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Introduction: The pentylenetetrazol (PTZ)-induced kindling model acts through the antagonism of central
GABAA receptors and is one of the most widely used experimental animal models to study the character-
istics of seizure development, behavioral manifestations and evaluation of antiseizure effects of existing
and new drug candidates.
Methodology: In the current study, we investigated the impact of chronically administered levetiracetam
(50 mg/kg) and sodium selenite (Sod.Se: 0.25 and 0.5 mg/kg) alone and in combination during the kin-
dling process (21 days) in rats. Moreover, the behavioral changes (through the integration of a wide array
of behavioral tests) and markers of oxidative stress in isolated brain homogenates were assessed in PTZ-
kindled rats.
Results: The outcomes from the fully kindled rats revealed the increased seizure score and severity over
time with marked behavioral deficits. However, the animals treated with the selected dose of LEV alone
showed partial protection from epileptogenesis and amelioration (P < 0.05) of anxiety-like behavior
(open filed, light/dark, elevated plus maze tests), cognitive impairment (y-maze, novel object recognition
and water maze tests) and depression (sucrose preference test). Moreover, combining the LEV with
sodium selenite resulted in a significant neuroprotective effect in comparison to monotherapy by reduc-
ing the disease progression and ameliorating behavioral outcomes. The combination of Sod.Se in a dose-
dependent manner with LEV produced additive effects as maximum animals remained seizure-free com-
pared to kindled rats (P < 0.05). The attenuation of PTZ induced oxidative stress was evident from the
reduced malondialdehyde and elevated superoxide dismutase (SOD), catalase and glutathione peroxidase
(GPx) level with P < 0.05, as compared to control epileptic rats. These observed results of combination
therapy might be due to the antioxidant and neuroprotective properties of Sod.Se, thus augmenting
the seizure-modifying potentials of levetiracetam.
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Conclusion: Overall, the current findings support the prominence of combining the Sod.Se with LEV, over
monotherapy to deal with prevailing challenges of drug resistance and neuropsychiatric sufferings com-
mon in epileptic patients.
� 2022 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Epilepsy is one of the most common complications of the ner-
vous system characterized by unprovoked abnormal brain activity
resulting in recurrent seizures. Depending on underlying brain
dysfunctions, this neurological disorder comprises numerous eti-
ologies including abrupt and excessive neuronal discharges that
result in epileptogenesis (Stafstrom and Carmant, 2015). It affects
all age groups but the occurrence is relatively higher in young
and old populations (Beghi, 2020). According to WHO, around 50
million of the world’s populace is suffering from epilepsy of which
80% are residing in low-middle socioeconomic countries (Espinosa-
Jovel et al., 2018). Epileptic patients also suffer from the burden of
comorbidities like Alzheimer’s, anxiety, depression, and dementia
(Keezer et al., 2016) and literature reports that most epileptic
patients suffer from at least one comorbid condition (Seidenberg
et al., 2009). The prevalence of anxiety, dementia and depressive
disorders is claimed to be eight times higher in epileptic patients
as compared to the general population (Keezer et al., 2016).

The treatment of epilepsy has been a huge challenge for neurol-
ogists due to the high refractoriness of current therapy (Javaid
et al., 2021). The mainstay of therapy targets not only to protect
the patient from seizure episodes but to improve the patient’s
overall well-being by maintaining the psychosocial activities and
evading the toxicities imposed by long-term drug use
(Goldenberg, 2010). Unlike traditional antiepileptic drugs (AEDs)
like phenytoin, valproate, and carbamazepine, the newer AEDs
(levetiracetam, tiagabine, topiramate, lacosamide, and lamotrig-
ine) have better safety profiles even with prolonged administration
(Hanaya and Arita, 2016). Levetiracetam (LEV) is one of the newer
AEDs whose mechanism of action is not completely understood.
LEV does not mediate the GABAergic transmission and voltage-
gated ion channels (Deshpande and DeLorenzo, 2014). Instead, it
has an affinity for synaptic vesicular glycoprotein 2A (SV2A) thus
modulating the discharge of neurotransmitters (Tan et al., 2017).
This drug has been recently approved as adjunctive therapy to
treat the primary generalized tonic-clonic seizures and myoclonic
seizures with juvenile myoclonic epilepsy. LEV also appeared to
be safer and more effective than phenobarbital in treating new-
borns with epilepsy (Grinspan et al., 2018). With its new mode
of action, linear pharmacokinetics, little extrahepatic metabolism,
and minimal interaction with other medicines, LEV offers an
advantage over existing AEDs (Abou-Khalil, 2008).

Sodium selenite (Sod.Se) acts as a source of selenium, an inor-
ganic element present in biological systems and serves as a precur-
sor for antioxidant proteins (Kędzierska et al., 2018). The literature
reports that selenium prevented the pentylenetetrazol (PTZ)-
induced seizures, presumably through a prostaglandin E1
receptor-related mechanism (Rehni and Singh, 2013). In another
study by Tawfik et al., the sildenafil in combination with selenium
modulated the angiogenesis and combated the oxidative stress in
PTZ-kindled mice (Tawfik et al., 2018). To assess the neuroprotec-
tive potential, Samad et al. reported the improved behavioral and
biochemical outcomes by selenium supplementation in arsenic
intoxicated rats (Samad et al., 2021).

The rodent kindling model is one of the most employed models
to study the seizure-ameliorating potential of new therapies. Kin-
dling with pentylenetetrazol (PTZ) involves the administration of
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sub-convulsive doses of PTZ that induces repetitive seizures in ani-
mals eventually leading to epileptogenesis (Bertram, 2007).
Through working as an antagonist at the GABAA receptor complex,
PTZ inhibits the GABAergic transmission resulting in hyperex-
citability of neurons (Squires et al., 1984). Additionally, PTZ also
induces behavior alterations in rodents indicating that this model
also can mimic neuropsychiatric behavior (Kaur et al., 2016).

It is momentously important to find and authenticate the multi-
targeting novel combinations effective in dealing with
monotherapy-resistant epilepsy so that the early prevention of
development and progression of epilepsy becomes possible. The
evidence implicating the behavioral and biochemical manifesta-
tions in the PTZ-kindling model is also inadequate. In the light of
these aforementioned facets, a chronic animal model of PTZ-
induced kindling was employed to investigate the impact of LEV
and Sod.Se as alone and in combination for possible seizure-
modifying potential with subsequent assessment for behavioral
and biochemical dynamics in the kindled rats.

