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315-321, 2000. Recent studies have demonstrated an important gle rophysiological studies have indicated changes in intrinsic

for the N-methylp-aspartate receptor (NMDAR) in epilepsy. . - .
NMDARSs have also been shown to play a critical role in hyperexci’[’pembrane properties (Luhmann et al. 1998), alterations) in

ability associated with several animal models of human epilepsyABAergic inhibition (DeFazio and Hablitz 1999; Jacobs pt
Using whole-cell voltage clamp recordings in brain slices, we studiéd- 1996; Qu et al. 1998), and modification of glutamate rec
evoked paroxysmal discharges in the freeze-lesion model of neodars (Qu et al. 1998). It is likely that these factors interact
tical microgyria. The voltage dependence of epileptiform discharggsoduce hyperexcitability.

indicated that these paroxysmal events were produced by a complexchronic changes inN-methylpb-aspartate receptor
pattern of excitatory and inhibitory inputs. We examined the effect ?NMDARS) are involved in human temporal lobe epilep

the NMDAR antagonisb-2-amino-5-phosphopentanoic acid (APV) A
and the NMDA receptor subunit type 2B (NR2B)-selective antagonigylathem et al. 1998) and the kindling model of temporal lo

ifenprodil on the threshold, peak amplitude, and area of evok&®ilepsy (Mody and Heinemann 1987). In addition, acute m
epileptiform discharges in brain slices from lesioned animals. Bogls of interictal spiking show sensitivity to NMDAR antag
compounds consistently raised the threshold for evoking the dischargsts (e.g., Hablitz and Lee 1992; Lee and Hablitz 199
but had modest effects on the discharge peak and amplitude. Kfriable results with epileptiform activity in slices fro
comparison with nonlesioned cortex, we examined the effects pkeze-lesioned cortex have been reported. The NMDAR
ifenprodil on the epileptiform discharge evoked in the presence OftggonistD-Z-amin0-5-phosph0nopentan0ic acid (APV, 50—1

uM bicuculline (partial disinhibition). In slices from nonlesioned S |
cortex, 10uM ifenprodil had little effect on the threshold whereasuM) has been reported to completely block hyperexcitability

71% of the recordings in bicuculline-treated lesioned cortex showe(ﬂhces from frgeze-lesmned animals (Jacobs et al. 1996, 19
>25% increase in threshold. These results suggest that NR2B-cBh-Other studies, APV had no effect or only reduced |
taining receptors are functionally enhanced in freeze-lesioned corf@eurrent epileptiform activity; blockade o&-amino-3-
and may contribute to the abnormal hyperexcitability observed in tHydroxy-5-methylisoxazole-4-propionic acid (AMPA) rece
model of neocortical microgyria. tors was necessary to completely abolish hyperexcitability
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both cases an important role for NMDARs in the initiation®
INTRODUCTION and/or propagation of the epileptiform discharge was appar 3.
I remains to be determined if NMDAR participation reflec{s,
'@thological function of normal receptors (e.g., caused |&
minished inhibition), alterations in the receptors themseljes

Neuronal migration disorders resulting in cortical dysplasi
microgyria, and heterotopia are associated with intracta

seizure disorders in humans (Palmini et al. 1994). Seve . .
(,919., expression of receptors with enhanced current flo

animal models have been developed to examine neural me Jor ab | itatory int it i
anisms underlying hyperexcitability in dysplastic cortex (Bari};}? or abnormal excitatory interconnectivity (€.g., sprouting|dg

ban and Schwartzkroin 1995; Dvorak et al. 1978; Roper 199 _rizo_ntal excitatory collaterals). . .
! ; OP thalative NMDARs are thought to contain subunits from

The rat neonatal freeze-lesion model reproduces many of :
anatomic findings found in human microgyria (Dvorak et afilierent classes termed NR1 and NR2 (for review see Mqn-

