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Ginger (Zingiber officinale), due to its diverse therapeutic properties, continues to
attract researchers’ attention. One of these properties is its anticonvulsant activity,
which, as our previous studies have shown, may result from the presence of 6-
gingerol, a compound that reduced pentylenetetrazole (PTZ)-induced
hyperlocomotion in zebrafish larvae. In the present study, we further
investigated the anticonvulsant effects of 6-gingerol using additional seizure
and epilepsy models in both zebrafish larvae and mice. First, we observed that
6-gingerol reduced the overexpression of the neuronal PAS domain protein
(npas4) gene in PTZ-exposed zebrafish larvae, but it did not affect the
expression of brain-derived neurotrophic factor (bdnf). The anticonvulsant
effect of 6-gingerol was evident in the ethyl 2-ketopent-4-enoate seizure test
in zebrafish larvae but was not observed in the pilocarpine model or in scnllab
(Dravet syndrome model) and cacnalaa (absence seizure model) zebrafish
morphants. In mice, 6-gingerol penetrated the blood-brain barrier and
inhibited psychomotor seizures induced by 6 Hz electrical stimulation at an
intensity of 32 mA, but it was ineffective at 44 mA. We did not observe any
anticonvulsant effects of 6-gingerol in the maximal electroshock test or timed
intravenous PTZ infusion seizure test in mice. In summary, our findings provide
further evidence for the anticonvulsant effects of 6-gingerol; however, additional
investigations are required to clarify its mechanisms of action.
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Introduction

Epilepsy is a chronic disease that results from abnormal and
synchronized discharges of neurons in the central nervous system. It
affects about 70 million people worldwide, which makes it one of the
most prevalent neurological diseases (Thijs et al., 2019). Epileptic
syndromes are often characterized by seizures that might have
diverse symptomatology dependent on the brain region affected
by abnormal electrical activity of neurons—from brief disturbances
of consciousness, state of confusion and disorientation, through
some vegetative (e.g., changes in blood pressure, sweating, changes
in heart rate) and sensory (e.g., itching, olfactory or visual
hallucinations) disturbances to motor seizures (myoclonic, clonic,
tonic or atonic).

Diagnosis of epilepsy is challenging due to the varied
symptomatology and etiology of the disease. In order to achieve
the best seizure control, it is essential to select adequate and effective
treatment. Despite significant advancement in antiseizure
medication (ASM) development, approximately 30% of patients
do not respond to pharmacotherapy, which is referred as drug-
resistant or refractory epilepsy (Belete, 2023; Loscher et al., 2013).
ASMs

symptomatically and do not prevent epilepsy development in

available on the pharmaceutical market act only
high-risk population, nor reverse changes induced in the brain
by epileptogenesis process. Therefore, enhancing the efficacy of
epilepsy
pharmacological agents that specifically target the molecular and

treatment  necessitates  the  development  of
cellular mechanisms underlying ictogenesis and epileptogenesis.

Furthermore, the «creation of safer medications remains
imperative, as debilitating side effects during pharmacotherapy
prompt patient discontinuation, even if it result in a significant
reduction in occurrence of seizures (Loscher et al., 2020; Lukasiuk
and Lason, 2023).

Natural plant-derived compounds continue to be investigated as a
potential source of new ASMs; e.g., cannabidiol (Martimbianco et al.,
2025; Moreira et al., 2024; Borowicz-Reutt et al., 2024) and huperzine A
(Damar et al, 2016). Additionally, extracts and compounds from
ginger have attracted the

Numerous studies have revealed that compounds isolated from

rhizomes interest of researchers.
ginger, i.e., 6-gingerol, have the ability to cross the blood-brain
barrier (Simon et al, 2020; Lim et al, 2025; Kuswandani et al.,
2025) and thereby might affect the central nervous system activity.
Our previous studies revealed anticonvulsant properties of 6-gingerol
officinale in the
pentylenetetrazole (PTZ) seizure test in the zebrafish larvae (Gawel

isolated from Zingiber rhizome  extract
et al,, 2021). PTZ-induced seizures serve as a common model in early
preclinical studies using rodents and zebrafish to identify compounds
with anticonvulsant activity (Rubio et al., 2024). 6-gingerol decreased
PTZ-induced hyperlocomotion, which considered a marker of
convulsant activity in the zebrafish larvae, as well as restricted the
occurrence of local field potential (LFP) events detected in the optic
tectum of larvae. Anticonvulsant effect of 6-gingerol determined based
on behavioral and electroencephalographical (EEG) analysis was also
associated with changes in y-aminobutyric acid (GABA) and
glutamate levels; i.e., 6-gingerol normalised PTZ-induced changes in
the glutamate/GABA rate (Gawel et al., 2021).

The aim of the present study was to further evaluate the
anticonvulsant properties of 6-gingerol and thereby provide a
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more accurate assessment of its therapeutic properties and
potential utility as an epilepsy therapy. First, we verified our
previous results from the PTZ seizure test in zebrafish larvae at
the molecular level using RT-PCR analysis to assess changes in
mRNA expression of two markers of neuronal activity, i.e., brain-
derived bdnf and neuronal Per-Arnt-Sim (PAS) domain protein
(npas4) genes. We continued our studies using seizure models in
zebrafish larvae, ie., the ethyl 2-ketopent-4-enoate (EKP)- and
pilocarpine (PILO)-induced seizure tests as well as scnllab
cacnalaa and three experimental models in mice, i.e,
intravenous (i.v.) PTZ seizure threshold, maximal electroshock
and 6-Hz induced psychomotor seizure tests. Moreover, the
effect of 6-gingerol on motor coordination (assessed in the
chimney test) and neuromuscular strength (assessed in the grip
strength test) was evaluated to estimate possible side effects that

might significantly limit the therapeutic use of this compound.

Materials and methods
Drugs and reagents

(PILO),
valproate (VPA) were purchased from Sigma Aldrich (St.
Louis, MO, United States) and dissolved in miliQ water
(miliQW) or saline (0.9% NaCl), on the day of their usage.
Ethyl 2-ketopent-4-enoate (EKP), mixed with miliQW, was
synthesized by dr. Tomasz Wrobel (Medical University of

PTZ, pilocarpine hydrochloride and sodium

Lublin, Poland) as described in detail previously (Nieoczym
et al., 2024). The isolation of 6-gingerol is described in the
Supplementary Material.

Zebrafish husbandry and ethical statement

For all zebrafish experiments (Medical University of Lublin,
Poland and Centre for Molecular Medicine Norway, University
of Oslo, Norway), larval zebrafish of AB strain up to 5 days post-
fertilization (dpf) were used. Embryos and subsequently larvae
were reared in standard aquaculture conditions (at incubator:
28.5°C £ 0.5 °C, 14/10 h light to dark cycle) in artificial zebrafish
water (E3 medium) that consisted of 1.5 mM HEPES, pH 6.5,
17.4 mM NaCl, 0.21 mM KCl, 0.12 mM MgSO,, 0.18 mM
Ca(NO3),.
experiments started (day 3 or 4).

