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ARTICLE INFO ABSTRACT

Keywords: The role of PI3K/AKT/mTOR signalling pathway has been widely deciphered in pathogenesis of epilepsy.
Epilepsy LY294002 is a selective inhibitor of phosphatidylinositol-3-kinase (PI3K). The present study was designed to
Zebrafish explore the anticonvulsant potential of LY294002 in a zebrafish model of pentylenetetrazole (PTZ)-mediated
LY294002 convulsions. Zebrafish larvae at 7dpf (days post fertilization) were pre-incubated with varying concentrations of
:i?zlfl/r 2KT/ mTOR LY294002, prior to PTZ exposure. The adult zebrafish were also exposed to PTZ after intraperitoneal injection

with different concentrations of LY294002, followed by gene expression studies in the brain. The hyperactive
responses indicated by total distance travelled and the mean speed of larva was drastically decreased, whereas
latency to first clonic-like seizure was increased following LY294002 pre-treatment. Additionally, a marked
decrease in c-fos expression was also observed in the larvae group exposed to LY294002 in comparison to
control. Furthermore, PTZ evoked seizure severity was considerably decreased, while latency to clonic-like
seizure was increased in adult zebrafish group treated with 100 nM of LY294002. Furthermore, the occurrence of
tonic-like seizures was also reduced in the adult zebrafish treated with LY294002. The mRNA levels of PIK3CA,
PIK3R1, AKT1, mTOR, Rps6 and Rps6kb1 in adult zebrafish brain was significantly reduced as compared to
vehicle control group. Our results provided conclusive support for the anticonvulsant potential of LY294002.

Phosphatidylinositol-3-kinase

1. Introduction

Epilepsy is a chronic neurological condition that is characterized by
periodic seizures, occurring as a result of an electrical imbalance be-
tween the excitatory and inhibitory neurotransmission in the brain
(Fisher et al., 2014). Apart from basic excito-inhibitory mechanism,
there are other factors that are responsible for generation of epileptic
seizures like, non-synaptic electrical transmission through the gap
junctions, participation of non-neuronal glial cells viz. astrocytes and
microglia in precipitating seizures and oxidative stress leading to me-
tabolic deregulation (Dudek et al., 1998; Devinsky et al., 2013; Pearson-
Smith and Patel, 2017). Data from the Global Health Metrics denotes
that epilepsy ranks 5% globally in disease adjusted life years among all
the neurological disorders in the world (Feigin et al., 2017). The con-
ventional antiepileptic drugs (AEDs) act on the synaptic neuronal signal
transmission, either by prolonging the blocking of excitation or by fa-
cilitating the inhibitory neurotransmission. Of all the research done so
far on epilepsy, its exact epileptogenic mechanism precipitating sei-
zures remain poorly understood. Moreover, the available AEDs only

provide a symptomatic relief, rather than providing an insight into
factors responsible for abrogation of epileptic seizures (Zeng et al.,
2009a, 2009b). In some cases, a patient remains resistant to the con-
ventional AEDs therapy with accumulating incidence of seizure along
with associated conditions like memory impairment, depression, an-
xiety-like behaviour, etc., thus decreasing the quality of life of the pa-
tients. In recent times, certain biomarkers (genetic, structural, func-
tional, electrophysiological and neuroinflammatory) of epilepsy have
been identified as potential targets for better outcome of the disease
condition, but they have come up with their own set of challenges
which need to be addressed very rationally (Pitkdnen et al., 2016). In
this regard, constant efforts are being made to understand the exact
molecular pathways entailing the epileptogenic processes to develop
newer effective agents for better therapeutic management of epilepsy
(Kobow et al., 2012; Laxer et al., 2014).

