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Ghai, Rahul S., Marom Bikson, and Dominique M. Durand. synaptic transmission (Jones and Heinemann 1987; Konnerth
_Effects of applie_d electric fie_lds on Iow-caI(_:ium epileptiform activityet al. 1986; Taylor and Dudek 1982) and induces paroxysmal
in the CAl region of rat hippocampal slices.Neurophysiol84: ~ eyents that closely approximate epileptic activity (Haas and
274-280, 2000. It is well established that exogenous electric f'elgéfferys 1984; Schweitzer et al. 1992; Yaari et al. 1983). The

can suppress activity obtained in different models of epileptifor ] PN ; : i
discharge such as penicillin and high potassium. In the low-calciu w-calcium™ model of epilepsy retains many characteristics

model of epilepsy, spontaneous epileptiform bursting is generatedq focal hippocampal SEIZUTES In VIVO, 'r.‘C'“d'“g a fo.cal orgin
the absence of synaptic transmission. It has been suggested @ local spread, a gradual increase in synchronicity, and a
ephaptic interactions play a critical role in neuronal synchronizatid@#stevent refractoriness (Konnerth et al. 1986). Moreover, in
and burst propagation in this nonsynaptic model. We, therefore, tes#fo experiments (Benninger et al. 1980; Krnjevic et al. 1982;
the hypothesis that low-calcium bursting induced in the CA1 region &omjen and Giacchino 1985) as well as in situ studies (Hei-
transverse and longitudinal hippocampal slices should be highly seremann et al. 1977; Pumain et al. 1985) have shown that
sitive to exogenous electric fields. Uniform, low amplitude DC eledncreased neuronal activity, associated with seizures, results in
tric fields were applied during spontaneous low-calcium epileptiforfa\vered calcium levels in brain tissue.

activity. Modu_lation and full suppression of epileptiform activity Was Each low-C&" event is characterized by a negative shift in
observed at field strengths between 1 and 5 mv/imm, a value Siggife,” o cellular field potential that propagates slowly across

icantly lower than in other in vitro models of epilepsy. We furthegg CAL . d is al ied b i ient
investigated the hypothesis that the efficacy of electrical fields wi e region and IS always accompanied by a iransien

related to changes in the extracellular space. Our results suggest ¥gfease in extracellular potassium. It has been suggested that
the osmolality of the perfusate can modulate the efficacy of electfi€urons contribute in a feed-forward manner to the potassium
fields. It was also observed that the ability of a field to suppress Bansient (Bikson et al. 1999; Yaari et al. 1986); however, it has
modulate low-calcium activity was highly dependent on its orient@ot been possible to determine conclusively whether the po-
tion, polarity, as well as magnitude. Finally, it was observed that thassium wave was the cause or a product of the epileptiform
extracellular potassium “waves” that normally accompany individuglctivity. In this study, extracellular potassium transients were

epileptiform events was abolished when the individual events Weggonitored during the suppression of the spontaneous field
suppressed. These results suggest that DC fields modulate and BRsts with electric fields.

press low-calcium activity by directly polarizing CA1 pyramidal cells. It is known that low-level, endogenous electric fields in the

CNS play a significant role in modulating neuronal activity
(Faber and Korn 1989; Kayyali and Durand 1991; Snow and
Dudek 1984, 1986), particularly under conditions that promote

Direct current injections into hippocampal tissue can modell swelling, such as during epileptic seizures. Moreover, it
ulate evoked (Bawin et al. 1986; Chan and Nicholson 1986as been suggested that ephaptic interactions play a critical role
Jefferys 1981; Kayyali and Durand 1991) as well as spontariB-nonsynaptic epileptogenesis (Haas and Jefferys 1984; Kon-
ous (Gluckman et al. 1996; Nakagawa and Durand 1991€rth et al. 1986; Richardson and O'Reilly 1995). We, there-
Warren and Durand 1998) epileptiform activity in the hipfo_re tested the hypothe5|s 'ghat applied electrlc fields sho_uld be
pocampal brain slice preparation. It has been suggested fighly effective in controlling and modulating low-calcium
currents passing from the extracellular space into the cgRileptiform activity. The efficacy of applied fields as a func-
bodies polarize the cells, thus modulating neuronal activitfon of osmolarity was similarly evaluated.