1978). In this model, a freezing probe is briefly placed on t@han et al. 1998). Each class has a number of subtypes|th3

skull of a neonatal rat pup. This procedure destroys the de atlter lthﬁ ?harlmacological ar_ld kine;[ic prolggr;i?]s of he(
layer neurons present near the surface of the cortical plate feft€Ptor- 'n Nelerologous expression systems, omorers

preserves progenitor cells and radial glia, which ultimate rm poorly conducting NMDAR channel complexes co

give rise to superficial neuronal layers in the area of the lesidff'ed With NR1-NR2 heteromers. The primary candidates for

. ; : itive NMDAR in rat somatosensory cortex are NR1 (and jts
The local loss of deep layer cells results in a microsulcus in tﬁglice variants) and NR2A, B, andior C. During neocorticl

otherwise lissencephalic rat brain. Neocortical brain slicé . . .
f ~2 wk ol inina the mi | h development, there is a shift from predommatgly NR2B to bqth
rom rats >2 wk old containing the microsulcus are hypere 2A and NR2B receptor subunit expression (Sheng et|al.

itable. Epileptiform dischar which pr ver lar . . . X
citable. Epileptiform discharges, ch propagate over la 994), with a concomitant decrease in the decay time consfant

distances, are evoked by weak intracortical stimulation (Hof excitatory postsynaptic currents (Flint et al. 1997; Robefts
ggd Ramoa 1999; Stocca and Vicini 1998). In human cortigal

The costs of publication of this article were defrayed in part by the payme . . . . . A
of page charges. The article must therefore be hereby marked “advertisem&¥splasia, evidence exists for an increased expression of NR3

in accordance with 18 U.S.C. Section 1734 solely to indicate this fact. ~ (possibly NR2B) subunits within the region of the dysplasiga,
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but not in surrounding or “nonspiking” cortex (Ying et al.anesthetized with ketamine (100 mg/kg) before decapitation. T
1998). The absence of NR2 immunoreactivity in nonspikingain was rapidly removed and submerged in oxygenated (9
cortex compared with the abundance of NR2 immunoreactivi§e/5% CO,), ice-cold, low-calcium saline (containing, in mM: 123
in actively epileptic cortex has led to the suggestion th&Cl, 3.5 KCl, 26 NaHCQ 10 glucose, 4 MgG). Coronal sections
increases in NR2 expression alone could explain hyperexd00 »m) containing somatosensory cortex were cut using a
ability in human cortical dysplasia (Ying et al. 1998). bratome (TPI). Slices were stored in saline consisting of (in mM) 1
In the present study, we tested the hypothesis that functioh4C" 50KC" 2? NaHCQ, 10 glucose, 2 CaGland 2 MgC} bubbled
alterations in NMDA receptor subunit composition are respo?’i’-'t 35/’ %’5/;’ COZ'I gi de 1-2 | |
sible for the hyperexcitability observed in brain slices frornaW ole cell voltage clamp recordings were made 1-2 mm lateral to

f lesi d rats. NR2B taini ¢ sion and at least 1 mm lateral to the stimulation site (FA). All
reeze-iesioned rats. -containing reéceptors aré more Sgdly, s were obtained from visually identified neocortical pyramidal c4

sitive than NR2A-containing receptors to the polyamine-siig ayer 1111l Cells were identified by their location below the pia
antagonist ifenprodil (Williams 1993). We therefore compareglface, pyramidal shape, and presence of a prominent apical der
the effects of APV and ifenprodil in lesioned and nonlesiong@ig. 18. Recordings were made at room temperature and at a holg
animals. A preliminary account of some of these results apetential of—60 mV. Series resistance was regularly monitored and c
peared in DeFazio and Hablitz (1998). with series resistance20 M(} or significant changes in series resistan
during the experiment were discarded. The internal solution consiste
140 K-isethionate or K-methyl sulfate, 10 HEPES, 5 EGTA, 0.1 gad