2. Materials and methods

2.1. Drugs and chemicals

Levetiracetam and sodium selenite was obtained from the Life
Pharmaceuticals Multan and PTZ from Sigma Aldrich. Levetirac-
etam (50 mg/kg) (Mazhar et al., 2017), sodium selenite (0.25,
0.5) (Kedzierska et al., 2018) and diazepam (2 mg/kg) (Muke
et al., 2018) were dissolved in distilled water and injected via the
intraperitoneal route (i.p.). Pentylenetetrazol (30 mg/kg) was dis-
solved in 0.9 percent saline and injected via the i.p. route (Giorgi
et al., 1996). The dose of each drug used in the study was selected
from the previously published literature.

2.2. Animals

Male adult Sprague Dawley rats weighing 150–250 g were pur-
chased from the National Institute of Health Islamabad and accom-
modated in polycarbonate cages in the animal house of Faculty of
Pharmacy, B.Z University Multan, Pakistan. All animals were main-
tained in a controlled and hygienic environment regulated at 25 �C
and 12-h dark/light cycle with the availability of standard rodent
food and water ad libitum. A total of 66 rats were used in this study
and 4 rats were kept per cage. All animal studies were conducted
after getting approval from the Department of Pharmacology Eth-
ical Committee (02-PHL-S21, Dated 08-February 2021) BZU,
Multan.

2.3. Animal grouping and treatments

A total of 66 rats were randomly divided into 8 experimental
groups (n = 8 for all groups except PTZ control which comprise
n = 10) named as control (received a single daily dose of 0.9% nor-
mal saline), PTZ control group (treated with PTZ 30 mg/kg on
alternate days for 11 injections), LEV50 (treated with levetirac-
etam 50 mg/kg daily + PTZ), Diazepam as a positive control group
(treated with diazepam 2 mg/kg daily + PTZ), Sod.Se 0.25 (treated
with a once-daily dose of sodium selenite 0.25 mg/kg + PTZ), Sod.
Se 0.5 (treated with a once-daily dose of sodium selenite 0.5 mg/

http://creativecommons.org/licenses/by-nc-nd/4.0/
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kg + PTZ), LEV + Sod.Se 0.25 (treated with a freshly prepared com-
bination of LEV 50 and sodium selenite 0.25 mg/kg daily),
LEV + Sod.Se 0.5 + PTZ (treated with a combination of LEV 50
and sodium selenite 0.5 mg/kg daily).
2.4. PTZ-kindling protocol

Rats in the control group were administered PTZ in a sub-
convulsive dose of 30 mg/kg via i.p. route on every alternate day
for three weeks (21 days). Animals were observed for 30 min after
each PTZ injection to evaluate seizure intensity. Seizure intensity
was scored according to the stages as follows by using the modified
Racine scale (de Souza et al., 2019).

Stage 1. No response
Stage 2. Hyperactivity
Stage 3. Repeated vertical movements or myoclonus jerking
Stage 4. Rearing, forelimb clonus
Stage 5. Tonic-clonic generalized seizures, wild running and

jumping
Stage 6. Death
Animals were considered fully kindled when presented with

three consecutive stage 4–5 seizures on exposure to PTZ
(Nieoczym et al., 2021).

During the kindling phase, to the animals of all experimental
groups, PTZ was administered on every alternate day for a total
of 11 injections with once-daily dosing with their above-
mentioned designated treatments. The animals of treatment
groups were administered with PTZ after an hour of pre-treating
with diazepam, LEV and Sod.Se. After 24 h of the last PTZ injection,
animals were subjected to a series of behavioral experiments for
assessment of anxiety, cognition and depression-like behavior as
summarized in Fig. 1. To prevent any alteration in animal behavior,
treatment was given to each group at least 12 h prior to behavioral
testing. For each experimental group, the order of behavior test
was designed from least to the most stressful. All experiments
were carried out from 8:00 am to 6:00 pm and the cages were
placed in a behavior room at least 1 h prior to the start of the
experiment for acclimatization. After the completion of behavioral
analysis, randomly chosen rats (n = 3) were decapitated and the
whole brain was gently isolated to perform neurochemical
analysis.
Fig. 1. Experimental layout for PTZ-induced kindling and behavioral assessment for anxi
plus maze (EPM), Y-maze, novel object recognition (NOR), Morris water maze (MWM
experimentation, the dissected brains were biochemically evaluated for malondialdehyd
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2.5. Behavioral assessment

2.5.1. Open field test (OFT)
The OFT evaluates the effect of a drug on anxiety-like behavior,

locomotor activity, and general explorative habits in rodents. For
this purpose, an open field maze of dimension 80 � 80 � 45 cm
was employed. On day 22nd of the study immediately after the
kindling process, the animals were placed individually in the cen-
ter of the maze and monitored for 5 min. Each rat was tested only
once and between two rats, the maze was cleaned with 70% iso-
propyl alcohol to remove any scent clues from the previous animal
(Malik et al., 2020; Parlar et al., 2020) The experimental videos
were recorded and analyzed using a 1-month trial version of
any-maze software and the parameters i.e. the number of entries
and time spent in the central zone, as well as total distance trav-
eled with the number of line crossings, were analyzed to evaluate
the animal’s anxiety and locomotive activity, respectively.

2.5.2. Light and dark (L/D) box test
Rodents are tested for any unconditioned anxiety-like behavior

as they have a natural drive to explore the novel environment with
an innate aversion to brightly illuminated open areas (Haider et al.,
2021). The test was performed in two-dimensional L/D apparatus
(40 � 40 � 20 cm) with two connected compartments, one was
brightly illuminated (aversive area/light zone), while the other
was completely darkened (safe area/dark zone), with a small open-
ing (10 � 10 cm) between them for animal crossing. On the 23rd
day, each rat was placed in the light arena and allowed to roam
freely for about 5 min to monitor the time spent in light and dark
zones.

2.5.3. Elevated plus maze (EPM)
EPM test is used to evaluate anxiety-like behavior in rodents

without prior conditioning of animals (Imran et al., 2020). The
apparatus of EPM consists of a plus-shaped (+) elevated maze with
two oppositely positioned open arms (50 � 10 cm), two oppositely
positioned closed arms (50 � 10 � 30 cm) connected by a central
platform (10 cm). The maze was elevated 60 cm above the floor.
On the 24th day, each rat was placed in the central arena facing
towards the open arm for 5 min. the whole experiment was
recorded for each animal and the following parameters: Number
of entries in open arm and closed arms and time spent in open
ety, memory and depression by using open field (OFT), light and dark (L/D), elevated
) and sucrose preference (SPT) tests. Immediately after completion of behavioral
e (MDA), superoxide dismutase (SOD), catalase and glutathione peroxidase (GPx).
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arms and closed arms were analyzed using a 1-month trial version
of any-maze software.