Transmembrane voltage recordings have supported this hy-

pothesis by showing that the mechanism of modulation iImETHODS

volves a net polarization of the affected somatic membranEF rical di d dat vsi
(Kayyali and Durand 1991; Nakagawa and Durand 1991). ectrical recording and data analysis

Perfusion of hippocampal slices with low-€a artificial All experiments were performed in the CA1 region of hippocampal
cerebrospinal fluid (ACSF=0.2 mM C& ") effectively blocks brain slices prepared from adult Sprague-Dawley rats (125-175 g).

INTRODUCTION
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EFFECTS OF ELECTRIC FIELDS ON LOW-CALCIUM BURSTING 275

The rats were anesthetized using ethyl ether and rapidly decapitatel sucrose, a membrane-impermeant solute that causes cell shrink-
The brain was then removed and immediately placed in ice ccag@e, and an increase in the extracellular space (Dudek et al. 1990).
“normal” ACSF with the following composition (in mM): 124 NacCl,
3.75 KCl, 1.25 KHPO,, 2.0 CaC}, 2.0 MgSQ, 26 NaHCQ, 10.0 . — I
dextrose. The hippocampus was dissected out from the brain, é%gneratlon and application of electric fields
400-um-thick transverse and longitudinal slices were prepared on ayniform, electric fields were generated across individual slices
Mcllwain tissue chopper. The slices were then transferred to a holdifiglg. 1) by passing current between two parallel AgCl-coated silver
chamber filled with ACSF at room temperature and bubbled with 954fires placed on the surface of the ACSF in the interface chamber. The
0,-5% CO,, where they could be maintained for up& h and used pulses applied to the wires were generated by a voltage generator
as required. (Master-8 Programmable Pulse Generator, AMPI) and converted to a
After >1 h of recovery, a slice was transferred to a standaalirrent pulse by a stimulus isolation unit (Grass Instrument Co.).
interface recording chamber with normal ACSF (nACSF) at 35°  The electric field (mV/mm) in the chamber was measured by two
0.5°, and a warmed, humidified 95%,5% CO, vapor maintained recording electrodes separated by 1 mm and calibrated to the current
over the exposed surface of the slice. After checking for viability (i.epassed through the electrodes using the sign convention shown in Fig.
=4 mV population spike in CA1, produced by the orthodromié- “Anodic” apd “cathodic"'stimulation refer to positive and negative
stimulation of the Schaffer collaterals), the slices were perfused wiig!d, respectively. The calibration procedure was repeated before and
low-calcium ACSF (low-C&") with the following composition (in 2fter each experiment. _ ,
mM): 124 NaCl, 4075 KCl, 1.25 K5PO,, 0.2 CaC}, 1.5 MgSQ, 26 Unless otherwise stated, all slices were aligned such that the den-

NaHCO,, 10.0 dextrose. Prolonged incubation (60-90 min) in th%ritic-somatic axis was parallel to the direction of the field (0 deg).
low-calcium ACSF resulted in spontaneous epileptiform activity i xperiments were perform_e_d Where_ the_angle of Fhe ex_ternal_fleld
relative to the apical dendritic-somatic axis was varied to investigate

the CA1 region of the _hlppocampus. . . . the effect of field orientation on its efficiency in suppressing the
Extracellular recordings of field potentials were obtained usi tivity. The slices were first aligned at 0 deg. Once the minimum

gle}ss njlcroplpe_tt_es (2589 f|I_Ied with .150 mM Na_CI. Spontaneous field required for full suppression was determined in this configura-

epileptiform activity was monitored with a recording electrode POStion, the slice would then be rotated 45, 90, 135, and 180 deg, and the

tioned in the somatic layer of the CAL region (Fig. 1). A seconginimum field again determined.

