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Introduction

Very Fast Oscillations(VFOs,>80Hz) can be recorded with
subduralgrid or depth electrodesin the cortexof patientswith
certain epilepsies1,2,3. The generation of VFOsare associated
with the onset of epilepsy and can often be observed
embeddedon interictal sharpwaves4,5.

ECOGstudieshavesuggestedthat VFOsaregeneratedin highly
localisedneuronal networks located within the seizureonset
zone6,7. Thus,their presencemay be important for localising
epileptogenictissue.

MechanismsunderlyingVFOgenerationhave been proposed
through animal models of epilepsy in vitro. Severalstudies
suggestedinterneurons play a role in VFO generation, as
transient firing of fast-spiking interneurons appeared
correlatedwith the fast eventson sharpwaves8,9. However, it
wasunclearwhether interneuronalfiring causedthe VFO,or if
their firing wasaneffect of the sharp-waveevent. A completely
contrastingmechanismexploredby computationaland in vitro
studies, suggestedthat VFO exists when excitatory activity
spreadsthrough an electrically-couplednetwork pyramidalcell
axons5,10.

In our researchwe utilise human epileptic temporal cortex
slicesin vitro, this unique experimentalapproachallowsus to
perform extracellularrecordingsto assessthe distribution of
VFOs,to analysethe pharmacologyof epilepticactivity and to
recordthe propertiesof individualneuronsto understandtheir
synapticcontribution to epilepticactivity.

Theaimsof this researchareto assessthe mechanismsof VFOs
recordedspontaneouslyin epileptichumantemporal cortex in
vitro. In particular,analysingwhether VFOactivity is generated
by an inhibitory mechanismor if it manifests in electrically-
couplednetworkof neurons.
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Summaryof Results

SpontaneousVFOactivity (80-500Hz) can be recordedfrom
human epileptic temporal cortex slices in vitro. VFOwas
foundembeddedon interictalsharp-wavedischarges.

Evidenceof a casual,rather then causalrole of inhibition in
the generationof VFOis three fold:

o Firstly, an antagonist of GABAA-receptors did not
blockVFOactivity(but did abolishinterictalactivity)

o Secondly,inhibitory postsynapticeventsreceivedby
RScellsoften failedto coincidewith VFOsin the field

o Thirdly,firing of fast spikinginterneuronslaggedthe
onsetof VFOsin the field potentialby 2-3ms.

VFOactivity was dependenton gap-junctions in vitro, this
result was similarly observedand in a biologicallyrealistic
corticalmodelof epilepsy.

Firingand spikeletsfrom layer V IB cellswere phase-locked
to the peak of each VFOwave with a lag of only c.1 ms,
which indicatesnetworksof electricallycoupledIBcellsmay
be responsiblefor VFOgeneration.

Conclusion

SpontaneousVFO activity in human temporal epileptic
cortex is thought to be generated by electrically-coupled
pyramidal cell networks, rather than an interneuronal
mechanism.

This research suggests that network of gap-junction 
connected layer V neurons generate a high frequency 
output. This activity may manifest in the local field potential 
as VFO and recruit both recurrent excitatory synaptic 
connections and also feedback inhibitory synaptic activity 
from interneurons. 

Methods

Patients
Temporalcortexwasderivedfrom 11 consentingpatientsundergoingsurgeryfor medically
intractablecorticalepilepsy(seeTable1). Thisstudywasapprovedby the SouthTeesLocal
ResearchEthicsCommittee(#06/Q1003/51) and had clinicalgovernanceapprovedby the
NewcastleUponTyneHospitalsNHSTrust(#CM/PB/3707).

