e Taylor & Francis
Neurological Taior & rancis Group
Research

Neurological Research
A Journal of Progress in Neurosurgery, Neurology and Neurosciences

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/yner20

Thiamine alleviates cognitive impairment and
epileptogenesis by relieving brain inflammation in
PTZ-induced kindling rat model

Sebahattin Karabulut, Ahmet Kemal Filiz & Recep Akkaya

To cite this article: Sebahattin Karabulut, Ahmet Kemal Filiz & Recep Akkaya (2022)
Thiamine alleviates cognitive impairment and epileptogenesis by relieving brain
inflammation in PTZ-induced kindling rat model, Neurological Research, 44:10, 902-909, DOI:
10.1080/01616412.2022.2066785

To link to this article: https://doi.org/10.1080/01616412.2022.2066785

% Published online: 21 Apr 2022.

\]
C;/ Submit your article to this journal

||I| Article views: 219

A
& View related articles &'

@ View Crossmark data (&'

CrossMark

Ea Citing articles: 1 View citing articles &

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=yner20


https://www.tandfonline.com/action/journalInformation?journalCode=yner20
https://www.tandfonline.com/loi/yner20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/01616412.2022.2066785
https://doi.org/10.1080/01616412.2022.2066785
https://www.tandfonline.com/action/authorSubmission?journalCode=yner20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=yner20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/01616412.2022.2066785
https://www.tandfonline.com/doi/mlt/10.1080/01616412.2022.2066785
http://crossmark.crossref.org/dialog/?doi=10.1080/01616412.2022.2066785&domain=pdf&date_stamp=2022-04-21
http://crossmark.crossref.org/dialog/?doi=10.1080/01616412.2022.2066785&domain=pdf&date_stamp=2022-04-21
https://www.tandfonline.com/doi/citedby/10.1080/01616412.2022.2066785#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/01616412.2022.2066785#tabModule

NEUROLOGICAL RESEARCH
2022, VOL. 44, NO. 10, 902-909
https://doi.org/10.1080/01616412.2022.2066785

Taylor & Francis
Taylor & Francis Group

W) Check for updates

Thiamine alleviates cognitive impairment and epileptogenesis by relieving
brain inflammation in PTZ-induced kindling rat model

Sebahattin Karabulut{?, Ahmet Kemal Filiz

b and Recep Akkaya(»)°

aDepartment of Medical Services and Techniques, Vocational School of Health Services, Sivas Cumhuriyet University, Sivas, Turkey;
bDepartment of Medical Physiology, Faculty of Medicine, Sivas Cumhuriyet University, Sivas, Turkey; “Department of Biophysics, Faculty of

Medicine, Sivas Cumhuriyet University, Sivas, Turkey

ABSTRACT

Objective: Epileptogenesis, the process by which the brain becomes epileptic, is related to
neuroinflammation, hyperexcitability cognitive deficits. Evidence suggests that improving
brain inflammation can inhibit the epileptogenesis process and help the emergence of new
drugs for the treatment of epilepsy. Therefore, the PTZ kindling model of epilepsy was utilized
to assess the neuroprotective role of thiamine in epileptogenesis.

Methods: Male rats were exposed to PTZ-induced kindling and pretreated with low thiamine
(25 mg/kg) or high thiamine (50 mg/kg). Cyclooxygenase (COX-1 and COX-2), interleukin 1-beta
(IL-1pB), tumor necrosis factor-alpha (TNF-a), and nuclear factor-kB (NF-kB) concentrations in the
brain were analyzed using biochemical assays. Cognitive function was evaluated using the
passive avoidance test.

Results: Thiamine ameliorated epileptogenesis and enhanced the rats’ performance in the
passive avoidance test. Also, thiamine significantly decreased the level of neuroinflammatory
mediators in the brain induced by PTZ.

Conclusion: These results provide evidence that thiamine alleviates PTZ-induced neuroinflam-
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mation and cognitive impairments.