electrode was placed in the bath in an isopotential to allow for

differential recording such that neuronal activity could be observed

even during significant voltage changes produced by the exogendleasurement of extracellular potassium concentration

fields. The signals were amplified and low-pass filtered (1 kHz) with ) . ) )

an Axoprobe-1A amplifier (Axon Instruments), an FLA-01 amplifier Potassium-selective microelectrodes (ISM) were constructed using

(Cygnus Technology, Inc.), and stored on videotape via an Agstablished methods described elsewhere (Amman 1986; Lux 1974;

converter (Sony PCM-501ES). Lux and Neher 1973). We utilizeN,N-dimethyltrimethylsilylamine
The osmolality of the low-C&" ACSF was decreased by dilution (Fluka Chemicals) to silanize the electrode tipS, and the Fluka 60398
with 10-20% HO, which caused cell swelling and a reduction of th@otassium-selective membrane solution, which contains the potassium

extracellular space (ECS). It was increased by the addition of 10-2nophore Valinomycin. The ISM was filled with 150 mM KCI. The
ISMs were tested and calibrated (Fig.8,and B) before and after
Stimulator ‘

each experiment and were used only if they yielded a minimum
v4

response of 50-55 mV for a 10-fold change in potassium, both for
pre- and postexperimental calibrations. For experiments in which
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extracellular potassium was to be monitored, the ISM was positioned
in the CA1 pyramidal cell layer, and a recording electrode would be
positioned as close to the ISM tip as possible.

RESULTS

Spontaneous, low-Ga epileptiform activity in the CA1
region of transverse and longitudinal hippocampal slices

Following the application of the low-Ga ACSF (=0.2 mM
Ca™), synaptic transmission was blocked as demonstrated by
a gradual decrease and eventual disappearance of the ortho-
dromic responses in the CA1l region. Spontaneous bursting
slowly developed, first appearing as small, short-duration, ir-
regular negative shifts, then developing into larger, more pro-
longed and regular negative shifts, occasionally superimposed
by high-frequency population bursts (FigA)2 Both “single
peak” and “multiple peak” events were observed (Fig).2

Fic. 1. Schematic block diagram of the experimental set-up. Spontaneo@f‘ce fuIIy established, the aCtiVity remained stable for up to

synchronized activity was induced in the CA1 region of transverse (showflj-5 h. “Ictal” activity was observed in a small number of slices
and longitudinal hippocampal brain slices, using the low-calcium in vitrfn = 3). This type of activity was characterized by continuous,
model of epilepsy. A stimulator applied a preprogrammed pulse to the Agiegorous bursting (Fig. Q).

AgCl wire electrodes, thus generating the desired electric field across the slic o ; ; w ” T P
Differential recordings were obtained to minimize the stimulus artifact. Dat; Individual eplleptlform events” were remarkably similar in

was amplified, filtered, digitized (PCM), and recorded to videotape (VCR) féfuration an_d a_mplitude Within a give_n slice, but there was a
later analysis. marked variability among different slices. There were no ap-

Downloaded from www.physiology.org/journal/jn at City Col of NY (134.074.251.207) on June 7, 2019.



276 R. S. GHAI, M. BIKSON, AND D. M. DURAND

frequency distribution of the minimum fields required for full
A suppression while Fig.Bbshows the cumulative distribution of
the fields, indicating that a field of approximately 5 mV/mm
1 mV| could suppress 100% of the activity in 90% of the slices. Fields
as small as 1-1.5 mV/mm were capable of fully suppressing
the low C&" activity in approximately 15% of the slices
tested.

The minimum field amplitude required for full suppression
of activity using transverse (38 2.1 mV/mm) or longitudinal
(3.5 = 1.2 mV/mm) slices was not significantly different.
There was no correlation between the minimum electrical field
required for full inhibition and the mean event amplitude,
duration, or frequency.