METHODS 4 MgATP, 0.4 NaGTP, and 5 QX-314 (all concentrations in mM). Slic
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Animals were housed and handled according to approved guideere continuously perfused with the storage saline listed above. W
lines. Timed pregnant Sprague-Dawley dams arrived on embryorgll recordings were made with an Axopatch-1B amplifier. No ser|
day 15. Freeze lesions were produced using modifications of tlesistance compensation was employed. Recordings were digitiz
technique of Dvorak and Feit (1977). On postnatal day (PN) 2, rat+10 kHz using a Digidata 1200 data acquisition system and Clamp

&
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pups were anesthetized by hypothermia (5 min on ice). After makisgftware (Axon Instruments). Data analysis was performed using cus
a midline incision, the cold probe was placed on the surface of teeripts written for Origin 5 (Microcal Software). Stimulating electrode
skull near the midline for 3-5 s. The cold probe consisted 2 mm were made from a twisted pair of nichrome wires (0.002 in. diameter)

diameter copper rod extending from a 60 ml methanol-filled centypaced in deep cortical layers0.5 mm lateral to the lesion. An example
fuge tube cooled to about50°C with dry ice. After the incision was of electrode positioning is shown in Fig. 1B slices from control

sutured, the animals were placed under a heat lamp and returnedrimnals, the recording site was2—3 mm lateral to the medial edge o
their home cage after 30 min. cortex (corresponding to the longitudinal cerebral fissure) and at lea

Brain slices were prepared from PN 17-27 animals. Rats weren lateral to the stimulation site. Threshold stimulus currents rang

Fic. 1. Evoked paroxysmal discharge
have both excitatory and inhibitory compo
nents.A: an image of the recording arrange

I mm ment taken at 4>magnification. The stimula-
tion site was in deep cortical layers0.5 mm
lateral to the lesion. The recording site was

D mm lateral to the stimulation site and 1-2 mn|
1 lateral to the lesionB: infrared/differential

-0~ Early 700'_ ° interference contrast image (_)f Iayer_2/3 pyrg
LT 6004 midal cells (160X; 4& water immersion, 4X

magnification before the camera). Recording

5004 were restricted to pyramidal shaped cells wit

Current (pA ) an apical dendrite projecting to the pial sur

400+ face.C: voltage clamp recordings of response
100 evoked at membrane potentials fronB0 to
) 20 mV. Epileptiform discharges at40 and

/ﬁ: —20 mV were biphasic, suggesting a mixtur

tudes as a function of voltage.
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from 30—500uA at SOMsec and were not statistically significant betweean outward component predominated at 0 mV. Plots of current
the control and lesion groups. A Weco SC-100 constant current souggfiplitude as a function of voltage for the time points indicated oy
and a WPI pulse generator were employed to deliver current pulggs dashed lines are shown in Fig..Ihe early component did
through the stlmulatlng electrode._ The thre_shold _for epileptiform dlﬁ-ot change polarity until the voltage step exceeded 0 mV,|as
charges was determined by varying the stimulation current(Se would be expected for an excitatory postsynaptic current underfthe

duration). To generate stimulus intensity curves, the stimulus durati X "
was varied, under digital control, from 20 to 3p@ec in 10-5Qusec present recording conditions. The late component reversed heal

steps. The interstimulus interval (30 s) was kept constant throughout fie0 MV, closer to the reversal potential for chloride. Exgct
experiment. To quantify the effects of NMDAR antagonists, epileptiforfeversal potentials for the two components could not be meastired
discharge peak amplitude and area were calculated. Peak amplitude b@gause of overlapping excitatory and inhibitory componeijts.
defined as the greatest absolute value after the stimulus artifact. Area Rhsrmacological blockade of individual components was not|at-
calculated by zeroing the baseline to the average of 50 ms just beforetthepted because this would alter the excitability of the logal

stimulus artifact, then integrating the trace after the stimulus artifact. circuits responsible for generating the epileptiform discharge.
All drugs were bath applied and each cell served as its own control.

