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ABSTRACT: N-methyl-D-aspartate (NMDA) receptor dysfunc-
tions are thought to be involved in the pathophysiology of
seizures of hippocampal origin. While the cellular effects of
excessive NMDA receptor stimulation have been widely studied
in vitro, no data are available on the sequence of cellular elec-
trophysiological events that follow the overstimulation of
hippocampal NMDA receptors in awake, behaving subjects.
Therefore, the present study addressed this problem. Intrahip-
pocampal microdialysis with 500 1M NMDA was performed in
freely behaving rats, and the electrical activity of single neurons
in the dialysis area were monitored. In all recorded neurons (n =
9), regardless of their type, NMDA induced a long-lasting elec-
trical silence preceded in most cells by a brief but robust firing
rate increase. During these firing rate increases, place cells lost
the spatial selectivity of their discharges, and a gradual reduc-
tion in the amplitude of the action potentials was also observed.
Remarkably, electroencephalographic (EEG) seizures devel-
oped exclusively after the appearance of cellular electrical
silence in the recording/dialysis site. The NMDA-induced elec-
trophysiological changes were reversible. This study demon-
strates that the combined single-cell recording-intracerebral
microdialysis technique can be readily used for inducing focal
epileptiform events in the hippocampus and monitoring the
induced cellular electrophysiological events in behaving ani-
mals. © 2000 Elsevier Science Inc.
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INTRODUCTION

the treatment of complex partial seizures is one of the most
important challenges of epilepsy research.

The prerequisite of developing therapeutically effective strate-
gies for the management of complex partial seizures is to under-
stand the cellular and neurochemical/molecular processes which
lead to epileptiform electrical events in temporal lobe structures,
such as the hippocampus. Indeed, extensive neuronal loss in this
structure is a frequent autopsy finding in patients with complex
partial seizures [5,27]. Furthermore, in animals electrical and
chemical stimulations of the hippocampus can produce ictal elec-
troencephalographic (EEG) and behavioral symptoms (e.g., mo-
tionless stare, subsequent automatisms, etc.) which strongly resem-
ble those occur in human temporal lobe epilepsy [11,21,32].
Therefore, the basic mechanisms of hippocampal epileptogenesis
deserves attention.

It is increasingly clear that the neurochemical/molecular mech-
anisms of hippocampal epileptogenesis are diverse and may in-
volve the complex interactions of ion channels, receptors, second
messengers and genes [7,8,12,18]. This report focuses on the
N-methyl-D-aspartate (NMDA) receptors, one of the four receptor
types through which the effects of glutamatergic/aspartatergic neu-
rotransmission are mediated [29]. In fact, receptor autoradiography
andin situ hybridization studies both suggest the abundance of
NMDA receptors in the dentate gyrus and hippocampus proper
[30,39].

The involvement of NMDA receptors in hippocampal epilep-
tiform events has been extensively studied in slice preparaitions
vitro [7,8,9,16], and in whole animals with EEG/microinjection
[15,28] and EEG/microdialysis [21,40] techniqué@syivo. These

Temporal lobe complex partial seizures are the single most cominvestigations have established the basic concepts on the relation-
mon type of seizure in the adult population [44]. Approximately ship between NMDA receptor activation and seizure genesis in
20-50% of patients with such seizures are not satisfactorily conhippocampus. Nevertheless, many problems have remained unre-
trolled with the currently available antiepileptic drugs [11,44]. For solved. How does NMDA receptor overstimulation alter the firing
these patients, surgical intervention is the only hope for cureof hippocampal neurons in natural circumstances, during behav-
However, these interventions are not without risk and complicaior? How do these cell firing alterations lead to the development of
tions [11]. Therefore, searching for new therapeutical strategies foepileptic seizures? These fundamental questions cannot be an-
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swered with the mentioned neuroscience methods. Therefore, wdimultaneous Single-Cell Recording and Microdialysis
applied the combined single-cell recording—intracerebral microdiin the Hippocampus

alysis technique [22,23] to obtain an insight into the cellular In the first day of the recording/dialysis sessions, the experi-

elegtrophysploglcal cha_nges that t:_:\ke placg in the hlppopamp%emal animal was transferred to a sound-attenuating Faraday-cage
during localized perfusions of epileptogenic concentration of(135 cm widthx 135 cm lengthx 240 cm height). In the center
NMDA in freely behaving rats. This also provided an opportunity of this cage was a cylindrical test chamber of 70 cm diameter and
for us to determine whether the combined single-cell recording—g o, height. The rat was lightly anesthetized with 75 mg/kg i.p.
intracerebral microdialysis method is a reliable and useful techyatamine and the microdialysis probe was inserted in the brain
nique to examine the cellular mechanisms underlying hippocampaj,rough the probe guide. We used slightly modified versions of the

seizures. Sved-Curtis concentric probe [43]. The exposed dialysis fiber
(18,000 MWCO; 200um i.d.) was 800um long, extending 400

uwm below the tip of the microelectrode array. The horizontal
MATERIALS AND METHODS distance between the probe and the electrodes was 40Q800