2.5.4. Y-maze (Spontaneous Alteration)
Y-maze spontaneous alternation behavior evaluates rodent spa-

tial working memory. The experiment was carried out in a maze
consisting of three arms (55 � 10 � 15 cm) positioned adjacently
at an angle of 120�. On the 25th day, each rat was placed in the cen-
ter of the maze and allowed to explore three arms freely for 5 min.
Rodents preferably like to investigate previously un-visited and
novel arms of the maze due to their innate curiosity to explore
the new environment by remembering the arms previously visited
(Alqahtani et al., 2020). Entries in each arm were observed and
recorded for 5 min and percentage spontaneous alteration was cal-
culated according to the formula

% Spontaneous alteration (SAP) = [(no. of alterations)/Total arm
entries-2)] � 100

2.5.5. Novel object recognition (NOR) test
The NOR test is used to evaluate various aspects of memory and

learning in rodents especially recognition memory. Due to their
innate tendency, rodents will take up more time in exploring novel
objects as compared to previously known/familiar objects. This test
is used for assessing rodents’ memory by examining their ability to
differentiate between novel and familiar objects (Imran et al.,
2020). The test was performed in an open box
(80 � 80 � 40 cm). Two consecutive sessions were given on the
26th day of study. Firstly, in the acquisition phase rats were per-
mitted to explore and familiarize themselves with two identical
objects for 5 min. In the testing phase, rats were allowed to explore
the same environment again for 5 min except one of the previously
explored objects was replaced by a novel object. Discrimination
index was calculated according to the formula: (time exploring
novel object – time exploring familiar object)/ (time exploring
novel object + time exploring familiar object).

2.5.6. Morris water maze (MWM) test
The MWM test is used to evaluate the long-term spatial

memory in rodents. MWM test comprises three phases, training
(27th-28th days), acquisition (29th-31th days), and probe trials
(32nd day). The test was performed in a water-filled tank
(150 � 50 cm) with any non-toxic opacifying agent such as milk
divided into four quadrants (NE, SE, SW, NW) and a square plat-
form (10 � 10 cm) was placed in one of the quadrants 2 cm below
the water surface (Shakeel et al., 2020). To provide spatial refer-
ence points, proximal cues of different geometrical signs and colors
were mounted on the internal side of the water tank while distal
cues were mounted on wooden standees around the poles. During
the training phase, for the first 2 days platform was kept visible
and was placed in the southwest quadrant of a water tank. If ani-
mals could not find the platform in 2 min, then rats were slightly
pushed towards the platform and allowed to stay for 10 sec for
memory formation. During experimental trials in the subsequent
three days, the platform was submerged 1 in. below water, and
the ability of the animal to discover a hidden platform was
assessed to measure the animal’s escape latency. On day 6, probe
day, rats were tested in MWM without platform and were
observed the number of entries and swimming duration in the tar-
geted platform quadrant.

2.5.7. Sucrose preference test (SPT)
The sucrose preference test is used to evaluate depression-like

behavior in animals and is a reward-based experiment (Liu et al.,
2018). After the phase of 12 h of fasting, each rat was given free
access to two bottles, one with 100 ml of simple tap water while
the other containing 100 ml of 1% sucrose solution (Zhu et al.,
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2017). The quantities of tap water and 1% sucrose consumed were
noted for 24 h. The reduced sucrose consumption indicates a disor-
der of reward behavior thus SPT is a reliable measure of assessing
depression-like behavior in rodents. Sucrose preference percentage
was calculated as follows: [(Sucrose solution intake)/ (sucrose
solution intake + water intake) � 100 %.

2.6. Biochemical analysis

2.6.1. Brain tissue homogenate preparation
On the 34th day, immediately after completion of SPT, ran-

domly selected animals (n = 3) from all experimental groups were
dissected for brain isolation. These dissected brains were weighed
and n homogenized separately in 1:10 w/v of 0.1 M phosphate buf-
fer of pH 7.4 and centrifuged at 4000 rpm for 5 min at reduced
temperature. After centrifugation, the pellet was discarded and
brain tissue supernatant was isolated and used for the evaluation
of biochemical parameters to associate the antioxidant potential
of test treatments with protection from kindling progression and
associated behavioral impairment (Samad et al., 2021).

2.6.2. Malondialdehyde assay (MDA)
For MDA content determination, 3 ml of brain homogenate

along with TCA (trichloroacetic acid) and TBA (thiobarbituric acid)
in 1:1 proportion were boiled for 15 min, cooled and centrifuged at
3500 rpm for 10 min (Parlar and Arslan, 2019). The absorbance of
this mixture was noted at 532 nm by using a UV spectrophotome-
ter and MDA content was expressed as mg MDA/g tissue.

2.6.3. Superoxide dismutase assay (SOD)
For the preparation of the reaction mixture, 0.5 ml of brain

homogenate was mixed with 1 ml of 50 mM solution of sodium
carbonate, 0.2 ml of 0.1 mM EDTA and 0.4 ml of 24 mm of NBT (ni-
tro blue tetrazolium). To start a reaction that causes the conversion
of NBT into insoluble formazan, 0.4 ml of 1 mM solution of HAC
(hydroxylamine hydrochloride) was added and absorbance was
noted at 570 nm (Naskar et al., 2009).

2.6.4. Catalase evaluation
0.1 ml brain tissue homogenate was mixed with 1 ml of 0.01 M

phosphate buffer (pH 7.4) and 0.4 ml of 2 M hydrogen peroxide.
The mixture was then incubated for 90 min at 37 �C followed by
the addition of 2 ml of 5% potassium dichromate. After further
incubation for 15 min, the absorbance was observed at 570 nm
(Pari and Latha, 2004).