Fish water was replaced every day until

In accordance with current European legislation, ethical
permission to conduct assays in Poland was not required since
larvae up to 5 dpf were used. For experiments conducted in
Norway (morpholino injections and LFP recordings), approval of
the Norwegian Food Safety Authority (FOTS-ID 30816) was
obtained.
procedures were performed in compliance with the National
Institute of Health Guidelines for the Care and Use of Laboratory

Animals and the European Union Directive of 22 September 2010

In either case, husbandry and the experimental

(2010/63/EU) on protecting animals used for scientific purposes and
ARRIVE guidelines. All efforts were taken to minimize larval stress and
suffering. Tricaine solution (15 pM) was used for larvae euthanasia if
applicable. Wherever possible, the analysis was conducted by observer
blind to treatment groups.
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EKP- and PILO-induced seizure assays in
larval zebrafish

The experiments were conducted as previously described
(Gawel et al., 2024; Nieoczym et al., 2024). Briefly, 4-day old
larvae were incubated in varying concentrations of 6-gingerol
(12.5, 25, 31.25 or 37.5 uM) for 22 h in 48-well plates in
incubator (28.5 °‘C *+ 0.5 °C). Each well contained 1 larva.
Behavioural tracking was performed at 28.5 °C under controlled
illumination. 6-gingerol was dissolved in pure DMSO to obtain
stock and diluted in embryo medium before usage. The final
concentration of DMSO did not exceed 0.2% in final solution.
Medium supplemented with equivalent concentration of DMSO
served as vehicle.

The concentrations used were determined in our earlier study
(Gawel et al., 2021). As a follow up, miliQW or chemoconvulsant
(EKP at final concentration of 200 uM or PILO at final concentration
of 50 mM) was added (Gawel et al., 2024; Nieoczym et al., 2024).
After 2- (for PILO) or 5-min (for EKP) delay tracking in Noldus
(Wagenigen, Netherlands) tracker device was started. The whole
analysis took 30 (for EKP) or 28 min (for PILO). EthoVision XT
software (Noldus, Wageningen, Netherlands) was used for data
collection and analysis. Distance traveled by larvae in mm was
taken for analysis. All experiments were replicated three times and
the data were pooled.

Antisense morpholino oligomers injections

To achieve partial knockdown of desired genes, antisense
morpholino oligomers (MOs) were purchased from GeneTools
LLC (Philomath, Oregon, United States). They were injected into
one- or two-cell stage zebrafish embryos. Zebrafish standard control
MO (sequence 5'-CCTCTTACCTCAGTTACAATTTATA) was
used as a control (9 ng, volume 1.5 nL per embryo). The
sequence of scnllab (zebrafish model of Dravet syndrome) MO
was chosen from Zhang et al. (2015) (translation blocking MO: 5'-
CTGAGCAGCCATATTGACATCCTGC-3'; 9 ng, volume 1 nL per
embryo). The sequence of cacnalaa (zebrafish model of absence
seizures) MO was chosen based on our previous study (Gawel et al.,
2020) (targets for ATG codons of cacnalaa-201 and cacnalaa-202
and cacnalaa-203 transcripts: 5 -TGTACTCAATGGAGTGAG
AATCAT-3" and 5'-TCATCTCCGAACCGAGCCATTCTAT-3',
respectively). cacnalaa MOs were injected in the amount of
2.5 ng + 2.5 ng, total volume of 1.5 nL per embryo. The control
group was the same in both experiments, i.e., with cacnalaa and
scnllab morphants.

Assessment of LFP recordings in scnllab-
and cacnalaa-morphants

In order to assess the effect of 6-gingerol (concentration
375 puM) on epileptiform-like discharges in scnllab- and
cacnalaa-morphants, LFP recordings were conducted as
described earlier (Gawel et al., 2020; Gawel et al., 2021; Gawel
et al.,, 2024). Epileptiform-like events were defined as discharges
exceeding three times the baseline noise level. Briefly, 3 dpf larvae
were incubated in 6-gingerol for 22 h, and subsequently mounted in
a glass slide in 2% low-melting point agarose (Sigma-Aldrich,
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TABLE 1 The sequence of the respective primers used in the study.

Gene  Primers Source

npas4 F: AGCCAAGTCTGCCCTTCTTCT Klari¢ et al. (2014)
R: TGCTGTGCTAAAAGCGAGATCT

bdnf F: CGAGGAATAGACAAGCGGCA Blanco et al. (2020)
R: ATCCGTATAAACCGCCAGCC

18s F: TCGCTAGTTGGCATCGTTTATG | McCurley and Callard
R: CGGAGGTTCGAAGACGATCA (2008)

b2m F: GCCTTCACCCCAGAGAAAGG McCurley and Callard
R: GCGGTTGGGATTTACATGTTG (2008)

United States). Following this, a hollow glass electrode (1-5 MQ)
was inserted into the brain of 4 dpf larva (exactly into the optic
tectum, part of the midbrain) (MultiClamp 700B amplifier, Digidata
1550 digitizer, Axon instruments, United States). The artificial
cerebrospinal fluid consisted of 124 mM NaCl, 2 mM KCl,
2 mM MgSO,; 2 mM CaCl,, 125 mM KH,PO, 26 mM
NaHCO3, and 10 mM glucose. Each recording lasted 20 min.
Clampfit 10.20 software was used for data processing (Molecular
Devices Corporation).

Real-time PCR

RNA isolation was carried out using PureLink™ RNA Mini Kit
(Thermo Fisher Scientific, Waltham, Massachusetts, United States)
The
transcription reaction was done with High-Capacity cDNA

according to the manufacturer’s instruction. reverse
Reverse Transcription Kit (Thermo Fisher Scientific, Waltham,
Massachusetts, United States) according to the manufacturer’s
instruction. A real-time PCR reaction was performed utilizing
GoTaq® Master Mix (Promega, Madison, Wisconsin,
United States). Ribosomal RNA (18S rRNA) and beta-2-
microglobulin  (b2m) were used as an internal control
(housekeeping genes). Relative gene expression was calculated
using the 272" method. The sequences of the primers used in

real-time PCR are given in Table 1.
Mice

The maximal electroshock seizure (MES), 6 Hz psychomotor
seizure and rotarod tests were conducted at the University of
Washington (Seattle, United States) and employed male CF-
1 mice (25-40 g 5-6 weeks old; Charles River Laboratories).
Mice were housed five mice/cage with corncob bedding in a
temperature-controlled specific pathogen-free vivarium on a 14:
10 light/dark cycle (on: 06:00 a.m., off: 8:00 p.m.). Animals were
given free access to irradiated chow (Picolab 5053) and filtered
water, except during periods of behavioural manipulation. Mice
were allowed to acclimate to the housing facility for at least 5 days
and to the testing room for at least 1 h prior to testing. All studies
were conducted during the animals’ light phase. Animals were
euthanized by CO, asphyxiation. This study was not designed to
assess the impact of sex as a biological variable; thus, only male mice
were used. All animal use was approved by the University of
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Washington Institutional Animal Care and Use Committee,
conformed to the Animal Research: Reporting of In Vivo
Experiments (ARRIVE) guidelines and was conducted in
accordance with the United States Public Health Service’s Policy
on Humane Care and Use of Laboratory Animals.

Pharmacokinetic studies, intravenous (i.v.) PTZ seizure, grip-
strength and chimney tests were carried out at Maria Curie-
Sklodowska University in Lublin (Poland) using adult male Crl:
CDI(ICR) mice (weight 25-35 g) purchased from Charles River
(Sulzfeld, Germany). Animals were housed at temperature
21 °C-24 °C, relative humidity 45%-65%, 12 h light/12 h dark
cycle (light on at 6:00 a.m.). The animals were provided with
constant access to food pellets and fresh water. Mice were
employed in experiments after at least 7-day quarantine and
acclimatization to the housing rooms. All behavioural tests were
conducted between 8:00 a.m. and 4:00 p.m. during the light phase of
the light/dark cycle. Both housing and experimental procedures
were conducted according to the guidance of the European Union
Directive of 22 September 2010 (2010/63/EU), ARRIVE guidelines
and Polish laws on animal experimentation. All experimental
procedures were accepted by Local Ethical Committee in Lublin
(licence no. 76/2024).