Animals The microdialysis fluid flow was maintained with a syringe pump

) ) ~at a 10ul/min flow rate and run through a valve (Valco instru-

Five male Long—Evans rats (250-350 g) were used in thispents, Houston, TX, USA) and a liquid swivel before entering the
study. They were trained to chase food pellets in a large tesfyserted probe. The control microdialysis solution was artificial
chamber according to Muller et al. [34]. The rats were treatedcerebrospinal fluid (ACSF; 150 mM Na, 155 mM CI, 1.4 mM Ca,
according to the Guide for the Care and Use of Laboratory Ani-3.0 mM K, 0.8 mM Mg, 1.0 mM P; total osmolarity: 311.2 mOsm;
mals (National Academy Press, Washington, DC, 1996), and wergH = 7.4) filtered through Nylon Acrodisc syringe filters. Imme-
subjected to experiments approved by the Institutional Animaldiately after probe insertion, the recording cable was connected to
Care and Use Committee of State University of New York, Healththe socket of the assembly. Until the next morning, the brain tissue
Science Center at Brooklyn. The rats were chronically implantedvas allowed to recover from the microtrauma caused by the probe
with a microelectrode/microdialysis probe guide assembly. insertion. In this period, the rat rested in a small box inside the
cylinder.

In the second day, the electrode/probe unit was advanced into
the hippocampus, in 50m steps, by rotating the driving screws.

The manufacturing of this device has been described previouslfhis time the extracellular electrical signals, the local EEG waves,
[22]. In this study, an advanced version of the original design wasand the movement pattern of the rat were monitored, as described
employed. Each assembly was composed of three custom-madi24]. Briefly, the extracellular signals were recorded between mi-
driving screws (Small Parts, Inc., Miami Lakes, FL, USA), a dual croelectrode pairs. The signals were led through a commutator,
row socket (Mill-Max MFG Corp., Oyster Bay, NY, USA), an amplified (10,00&), filtered (between 300 Hz and 10,000 Hz),
array of eight nichrome microwires, 25 mm diameter each (Cali-displayed on oscilloscopes, and digitized at a sampling rate of
fornia Fine Wire Company, Grover Beach, CA, USA) placed in a40,000 Hz. The EEG waves were recorded between one of the
26-G stainless tube, and a microdialysis probe guide (Can-Ddnicroelectrodes and the grounding/reference screw electrode.
Services, Hopewell Junction, NY, USA). The microwires, as well These signals were also led through a commutator, amplified 1,000
as a larger grounding wire, were connected to the pins of the sockéimes, filtered between 0.1 Hz and 50 Hz, and displayed on an
with Silver Print conductive paint (Newark Electronics, Newark, oscilloscope. In some experiments, they were also digitized.
NJ, USA), while the four basic components of the assembly werdovement artifacts were eliminated from the recordings with

glued together with Krazy Gldeand dental cement. impedance-lowering _qperational ar_nplifiers built in the recor_ding
cable. The head-position of the animal was followed by a video-

. . . ) ) ) tracker (Ebtronics, EImont, NY, USA) via a camera secured to the
Surgical Implantation of the Microelectrode/Microdialysis Probe ceiling of the Faraday cage. The video-tracker detected a light-
Guide Assembly emitting diode (LED) built in the recording cable close to the head