Effect of field orientation on its efficiency to suppress
activity

Single peak event Multiple peak event

In several slicesn = 6), we imposed fields at different

C angles relative to the CA1 pyramidal cell layer. As the angle
between the imposed field and the apical dendritic-somatic axis
Um/\wm/)ﬁ,sva was increased from 0 to 45°, the minimum field required for
e full suppression of the activity increased (not shown). The
ctivity

mean minimum field required for full suppression at the 45°
position (13.7x 2.9 mV/mm,n = 6) was significantly higher
FIG. 2. Spontaneous, epileptiform activity induced in the CA1 region of
hippocampal slices by prolonged incubation in low2CACSF. A: extracel
lular recordings of typical spontaneous bursting from a transverse 8lice. A
single peak and multiple peak events (with population bursts) from the same
slice. C: sample of ictal activity from a different slice. Ictal activity was
characterized by continuous, vigorous bursting.

"Ictal" a

parent differences between the activity induced in transverse
(n = 30) and longitudinalrf = 12) slices. "]

As previously reported (Yaari et al. 1986), spontaneous
epileptiform activity in the CA1 pyramidal cell layer was
associated with simultaneous transient increases in extracellufe
lar potassium concentrations (Fig. 3). This “potassium wave”
ranged from 1-3 mM above the baseline potassium level. In
most slices1f = 10), the potassium wave was closely corre-
lated with the electrical activity waveform (FigAR In a few
slices 6 = 2), the potassium transient appeared to precede the
voltage event (Fig. B).

20secs

1mv

20secs

A

B
Effect of electric fields on low-calcium activity

In all slices 6 = 30), applied anodic fields suppressed the
activity while cathodic fields enhanced the activity. Applica- K*]
tion of exogenous fields resulted in a step increase in the
extracellular field potential. The amplitude of the artifact in-
creased linearly with field amplitude. The sign of the artifact

was a function of the relative position of the two field elec-

trodes. Larger anodic fields caused greater attenuation of the 1mv L
individual events until complete suppression of the activity was

achieved (Fig. A). Activity was suppressed for the duration of 5secs

the stimulus. In a majority of the slices, the trailing edge of the _ . . -
field pulses large enough to completely suppress activi FIG. 3. Extracellul_ar potassium concentrations during spontaneous activity.
p > G g g p Yy pP %ultaneous recordings of extracellular potassium][Kade using a potas
caused excitation of the tissue through an anodic break effgg sensitive microelectrode, and field potentials (fp) made using a standard
(Fig. 4B). The generation of an event by anodic break reset tbiass microelectrodeA: spontaneous activity accompanied by transient in-
pattern of oscillation, shifting the phase of the activity by affeases in extracellular potassium. In this case, both waveforms appeared to be

; : ; ; : losely synchronized, with the sharpest features of both the voltage event and
interval equal to the DUIse width of the applled b|OCk|ng erIcfhe [K*] wave appearing to be simultaneo@s.in a few slices, the potassium

Th_e mean minimum field required to suppress spontaneqigsient appeared to precede the voltage event as a more gradual rise in
activity was 3.7+ 1.8 mV/mm @ = 30). Figure & shows the baseline [K].
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Effect of applied electric fields on extracellular potassium

A (e concentrations
Successful

7.5mV/imm Extracellular potassium concentrations were measured dur-

ing application of electric fields. When the voltage events were
M Unsuccessful suppressed by an applied hyperpolarizing field, it was observed
5 mV/mm that the potassium wave was also completely abolished (Fig.

. 7B, n = 6). This observation could not be attributed to an
W Unsuccessful artifact resulting from interference due to the imposed field on

3 mVimm the ISM, since with field amplitudes too low to cause suppres-

1mv|_ sion, the ISM responded immediately to changes in extracel-

by W"‘ 7 lular potassium (Fig. &). In cases where the trailing edge of a

blocking field pulse caused “anodic break” excitation, the ISM
Zero applied field again responded im_mediately to record the expected increase in
"Control" activity extracellular potassium.