Pharmacokinetic studies

6-gingerol was suspended in 1% Tween solution in saline (0.9%
NaCl) and given intraperitoneally (i.p.) at a dose of 10 mg/kg (n =
5 per time point). Blood samples were collected at six time points, i.e.
15, 30, 45, 60,
administration, and allowed to clot at room temperature for
20 min. Brains were removed from skulls and washed with 0.9%

120 and 360 min, following compound

NaCl. The blood samples were centrifuged for 10 min at a speed of
8,000 rpm. The obtained serum and brains were stored at —80 “C
until analysis. The determination of the 6-gingerol content in the
biological material is described in the Supplementary Material.

Pharmacokinetic data analysis

Pharmacokinetic parameters were calculated using the Monolix
2023R1 (free academic license), Lixoft SAS, a Simulations Plus
company software employing a non-compartmental approach.
The maximum concentration (C.,,) and the time to reach
maximum concentration (ty.,) were obtained directly from the
concentration versus time profile. The area under the mean serum
concentration versus time curve extrapolated to infinity (AUCq_ i)
was estimated using the log/linear trapezoidal rule and the
extrapolated area calculated as Cj,i/A, where Ciq is the last
measured concentration at the last sampling time (ty,s). Similarly,
AUMC was estimated by calculation of total area under the first-
moment curve by combining trapezoid calculation of AUMC,_ and
extrapolated area. The terminal slope (A,) was calculated by log-
linear regression of the drug concentration data in the terminal
phase and the terminal half-life (t/,),) was calculated as 0.693/\,.
The volume of distribution based on the terminal phase (V,/F) was
calculated as: Dose/(A,-AUC_i,¢) and clearance (CL/F) was obtained
from the equation: Dose/AUC, i, where F is fraction of dose
absorbed. The mean residence time (MRT) was calculated as:
AUMC ind AUC inf:
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Mouse seizure tests

Animals were adapted to housing conditions for at least 1 week
before being used in the experiments. The experiments were
conducted after 30- or 60-min acclimatisation to the laboratory
rooms. Moreover, control and drug experiments were conducted on
the same day to avoid day-to-day changes in the convulsive
susceptibility.

The maximal electroshock test

The MES test serves as a validated model for generalized tonic-
clonic seizures in humans and represents a critical preclinical
screening tool for assessing anticonvulsant drug candidates
(Castel-Branco et al, 2009; White et al, 1995; Loscher et al,
1991). Fifteen minutes after ip. administration of 6-gingerol
(10 and 60 mg/kg), mice received transcorneal electrical
stimulation at 50 mA (0.2 s duration; 60 Hz frequency) using an
apparatus similar to that originally described by Woodbury and
Davenport (Woodbury and Davenport, 1952). Immediately prior to
the electroshock stimulation, a drop of anaesthetic (0.5% tetracaine)
was applied to the eyes for local anaesthesia. Electrode tips were
wetted with 0.9% saline immediately before stimulation to ensure
optimal electrical conductivity and corneal contact. Mice were
manually restrained during stimulus delivery, then transferred to
observation cages for seizure monitoring. The MES-induced
seizures were characterized by tonic hindlimb extension greater
than 90° from the body plane. Protection was defined as the absence
of tonic hindlimb extension. The number of animals in each
experimental group was within the range of 6-11.

The 6 Hz psychomotor seizure test

The 6 Hz-induced seizure test in mice is an experimental tool
used to evaluate anticonvulsant substances for potential efficacy
against partial seizures in humans (Barton et al., 2001). During the
test, mice were manually restrained by the experimenter, and low-
frequency electrical stimulation (6 Hz, 0.2 ms rectangular pulse
width, 3-s duration) at 32 mA or 44 mA intensity was delivered
through corneal electrodes connected to a constant-current
(Grass S48
stimulation, mice were placed in a plexiglass observation

electroshock  stimulator stimulator).  Following
chamber to monitor behavioral responses. Psychomotor seizure
symptoms include initial immobilization, vibrissae twitching, jaw
and forelimb clonus, head nodding, rearing, and Straub tail. Animals
not exhibiting convulsive behavior or displaying symptoms lasting
fewer than 10 s are classified as “protected”, indicating potential

drug efficacy. Experimental groups consisted of 6-11 mice.
The i.v. PTZ test

PTZ, a GABA, receptor antagonist, induces convulsions in
experimental animals, providing a model for tonic-clonic seizures
(Mandhane et al.,, 2007). Although PTZ-induced seizures can be
observed following both subcutaneous and i.p. administration, the
i.v. PTZ seizure threshold test is particularly valuable in preclinical
studies of compounds with potential anticonvulsant properties. This
method allows for the evaluation of the compound’s effect on the
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threshold for three types of seizures: myoclonic, generalized clonic,
and tonic seizures (Mandhane et al., 2007). In our study, the i.v. PTZ
seizure threshold test in mice was used to assess the impact of 6-
gingerol on seizure thresholds.

For the PTZ test, each mouse was placed in a Plexiglas restrainer
to facilitate lateral tail vein injection using a needle (27G, % in.,
Sterican, B. Braun Melsungen AG, Melsungen, Germany) connected
to a plastic syringe via a polyethylene tube (PE20RW, Plastics One
Inc., Roanoke, VA, United States). The syringe contained a 1%
solution of PTZ in saline (0.9% NaCl) was positioned in a syringe
pump (Harvard Apparatus, Holliston, MA, United States). Proper
needle insertion into the vein was confirmed by the presence of
blood in the tube. To prevent needle dislocation during seizures, a
piece of adhesive tape was applied. After injection, the mouse was
removed from the restrainer and placed in a transparent box where
it could move freely. The PTZ solution was administered into the
vein at a constant rate of 0.2 mL/min. The cut off-time for infusion
of PTZ solution was 180 s. The time from the start of infusion to the
appearance of three types of seizures—myoclonic twitches,
generalized clonic seizures with loss of balance, and tonic hind
limb extension, was measured. The seizure thresholds, representing
the amount of PTZ required to induce each type of seizure, were
calculated using the formula: PTZ (mg/kg) = [infusion duration
(s) x infusion rate (mL/s) x PTZ concentration (mg/mL)]/ weight
(kg). Experimental groups consisted of 12-18 mice.

The rotarod test

The rotarod test was conducted in mice subjected to the MES or
6 Hz tests to asses impairment in motor coordination. Animals were
placed individually on a horizontal rod rotated about its long axis
(6 rpm), for 1 min over 3 consecutive trials. Mice that did not show
motor coordination disturbances were able to remain on the rod,
while those with impaired coordination fell off in less than 60 s
(Dunham and Miya, 1957).

The chimney test

The chimney test is a simple method used for evaluation of
motor coordination in rodents (Boissier et al., 2008). In the test,
mice were allowed to enter a transparent Plexiglas tunnel (chimney)
with an inner diameter of 3 cm and a length of 30 cm. Once a mouse
reached its distal end, the chimney was set upright. Animals that
failed to climb out of the chimney backwards within a maximum of
60 s were considered to have impaired motor coordination. Since the
chimney test is non-invasive, it was performed immediately before
the iv. PTZ test. The number of mice in each experimental
group was 16.

