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Abstract: Seizures, which result from synchronized aberrant firing of neuronal populations, can cause long-term
sequelae, such as epilepsy, cognitive and behavioral issues, in which the synaptic plasticity alteration may play an
important role. Long-term potentiation (LTP) is a persistent increase in synaptic strength and is essential for learning
and memory. In the present study, we first examined the alteration of cognitive impairments and synaptic plasticity
in mice with seizures, then explored the underlying mechanism involving pro-inflammatory factors and PI3K/Akt
pathway. The results demonstrated that: (1) PTZ-induced seizure impairs learning and memory in mice, indicated by
Morris water maze test; (2) PTZ-induced seizure decreased LTP; (3) the mRNA expression of IL-1, IL-6 and TNF-a in
the hippocampus were increased in mice with seizures; (4) LTP was increased by IL-1 receptor antagonist anakinra,
but not inhibitors of IL-6 or TNF-a receptor; (5) Antagonist of IL-13 receptor rescues deficits in learning and memory
of mice with seizures through PI3K/Akt pathway. It is concluded that the IL-10 induced by PTZ-induced seizures may
impair the synaptic plasticity alteration in hippocampus as well as learning and memory ability by PI3K/Akt signal-

ing pathway.
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Introduction

Seizures, which result from synchronized aber-
rant firing of neuronal populations, can cause
long-term sequelae, such as epilepsy, cognitive
and behavioral issues [1, 2]. It was suggested
in some clinical data that febrile seizures in
some children might cause cognitive impair-
ments [3, 4] as well as in adults. Previous stud-
ies on adult rats with early life seizures found
that synaptic plasticity and hippocampal
dependent memory was impaired [5, 6]. The
behavioral phenotype of the adult rats with
early life seizures includes abnormal working
memory [5, 7]. Recent studies in a rat model of
hyperthermia-induced febrile seizures showed
that seizures induced transient neuronal injury
to the hippocampus without significant neuro-
nal loss [8, 9], indicating that prolonged early-
life febrile seizures have long-lasting effects on
the hippocampus and induce cognitive deficits.

Long-term potentiation (LTP) is a persistent
increase in synaptic strength. It is essential for
many behavioral adaptations, such as learning
and memory, visual and somatosensory system
functional development [10]. Multiple studies
showed that LTP could be altered by seizures,
thus impacting certain behavioral adaptations.
Isaeva et al showed in rats that early-life sei-
zures caused alteration in the LTP in layer IV to
layer ll/1ll synapses of the somatosensory cor-
tex [11]. Another study demonstrated that LTP
of the hippocampal Schaffer collateral-CA1
region was impaired in postnatal animals with
kainic acid (KA)-induced seizure [12]. However,
whether seizure status affects the synaptic
plasticity in adult animals was not well studied.

Itis known that seizures can induce fast release
of proinflammatory factors in the brain, such as
Interleukin-1 beta (IL-1B) and tumor necrosis
factor-alpha (TNF-a) [13, 14]. It was shown that
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the increase of IL-1[3 after prolonged febrile sei-
zures promoted adult seizure susceptibility, in
which the IL-1B/IL-1R1 pathway and endocan-
nabinoid signaling were involved [15]. A number
of research groups have shown that both TNF-
and IL-1B could alter synaptic scaling and inhib-
ited LTP in the hippocampus. Exogenous TNF-
attenuated LTP induced by theta burst stimula-
tion [16], and anti-IL-1p antibody was able to
protect rats from the repeated restraint stress-
induced alterations in synaptic transmission
and LTP in the rat frontal cortex [17]. Moreover,
a study of Vezzani et al indicated that the rapid
post-translational changes in ion channels
were regulated by the IL-1R/TLR signaling. It
increased excitability, and transcriptional
changes in genes involved in neurotransmis-
sion and synaptic plasticity, which decreased
seizure thresholds chronically, suggesting that
this system could be targeted to inhibit seizures
in epilepsy [18]. Similarly, Serou et al found that
the synaptic plasticity changes following injury
might be affected by IL-13-PAF-COX-2 signaling
[19]. All these findings suggest the importance
of IL-1B in synaptic plasticity.