1. Introduction

Epilepsy is a chronic neurological disorder characterized
by spontaneous recurrent seizures resulting from hyper-
excitability and hypersynchrony of brain neurons [1]. It
is one of the most common diseases of the central ner-
vous system that affects approximately 2% of the world
population [2]. Antiepileptic drugs (AEDs) are the prin-
cipal treatment for the disease. However, nearly up to
40% of newly diagnosed epilepsy patients fail to respond
to these drugs [3]. Moreover, AEDs cannot modulate the
underlying pathophysiology, only have seizure suppres-
sion. Epileptogenesis, defined as the normal brain
becoming epileptic, involves a process that begins after
insult and gradually changes neuronal excitability [4].
This period between the emergence of spontaneous sei-
zures from unprovoked seizures can represent a good
opportunity window to change or prevent the progress of
the disease. However, there is still no effective treatment
that prevents or modifies epileptogenesis.
Neuroinflammation has recently been recognized as
one of the main etiological factors contributing to epi-
leptogenesis [5]. Mounting evidence from animal and
human studies indicates that proinflammatory cytokines
and other mediators in the brain play an etiological role
in epileptogenesis and the accompanying comorbidity,
such as cognitive decline [6,7]. The excessive release of

these inflammatory mediators can significantly increase
the calcium permeability in the glutamatergic neurons
causing abnormal neuronal hyperexcitability [8].
Therefore, the goal of reducing the levels of neuroinflam-
matory molecules in the brain points to a potential anti-
epileptogenic strategy.

Thiamine (vitamin B1) is a water-soluble vitamin
that serves as a cofactor for several enzymes involved
in neurotransmitters’ energy metabolism and bio-
synthesis [9]. Albeit many organs utilize thiamine,
the brain is particularly vulnerable to thiamine defi-
ciency related to an impairment of oxidative metabo-
lism, excitotoxicity, brain damage, and inflammation
[10]. Thiamine deficiency is also associated with neu-
rological disorders such as Wernicke-Korsakoff syn-
drome and neurodegenerative diseases characterized
by behavioral, cognitive and neuropathological defects
such as Alzheimer’s disease, Parkinson’s disease, and
Huntington’s disease [11,12]. Remarkably, cases of
Wernicke encephalopathy have been reported, with
epileptic seizures improving after thiamine treatment
[13,14]. It has also been suggested that severe thiamine
deficiency may cause epilepsy in infants [15].
Moreover, Mesdaghinia et al. showed that chronic
treatment with thiamine increased the PTZ-induced
tonic and clonic seizure threshold and suggested that
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thiamine supplementation in classical AEDs may
reduce the required drug doses [16]. Despite the
encouraging results regarding the anticonvulsant
potential of thiamine, its effect on the epileptogenesis
and the inflammatory response involved in this pro-
cess remains unclear. To this end, we aimed to inves-
tigate the effect of thiamine pretreatment on
epileptogenesis, cognitive function, and brain inflam-
matory response in the rat PTZ-kindling model.

2. Materials and methods
2.1. Animals

The study was performed with 24 adult male Wistar
albino rats (230-250 g), supplied from Animal
Research Laboratory of our university. All rats were
housed in a 12-hr light/12-hr dark cycle in a humidity
(35-60%) and temperature-controlled room (23 * 2
°C). All procedures were performed in accordance
with the guidelines of the Local Ethics Committee
for the welfare of experimental animals. (65,202,830-
050.04.04-480).

2.2. Experimental design and drug treatments

The experimental design of the study illustratively is
shown in Figure 1. Thiamine and pentylenetetrazol
(PTZ) were purchased from Sigma-Aldrich (USA)
and dissolved in 0.9% saline. All treatments were admi-
nistered through an intraperitoneal (i.p.). The pre-
treated rats with thiamine have received different
concentrations (25 and 50 mg/kg) before the PTZ
injection in the kindling process [17]. Animals were
randomized into four groups (n = 6) subjected to the
following treatment: (i) The control animals were trea-
ted with a placebo (physiological saline 1 mL/kg), (ii)
PTZ animals were treated with physiological saline
(1 mL/kg) 30 min before each PTZ (35 mg/kg) every
other day, (iii) TIA-25 animals received thiamine
(25 mg/kg) 30 min before each PTZ injection, and
(iv) TIA-50 animals received thiamine (50 mg/kg)
30 min before each PTZ injection. To induce kindling
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in rats, PTZ (35 mg/kg, i.p.) was administered as
a repeated subconvulsant dose on each alternate day,
as described previously [18]. Following each PTZ injec-
tion, the seizure behavior was observed for 30 minutes.
The severity of seizure response was scored according
to a modified Racine’s scale as follows [19]: Stage 0: No
response, Stage 1: Ear and facial twitching, Stage 2:
Head nodding, Stage 3: Myoclonic jerks, Stage 4:
Tonic-clonic seizures without loss of postural control,
Stage 5: Tonic-clonic seizures with loss of postural
control, Stage 6: Tonic-clonic seizures with wild run-
ning and jumping, and Stage 7: Lethal seizure. The rats
were described as ‘kindled” when they have obtained
a seizure score of 4 for three consecutive days.