B 2 mV/mm Unsuccessful Effect of osmolality
- In several slicesn( = 4), we tested the effect of changes in
’ perfusate osmolality on spontaneous lowfCactivity, as well
as on the efficiency of the imposed field. It was relatively

3 mV/imm Successful difficult to induce robust activity in slices using higher osmo-
- o larity solutions. Conversely, activity was much more easily
1 0 -
9
4 mV/mm Successful A
8 |
“'\‘w/\ii 5mV| 3 7]
N Sl
5s &
Fic. 4. Electric field suppression of low-&a epileptiform activity. Field 55 -
application is indicated by the solid bas. as the amplitude of the applied % 4
field is increased, the stimulus artifact increases and the activity is increasingly 3+
suppressed until full suppression is achieved at 7.5 mV/Bireffect of anodic 3 T
fields on burst phasé 2 mV/mm field failed to completely suppress activity )
and did not effect event phase. Larger fields (3—4 mV/mm) suppressed the
activity and generated anodic break events at the termination of the field pulse 1
(arrows), thereby resetting the phase of the activity. 0

0 1 2 3 4 5 6 7 8
than that required at the 0° position (3t71.8 mV/mm,n = E-Field (mV/mm)
30). When the angle further increased to 90°, suppression 100 -
could not be achieved, even at very high fields.

Once the angle increased beyond 90° to 135°, the minimu
field magnitudes required for full suppression were very sim-
ilar to those at 45°, but of opposite polarity. At 180°, the field ™
efficiency in suppressing the activity was maximum, resulting
in minimal fields required for full suppression but of opposite
polarity to those in the 0° case.

FN [ )
o S o°

% Slices Blocked

Modulation of ictal activity by changes in field polarity and
magnitude 20

The relationship between both electric field magnitude and 0t
polarity and slice excitability was studied in slices which o |
developed ictal activityr{ = 3). Fields of various amplitudes
and polarities were successively applied to modulate the ictal E-Field (mV/imm)
aCt',V'ty' Figure & ,ShOWS that the burst frequenpy increased FiIG. 5. Distribution of field amplitude required for full suppressigh.
during the cathodic phase and decreased during the anQEB@uency distribution of the minimum field required for suppression shows
phase of the applied fields. Burst amplitude and width were rtbét the mean minimum field required to completely block spontaneous events
consistently effected. Interestingly, the relationship betwe#s 3.68= 1.82 mV/mm ( = 30). B: cumulative distribution of minimum

: : - ield required for full suppression. These results indicate that a field of
the amp“tUde of the applled field and burst frequency W%gproximatelyS mV/mm could completely suppress the activity in 90% of the

linear, as shown b)_’ the regression analysis in Fig).(&* = slices, and a field as low as 2 mV/mm could completely suppress the activity
0.96, slope= 1.55, intercept= 9.45). in almost 50% of the slices.
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volume caused by cellular swelling. This decrease in the ex-
tracellular volume increases the resistance of the tissue, which
in turn would increase the efficacy of the applied fields. Con-
sistent with this hypothesis, we found that lowering osmolarity
increased the efficiency of the applied fields. Conversely, in-
creasing osmolarity decreased the efficiency of the imposed
fields.

Previous studies have shown that decreases in osmolality
can lead to shrinkage of the extracellular volume, resulting in
enhanced activity. Increases in osmolarity lead to attenuation
or suppression of spontaneous activity (Dudek et al. 1990;
Hochman et al. 1995; Traynelis and Dingledine 1989). Our
T T I NN~y e T results also confirm these observations and suggest that os-

Time (seconds) motic modulation of spontaneous activity could be due to
changes in the efficacy of ephaptic interaction between neu-
rons.
: Alternately, the low threshold for suppression of low-Ga
Lo activity could be a result of changes in intrinsic cell properties
; associated with a reduction in extracellular calcium activity
Lot (Haas and Jefferys 1984). Changes in membrane input resis-
o tance or block of C&% dependent K channels could increase
PESUN cell sensitivity to exogenous fields. Similarly, reducing extra-
T : : f cellular calcium increases gap junction coupling (Perez-
T Velazquez et al. 1994), which might in turn increase the

e : 5 efficacy of a field applied to a network of cells.
T {0 ZeroField : 2 s

* /,44,/} * AnodicFieIg : A mV/imm 2 mVimm
t : : i+ Cathodic Field:
BTE @ 2 0 2 4 5 8