2.6.5. Glutathione peroxidase assay (GPx)
0.1 ml hydrogen peroxide (1 mM), 0.3 ml of 0.4 M phosphate

buffer (pH 7.0), 0.2 ml reduced glutathione (2 mM) and 0.1 ml of
10 mM sodium azide was added to the 0.2 ml of brain supernatant.
This mixture was incubated for 15 min at 37 �C followed by the
addition of 0.5 ml of 10 % TCA. After centrifugation at 1500 rpm
for 5 min, 0.1 ml of this mixture was combined with 0.2 ml of
0.3 mM Phosphate buffer and 0.7 ml of Ellman’s reagent (DTNB)
and absorbance was noted at 420 nm (Flohé and Günzler, 1984).

2.7. Statistical analysis

Graph pad prism version 8.0 was used for statistical analysis of
data. For the evaluation of behavioral and neurochemical data,
one-way ANOVA followed by post-hoc Dunnett test was used
except for the average seizure score and escape latencies noted
in the water maze where two-way ANOVA followed by Tukey’s test
was employed. All data were expressed as mean ± S.E.M. Results
were considered statistically significant if P < 0.05.
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3. Results

3.1. Impact of LEV and Sod.Se alone and in combination on PTZ-
kindling progression in rats

The continuous administration of sub convulsive doses of PTZ
resulted in increased frequency and intensity of convulsions,
assessed by using the Racine scale. The repetitive administration
of PTZ 30 mg/kg i.p. every other day for a total of 11 injections
resulted in the gradual escalation of convulsive activity culminat-
ing in stage 5 seizures as compared to normal control as shown
in Fig. 2. The two-way ANOVA applied on the obtained data
depicted a notable increase in average seizure score from 1st to
11th PTZ injection [F (28, 280) = 80.58, P < 0.0001] (Fig. 2A) and
treatment with LEV suppressed the progression of kindling.

Furthermore, the two-way ANOVA compared the antiepileptic
effects of Sod.Se 0.25 and 0.5 showed the significant variation
among treatments [F (21,210) = 17.62, P < 0.0001] (Fig. 2B). Sod.
Se 0.5 led to a reduced seizure score as compared to PTZ control
while a lower dose did not exert significant antiepileptic effects.
The seizure outcomes observed with the combination of
LEV + Sod.Se was markedly different from the PTZ control group
[F (21, 210) = 66.11, P < 0.0001] (Fig. 2C) as this polypharmacy
caused more significant attenuation of enhanced seizure severity
and most of the animals remained seizure-free and these effects
were comparable with the anti-convulsive effects of diazepam.
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3.2. OFt

The rats were allowed to explore an open maze to evaluate their
locomotor activity and anxiety-like behavior. The one-way ANOVA
revealed a statistically significant difference between all groups for
central zone entries [F (7, 56) = 4.523, P = 0.0005] and time spent
there [F (7, 56) = 4.434, P = 0.0006] as shown in Fig. 3A and 3B.
The PTZ-kindled rats showed more anxiety-like behavior. Com-
pared to the PTZ control group, the rats exposed to the monother-
apy with LEV and Sod.Se 0.5 mg/kg showed an increased
preference for the central zone with P < 0.0095 and P = 0.0456,
respectively. But the outcomes remained non-significant
(P = 0.5037) in rats treated with Sod.Se 0.25. However, the combi-
nation of LEV with Sod.Se 0.25 and 0.5 mg/kg produced pro-
nounced anxiolytic outcomes, dose-dependently with P = 0.0256
and P < 0.0001, respectively.

Additionally, the OFT was also used to assess the locomotor
activity in rodents by estimating their distance traveled and the
number of line crossings. The kindled rats (P = 0.0002) traveled less
and remained motionless for most of the time, in comparison to
normal control. The prohibition of this motionless behavior was
noted in animals treated with monotherapy (PTZ vs LEV,
P < 0.0001; PTZ vs Sod.Se 0.25, P = 0.9998 and PTZ vs Sod.Se 0.5,
P = 0.9884) and polytherapy (PTZ vs LEV + Sod.Se 0.25,
P < 0.0001; LEV + Sod.Se 0.5, P < 0.0001) as depicted in Fig. 3C
and 3D.
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Fig. 3. Outcomes of chronic pre-treatment with LEV and Sod.Se alone or in combination on anxiety-like behavior and locomotor activity in PTZ-kindled rats. The animals were
pre-treated with LEV 50, Sod.Se 0.25 and 0.5 mg/kg and LEV + Sod.Se 0.25 and 0.5 and then assessed for anxious behavior in open field maze for 5 min by monitoring (A)
entries in central zone, (B) time in centre, (C) total distance travelled and (D) number of line crossings. Statistical analysis was conducted by one-way ANOVA followed by
Dunnett’s test and whole data was represented as mean ± S.E.M. (n = 8). **P < 0.01, ***P < 0.001 and ****P < 0.0001 comparison between control and PTZ control, #P < 0.05,
###P < 0.001, ####P < 0.0001 comparison between diazepam and PTZ control, aaP < 0.01 and aaaaP < 0.0001 comparison between LEV and PTZ control, cP < 0.05 comparison
between Sod.Se 0.5 and PTZ control, dP < 0.05, ddP < 0.01 and ddddP < 0.0001 comparison between LEV + Sod.Se 0.25 and PTZ control, eeeP < 0.001 and eeeeP < 0.0001 comparison
between LEV + Sod.Se 0.5 and PTZ control.

Z. Rehman, T. Farooq, S. Javaid et al. Saudi Pharmaceutical Journal 30 (2022) 494–507
3.3. L/D test

The statistical evaluation of data showed significance difference
among groups for time spent in the light and dark zones with [F
(7,56) = 4.008, P = 0.0013] and [F (7,56) = 5.022, P = 0.0002], respec-
tively. The PTZ-kindled rats were found anxious and reluctant to
explore the illuminated zone as their duration of stay in dark
was comparatively longer (P = 0.0009) in comparison to normal
control. The animals treated with test drugs were relatively more
courageous as they spent more time in the light zone. In detail,
the rats administered with LEV caused increased anxiolytic-like
effect with P = 0. 004. The treatment with Sod.Se at both doses
i.e., 0.25 and 0.5 mg/kg also caused increased fearlessness as
depicted by the increased animal’s preference for the light zone
with P = 0.0363 and P = 0.0292, respectively. However, this anxiety
was further lessened by simultaneously treating the rats with
LEV + Sod.Se (PTZ vs LEV + Sod.Se 0.25, P = 0.0085; PTZ vs
LEV + Sod.Se 0.5, P = 0.0004) and outcomes were similar to diaze-
pam (P = 0.0004) (Fig. 4A and 4B).