In the last decade, phosphatidylinositol-3-kinase (PI3K) pathway
has gained a lot of importance as a molecular target in the pathogenesis
of various disorders. PI3K is an enzyme of the family of lipid kinases
responsible for various cellular functions like development,
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proliferation, metabolism and distinctive cellular functions (Engelman
et al., 2006). It gets stimulated when growth factors (epidermal growth
factor, insulin-like growth factor, human epidermal growth factor, etc.)
or receptor tyrosine kinases get attached to it, thus activating the novel
phosphatidylinositol pathway (Kapeller and Cantley, 1994). Upon re-
ceptor activation, the PI3K gets employed to the membrane to generate
a group of secondary messenger, PIP2 (phosphatidylinositol-4,5-bi-
sphosphate), which gets converted to PIP3 (phosphatidylinositol-3,4,5-
triphosphate) in the presence of PI3K. This conversion takes place when
PI3K transfers the terminal phosphate of the ATP to D-3 position of PIP2
(Carpenter and Cantley, 1990; Gharbi et al., 2007; Cantrell, 2001). It
has been reported that PI3K phosphorylates the AKT to trigger mTOR
pathway and its downstream genes for progression of epilepsy
(Berdichevsky et al., 2013). Accumulating evidence has shown that
inhibition of mTOR hyperactivation using specific inhibitors resulted in
suppression of acquired epilepsy (Huang et al., 2010). Hence, inhibition
of mTOR pathway acts as a good therapeutic intervention for the
management of epilepsy (Citraro et al., 2016). Moreover, it has been
well reported that the phosphorylation of PI3K is essential for the in-
duction of its activity and subsequent cellular processes to occur (Cohen
et al.,, 1990). Among all the eight classes of PI3K, the role of Class I
PI3Ks (consisting of a catalytic subunit, p110 and a regulatory adaptor
unit, p85) has been widely elucidated in different diseased conditions
that alter the normal physiological functions (Vanhaesebroeck et al.,
2016).

LY294002 [2-(4-morpholinyl)-8-phenyl-4H-l-benzopyran-4-one or
2-(4-morpholinyl)-8-phenylchromo], is a low molecular weight, cell
permeable and a selective inhibitor of PI3K activity (Vanhaesebroeck
and Waterfield, 1999). It acts as a selective competitive inhibitor of the
ATP binding site of class I PI3K, thus preventing the conversion of PIP2
to PIP3 (Vlahos et al., 1994; Xing et al., 2008). The role of LY294002
has been implicated in a number of studies and has shown to act
through the PI3K/AKT/mTOR signaling pathway (Alvarez et al., 2009;
Mazumder et al., 2016). The experiments conducted in vitro on cultured
hippocampal neurons treated with LY294002, blocked the PI3K/AKT
interceding the mTOR signalling pathway, thus reducing the in-
flammatory and pathophysiological processes associated with epilepsy
(Xiao et al., 2015). Interestingly, previous research has also shown di-
rect inhibition of mTOR auto kinase property by LY294002 (Brunn
et al., 1996). Certain studies conducted on cortical cultures showed that
LY294002 possesses neuroprotective effects in oxidative stress in-
stigated degeneration of neurons (Levinthal and DeFranco, 2004). In
addition to this, LY294002 has also been proposed to mitigate neuro-
protective effect of estrogen against glutamate provoked neurotoxicity
(Honda et al., 2000). It is a fact that the PI3K/AKT pathway is essential
for brain development and propagates neuroprotection, but surpris-
ingly, experimental reports have claimed that treatment with LY294002
during embryogenesis in zebrafish led to neuronal death and it also
initiated apoptosis in primary cultures (Chen et al., 2017; Dai et al.,
2012). Therefore, it is evident from the available literature that
LY294002 plays a dual role, i.e. acting as a neuroprotectant and indu-
cing apoptosis. However, a similar characteristic profile was depicted
by rapamycin, a potent mTOR inhibitor that has antiepileptic property,
but possesses neuroprotective and pro- apoptotic activity (Ding et al.,
2015; Saqcena et al., 2015), thus justifying the use of LY294002 in our
study.

The popularity of using zebrafish (Danio rerio) model in neu-
roscience research has increased considerably because its brain struc-
tural organization shows homology with that of human especially with
the presence of diencephalon, telencephalon, and cerebellum. It also
possesses a basic vertebrate neural plan that comprises of the fore, mid
and hindbrain and shows complex behaviour like memory, conditioned
responses, and training. (Xi et al., 2011). It has emerged out to be a
useful model for AEDs screening. Apart from adult zebrafish, 7 dpf (days
post fertilization) larva model is widely used in epilepsy research as it is
a small, full vertebrate that has all its organ systems functional
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(Berghmans et al., 2007). For induction of epileptic seizures, chemo-
convulsants are either directly added to the water or injected into the
intraperitoneal cavity (Winter et al., 2008; Alfaro et al., 2011). There-
fore, taking into account all the previous research done, the present
study was designed to explore the anticonvulsant potential of
LY294002 in a zebrafish model of pentylenetetrazole (PTZ)-mediated
convulsions.