Concentrated stocks of APV (Tocris) were made in deionized wat . . . . .
Ifenprodil (Sigma) was dissolved in DMSO to make concentratcngDAR antagonists raise epileptiform discharge threshold

stocks. These stocks were stored-&0 C. NMDAR antagonists have been shown to either block a |

RESULTS (Luhmann et al. 1998) or abolish the discharge entirely (Jacpbs
et al. 1999). In the present experiments, bath application| &
APV at concentrations of 2—-1QM reversibly raised the| 2
Previous investigations have shown that there is a hyperextitreshold for evoking epileptiform discharges, in addition
able zone adjacent to the microsulcus in freeze-lesioned contegucing peak amplitude and response area in lesioned
(Hablitz and DeFazio 1998; Jacabs et al. 1999). Synaptic activaals. Figure 2Allustrates the multiple effects of antagonist o
tion of deep layers adjacent to the lesion evoked a long-lastiegoked epileptiform discharges. In the presence ofu M
epileptiform discharge that was monitored in layer II/lll pyramiAPV, the epileptiform discharge was reduced in amplitude
dal cells 1-2 mm lateral to the lesion using whole cell voltaggecayed more rapidly. These effects were reversible. Epilepg
clamp techniques (Fig. 1). The voltage dependence of the epilegrm discharges can show trial-to-trial variation in peak af=
tiform discharge was examined by stepping the membrane potplitude and area. A>25% change in the measured properti¢
tial between—80 and 20 mV from a holding potential 6f60 was considered significant because this represented a chan
mV. The voltage step was 1 s in duration, starting 400 ms befdghgeshold greater than that produced by the minimum stimu
the stimulus. In 22 of 26 cells, a biphasic current waveform wasiration increment employed in determining input-outp
apparent at membrane potentials betweetD and —20 mV, curves. APV caused a reduction o25% in the peak ampli-
whereas the remaining recordings were monophasic with little toide in 6 of 14 recordings and in the area in 9 of 14 recordin
no current at 0 mV. Outward currents at these potentials are masteduction in area without &25% change in amplitude wag
likely caused by synaptic activation of chloride-permeablebserved in 3 of 9 cells.
GABA , receptors that reverse neai70 mV (compared with 0 APV also raised the threshold for evoking an epileptifor
mV for the expected reversal of excitatory synaptic currentglischarge. A plot of response area as a function of stimu
Figure 1Cshows epileptiform discharges evoked at potentiatkiration is shown in Fig. 2BIn both control and wash, the
from —80 mV to 20 mV. Both inward and outward currents werepileptiform discharge could be reliably evoked at a 13@c
present at step potentials between —60 mV-add mV, whereas stimulus duration. In APV, a stimulus of 18@sec was re-

Voltage dependence of the epileptiform discharge
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FIG. 2. The N-methylp-aspartate receptor (NMDAR) antagonist2-amino-5-phosphopentanoic acid (APV) increases the
threshold and reduces the amplitude and area of evoked epileptiform dischargeecimen records showing thati®M APV
reversibly reduced the peak amplitude and area of the evoked epileptiform discharge. Traces are aligned on the rising phase to
demonstrate changes in ar@.effects of APV on input-output relations. Stimulus intensity was varied by changing the duration
of the current pulse. Brief pulses (=6fsec) did not evoke a detectable current. Under control conditions, stimulus durations
exceeding 6Qusec evoked all-or-nothing evenw) (10 uM APV increased the threshold threefold in this recording. After 30 min
wash, the threshold was still slightly elevated, with a small event evoked at a stimulus duratiopsg@0rhe holding potential
was —60 mV for this and all the following figures.



http://jn.physiology.org/

318 R. A. DEFAZIO AND J. J. HABLITZ

_ 10 uM Ifenprodil
Failure 40
++++++++++++++ O@Q e
2°
o 304 o
3 © © ® o
Tfenprodil g
enprodi : (% % S
T 20-
F
-<+———— Control 2
o 104
g Failure
I}
: g
100 pA ) ag b <
ol 8 & &
100 msec

Time ( minutes )