2.3. Passive avoidance test

This test was performed as described previously [20].
The passive avoidance apparatus consisted of a light
and dark chamber distinguished by an automatically
retractable door. The darkroom floor was made from
stainless steel grilles. For habitation, rats were slowly
placed on the grilled floor, 5 min to adapt to each rat.
During the conditioning phase, after 24 hours, the rats
were placed in the lightroom, and when the hind legs
of both rats entered the darkroom, the sliding door
was automatically closed. Then, the ground grids sup-
plied an electric charge at the foot (0.25 mA, 2 s). At
the end of 10 seconds, the rats returned to their cages.
After 24 hours, the delay time required for the rat to
enter the darkroom was recorded during the retention
test in which the electric shock was removed. The
cutoff time for the training and retention session was
set at 300 seconds.

2.4. Biochemical analysis

The content of COX-1, COX-2, IL-1B, TNF-a, NF-«kB
was determined in both hippocampus and cerebral
cortex on the 30th day of the end of the experiment.
The brain tissues were homogenized in an ice-cold
phosphate buffer solution (pH: 7.4) through a hand

Passive avoidance Surgical removal Biochemical
test of rat brains evaluation
DAY 29 DAY 30

Figure 1. Schematic presentation of the experimental protocol of the study (created with BioRender app, www.biorender.com).
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homogenizer. These homogenates were centrifuged at
4000 rpm for 10 min at 4 °C. The supernatant of the
centrifuged homogenate was removed, and the protein
content was measured using the Bradford protein assay
[21]. The brain cytokine levels were measured using
enzyme-linked immunosorbent assay (ELISA) Kkits
according to the instructions given by the manufac-
turer (YL Biont, Chine). Briefly, after the standard
solution and tissue samples were added to the plate,
they were incubated at 37 °C for 60 minutes. After the
washing step, the staining solutions were added, and
the tissue samples were incubated at 37 °C for 15 min-
utes. Next, after applying the stop solution, the wells
were immediately read using an ELISA reader (Thermo
Fisher Scientific, Altrincham, UK) at 450 nm.

2.5. Statistical analysis

The data retrieved from each experiment were
averaged and expressed as means + SEM. The
Kolmogorov-Smirnov test was performed to
determine whether the data were normally distrib-
uted. Two-way ANOVA, followed by Bonferroni
posttest, was applied for analysis drug X time
interaction on the seizure stage. One-way
ANOVA with post hoc Tukey test was used in
other experiments. Values of P < 0.05 were con-
sidered statistically significant. Statistical analysis
was performed by IBM SPSS Statistical Software
Version 22.0 (IBM, Armonk, NY, USA).

3. Results

3.1. Thiamine suppresses PTZ-induced
epileptogenesis in rats

First, we asked whether thiamine pretreatment affects
epileptogenesis. Our behavioral analyses showed that the
PTZ-induced epileptogenesis was effectively suppressed
by thiamine pretreatment (Figure 2, P < 0.05). It was also
found that pretreatment with a 50 mg/kg dose of thia-
mine was much more effective at reducing the develop-
ment of PTZ-induced epilepsy in rats (P < 0.05).

3.2. Thiamine attenuates PTZ-induced learning
deficits in rats

Using a passive avoidance test, we tested thiamine
pretreatment against memory deficits caused by PTZ
administration. The delay in entering the darkroom
on the conditioning day (learning session) was not
different between the groups (Figure 3, P > 0.05).
However, the delay in entering the dark chamber in
the retention trial was significantly lower in rats in
the PTZ group compared to the control animals
(P < 0.05). Also, the attenuation in learning deficits
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Figure 2. Effect of the pretreatment of thiamine on seizure
stage during epileptogenesis process. Values are presented as
mean + SEM. (n = 6 rat in each group). “p < 0.05 vs PTZ group;
* < 0.05 vs TIA-25 group.

of the passive avoidance test was significant in ani-
mals in the TTA-25 and TIA-50 groups compared to
the PTZ group (P < 0.05).

3.3. Thiamine inhibits inflammatory mediators in
the brain of rats

We then determined the effect of pretreatment with
thiamine during the epileptogenic period on the levels
of neuroinflammatory mediators in the brain of rats.
Statistical analysis showed that PTZ-induced kindling
led to an increase in the level of inflammatory media-
tors in the cortex and hippocampus of rats. Still, these
increases were largely ameliorated by pretreatment of
thiamine. (Figures 4(a-d) and 5(a-e), P < 0.05).

