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Abstract

Background: Phytomolecules, through their antioxidant and anti-inflammatory effects, can improve neurodegenerative
diseases. The aim of this study was to evaluate the effect of daidzein, a phytoestrogenic agent, on seizure severity and
oxidative stress in a pentylenetetrazol (PTZ)-induced seizure model.

Methods: Male mice were injected intraperitoneally (i.p.) with daidzein (1 and 5 mg/kg) and, 30 minutes later, a single
convulsive dose of PTZ was administered. The groups were as follows: PTZ Control, PTZ+Diazepam, PTZ+Daidzein
1 mg/kg, PTZ+Daidzein 5 mg/kg, and PTZ+DMSO. Seizure onset and seizure stages were scored over a 30-minute
observation period according to the Racine classification. Serum samples were collected to evaluate oxidative stress

parameters using an automated colorimetric method.

Results: Administration of daidzein at a dose of 1 mg/kg (first seizure presentation and modified stage p=0.001), but not
5 mg/kg, inhibited seizure formation similarly to diazepam. Neither dose of daidzein (1 and 5 mg/kg) increased serum
antioxidant parameters (total thiol (p=0.425), native thiol(p=0.350)).

Conclusion: Low-dose daidzein can prevent seizure while causing a smaller increase in oxidative stress parameters

compared to diazepam suggests that it may have potential as an anticonvulsant agent.
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INTRODUCTION

Epilepsy is a chronic neurological disorder that leads to
recurrent spontaneous seizures due to an imbalance be-
tween excitatory and inhibitory systems in the relevant ar-
eas of the brain (1). The pathological changes that epileptic
seizures cause in the brain affect neuropsychological func-
tions such as attention, memory, learning, and mental flex-
ibility (2). While symptomatic treatment is partly achiev-
able with current antiepileptic drugs, in some patients the
seizures remain uncontrolled, and resistance and toxicity
are observed in 20-30% of cases against well-known an-
tiepileptic drugs. Moreover, due to the numerous side
effects and low tolerability of current antiepileptic drugs,
uncontrolled discontinuation of medication by patients is
frequently encountered (3). Therefore, alternative treat-
ment methods are being investigated in light of the bio-
chemical, pharmacological, and pathophysiological data

obtained from experimental studies (4).

Oxidative stress, which results from an imbalance be-
tween reactive oxygen species (ROS) and antioxidant
defense mechanisms that can lead to irreversible cell
damage, plays a role not only in the onset and progres-
sion of epilepsy but also in the pathogenesis of many
neurodegenerative disorders (5). Brain tissue, containing
alarge amount of lipids and consuming oxygen at a high
rate, is very susceptible to lipid peroxidation (6). When
the balance between free radical production and the anti-
oxidant system that compensates for the increase in free
oxygen radicals is disrupted in favor of free radical pro-
duction, oxidative damage occurs. Free radicals lead to
degeneration of cells in the central nervous system (7).
Thiols, which are organic sulthydryl compounds with
active —-SH groups, form reversibly oxidized disulfide
structures due to their strong reducing capacities. These
disulfides are converted back to thiols by the enzymes
thioredoxin reductase and glutathione reductase (8). In
thiol-disulfide homeostasis, which represents the bal-
ance between antioxidants and oxidants, oxidative stress

occurs when the balance shifts toward disulfides (9,10).

It has been demonstrated that oxidative stress plays a
role in the emergence and progression of various neuro-
degenerative disorders (11). Another well-known fact is
that reducing oxidative stress by activating antioxidant
mechanisms can slow down and treat the symptoms of
neurodegenerative diseases (12). Numerous studies in

the literature have shown that phytomolecules, through
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their antioxidant, anti-inflammatory, and estrogenic
effects, can improve neurodegenerative diseases and
reduce neuroinflammation (13). Daidzein, one of the
phytoestrogens, is a type of isoflavone with neuropro-
tective activities in various neurobiological mechanisms
in the central nervous system, such as behavior, cogni-
tion, growth, development, and reproduction (14). The
neuroprotective effect of daidzein, which reduces free
oxygen radicals, has been demonstrated in focal cerebral
ischemia (15) and in an Alzheimer's disease model (16).
However, although it is known that the neuroprotective
properties of soy proteins change in a dose-dependent
manner (17), their acute effects on epilepsy and epileptic

seizures remain unknown.