FIG. 3. The NR2B subunit—selective antagonist ifenprodil reduces epileptiform discharges in slices from lesioned animals.
A: in these recordings, evoked responses consisted of a rapid, possibly monosynaptic, response followed by an epileptiform
discharge. These short latency responses were observed in 20% of the recordings in slices from lesioned animals with distal
stimulation (>1 mm medial to recording site, adjacent to lesion). Similar stimulation in slices from nonlesioned animals in
normal saline did not evoke appreciable currents at the recordingBsitee time course of the experiment summarizes the
effects of ifenprodil in slices from lesioned animals. The first 5 min of the experiment reflects the stimulus duration
dependence of the epileptiform discharge. Data points (a) represent subthreshold pulses of 2@setd 8@imulus durations
=60 usec evoked a maximal response. Ifenprodil reduced the area of the epileptiform discharge as well as the threshold. At
(b) and (c), stimulus duration dependence was tested again. Stimulus duratl®@susec did not evoke a late discharge.
<« indicates a failure at 10@.sec (also shown ).

quired to evoke a discharge. APV increased the threshold fomreshold for this cell was 6@.sec. A stimulus duration of
evoking an epileptiform discharge by25% in 8 of 9 slices 100usec was employed before and during the application
tested. As shown in Fig.B, elevated stimulus intensity de-10 uM ifenprodil. At (b) and (c), a second threshold dete
creased the area of the discharge, but not to the same extaeimtation was made. Epileptiform discharges could not
as APV. evoked at stimulus duratiorrs100 usec. One stimulation at
To examine the possibility of enhanced expression 400 usec resulted in a failure (arrow). Peak amplitude<(
NR2B-containing NMDARSs, the polyamine-site antagonist of 8 slices) and area (& 8 of 8 slices) of epileptiform

ifenprodil was tested. The effects of ifenprodil (M), discharges were reduced by ifenprodil. Ifenprodil raised thfa

which has a 400-fold greater affinity at NR2B-containinghreshold>25% in all recordings examined for threshol

receptors (Williams 1993), on epileptiform discharges aeffects (n= 6 slices). Thus the NR2B-selective antagoniss
shown in Fig. 3. Epileptiform discharges in this cell exhibhad effects similar to those observed in APV. 3
ited an early fast component followed by a multiphasic late o
component. The fast component was unaffected by ifepytial disinhibition reveals differences in sensitivity to S
prodil whereas peak amplitude and area of the late COMARsnprodil in lesioned and nonlesioned cortex &
nent of the epileptiform discharge were decreased. The time <
course of this experiment is shown in FigB.3After two Partial disinhibition resulting from bath application of loy R
stimuli at 100usec, a series of stimuli at 20, 40, 60, 80, 10Gjoses of bicuculline produces a hyperexcitable state charag ter
150, and 20Qusec was delivered to determine threshold (ajzed by propagating epileptiform discharges (Chagnac-Amitag
A B
2 uM Bicuculline 2 uM Bicuculline
[ | 140 4 1
1800 - FiIG. 4. Partial disinhibition revealed a large
1207 discharge that was similar in waveform in le
~ 1600 ~ T 1) T sioned and nonlesioned corteék. peak amplitude
<CZL 1400 | é 100 - of the epileptiform discharge under control con
< 1200 | J_ J_ ditions in lesioned cortex was significantly
© * 80 smaller (P< 0.001,n = 10) than the response
B 1000 4 ! recorded in the presence ofi2l bicuculline in
=, 800 4 L 604 both lesioned and nonlesioned cortex (batk=
g 600 * s 7). B: the area was also significantly smaller<P
< ] 40 - * 0.001). These data support the observation tHat
Ry
B 400 - the mechanisms underlying hyperexcitability i
& 200 20 - lesioned cortex are inconsistent with a loss df
inhibition.
0 _ ] 0 i J
Lesioned Lesioned Control Lesioned Lesioned Control