3.4. EPm

In EPM, one-way ANOVA demonstrated a significant difference
between all groups for number of entries [F (7,56) = 3.302,
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P = 0.0052] and time spent [F (7,56) = 4.211, P = 0.0009] in open
arms as shown in Fig. 5A and 5B. The post-hoc test revealed that
monotherapy with LEV + Sod.Se 0.5 exerted a notable anxiogenic
effect with P = 0.0340 and P = 0.0292, respectively. Though, the
more pronounced anxiolytic effect was observed with combination
therapy LEV + Sod.Se 0.25 and LEV + Sod.Se 0.5 as animals stayed
longer in open arms with P = 0.0016 and P = 0.0004, as compared
to PTZ control. Anyhow, the outcomes remained non-significant
with Sod.Se 0.25 (P = 0.5106). Furthermore, treatment with
LEV + Sod.Se 0.25 and Sod.Se 0.5 resulted in increased number of
entries in open arms with P = 0.0164 and P = 0.0011, respectively
as compared to PTZ-kindled rats.

3.5. Y-maze test

The Y-maze test was used to assess the effect of test drugs as
mono- and polypharmacy on animal’s short-term recognition
capacity. A noticeable inter-group difference for spontaneous alter-
nations was demonstrated by one-way ANOVA [F (7, 56) = 3.471,
P = 0.0037]. The PTZ-kindled rats did not remember the immedi-
ately visited arm and tend to explore the pre-visited arms more
often resulting in decreased spontaneous alternation (P = 0.0340)
as compared to normal control. In comparison to PTZ control
group, the animals administered with LEV, Sod.Se 0.25 and Sod.



Fig. 4. Assessment of anxiolytic impact of LEV and Sod.Se 0.25 and 0.5 mg/kg alone and in combination in PTZ-kindled rats. The animals were allowed to explore brightly
illuminated arena and dark zone spontaneously by placing them in L/D box for 5 min and noted for (A) time spent in light zone and (B) time spent in dark zone. Statistical
evaluation was performed by using one-way ANOVA followed by Dunnett’s test and data set was expressed in mean ± S.E.M (n = 8). ***P < 0.001 control vs PTZ control,
###P < 0.001 diazepam vs PTZ control, aaP < 0.01 and aaaP < 0.001 LEV vs PTZ control, bP < 0.05 and bbP < 0.01 Sod.Se 0.25 vs PTZ control, cP < 0.05 and ccP < 0.01 Sod.Se 0.5 vs
PTZ control. ddP < 0.01 and dddP < 0.001 LEV + Sod.Se 0.25, eeeP < 0.001 and eeeeP < 0.0001 LEV + Sod.Se 0.5 vs PTZ control.

Fig. 5. Evaluation of anxiolytic effect of LEV and Sod.Se 0.25 and 0.5 mg/kg alone and in combination. Animals were placed in plus-shaped maze for 5 min to monitor (A)
number of open arm entries and (B) time spent in open arms. The one-way ANOVA followed by Dunnett’s test was used and all data were expressed as mean ± S.E.M (n = 8).
*P < 0.05, **P < 0.01 comparison between control and PTZ control, ##P < 0.01 comparison between diazepam and PTZ control, aP < 0.05 comparison between LEV and PTZ
control, cP < 0.05 comparison between Sod.Se 0.5 and PTZ control, dP < 0.05 and dd < 0.01 comparison between LEV + Sod.Se 0.25 and PTZ control, eeP < 0.01 and eeeP < 0.001
comparison between LEV + Sod.Se 0.5 and PTZ control.
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Se 0.5 mg/kg demonstrated increased spontaneous alternations
with P = 0.0035, P = 0.0225 and P = 0.0219, respectively. However,
the LEV + Sod.Se dual therapy caused an exceptional enhancement
in spontaneous alternation behavior (PTZ vs LEV + Sod.Se 0.25,
P = 0.0030 and PTZ vs LEV + Sod.Se 0.5, P = 0.0004) indicating
the remarkable remembrance of previously visited arms of the Y-
maze (Fig. 6).
3.6. NOr

The animals were further tested for their memory by assessing
their ability to discriminate the newly introduced object from pre-
viously familiarized one. The ANOVA represented marked statisti-
cal difference between all groups [F (7,56) = 9.774, P < 0.0001]. The
animals treated with LEV and Sod.Se 0.5 mg/kg had better remem-
brance of familiarized object and they explored the novel object
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more than PTZ control with P = 0.0005 and P = 0.0135, respectively.
However, the animals exposed to the combination of LEV + Sod.Se
showed noticeably improved discrimination index with P = 0. 0006
and P < 0.0001 for PTZ vs LEV + Sod.Se 0.25 and LEV + Sod.Se 0.5,
respectively (Fig. 7).
3.7. MWm

The water maze test examined the working and reference mem-
ory during six consecutive days. The two-way ANOVA depicted
notable inter-group difference for escape latencies during initial
five days [F (56,224) = 43.00, P < 0.0001]. After the initial two days
of acquisition, the PTZ-kindled rats sustained the longer escape
latencies (P = 0.0034 vs control group) during five consecutive days
revealing the poor remembrance of platform location and pro-
longed swimming periods to locate the hidden platform as shown



Fig. 6. Effect of LEV and Sod.Se 0.25 and 0.5 mg/kg alone and in combination was
tested on cognition of P0TZ-kindled rats in Y-maze test. The freely moving animals
for 5 min and % spontaneous alteration was calculated. The one-way ANOVA using
Dunnett’s test was used and data were expressed in mean ± S.E.M. *P < 0.05 Control
vs PTZ control, ##P < 0.01 diazepam vs PTZ control, aaP < 0.01 LEV vs PTZ control,
bP < 0.05 Sod.Se 0.25 vs PTZ control, cP < 0.05 Sod.Se 0.5 vs PTZ control, ddP < 0.01
LEV + Sod.Se 0.25 vs PTZ control, eeeP < 0.001 LEV + Sod.Se 0.5 vs PTZ control.