2. Materials and methods
2.1. Drugs and chemicals

PTZ, Trizol reagent and SYBR Green Jump start Taq Ready Mix was
purchased from Sigma Aldrich, USA. The salts for system water that
includes sodium bicarbonate and sea salt were procured from Central
Drug House, New Delhi and Aquarium Systems, Germany, respectively.
LY294002 was obtained from Cell Signalling Technologies, USA.
Dimethyl sulphoxide (DMSO) was procured from SD Fine-Chem
Limited, Mumbai. RNase-free DNase kit was acquired from Promega,
Madison, USA, while, High capacity cDNA-RT kit was purchased from
Applied Biosystems, USA.

2.2. Zebrafish maintenance and egg collection

4-5 months old adult wild-type zebrafish were maintained in a
ZebTEC Stand-Alone system (Tecniplast, Buguggiate, Varese, Italy) with
conductivity from 400 to 600 puS, temperature of 26-28°C and pH
7.0-7.5. The light: dark cycle of the room was kept at 14:10 h respec-
tively, whereas the live freshly hatched Artemia (Inve Aquaculture, Inc.,
Salt Lake City, USA) were fed to the fish, twice daily with a dropper.
Natural spawning was induced to obtain the healthy eggs from the adult
zebrafish in separate breeding tanks. Precisely, zebrafish were relocated
in a breeding tank setup (Tecniplast, Buguggiate, Varese, Italy) con-
sisting of an internal grid base tank placed in an external transparent
chamber covered with a clear transparent lid. The breeding tank setup
was prefilled with system water at 28.5 °C. The female to male ratio was
2:1 (each tank contained 4 females and 2 males) and were estranged by
a movable transparent divider at the start of the dark cycle, a day
preceding egg collection. The divider was removed the next day, 30 min
after the start of the light cycle to induce spawning. Clean pipettes were
used to collect the healthy fertilized eggs in sterile petri dishes, cleaned
with system water and maintained at 28.5°C in a BOD incubator
(Relitech, Ambala, India) till 7dpf. The experimental protocol was ap-
proved by the Institutional Animal Ethics Committee (IAEC) of CSIR-
IHBT.

2.3. PTZ-mediated clonic-like seizures in larva

At 7 dpf, the larvae were incubated with varying concentrations of
LY294002 (1-50 uM) for 1 h at 28.5°C. DMSO was used to make the
stock solution of LY294002, and all the working solutions were made
using system water (DMSO concentration remained 0.01% in final so-
lution). Subsequently after incubation, individually each larva was
transferred to a transparent, top opened circular chamber (3.5 X 2 cm;
D x H), filled with 8 mM PTZ solution and behaviour was recorded
with an upper cut-off time of 15 min. The observations of the convulsive
behaviour as a consequence of PTZ were made on the basis of a three-
point scale as, Stage 1: enhanced swimming activity or hyperactivity;
Stage 2: circular whirlpool-like movements and; Stage 3: clonic-like
seizures accompanied by loss of posture (plummeting on either side,
bent body position and remaining motionless for around 1-3s) and
falling (sinking to the bottom primarily due to rigid extensions of the
body). The locomotor activity of each larva was recorded using a video
tracking software (SMART V3.0., Panlab, Barcelona) connected to a
camera (c922 Pro Stream, Logitech Asia Pacific Ltd, Hong Kong) at-
tached at the centre of the chamber. The latency to first clonic-like
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seizure ie. stage 3 was also recorded (Baraban et al., 2005; Kumari
et al., 2019). Three concentrations of LY294002 i.e. 10 uM (LY-10-L
group), 20 uM (LY-20-L group) and 30 uM (LY-30-L group) were se-
lected based on the results of our initial studies, and 8 larvae/group
were used. Two different groups of larvae (n = 8) maintained in system
water (containing 0.01% DMSO) for 1h, served as Vehicle-L group
(received PTZ exposure) and Naive-L group (without PTZ exposure).