In vitro electrophysiology
Anaesthesiawas induced intravenouslyvia: remifentanil with/without alfentanil (0.2-0.4
�…�P�l�l�P�U1 mg/kg respectively),propofol (1-2 mg/kg) and the musclerelaxant vecuronium
(0.1 mg/kg). Anaesthesiawasmaintainedwith remifentanil,oxygenanddesfluraneat MAC
volume of 0.5-1. Resectedtissue was immediately transferred to sucrose-containing
artificial cerebrospinalfluid (sACSF)containing(mM): 252 sucrose,3 KCl,1.25 NaH2PO4, 2
MgSO4, 2 CaCl2, 24 NaHCO3 & 10 glucose. Neocorticalslices[450�…�u�•were incubatedat
room temperaturefor 30 mins,then transferredto a standardinterfacerecordingchamber
at 34-36ºC and perfusedwith oxygenatedACSFcontaining(mM): 126 NaCl,3 KCl,1.25
NaH2PO4, 1 MgSO4, 1.2 CaCl2, 24 NaHCO3 & 10 glucose. Extracellularrecordingswere
conductedusingglassmicroelectrodesfilled with ACSF(2M�Q). Intracellularrecordingswere
takenusingsharpelectrodes(2M KAc).

VFOdetection
Data was filtered with an equiripple FIRfilter, with bandpasssettings to isolate ripple
activity (80 �t 500 Hz). To detect significantlevelsof ripple activity we used 3 methods:
Firstly,the filtered datawassimplythresholdedat the mean+ 3 standarddeviationsof the
data. Secondly,Teagerenergy11 was calculatedfor all points in the data as: (x(n))2 -(x(n-
1)*x(n+1)); a simplethresholdof globalmean+ 2 standarddeviationsof the datawasthen
used. Finally, line length12 (x(n)-x(n-1), was calculatedfor all points in the data and the
globalmean+ 2 standarddeviationswere employedto thresholdthe data.

Model construction
The network model followed principles outlined in Traub et al (2005)13. The present
network contained 4750 multicompartment cortical �^�v���µ�Œ�}�v�•�_�Ueach with a soma,axon
initial segment,dendritesand a variety of intrinsic Na+, K+, Ca++ and anomalousrectifier
conductances. Therewere 2000layerV tufted intrinsicallybursting(IB)neurons,deepand
superficialregularspikingpyramidalcells,superficialfast rhythmicburstingpyramidalcells,
spinystellate cells,and 4 types of interneuron (basket,axo-axonic,low thresholdspiking,
neurogliaform). Cellswere interconnectedby excitatory AMPA-ergic synapses,inhibitory
GABAergicsynapses,gap junctionsbetween the axonsof homologoustypes of excitatory
neurons,and between the dendritesof homologoustypes of interneurons.. More details
on request: rtraub@us.ibm.com.