The serine/threonine kinase Akt plays a critical
role in the manipulation of diverse cellular func-
tions, such as metabolism, proliferation, sur-
vival, transcription and protein synthesis. The
Akt signaling cascade can be activated by many
factors, including receptor tyrosine kinases,
integrins, cytokine receptors and other stimuli
that cause production of phospha-tidylinositol
(3,4,5) trisphosphates (PIP3) by phosphoinosit-
ide 3-kinase (PI3K) [20]. Studies showed that
the PI3K/Akt pathway is also associated with
the alteration of synaptic plasticity. It was
reported that magnesium sulfate treatment
increased the activity of Akt at Ser4d73 and
PI3K at Tyr458/199 and protected cognitive
functions and synaptic plasticity in streptozoto-
cin-induced sporadic Alzheimer’'s model [21].
On the other hand, IL-13 may activate the PI3K/
Akt pathway under certain circumstance. For
instance, the inflammatory response induced
by IL-18 promotes seizures and plays an impor-
tant role in the pathogenesis of MTLE via the
PI3K/Akt/mTOR signaling pathway [22]. How-
ever, the interaction between IL-1p3 and PI3K/
Akt pathway in the alteration of synaptic plas-
ticity induced by seizures is not explored yet.
Hence, in the present study, we first examined
the alteration of cognitive impairments and
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synaptic plasticity in mice with seizures, then
explored the underlying mechanism involv-
ing pro-inflammatory factors and PI3K/Akt
pathway.

Materials and methods
Animals

C57BL/6 mice were purchased from the
Shanghai animal center. Animals were housed
in the animal center of the Tongji university
school of medicine. The room temperature was
kept at 24 + 1°C and humidity at 50%-60%
under a 12:12 light-dark cycle. The animals
were allowed access to water and food ad libi-
tum. All of the experiments were approved by
the local animal care and use committee of
Tongji university school of medicine and per-
formed under the guidelines in the “Principles
of Laboratory Animal Care” and the “Guide for
the Care and Use of Laboratory Animals” (NIH
Publication No. 85-23, revised 1996).

Experimental TLE induction

The induction of experimental TLE was similar
to that used in the study by Reddy et al [23].
Briefly, animals received a s.c. injection of pen-
tylenetetrazol (PTZ, 85 mg/kg) and were then
observed for a 30-min period for clonic sei-
zures. Animals that showed clonic seizures last-
ing longer than 5 s were scored positive for sei-
Zure occurrence.

Morris water maze

The Morris water maze test was performed as
described by Morris [24]. Briefly, mice were
taken 4 trials per day. A different starting posi-
tion was used on each trial. The duration of a
trial was 90 seconds. Escape latencies (time
spent swimming from start point to the target)
and path length (the distance from start point
to the platform) before reaching the platform
were recorded for 5 consecutive days. The
escape latency of the mice at the first training
day was normalized to 1.0. The relative escape
latencies in the following training day to that of
the first day were analyzed (escape latency in
the following day/escape latency in the first
day) and labeled as learning trend. For probe
trials, the platform was removed after the last
trial of the acquisition period. The mice were
tested 24 hours later to assess memory con-
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solidation. The time spent in the target quad-
rant within 60 seconds was recorded. The
latency to the first target site was measured,
and the numbers of platform-site crossovers
were recorded.

Novel object recognition

The mice were exposed to 2 identical objects
for 10 minutes placed in 2 opposite corners of
the apparatus 8.5 cm from the sidewall. Ninety
minutes after the training session, the animal
explored the open field for 10 minutes in the
presence of 1 familiar and 1 novel objects.
Location preference = time exploring one of the
identical objects/time exploring the identical
object pairs x 100%. Recognition index (RIl) =
time exploring novel object/(time exploring
novel object + time exploring familiar object) x
100%.

Extracellular field recording

The extracellular field recording was done with
method of Clark et al [25]. Long-term synaptic
plasticity was induced using a multiple train
stimulus induction protocol previously shown to
elicit a compound potentiation consisting of
both NMDAR and non-NMDAR components of
LTP [26]. The non-NMDAR component of LTP
was measured utilizing the selective NMDAR
antagonist d, I-AP5 to block the NMDAR compo-
nent of LTP. Briefly, hippocampal slices were
prepared from mice 10-17 days after maze
testing. Mice were sacrificed with quick decapi-
tation, then the brain was removed and sub-
merged in ice-cold, oxygenated dissection arti-
ficial cerebrospinal fluid (ACSF) and sectioned
into 400 um thick slices. The hippocampus was
dissected free from slices obtained between
the levels of Bregma -4.0 mm to Bregma -2.4
mm. Slices were placed in a recording chamber
and perfused with oxygenated standard ACSF
for 45 min at room temperature and 45 min at
30°C. A bipolar stimulating electrode (Kopf
Instruments, Tujunga, CA, USA) was placed
within the stratum radiatum of CA1 and an
extracellular recording microelectrode (World
Precision Instruments, Sarasota, FL, USA) was
positioned in the same layer of CA1 to record
the field xxcitatory post-synaptic potentials
(FEPSPs). Synaptic responses for LTP experi-
ments were normalized by dividing all fEPSP
slope values by the average of the five respons-
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es recorded during the 5 min immediately
before high frequency stimulation (HFS). To
measure the non-NMDAR component of LTP,
the NMDAR antagonist d,I-AP5 (50 uM, Tocris
Bioscience, Minneapolis, MN, USA) was applied
before LTP measurement. LTP values for the 1
h time point were determined by averaging 5
min of normalized slope values at 55-60 min
post-HFS.