2.4. PTZ mediated seizures in adult zebrafish

Adult male zebrafish (3 months old) were intraperitoneally injected
with different concentrations of LY294002 (10-400 nM). The procedure
for intraperitoneal injection was performed as described previously
(Kinkel et al., 2010). Briefly, each fish was fasted to empty the intestinal
bulb 24 h prior to cryoanaesthesia. Thereafter, the fish was placed into
a system water soaked sponge trough (10-15mm deep) with the ab-
domen facing upwards, providing constant aeration to the gills. An
injection volume of 20 pL was administered between the pelvic fins into
the abdominal cavity, posterior to the pelvic girdle, using a Hamilton
syringe (Model: P/N 80408, SYR 25ul, 702N) under a stereozoom
microscope (SMZ800N, Nikon Trinocular Stereo Zoom Microscope,
Tokyo, Japan) and quickly transferred to a separate chamber filled with
system water at 28.5°C for recovery. After an incubation period of 1 h,
each fish was transferred to a transparent glass chamber, containing
PTZ (6 mM) solution at 28.5°C and seizure behaviour was recorded for
30 min. The behavioural endpoints for seizure scoring was made on a
modified 7-point scale as described earlier with slight changes
(Mussulini et al., 2013; Stewart et al., 2012). Briefly, the stages were
compiled as, Stage 1: increased swimming activity; Stage 2: erratic
movements with frequent left and right motions; Stage 3: rapid whirl-
pool like swimming; Stage 4: series of brief clonic-like seizures, wild
jumping, whole body rhythmic contractions; Stage 5: tonic-like seizure
behaviour with loss of posture (occurring due to inability of coordina-
tion and dorso-ventral body position of the fish, reflecting major seizure
associated neurological deficits) and falling (sinking of the fish to the
bottom of the tank due to rigid extension of the body); Stage 6: freezing
behaviour or immobility for > 2 s except for continuous respiratory and
ocular movements and; Stage 7: Death. Based on the initial results,
three concentrations of LY294002 i.e.50 nM (LY-50-A group), 100 nM
(LY-100-A group) and 200 nM (LY-200-A group) were selected and re-
cording was performed (n = 6). The vehicle control (Vehicle-A) and
naive (Naive-A) group (n = 6) were intraperitoneally injected with ve-
hicle (0.01% DMSO solution) and after 1h, the former group was ex-
posed 6 mM PTZ solution to record seizure behaviour, whereas the
latter group was not exposed to PTZ. The seizure severity score, latency
to clonic-like seizures and occurrence of stage 5 i.e. tonic-like seizure
behaviour with loss of posture and falling was recorded in each fish
exposed to PTZ.

2.5. Real time quantitative PCR studies

The gene expression studies were conducted by quantitative real
time polymerase chain reaction (QRT-PCR) analysis on Step One Plus
Real Time PCR system (Applied Biosystems, USA) using SYBR Green
Jump start Taq Ready Mix. The effect of LY294002 on c-fos mRNA level
of 7 dpf zebrafish larvae was studied. Precisely, pre-incubated 7 dpf
zebrafish larvae (3 sets of larvae/group, n = 20/set) with 20 pM con-
centration of LY294002 for 1 h were exposed to 8 mM PTZ for 15 min.
Additionally, two separate groups (3 sets of larvae/group, n = 20/set)
served as the vehicle control (exposed to PTZ) and naive control group
(not exposed to PTZ). Trizol reagent was used to extort total RNA from
whole larva following 1h of PTZ exposure. The homogenate obtained
thereafter was incubated at room temperature for 5 min, treated with
chloroform and centrifuged at 12,000 g for 15 min, 4 °C. The aqueous
layer formed was separated and treated with isopropanol and cen-
trifuged at 12,000g for 10 min, 4°C. The RNA pellet obtained was
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Table 1
Primer sequence of target genes.

Genes Forward primer (5' 3) Reverse primer (5' 3")

c-fos AACTGTCACGGCGATCTCTT GCAGGCATGTATGGTTCAGA
PIK3CA CGCAATGAGAGGATGAGCGA ACGCTGTCACGATGGAACAA
PIK3R1 ACATGGCTCTGCAAGATGCT GGAGGCATCTCGGACCAAAA
AKT1 TCGGCAGGTGTCTTCTCAAT ACCCATTGCCATACCACGAG
mTOR AGATCATCAACCGAGTGCGG AGGGCACCATCCAATGTAGC
Rps6 TCACTCTTGTTACCGTCCTC TGACAATGACCAAGTTGAGA
Rps6kb1 AAAACTCCCAAAGACTCTCC CTAGTGGCGCACTTTTACTT