E-field (mV/mm) 1 mM

QU 1

AR itk

20—

+
3

o
(ww/Aw) play-3

a

\

i
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# Bursts per 30 secs
o
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)
o
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>
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T
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FIG. 6. Modulation of activity by changes in field polarity and magnitude.
A: modulation of activity. The upper trace represents the amplitude and
polarity of the field imposed on the slice at different times. With no field
imposed, baseline burst rate was approximately 8—10 bursts per 30 s. Cathodic
fields increased the burst rate while anodic fields decreased the burdb:rate. K+ H}h

relationship between slice activity and the imposed E-field. Event frequency

could also be linearly modulated by increasing or decreasing the field magni-

tude used. fp 2my |
induced using lower osmolarity solutions. A 10% decrease in 10s
osmolarity resulted in an average 56% decrease @) in the

minimum field required for full suppression, while a 14%
increase in osmolarity resulted in an average 81%6=(4) B

increase in the minimum field required for full suppression.
DISCUSSION
The results of this study show that small externally applied 1 mm
DC electric fields are capable of suppressing or enhancing+
10s

low-calcium epileptiform activity induced in the pyramidal cell
layer of the CA1 region of transverse and longitudinal hip-
pocampal brain slices.

fp 5mv |
Electric field suppression of low-&& activity, role of W

. 10s
osmolality

2.5 mV/imm 2.5 mV/imm

. . . . . FIG. 7. Extracellular potassium concentrations during attempts to suppress
One major finding of this study was that the minimum f'equivity. Simultaneous recordings of extracellular potassiurf][#ade using

magnitudes required for full suppression of low?Cactivity a potassium-sensitive microelectrode, and field potentials (fp) made using a
(3.7 = 1.8 mV/mm) were considerably lower than those restandard glass microelectrod&. 2 mV/mm field pulses failed to suppress
quired to suppress high potassium induced epileptiform actigtivity ﬁnld did not a_ffect meast_Jrementlof elxtraé:ell_lurllardpzta_ssium tranBtentt.

; . -_extracellular potassium wave is completely abolished during successful at-
ity (10_15 mV/mm; Gluqkman et 3'- 1996)‘ We hypOthe_SIZ mpts to suppress the activity. Anodic break events, triggered by the falling
that the_ effects _Of the imposed fields are enhanced in e of the anodic field pulse, are also accompanied by a transient increase in
low-calcium environment by a decrease in the extracellulaftracellular potassium.
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Extracellular potassium concentration during suppression o€ell bodies, hence decreasing the efficacy of the exogenous
activity fields. When the field is applied perpendicular to the axis, no
] ) ) ) current flows through the CAl neurons; hence, the activity
Consistent with earlier studies (Haas and Jefferys 1984innot be affected even at very high field values. Beyond 90

were recorded accompanying spontaneous, synchronized @gé- polarizing effect also reverses.

leptiform events in the CA1 pyramidal cell layer of transverse

and longitudinal hippocampal brain slices, using potassium- ) o o )
sensitive microelectrodes. It has been hypothesized that thigdulation of activity by changes in field polarity and
increases in extracellular potassium could be a primary factoagnitude

in low-C&" burst initiation and propagation, but that neuronal We h iously sh that low-&aburst f .
firing is required, contributing in a feed-forward manner to the € have previously shown that fow-L-aburst irequency IS

: ; . ; early modulated by changes in neuronal polarization (Bik-
potassium wave (Bikson et al. 1999; Yaari et al. 1986). Oggn et al. 1999). Anodic fields, generating a depolarization of

finding of coincident abolition with hyperpolarizing electric . b learl q X in th
fields of the voltage event and potassium wave is consistdff Somatic membrane, clearly caused an increase in the ex-
bility of the tissue, as evidenced by an increased burst

with this hypothesis. However, because extracellular potassi Haquency. Cathodic fields reduced the burst frequency, thus

concentration never dropped below baseline levels during fi : . e
application, this result indicates that DC fields do not suppre2dddesting that they reduced tissue excitability by hyperpolar-

spontaneous activity by modulation potassium activity. Irilggnitg%:gmﬁgcﬁ(Iansmtbr::TgW-gjértbhuerrsTf?gu2%cg:/hce:)nu%ngethe