In this study, based on the hypothesis that daidzein
would prevent epileptic seizures, the anticonvulsant ef-
ficacy of daidzein was evaluated in an experimental sei-
zure model induced by pentylenetetrazol (PTZ).

MATERIALS AND METHODS

Animals

The experimental animals were obtained from the BAI-
BU Experimental Animals Center. Male Swiss albino mice
weighing 25-30 g were randomly divided into groups
and maintained under a 12-hour dark/12-hour light cycle
at a temperature of 20-21°C and 55-60% relative humid-
ity, with ad libitum access to water and pellet feed. The
methods used for animal experiments were organized in
accordance with the protocols of the National Institute of
Health Guide for the Care and Use of Laboratory Animals.

Daidzein was administered at doses of 1 and 5 mg/kg
30 minutes prior to the PTZ injection. The mice were
monitored with a video camera system for 30 minutes
after the PTZ injection (18). In the video recordings, the
time of the first seizure presentation (minute) was deter-
mined, and seizure scoring was performed according to
Racine classification (Table 2) (19).

After video seizure recordings were obtained from all
mice, under general anesthesia with ketamine and xyla-
zine (100 mg/kg and 20 mg/kg i.m.), 1 ml of blood was
collected via intracardiac puncture. The samples collect-
ed in biochemical tubes were centrifuged at 1500 G for
15 minutes at room temperature, then transferred into
at least two separate Eppendorf tubes within 1 hour and
frozen at -80°C (Figure 1).
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Table 1. Groups and drug names, drug doses and applications

PTZ Control n=8 60 mg/kg PTZ (solvent: 0.9% salin, 0.1 ml), i.p.

PTZ + Diazepam n=7 5 mg/kg (0,1 ml), i.m.

PTZ + Daidzein 1 mg/kg n=7 (1(;5 r/n lgf‘iszzlz::‘:m%gsd;;z?ﬂ sulphoxide (DMSO)), s.c., (20)
PTZ + Daidzein 5 mg/kg n=7 5 mg/kg (solvent: %5 dimethyl sulphoxide (DMSO)), s.c., (21)
PTZ + DMSO n=7 %5 DMSO, s.c., (18)

Score 1 ¢ Immobilization, with no convulsive activity.

Score 2 ¢ Head nodding with twitching of the ear and facial muscles.

Score 3 * Myoclonic jerks.

Score 4 e Rearing with forelimb clonus.

Score 5 * Jumping, generalized clonic seizures, and falling.

Score 6 e Tonic extension of the hind limbs, leading to tonic-clonic convulsions.
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o O - / \ Racine Classification
Daidzein (, Q
1-5 mg/kg, sc % 3 /ﬁ Eamers (
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PTZ Thioldisulfide
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Figure 1: Experimental flowchart
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Measurement of Serum Thiol-Disulfide Homeo-
stasis Parameters

Serum thiol-disulfide homeostasis parameters were
determined using the automated colorimetric method
developed by Erel and Neselioglu. This method con-
sists of two steps. In the first step, the native thiol levels
present in the sample are detected by measuring the ab-
sorbance at 412 nm of the yellow color formed by the re-
action of thiol groups with DTNB [5,5'-dithiobis-(2-ni-
trobenzoic) acid]. In the second step, the dynamic and
reducible disulfide bonds (-S-S) are reduced to free
functional (reactive) thiol groups (-SH) in the presence
of sodium borohydride 'NaBH4'. The unused reducing
agent, NaBH4, is eliminated by reacting with formal-
dehyde. Subsequently, the total thiol groups, which in-
clude both the NaBH4-reduced and native thiols, are
detected following reaction with DTNB. After deter-
mining the concentrations of native thiol (-SH) and total
thiol (-SH + -S-S), half of the difference between these
two values gives the amount of dynamic disulfide. Ad-
ditionally, the percentage ratios of disulfide (-5-S) to
native thiol (-SH), disulfide (-S-S) to total thiol (-SH +
-5-S), and native thiol (-SH) to total thiol (-SH + -S-S)
are calculated (8).