elfla GATGCACCACGAGTCTCTGA TGATGACCTGAGCGTTGAAG

repeatedly washed with ethanol (75%), centrifuged (7500 g for 5 min,
4°C), dissolved in nuclease free water and quantified using Nanodrop
ND-1000 (Thermo Scientific, USA). Additionally, the DNA traces were
removed with RNase-free DNase kit (Promega, Madison, USA) and
cDNA synthesis was done using high capacity ¢cDNA-RT kit (Applied
Biosystems, USA), as per manufacturer’s instructions. Elongation factor-
1-a (elfla) of zebrafish was considered as a reference standard for
normalization (Tanwar et al., 2019). The mean of each sample was
considered after performing the reaction in triplicates, to minimize the
sampling error.

The gene expression studies in adult zebrafish brain were carried
out following 30 min of PTZ exposure. All the adult zebrafish in vehicle
control group and the group pretreated with 100 nM concentration of
LY294002 were sacrificed, their brains were isolated and total RNA was
harvested. Following cDNA synthesis, qRT-PCR was performed as dis-
cussed above. The naive group was also used to calculate the basal
level. The primers (Table 1) were designed using Primer Express Soft-
ware 3.0 (Applied Biosystems, USA). Each gene had an annealing
temperature of 55°C and all the other qRT-PCR conditions remained
same as described previously in our study (Mazumder et al., 2018). The
gene expression was denoted as fold change using comparative 2°ddCT
method and evaluated as performed earlier (Livak and Schmittgen,
2001).

2.6. Statistical analysis

All the results were expressed as mean = standard error, unless
otherwise specified. The statistical significant difference in latency to
clonic seizures, distance travelled, speed and gene expression among
different groups was examined by one-way analysis of variance fol-
lowed by Tukey's post hoc test. The results of seizure severity score in
adult zebrafish were analysed using a non-parametric Kruskal-Wallis
test, and statistical differences was studied using Mann-Whitney U test
whereas, the statistical significance of difference in occurrence of Stage
5 in adult zebrafish subjected to PTZ was analysed by Chi-square test.
The results were regarded as significant at P < 0.05.

3. Results

3.1. Effect of LY294002 on PTZ-mediated hyperactive responses in
zebrafish larva

PTZ exposure at 8 mM to 7dpf zebrafish larva resulted in induction
of hyperactive responses in Vehicle-L group indicated by increased
swimming activity. Vehicle-L group showed significant (P < 0.001)
increase in total distance travelled as compared to normal Naive-L
group of larvae [F4 35y = 15.756, P < 0.001]. The total distance tra-
velled was significantly (P < 0.001) decreased in the larvae group pre-
exposed to LY294002 at all the three concentrations followed by PTZ
(Fig. 1A). The mean swimming speed was also found to be significantly
(P < 0.001) increased in the Vehicle-L larvae group as compared to
Naive-L group [F(43s) = 15.80, P < 0.001]. Similarly, LY294002 pre-
exposure at 10, 20 and 30 uM concentrations resulted in a marked
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Fig. 1. Effect of LY294002 on PTZ-mediated hyperactive responses in 7 dpf
zebrafish larvae as (A) total distance travelled and (B) mean swimming
speed. P < 0.05 as compared to naive group; °P < 0.05 as compared to vehicle
control group. LY-10-L: 10 pM of LY294002 treated group exposed to PTZ; LY-
20-L: 20 pM of LY294002 treated group exposed to PTZ; LY-30-L: 30 uM of
LY294002 treated group exposed to PTZ; Naive-L: Vehicle treated group not
exposed to PTZ and; Vehicle-L: Vehicle treated group exposed to PTZ.

(P < 0.001) decrease in the mean swimming speed as that of Vehicle-L
group (Fig. 1B).

3.2. Effect of LY294002 on latency to PTZ-mediated convulsions in
zebrafish larva

There was induction of clonic-like seizures in larvae at
3.73 £ 0.16 min following 8 mM PTZ exposure in Vehicle-L group
(Fig. 2). The latency to first clonic-like seizure was increased in the
groups of larvae pre-treated with different concentrations of LY294002,
however significantly (P < 0.001) change was only observed at 20 uM
concentration (LY-20-L group) as compared to Vehicle-L
[F(g’zg) = 46.434, P < 0.001].