The grip strength test

The grip strength test is used to evaluate neuromuscular
functions in rodents based on the grip strength of the mouse’s
forelegs (Meyer et al., 1979). The apparatus used for measuring the
grip strength consists of a force transducer connected to a metal grid.
The mouse, held by its tail, is brought close to the grid so that it can
grasp it with its forelegs, and then is gently pulled back. The
apparatus measures the maximum grip strength of the animal (in
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mN). The measurement for each animal is repeated three times and
the results are normalized to body weight (g). The grip strength test
was carried out immediately before the iv. PTZ test, with the
chimney test.

Results for each experimental group are presented as mean
muscle strength + standard error of the mean (SEM). The number of
mice in each experimental group was 16.

Statistical analysis

The size of the experimental groups was determined at the
planning phase, taking into account the power of statistical tests.

The results from all experiments were analyzed for outliers
assessed only for normally distributed datasets.

Locomotor activity data obtained from zebrafish seizure assays
were not normally distributed and were therefore analyzed using the
nonparametric Kruskal-Wallis test followed by Dunn’s multiple
comparisons test. Statistical inference was based primarily on total
distance traveled, while time-bin data are presented descriptively to
illustrate behavioral dynamics. Data are expressed as median with
95% confidence intervals.

Real-time PCR data were analyzed using one-way ANOVA
followed by Tukey’s post hoc test. Assumptions of normality was
verified prior to analysis. Results are presented as mean + SEM.
Number of LFP events in cacnalaa-morphants and scnllab-
morphants were compared with Kruskal-Wallis test (due to
the lack of normal distribution). Data from these two genetic
models of epilepsy are presented as median with 95%
confidence intervals.

Seizure incidence data from the MES and 6 HZ tests, as well as
results from the chimney test were analyzed using Fisher’s exact
test. Seizure threshold data from the i.v. PTZ test were analyzed
using one-way ANOVA followed by Dunnett’s post hoc test for
normally distributed variables, or Kruskal-Wallis test followed
by Dunn’s post hoc test when normality assumptions were not
Although group effects
interpretation of treatment efficacy was based on post hoc

met. overall were evaluated,
comparisons versus control. Data from the i.v. PTZ test are
presented as mean dose of PTZ + SEM or median with 95%
confidence intervals.
Statistical ~ analyses

experimental model; therefore, no global correction across

were hypothesis-driven  for each
models was applied. The level of statistical significance was set at
p < 0.05. All tests were two-tailed.

GraphPad Prism 10 version (San Diego, CA, United States) was

used for analysis and figure generation.

Results

The results of 6-gingerol isolation from
the extract

6-Gingerol was identified in the prepared extract using the
HPLC-MS technique by comparison with a solution of standard.
Mass spectrometric analysis revealed that 6-gingerol eluted at
20.8 min under the described method and was among the most
prominent components of ginger extract (Figure 1A).
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FIGURE 1

The total ion chromatogram from ginger rhizomes used for further fractionation with 6-gingerol at 20.86 min (A) CPC chromatogram obtained from

the fractionation of ginger extract, recorded at 290 nm (B) A sample HPLC-DAD chromatogram recorded at 282 nm coming from the purification
of 6-gingerol from the first peak in the CPC fractionation in a preparative HPLC chromatograph (C) The peak of 6-gingerolat 20.8 min in the totalion
chromatogram recorded in positive ion mode as a result of preparative HPLC purification of a CPC fraction (D).

The introduction of gradient separation into the CPC
methodology provided satisfactory results for the separation
of 6-gingerol from other constituents of this rich matrix of
ginger extract. 6-Gingerol was washed out in the first peak
after 12 min of separation-at the very beginning of the CPC
chromatogram. This makes the methodology a beneficial one
due to its short analysis time and reduced solvents consumption,
as further injections aimed at 6-gingerol isolation were
shortened and limited to the collection of the first eluted
peak (Figure 1B). The fraction enriched in 6-gingerol
obtained from CPC was further purified using
preparative HPLC. The collected fraction, as visualized by the

semi-

analysis on a preparative HPLC chromatograph, contained four
major components. A sample preparative HPLC chromatogram
is presented in Figure 1C. The analysis was monitored at a
wavelength of 282 nm under isocratic conditions (acetonitrile/
water 65:35, v/v) with a flow rate of 12 mL/min. Further steps
included separation of 6-gingerol from the collected mixture.
The representative chromatogram (Figure 1D) showed a well-
resolved peak corresponding to 6-gingerol, collected between
8 and 9 min. No significant co-eluting peaks were observed,
indicating effective separation of 6-gingerol from other
components of the fraction.
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The identity and purity of the purified fraction were
confirmed by HPLC-MS analysis (Figure 1D). The MS
spectrum in ESI + mode displayed a single dominant peak at
20.8 min, with minimal background noise. The mass spectrum
corresponding to this peak revealed [M-H,O + H]" ion at m/z
277.1798, resulting from the loss of a water molecule from 6-
gingerol (C;;H,60,4; calculated [M + HJ]* 295.1904). This
further
authentic 6-gingerol standard, which showed an identical

observation was confirmed by analysis of an
fragmentation pattern. Based on peak area integration, the
purity of the isolated 6-gingerol was estimated to exceed 98%.

These results demonstrate that the applied semi-preparative
HPLC method enables efficient separation of 6-gingerol from
other extract components and the reproducibility of retention
times in both HPLC and LC-MS indicates the stability and
reliability of the protocol.

In conclusion, the combination of semi-preparative HPLC and
LC-MS provides a reliable and effective approach for obtaining
high-purity 6-gingerol from natural The applied
chromatographic conditions (isocratic elution with acetonitrile/

sources.
water 65:35, v/v, flow rate 12 mL/min, detection at 282 nm)

proved to be optimal, allowing their further application for the
isolation of 6-gingerol analogues.
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FIGURE 2

The effect of 6-gingerol (concentrations 12.5-37.5 uM) on
hyperlocomotion in the EKP-induced (200 pM) seizure model in larval
zebrafish. After 22 h long incubation in different 6-gingerol
concentrations, larvae were exposed to acute dose of EKP, and
after 5 min delay analysis started. Results of the experiments are shown
as distance traveled in 2 min-long time bins (A) Time-bin analyses are
presented descriptively; statistical inference marked was based on
total distance traveled within 30 min of the assay (B). Data on total
distance traveled within 30 min (B) were analyzed using Kruskal—Wallis
test with Dunn’s multiple comparison test: KW = 71.91, p < 0.0001.
Data are shown as median with 95% confidence limits (n = 39-48 per
group) ***p < 0.001. 6-GIN, 6-gingerol; EKP, ethyl 2-ketopent-4-
enoate; miliQW, miliQ water; Veh, vehicle.