Fig. 7. Assessment of impact of LEV and Sod.Se 0.25 and 0.5 mg/kg alone and in
combination in novel object recognition in PTZ-kindled rats. The ability of rats to
discriminate between familiar and novel objects was evaluated for 5 min and
outcomes of discrimination index were compared by one-way ANOVA followed by
Dunnett’s test and data were expressed as mean ± S.E.M. ****P < 0.0001 control vs
PTZ control, ###P < 0.001 diazepam vs PTZ control, aaaP < 0.001 LEV vs PTZ control.
cP < 0.05 Sod.Se 0.5 vs PTZ control. dddP < 0.001 LEV + Sod.Se 0.25 mg/kg vs PTZ
control, eeeeP < 0.0001 LEV + Sod.Se vs PTZ control.
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in Fig. 8A. The animals administered with LEV and Sod.Se 0.5 strug-
gled comparatively less in locating the submerged rescue zone as
shown from their decreased escape latencies with P = 0.0131 and
P = 0.0166 as compared to kindled rats Fig. 8B. The animals chron-
ically treated with LEV + Sod.Se showed dose-dependent
cognition-enhancing capacity of combination as these animals
locate the platform more quickly with P = 0.0047, as compared
to PTZ-kindled rats Fig. 8C.

In the probe session, the animals were evaluated for their cog-
nitive abilities by monitoring their remembrance of the platform
zone. The one-way ANOVA revealed significant difference among
all groups for number of entries [F (7, 56) = 7.692, P < 0.0001], time
spent in target quadrant [F (7, 56) = 6.070, P < 0.0001] and total
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distance travelled [F (7, 56) = 8.173, P < 0.0001]. In detail, PTZ-
kindled rats showed poor remembrance of rescue quadrant as their
frequency of visits and duration of swim in target zone was signif-
icantly lesser than healthy animals as shown in Fig. 9A and 9B,
respectively. However, these observed parameters were noticeably
improved in treatment groups as LEV and Sod.Se (dose-
dependently) depicted the memory-enhancement. The LEV and
Sod.Se 0.5 mg/kg treated rats entered more often in platform zone
with P = 0.0079 and P = 0.0139, respectively. Moreover, their dura-
tion of quadrant visit was also prolonged as compared to kindled
rats with P < 0.01. But, in a dose-dependent manner, a combination
of LEV + Sod.Se proved more efficient in halting memory impair-
ment with a greater number of entries and prolonged stay in plat-
form zone with P < 0.0001 and P = 0.0001, respectively.

The kindled rats continued to spin in a whole water tank which
was clear evidence of impaired memory and thigmotaxic behavior.
Their total distance traveled on probe day was significantly longer
(P = 0.0012) as compared to healthy control (Fig. 9C). The treat-
ment with LEV and Sod.Se significantly protected from this behav-
ior deficit with P = 0.0018 and P = 0.0218, respectively. Moreover,
the combination of LEV + Sod.Se had prominent cognitive improve-
ment over single treatment (PTZ vs LEV + Sod.Se 0.25, P = 0.0002
and PTZ vs LEV + Sod.Se 0.5, P < 0.0001).

3.8. SPt

The statistical analysis demonstrated a marked difference in
sucrose consumption in the PTZ control group as compared to all
treatment groups [F (7,16) = 36.70, P < 0.0001]. The PTZ-kindled
rats showed marked anhedonia which is the hallmark of
depression-like behavior with P < 0.0001 as compared to normal
control. The % sucrose consumption was higher for in animals trea-
ted with LEV and Sod.Se 0.5 mg/kg with P < 0.0001 and P = 0.0006,
respectively. However, the animals chronically treated with
LEV + Sod.Se 0.25 and 0.5 mg/kg remained depression-free as
denoted by their increased sucrose preference (P < 0.0001) as com-
pared to kindled rats (Fig. 10).

3.9. Biochemical analysis

MDA is a well-known biomarker for assessing disease-induced
oxidative stress (Gaweł et al., 2004). The statistical analysis
revealed marked difference among all groups with [F
(7,16) = 415.4, P < 0.0001]. The increased oxidative stress in the
brains of PTZ-kindled rats leading to lipid peroxidation and neu-
ronal damage was notable (P < 0.0001) as compared to normal con-
trol. The chronic administration with LEV and Sod.Se 0.5
significantly reduced MDA levels with P < 0.0001 and P < 0.0001.
But, combing the LEV with Sod.Se caused the improvised reversion
of oxidative build-up at both doses of Sod.Se with P < 0.0001
(Fig. 11A).

SOD is a cellular enzyme known for its anti-oxidative, anti-
inflammatory and neuroprotective functions (Aguiar et al., 2012).
A highly significant difference in all groups with [F (7,
16) = 11.39, P < 0.0001] was detected by statistical evaluation. In
un-treated kindled rats, SOD levels were depleted markedly as
compared to normal control (P = 0.0008). Monotherapy with LEV
and Sod.Se 0.5 mg/kg resulted in enhanced free radical scavenging
and reduced oxidative stress in isolated brains as compared to the
PTZ control group with P < 0.0012 and P < 0.0038, respectively but
Sod.Se at 0.25 mg/kg didn’t produce any significant effects. The
oxidative stress combating characteristics was imparted to Sod.Se
(0.25 and 0.5 mg/kg) after combining it with LEV as this combina-
tion caused significant elevation of SOD (P = 0.0002) as compared
to PTZ control group, thus validating the prominence of polyther-
apy as shown in Fig. 11B.



Fig. 8. Impact of LEV and Sod.Se 0.25 and 0.5 mg/kg on capability PTZ-kindled animals to locate hidden platform in 2 min for 5 consecutive days in water maze test. Statistical
analysis was conducted by two-way ANOVA followed by Tukey’s test and all data were expressed as mean ± S.E.M (n = 8). **P < 0.01 comparison between control and PTZ
control, #P < 0.05 and ##P < 0.01 comparison between diazepam and PTZ control, aP < 0.05 and aaP < 0.01 comparison between LEV and PTZ control, cP < 0.05 and ccP < 0.01
comparison between Sod.Se 0.5 and PTZ control, dP < 0.05 and ddP < 0.01 comparison between LEV + Sod.Se 0.25 and PTZ control, eeP < 0.01 comparison between LEV + Sod.Se
0.5 and PTZ control.
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Similarly, the notable differences for all treatments were
detected for catalase levels [F (7, 16) = 19.10, P < 0.0001]. This
enzyme works as one of the endogenous antioxidant defense
mechanisms (Munguía-Martínez et al., 2019) and its levels were
found to be downregulated in PTZ-kindled rats as compared to
the normal group with P = 0.0081. The chronic administration of
LEV and Sod.Se 0.5 resulted in increased catalase levels as com-
pared to the PTZ control group with P = 0.0055 and P = 0.0229.
In comparison to PTZ-kindled rats, significant upregulation of cata-
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lase activity was observed in animals exposed to a cocktail of
LEV + Sod.Se with P < 0.0001 as depicted in Fig. 11C.