Cortex Cortex Cortex Cortex Cortex Cortex
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Fic. 5. Ifenprodil modifies the epileptiform dis-
120+ 10 pM Ifenprodil charge in slices from nonlesioned animals in th
— presence of 2uM bicuculline. The discharge ampli-
tude was reduced with little effect on threshokd.
10 uM ifenprodil reduced the amplitude and area d
the epileptiform dischargeB: time course of ifen-
prodil antagonism and a small increase in threshojd
are shown. Two 6Qusec stimuli did not evoke the
all-or-nothing current response under control cond
tions; however, stimulus duratiors80 usec reli-
ably evoked the discharge. In the presence of ifep-
prodil, 3 stimulations at 8Qusec were subthreshold
whereas 10Qusec continued to reliably evoke the
response. Thus a 25% increase in threshold wgs

® observed in this recording. This was the average
200 pA o T 1 T T increase in threshold by ifenprodil in nonlesione¢l
0 10 20 30 40 animals.
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and Connors 1989). In brain slices bathed inM bicuculline, the threshold by>25% in 5 of 7 slices examined, but had littl
we examined the ifenprodil sensitivity of the evoked epileptieffect (<25%) on peak or area of the epileptiform dischar
form discharge threshold in slices from lesioned and nonlé: = 7 of 7). These results are summarized in Table 1 and Hi
sioned animals. Bicuculline significantly enhanced the pe&k The mean of the percent changes observed for each ex
amplitude and area of the epileptiform discharge in lesion@dental group is shown in Fig. 7. On average, ifenprodil hf
animals (Fig. 4). No significant differences in bicucullinesignificantly less effect on threshold in control animas<
induced epileptiform discharges in slices from nonlesioned aAd5) in bicuculline. The amplitude and area of the discharg
lesioned animals were observed. In slices from nonlesionedoked in slices from control and lesioned animals in bicuc
animals, bath application of 10M ifenprodil reduced the area line were also less sensitive to ifenprodil. The number of slig
of the epileptiform discharge by25% in 2 of 7 cells. Figure is the same as that given in Table 1.
5A illustrates the effect of ifenprodil on bicuculline-induced
epileptiform discharges in a slice from a nonlesioned anim@), s -, ssion
In this cell, both the area and the peak amplitude were reduced
>25%. The time course of the experiment is shown in FB.. 5 Three main findings were obtained in the present expd
Symbols near zero represent responses to subthreshold stiments. The voltage dependence of epileptiform dischar
lation. The threshold was unaffected by ifenprodil in this celindicated that these paroxysmal events were produced b
Overall, ifenprodil had little effect on the thresholet25% complex pattern of excitatory and inhibitory inputs. NMDAFR
increase in threshold) for evoking the epileptiform dischargentagonists were found to be effective in raising the threshp
(n = 5 of 6 slices tested). for evoking epileptiform discharges. Finally, the differenti
In contrast, ifenprodil raised the threshold of the bicucullingfenprodil sensitivity of threshold for evoked bicuculline-inf o
induced epileptiform discharge in slices from lesioned animafdced discharges in control and lesioned animals indicatésl
as shown in Fig. 6. For this recording, stimuli of @@&ec functional differences in NMDARs expressing NR2B subunifse
duration reliably elicited epileptiform discharges (Fig)g6but The presence of a GABAreceptor—mediated component ifiS
in the presence of ifenprodil, stimuli of 10@sec or greater epileptiform discharges in the freeze lesion model is consis
were required to evoke the epileptiform discharge (Fig).6 with previous observations. These earlier studies, using Ig
After washout, the 6Qusec stimulus again reliably evoked thestimulation<<0.5 mm distal to the recording site, demonstrat
epileptiform discharge. In lesioned animals, ifenprodil raisétie presence of inhibitory potentials in layer II/lll pyramida

A B C
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FiIG. 6. Ifenprodil increased the thresh-
old by an average of 49% in slices from
lesioned animals exposed to bicucullire.
in 2 uM bicuculline, lesioned slices dis-
played an epileptiform discharge similar in
waveform and amplitude to that observed ip
control animals (compare with Fig. 5B:
ifenprodil raised the threshold for evoking
the discharge from 7f2sec inAto 100usec