As shown in Figure 4(a,b), compared to the control
group, increased levels of cortical and hippocampal
COX-1 levels were observed in rats treated with PTZ
(P < 0.05). Thiamine pretreatment limited these
pathological increases in COX-1 levels both in the
cortex of rats in the TIA-25 group and the hippocam-
pus of rats in the TIA-50 group. Similarly, cortical and
hippocampal COX-2 levels were elevated in PTZ-
treated rats (Figure 4(c-d), P < 0.05) when compared
to the control group. However, COX-2 levels were
considerably lower in the cortex and hippocampus of
animals receiving thiamine pretreatment (specifically
TIA-50) compared to the PTZ group (P < 0.05).

As shown in Figure 5(a-b), cortical and hippocam-
pal TNF-a increased in PTZ-treated rats compared to
the control group (P < 0.05), whereas pretreatment
with thiamine, as with COX-1, suppressed the level of
the brain TNF-a depending on its concentration of
applied. The results presented in Figure 5(c-f) show
that pretreatment of thiamine decreased PTZ-induced
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Figure 3. Effect of the pretreatment of thiamine in PTZ-kindled
rats on memory performance during the passive avoidance
test. Values are presented as mean + SEM. (n = 6 rat in each
group). *p < 0.05 vs Control group; *p < 0.05 vs PTZ group.

cortical and hippocampal IL-1p and NF-«kB levels.
Notably, pretreatment with thiamine at 50 mg/kg
dose significantly reduced the level of these mediators
in the cortex and hippocampus (P < 0.05).

o] ——= .

15, = ]
—r—
£
]
101
ko)
[
&
% 51
x
9)
(&)
04
o o
o < % S
‘<3' Q ¥ ¥
K

3 I i 1
- —
£
8
& 21
2
[
E
9
x
o
(&)
[E
“ o
o < % S
& < &Y
S

NEUROLOGICAL RESEARCH 905

4. Discussion

The presence of brain inflammation in epileptogenesis
is well documented, and thus targeting neuroinflam-
mation has emerged as a promising approach to the
treatment of epilepsy. The current study provides evi-
dence that thiamine pretreatment during epileptogen-
esis ameliorates neuroinflammation and attenuates
behavioral deficits in the PTZ-induced kindling rat
model. Thiamine reduced the PTZ-induced increase
of inflammatory molecules including COX-1, COX-2,
TNF-a, IL-1pB, and NF-kB levels in rats’ hippocampus
and cerebral cortex.

Despite the growing interest in addressing epilepto-
genesis to completely prevent or modify the disease,
there is still no anti-epileptogenic  drug.
Neuroinflammation is one of the critical findings of
epilepsy and epileptogenesis, which can lead to
impaired blood brain barrier, abnormal neural connec-
tivity, hyperexcitable neuronal network, and excitotoxi-
city [22,23]. Such pathological events are enough for
the normal brain to turn into the epileptic one. Studies
on epilepsy using both in vivo and in vitro experiments
have reported that numerous cytokines, enzymes, and
other inflammatory mediators are involved in epilepto-
genesis [24]. Among them, cyclooxygenases (COX-1
and COX-2) are rate-limiting enzymes that catalyze
the biosynthesis of prostaglandins and thromboxanes.

30+ +
- ) T 1
£
9
220
>
[o)]
S
<101
x
o
o
04
o o
o < g o
& ¥y
S

¥ [=]
*
3+

) L — 1
< I 1
3
&4
2
()]
=
8 21
x
o
o
0-
© o
o < W D
& < &
&

Figure 4. Effect of the thiamine on COX-1 levels in cortex (a) and hippocampus (b); COX-2 levels in cortex (c) and hippocampus (d).
Values are presented as mean = SEM. (n = 6 rat in each group). *p < 0.05 vs Control group; *p < 0.05 vs PTZ group; *p < 0.05 vs
TIA-25 group.
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Figure 5. Effect of the thiamine on TNF-a levels in cortex (a) and hippocampus (b); IL-1f levels in cortex (c) and hippocampus (d);
NF-kB levels in cortex (e) and hippocampus (f). Values are presented as mean + SEM. (n = 6 rat in each group). *p < 0.05 vs Control

group; *p < 0.05 vs PTZ group; *p < 0.05 vs TIA-25 group.