The rats were anesthetized with 60 mg/kg i.p. pentobarbital an@f the rat, and generated digitized X and Y coordinates for this
placed in a stereotaxic apparatus. The skull was exposed, folight source. The digitized extracellular, EEG, and head-position
anchoring screws were placed in the frontal and occipital bonesdata were collected simultaneously on the hard disk of a computer,
and a 2-mm diameter craniotomy was made with a dental drill. Thé" & DOS environment, with the use of the Discovery data acqui-
coordinates for the center of this hole were: 3.5 mm posterior to théition software (DataWave Technologies, Inc., Longmont, CO,
bregma and 3.0 mm left to the midline, according to the atlas 0,USA). In addition, t_he behavior of the rat in the test chamber was
Paxinos and Watson [37]. The dura mater and pia mater werd/aiched on a monitor. I .
excised. The microelectrode-array, cleaned with 100% ethanol, . The electrode/pr_obe unit was adv&_mced until action potentials
was introduced stereotaxically through the center of the hole intdVith at least 2.5 times higher amplitude than the 60+

the brain. The tip of the microelectrode-array was placed 1.5 m ackground noise were recorded over an at.least. .30 min per[od.
below the surface of the brain, just above the hippocampus. Th hen the type of each recorded neuron was identified. According

hole was closed with sterile bone wax, and the assembly wa well-established criteria [4,14,24,38], fast-firing interneurons,

secured to the skull with dental cement applied around the drivin don-tsfpaéla_lrﬁom[t)rllex;\?'[\)/lll[()i(pyr?m.ldal) tceltlsa and place cells were
screws and the anchoring screws. The grounding wire of th entified. Then the periusion started.

assembly was connected to one of the anchoring screws in thﬁMDA Perfusi
occipital bone with Silver Print conductive paint. Thus, this screw eriusions

also served as a grounding/reference electrode. The assembly was The rat was placed into the cylindrical test chamber, and the
covered with sterile tape, and the skin was approximated. Thealve was switched to direct the NMDA solution to the brain.
animals were introduced into the simultaneous single-cell recordBased on our previous EEG/microdialysis studies [21], the con-
ing and microdialysis sessions after a 3-day postsurgical recovergentration of the epileptogenic NMDA solution was selected to be

Microelectrode/Microdialysis Probe Guide Assembly
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FIG. 1. The biphasic effect of intrahippocampal microdialysis with G&ON-methyl-D-aspartate (NMDA) on the firing of an interneuron

in the recording site. The Y axis of the histogram represents the number of action potentials per second (cnt/s); the X axis represents the
data collection time (80 min). During data collection, the rat was moving around in the test chamber. Note that the fairly constant, 20—40
action potential/s basal firing rate dramatically changes during the NMDA exposure: a brief firing rate increase to as high as 120 action
potential/s is followed by an approximately 20 min electrical silence. As the drug is washed out from the recording/dialysis site, the cell
regains its electrical activity. The overlaid action potentials of the cells (80&egment for each; maximum amplitude: 259;

negativity up) are also shown. Each waveform comprises 600—800 individual action potentials, as they were displayed before during and
after the NMDA perfusion. The similarity of the waveforms prove that the recordings were made from the same single neuron.

500 uM. The pH of the drug solution was brought to 7.4. Due to Data Analysis

the distance between the valve and the inserted probe, the drug .

solution reached the recording/dialysis site after a 20-25 mirb The e'xtracellular, .EEG’ and b_ehaworal Qa_ta were.analyzed

delay. Each NMDA perfusion lasted for 10-15 min, after which oth on-line ar?d off-line. The on-line analysis included: (1) ob-

the drug was washed out from the recording/dialysis site with>e™VIng the ra_ts behavior on the video '.“O”'torv (2) printing Fh_e

ACSF. Data files were generated for the periods before, during anfEC {races displayed on one of the oscilloscopes and examining

after the hippocampal NMDA exposure. the waves, and (3) documenting V|S|b_le change_s, in the firing