3.3. Effect of LY294002 on larva c-fos expression

The level of c-fos mRNA was significantly (P < 0.001) increased
following PTZ exposure in larvae of Vehicle-L group as compared to
Naive-L group [Fp6) = 48.431, P < 0.001]. The increased c-fos mRNA
level was found to be significantly (P < 0.001) decreased in 20 nM
LY294002 pre-incubated group (LY-20-L) as compared to Vehicle-L
group (Fig. 3).
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Fig. 2. Effect of LY294002 on latency to PTZ-mediated clonic-like seizures
in 7dpf zebrafish larvae. °P < 0.05 as compared to vehicle control group.LY-
10-L: 10 pM of LY294002 treated group exposed to PTZ; LY-20-L: 20 uM of
LY294002 treated group exposed to PTZ; LY-30-L: 30 uM of LY294002 treated
group exposed to PTZ and; Vehicle-L: Vehicle treated group exposed to PTZ.
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Fig. 3. Effect of LY294002 on c-fos mRNA expression in 7 dpfzebrafish
larvae. The results expressed as mean *+ S.D. P < 0.05 as compared to naive
group; P < 0.05 as compared to vehicle control group. LY-20-L: 20 uM of
LY294002 treated group exposed to PTZ; LY-30-L: 30 uM of LY294002 treated
group exposed to PTZ and; Vehicle-L: Vehicle treated group exposed to PTZ.

3.4. Effect of LY294002 on PTZ-mediated seizures in adult zebrafish

The seizure severity score was significantly (P = 0.001) decreased
in the fish treated with 100 nM concentration of LY294002 as compared
to Vehicle-A group. However, insignificant (P = 0.138) change was
observed at 50 and 200nM concentrations of LY294002 as that of
Vehicle-A group (Fig. 4A). The latency to first clonic-like seizure was
found to be 3.8 * 0.2min in Vehicle-A group (Fig. 4B). A marked
(P < 0.001) increase in the latency was observed in LY-100-A group
treated with LY294002 at 100 nM concentration as compared to Ve-
hicle-A group [Fes a0y = 42.009, P < 0.001]. LY-50-A and LY-200-A
groups treated with 50 and 200 nM LY294002 concentrations, respec-
tively showed insignificant increase in the latency to clonic-like seizure
as that of Vehicle-A group. Tonic-like seizures i.e. stage 5 appeared in all
the tested adult zebrafish of Vehicle-A group. However, the incidence of
tonic-like seizures significantly (P < 0.001) reduced to 66.66% in
groups treated with 50 and 200 nM concentrations of LY294002, as
compared to Vehicle-A group. Interestingly, tonic-like seizures were
completely abolished in LY-100-A group treated with 100nM con-
centration of LY294002 (Fig. 4C). Since naive group (Naive-A) was not
administered with PTZ, hence not shown in Fig. 4).

3.5. Effect of LY294002 on mRNA levels of adult zebrafish brain

The effect of 100 nM concentration of LY294002 on the brain mRNA
level following PTZ treatment is shown in Fig. 5. The expression of
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Fig. 4. Effect of LY294002 on PTZ-induced seizures in adult zebrafish as (A) seizure severity score, (B) latency to first clonic-like seizures and (C) oc-
currence of tonic-like seizures (stage 5). °P < 0.05 as compared to vehicle control group. NTS: No tonic-like seizures; LY-50-A: 50 nM of LY294002 treated group
exposed to PTZ; LY-100-A: 100 nM of LY294002 treated group exposed to PTZ; LY-200-A: 200 nM of LY294002 treated group exposed to PTZ and; Vehicle-A:

Vehicle treated group exposed to PTZ.

PIK3CA [Fa1s) = 19.292, P < 0.001] and AKTI [F(z15) = 15.321,
P < 0.001] was drastically (P < 0.001) increased in Vehicle-A group
as that of Naive-A group. Treatment with 100nM concentration of
LY294002 in LY-100-Agroup showed a marked (P < 0.001) reduction
in PIK3CA and AKT1 mRNA levels as that of Vehicle-A group. PTZ ex-
posure to adult zebrafish resulted in a significant (P = 0.008) increase
in PIK3R1 level in Vehicle-A group in contrast to Naive-A group. Further
the LY294002 (100 nM) treatment reduced (P = 0.006) PIK3R1 level as
compared to Vehicle-A group [F 15 = 8.671, P = 0.003]. The level of
mTOR was also found to be significantly (P = 0.012) reduced following
treatment with LY294002 (100nM) as compared to Vehicle-A
[F215) = 7.709, P = 0.005]. The brain mTOR level was significantly
(P = 0.009) increased as a consequence of PTZ in Vehicle-A control as