Its upregulation during seizures has been reported in
both in-vitro and in-vivo models of epilepsy [25-27].
Consistent with these findings, we found that PTZ
injections increased COX-1 and COX-2 in both the
cortex and hippocampus. In addition, thiamine pre-
treatment decreased the levels of the two COX enzymes
in the rat brain. In line with our results, Bozic et al.
reported that pretreatment with benfotiamine,
a synthetic derivative of thiamine, suppressed COX-2
at both the gene and protein levels in lipopolysacchar-
ide-stimulated murine BV-2 microglia [28]. It has been
shown that targeting the COX system with selective and
non-selective drugs as an approach to interfering with
epileptic seizures may be beneficial [29,30]. Together,

these observations suggest that COX enzymes may be
a good target for developing neuroinflammation-
targeted therapeutics in the management of epilepsy.
NF-kB is a transcription factor that regulates genes
encoding many proinflammatory cytokines such as
pro-interleukin-1f (pro-IL-1f), TNF-q, and interleu-
kin-6 (IL-6) [31]. The NF-«xB signaling pathway is
involved in many pathological processes associated
with neurodegeneration in the CNS, including sei-
zures and epilepsy [32]. Consistent with this, we
found that PTZ-induced epileptogenesis caused an
increase in brain levels of TNF-a and IL-p as well as
NF-xB. Thiamine pretreatment attenuated neuroin-
flammation as evidenced by the reduction in NF-«B,



IL-1pB, and TNF-a levels in rat cortical and hippocam-
pal tissues. These results are in line with previous in-
vitro studies reporting that thiamine derivatives
decreased inflammation by suppressing activation of
NF-«B signaling and consequently alleviate the TNF-a
transcription [28,33].

Previous studies have reported that specific proin-
flammatory cytokines such as IL-1p and TNF-a con-
tribute significantly to brain hyperexcitability by
altering the balance of GABA and Glutamate [34-
37]. Remarkably, thiamine deficiency led to
increased concentrations of these cytokines in brain
regions, including the cortex and hippocampus
[38,39]. This finding suggests that there may be an
interaction between thiamine deficiency and seizure
formation in an epileptic brain. Supporting this pos-
sibility, Fattal-Valevski et al. have reported that
severe deficiency of infants’ thiamine may cause
epilepsy [40]. Moreover, it has been suggested that
increased seizure sensitivity caused by lead poison-
ing in rats may be mediated by changes in thiamine
levels [41].

It suggests that inflammation and seizures con-
tribute to neuropsychiatric comorbidities of epi-
lepsy [42]. Moreover, cognitive impairments such
as spatial memory deficit frequently manifest in
patients with epilepsy [43]. Consistent with our
results, it has been shown in previous studies that
PTZ-induced epileptogenesis causes learning and
memory impairments [44,45]. Chemical kindling
induced by PTZ leads to structural pathological
changes, oxidative stress, and neuroinflammation
in the hippocampus, which is the essential structure
of the brain in learning and memory [46,47]. Our
results showed that thiamine pretreatment alle-
viated learning deficits caused by PTZ-kindling.
A recent experimental study showed that oral ben-
fotiamine supplementation increased thiamine
diphosphate concentrations in the hippocampus
and entorhinal cortex, and it improved the STZ-
related cognitive deficit in rats [48]. Evidence indi-
cates that thiamine is a neuroinflammation modu-
lator known for removing reactive oxidative species
[12,49]. Also, previous studies reported that benfo-
tiamine can exert antiinflammatory effects [50,51].
Considering the constantly increasing oxidative
stress and inflammation in the epileptic hippocam-
pus, it is plausible that the neuroprotective effect of
thiamine is likely a result of its potent anti-
inflammatory effect.

In conclusion, the current study results show
that controlling the extent of neuroinflammation
with thiamine treatment can abate both epilepto-
genesis  progression and deficit.
Considering the high cost of acquiring synthetic
drugs and the side effects of drug administration,
we suggest that such vitamins and vitamin products

memory
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can be used as an adjunct to antiepileptic drug
therapies in managing epileptogenesis and epilepsy.
Further studies are needed to address whether thia-
mine treatment affects other components involved
in epileptogenesis, such as multiple molecular
changes, decreased neurogenesis, and abnormal
synaptic reorganization in the brain.

Acknowledgments

We would like to thank the Sivas Cumhuriyet University,
School of Medicine, CUTFAM Research Center, Sivas,
Turkey, for providing the necessary facilities to conduct
this study.

Authors’ contributions

Sebahattin Karabulut contributed to the experimental
design, statistical analysis, manuscript writing, and editing.
Ahmet Kemal Filiz contributed to the experimental design
and experimental procedures. Recep Akkaya contributed to
the experimental design, biochemical analysis, and manu-
script editing.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

This research work was not funded by any public or private
institution.