pattern of the detected cells. The off-line analysis was accom-

) plished with the CP Analysis program package of DataWave

Histology Technologies and the Mapmaker program of ESCO (Mt. Kisco,

After the end of the experiments, the animals were euthanize®Y, USA). First, the action potentials were discriminated, as
with 100 mg/kg i.p. pentobarbital. Their brain was removed, described [22]. Using the discriminated action potentials, firing
frozen in liquid N,, and sectioned with a cryostat. Fogiyn thick  rate histograms (Fig. 1) and firing rate maps (Fig. 2) were gener-
sections were collected, Nissl-stained, and examined with a ligh@ted. A detailed description of these maps is available elsewhere
microscope to verify the localization of the track of the microelec-[23]. The action potentials belonging to a single neuron were
trode/microdialysis probe unit. These units were identified to be inoverlaid and examined (Fig. 1). Important segments of the single-
the CA1 @ = 2) and CA3 6 = 3) regions, with the dialysis fiber cell recordings, alone (Fig. 3) or together with simultaneously
partially penetrating into the dentate gyrus. No excitotoxic lesionsobtained EEG recordings (Fig. 4), were played back and examined.
were observed in the histological preparations. In addition, for each cell its maximum firing rates (spike per
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second) before and after the NMDA perfusion were calculatedesponded solely with electrical silence. The pH of the NMDA
with the CP Analysis program. These values were compared witlsolution was 7.4 and its osmolarity was 311.7 mOsm. During the
pairedt-test. Since the basal firing frequency of the cells variedNMDA perfusions, as fine cellular functions could be followed in
within a wide range, the logarithm of the maximum firing rates the dialysis area as the firing of place cells. The observed firing
were used, as recommended by Motulsky [33]. pattern changes, which do not occur spontaneously in hippocampal
neurons, developed in the intervals when the NMDA molecules
RESULTS passed through_the r_nicro_dia!ysis fiber. Aft_er Washing out the drug
from the recording/dialysis site, the electrical activity of the cells
The action potentials of nine cells were recorded in the 5Srecovered. In similar experimental conditions, potassium ions or
animals. Out of the nine neurons, one was identified as internedidocaine were found to cause different cellular electrophysiolog-
ron, six as non-spatial pyramidal cell, and two as place cell. In allical effects [22,23]. Therefore, it can be concluded that the firing
neurons, the NMDA perfusions induced firing pattern changesattern changes described in this study were not due to technical
which do not occur spontaneously (Figs. 1-4). These drug-inducedrror, cell death, or non-specific drug action, rather they were due
firing pattern changes developed in four rats 28:02.7 min  to specific, NMDA-induced pharmacological effects.
(mean= SEM) after switching the valve to direct the drug solution It should be emphasized that while we recorded the action
to the brain, while in the fifth animal the effect developed after apotentials of single neurons at the tip of the microelectrode array,
41-min delay. These delays were due to the slow flowing of thethe NMDA molecules diffusing out of the nearby microdialysis
drug solution from the valve to the probe and to the diffusion of theprobe affected the microenvironment of many cells and axon
NMDA molecules from the probe to the recorded cells. terminals/fiber varicosities within the recording/dialysis site. As a
The predominant cellular electrophysiological action of consequence, the described cellular NMDA effects could be due to
NMDA was a biphasic effect. Namely, the drug first induced aseveral mechanisms. First, these effects could be due to direct
brief, 5-120 s firing rate increase, which was followed by astimulation of the NMDA receptors located on the dendrites and/or
8-14-min period when the cell did not discharge action potentialssoma of the recorded cells. However, they could also be due to
This cellular electrical silence was always reversible, and aftesstimulation of NMDA receptors located on the dendrites and/or
washing out the drug from the recording site with ACSF, thesoma of neighboring neurons. Indeed, postsynaptic NMDA cur-
neurons regained their electrical activity (Fig. 1). This biphasicrents operate in both pyramidal cells and interneurons in the CA1
effect was apparent in six of the nine cells. The NMDA-inducedregion [31]. Furthermore, the observed NMDA effects could also
initial firing rate increase from 15.45 9.0 action potential/second be due to stimulation of presynaptic NMDA receptors located on
to 46.57+ 20.82 action potential/sec (mean SEM) was statis- neighboring axon terminals and fiber varicosities. In fact, in the
tically significant p < 0.05;t = 4.034;df = 5). In the remaining  hippocampus NMDA receptor stimulation has been found to in-
three cells the drug induced solely electrical silence. Thus, elecerease the release gfaminobutyric acid and noradrenaline and to
trical silence developed in all recorded cells. decrease that of acetylcholine and serotonin [45]. Itis likely that all
In the place cells, the NMDA perfusion increased not only theof these mechanisms contributed to the detected NMDA effects,
rate of the location-specific discharges, but also the rate of th@erhaps to a different extent for each cell. We add, that although
background firing. Thus, as the rat moved around during the initiathe length of the microdialysis fibers was as short as 860 a
NMDA exposure the place cells fired at every location. As a resultspillover of a portion of the diffused NMDA molecules to the
the spatial selectivity of the firing of these neurons was lost. Thisdentate gyrus might also took place. These may explain the vari-
is demonstrated in Fig. 2. ability of the magnitude and duration of the firing rate increases
The cellular electrophysiological effects of NMDA included and why biphasic and solely silencing cellular effects were both
not only firing frequency changes, but also alterations in theobserved. Unfortunately, our recording/dialysis method was not
waveform of the action potentials. However, this was apparentxploited in its full potential. Simultaneous ensemble recordings
only in those neuronsn(= 3) which responded to the NMDA from a large number of neurons, neurotransmitter analysis of the
exposure with a very large initial firing rate increase. In these cellsdialysates, and staining of the dialysis area were not conducted.
the drug caused a gradual, 17-29% decrease in the amplitude @herefore, the presumably complex synaptic mechanisms of the
the action potentials (Fig. 3). NMDA actions revealed in this study await for future experiments.
In all rats, the NMDA perfusion caused epileptiform EEG  The EEG seizures induced by hippocampal NMDA perfusions
spikes. The duration of these EEG seizures varied between 5 ardbveloped exclusively after a period of cellular electrical silence
40 s, and were not accompanied with behavioral symptoms. Theithin the perfusion site. This electrical silence might be due to
most striking feature of these EEG seizures was that they neventerneuron-mediated inhibition, depolarization block, or, as sug-
developed during the periods when the cells increased their firinggested by Fig. 4, spreading depression [19]. The phenomenon
Instead, these abnormal EEG events developed only after thshowed thatin a hippocampal epileptogenic focus the very neurons
appearance of the cellular electrical silence. This phenomenon iwhich are responsible for generating the electrographic seizures
clearly demonstrated in Fig. 4. can actually cease to fire during the emergence of the paroxysmal
spikes. It is possible that the initial firing rate increase of the
DISCUSSION neurons in the focus ir_1du<_:e si_milar_ firing_ rate_increases, and
eventual hypersynchronization, in neighboring hippocampal and
In this study, intrahippocampal microdialysis was performed insynaptically connected extrahippocampal circuitries. When the
freely moving rats and the firing of single neurons in the dialysisnumber of neurons recruited into this pathophysiological network
area was monitored. For 10—15-min periods, the control microdi-activity reaches a critical mass, electrographic seizure develops,
alysis fluid was replaced with 500M NMDA. It was previously  even though the neurons in the focus already terminated their
shown that approximately 15% of the perfused NMDA moleculesfiring. This is consistent with the idea that.“. complex partial,
diffuses out from the microdialysis probe to the surrounding tissueand perhaps even simple partial, seizures would seem to require
[21]. This manipulation resulted in a brief, initial firing rate in- the propagation of the ictal discharge to adjacent and distant
crease and a subsequent, longer-lasting electrical silence in trgtructures. . . .” [12]. Clearly, to solve this problem simultaneous,
majority of the cells, while the rest of the recorded neuronsmultichannel EEG and single-cell recordings in distant hippocam-
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FIG. 2. The spatial selectivity impairing effect of intrahippocampal microdialysis withBAN-methyl-D-aspartate (NMDA)