Effect of 6-gingerol on the seizure activity in
the EKP-induced seizure model in
larval zebrafish

Changes in the EKP-induced locomotor activity of 6-
gingerol treated zebrafish larvae were assessed as total
distance traveled within 30 min and analyzed using
Kruskal-Wallis test with Dunn’s post hoc test (KW = 71.91,
p < 0.0001). EKP at concentration of 200 puM significantly
increased total distance traveled by zebrafish larvae in
comparison to the control (vehicle + miliQW) group (p <
0.001). The most pronounced difference in locomotor activity
between the control group and the EKP-incubated group was
observed mainly during the first half of the experiment, while in
the second half, the locomotor activity of the two groups did not
differ as much. Zebrafish larvae incubated for 22 h with 6-
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FIGURE 3

The effect of 6-gingerol on hypolocomotion in the PILO-induced
seizure model in larval zebrafish. After 22 h long incubation in different
6-gingerol concentrations (12.5-37.5 uM) larvae were exposed to
PILO (50 mM) and after 2 min delay analysis of locomotor activity
started. Results of the experiments are shown as distance traveled in
2 min-long time bins (A). Time-bin analyses are presented
descriptively; statistical inference marked was based on total distance
traveled within 28 min (B). Data were analyzed using Kruskal-Wallis
test with Dunn’s multiple comparison test: KW = 25.34, p < 0.001. Data
are shown as median + 95% confidence limits (n = 32—-48 per group).
*p < 0.05. 6-GIN, 6-gingerol; miliQW, miliQ water; PILO, pilocarpine
hydrochloride; Veh, vehicle.

gingerol at concentrations ranging from 12.5 to 31.25 uM did
not show any limitation of EKP-induced locomotor activity (p >
0.05). Statistically significant changes in larvae locomotor
activity were noted in group incubated with 6-gingerol at the
highest tested concentration, i.e., 37.5 uM (p < 0.001).

Effect of 6-gingerol on EKP-induced hyperlocomotion is
illustrated in Figure 2.

Effect of 6-gingerol on the seizure activity in
the PILO-induced seizure test in
larval zebrafish

Statistical analysis of the results revealed that PILO at
concentration of 50 mM significantly limited locomotor
activity in the zebrafish larvae (Figure 3). According to
Gawel et al. (2024), PILO-induced hypolocomotion in
zebrafish larvae is behavioral manifestation of seizures and it
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FIGURE 4
Effect of 6-gingerol on npas4 and bdnf mRNA expression in the

PTZ-treated zebrafish larvae. After a 22 h incubation in 6-gingerol
(37.5 pM), zebrafish larvae were exposed to PTZ (20 mM) for 60 min.
Next, zebrafish larvae were collected in a pool of n = 10/sample.
MRNA levels were normalized against 18S and b2m. Data were
analyzed using one—way ANOVA with Tukey's post hoc test: (A), F(3,
19) = 32.12, p < 0.0001; (B), F(3, 18) = 6.403, p = 0.0038. Data are
depicted as a mean + SEM (n = 5-6/group). ***p < 0.001, *p < 0.05. 6-
GIN, 6-gingerol; PTZ, pentylenetetrazole.

is correlated with abnormal electrical activity of the brain
(Gawel et al, 2024).
concentrations ranging from 12.5 to 37.5 uM did not affect

6-gingerol  pretreatment at

significantly locomotor activity in larval zebrafish treated with
PILO (p > 0.05).
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Effect of 6-gingerol on npas4 and bdnf
MRNA expression in zebrafish larvae
exposed to PTZ

Expression of neuronal Per-Arnt-Sim (PAS) domain protein
(npas4) and brain-derived neurotrophic factor (bdnf) on mRNA
level was analyzed to verify behavioral effects noted in our previous
studies in the PTZ-induced seizure test in zebrafish larvae (Gawel
et al., 2021). Statistical analysis revealed that exposition to PTZ
significantly increased both npas4 (p < 0.001) and bdnf (p < 0.05)
mRNA expression in zebrafish larvae. Although 6-gingerol at the
concentration of 37.5 uM did not change expression of the studied
genes in the control (vehicle-treated) group (p > 0.05), it
significantly decreased npas4 expression in the PTZ-exposed
larvae (p < 0.001). mRNA expression of bdnf in group co-treated
with PTZ and 6-gingerol did not differ significantly from the group
exposed to PTZ (p > 0.05) and was significantly higher than in group
treated with 6-gingerol. Results are presented in Figure 4 [one way
ANOVA: npas4 mRNA, F(3, 19) = 32.12, p < 0.0001; bdnf mRNA,
F(3,18) = 6.403, p = 0.0038, with Tukey’s post hoc test].

Effect of 6-gingerol on number of LFPs in
cacnalaa- and scnllab-morphants

In our study, we used a zebrafish model of Dravet syndrome and
absence seizure using MOs targeting scnllab and cacnalaa mRNA,
respectively. Knockdown of both genes in zebrafish larvae resulted
in abnormal brain activity characterized by the occurrence of
discharges with amplitudes exceeding 3-times the background
noise. Incubation with 6-gingerol (37.5 uM) for 22 h did not
significantly affect the number of LFPs registered in the optic
tectum of either cacnalaa (KW = 3.546, p = 0.1699) or scnllab
(KW = 1.383, p = 0.4995) morphants. Results are presented
in Figure 5.

Pharmacokinetic studies in mice

The developed LC-MS bioanalytical method was used for the
determination of 6-gingerol in the brain and serum samples as shown
in Figure 6. 6-Gingerol was eluted from the column around 24 min
into the analysis. The recorded injections enabled the acquisition of
peak areas corresponding to 6-gingerol in all analyzed samples
providing data for the pharmacokinetic calculations.

Pharmacokinetic (PK) parameters calculated using non-
compartmental analysis based on the concentration-time data
after single ip. administration of 6-gingerol at a dose of
10 mg/kg are presented in Table 2 and Figure 6. The maximal
concentration in serum (as well as in the brain) was observed at the
first sampling point, i.e, 15 min after administration, indicating
rapid absorption. The elimination half-life was determined to be
1.73 h which for mice is relatively long. The percentage of water in
fat-free wet weight for most mature animals is estimated between
70% and 76%, while some studies indicate that this figure is
approximately 80% for mice. Thus, the volume of distribution
(Vq) of 6-gingerol determined in this study (758.08 mL/kg)
indicates rather low distribution to organs and tissues and
limited degree of tissue binding. The total clearance (CL) is
much lower than the mouse liver blood flow (ca. 60-80 mL/
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FIGURE 6
Extracted ion chromatograms of 6-gingerol from representative injections of a standard solution (A), brain homogenate (B) and serum sample (C)
under the applied chromatographic conditions with 6-gingerol eluted from the column at the 24th minute.

min/kg) which might suggest that 6-gingerol is not extensively
metabolized in the liver, however the values of V4 and CL
calculated after i.p. administration is determined by F (fraction of
dose absorbed) therefore these results should be taken with caution.
Because pharmacokinetic parameters were estimated after
i.p. dosing, CL/F and Vz/F depend on unknown bioavailability.
The investigated compound is able to penetrate blood-brain barrier
as the brain-to-serum ratio at 1 h after administration is 0.18. A
higher brain to serum ratio (1.25) observed 6 h after administration
indicates that 6-gingerol is eliminated from the brain much more
slowly than from the blood, suggesting prolonged retention within
brain tissue. Values of brain to serum ratio calculated at different
time points are presented in Table 3. The chromatographic method
used for the quantitative determinations was evaluated for the
linearity range of 6-gingerol determinations, its LOD and LOQ
values, inter- and intra-day stability. The calculated optimization
parameters are presented in the Supplementary Material.
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Acute seizure tests in mice
Electrically-induced seizure tests

In the 6 Hz psychomotor seizure test, 6-gingerol (60 and
90 mg/kg) did not show any significant effect when animals were
stimulated with the current of 44 mA. In contrast, a statistically
significant dose-dependent anticonvulsant effect of 6-gingerol was
observed at an electrical stimulation intensity of 32 mA. In this case,
6-gingerol at a dose of 30 mg/kg protected 33.3% of the animals in
the group (p = 0.1429), while administration of the studied
compound at a dose of 60 mg/kg prevented psychomotor
seizures in 72.7% of the animals (p = 0.014, Table 4).