Measurement of mRNA expression by poly-
merase chain reaction (PCR)

The IL-183, IL-10, IL-6, IFNy and TNF-aa mRNA
expression were evaluated by reverse tran-
scription-polymerase chain reaction (RT-PCR)
using the kit GoTag DNA Polymerase with the
methods of Sitges et al [27]. Briefly, 1.5 pl of
cDNA (250 ng/ul) were amplified in a mixture
containing 2 pl of 5X green buffer, 0.8 ul of
MgCl, (25 mM), 0.25 pl of PCR nucleotide mix
(10 mM), 0.5 pl of the sense primer (10 pM),
0.5 i of the antisense primer (10 pM), 0.05 ul
of DNA Polymerase (5 u/ul) and 4.4 ul of sterile
Milli-Q water. The temperature cycling condi-
tions were: initial denaturation at 95°C for 5
min, followed by 34 cycles, including denatur-
ation at 94°C for 30 s, primer annealing for 45
s at 60°C, and primer extension at 72°C for 1
min. A final primer extension was performed at
72°C for 10 min after which the samples were
immediately cooled at 4°C. PCR products were
separated by 1.5% agarose gel electrophore-
sis, stained with ethidium bromide and the
resulting bands were quantified by densitome-
try using a MiniBIS Pro Gel Documentation
System (Bio-America, Miami FL, USA) and
Image) version 1.42 software (National
Institute of Health, USA). Results are expressed
as relative mRNA level expression.

Western blot

After the hippocampus in mice was collected,
the tissues were washed in ice-cold saline,
then homogenized in 4°C RIPA lysis buffer (with
1 mM PMSF) and centrifuged at 3000 g at 4°C
for 15 min. The supernatants were collected
and the protein concentration was determined
with a BCA protein assay kit (Beyotime Institute
of Biotechnology, Shanghai, China). 40 ug pro-
tein sample was loaded per lane and separated
on SDS-PAGE. The target protein (p-Akt/Akt,
p-JNK/JNK, p-ERK/ERK) were then electropho-
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Figure 1. PTZ-induced seizure impairs learning and memory in mice. Values are expressed as mean + SEM. #:

P<0.05 compared to control.

retically transferred to nitrocellulose mem-
branes. The protein blots were blocked over-
night at 4°C, followed by incubations with a
primary antibodies against p-Akt, Akt, p-JNK,
JNK, p-ERK or ERK (Santa Cruz, Dallas, USA).
Each sample was also probed with 3-actin anti-
body (Sigma-Aldrich Corp) as a loading control.
Finally, blots were washed with PBST and then
examined with the ECL plus western blotting
detection system (Amersham Life Science, UK).

Data analysis

Values were presented as mean + SEM. Stati-
stical analysis was performed using SPSS 17.0
with one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post hoc tests. P<0.05 was
considered significant.

Results

PTZ-induced seizure impairs learning and
memory in mice

The effects of PTZ-induced seizure on spatial
memory were examined using Morris water
maze test. As shown in Figure 1A, mice with
PTZ-induced seizures showed a significant defi-
cit in locating the submerged escape platform.
Figure 1B demonstrated the escape latencies
in both groups. Mice with PTZ-induced seizures
showed increased escape latencies compared
with control mice. Figure 1C quantified the
escape latencies to that in the first trail day to
get the relative escape latencies and compares
the difference. The results revealed that the
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relative escape latencies in consecutive trials
were also higher in the Seizure group. Con-
sistently, the mice with PTZ-induced seizures
had longer swimming length compared to that
of control mice, as shown in Figure 1D. In the
probe trial experiment, mice with PTZ-induced
seizures exhibited impaired memory retention
as indicated that they swam to cross over the
target site less times than control mice (Figure
1E). As shown in Figure 1F, no significant differ-
ence was observed in location preference dur-
ing the training phase, indicating that the loca-
tion of the objects does not affect the explor-
atory behavior of mice (Figure 1F). In the test-
ing phase, mice with PTZ-induced seizures dis-
played a shorter time period with RI than con-
trol mice (Figure 1G), indicating a deficit in their
memory for the familiar object.