GPx is an endogenous antioxidant enzyme involved in the ter-
mination reactions of reactive oxygen species. The ANOVA revealed
significant inter-group difference with [ F (7, 16) = 28.26,
P < 0.0001]. The PTZ caused the increased vulnerability of neurons
to oxidative stress resulting from the accumulation of free radicals
(P = 0.0043) as compared to normal control. In comparison to PTZ
control treatment with LEV (P = 0.0007) and Sod.Se 0.5 (P = 0.0132)



Fig. 9. Assessment of impact of LEV and Sod.Se 0.25 and 0.5 mg/kg alone and in combination on (A) entries in platform zone, (B) time spent in platform zone and (C) total
distance travelled during probe session in water maze test. Statistical evaluation was conducted by using one-way ANOVA followed by Tukey’s test and each value in data was
represented as mean ± S.E.M (n = 8). **P < 0.01 and ***P < 0.001 control vs PTZ control, #P < 0.05 and ##P < 0.01 diazepam vs PTZ control, aaP < 0.01 LEV vs PTZ control, cP < 0.05
Sod.Se 0.5 vs PTZ control, ddP < 0.01 and dddP < 0.001 LEV + Sod.Se 0.25 vs PTZ, eeeP < 0.001 and eeeeP < 0.0001 LEV + Sod.Se 0.5 vs PTZ control.

Fig. 10. Effect of LEV and Sod.Se 0.25 and 0.5 mg/kg alone and in combination on
depression-like behavior in PTZ-kindled rats by estimating the % preference for 1%
sucrose solution within 24 h. The outcomes were evaluated by one-way ANOVA
followed by Dunnett’s test and data were expressed as mean ± S.E.M (n = 8).
****P < 0.0001 control vs PTZ control, ####P < 0.0001 diazepam vs PTZ control,
aaaaP < 0.0001 LEV vs PTZ control, cccP < 0.001 Sod.Se 0.5 vs PTZ control, dddd-
P < 0.0001 LEV + Sod.Se 0.25 vs PTZ control, eeeeP < 0.0001 LEV + Sod.Se 0.5 vs PTZ
control.
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showed more antioxidant potential and neuroprotection. Dual
therapy with LEV + Sod.Se 0.25 (P < 0.0001) and LEV + Sod.Se 0.5
(P < 0.0001) replenished GPx levels and ameliorated seizure-
induced oxidative stress. However, treatment with Sod.Se 0.25
didn’t attenuate PTZ-induced oxidative stress with P = 0.8268
(Fig. 11D).
4. Discussion

The 30–40% of epileptic patients show resistance to monother-
apy irrespective of therapeutic advancements resulting in
increased acceptance of the polytherapy approach to manage the
refractory type of epilepsy (Lee and Dworetzky, 2010; Łuszczki
et al., 2003; Kwan and Brodie, 2000). In the present study, we com-
pared the antiepileptic and neuroprotective potential of levetirac-
etam and sodium selenite alone and in combination in PTZ-
kindled rats. PTZ-induced kindling involves repetitive administra-
tion of sub-convulsive doses of PTZ which eventually results in
the generation of seizure activity by interrupting the GABAergic,
Glutamatergic and antioxidant systems in the brain. PTZ-kindling
is used as a chronic model of epilepsy model involving a sustained
increase in seizure susceptibility causing molecular and cellular
alterations contributing towards oxidative stress and neurodegen-
erative changes.



Fig. 11. Neurochemical analysis of isolated brain depicting the impact of LEV and Sod.Se 0.25 and 0.5 as mono and polytherapy on levels of (A) malondialdehyde, (B)
superoxide dismutase, (C) catalase, (D) glutathione peroxidase. The statistical analysis was performed by using one-way ANOVA followed by Dunnett’s test and data were
represented as mean ± S.E.M. (n = 3). **P < 0.01, ***P < 0.001 and ****P < 0.0001 comparison between control and PTZ control, #P < 0.05 , ##P < 0.01, ###P < 0.001, and
####P < 0.0001 comparison between diazepam and PTZ control, aaP < 0.01, aaaP < 0.001, aaaaP < 0.0001 comparison between LEV and PTZ control, cP < 0.05, ccP < 0.01,
ccccP < 0.0001 comparison between Sod.Se 0.5 and PTZ control, dddP < 0.001 and ddddP < 0.0001 comparison between LEV + Sod.Se 0.25 and PTZ control, eeeP < 0.01 and
eeeeP < 0.0001 comparison between LEV + Sod.Se 0.5 and PTZ control.
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The first stage of the study comprised the exploration of the
anticonvulsant potential of test drugs alone and in combination
in the rats injected with PTZ (30 mg/kg, i.p.) on every alternate
day for a total of 11 injections. The chronic administration with
sub-convulsive doses of PTZ revealed increased seizure severity
as compared to the healthy rats. However, treatment with LEV
and Sod.Se hindered the kindling process dose-dependently as evi-
dent from comparatively reduced seizure score and mortality. The
animals treated with LEV and Sod.Se alone depicted the seizures of
stage 2–4 while the seizure development was more dominantly
halted by combination as LEV + Sod.Se treated rats remained
seizure-free during the kindling phase. The PTZ control rats
showed myoclonic jerking and muscle twitching from the 7th
injection which progressed to generalized tonic-clonic seizures at
the 9th injection which ultimately led to the kindling of rats. How-
ever, the administration of LEV and Sod. Se was found capable to
cause prominent latency in developing the myoclonic jerks and
generalized seizures and polytherapy were found superior to
monotherapy. These results are in agreement with the previous
study carried out by Grover et al. in which LEV inhibited the devel-
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opment of PTZ-kindling in rodents (Gower et al., 1992). Similarly,
Loscher et al. also reported the anti-epileptogenic effects of LEV
in which drug inhibited the expression of seizures dose-
dependently in the amygdala–kindled rats (Löscher et al., 1998).
In the present study, this antiepileptic potential of LEV was inten-
sified by combining it with Sod.Se as beneficial outcomes of sele-
nium in preclinical studies have also been reported (Nazıroğlu,
2009; Rehni and Singh, 2013; Willmore and Rubin, 1981). Addi-
tionally, the selenium-deficient rats demonstrated more pro-
nounced seizures and neuronal death in kainic acid-treated
rodents (Savaskan et al., 2003). These findings have been sup-
ported by clinical pieces of evidence where intractable seizures
in infants were managed with selenium supplementation
(Ramaekers Th. et al., 1994; Weber et al., 1991).