70 usec

70 100 usec in B, a 43% increaseC: on washout, the 70
Hsec usec stimulation evoked a response similgr
to the control response iA. The amplitude
to the response to 10@sec was increased
200 pA relative to that in the presence of ifenprodil

100 pusec

200 msec
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TasLe 1. Percent of recordings showinga25% change in The inhibitory effect of ifenprodil, an antagonist with highgr
threshold, peak amplitude, or area affinity for receptors containing the NR2B subunit, was ungx-
_ pected because NR2A receptors are thought to predominafe at
Antagonist Threshold Peak Area  the stage of development examined in this study (Flint et fal.
Intrinsic hyperexcitability 1997; Sheng et al. 1994). Although.ifenprc.)dil sensitivity has
Lesi APV 89% (9) 239 64% (14) been demonstrated in a subpopulation of isolated neocortjcal
esion (] (] (1) H H H
Lesion \fenprodil 100% (6) 50% 100% (8) cells from animals of this age group (Kew et al. 1998), diffelr-

ences between control and lesioned animals under conditjons
Partial disinhibition

Nonlesion Ifenprodil 17% (6) 14% 29% (7) NMDAR subunit composition. These results suggest that
Lesion Ifenprodil 71% (7) 0% 0% (7) NR2B subunit—containing NMDARs predominate in at leas{ a

Summary of results obtained under control conditions and after parté\.ﬁbset of th? cells resp_on5|ble for t.he ]rjlt|at|on of the d
disinhibition with 2 xM bicuculline. One recording was obtained from eacteharge, possibly conferring hyperexcitability through the p
slice. Number in parenthesis indicates number of slices tested. Concentrati@idgation of excitatory postsynaptic currents (EPSCs).
of 2-10uM APV and 10uM ifenprodil were employed. Differences in the |ack of effect of ifenprodil on the discharge observed in the

number of slices in threshold and peak/area measurements were caused bwgpsence of bicuculline in slices from control and lesionkd
lack of stimulus-intensity curves in some recordings.

cells (Luhmann et al. 1998) and early and late inhibitor?OSiti%r.‘ arefnot widezprr]ead. dvsolasti have d
currents in layer 5 pyramidal cells (Prince et al. 1997). Our dat S:ud'?ﬁ of resecte f&rg;n gsp_t(31§t|c cortex t‘?‘Y? ue
demonstrate that even during the propagation of epileptifo i glfeseciig;isceﬁgfagterize dS;s Hsr]p;ilimgr;uv?/ict)rze;ft:ghlr/zallne?
Q|spharges (1-2 mm from the sﬂmglaﬂon site), a PromiNeiljes. The immunoreactivity was localized to “dysplasti
inhibitory component is detectable in layer lI/lll pyramida

. ; o . eurons,” or cells that appear disordered compared with
cells. In addition, studies of inhibitory postsynaptic CUTeN{SH rmal laminar structure of cortex (Ying et al.1998). It shou

(IPSCs) in brain slices from lesioned animals have indicated D noted that the morphological abnormalities observed
enhancement of unitary inhibitory events (DeFazio and Hab“Ezuman polymicrogyria and this freeze-lesion model repres

1999) and enhanced excitatory drive on inhibitory cells (Prin%(?]I one tvbe of cortical dvsplasia. Consequently. our resti®
et al. 1997). Although disinhibition has often been suggested . ynot beygirectly compa?/edp with.the dysqplasiaybbserve )

a basis for epileptogenesis (Ribak and Reiffenstein 19 :

. . L > man epilepsy. However, our data support the hypothesis [zt
Schwartzkroin and Prince 1980), epileptiform activity can bf subsetpof f:)eI}Ils near the lesiand resppopnsible fo?l E[)he initi- @
observed when inhibitory synaptic activity is normal (Malou;,\"f yhe discharge are sensitive to ifenprodil. These c s
etal. 1990) or enhanced (Rutecki et al. 1987). The oceurrentsiiid represent the “dysplastic” neurons in human tissue
of complex long-lasting epileptiform discharges in dysplasti re observed to express NR2 immunoreactivity
neocortex suggests alterations in local excitatory circuits. They /1~ ARs are known to participate in local recurrent exd

presence of some degree of inhibitory control may explain tI‘f[‘g‘tion in neocortex (Hess et al. 1994; Sutor and Hablitz 198

faillérel to observe spontaneous epileptiform activity in thi/ﬁ\bnormalities in these horizontal connections could also cd
model.