Statistical Analysis

The data were evaluated in the IBM SPSS Statistics 25.0
(IBM Corp., Armonk, New York, USA) statistical pack-
age program. The normal distribution of the data of nu-
merical variables was evaluated with the Shapiro Wilk
test of normality. Levene's test was used to assess the
homogeneity of group variances. Descriptive statistics
of the data are presented as n (%) and meantstandard
deviation (xtSD) if the variable is normally distribut-
ed, otherwise as median (minimum-maximum) or me-
dian (1st quartile -3rd quartile). Comparisons between
groups were made with one-way analysis of variance
for normally distributed variables, and Kruskal-Wallis
analysis for non-normally distributed variables. Tukey
HSD was used for normally distributed variables and
Mann-Whitney U test with Bonferronni correction was
used for non-normally distributed variables as a multi-
ple comparison test. A p value of <0.05 was considered

statistically significant.
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RESULTS

Comparing the five groups in terms of the first seizure
presentation, significant differences were observed be-
tween PTZ Control group and PTZ + Diazepam and
PTZ + Daidzein 1 mg/kg groups (p = 0.001). Howev-
er, no significant differences were found between PTZ
Control group and the PTZ+Daidzein 5 mg/kg and
PTZ+DMSO. The mean value of PTZ+ DMSO group
was significantly lower than that of PTZ + Diazepam,
PTZ + Daidzein 1 mg/kg, and PTZ + Daidzein 5 mg/kg,
except for PTZ Control group (for each, p< 0.01). Addi-
tionally, the mean of the PTZ + Daidzein 5 mg/kg group
was significantly lower than those of PTZ + Diazepam
and PTZ + Daidzein 1 mg/kg groups. Based on this re-
sult, seizures in the PTZ + Diazepam and PTZ + Daidze-
in 1 mg/kg groups had a delayed onset (Figure 1).
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Figure 2: First seizure presentation (minute).

In terms of the modified stage, it was observed that the
PTZ + Diazepam and PTZ + Daidzein 1 mg/kg groups
were significantly lower than PTZ + Daidzein 5 mg/kg,
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PTZ Control, PTZ+DMSO (for each, p<0.01). Addition-
ally, the mean of PTZ+DMSO group was significantly
higher than that of PTZ + Diazepam, PTZ + Daidzein 1
mg/kg, and PTZ + Daidzein 5 mg/kg, PTZ Control. No
other differences were found to be significant (Figure 3).
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Figure 3: Modified Stage Between Groups.

No significant difference was found among the groups
in terms of the average total thiol and native thiol lev-
els. Regarding the disulfide (SS) levels, the differences
between the PTZ Control and PTZ + Daidzein 5 mg/
kg groups (p = 0.012), PTZ Control and PTZ + Daidzein
1 mg/kg groups (p = 0.018), PTZ Control and PTZ +
Diazepam groups (p = 0.004), and DMSO and PTZ + Di-
azepam groups (p = 0.05) were significant. In terms of
the SS/SH ratio, the differences between the PTZ Con-
trol and PTZ + Daidzein 1 mg/kg groups (p = 0.014),
PTZ Control and PTZ + Daidzein 5 mg/kg groups (p =
0.008), and PTZ Control and PTZ + Diazepam groups (p
=0.003) were significant (Figure 4).