Changes of LTP induced by seizure

The total LTP and non-NMDAR component of
LTP in control mice and mice with PTZ-induced
seizures were shown in Figure 2A and 2B and
the values were summarized in Figure 2C.
There was significant difference in total LTP
between control mice and mice with PTZ-
induced seizures (P<0.05). In the presence of
d,-AP5 (50 uM), the potentiated fEPSP slope
value was significantly reduced in control mice
and mice with PTZ-induced seizures as com-
pared with their respective total LTP values
(P<0.05, Figure 2C). In addition, the non-
NMDAR component of LTP was significantly
lower in mice with PTZ-induced seizures than in
the control mice (P<0.05, Figure 2C).
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Figure 2. Changes of LTP induced by seizure. Values are expressed as mean + SEM. #: P<0.05 compared to control.
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P<0.05 compared to control.

Changes of mRNA expression of proinflamma-
tory factors

Changes of mRNA expression of IL-1p, IL-10,
IL-6, IFNy and TNF-awere measured in the hip-
pocampus and cortex in mice. As shown in
Figure 3A, the mRNA expression of IL-103, IL-6
and TNF-«a in the hippocampus were increased
in mice with seizures (P<0.05). No difference
was observed in the mRNA expression oflL-10
or IFNy was seen in the hippocampus. As shown
in Figure 3B, No difference was observed in the
mRNA expression of IL-163, IL-10, IL-6, IFNy or
TNF-a was seen in the cortex.

Changes of LTP induced by antagonists of re-
ceptors of IL-13, IL.-6 and TNF-o

To examine the roles of IL-13, IL-6 and TNF-a in
the changes of LTP caused by PTZ-induced sei-
zures, we treated mice with antagonists of
receptors of IL-1B, IL-6 and TNF-a (anakinra,
tocilizumab and R-7050, respectively), then
examined the changes of LTP. As shown in
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Figure 4, both the total LTP and non-NMDAR
component of LTP in Seizure + anakinra mice
were increased compared with mice with PTZ-
induced seizures, while in the Seizure + tocili-
zumab or Seizure + R-7050 group, there is no
significant change in total LTP or non-NMDAR
component of LTP.

Antagonists of IL-1[3 receptor rescues deficits in
learning and memory of mice with seizures

To examine the role of IL-1B receptor in the
effects of PTZ-induced seizures in learning and
memory deficits, we measured the learning and
memory ability of mice in the presence of
antagonists of IL-1B receptor anakinra using
Morris water maze test. As shown in Figure 5A,
when treated with anakinra, mice with PTZ-
induced seizures showed decreased escape
latencies (P<0.05). Figure 5B showed that
when mice in the Seizure + anakinra group
swam to cross over the target site more times
than Seizure mice (P<0.05). As demonstrated
in Figure 5C, mice with PTZ-induced seizures
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had longer swimming length compared to that
of Seizure + anakinra group (P<0.05). In the
testing phase, mice in the Seizure + anakinra
group displayed a longer time period with RI
than mice with PTZ-induced seizures (Figure
5D), indicating a rescue in their memory for the
familiar object.
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Figure 4. Changes of LTP induced by antago-
nists of receptors of IL-1j3, IL-6 and TNF-a. Val-
ues are expressed as mean + SEM. #: P<0.05
compared to control.

Changes in Akt activation and recognition in-
dex by inhibitors of IL-1[3 receptor or PI3K/Akt
pathway

Figure 6 shows the changes of p-Akt/Akt,

p-JNK/JNK and p-ERK/ERK induced by antago-
nist of receptors of IL-1p anakinra and recogni-
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Figure 5. Antagonists of IL-13 receptor rescues deficits in learning and memory of mice with seizures. Values are
expressed as mean = SEM. #: P<0.05 compared to control; &: P<0.05 compared to Seizure.

tion index by inhibitors of PI3K/Akt pathway
(LY294002 and triciribine). Figure 6A-F show
that only the ratio of p-Akt/Akt, but not p-JNK/
JNK or p-ERK/ERK, was enhanced by seizure
(P<0.05), and then decreased by treatment of
anakinra (P<0.05). Figure 6G shows that the
decrease in the recognition index by seizure
was greatly inhibited by LY294002 and tricirib-
ine (P<0.05).