6-gingerol administered i.p. at doses of 10 and 60 mg/kg 15 min
before the MES test did not protect mice from the tonic hind limb
extension induced by electrical stimulation at an intensity of 50 mA
(p = 1.0). Results are presented in Table 4.
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TABLE 2 Estimated pharmacokinetic parameters (non-compartmental
analysis) of 6-gingerol calculated from the mean mice serum concentration
values (n = 5) after its single i.p. administration at a dose of 10 mg/kg in Crl:
CD1(ICR) mice.

Parameter 6-gingerol

Cinax [pg/mL] 78.73
tmax [h] 0.25

A, [h] 0.4

tosy, [h] 1.73
CL/F [mL/h/kg] 303.67
AUC inf [pg-h/mL] 32.93
V,/F [mL/kg] 758.08
MRT [h] 0.9

Cnax, Maximum concentration; ty,,y, the time to reach Cy,a Az, terminal slope; to sy,
terminal half-life; CL, clearance; AUC, i, area under the mean serum concentration versus
time curve extrapolated to infinity; V,, volume of distribution; MRT, mean residence time;
F, fraction of dose absorbed.

TABLE 3 Brain to serum ratio for 6-gingerol calculated at different time points
following its single i.p. administration at a dose of 10 mg/kg in Crl:CD1(ICR)
mice.

Time [min] Brain to serum ratio

15 8.61E-03
30 3.34E-02
45 1.11E-01
60 1.85E-01
120 2.94E-01
360 1.25E+00

The i.v. PTZ seizure threshold test

Figure 7 presents the effect of 6-gingerol (i.p., 10-30 mg/kg) on
the seizure threshold for three types of seizures, i.e., the myoclonic
twitches, generalized clonus with loss of right reflex and tonic
hindlimb extension, in the i.v. PTZ test in mice. Although one-
way ANOVA and Kruskal-Wallis test indicated a significant group
effect (one-way ANOVA: myoclonic twitch, F(4, 72) = 4.569, p =
0.0024; forelimb tonus, F(4, 37) = 2.007, p = 0.1024; Kruskal-Wallis
test: generalized clonus, KW = 19.97, p = 0.0005), post hoc analysis
revealed that this was driven exclusively by the VPA-treated
group. The only statistically significant anticonvulsant effects
were observed in the experimental group treated with VPA at a
dose of 150 mg/kg.

Effect of 6-gingerol on the motor
coordination and muscle strength in mice

Acute i.p. treatment with 6-gingerol at doses ranging from 30 to
90 mg/kg did not affect motor coordination in mice as assessed
using the rotarod test (p > 0.05) (data not shown). Additionally, no
significant impairment of motor coordination was observed in the
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chimney test following administration of the studied compound at
doses of 10-30 mg/kg (one-way ANOVA: F (4, 75) = 1.689, p =
0.1615) (Figure 8).

Discussion

6-gingerol is the most abundant active compound found in the
ginger rhizome extracts. Consequently, it is also the most widely
studied compound for potential therapeutic properties. Studies
conducted several years ago demonstrated that ginger extracts
have anticonvulsant properties in the PTZ-induced mouse
experimental seizure models (Hosseini and Mirazi, 2014; 2015;
Hosseini et al., 2016) and prompted further research aimed to
more precisely determine properties of the extracts in other
experimental models of seizures and, in particular, identify the
active compounds responsible for anticonvulsant effect. In the
previous study, we demonstrated the anticonvulsant effect of 6-
gingerol in the zebrafish larvae PTZ-induced seizure assay, which
manifested as a decrease in PTZ-induced hyperlocomotion and
reduction in the number and mean duration of LFP events
recorded in the optic tectum of the PTZ-exposed larvae. This
effect was additionally associated with a reduction in glutamate
level and glutamate/GABA ratio, as well as a decrease in mRNA
expression of grin2b-gene encoding a subunit of NMDA (N-methyl-
D-aspartate)-type glutamate ionotropic receptor (Gawel et al,
2021). We are now following up on this initial study using other
zebrafish larvae seizure models (i.e., EKP- and PILO-induced seizure
tests and scnllab and cacnalaa morphants) as well as some
commonly used seizure models in mice (i.e., electrically-induced
seizures-MES and 6 Hz psychomotor seizure tests, and the i.v. PTZ
seizure test). Pharmacokinetic parameters of 6-gingerol in mice, as
well as its ability to cross the blood-brain barrier after
i.p. administration, were also assessed.

In our present study, we evaluated changes in npas4 and bdnf
mRNA expression in PTZ-exposed zebrafish larvae pre-incubated
with 6-gingerol to additionally confirm the anticonvulsant effect of
this compound noted in our previous study (Gawel et al., 2021).
Both of these factors are used in preclinical studies as significant
markers of neuronal activity (Sun and Lin, 2016). Npas4 is one of the
recently described immediate early genes (IEGs) that is expressed
only in neurons. Its activation takes place after recent neuronal
activity and is mediated by intracellular free calcium as a second
messenger. The results of preclinical studies conducted using
experimental models of seizures and epilepsy indicate that
NPAS4 protein performs a protective function in the brain by
restoring homeostasis of neurons activity. It was noted that PTZ-
induced convulsant activity upregulated npas4 expression in the
mouse hippocampus and, moreover, inactivation of this gene
facilitates PTZ kindling development (Shan et al, 2018). In
PILO-induced epileptic rats, the level of NPAS4 protein increased
during the acute phase of seizures (6-72 h) and decreased during the
chronic phase (7-60 days). In PILO-treated rats with silenced Npas4,
convulsions occurred more frequently and were longer (Wang et al.,
2014). In PILO-treated zebrafish larvae, npas4 was overexpressed
22 h after cessation of treatment (Gawel et al., 2024). NPAS4 directly
controls the expression of numerous activity-dependent genes, i.e.,
bdnf and homerla, and acts, among others, as a regulator of
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TABLE 4 Effect of 6-gingerol on the occurrence of seizures in the MES and 6 Hz-induced psychomotor seizures tests in mice.