DISCUSSION

According to our study results, 1 mg/kg daidzein pre-
vented seizure formation similar to of diazepam; how-
ever, both doses of daidzein (1 and 5 mg/kg), which did
not increase antioxidant parameters, demonstrated an

increased oxidative stress.

Soybean isoflavones (genistein, daidzein, and the
daidzein metabolite S-equol) are known as phytoestro-
gens due to their structural similarities to endogenous
estrogen, 17-B-estradiol (22, 23). Experimental studies
have shown that they exhibit strong neuroprotective
properties against neurodegenerative diseases, mod-
ulate neurotransmitters (24), and protect against neu-
rodegeneration by interacting with estrogen receptors
(25). One of the neurodegenerative diseases, studies
investigating the effects of soy-based isoflavones on
epilepsy, were evaluated and in the literature, another
isoflavone, genistein, has been shown to prolong sei-
zure latency and reduce seizure intensity scores as well
as the duration of generalized tonic-clonic seizures in a
PTZ-induced epilepsy model (26). Another isoflavone,
biochanin A, has also demonstrated antiepileptic char-
acteristics in a PTZ-induced epilepsy model (27). In our
study, it was found that 1 mg/kg daidzein prevented
seizure formation with an effect similar to diazepam,
whereas the 5 mg/kg dose did not exhibit anticonvul-
sant effects. Consistent with our study results, an anoth-
er study reported that low doses of daidzein showed
anxiolytic effects, but this effect was not observed at
higher doses (28), and that a high-dose (750 mg/kg)
daidzein diet triggered epileptic seizures (29). Similarly
dose dependent, it is known that, among soy-based iso-
flavonoids, genistein at low doses (1-5 mg/kg) reduces
aggressive behaviors, whereas at high doses (100-300
mg/kg) it triggers anxiety and aggression (30, 31). While
no increase in epilepsy risk has been observed with the
formula milk used for infants in the Korean popula-
tion, an increased frequency of febrile convulsions has
been reported with soy-based formula milk used in the
American population (17). In conclusion, we can state
that a soy-based diet, particularly with daidzein, ex-
hibits dose-dependent proconvulsant-anticonvulsant
effects, and that low doses fall within a safe range for
epileptic seizures. In addition, the demonstration that

genstein and daidzein block T-type calcium channels
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Figure 4: Comparison Results of Thiol Measurements Among Groups
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in a dose-dependent manner explains our study results

from a pathophysiological perspective (32).

It is also known that daidzein exerts its therapeutic
effects through its potent antioxidant properties (33).
Daidzein has been shown to exhibit antioxidant effects
in traumatic brain injury (34), reduce hypothalamic
oxidative stress (35), and decrease free radicals in fo-
cal cerebral ischemia (15). Contrary to expectations in
our study, both 1 and 5 mg/kg daidzein were found to
increase disulfide levels compared to the epilepsy con-
trol, indicating an oxidant effect. In a related neuron
culture study, it was shown that 50 and 100 micromolar
daidzein increased LDH release in neurons (36). Addi-
tionally, in a group of men and women who were fed
a soy diet for one week, soy did not reduce the levels
of oxidant proteins in men; the researchers attributed
this finding to gender-dependent effects of soy and the
short-term nature of the outcomes (37). Presumably, if
the long-term effects of multiple doses of daidzein had
been evaluated, its antioxidant effect might have been
more clearly observed, and we could have explained
our experimental results in terms of gender-dependent
effects. Moreover, the fact that daidzein increased di-
sulfide levels to a lesser extent than diazepam is also a
noteworthy finding.

A limitation of our study is that we did not evaluate the
mechanistic effects of daidzein at the molecular, electro-

physiological, and histological levels.

In conclusion, among the soy isoflavones that exhibit
neuroprotective effects in the central nervous system
through their antioxidant actions, daidzein demon-
strates an anticonvulsant effect on epileptic seizures at
low doses. Further studies designed on a chronic and
gender-based basis are needed to elucidate the antiox-
idant effects of daidzein in relation to its antiepileptic

properties.
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