Patients with SE may experience a range of psychomotor symp-
toms with a high prevalence of anxiety (41). Approximately 45% of
the patients who have epilepsy encounter anxiety which badly
affects the quality of life (42). Therefore, we assessed comorbid
anxiety-like behavior in animals immediately after inducing the
brain insult through the kindling process. The PTZ control rats
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were found less exploring and more anxious in OFT, L/D and EPM
as compared to the control group. This anxiety-like behavior was
relatively ameliorated in animals exposed to LEV and Sod.Se,
dose-dependently. But, the concomitant administration of
LEV + Sod.Se resulted in a marked anxiolytic effect as animals
had no distress towards open and lightened arena as compared
to the PTZ control group. Our findings are in line with the previous
preclinical studies where the action of LEV (Lamberty et al., 2003,
2001) and Sod.Se (Kędzierska et al., 2017) as anxiolytics has been
reported by testing in various rodent’s behavioral models.

Furthermore, the animals were tested for memory and learning
in the y-maze, NOR and MWM tests. The PTZ control rats showed
impaired memory which was evident from their reduced sponta-
neous alternation, discrimination index and more thigmotaxic
behavior in respective experiments. However, LEV and Sod.Se
administration resulted in relative improvement of observed
parameters but the animals receiving combined LEV + Sod.Se illus-
trated marked neuroprotection and cognition. Our findings are
consistent with a preclinical study that reported the memory-
improving potential of LEV in ketamine-exposed rats (Koh et al.,
2018). Similarly, these animals were found least depressive as
compared to PTZ control rats in SPT as well. Kędzierska et al.
observed that sodium selenite worked synergistically with the
antidepressants and diazepam in FST and EPM tests (Kędzierska
et al., 2018). The kindling process is reported to have an association
with the upregulation of brain BDNF mRNA levels (Elmér et al.,
1998). In a study on LEV, Husum et al. noted that pre-treating
the rats with LEV did not only delay the progression of kindling
but also abolish the kindling-induced rise in BDNF mRNA. At this
dose, LEV also increased the animal’s mobility in FST thus validat-
ing the antidepressant-like profile of this drug (Husum et al., 2004).

The neuroprotective effects of selenium are known to work by
regulating the activity of selenoenzymes which exert protection
from oxidative stress-mediated cell damage and resulting neuro-
logical disorders including epilepsy (Rehni and Singh, 2013;
Sánchez-Elexpuru et al., 2017). Selenium regulates the phosphory-
lation of some important proteins involved in oxidative stress as
well as reduces phosphorylation of tau proteins thus halting the
neurofibrillary tangles formation and neurodegeneration resulting
in improved memory and behavioral outcomes (Chen et al., 2014;
Shultz et al., 2015). In various rodent models, the dephosphoryla-
tion of tau proteins by one of the selenium salts has been reported
to suppress the epileptic seizures induced by various epileptogenic
substances (Corcoran et al., 2010). Additionally, the nutritional
deficiency of selenium is associated with various neuropsychiatric
disorders including depression disorder, epilepsy and Alzheimer’s
disease. Thus, selenium may be hypothesized to exert an anti-
convulsant activity in consonance with the endogenous selenopro-
teins. These above-mentioned characteristics of Sod.Se might be
synergistically potentiating the neuroprotective effects of LEV, thus
yielding the marked improvised neurobehavioral presentation of
animals.

Imbalanced excitation and inhibition leading to hyperexcitabil-
ity are some of the prominent pathological processes participating
in neuronal loss in the epileptic brain (Scharfman, 2007). The exag-
gerated neuroexcitation causes elevated oxidative stress that fur-
ther participates in the development of epilepsy (Aguiar et al.,
2012). In our study, the reduced levels of superoxide dismutase,
glutathione peroxidase and catalase and elevated malondialde-
hyde in the brains of PTZ-kindled rats were detected by biochem-
ical testing which is consistent with the findings of claiming that
PTZ-induced neuronal excitation causes increased oxidative stress
(Eraković et al., 2003; Zhu et al., 2017). However, the rats chroni-
cally administered with LEV mitigated this oxidative stress dose-
dependently and outcomes are consistent with previous study
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reported by de Souza and colleauges who authenticated the
antioxidant potential of LEV through in-vitro testing on brain
homogenates (de Souza et al., 2019). Moreover, adding this newer
AED with Sod.Se was worked efficiently in combating oxidative
stress and these findings are supported by the previously reported
preclinical findings where rats supplemented with Sod.Se for a
week showed reduced cognitive deficit and oxidative stress
(Ishrat et al., 2009). The reduced neuronal damage due to selenium
supplementation might be attributed to the reduced lipid peroxi-
dation leading to reduced generation of reactive nitrogen/oxygen
species (Dominiak et al., 2016).
5. Conclusion

The findings of the present study suggested that LEV, a modula-
tor of SV2A protein in the brain, is an auspicious option to halt the
progression of epileptogenesis and epilepsy-related neuropsycho-
logical disorders. Indeed, the chronic administration of LEV
(50 mg/kg) ameliorated anxiety, memory impairment and
depression-like comorbid disarrays precipitated by PTZ-kindling
in rats. Meanwhile, adding the Sod.Se with LEV showed dose-
dependent synergistic anti-kindling effects with improved behav-
ioral outcomes. Hence, in view of the increasing resistance towards
antiepileptic drugs and the burden imposed by epilepsy-associated
neuropsychiatric comorbidities, our findings indicate that combin-
ing the LEV with Sod.Se might be an effective therapeutic option to
treat epilepsy. The mechanism of Sod.Se behind this neuroprotec-
tive potential might be due to its marvelous anti-oxidant charac-
teristics. Though, future studies should be carried out to explore
the detailed intrinsic pathways behind the anti-kindling role of
Sod.Se that might be a fruitful adjunctive therapeutic strategy to
deal with epilepsy and associated neurological challenges.
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Kędzierska, E., Dabkowska, L., Obierzyński, P., Polakowska, M., Poleszak, E., Wlaź, P.,
Szewczyk, K., Kotlińska, J., 2018. Synergistic action of sodium selenite with
some antidepressants and diazepam in mice. Pharmaceutics 10, 270. https://
doi.org/10.3390/PHARMACEUTICS10040270.
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