Seizure test Treatment Inhibition of seizures (%) Number of animals in group Statistical analysis
6 Hz test Control (1% Tween) 0% 9 -
32 mA 6-gingerol 33.3% 6 p = 0.1429
30 mg/kg
6-gingerol 72.7% 11 p =0.014
60 mg/kg
6 Hz test Control (1% Tween) 0% 8 -
44 mA 6-gingerol 0% 8 p=10
60 mg/kg
6-gingerol 0% 8 p=10
90 mg/kg
MES Control (1% Tween) 0% 9 -
6-gingerol 0% 6 p=10
10 mg/kg
6-gingerol 0% 11 p=10
60 mg/kg

Data were analysed using Fisher’s exact test.
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FIGURE 7

Effect of 6-gingerol on threshold for the myoclonic twitches (A), generalized clonus (B) and forelimb tonus (C) in the iv. PTZ test in mice. 6-gingerol
(10-30mg/kg) and VPA (150 mg/kg, as a positive control) were administered ip. 15 and 30 min before the test, respectively. The negative control group was
treated with 1% Tween solution in saline. Experimental groups consisted of 12—18 mice. Data on myoclonic twitches (A) and forelimb tonus seizures (C) are
presented as mean dose of PTZ (in mg/kg) that provoke the respective kind of seizures + SEM and were analysed using one-way ANOVA with
Dunnett's post hoc (myoclonic twitch, F(4, 72) = 4.569, p = 0.0024; forelimb tonus, F(4, 37) = 2.007, p = 0.1024). Data on generalized clonic seizures are
presented as median + 95% conficence limits and were analysed using Kruskal—Wallis test followed with Dunn’s post hoc test (generalized clonus, KW =
19.97, p = 0.0005). *p < 0.05 and **p < 0.01. PTZ, pentylenetetrazole; VPA, sodium valproate.

homeostasis in inhibitory and excitatory neurotransmission
processes (Fu et al., 2020; Sun and Lin, 2016; Shan et al., 2018).
Disruption of the excitatory-inhibitory balance could lead to
neuronal death and impairment of the nervous system function,
including the development of epilepsy. BDNF is a neurotrophin
family member that controls, among others, neuronal survival and
development, long-term potentiation (LTP) and plasticity processes
in the brain, and therefore, is strictly connected to seizures and
epilepsy development (AlRuwaili et al., 2024; Gliwinska et al., 2023).
Our results on npas4 and bdnf mRNA expression follow the previous
findings which showed increased expression of these markers in the
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brains of experimental animals after exposure to PTZ (Abdelaziz
et al,, 2025; Seo et al., 2020; Lopes et al.,, 2016; Klari¢ et al., 2014;
Torres-Herndndez et al., 2016; Shan et al., 2018). Moreover, some
compounds that showed anticonvulsant properties in experimental
seizure and epilepsy models normalise the expression of these
markers (Torres-Herndndez et al, 2016; Seo et al, 2020;
Abdelaziz et al., 2025). Although 6-gingerol did not significantly
affect expression of bdnf mRNA in the PTZ-exposed zebrafish
larvae, it significantly reduced npas4 mRNA expression, which
supports its anticonvulsant activity. Similar effects were noted in
the case of another plant-derived compound with anticonvulsant
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Effect of 6-gingerol on the neuromuscular strength in mice. 6-
gingerol (10-30 mg/kg) and VPA (150 mg/kg, as a positive control)
were administered i.p. 15 and 30 min before the test, respectively.
Negative control group was treated with 1% Tween solution in
saline. Experimental groups consisted of 16 mice. Results are
presented as the mean (+ SEM) grip strengths in milinewtons per gram
of mouse body weight (mN/g) and were analysed with one-way
ANOVA (F (4, 75) = 1.689, p = 0.1615).

effect-D-limonene-terpene found in citrus fruits (Seo et al., 2020).
Although the involvement of naps4 and bdnf genes in seizure
processes is clear, the current state of knowledge does not allow
for an unambiguous in the
anticonvulsant mechanism of action of 6-gingerol in PTZ-

determination of their role

induced seizure models. This issue requires further research.
Apart from the continuation of the study on the effect of 6-
gingerol in PTZ-treated zebrafish larvae, we also evaluated the
activity of this compound in two other chemoconvulsant-induced
seizure models in zebrafish larvae, ie., in the EKP- and PILO-
induced seizure tests. EKP-induced seizures are described as a model
of pharmacoresistant seizures (Zhang et al., 2017). We noted that 6-
gingerol (37.5 uM) significantly weakened EKP-induced seizure
activity but did not affect seizures induced after PILO exposure.
Proconvulsant activity of EKP results from inhibition of glutamic
acid decarboxylase, which transforms glutamic acid into GABA
(Zhang et al.,, 2017). Similar to PTZ, the action of EKP is closely
linked to the attenuation of GABAergic neurotransmission. Results
from the PTZ- and EKP-induced seizure tests suggest that 6-
gingerol could exert its anticonvulsant effect by enhancement of
the GABAergic system and is not able to counteract seizures induced
by enhancement of cholinergic neurotransmission. PILO acts as a
cholinomimetic drug that stimulates muscarinic receptors. In
rodents, administration of PILO induces limbic seizures which
progress to status epilepticus (Turski et al., 1984). In zebrafish
larvae, acute administration of PILO results in behavioural
At the EEG
discharges are observed (Gawel et al., 2024). Since, in our hands,

inhibition. level, numerous high-amplitude
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6-gingerol had no effect on the behaviour of the larvae in the PILO-
induced seizure test, it seems unlikely that it could be effective in the
treatment of temporal lobe epilepsy in humans.

In this study, we next used two zebrafish larvae models of
seizures induced by knocking down genes important in the
proper activity of the brain and epileptogenesis process. Scnllab
encodes voltage-gated sodium channel alpha subunit Na,1.1 and
scnllab morphants are described as zebrafish model of Dravet
syndrome-one of the most devastating and pharmacoresistant
types of childhood epilepsy syndromes (Zhang et al, 2015;
Baraban et al,, 2013). Children with Dravet syndrome experience
a variety of seizures i.g. tonic-clonic, clonic, myoclonic, atypical
absence seizures, atonic seizures, status epilepticus (Li et al., 2021;
Selvarajah et al., 2021). The substances currently approved as add-on
therapy for the treatment of seizures in Dravet syndrome are
fenfluramine (serotonin-enhancing agent), cannabidiol (ion
channel modulator, effects on the endocannabinoid or adenosine
systems), and stiripentol (among others positive allosteric
modulator of GABA, receptors) (Guerrini et al., 2024).
Tiraboschi et al. (2020) were the first to demonstrate the

mechanism of antiepileptic properties
-

of fenfluramine in

~~ mutants, Baraban

scnllab™™ mutants. Using zebrafish scnllab
et al. (2013) pinpointed clemizole (antihistamine agent) being now
under phase IIT clinical trials for Dravet syndrome patients (https://
clinicaltrials.gov/study/NCT04462770). Loss of function of
cacnalaa gene results in disturbances in P/Q type calcium
channel activity, which consequently might lead to seizures
(Gawel et al, 2020). In zebrafish cacnalaa morphants, EEG
discharges were observed (Gawel et al., 2020). The administration
of ASMs registered for the treatment of absence seizures in humans
reduced the number of discharges in the EEG (ethosuximide,
valproic acid, lamotrigine and topiramate-note that a common
feature of these drugs is their effect on the calcium ion
effectively blocked

induced by exposure to EKP, it was ineffective in preventing

channels). Although 6-gingerol seizures
seizures in Dravet syndrome model as well as seizures in
cacnalaa morphants. The lack of anticonvulsant effect in these
models might result from the fact that epileptiform activity in the
morphants is mediated by disturbances in the activity of sodium and
calcium channels, while our results from the PTZ- and EKP-induced
seizure tests suggest that 6-gingerol mechanism of anticonvulsant
action is mainly GABAergic.

Although 6-gingerol inhibits both kinds of seizures induced
by that GABAergic
neurotransmission in zebrafish larvae, it did not show an

chemoconvulsants reduce
anticonvulsant effect in the timed infusion PTZ seizure test in
mice. A requirement for all drugs affecting central nervous
system functions, including seizure activity, is the ability to
cross the blood-brain barrier. According to the data available
in the scientific literature and our results, 6-gingerol is able to
pass the blood-brain barrier (Simon et al., 2020; Lim et al., 2025;
Kuswandani et al., 2025). Pharmacokinetic study revealed that 6-
gingerol reaches its maximum concentration in brain tissue as
early as i.p.
anticonvulsant activity in mouse seizure tests was assessed at

15 min after its injection, therefore, its
this time point. The lack of the anticonvulsant effect of 6-
gingerol in the iv. PTZ seizure threshold test might be

because, despite its ability to cross the blood-brain barrier, its
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concentration in brain tissue after i.p. administration at a dose of
30 mg/kg was insufficient to affect the targets relevant to
anticonvulsant activity.