ORCID

Sebahattin Karabulut
4125

Ahmet Kemal Filiz
5549

Recep Akkaya

http://orcid.org/0000-0002-3261-
http://orcid.org/0000-0001-9260-

http://orcid.org/0000-0002-3477-7198

References

[1] Sahin B, Ozdemir E, Tagkiran AS, et al. Investigation
of anti-epileptic mechanisms of 5SHT1A receptor with
pentylenetetrazole induced epilepsy model in rats.
Cumhur Med J. 2019; 41: 490-499.

[2] Do Canto AM, Donatti A, Geraldis JC, et al.
Neuroproteomics in epilepsy: what do we know so
far? Front Mol Neurosci. 2021;13. DOI:10.3389/
fnmol.2020.604158.

[3] Bonnett L], Powell GA, Smith CT, et al. Breakthrough
seizures—further analysis of the Standard versus New
Antiepileptic Drugs (SANAD) study. PLoS One.
2017;12. DOI:10.1371/journal.pone.0190035.

[4] Castro OW, Upadhya D, Kodali M, et al. Resveratrol
for easing status epilepticus induced brain injury,
inflammation, epileptogenesis, and cognitive and
memory dysfunction-Are we there yet? Front
Neurol. 2017;8:1.


https://doi.org/10.3389/fnmol.2020.604158
https://doi.org/10.3389/fnmol.2020.604158
https://doi.org/10.1371/journal.pone.0190035

908 e S. KARABULUT ET AL.

(5]

(10]

(11]

[12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

(20]

Alyu F, Dikmen M. Inflammatory aspects of epi-
leptogenesis: contribution of molecular inflamma-
tory mechanisms. Acta Neuropsychiatr. 2017;29
(1):1-16.

Eastman CL, D’Ambrosio R, Ganesh T. Modulating
neuroinflammation and oxidative stress to prevent
epilepsy and improve outcomes after traumatic
brain injury. Neuropharmacology. 2020;172.
DOI:10.1016/j.neuropharm.2019.107907

Mukhtar I. Inflammatory and immune mechanisms
underlying epileptogenesis and epilepsy: from patho-
genesis to treatment target. Seizure. 2020;82:65-79.
Shimada T, Takemiya T, Sugiura H, et al. Role of
inflammatory mediators in the pathogenesis of
epilepsy.  Mediators  Inflamm.  2014;2014.
DOI:10.1155/2014/901902

Dhir S, Tarasenko M, Napoli E, et al. Neurological,
psychiatric, and biochemical aspects of thiamine defi-
ciency in children and adults. Front Psychiatry.
2019;10. DOI:10.3389/fpsyt.2019.00207.

Hazell AS, Butterworth RF. Update of cell damage
mechanisms in thiamine deficiency: focus on oxida-
tive stress, excitotoxicity and inflammation. Alcohol
Alcohol. 2009;44:141-147.

Inaba H, Kishimoto T, Oishi S, et al. Vitamin
Bl-deficient mice show  impairment of
hippocampus-dependent memory formation and
loss of hippocampal neurons and dendritic spines:
potential microendophenotypes of
Wernicke-Korsakoff syndrome. Biosci Biotechnol
Biochem. 2016;80:2425-2436.

Liu D, Ke Z, Luo J. Thiamine deficiency and neuro-
degeneration: the interplay among oxidative stress,
endoplasmic reticulum stress, and autophagy. Mol
Neurobiol. 2017;54:5440-5448.

Fu K, Tian L, Xue W, et al. Epileptic seizures as the
first symptom of Wernicke’s encephalopathy with
cerebral cortical lesions. ] Clin Neurosci.
2017;40:50-52.

Shang W, Chen X, Li X, et al. Epileptic seizures in
nonalcoholic Wernicke’s encephalopathy: a case
report and literature review. Metab Brain Dis.
2017;32:2085-2093.

Fattal-Valevski A, Bloch-Mimouni A, Kivity S, et al.
Epilepsy in children with infantile thiamine
deficiency. Neurology. 2009a;73:828-833.
Mesdaghinia A, Alinejad M, Abed A, et al
Anticonvulsant  effects of  thiamine  on
pentylenetetrazole-induced seizure in mice. Nutr
Neurosci. 2019;22:165-173.

Turan MI, Tan H, Cetin N, et al. Effects of thiamine
and thiamine pyrophosphate on epileptic episode
model established with caffeine in rats. Epilepsy Res.
2014;108:405-410.