Discussion

The present study aimed to determine the alter-
ation of cognitive impairments and synaptic
plasticity in mice with seizures and the underly-
ing mechanism involving proinflammatory fac-
tors and PI3K/Akt pathway. The results demon-
strated that: (1) PTZinduced seizure impairs
learning and memory in mice, indicated by
Morris water maze test; (2) PTZ-induced seizure
decreased LTP; (3) The mRNA expression of
IL-183, IL-6 and TNF-«a in the hippocampus were
increased in mice with seizures; (4) LTP was
increased by IL-13 receptor antagonist anakin-
ra, but not inhibitors of IL-6 or TNF-a receptor;
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(5) Antagonist of IL-1 receptor rescues deficits
in learning and memory of mice with seizures
through PI3K/Akt pathway.

PTZ is a classical drug to induce experimental
seizures. In the first part of our study, we inject-
ed mice with PTZ to produce an experimental
TLE model and observe its impacts on learning
and memory ability using Morris water maze
and novel object recognition method. The
results revealed that mice with PTZ-induced
seizures had: (1) a significant deficit in locating
the submerged escape platform; (2) increased
escape latencies; (3) longer swimming length;
(4) less times to cross over the target site; (5) a
shorter time period with RI. All these results
indicated a deficit in their learning and memory.
This result is consistent with a number of previ-
ous studies. Cognitive impairment, such as
memory deficiency, is a common comorbidity of
epilepsy and is even persistent once seizures
are under control with antiepileptic medication
[28]. Kiasalari et al found that kainate (KA)
injection caused a higher severity and rate of
seizures and deteriorated learning and memory

Am J Transl Res 2016;8(10):4499-4509
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performance in passive avoidance paradigm
and spontaneous alternation as an index of
spatial recognition memory in Y-maze task [29].
Mice with an intrahippocampal injection of KA
show deficits of spatial learning and short- and
long-term memories in a hippocampus-depen-
dent large diameter pool Morris water maze
task [30]. Learning and memory were also
impaired in pilocarpine epileptic mice [31].

However, regarding the exact mechanism of
how seizure induces learning and memory loss,
there is no conclusion yet. Some studies sug-
gested that the impairment of cognitive pro-
cesses in epileptic rats is attributed to the neu-
rodegenerative processes in brain structures
including hippocampal areas [30], astrocytic
hypertrophy [32] and sprouting of new connec-
tions [33]. Some studies found that oxidative
stress played an important role in the cognitive
impairment [29]. Recent studies suggested
that the alteration of synaptic plasticity in hip-
pocampus might be another mechanism.
Gangarossa et al reported that repeated sys-
temic administration of SKF81297 induces
Kindled seizures in mice, which parallelled the
hyperactivation of the mTOR signaling in the
hippocampus and disrupted LTP in the dentate
gyrus (DG) and altered recognition memories
[34]. Isaeva et al showed in rats that early-life
seizures result in long-term alteration in the
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maintenance phase of LTP in layer IV to layer I/
Il synapses of the somatosensory cortex with-
out alteration of basal synaptic transmission,
the induction phase of LTP and short-term
depression [11]. Another study demonstrated
that LTP of the Schaffer collateral-CA1 region
was impaired in postnatal animals with kainic
acid (KA)-induced seizure [12]. Hence, in the
present study, we focused on the alteration of
synaptic plasticity. Our results showed that
PTZ-induced seizures significantly changed
both the total LTP and non-NMDAR component
of LTP, indicating the alteration of synaptic plas-
ticity in the hippocampus.