Age/Sex Seizure Semiology Pathology Drugs Surgical Outcome

44   M Complex Partial Mesial Temporal 
Sclerosis

PreGAB/ OX Seizure  Free

20   M Complex Partial Mesial Temporal 
Sclerosis

CBZ Reduction in seizure  
freq

25   F Complex Partial& 2° Generalised Oligodendroglio
ma

LEV Reduction in seizure  
freq

36   M Partial & 2° Generalised DENT CBZ No change

11   M Complex Partial& 2° Generalised Hippocampal 
Sclerosis

LEV/LAM Seizure  Free

54   M Complex Partial& 2° Generalised Mild non-specific 
reactive changes

CBZ Reduction in seizure  
freq

28   F Complex Partial Mesial Temporal 
Sclerosis

GABA/CBZ/LEV Seizure  Free

21   F Complex Partial Astrocytoma CBZ/VAL Seizure  Free

37   F Complex Partial Mesial Temporal 
Sclerosis

ZOM/LEV/CLB Seizure  Free

40   F Complex Partial with 2°
generalisation

Hippocampal 
Sclerosis

ZOM/PHE Reduction in seizure  
freq

17   M Partial motor/complex partial 
seizures

Hippocampal 
Sclerosis

LEV/VAL Seizure  Free

Figure1: A(i) A 20s trace of activity from an ForamenOvaleelectrode implanted in a patient with medial temporal lobe
sclerosis,activity was recorded in Wide Band (WB) mode and subsequentlyfiltered at >80Hz. (ii) Extracellularin vitro
recordingsfrom slicesof tissuederived from the abovepatient. Spontaneousactivity was recordedin WB and filtered at
>80Hz. (iii) Spectrogramof in vitro data from (ii). B. (i) Powerspectraof VFOactivity between80-400Hzin temporal cortex
slicesin vitro. (ii) A histogramof total numberof VFOeventsrecordedfrom 80-400Hz. Binwidth = 5Hz. Forgraphsin B,data
waspooled from 60s epochsfrom 20 differenceslicesrecordings. C. A comparisonof VFOobservedin vivo, in vitro and in
silico, recordedin WBandfiltered >80Hz.

Figure 3: A. A scatterplot correlating the amplitude of VFOevents and the size of EPSPs/ IPSPsfrom regular spiking
pyramidalcells. Therewasno relationshipbetweenthesefactors,signifyinga lackof correlationbetweensynapticeventand
VFO. B. Tracesof filtered LFPactivity (>80Hz)and correspondingtracesof i) IPSPsand ii) EPSPsfrom regularfiring pyramidal
cellsin vitro. Note that synapticeventsoften failedto coincidentlyarisewith VFOs.

Figure 5: A. LFPtrace of extracellularactivity before and during application of the gap-junction blocker carbenoxolone
[200�…�D�•in vitro. Correspondingtracesshowthe instantaneouspeakamplitudeof sharpwavesand filtered data(>80Hz). B.
A LFPwith correspondingintracellular recordingsfrom a layer V intrinsically bursting (IB) cell. Note the generation of
spikeletsrecordedat -70mV, indicatingthe presenceof electricalcouplingbetween cells. C. A cross-correlation of IB cell
firing andLFPVFOindicatesa strongcorrelationbetweenthe two, with almostno delay(c.1ms),suggestingIBcellsmayplay
a role in VFOgeneration.

Figure 2: A. Extracellular field potentials recorded in WB and filtered >80Hz in spontaneous conditions and after application 
of gabazine [500nM]in vitro. B. A comparison of local field potential, the instantaneous peak amplitude of sharp waves and 
filtered activity (>80Hz) during the application of gabazine [500nM]. Interictal sharp-waves events were abolished by 
gabazine, but did  not affect the generation of VFO. 

Figure4: A. Concurrentrecordingof the LFPand(i) a fast spiking(FS)interneuronand(ii) a regularspiking(RS)pyramidalcell
from an epileptic region of cortex. Note the sparsefiring of the FSinterneuron and inhibition of RSpyramidalcell. B. A
recordingof EPSPsand filtered EPSPs(>80Hz) from (i) a FSinterneuron and (ii) a RSpyramidalcell. EPSPsfrom the FS-
interneuron were show a high frequency component. C. Cross-correlation of VFO filtered >80Hz and firing of i) FS
interneuronand ii) RSpyramidalcell. A correlationbetweeninterneuronalfiring and VFOexists,however,interneuronsfire
on average2.7msafter LFPVFO. Thereis little correlationbetweenEPSPsfrom RSpyramidalcellsandVFOs

Figure6: An interictal dischargegeneratedby a transient increasein gap-junction conductancebetween IB cell axons. A.
Exampleinterictal eventswith synapsesintact; FSinterneuronsfire little anddeeplayerIBcellscausethe VFOactivity in the
field. B. Interictal dischargesin the field appear similar when levels of inhibition are reduced. C. Removalof chemical
synaptictransmissionaltersthe sizeandshapeof interictal discharge,but doesnot affect the generationof VFOactivity. This
datasuggeststhat electricalcouplingbetweenlayerVIBcellsis sufficientto generateVFOactivity.
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Characteristics of spontaneous epileptic activity in 
human cortical slices in vitro

Excitatory and inhibitory synaptic events are not 
correlated to every VFO event 

Gap-Junctions are critical for VFO generation

GABAA-receptors are not critical for VFO generation FS interneurons do not contribute to VFO generation Gap-junctions between IB cells mediate VFO activity 
in silico
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