Taskiran AS, Ozdemir E, Gumus E, et al. The effects
of salmon calcitonin on epileptic seizures, epilepto-
genesis, and postseizure hippocampal neuronal
damage in pentylenetetrazole-induced epilepsy
model in rats. Clin Res. 2020. DOI:10.1016/j.
yebeh.2020.107501

Liittjohann A, Fabene PF, van Luijtelaar G. A revised
Racine’s scale for PTZ-induced seizures in rats.
Physiol Behav. 2009;98:579-586.

Kigiik A, Golgeli A, Saraymen R, et al. Effects of age
and anxiety on learning and memory. Behav Brain
Res. 2008;195:147-152.

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

Ernst O, Zor T. Linearization of the Bradford protein
assay. J Vis Exp. 2010. DOI:10.3791/1918
Barker-Haliski ML, Loscher W, White HS, et al.
Neuroinflammation in epileptogenesis: insights and
translational perspectives from new models of
epilepsies. Epilepsia. 2017;58:39.

Vezzani A, Balosso S, Ravizza T. Neuroinflammatory
pathways as treatment targets and biomarkers in
epilepsy. Nat Rev Neurol. 2019;15:459-472.

Meng F, Yao L. The role of inflammation in
epileptogenesis. Acta Epileptol. 2020;2:15.

Barbalho PG, de S CB, Lopes-Cendes I, et al.
Cyclooxygenase-1 as a potential therapeutic target
for seizure suppression: evidences from zebrafish
pentylenetetrazole-seizure model. Front Neurol.
2016;7. DOI:10.3389/fneur.2016.00200.

Pari KT, Esmaeili-Mahani S, Sheibani V, et al. Apelin-
13 protects rat primary cortical glia-neuron
co-culture  against  pentylenetetrazole-induced
toxicity. Biomed Pharmacother. 2017;87:661-668.
Tu B, Bazan NG. Hippocampal kindling epileptogen-
esis upregulates neuronal cyclooxygenase-2 expres-
sion in neocortex. Exp Neurol. 2003;179:167-175.
Bozic I, Savic D, Laketa D, et al. Benfotiamine attenu-
ates inflammatory response in LPS stimulated BV-2
microglia. PLoS One. 2015;10. DOI:10.1371/journal.
pone.0118372.

Ma L, Cui XL, Wang Y, et al. Aspirin attenuates
spontaneous recurrent seizures and inhibits hippo-
campal neuronal loss, mossy fiber sprouting and
aberrant neurogenesis following pilocarpine-induced
status  epilepticus  in  rats. Brain = Res.
2012;1469:103-113.

Rojas A, Jiang J, Ganesh T, et al. Cyclooxygenase-2 in
epilepsy. Epilepsia. 2014;55:17-25.

Sanz P, Garcia-Gimeno MA. Reactive glia inflamma-
tory signaling pathways and epilepsy. Int J] Mol Sci.
2020;21:1-17.

Di Q, Yu N, Liu H, et al. Nuclear factor-kappa
B activity regulates brain expression of
P-glycoprotein in the kainic acid-induced seizure
rats. Mediators Inflamm. 2011;2011. DOI:10.1155/
2011/670613.

Sambon M, Gorlova A, Demelenne A, et al.
Dibenzoylthiamine has powerful antioxidant and
anti-inflammatory properties in cultured cells and in
mouse models of stress and neurodegeneration.
Biomedicines. 2020;8. DOI:10.3390/
BIOMEDICINES8090361.

Clark IA, Vissel B. Excess cerebral TNF causing
glutamate excitotoxicity rationalizes treatment of
neurodegenerative diseases and neurogenic pain

by anti-TNF agents. ] Neuroinflammation.
2016;13:236.
Pribiag H, Stellwagen D. TNF-a downregulates inhi-

bitory neurotransmission through protein phospha-
tase 1-dependent trafficking of GABAA receptors.
J Neurosci. 2013;33:15879-15893.

Yang S, Liu ZW, Wen L, et al. Interleukin-1f
enhances NMDA receptor-mediated current but
inhibits excitatory synaptic transmission. Brain Res.
2005;1034:172-179.