on the firing of a local place cell. Firing rate maps and the corresponding firing rate histograms are shown, as indicated. The
data were obtained during microdialysis with artificial cerebrospinal fluid (ACSF) and a subsequent (15 min) microdialysis with
the NMDA solution, while the rat was moving around in the cylindrical test chamber. The firing rate maps demonstrate the
average firing rates of the same place cell in the areas of the pixels. The color code for the firing rate are given below the maps.
Yellow represents the areas where the cell did not fire; black represents the areas where the cell fired with the highest firing
rates; white represents areas which the rat did not visit. Note that in the control condition, when ACSF is perfused, the cell
displays high frequency firing only in a restricted location of the test chamber (arrow). During NMDA perfusion this
characteristic firing pattern is lost: the cell exhibits spatially diffuse electrical activity. Also note on the histograms the dramatic
but brief firing rate increase during the NMDA exposure and the subsequent electrical silence.

pal areas, as well as in other limbic regions, are needed. It shoulcharkedly increase their firing rate at specific spatial sites, while
be added, however, that cellular firing rate changes analogous faroduce only low frequency background discharges at other loca-
those described in this study have not been observed in the feWions [24,34,35,36]. It has been proposed that the network of
extracellular recordings from temporal lobe epilepsy patients [1,2]hippocampal place cells forms a cognitive map [35,36]. Based on
An interesting finding of this study was the loss of spatial the recent finding that these cells can flexibly terminate and de-
selectivity of the firing of place cells during the initial NMDA velop their spatial firing during prolonged environmental exposure,
exposure. We observed a similar effect in these neurons when wan alternative theory was presented [24]. Accordingly, the high
perfused high concentration of ‘Kin their extracellular milieu frequency firing of hippocampal place cells may serve to create
[23]. Place cells are pyramidal cells, which manifest a uniquepermanent memory engrams for specific spatial sites in extrahip-
firing pattern during movement in a large space. Namely, theypocampal areas, possibly in the association cortex. Regardless of
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FIG. 3. The gradually decreasing amplitude of the action potentials of a hippocampal interneuron during microdialysis with
500uM N-methyl-D-aspartate (NMDA) in the recording site. Each vertical line is an action potential generated by the cell;
time calibration as indicated. Note the robust increase of the frequency of the action potentials shortly after the NMDA
exposure, and that the amplitude of the action potentials (maximuB0 V) is decreasing (arrowheads). The gradual
nature of this decrease indicates waveform changes in the same cell.