_ o _ o modulated linearly. Taken together, these results suggest that
Mechanism of electric field suppression of activity DC exogenous electric fields modulate low-calcium spontane-

. . . ... ous bursting by direct polarization of cell bodies.
Two possible mechanisms that could explain the inhibitory

effect of a hyperpolarizing field imposed across the slice are
neuronal desynchronization and membrane polarization (D& MMARY

rand and Warman 1994). Desynchronization of neuronal ac- L . .
tivity by the application of precisely timed, short-duration 1€ major finding of this study is that spontaneous, synchro-

current pulses that force the neurons to fire out of phase witif€d low-calcium epileptiform activity in the CA1 region of

other cells has been shown to significantly reduce the amgitt NiPPocampal brain slices can be completely suppressed with

tude of extracellularly recorded population spikes (Dural gnifica}nt'ly Iowgr eleptric ﬁe'd values th_an those requireq to
1986: Durand and Warman 1994: Warman and Durand 198 ock similar activity in the high potassium model. The in-

However, this effect requires very small pulses to be appli&geased efficiency of the fields in the lowCaenvironment
pmay be caused by an increase in the tissue resistance due to cell

$welling caused by prolonged exposure to low=CaACSF
(Warren and Durand 1998). Our results suggest that activity
Haodulation is mediated by somatic polarization and is thus

entire duration of an event, have shown that activity is su ensitive to the field orientation. Finally, our results clearly

pressed by the hyperpolarization of the somatic membrarie?V that the extracellular potassium waves associated with
(Kayyali and Durand 1991; Nakagawa and Durand 199 pontaneous, synchronized eplleptlform activity are com-
Intracellular recordings from the above studies indicated tHAFt€ly abolished when the corresponding voltage events are
there was a large reduction in the number of action potenti&4PPressed.
during the period of applied current, suggesting that neurons
were being hyperpolarized. Similarly, in this study, anodigererencEs
fields that result in a higher potential at the soma than at the o o ) o
dendrites would force a positive current to flow inward at t}.éMMAI\! D. Io_n—selectlve mlcroelectrodes.: Prlr_mples, Design and Application.
f . erlin, Heidelberg, New York, Tokyo: Springer-Verlag, 1986.

soma and out through the dendrites (Jefferys 1981). This wo%@vm SM, ABU-ASSAL ML, SHEPPARD AR, MAHONEY MD, AND ADEY WR.
result in the depolarization of the dendrites and the hyperpotong-term effects of sinusoidal extracellular electric fields in penicillin-

izati . Simi ic fi i in treated rat hippocampal sliceBrain Res399: 194-199, 1986.
fﬂf;;g)rnp(gtéme“g?;?hg Idrglllf]%rmégatthh:r? g_:tftlre]:adg(;,:g:\t]vgifg Il:[()lir%@lNlNGER C K?EIS J,AED PRI!\ICE DA. Extracelllular calcium and potassium
a positive current to flow inward at the dendrites and outwa ngﬂgjsé”w:'pggcaggg Aﬂ'%%“TEDRS&?\LB153'16%aﬁ§%n of burst
at ﬂ:ﬁ soma, thus hyperpolarizing the dendrites and dep0|ar|2frequer{cy, duration, and amplit’ude in the zer&Canodel of epileptiform
ing the soma. activity. J NeurophysioB2: 2262-2270, 1999.

g']|'hi5 mechanism is consistent with the results from fielgHAN CYyAND NICHngONC. Modulation by applied electric fields of Purkinje

; ; ; ; : i« and Stellate cell activity in the isolated turtle cerebellunPhysiol (Lond)
orientation experiments which clearly show that a field is 371 89-114, 1986,

m_aXIm_aIIy efficient in SuPpreSS'ng, QI’ enhan_cmg fiCthIty WheIBARRIGO JS. Screening of membrane surface charges by divalent cations: an
it is aligned parallel to the dendritic-somatic axis. When the atomic representatiosm J Physio235: C109-C117, 1986.
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