The effects of NMDAR antagonists on the threshold of the
epileptiform discharge indicate that NMDARs play an impor-
tant role in the initiation and/or propagation of epileptiform
discharges. In lesioned cortex, NMDAR antagonists potently
raised the threshold for evoking discharges in both the intrinsic
hyperexcitabe state and after partial disinhibition. These results
may help to resolve the apparent differences reported in pre-
vious studies of APV effects in this animal model. A previous
study (using relatively local stimulationy0.5 mm lateral to
the lesion) demonstrated that APV at concentratioR8 pM
blocked only a late component of the discharge (Luhmann et
al. 1998). Our study suggests that APV-induced changes in the -10%
threshold for evoking the propagating discharge could lead to
an apparent abolition of the late component with little effect on -30%]
the local (early) response if only a single stimulation intensity
was tested. Another group reported that 30@ APV com- 50%"
pletely blocked late field potential discharges recorded at 2, 4, Threshold Peak Amplitude  Area
and 8 times threshold St'mUIUS.'ntenS't'eS (Jacobs et al. 1999),; 7 Summary graph showing the results from the 4 experimental cpn-
An early component representing the locally evoked postSyditions. The ifenprodil-induced increase in threshold was significantly lesq in
aptic potential and population action potential was not obwentrol animals in the presence ofi bicuculline (P< 0.05). The effects of
ously affected by 10uM APV (see Fig. 10 in Jacobs et al.NMDAR antagonists on peak amplitude and area were more variable; hpw-

S : r, ifenprodil had significantly greater effect on peak amplitude in normal
1999). The combination of these results with the present stuwne than in bicuculline (R< 0.05). Both APV and ifenprodil had greate

suggests that NMDARs play an important role in the initiatioBftects on area in the absence of bicucullifle< 0.01). See Table 1 for the
and propagation of the epileptiform discharge. numbers of slices in each group.
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tribute to hyperexcitability. Alterations in gene expression arige W. L. anp HasLitz, J. J. Effect of APV and ketamine on epileptiforn

changes in receptor subunits have been reported in severagtivity in the CA1 and CA3 regions of the hippocampEpilepsy Rest:
; ; -£87-94, 1990.
models of epilepsy. Metabotropic glutamate receptors are qlfUHMANN, H. J., Karpuk, N., Qu, M., aND ZiLLES, K. Characterization of

ferentlally modulated in the klndllng model of temporal lobe neuronal migration disorders in neocortical structures. Il. Intracellular

epilepsy (Akbar et al. 1996; Neugebauer et al. 1997). OUNjto recordings.J. Neurophysiol80: 92-102, 1998.

previous studies on miniature IPSCs in dysplastic cortex denusmann, H. J.anp Raasg, K. Characterization of neuronal migration disor

onstrated a predominance aP over ol subunits (DeFazio ders in neocortical structures. I. Expression of epileptiform activity in

and Hablitz 1999), a pattern found in immature neocortex.animal modelEpilepsy Res26: 6774, 1996. o

Those observations, coupled with the present findings witf-0U% A T., RoBBINS, C. A., AND SCHWARTZKROIN, P. A. Epileptiform

NMDARs, suggest that.a delay or arrest of the developmenta eurosci. Lett108: 7680, 1990.

pattern of neurotransmitter receptor expression on neocortigah, eqn, G. W.. ReTorius J. K., LEITE, J. P., KorRNBLUM, H. I., MENDOZA,

cells may be a hallmark of freeze-induced cortical dysplasia. p., Lozaba, A., ano BerTram, E. H. 3rd Hippocampal AMPA and NMDA
mRNA levels and subunit immunoreactivity in human temporal lobe e
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