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Abstract
Purpose—Temporal lobe epilepsy is associated with the inflammatory process related to the
basic mechanisms that lead to seizure susceptibility and brain damage. Platelet-activating factor
(PAF), a potent, short-lived phospholipid mediator of inflammation participates in physiological
signaling in the brain. However, after seizures PAF accumulates in the brain and activates
intracellular signaling related with inflammation-mediated excitotoxicity and hippocampal
hyperexcitability. The objective of this study is to evaluate the effect of PAF antagonism on
hippocampal hyperexcitability, seizure susceptibility and neuroprotection using the kindling
paradigm and pilocarpine-induced seizure damage models.

Methods—The PAF antagonist, LAU-0901 (60 mg/kg, i.p.), or vehicle was administrated each
day of kindling or daily during the four weeks after status epilepticus (SE). We analyzed seizure
severity, electrical activity, cellular damage and inflammation in the hippocampi of both treated
groups.

Results—LAU-0901 limits the progression of kindling and attenuates seizure susceptibility one
week after the kindling procedure. Also, under the seizure-damage conditions studied here, we
observed that LAU-0901 induces hippocampal neuroprotection and limits somatostatin
interneuronal cell loss and inflammation.

Discussion—Our results indicate that modulation of PAF over-activity attenuates seizure
susceptibility, hippocampal hyperexcitability and neuroinflammation.
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Introduction
A sustained inflammatory process is involved in temporal lobe epilepsy (TLE) (Aronica et
al., 2010; Crespel et al., 2002; Ravizza et al., 2008). Seizures induced by experimental
epilepsy activate glia and microglia (Avignone et al., 2008; Khurgel and Ivy, 1996) that up-
regulate transcriptional factors and increase the production of cytokines (Vezzani, 2008) and
lipid mediators (Bazan, 2006, 2007). These mediators orchestrate a prominent inflammatory
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response that initiates and propagates an epileptic response (Plata-Salamán et al., 2000;
Vezzani and Granata, 2005), which contributes to hippocampal hyperexcitability (Rodgers
et al., 2009) and seizure-related brain damage such as neuronal death, gliosis and aberrant
plasticity (Cavalheiro et al., 2006).

PAF is a potent, short-lived, phospholipid mediator of inflammation that accumulates in the
synaptic cleft (Marcheselli et al., 1990), potentiates glutamate action, participates in long-
term potentiation (LTP) and hippocampal plasticity, and enhances inflammatory signaling
(Koltai et al., 1991). PAF exerts its actions through a seven-transmembrane G-protein linked
receptor (PAF-r) (Izumi et al., 1995), which activates intracellular calcium changes and
increases early gene expression and neuronal cell death (Bazan, 2006; Kato et al., 1994).

Therefore, we speculated that over-activated PAF-r (through PAF accumulation) was
involved in TLE pathogenesis. We show here that limiting PAF-r activation attenuated
progression from partial to generalized seizures, which resulted in modulation of
hippocampal hyperexcitabilty through high-frequency oscillatory activity and promotion of
neuroprotection.

Methods
Animals

Studies were performed on C57BL/6 adult male mice and adult Male Wistar rats (20-25 g
and 175-200 g, respectively; Charles River Labs, Wilmington, MA). Animals were housed
individually within a temperature- and light-controlled vivarium (12-h light/dark cycle) and
given access to food and water ad libitum according to National Institutes of Health
guidelines. The Institutional Animal Care and Use Committee at the Louisiana State
University Health Sciences Center, New Orleans, approved all protocols for the animals
used in these studies.

Kindling procedure in mice and hippocampal electrographic analysis
Bipolar electrode units for electrical stimulation and hippocampal electrographic (HEG)
recordings (Plastic One Inc., Roanoke, VA) were implanted in the dorsal right hippocampus
(coordinates: 2.3 mm caudal to bregma; 1.75 mm lateral to midline; 2.00 mm ventral to
dura), and a ground wire was placed on the occipital bone. The electrodes and ground wire
were fixed to the skull with acrylic cement guided by stereotaxis. For the implantation
procedure, animals were kept under anesthesia induced by intraperitoneal (i.p.) injection of a
mixture of ketamine (200 mg/kg) and xylazine (10 mg/kg) (Vedco Inc., Saint Joseph, MO).

Seven days after surgery, kindling acquisition was achieved by stimulating the dorsal
hippocampus with sub-convulsive electrical stimulations (10-s train containing 50-Hz
biphasic pulses of 100-μA amplitude) six times daily for four days at 30-min intervals. The
setup for this stimulation was based on previous results obtained by progressive increases in
intensity to acquire an afterdischarge (AD) in adult C57BL/6 mice. All electrical
stimulations were performed sequentially with a 10-second delay in groups of up to eight
animals placed in individual Plexiglas boxes. Animals that displayed signs of electrode
movement during stimulations, such as bleeding around the acrylic cement or excessive
noise from the signal, were excluded from the study.

As shown in previous studies, animals that reach stage 3-5 (Racine’s Score) and obtain an
AD duration of more than 25 seconds maintain a similar score and duration at least one
week after subconvulsive hippocampal stimulation (Tu and Bazan, 2003; Musto et al.,
2009). Therefore, in our studies, groups treated with the PAF antagonist, LAU-0901 (2,4,6-
Trimethyl-1,4-dihydro-pyridine-3,5-dicarboxylic acid ester), or vehicle (2-hydroxypropyl-β-
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cyclodextrin,1.4mg/kg, ip, Sigma H107) received sub-convulsive electrical stimulations one
week after kindling. The behavioral responses were scored by an investigator blinded to the
number of stimulations according to a modified Racine’s Score (Racine, 1972) (1 = standing
still or wet dog shaking; 2 = head nodding or jerking; 3 = forelimb myoclonus; 4 = rearing; 5
= falling; 6 = burst of rapid locomotion with or without jumping; 7 = prolonged violent
locomotion with repeated jumping). HEG recordings were made during each AD throughout
the kindling procedure and one week after using Enhanced Graphics Acquisition for
Analysis (Version 3.63, RS Electronics Inc., Santa Barbara, CA). The signal was amplified
1000 times, filtered from 0.5 to 40 Hz (3dB/octave) (Med Associates, St. Albans, VT), and
digitized at a sampling rate of 200 Hz. AD duration and different morphologic components
of each AD, such as spikes, sharp waves, and poly-spike waves, were analyzed using
Neuroexplorer software (Next Technology, Littleton, MA). The number of spikes was
analyzed as follows: 1) the raw signal was visualized offline in a time/μV window using
Sort Client program (Rasputin software, Plexon Inc., Dallas TX); 2) before stimulation, a
line was set up above the signals as a baseline threshold of amplitude; and 3) the number of
spikes above the threshold were automatically quantified, selecting for peak and timestamp
function.

Also band frequencies for theta (4-8 Hz), beta (13-20 Hz) and gamma (21-40 Hz) were
analyzed. Signal values were multiplied by the coefficients of the Hann window, and
discrete fast Fourier transformation of the results were calculated using previously defined
formulas (Press et al., 1992). Power spectrum was normalized from raw power spectral
densities and represented the sum of all the spectrum values equal to the mean squared of
the signal (Neuroexplorer, Next Technology, Littleton, MA).

Status epilepticus induction, behavioral and electrographic monitoring of spontaneous
seizure occurrence

One week prior to status epilepticus (SE) induction, rats were anesthetized with ketamine
hydrochloride and xylazine (50-80 mg/kg + 5-10 mg/kg, i.p.). Bipolar electrode units were
placed into the right dorsal hippocampus (AP: −3 mm, L: 3 mm, DV: 3 mm below dura) and
a ground wire was attached to screws placed into the occipital bone for detecting HEG
activity. The rats were allowed to recover for 7 days before SE induction. Protocol for SE
induction was adapted from the pilocarpine model of temporal lobe epilepsy (André et al.,
2001; Dinocourt et al., 2003; Mello and Covolan, 1996). Thirty min prior to SE induction,
methyl scopolamine nitrate (1 mg/kg; i.p.) and saline (5 ml; i.p.) were administered to
prevent the peripheral muscarinic and dehydrating effects of pilocarpine, respectively. An
initial loading dose of pilocarpine (280 mg/kg; i.p.) was administered and behaviors were
closely monitored using a modified Racine’s Score (Racine, 1972). An animal was
considered to be in SE once it had continuous seizure activity of stage 3 or higher.
Additional doses of pilocarpine were given to animals that did not display continuous
convulsive seizure activity within 40 min of the initial loading dose of pilocarpine. The total
amount of pilocarpine administered did not exceed 560 mg/kg.

Once sustained convulsive-status epilepticus began, seizure activity was continuously
monitored for 150 min and then stopped with a single dose of diazepam (10 mg/kg).
Although the diazepam did not stop SE completely, it did facilitate the recovery period,
improve survival rate, and reduce systemic stress. After SE, animal behavior in the
LAU-0901- and vehicle-treated groups was monitored daily by continuous video recordings
between 8:00 a.m. and 5:00 p.m. using a digital camera (JVC, HD Everio). Groups of
LAU-0901- and vehicle-treated rats were monitored simultaneously. Racine’s Score
(Racine, 1972) was used for rating the severity of spontaneous seizures observed in the
recorded video sessions. The modal value (the seizure severity stage that occurred most
often) was used for each rat (Polascheck et al., 2010). The total number of spontaneous
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seizures (stage 4-5) per day for each treated rat was determined, and the animals that
presented two or more unprovoked spontaneous seizures 24 h apart were considered
epileptic (Brooks-Kayal et al., 1998). Latency of spontaneous seizures was represented in
days, beginning from day 1 after SE induction to the day of occurrence of the first
spontaneous seizure (stage 4-5). The numbers were calculated using product-limit, survival-
fit, log-rank Wilcoxon tests and plotted using a logarithmic scale (JMP, Version 8). At 35-36
days after SE, both treated groups were randomly selected for HEG analysis. A total of 1.6 h
of HEG signals was recorded. The number of spikes was analyzed with the same data
acquisition and signal analysis equipment used for the kindling experiments.

Novel PAF-receptor antagonist LAU-0901 administration
Animals were randomly assigned for treatment with the PAF antagonist, LAU-0901, or
vehicle. Dosage response studies (data not shown) indicated that 60 mg/kg (i.p.) of
LAU-0901 attenuates kindling. Also, previous experiments in rodents demonstrated that
LAU-0901 crosses the blood brain barrier, has a physiological effect in the brain up to 6 h
after injection (i.p.), and has no apparent adverse effects (Belayev et al., 2008). LAU-0901
(60 mg/kg, i.p.) or vehicle was given immediately before the first stimulation on each day of
kindling acquisition or daily for four weeks after status epilepticus.

Histology
Five weeks post-SE, animals were deeply anesthetized with ketamine hydrochloride and
xylazine (50-80 mg/kg + 5-10 mg/kg; i.p.) and transcardially perfused with 4%
paraformaldehyde. Samples were cryoprotected thereafter in 30% sucrose. For sectioning,
brains were treated overnight with 20% glycerol and 2% dimethylsulfooxide to prevent
freeze-artifacts. Multiple brains (n=8) were embedded in a gelatin matrix using
MultiBrain™ Technology (Neuroscience Associates, Knoxville, TN). Therefore, since all
histology techniques were conducted in a like manner, this resulted in all brains having the
same level of coronal sectioning, thickness, interval sectioning, and a consequent uniform
distribution of staining solutions. This procedure reduced variability in total profile
estimation (see Imaging Analysis below) in order to attribute an equal opportunity rule for
each sample and reduce unbiased estimation (Coggeshall and Lekan, 1996). After curing,
brain blocks were rapidly frozen by immersion in isopentane, chilled up to −70°C with
crushed dry ice, and mounted on a freezing stage of a microtome. The MultiBrain block was
sectioned coronally (40 μm), and all sections were collected sequentially into 4×6 containers
with Antigen Preserve solution (50% PBS pH 7.0, 49% ethylene glycol, 1% polyvinyl
pyrrolidone). Sections were stored at −20°C until staining. For Nissl staining, sections were
dehydrated using alcohol prior to defatting in a chloroform/ether/alcohol solution. The slides
were then rehydrated and stained in 0.05% thionine/0.08M acetate buffer (pH 4.5).
Following deionized water rinses, the slides were differentiated in 95% alcohol/acetic acid
and dehydrated in a standard alcohol series, cleared in xylene, and then coverslipped.
Sections for Fluoro-Jade C (FJC) staining were mounted onto gelatinized slides and air
dried. After pre-wetting with 95% EtOH, slides underwent the following immersions/rinses:
1% NaOH in 50% EtOH (5 min), 70% EtOH (3 min), deionized water (2 min), 0.06%
potassium permanganate (10 min), deionized water (2 min), FJC (0.0001%; 10 min), three
brief rinses with deionized water, and then were cleared in xylene. Immunohistochemistry
staining was completed in free-floating sections. Following the blocking serum, Tris
buffered saline (TBS) with Triton X100 (TX) was added to all incubation solutions and
rinses were performed with TBS. After hydrogen peroxide treatment and serum blocking,
sections were immunostained overnight at room temperature with the appropriate primary
antibody: somatostatin (SOM, 1:15,000; Peninsula Labs), and Iba-1 (1;15000, Wako).
Following rinses, the appropriate biotinylated secondary antibody was applied. To visualize
the location of the primary antibody binding site, an avidin-biotin-HRP complex was applied
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(Vectastain Elite ABC kit; Vector, Burlingame, CA). After rinses, the sections were treated
with diaminobenzidine (DAB) and hydrogen peroxide to create a visible reaction product.
The sections were then mounted, air-dried, dehydrated in alcohol, cleared in xylene, and
coverslipped.

Imaging analysis
For quantification of FJC and SOM cell profiles, approximately 324 coded, non-overlapping
images [6 sections × 2 dorsal hippocampus × 3 region (CA1, CA3 and hilus) × 4 rats × 4
treatments (naïve, vehicle and LAU-0901)] were captured using bright microscopy or a
fluorescent filter by trained personnel blinded to the treatments. Images were recorded using
an Axioplan 2 microscope coupled with an Axiocam and Axiovision software (Carl Zeiss
Inc., Thornwood, NY). A pilot study using immunostained samples from naïve rats
contributed to effective verification of the incorporation of each hippocampal region, thus
increasing the probability of identifying interneuronal soma (Dinocourt et al., 2003; Petilla
Interneuron Nomenclature Group et al., 2008). Sections where electrodes were displaced
were not included in the data analysis. Cell body profiles and immunopositive or
immunoflourescent positive stains in each picture were tagged and counted by personnel
blinded to the staining and treatment. The total profile number was Σ for each hippocampal
region from all observed sections. Semi-quantitative measurement of microglia reactivity
was conducted according to established procedures (Blackbeard et al., 2007; Colburn et al.,
1997). The scores were characterized as follows: Score 1 – isolated microglia cell bodies
containing many small, thin ramifications are spread throughout; Score 2 – some microglia
cell bodies overlap, and cell bodies and ramifications are wider than those of Score 1; Score
3 – extensive ramifications and overlap among microglia cell bodies are observed, and cell
bodies and ramifications are wider than those of Scores 2 and 1.

Estimation of hippocampal damage was conducted using a semi quantitative grading system
modified from Chen et al. (2004). The system scores were characterized as follows: Score 1
- normal pyramidal morphology and cellular arrangement in parallel lines; Score 2 -
shrinkage of some pyramidal cells, few separation between cellular lines; Score 3 -
shrinkage of pyramidal cells in 50% of the area, increased separation among lines of cells,
and partial disruption of linear formation; Score 4 - extensive shrinkage of pyramidal cells,
separation of lines of cells in 70% of the area, and total disruption of linear formation; Score
5 - loss of pyramidal cells, shrinkage of pyramidal cells, and complete extensive separation
of cells. Trained laboratory personnel conducted the quantification in a blind fashion.

Pictures were taken (40X magnification field) of CA1, CA3 and hilus samples from dorsal
hippocampi of randomly treated rats. The total hippocampal score was determined from the
Σ of each hippocampal region score from the hippocampus of each animal.

Prostaglandin E2 and PAF measurements
To rapidly inactivate brain enzymes, head-focused, high-powered microwave irradiation (10
KW, 400 V, 750 msec) was applied after anesthesia induced by isofluorane, followed by
rapid immersion of the mouse head in ice water. The brain regions were dissected and
homogenized in 5 volumes of cold chloroform:methanol (1:1). Protein precipitates were
separated by centrifugation at 3000 rpm for 5 min at 4°C. Solvent extracts were collected
and kept under nitrogen at −80°C until purification for solid-phase extraction. Extracts were
pre-equilibrated at pH 3.0 in 10% methanol/water, loaded to 500 mg C18 columns (Varian),
and then eluted with 1% methanol/ethyl acetate. Eluates were concentrated on an N2 stream
evaporator. Samples were loaded to a liquid chromatograph-tandem mass spectrometer (LC-
MS-MS; LC-TSQ Quantum, Thermo-Finnigan) installed with a Biobasic-AX column
(Thermo-Hypersil-Keystone) (100 mm × 2.1 mm, 5-μm particle sizes). Samples were eluted
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in a linear gradient [100% solution A (40:60:0.01 methanol/water/acetic acid pH 4.5) to
100% solution B (99.99:0.01 methanol/acetic acid)] at a flow rate of 300 μl/min for 30 min.
LC effluents were diverted to an electrospray-ionization probe (ESI) on a TSQ Quantum
(Thermo-Finnigan) triple quadrupole mass spectrometer (Marcheselli et al., 2003); lipid
standards (Cayman Chem., Ann Arbor, MI) were used for tuning, optimization, and
calibration curves. The instruments were set on full-scale mode to detect parent ions and
also were set to selected-reaction mode (SRM) for quantitative analysis to detect product
ions simultaneously. The selected parent/product ions (m/z) and collision energy (v)
obtained on negative ion detection mode were 351.1/333.1/16 for prostaglandin E2 (PGE2)
and 370.0/171.3/2 for PAF.

Statistical analysis
Data were averaged and expressed as means ± S.E.M. and accompanied by the number of
observations. Data comparison between LAU-0901- and vehicle-treated groups was
performed using the Student’s t test using SAS system programs and procedures (Statistical
Analysis System, SAS Institute, Cary NC). The probability level interpreted as statistically
significant was P<0.05.

Results
When administered systemically to mice during kindling acquisition, the novel potent PAF
antagonist, LAU-0901, limited progression of locomotor seizures and reduced evoked
hippocampal electrical activity. The number of spikes was reduced by day 4 of kindling, and
attenuation of the evoked seizure responses occurred one week after kindling acquisition
(Fig. 1A and B). Although a trend of reduced AD duration was observed in LAU-0901-
treated mice during kindling, significant differences were noted one week after kindling
acquisition (rekindling, RK) (Fig. 1C). The AD morphology of LAU-0901-treated mice was
associated with a reduced number of spikes as well as suppression of the initial high
amplitude for spikes and subsequent synchronized poly-spike complex (Fig. 1D). Previous
studies indicate that different frequency bands participate in kindling (Musto et al., 2009).
Here, we observed that LAU-0901-treated mice experienced a significant reduction in
gamma and beta bands within each AD at day 4 and in the gamma band one week after
kindling acquisition (Fig. 1E-G).

Some features associated with temporal lobe epilepsy are present following pilocarpine-
induced status epilepticus, including neuronal loss in the hippocampal CA1 and hilus
regions (Cavalherio, 2006, Turski et al., 1989). Neuronal and interneuronal damage have
been detected as early as 24 h after SE and were still observed up to 3 months later (André et
al., 2001; Dinocourt et al., 2003). Here, hippocampal damage was attenuated when
LAU-0901 was injected (60 mg/kg, i.p.) daily for 4 weeks after SE, as indicated by Nissl
(Fig. 2A and B) and silver staining (Fig. 2C, D, and G). The CA1 and CA3 regions from
LAU-0901-treated rats presented less picnotic cells and more lines of cellular organization,
as compared with the vehicle-treated group. Hippocampal sections from LAU-0901-treated
rats showed lower numbers of positive FJC cells in the CA1, CA3 and hilus regions
compared to sections from vehicle-treated rats (Fig. 2F and G, box). Also, LAU-0901 rats
contained lower silver granule profiles in the CA1, CA3 and hilus regions (Fig. 2D and E).
Moreover, the loss of SOM interneuronal cells in the SE-induced rats (Dinocourt et al.,
2003) was lower in the LAU-0901-treated rats (Fig. 3A and B). It has been shown that
seizures induced by kindling trigger inflammatory responses involving cyclooxygenase
(COX)-2 up-regulation in neuronal cells (Tu and Bazan, 2003). Also, the presence of FJC-
positive degenerating neurons is associated with interleukin (IL)-1β, nuclear factor kappa B
(NF-κB), and COX-2 protein expression during status epilepticus (Voutsinos-Porche et al.,
2004). Our results also show that kindling induced PAF and PGE2 accumulation in the
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hippocampus (Fig. 4A). In addition, our studies show that inflammatory responses resulting
from pilocarpine-induced SE were attenuated by PAF antagonism. Animals treated with
LAU-0901 displayed a marked reduction of activated microglia cells in the CA1 and CA3
hippocampal regions (Fig. 4B and C).

Spontaneous seizures were observed in LAU-0901- and vehicle-treated rats, respectively.
LAU-0901 treatment did not reduce seizure frequency, but there was a trend toward
increased latency (Fig. 5A and B). Since the CA1 hippocampal region presents
hyperexcitability after pilocarpine-induced SE (El-Hassar et al., 2007), we decided to
explore whether or not PAF antagonism following SE would have an effect on spontaneous
electrical activity in the CA1 region after five weeks. Hippocampal electrographical activity
was monitored in vivo for LAU-0901- and vehicle-treated rats. During the recording
session, no spontaneous seizures (stage 4-5) were observed in either of the treated groups.
LAU-0901-treated rats presented lower hippocampal epileptiform electrical activity (as
represented by the number of spikes) compared to vehicle-treated rats (Fig. 5C).

Discussion
The rapid kindling model represents an experimental approach for understanding the basic
mechanism/s that contribute to the evolution of partial complex to generalized seizures from
a single epileptic focus in the hippocampus (Morimoto et al., 2004; Musto et al., 2009). Like
other experimental in vivo models of epilepsy (Morimoto et al., 2004), this model can also
determine the progression of the electrical discharge associated with the cellular
reorganization and signal transduction pathways that promote a permanent state of seizure
susceptibility.

Kindling is a complex phenomenon where repeated induction of focal seizure discharges
produce a progressive and permanent increase in epileptic activity in response to the
inducing agent (which is usually an electrical stimulation targeting a specific area of the
brain) (Goddard et al., 1969). This often results in neuronal damage and spontaneous
seizures, depending of the number of stimulations (Morimoto et al., 2004). In our
experiments, we used a rapid kindling protocol (Lothman et al., 1985; Sankar et al., 2010)
that permits the study of LAU-0901’s effect more rapidly than traditional kindling models.
This protocol also provided information that correlates with studies related with early
molecular and cellular changes in the long-term circuitry rearrangement seen in chronic
TLE. Therefore, PAF-receptor signaling activation may participate in early gene activation
(Akjama et al., 2008; Cole et al., 2006; Christensen et al., 2010; Tu and Bazan, 2003). Some
secondary messengers display similar up-regulation after pilocarpine-induced SE (Okamoto
et al., 2010). Although the half-life of LAU-0901 has not yet been determined, we estimate
that its bioactivity period is more than 2 h, according to previous observations in
experimental stroke (Belayev et al., 2009). Therefore, the actions of LAU-0901 in this
protocol suggest that this drug interferes with establishment of the kindling state and the
anti-epileptogenetic effects of LAU-0901 would require further experimental studies.

Using LAU-0901 during kindling acquisition, we showed that PAF antagonism limits
progression from partial complex to generalized seizures and limits the permanent state of
hippocampal seizure susceptibility in mice (Musto et al., 2009). Although LAU-0901 affects
AD duration, initial responses after stimulations performed on days 1 (Fig. 1A-C), 2 and 3
(data not shown) showed no statistical differences. PAF is virtually undetectable in the
brain, but it accumulates there in slightly greater amounts after seizures induced by kindling
(Fig. 3A). These observations suggest that PAF activation might participate in a mechanism
required for the hippocampal threshold of seizure susceptibility or that PAF activation may
mediate the seizure propagation mechanism. PAF’s action in the brain is mediated through
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its interaction with distinct binding sites present in presynaptic and intracellular membranes
(Marcheselli et al., 1990), suggesting that its role could mediate synaptic activity (Chen et
al., 2001) through COX-2/PGE2 pathways (Oliveira et al., 2008; Takemiya et al., 2003; Tu
and Bazan, 2003). Also, we observed that LAU-0901 attenuates spontaneous spikes in the
CA1 region following SE (Fig. 5C). We propose that a permanent state of PAF signaling
activation might promote initiation of epileptiform activity; however, the mechanism behind
this is not clear yet. Damage to the CA1 region after epileptic seizures is associated with
decreased inhibitory input to the CA1 region, which contributes to excitability in vivo due to
selective loss of GABA-ergic interneurons and decreased expression of postsynaptic GABA
(A) receptor function (Gibbs et al., 1997; Kapur and Lothman, 1989; Kapur and Coulter,
1995; Titulaer et al., 1995). This could lead to the development of a recurrent state of
hyperexcitability after SE (Wu and Leung., 2003). Moreover, bursting neurons drive the
entire CA1 network into interictal-like population bursts (Sanabria et al., 2001). Therefore, it
is likely that the early emergence of intrinsic bursters, perhaps in conjunction with reduced
GABA-ergic inhibition (Dudek et al., 2002), fosters the appearance of interictal HEG
recorded spikes during the early stages of epileptogenesis (Stewart and Leung, 2003). These
spikes could be correlated with spontaneous seizures (Racine’s Score 1-2) within the week
following SE (Goffin et al., 2007). Since PAF inhibits inotropic GABA receptor activity in
neurons, LAU-0901 could prevent the imbalance of inotropic GABA after SE. Another
explanation is that an inhibitory cellular mechanism might participate in epileptiform
activity. The SE-induced loss of SOM and other types of interneurons in the hilar region of
the hippocampus leads to the loss of 1) dendritic inhibition, and 2) control of the action-
potential generation of pyramidal neurons (Dinocourt et al., 2003). We observed that
LAU-0901 limits cell loss of SOM-positive cells in the CA1 region (Fig. 3). Taken together,
this indicates that these events may be directly related to hyperexcitability. However, these
events may not be necessary for spontaneous seizure and therefore may not be directly
involved in epileptogenesis (Polascheck et al., 2010).

The neuroprotective mechanism provided by PAF antagonism after brain injury is currently
unknown (Belayev et al., 2009). However, there is evidence that PAF activates intracellular
signaling related to neuronal damage: for example, 1) PAF accumulation activates the fos/
jun/AP-1 transcriptional signaling system (Squinto et al., 1989), suggesting a role for PAF in
the genomic response activated in seizures; and 2) PAF is activated during c-Jun N-terminal
kinase (JNK) and p38 activity (Mukherjee et al., 1999). The effects of PAF have been
successfully blocked by different antagonists (Marcheselli et al., 1990). We suggest that
PAF antagonism mediates neuroprotective mechanism/s on this specific interneuronal cell.
PAF-r abundance in damage-prone cells (like interneurons) will need to be explored in
future studies.

Our studies point to activated microglia or gliosis as the source of inflammatory molecules
in experimental epilepsy (Ravizza et al., 2008; Vezzani et al., 2002) including PAF (Teather
and Wurtman, 2003). Lipopolysaccharide (LPS)-induced inflammatory processes stimulate
PGE2 production, which enhances seizure severity (Sayyah et al., 2003). Also, COX-2,
mRNA, and protein levels increase during seizures (Tu and Bazan, 2003).
Neuroinflammation increases spike-wave discharges, which are blocked by indomethacin (a
prostaglandin synthesis inhibitor), suggesting that spike-wave discharges involve COX-2
induction and subsequent synthesis and action of PGE2 (Kovacs et al., 2006). In a previous
study, animals that underwent kindling-induced seizures exhibited a significant up-
regulation of IL-1β, IL-1RI, tumor necrosis factor (TNF)-α and transforming growth factor
(TGF)-β1 mRNAs in the amygdala, hippocampus, and all three cortical brain regions two
hours after seizure induction; however, this up-regulation was not observed three weeks
after seizures occurred (Plata-Salaman et al., 2000). This suggests that cytokines might play
a role in seizure induction or susceptibility. Cytokine administration induces prolonged
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epileptiform discharges, which display a decrease in power in the delta band, an increase in
theta and alpha activity, and a marked increase in power in the beta and gamma bands
(Shandra et al., 2002). Increased cytokine production has a negative correlation with SOM
interneuronal survival (Gavilan et al., 2007). However intra-amygdaloid administration of
PGD2, PGE2 and PGF2a has no effect on seizures (Croucher et al., 1991), suggesting that
other factors may participate in seizure and brain hyperexcitability. Also, our studies suggest
that LAU-0901 may protect the integrity of the blood brain barrier after SE (Marcon et al.,
2009) or attenuate peripheral inflammation (Marchi et al., 2009).

In summary, we report here that PAF-r antagonism attenuates neuronal damage,
hyperexcitability, neuroinflammation, and epileptiform activity mechanism/s in an animal
model of seizures. We also show here that PAF-r antagonism modulates the neuronal
network, thus making it less susceptible to seizure initiation and propagation (Fig. 6).
Overall, our studies show that the neuroprotective effect of LAU-0901 is related with
mechanisms independent to those that mediate spontaneous seizures.
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Figure 1. LAU-0901 limits kindling epileptogenesis
(A) LAU-0901 attenuates evoked seizure responses induced by kindling procedure
compared with vehicle-treated mice (Racine’s Score). This difference is accentuated when
mice are stimulated one week after (rekindling, RK). (B) Number of evoked spikes from
each afterdischarge (AD) during kindling and one week after. LAU-0901-treated mice show
less evoked spikes associated with short AD duration (C) than vehicle-treated mice at day 4
and RK. (D) Representative hippocampal AD from vehicle and LAU-0901-treated mice at
day 4 of kindling. Note the initial high amplitude spikes, observed in vehicle, and the poly-
spike profile (dashed box) are abolished and reduced respectively in LAU-0901-treated
mice. (E, F) Representative power spectral densities (PSD) in the frequency domain,
measured in Hz, at day 4 and RK from treated groups, respectively. LAU-0901 attenuates
gamma and delta band frequencies in mice at day 4 and at RK, especially in the specific
bands indicated in the inset graphics. (G) Representative spectrogram of AD at day 4 of
kindling procedure from LAU-0901- and vehicle-treated mice; + = stimulation. Note that
LAU-0901 reduces duration and frequencies above 35 Hz. Values represent averages and ±
S.E.M; * = p< 0.0001; ** = p<0.05.
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Figure 2. LAU-0901 limits hippocampal cell damage resulting from status epilepticus
(A) Representative coronal sections of CA1 and CA3 hippocampal regions (Nissl staining,
40X) showing that LAU-0901 attenuates loss of structural organization in CA1 and CA3
observed vehicle-treated animals (box). (B) LAU-0901 reduces hippocampal damage
compared with vehicle. (C) Coronal section of brain from representative control (naïve rat),
vehicle, and LAU-0901-treated rats. LAU-0901 attenuates the degenerative process in
hippocampi, compared with the strong staining (arrows) observed in hippocampi from
vehicle-treated rats. (D, E) Representative hippocampal region of LAU-0901-treated rats
showing lower dark neurons and granule density (D) in all hippocampal regions compared
with vehicle-treated rats (20X). (F) Representative coronal section of CA1, CA3 and DG
region of hippocampus from vehicle- and LAU-0901-treated rats using Fluoro-Jade C (FJC).
Note that LAU-0901 reduces positive cells in hippocampal regions. (G) LAU-0901 limits
the degeneration of neurons in the hippocampus after status epilepticus (SE) compared with
vehicle (20X). Values represent averages and ± S.E.M., * = p<0.05.
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Figure 3. LAU-0901 limits somatostatin interneuronal loss in the hippocampus after status
epilepticus
(A) Representative coronal sections of CA1 and hilus showing somatostatin (SOM) IR cell
profiles (arrows) from vehicle- and LAU-0901-treated rats under high magnification (40X).
Note that LAU-0901 presents more IR cell profiles than vehicle. (B) Quantification of IR
cell profiles showing that LAU-0901 limits SOM IR cell loss as a consequence of SE as
compared to vehicle. Note that LAU-0901 significantly limits SOM cell profile loss in CA1,
which reveals a trend in the hilus. Values represent averages and ± S.E.M., *=p<0.05.
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Figure 4. LAU-0901 attenuates hippocampal cellular inflammation resulting from status
epilepticus
(A) PAF and PGE2 increase in hippocampi after seizures (stage 5) evoked by kindling,
compared with mice with an electrode implanted in hippocampus that was not stimulated.
(B) Representative coronal section of CA1 and CA3 from vehicle- and LAU-0901-treated
rats after SE. Note that LAU-0901 reduces microglia ramification and number and cells in
both regions. (C) Microglia activation (IbA-1) is attenuated in CA1 and CA3 regions in
LAU-0901-treated rats five weeks after SE. Values represent averages and ± S.E.M, * =
p<0.001, ** = p< 0.05.
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Figure 5. LAU-0901 attenuates hippocampal epileptiform electrical activity after SE
(A) LAU-0901 shows no statistical difference for the percentage of spontaneous epileptic
events in rats during the first three weeks after SE and (B) an increase in spontaneous
seizures (stage 4-5) after SE (p > 0.07). (C) Representative hippocampal spontaneous
electrical activity five weeks after SE from vehicle- and LAU-0901-treated rats.
Epileptiform activity, represented by repetitive spikes or burst of spikes with high frequency
components (underlines), are increased in vehicle-treated rats compared with LAU-0901.
(D) LAU-0901-treated rats present fewer spontaneous numbers of spikes in the
hippocampus after five weeks of SE, compared with vehicle-treated rats.
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Figure 6. Hypothetical mechanism of PAF in experimental epilepsy
Hyperexcitability state facilitates evoked or spontaneous seizures that release platelet-
activating factor (PAF). PAF induces molecular signaling, c-jun N-terminal kinase (JNK)
and cyclooxygenase (COX)-2 activation through its receptor. This signaling cascade
promotes neuronal damage and neuronal hyperexcitability, which contributes to epileptiform
activity. LAU-0901, a PAF antagonist, attenuates PAF receptor signaling and therefore
limits seizure susceptibility and hippocampal hyperexcitability.
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