To further explore the mechanism of synaptic
plasticity alteration, we examined the mRNA
expression of pro-inflammatory factors (IL-1[,
IL-10, IL-6, IFNy and TNF-«) in the hippocampus
and cortex. The mRNA expression of IL-1j, IL-6
and TNF-a in the hippocampus were increased
by seizures, while no change of them was seen
in the cortex. Next, we treated mice with antag-
onists of receptors of IL-1B, IL-6 and TNF-a
(@anakinra, tocilizumab and R-7050, respective-
ly), then observed the changes of LTP. The
results showed that both the total LTP and non-
NMDAR component of LTP was changed by
anakinra, but not by tocilizumab and R-7050.
These findings suggest that the increase of pro-
inflammatory factors IL-1f3 in the hippocampus
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is responsible for the synaptic plasticity altera-
tion. Furthermore, we treated mice with anakin-
ra, then measured the learning and memory
ability of mice. It turned out that mice treated
with anakinra had: (1) decreased escape laten-
cies; (2) shorter swimming length; (3) more
times to cross over the target site; (4) a longer
time period with RI. Both TNF-a and IL-13 have
been shown to alter synaptic scaling and to
inhibit LTP in the hippocampus when induced
by specific high-frequency stimulation. Exogen-
ous TNF-a attenuated LTP induced by theta
burst stimulation [16], and anti-interleukin-13
antibody prevents the occurrence of repeated
restraint stress-induced alterations in synaptic
transmission and LTP in the rat frontal cortex
[17]. But in the present study, it shows only
IL-1B participates in the LTP alteration. IL-13 is
an inflammatory cytokine whose expression is
elevated in brain during seizures. It has been
shown that the antagonists of IL-1B receptor
could inhibit the impairment of learning and
memory by seizures, indicating the role of IL-13
in the procedure. Transient increase of IL-1(3
after prolonged febrile seizures promoted adult
seizure susceptibility, in which the postnatal
IL-1B/IL-1R1 pathway was involved [15]. More-
over, a study of Vezzani et al indicated that the
IL-AR/TLR signaling mediated the changes in
voltage- and ligand-gated ion channels and syn-
aptic plasticity [18]. Similarly, Serou’s study
suggested that following injury, synaptic plas-
ticity changes may be affected by IL-1p3-PAF-
COX-2 neuronal signaling [19]. All these results
revealed the important role of IL-1f3 in the LTP
alteration by seizures.

To further explore the underlying mechanism of
IL-1B’s action, we tried to measure the involve-
ment of PISK/Akt pathway. We measured the
expression of p-Akt/Akt, p-JNK/JNK and p-ERK/
ERK in the presence of antagonist of IL-13
receptor anakinra. It was demonstrated that
only the ratio of p-Akt/Akt, but not p-JNK/JNK
or p-ERK/ERK, was enhanced by seizure, and
then decreased by treatment of anakinra.
Finally, we examined the changes in recognition
index when mice were treated with inhibitors of
PI3K/Akt pathway (LY294002 and triciribine).
The results revealed a significant increase in
the recognition index by LY294002 and tricirib-
ine, indicating the involvement of PI3K/Akt
pathway in the alteration of synaptic plasticity
and learning and memory ability impairment. It
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has been reported that the activation of PI3K/
Akt pathway altered cognitive functions and
synaptic plasticity in streptozotocin-induced
sporadic Alzheimer’s model [21]. Another study
showed that lixisenatide, can prevent AB-rela-
ted impairments in synaptic plasticity and spa-
tial memory of rats by affecting the PI3K-Akt-
GSK3p pathway [35]. GSK3[3, a multifunctional
serine/threonine (ser/thr) kinase that is origi-
nally identified as a regulator of glycogen
metabolism, is highly enriched in the brain,
where it has been implicated in several CNS
dysfunctions, including synaptic plasticity and
spatial memory [36-38]. The result that the
ratio of p-Akt/Akt was enhanced by seizure and
then decreased by treatment of IL-1(3 receptor
antagonist anakinra indicates the manipulation
of IL-1B on PI3K/Akt pathway. Previous studies
have shown that IL-13 may activate the PI3K/
Akt pathway under certain circumstance. For
instance, the inflammatory response induced
by IL-1B promotes seizures and mediated the
pathogenesis of temporal lobe epilepsy via the
PI3K/Akt/mTOR signaling pathway [22]. Yang et
al reported that IL-13 activated phosphoryla-
tion of Akt and upregulated human endothelial
progenitor cells (EPCs) functions, indicating
the role of PIBK/Akt signaling pathway in the
regulation of EPCs functions induced by IL-13
[39]. IL-1B could also induce PI3K and nuclear
factor kB signaling pathways in human teno-
cytes, which can be inhibited by resveratrol, an
activator of histone deacetylase Sirt-1 [40].
Taken together, these results indicate that it is
very likely the IL-1B induced by PTZ-induced
seizures may impair the synaptic plasticity
alteration in hippocampus as well as learning
and memory ability by PI3K/Akt signaling path-
way. Further studies should be done to explore
the detailed mechanism and the strategy to
prevent seizure-induced learning and memory
ability loss.
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