal, D. K., Combrinck, S., and Viljoen, A. M. (2015). Gingerols 
and shogaols: Important nutraceutical principles from ginger. Phytochemistry 117, 
554–568. doi: 10.1016/j.phytochem.2015.07.012 

Songvut, P., Nakareangrit, W., Cholpraipimolrat, W., Kwangjai, J., 
Worasuttayangkurn, L., Watcharasit, P., et al. (2024). Unraveling the interconversion 
pharmacokinetics and oral bioavailability of the major ginger constituents: [6]-
gingerol, [6]-shogaol, and zingerone after single-dose administration in rats. Front. 
Pharmacol. 15:1391019. doi: 10.3389/fphar.2024.1391019 

Swindell, W. R., Bojanowski, K., and Chaudhuri, R. K. (2020). A zingerone analog, 
acetyl zingerone, bolsters matrisome synthesis, inhibits matrix metallopeptidases, and 
represses IL-17A target gene expression. J. Invest. Dermatol. 140, 602-614.e15. doi: 
10.1016/j.jid.2019.07.715 

Tuncer, S. Ç., Gur, C., Kucukler, S., Akarsu, S. A., and Kandemir, F. M. (2024). Effects 
of zingerone on rat induced testicular toxicity by sodium arsenite via oxidative stress, 
endoplasmic reticulum stress, inflammation, apoptosis, and autophagy pathways. Iran. 
J. Basic Med. Sci. 27, 603–610. doi: 10.22038/IJBMS.2024.73342.15934 

Vezzani, A., Fujinami, R. S., White, H. S., Preux, P. M., Blümcke, I., Sander, J. W., 
et al. (2016). Infections, inflammation and epilepsy. Acta Neuropathol. 131, 211–234. 
doi: 10.1007/s00401-015-1481-5 

Wang, Y., Dong, L., Han, S., You, Y., Zhang, M., Sun, B., et al. (2025). Zingerone 
alleviates inflammatory pain by reducing the intrinsic excitability of anterior cingulate 
cortex neurons in a mice model. Front. Pharmacol. 16:1543594. doi: 10.3389/fphar. 
2025.1543594 

World Health Organization. (2024). Epilepsy: Key Facts. Available online at: https: 
//www.who.int/news-room/fact-sheets/detail/epilepsy (accessed March 15, 2024). 

Xu, Y. J., Fang, F. F., Zhao, G. Q., Yu, W. Y., Han, H. Y., Teng, H., et al. (2025). 
Zerumbone attenuates lipopolysaccharide-induced acute lung injury by suppressing 
the NLRP3/Caspase-1/GSDMD signalling pathway. J. Cell. Mol. Med. 29:e70873. doi: 
10.1111/jcmm.70873 

Yang, N., Guan, Q. W., Chen, F. H., Xia, Q. X., Yin, X. X., Zhou, H. H., et al. (2020). 
Antioxidants targeting mitochondrial oxidative stress: Promising neuroprotectants for 
epilepsy. Oxid. Med. Cell. Longev. 2020:6687185. doi: 10.1155/2020/6687185 

Yang, Z., Tan, Q., Cheng, D., Zhang, L., Zhang, J., Gu, E. W., et al. (2018). The 
Changes of intrinsic excitability of pyramidal neurons in anterior cingulate cortex in 
neuropathic pain. Front. Cell. Neurosci. 12:436. doi: 10.3389/fncel.2018.00436 

Zhang, S., Chen, F., Zhai, F., and Liang, S. (2022). Role of HMGB1/TLR4 and IL-1β/IL-
1R1 signaling pathways in epilepsy. Front. Neurol. 13:904225. doi: 10.3389/fneur.2022. 
904225 

Zheng, J., Li, T., Qi, S., Qin, B., Yu, J., and Chen, G. (2022). Neuroregenerative gene 
therapy to treat temporal lobe epilepsy in a rat model. Prog. Neurobiol. 208:102198. 
doi: 10.1016/j.pneurobio.2021.102198 