4 -

that of Naive-A group. As indicated in Fig. 5, the brain Rps6
[Fa1s = 208.951, P < 0.001] and Rps6kbl [F(y1s) = 22.423,
P < 0.001] was significantly (P < 0.001) increased following PTZ
exposure in Vehicle-A group as compared to normal Naive-A group. The
level of Rps6é and Rps6kblwas found to be significantly (P < 0.001)
reduced following treatment with LY294002 at 100 nM concentration
in LY-100-A group as compared to Vehicle-A group.

4. Discussion

The present study is the first attempt to explore the anticonvulsant
potential of LY294002 in an experimental model. The study showed
that there was a significant decrease in the locomotor activity (depicted
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by total distance travelled and mean swimming speed) in the larvae
group pre-incubated with LY294002 at all the three concentrations
when compared to the vehicle control group. Moreover, the latency to
attain first clonic-like seizure (Stage 3) in case of larva considerably
increased following pre-treatment with 20uM of LY294002 when
compared to the diseased group. Our results also depicted that the se-
verity of seizures in adult zebrafish treated with 100 nM concentration
of LY294002 decreased significantly, whereas the seizure latency to
achieve clonic-like seizures increased following treatment.
Furthermore, tonic-like seizures were completely abolished in LY-100-A
group treated with 100 nM concentration of LY294002.

The use of zebrafish in epilepsy research has gained importance
since Baraban and his group developed the PTZ-induced seizure model
in 7dpf larva, which simulate stages of convulsion in rodents. PTZ, a
common chemoconvulsant, when used in the medium of zebrafish larva
induce seizures and burst of hyperlocomotor activity. The criteria for
the induction of epileptic seizures includes hyperlocomotion, beha-
vioural seizures, electrophysiological parameters (electrical events oc-
curring in the brain following PTZ exposure) and altered c-fos expres-
sion (Baraban et al., 2005). Studies have shown that conventional anti-
epileptic drugs reduce locomotion in PTZ model of zebrafish larva and
decrease seizure severity (Afrikanova et al.,, 2013; Liu et al., 2016).
Similarly, our study showed that, 7 dpf zebrafish larva when pre-treated
with 20 uM of LY294002 depicted an increase in latency to clonic-like
seizures as compared to the vehicle control group. The increased lo-
comotor activity as a consequence of PTZ was gradually reduced fol-
lowing LY294002 treatment indicated by decrease in total distance
travelled and speed. These results of the present study supported the
anticonvulsant effect of LY294002.

It is observed that neuronal excitation during seizure results in al-
teration in different gene expression. Hence, to establish the fact that
occurrence of seizure caused alteration in expression of immediate
early genes in the brain (Stewart et al., 2012), c-fos expression at the
most active concentration of LY294002 i.e. 20 M was evaluated in the
larvae. Experimental studies conducted earlier have shown that re-
petitive seizures result in long lasting impact on altered gene tran-
scription in the brain. Moreover, seizure-linked c-fos activation served
as a common link between the stimulus for the emergence of seizures
and the development of epileptic condition (Simler et al., 1999). Sev-
eral studies conducted on rodent models of epilepsy showed increased
expression of c-fos in the brain following seizures through electrical
stimulation or induction through subconvulsive dose of PTZ (Dragunow
and Robertson, 1987; Szyndler et al., 2009). Similarly, an analogous c-
fos upregulation was also observed in zebrafish larva submitted to PTZ
exposure, thus establishing the fact that induction of seizure results in
increased expression of c-fos (Baraban et al., 2005). In line with these
findings, our study revealed increase in c-fos expression in vehicle
control group. Earlier studies suggested that compounds with antic-
onvulsant potential downregulates the expression of c-fos in zebrafish
larva (Baxendale et al., 2012). Hence, reduced levels of c-fos in PTZ
exposed larvae pre-treated with LY294002 further supported its antic-
onvulsant potential.