Zhu G, Okada M, Yoshida S, et al. Effects of
interleukin-1beta on hippocampal glutamate and
GABA releases associated with Ca2+-induced Ca2+
releasing systems. Epilepsy Res. 2006;71:107-116.


https://doi.org/10.1016/j.neuropharm.2019.107907
https://doi.org/10.1155/2014/901902
https://doi.org/10.3389/fpsyt.2019.00207
https://doi.org/10.1016/j.yebeh.2020.107501
https://doi.org/10.1016/j.yebeh.2020.107501
https://doi.org/10.3791/1918
https://doi.org/10.3389/fneur.2016.00200
https://doi.org/10.1371/journal.pone.0118372
https://doi.org/10.1371/journal.pone.0118372
https://doi.org/10.1155/2011/670613
https://doi.org/10.1155/2011/670613
https://doi.org/10.3390/BIOMEDICINES8090361
https://doi.org/10.3390/BIOMEDICINES8090361

(38]

(39]

(40]

[41]

(42]

[43]

(44]

Toledo Nunes P, Vedder LC, Deak T, et al. A pivotal
role for thiamine deficiency in the expression of neu-
roinflammation markers in models of alcohol-related
brain  damage. Alcohol Clin Exp Res.
2019;43:425-438.

Zahr NM, Alt C, Mayer D, et al. Associations between
in vivo neuroimaging and postmortem brain cytokine
markers in a rodent model of Wernicke’s encephalo-
pathy. Exp Neurol. 2014;261:109-119.
Fattal-Valevski A, Bloch-Mimouni A, Kivity S, et al.
Epilepsy in children with infantile thiamine
deficiency. Neurology. 2009b;73:828-833.

Hoon Cheong J, Ook Seo D, Ryun Ryu J, et al. Lead
induced thiamine deficiency in the brain decreased
the threshold of electroshock seizure in rat.
Toxicology. 1999;133:105-113.

Vezzani A, Aronica E, Mazarati A, et al. Epilepsy
and  brain  inflammation. @ Exp  Neurol.
2013;244:11-21.

Lenck-Santini PP, Scott RC. Mechanisms responsible
for cognitive impairment in epileps. Cold Spring
Harb Perspect Med. 2015;5. DOI:10.1101/cshper-
spect.a022772.

Filiz AK, Gumus E, Karabulut S, et al. Protective
effects of lamotrigine and vitamin B12 on
pentylenetetrazole-induced epileptogenesis in rats.
Epilepsy ~ Behav.  2021;118.  DOI:10.1016/j.
yebeh.2021.107915.

(45]

(46]

(47]

(48]

(49]

(50]

(51]

NEUROLOGICAL RESEARCH e 909

Uziim G, Akgiin-Dar K, Aksu U. The effects of ator-
vastatin on memory deficit and seizure susceptibility
in pentylentetrazole-kindled rats. Epilepsy Behav.
2010;19:284-289.

Samokhina E, Samokhin A. Neuropathological profile
of the pentylenetetrazol (PTZ) kindling model.
Int ] Neurosci. 2018;128:1086-1096.

Taskiran AS, Tastemur Y. The comparison of inflam-
matory markers in pentylenetetrazole-induced acute
epileptic seizure model and chronic epilepsy model in
rats. Cumhur Sci J. 2020;41:635-641.

Moraes RCM, Singulani MP, Gongalves C, et al. Oral
benfotiamine reverts cognitive deficit and increase thia-
mine diphosphate levels in the brain of a rat model of
neurodegeneration. Exp Gerontol. 2020;141:111097.
Taskiran AS, Ergul M. The preventive effects of thia-
mine against pentylenetetrazole-activated seizures in
rats and pentylenetetrazole-activated neurotoxicity in
SH-SY5Y human neuroblastoma cell line. Chem Biol
Interact. 2021;109447. DOI:10.1016/j.cbi.2021.109447.
Sanchez-Ramirez GM, Caram-Salas NL, Rocha-
Gonzélez HI, et al. Benfotiamine relieves inflamma-
tory and neuropathic pain in rats. Eur J] Pharmacol.
2006;530:48-53.

Shoeb M, Ramana KV. Anti-inflammatory effects of
benfotiamine are mediated through the regulation of
the arachidonic acid pathway in macrophages. Free
Radic Biol Med. 2012;52:182-190.


https://doi.org/10.1101/cshperspect.a022772
https://doi.org/10.1101/cshperspect.a022772
https://doi.org/10.1016/j.yebeh.2021.107915
https://doi.org/10.1016/j.yebeh.2021.107915
https://doi.org/10.1016/j.cbi.2021.109447

	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Animals
	2.2. Experimental design and drug treatments
	2.3. Passive avoidance test
	2.4. Biochemical analysis
	2.5. Statistical analysis

	3. Results
	3.1. Thiamine suppresses PTZ-induced epileptogenesis in rats
	3.2. Thiamine attenuates PTZ-induced learning deficits in rats
	3.3. Thiamine inhibits inflammatory mediators in the brain of rats

	4. Discussion
	Acknowledgments
	Authors’ contributions
	Disclosure statement
	Funding
	ORCID
	References

