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Summary 
Local application of four concentrations of bicuculline methiodide 
(a specific antagonist of GABAA receptors) was used to study 
a sensitivity of somatosensory cortex in four age groups of 
immature rats with implanted electrodes. Presence and latencies 
of two epileptic phenomena (focal discharges and seizures) were 
evaluated. Focal discharges exhibited moderate tendency to 
a decrease of sensitivity to bicuculline methiodide with 
maturation. Concentration-effect relation of incidence of focal 
discharges was observed only in 7- and 12-day-old but not in 
older animals. Results with incidence and latencies of seizures did 
not show relations to age or concentration of bicuculline. Neither 
of the epileptic phenomena can be used as a reliable index of 
cortical maturation. 
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Models of cortical epileptic foci are usually 
formed by local application of convulsant drugs on (or 
into) cerebral cortex. Not speaking about strychnine foci 
studied nearly one hundred years ago (review Ayala et al. 
1973); the very first model documented 
electroencephalographically was elicited by penicillin 

(Van Hartesveldt et al. 1975). Penicillin acts at GABAA 
receptor complex (MacDonald and Barker 1977), 
therefore more specific drugs were studied among them 
competitive antagonist of GABAA receptors bicuculline 
(Curtis 1973). Its focal convulsant action was 
demonstrated with a water soluble form bicuculline 
methiodide in adult as well as immature rodents 
(Soukupová et al. 1993, Eder et al. 1997). We used this 
model also for pharmacological studies (Bernášková and 
Mareš 2010, Mareš et al. 2012). We decided to use 
generation of epileptic phenomena for a study of 
development of sensitivity of the cerebral cortex to 
bicuculline. 

Experiments were approved by Animal care and 
use committee of the Institute of Physiology to be in 
agreement with Czech Animal Protection Law and 
European Community Council directives 86/609/EEC. 
Male Wistar rats 7, 12, 18 and 25 days old were used. 
Surgical preparation performed under ether anesthesia 
consisted from implantation of epidural flat silver 
electrodes over sensorimotor and visual areas of both 
hemispheres. Plastic cannula was implanted to the right 
sensorimotor electrode; an indifferent electrode was 
implanted into the nasal bone. The whole electrode 
assembly was fixed to the skull by fast curing dental 
acrylic (Dentacryl, Dental, