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Abstract

Objective: To test the hypothesis that a triazolyloxazolidi-
none (PHO084) has anticonvulsant activity by examining its
effects on in vitro seizure models in the rat hippocampus.
Materials and Methods: Whole-cell synaptic currents, ac-
tion potentials and extracellular population spikes (PS) were
recorded in the cell body area of rat hippocampal CA1 region
in acutely prepared slices. Chemical [picrotoxin (100 M) and
zero magnesium] and electrical seizures were induced and
the effect of PH084 (10 M) was tested on cellular responses,
multiple spikes and spontaneous bursting frequencies. Re-
sults: PH084 depressed evoked excitatory postsynaptic cur-
rents, action potential firing frequency and PS amplitude. All
of these responses did not recover to baseline after 15-20
min washout of PH084. Perfusion with zero magnesium ion
(Mg?")-containing buffer converted a single PS to multiple
PS (mPS) accompanied by spontaneous burst. PHO84 sup-
pressed the mPS and the spontaneous burst frequency and
it also suppressed the picrotoxin-induced mPS number.
However, it did not affect the frequency of stimulus train-
induced after discharge or bursts. Furthermore, 8-10 min

pretreatment with PH084 did not affect the ability of zero
Mg?* buffer, picrotoxin or stimulus train to induce epilepti-
form activity. Conclusions: Thus, while PH084 may have po-
tential foranticonvulsantactivity against chemicallyinduced
seizures, it has little or no potential against electrically in-
duced seizures or in preventing epileptiform discharge.
Copyright © 2012 S. Karger AG, Basel

Introduction

The current drug management of epilepsy, a common
neurological disorder characterized by recurrent sei-
zures, is not optimal due in part to its complex patho-
physiology and/or etiology [1, 2]. Of particular concern is
the fact that a significant proportion of patients (up to
40%) do not respond to currently available drugs [1, 3].
Furthermore, almost all patients on anticonvulsant med-
ications experience some level of unpleasant side effects
which affect their quality of life. Thus, the need for con-
tinued research into newer, more effective and safer anti-
epileptic drugs has been advocated [1, 2, 4] and research
activity in this area is intense [5, 6] with a new drug, ezo-
gabine (retigabine), entering clinical use quite recently [7]
while others are in the pipeline [8].
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The hippocampus has a very low seizure threshold and
thus the excitatory pyramidal neurons in areas CA1 and
CA3 easily develop synchronous depolarization and dis-
charge under disinhibition [9]. Various in vitro models of
seizures in hippocampal slices have been used to study
seizure phenomena and to test the actions of potential
anti-seizure drugs [10, 11]. These include altering the ion-
ic composition of the artificial cerebrospinal fluid (aCSF)
such as lowering calcium ion (Ca?*) [12], removing mag-
nesium ion (Mg“) [13] or blocking y-aminobutyric acid-
A (GABA,) receptors or the chloride channel complex
(14]. In addition to these chemical approaches, electrical
stimulation [10] using various patterns of stimulation
also evokes seizure-like behavior in slices.

We recently screened a series of novel compounds be-
longing to the oxazolidinone class for neuronal activity
and found that some of these compounds had actions
consistent with anticonvulsant activity [15]. In this study,
we observed that the most neuroactive oxazolidinone, a
triazolyl derivative (PHO084), depressed N-methyl-D-as-
partate (NMDA) and non-NMDA receptor-mediated ex-
citatory postsynaptic currents. Its effect on the latter was
blocked by the GABAp receptor antagonist CGP55845.
Furthermore, it also significantly reduced the action po-
tential firing frequency of hippocampal and accumbens
neurons [15]. The current study therefore tested the hy-
pothesis that the most neuroactive oxazolidinone deriva-
tive PH084 has anticonvulsant activity using in vitro sei-
zure models. Here, we report the effects of PH084 on
chemically and electrically induced seizures.

Materials and Methods

Chemicals and Solutions

All drugs were bath perfused at final concentrations indicated
by dissolving aliquots of stock in aCSF. PH084 was synthesized in-
house as previously described [16] and was dissolved in dimethyl
sulfoxide (serial dilutions of high concentration stocks resulted in
final bath concentrations of <0.1%), aliquoted and frozen at -20°C
and used within 2 weeks. All routine laboratory chemicals, tetro-
dotoxin (TTX) and picrotoxin were purchased from Sigma-Al-
drich Chemie GmbH (Steinheim, Germany), while 6,7-dinitro
quinoxaline-2,3-dione (DNQX) was obtained from RBI (USA).

Synthesis of PH084

The (4-methyl-1H-1,2,3-triazol-1-yl)methyl oxazolidinone
PHO084 was prepared, purified and characterized using standard
analytical methods similar to those previously reported [16].

Animal Experiments
All the rats used in this study were obtained from the Health
Sciences Center, Animal Resource Center, Kuwait University, Ku-
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wait. All experiments were done in accordance with guidelines on
humane handling of experimental animals as established by the
Canadian Council on Animal Care. The procedures employed
were approved by the Health Sciences Center, Animal Resource
Center. All efforts were made to minimize animal suffering, and
the minimum number of animals necessary to produce the re-
quired results was used.

Slice Preparation

Thin (350-pm thick) coronal hippocampal slices were gener-
ated from male Sprague-Dawley rats (75-150 g) using previously
published techniques [11, 17]. Slices were incubated in aCSF at
room temperature (25-26°C) for at least 1 h before recording.

Electrophysiological Recording and Data Acquisition

In vitro extracellular and intracellular responses were record-
ed using standard electrophysiological recording techniques as
previously reported by us and others [10-15, 17]. Briefly, extracel-
lular recordings were done with NaCl (3M)-filled glass electrodes
(5-15 M resistance), while intracellular recording was done
with a potassium gluconate-based solution and glass tip resis-
tance of 5.0-10.0 M().

Synaptic responses were recorded by placing a bipolar tung-
sten-stimulating electrode in the dendritic layer of the CA1 region
to activate Schaffer collateral and commissural fibers. Recordings
were made using an Axopatch 1D amplifier and pClamp Software
(Clampex 8.2; Axon Instruments) in either voltage or current
clamp modes. Cells were voltage clamped (Vy,) at -60 mV and in-
put (Rippu) and access (R,) resistances of all cells were determined
and monitored regularly throughout each experiment. Whole-
cell recordings were performed in twelve pyramidal cells in the
CAL region of the rat hippocampus with resting membrane po-
tentials of -59 to —-65 mV. All passive and active membrane prop-
erties of these cells were similar to those widely reported. Analy-
ses of responses were done as previously reported [15, 16].

After a single population spike (PS) was recorded, epilepti-
form activity was induced either electrically using a pattern of
afferent stimulation [11, 17] or chemically by bath perfusion of
picrotoxin (100 pM) or modified buffer containing no Mg?* with
slightly increased potassium (K*) concentration (total 5 mm) [11-
15, 17-22]. Epileptiform activity was defined as multiple spiking
(>1 PS) following afferent stimulation and the presence of spon-
taneous bursts (SBs) without afferent stimulation. In all field ex-
periments, control responses were monitored and shown to be
stable for at least 30 min prior to the application of a drug.

Analysis and Statistics

The excitatory postsynaptic current (EPSC) amplitude was
measured from baseline to peak, while PS amplitude was mea-
sured from peak to peak and taken as the response strength at the
chosen stimulus intensity. Responses were normalized as previ-
ously reported by us [11, 15]. All values are stated as mean * stan-
dard error. One-way ANOVA and post hoc paired and unpaired
Student’s t test, where appropriate, were used to compare different
values or treatments using SigmaStat® software (3.5 Edition). Dif-
ferences between groups were taken as significant at a probability
level of p < 0.05. Graphing was done using SigmaPlot® (9" Edi-
tion; Systat Software Inc., San Jose, Calif., USA) and CorelDraw®
(12t Edition; Corel Corp., Ottawa, Ont., Canada) software.
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Results

PH084 Depresses Excitation in the Hippocampus

PHO084 at 10 wM depressed evoked EPSCs recorded in
pyramidal cells of the CA1 region of the hippocampus by
25.4 * 10.4% (p <0.05, paired t test; n = 6; tig. 1a, c). The
EPSC did not recover back to baseline after 15-20 min
wash out of PH084. In addition to depressing synaptic
responses, PH084 (10 wM) also depressed electronically
evoked action potential firing frequency in these cells by
42.2 * 13.5% (p < 0.05, paired t test; n = 6; fig. 1b, ¢), an
effect that did not also reverse during the 15-20 min
washing period employed in this study.

Effects of PH084 on Population Responses

Bath application of 10 wM PHO084 consistently de-
pressed the amplitude of the PS by 44.2 + 10.0% (p <
0.05, paired t test; n = 7; fig. 2). Maximal PS depression
was observed after 5-6 min PH084 application and did
not recover after 15-20 min washout of PH084. At the
end of some of these experiments, application of either
TTX (1 uM, see fig. 3) or DNQX (10 wM, data not shown)
completely abolished the PS.

PH084 Reduces the Frequency of Occurrence of

Chemically Induced Multiple Spikes and

Spontaneous Bursts

In the presence of picrotoxin, the removal of the strong
inhibitory influence of GABA on the CA1 neurons trans-
formed the single PS into multiple PS (3.6 * 0.4 spikes;
n = 5) reflecting epileptiform activity in these slices.
PHO084 (10 M) depressed the number of these picrotoxin-
induced multiple PSby 44.7 + 7.0% (p <0.05, paired t test;
n = 5). Furthermore, after the development of multiple PS
(mPS) to stimulation, the slices also developed SB (inde-
pendent of stimulation), the frequency of which was also
depressed by 37.6 = 6.4% (p < 0.05, paired t test; n = 3).

In the zero Mg?** model, when Mg** was eliminated
from the perfusion buffer, the voltage-dependent Mg>*
block of NMDA receptor was removed and epileptiform
activity occurred. Similar to the picrotoxin model, after
recording in zero Mg?* buffer for 20-30 min, a single PS
was transformed into multiple PS (5.0 = 0.3, n = 7) in
response to a single electrical stimulation of the afferents.
PHO084 (10 M) reduced the number of multiple PS to 3.1
% 0.5 representing a reduction of 38.7 % 8.3% (p < 0.05,
paired t test; n = 7; fig. 3a, ¢). In addition to transforming
a single PS to multiple PS, zero Mg?* also induced SB that
occurred without stimulation. The SB frequency under
control was 5.8 = 1.7/min and it was reduced to 3.8 *
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Fig. 1. PH084 depresses evoked EPSC amplitude and action po-
tential firing rate recording in CA1 pyramidal cells. In this figure
and in all other figures, * indicates statistical significance at p <
0.05 compared to control.

2.2/min in the presence of PH084 (10 M) representing a
reduction in the frequency of occurrence of SBs 0of 50.7 *
24.2% (p < 0.05, paired t test; n = 6; fig. 3b, ¢).

PHO084 Does Not Affect Electrically Induced

Epileptiform Activity

After recording a stable PS, application of several high
frequency stimulation (HFS) was followed by character-
istic epileptiform discharges, an initial after discharge
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Fig. 2. PH084 irreversibly depresses PS recorded in the cell body
layer of the hippocampal CA1 region.

(AD) following the stimulus train and subsequently by
SB, referred to as stimulus train-induced bursts (STIBs)
in the absence of HFS. When we successfully induced ep-
ileptiform activity with HFS in the CA1 area, the AD fre-
quency was 9.1 = 0.7 Hz (n = 10), which was not signifi-
cantly affected by PH084 (10 wMm). After 6 min of applica-
tion, the frequency was 9.4 * 0.7 Hz yielding a change of
4.7 £ 5.5% (p >0.05, paired t test; n = 10; fig. 4). STIBs
were also unaffected by PH084 (see arrows in fig. 4).

Oxazolidinones as Anticonvulsants

Fig. 3. PH084 depresses zero Mg?*-induced epileptiform activity
(mPS and SBs) that is eliminated by TTX.

Pretreatment with PH084 Does Not Prevent the

Development of Epileptiform Activity

Bath application of a relatively high concentration (100
M) of PH084 for 10 min, while depressing the PS ampli-
tude by 38.2 * 8.9% (n = 5; p <0.05), did not change the
number of spikes following stimulation (1.0 = 0.0, p >
0.05 compared to control, n = 5). In the presence of this
high concentration of PH084, zero Mg?* aCSF was still
able to induce mPS (3.9 £ 0.6, p < 0.05) compared to the
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Fig. 4. PH084 does not affect stimulus train-induced ADs and
SBs.

single spike in the presence of PH084 alone (n = 5). Fur-
thermore, pretreatment with PH084 did not also produce
changes in SB or prevent zero Mg** from inducing SB in
these slices (11.0 = 1.8/min, n = 4; p <0.05, paired t test).
Similarly, pretreatment with PH084 did not prevent pic-
rotoxin from converting single PS to mPS (3.3 = 0.4
spikes, n = 3; p<0.05) or stimulus train-induced AD (10.2
+ 0.7 Hz,n = 5; p<0.05).
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Discussion

In this study of the effects of PH084 on epileptiform
activity, the concentration of 10 wM was chosen because
we had previously reported that PH084 had a concentra-
tion-dependent effect on synaptic transmission in the
CNS [15], and this concentration was found to produce
robust and consistent effects. PH084 depressed excitatory
synaptic transmission and action potential firing in hip-
pocampal CA1 neurons. Furthermore, it inhibited chem-
ically induced seizures in hippocampal slices without af-
fecting electrically induced seizures. In contrast to the
above, it did not prevent the development of chemically
induced epileptiform activity in hippocampal slices. All
these findings suggest that PH084 may possess anticon-
vulsant activity against seizures caused by neurotrans-
mitter (chemical) imbalance but has limited utility on
those driven by aberration in electrical activity or pre-
venting the development of epileptiform activity.

The observed suppression of chemically induced sei-
zures is consistent with our previous report [15] which
showed that the effect of PH084 on excitatory synaptic
transmission was inhibited by GABAj, a-adrenergic
and dopamine D1-like receptor antagonists. GABA, nor-
adrenaline and dopamine have all been implicated in the
pathophysiology of seizures [2, 23, 24]. Of these transmit-
ters, GABA is the one most studied as it is implicated in
the pathophysiology of seizures, and several currently
used or under development antiepileptic agents target
this transmitter, its receptors or metabolism [8, 25-28].
The blockade of PH084-induced depression of excitatory
synaptic transmission by a GABAjp receptor antagonist
suggests that this compound works in part by modulating
GABA transmission in the CNS. Furthermore, the re-
ported inhibition of action potential firing here and in
our previous report [15] indicates that PH084 also de-
creases direct neuronal excitation suggesting that PH084
uses both synaptic and extra- or post-synaptic mecha-
nisms to depress the excitability of neurons and hence to
decrease chemically induced epileptiform activity. The
lack of effect on electrically induced epileptiform activity
suggests that the predominant action of PH084 to sup-
press seizure activities is via modulation of synaptic and
possibly extrasynaptic transmitter actions. Its inability to
prevent the development of epileptiform activity follow-
ing pretreatment of slices also suggests that the com-
pound only has potential utility in the treatment and not
prevention of seizure development in seizure prone indi-
viduals or progression of disease in diagnosed epilepsy
patients.

Kombian/Phillips
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Conclusion

Given that PH084 has been shown here to depress ac-

derivatives may result in the discovery of novel oxazoli-
dinone derivatives that possess increased spectrum of ac-

tion potential firing and excitatory synaptic transmission
as well as chemically induced epileptiform activity in the

hippocampus, a seizure relevant brain region, we suggest

that PH084 and possibly other oxazolidinones are poten-

tially viable novel candidates for the development of new
antiepileptic agents. Further structural modifications of

PHO084 and design and synthesis of new oxazolidinone
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