In our study, we also employed two mouse models of seizures
induced by electrical stimulation, namely, the 6 Hz-induced
psychomotor seizure and MES tests. Psychomotor seizures are
evoked by a low-frequency (i.e. 6 Hz), long-duration (i.e., 3 s)
electrical stimulus with rectangular pulses of 0.2 ms duration and
manifested as twitching vibrissae, stun position, head nodding, jaw
movements, limb clonus and Straub’s tail. Two intensities of
stimulation are typically used in this test, ie., 32 or 44 mA. The
6 Hz psychomotor seizure test with higher intensity of stimulation
(i.e. 44 mA) might be considered a model of pharmacoresistant
seizures since this kind of seizures are not alleviated by a majority of
ASMs (Loscher and White, 2023; Barton et al., 2001). We noted a
significant anticonvulsant effect of 6-gingerol (60 mg/kg) in the
psychomotor seizure test, but only in the low-intensity stimulation
condition, which is not a model of pharmacoresistant seizures. The
specific mechanism of action of anticonvulsants inhibiting
psychomotor seizures is not clearly defined, however, many
ASMs that effectively inhibit the 6 Hz-induced psychomotor
seizures act by modulating GABAergic neurotransmission, i.e.,
clonazepam, and (Loscher and
White, 2023).

It should be noted here that in the psychomotor seizure and

phenobarbital tiagabine

MES tests, the range of 6-gingerol doses tested was higher than
in the i.v. PTZ test. This discrepancy was due to the fact that
these tests were performed on two different strains of mice, i.e.,
CD-1 and Crl:CD1(ICR), which could have affected the animals’
sensitivity to 6-gingerol. Doses above 30 mg/kg caused adverse
peripheral effects in Crl:CD1(ICR) mice, including immobility
and problems with maintaining proper body posture, while in
CD-1 mice, these doses were safe and did not cause significant
impairment of motor coordination, which was assessed in the
rotarod test. The genetic background of mice might affect the
bioavailability and pharmacokinetics of 6-gingerol after
i.p. administration, which influences its effectiveness. Strain-
dependent changes in pharmacokinetic parameters have been
observed previously for cocaine (McCarthy et al., 2004; Zhu
et al., 2021). Epigenetic and environmental factors are also
responsible for variability in drug response (Loscher, 2024).
Anticonvulsant effect noted in the 6 Hz psychomotor seizure
test was caused by a high dose of 6-gingerol, i.e., 60 mg/kg. In the
i.v. PTZ test, the highest tested dose of this compound was
30 mg/kg. Administration of a higher dose of gingerol in the
6 Hz test might have increased brain concentration of this
compound to a level sufficient to affect the targets responsible
for anticonvulsant action. Therefore, higher concentrations of
the tested compound led to a significant anticonvulsant effect in
the 6 Hz test, which was not observed with lower doses in the
i.v. PTZ test.

The MES test is considered a model of generalised tonic-
clonic seizures in humans. Brief (i.e., 0.2 s), high-intensity
(i.e., 50 mA) and high-frequency (i.e., 50 Hz) electrical
stimulation provokes maximal seizures characterised by
forelimb tonic extension followed by clonic convulsions of
both forelimbs and hindlimbs. In this test, anticonvulsant

effect is demonstrated by drugs that act mainly by sodium
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channels inhibition, i.e., carbamazepine, lamotrigine and
topiramate (Castel-Branco et al., 2009; Loscher et al., 1991;
White et al., 1995). 6-gingerol did not reduce the occurrence
of seizures in the MES test in mice.

Although we used three different models of epileptic seizures
in our study, differing in the mechanism of their induction, we
did not use any chronic epilepsy model in rodents that would
allow us to evaluate the anti-epileptic effect of 6-gingerol.
Another significant limitation of our study is the lack of
detailed pharmacokinetic studies that would cover at least a
24-h period after administration of 6-gingerol. That would
enable a more accurate assessment of this compound’s
biodistribution in animal organisms. Our research has not yet
clarified the underlying  the
anticonvulsant effects of 6-gingerol, and should be considered

molecular mechanisms
as a preliminary step towards further investigation into the
potential use of 6-gingerol in the treatment of epilepsy.
Although the experiments conducted suggest a GABAergic
mechanism of action, they do not allow for the precise
determination of the targets for 6-gingerol or the types of
seizures that could be inhibited/limited by this compound. To
do this, further research is needed, including looking at

modifying the form of 6-gingerol administration
(i.e., nanoparticles) to increase its penetration into the brain.
Also, should this research progress, a comprehensive

This would
involve establishing a fully characterized primary reference

standardization protocol would be imperative.

standard for 6-gingerol and validating a quantitative analytical
method, such as the described HPLC-based assay, in accordance
with ICH Q2(R1) guidelines to ensure its specificity, linearity,
accuracy, and robustness. This validated assay would then be
fundamental for conducting stability studies in accordance with
ICH Q1A(R2) guidelines to determine the compound’s shelf-life
and optimal storage conditions. These procedures, however, should
be developed in the future as more in-depth investigations.

It is worth noting that our findings are related to the single
isolated phytochemical, 6-gingerol, and should not be extrapolated
to the crude ginger extract. The use of whole herbal extracts as
therapeutic  agents presents formidable challenges for
standardization due to their inherent chemical complexity and
the significant, often uncontrolled, variability in constituent
profiles. This variability stems from diverse factors, including
plant genetics, geographical origin, time, and
To

predictable pharmacokinetics, and a well-defined mechanism of

harvesting

processing methods. ensure dose-to-dose consistency,

action—important prerequisites for a modern therapeutic
agent—the future development must focus on a single, purified
chemical component. Therefore, 6-gingerol, rather than a
chemically characterized extract, represents the only viable path

forward for potential clinical development.

Conclusion

Our studies revealed some anticonvulsant properties of 6-
gingerol, which were possibly mediated by the enhancement of
GABAergic neurotransmission. Anticonvulsant effect was noted in
the case of seizures induced by chemoconvulsants affecting
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GABAergic neurotransmission in zebrafish larvae and the 6 Hz
psychomotor seizure test (32 mA) in mice when a high dose of the
compound was used. The limited anticonvulsant effect of 6-gingerol
might be related to its insufficient penetration into brain tissue. To
achieve a stronger and significant anticonvulsant effect, the use of
appropriate nanoparticles as carriers of 6-gingerol should be
considered, which would enable its easier penetration through
the blood-brain barrier and thus increase its concentration in
brain tissue. Although 6-gingerol is the primary ingredient of
extracts from ginger, there are also several other phenolic and
terpene compounds, i.e., 8- and 10-gingerol, shogaols, zingerone,
as well as paradols. The significant anticonvulsant effect of extracts
from ginger roots noted in the previous studies might result from the
synergistic activity of different compounds included in the studied
extracts. In summary, further research is needed to fully assess the
anticonvulsant potential of 6-gingerol and its mechanisms of action.
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