which theory is accurate, the neurophysiological characteristics ofontribute to the determination of place cell firing. The effects of
place cells suggest that they are parts of the cognitive system afdMDA receptor blockade on place cell firing was examined by
are involved in learning and memory formation. Considering theKentros et al. [17]. The present study showed that excessive
well-established role of NMDA receptors in plastic hippocampal NMDA receptor stimulation in the hippocampus deteriorates the
processes [26], it is important to understand how these receptodelicate electrical activity of place cells by increasing their non-
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FIG. 4. The development of epileptiform electroencephalogram (EEG) spikes during cellular electrical silence induced by intrahip-
pocampal microdialysis with 50@M N-methyl-D-aspartate (NMDA) in a freely moving rat. Traces of single-cell activity and EEG
waves, recorded simultaneously from the dialysis site, are shown. Upper trace: action potentials from a non-spatial pyramidal cell;
lower trace: local EEG waves. Time calibration as indicated. Maximum amplitudep270r single-cell recordings; 1,502V for

EEG recordings. Note that the NMDA-induced firing rate increase is followed by cellular electrical silence, and it is clearly this period
when the epileptiform spikes develop. Also note the DC potential shift, a possible sign of spreading depression, prior to the epileptiform
EEG activity.
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spatial background firing. Such cellular dysfunction may well 4.
contribute to the amnesia with regard to complex partial seizures.
Whether lower, subepileptogenic concentrations of NMDA also
exert a deteriorating effect on place cell firing is a problem that
deserves further studies, especially since they may shed new Iighté'
on the relationship between seizures and cognition.
Another intriguing observation was that the amplitude of the
action potentials of the most intensely firing neurons decreased.
The variability of the amplitudes of hippocampal pyramidal cells, 7.
including place cells, has been known [4,14,24,38], but this study
is the first to demonstrate that such amplitude changes can be.
induced by pharmacological means in the behaving animal. This
supports the idea that the production of action potentials in hip- ©:
pocampal neurons is not a uniform process. In these cells, differ-
ential back-propagation of axonally originated spikes to the distal
dendrites [25] and differential forward-propagation of dendriti-

cally originated spikes to the soma [46] can both take place. Thesgg.

processes may be influenced by excessive NMDA receptor stim-
ulation, resulting in descending action potential amplitudes when
very high firing rates are sustained.

Our study demonstrated the ability of the combined single-cell

recording—intracerebral microdialysis method to create an epilepl2-

togenic focus in the hippocampus of awake, behaving animals and
to monitor the developing cellular electrophysiological events.
Indeed, since we introduced the integration of EEG and microdi-
alysis techniques into epilepsy research in 1990 [20] many other

groups adopted this experimental approach [10,13,40,41]. Thug4.

with further improvements, the methodology described in this
paper can contribute to the understanding of the cellular and

neurochemical/molecular bases of hippocampal epileptogenesibs.

Furthermore, although integrative cellular neuropharmacological
techniques are not yet used in antiepileptic drug research [3], in “\E
future, such methods can help to recognize and characterize no $
drugs with antiepileptic potential. Finally, the relative ease to

electrophysiologically monitor and pharmacologically manipulate-.

a discrete brain site suggests that this arrangement may have
therapeutic implications, as well. Chronically implanted depth
electrodes [42] and intracerebral catheters [6] have long been used

in human patients. These two devices can be combined antB.

equipped with a miniature, portable electrophysiogical analysis/
drug delivery system. This would make it possible to monitor the
electrical activity of an epileptic focus and, based on the charac-
teristics of the incoming signals, pharmacologically control the
function of the abnormal tissue. Whether the use of such hybrid

neuroprosthetic devices is a viable strategy for the management g

intractable epileptic seizures remains to be investigated.
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