Based on the results of our larval studies, the anticonvulsant effect
of LY294002 was further studied in adult zebrafish model of PTZ-in-
duced convulsions. The seizure severity score was decreased and la-
tency to first clonic-like seizure increased considerably at 100 nM of
LY294002, whereas occurrence of Stage 5 (tonic-like seizures) was re-
duced at all the tested concentrations in contrast to the vehicle control
group. Since earlier experiments indicated that conventional anti-
epileptic drugs reduce PTZ-evoked seizure severity in adult zebrafish
with increase in onset to first clonic seizures (Kundap et al., 2017),
hence our findings further supported the anticonvulsant potential of
LY294002.

The central signaling pathway of PI3K/AKT/mTOR plays a major
role in various neural disorders and its role in epilepsy has been widely
explored (Crino, 2015; Mazumder et al., 2017). Studies have also
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suggested that hyperactivation of this pathway leads to further seizure
generation and propagation (Pene et al., 2002; Dai et al., 2012; Xiao
et al., 2016). However, certain studies also support the neuroprotective
role of PI3K/AKT signaling cascade in embryonic development of zeb-
rafish (Chen et al., 2017). The available scientific literature has re-
vealed that PI3K when activated by growth factors and receptor tyr-
osine kinases is responsible for the phosphorylation of AKT to activate
its downstream gene, mTOR, the master regulator of various cellular
processes (Laplante and Sabatini, 2012; Mazumder et al., 2016). Evi-
dence from literature states the importance of the mTOR pathway in the
propagation of epilepsy, thus citing mTOR as an important target to
control the generation of epileptic seizures (Galanopoulou et al., 2012).
The role of mTOR inhibitors has been widely reported in various
therapeutic interventions of epilepsy, particularly in case of acquired
epilepsy. However, the use of these inhibitors particularly rapamycin, is
associated with a number of untoward side effects (Zeng et al., 2009a,
2009b; Ostendorf and Wong, 2015; Mazumder et al., 2016). Hence,
continuous research is in progress to identify safe and effective, directly
or indirectly acting mTOR inhibitor for management of epilepsy. In the
present study, an increased expression of PIK3CA, PIK3R1, AKTI,
mTOR, Rps6kbland Rps6 genes in the brain of vehicle control group of
adult zebrafish associated with PI3K/AKT/mTOR pathway was ob-
served as a result of acute exposure to PTZ. These results were sup-
ported by a study in a rat model of acute seizures induced by PTZ that
indicated acute activation of mTOR pathway (Zhang and Wong, 2012).
Hence it can be correlated that seizure activity due to acute exposure of
PTZ caused overexpression of PI3K which further activated its down-
stream genes AKT and mTOR. The expression of studied genes in the
zebrafish brain gradually diminished upon treatment with 100 nM of
LY294002 that might be due to inhibition of PI3K.

Interestingly, LY294002 treatment groups in both larva and adult
zebrafish showed U-shaped response while assessing the parameters of
behavioural endpoints. These responses might be attributed due to the
fact that PIBK/AKT/mTOR, being the central signal transduction
pathway occurring in all cells that leads to activation of a large number
of its downstream genes thus modulating various cellular processes.
Moreover, previous reports depicted that the central pathway of PI3K/
AKT/mTOR, co-occur with an amalgamation of a large number of
smaller pathways which directly or indirectly modulate the central
pathway (Mazumder et al., 2016). LY294002 being a selective inhibitor
of class I group of PI3K, might be responsible for alteration or mod-
ulation of other molecular targets in the pathway, thus altering the
central signalling pathway, thereby reorganising the normal cellular
physiology. However, more studies are required in this regard to con-
solidate these results. Earlier findings have linked the complex me-
chanism of PI3K/AKT/mTOR hyperactivation to its altered gene ex-
pression in epileptic rodent models (Meng et al., 2013; Mazumder et al.,
2018). Thus, our study showed that the inhibition of PI3K using its
specific inhibitor LY294002, led to decreased overexpression of AKT
and mTOR which were responsible for the generation and progression
of seizures.

5. Conclusion

The results of our study concluded that LY294002, a specific in-
hibitor of PI3K, reduced the PTZ mediated seizures in larva and adult
zebrafish. The observed anticonvulsant effect of LY294002 was due the
inhibition of PI3K/AKT/mTOR pathway. The results of our study pro-
vided a convincing platform and outlined the fundamental role of
LY294002 as a better therapeutic intervention for epilepsy. However,
more studies need to be conducted for determining its safety and effi-
cacy in other models of epilepsy.
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