Frontiers in Neuroscience 13 frontiersin.org 

https://doi.org/10.3389/fnins.2026.1809792
https://doi.org/10.1016/j.exger.2010.03.005
https://doi.org/10.3390/plants11172296
https://doi.org/10.3390/ph15060726
https://doi.org/10.1007/s11055-007-0080-x
https://doi.org/10.1139/cjc-2021-0281
https://doi.org/10.1139/cjc-2021-0281
https://doi.org/10.1111/j.1528-1167
https://doi.org/10.3390/ijms23063123
https://doi.org/10.3390/ijms23063123
https://doi.org/10.3390/molecules24030512
https://doi.org/10.3390/molecules24030512
https://doi.org/10.1177/1535759719842148
https://doi.org/10.1177/1535759719842148
https://doi.org/10.3390/foods8060185
https://doi.org/10.1007/s10753-020-01320-y
https://doi.org/10.1007/s10753-020-01320-y
https://doi.org/10.1007/s11064-023-04043-2
https://doi.org/10.3390/ijms26136111
https://doi.org/10.2147/JEP.S519571
https://doi.org/10.1038/s41583-019-0126-4
https://doi.org/10.1038/s41583-019-0126-4
https://doi.org/10.1016/0013-4694(72)90177-0
https://doi.org/10.1016/0013-4694(72)90177-0
https://doi.org/10.3389/fpain.2021.695396
https://doi.org/10.3389/fpain.2021.695396
https://doi.org/10.1016/j.expneurol.2024.114911
https://doi.org/10.1186/s12974-018-1192-7
https://doi.org/10.3390/ph14020146
https://doi.org/10.1016/S1474-4422(25)00379-5
https://doi.org/10.1016/S1474-4422(25)00379-5
https://doi.org/10.1080/21688370.2025.2582881
https://doi.org/10.1016/j.phytochem.2015.07.012
https://doi.org/10.3389/fphar.2024.1391019
https://doi.org/10.1016/j.jid.2019.07.715
https://doi.org/10.1016/j.jid.2019.07.715
https://doi.org/10.22038/IJBMS.2024.73342.15934
https://doi.org/10.1007/s00401-015-1481-5
https://doi.org/10.3389/fphar.2025.1543594
https://doi.org/10.3389/fphar.2025.1543594
https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://doi.org/10.1111/jcmm.70873
https://doi.org/10.1111/jcmm.70873
https://doi.org/10.1155/2020/6687185
https://doi.org/10.3389/fncel.2018.00436
https://doi.org/10.3389/fneur.2022.904225
https://doi.org/10.3389/fneur.2022.904225
https://doi.org/10.1016/j.pneurobio.2021.102198
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org/

	Zingerone alleviates acute seizures by reducing intrinsic hippocampal neuronal excitability in a rat model of temporal lobe epilepsy
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 EEG electrode implantation
	2.3 EEG recording
	2.4 Lithium-Pilocarpine seizure model and drug administration
	2.5 Brain tissue preparation
	2.6 Immunohistochemistry
	2.7 Immunofluorescence staining
	2.8 Hematoxylin and eosin staining
	2.9 Whole-cell patch-clamp recordings
	2.10 Action potential parameter measurements
	2.11 Statistical analysis

	3 Results
	3.1 Zingerone attenuates acute generalized seizures in TLE rats
	3.2 Zingerone inhibits hippocampal neuroinflammation
	3.3 Zingerone exerts neuroprotective effects in the hippocampus
	3.4 Zingerone modifies synaptic transmission within the hippocampal CA1
	3.5 Zingerone reduces intrinsic excitability of hippocampal CA1 pyramidal neurons

	4 Discussion
	5 Limitations of the study
	5.1 Molecular targets
	5.2 Chronic efficacy and antiepileptogenesis
	5.3 Toxicology and safety profile
	5.4 Sex as a biological variable

	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	
References


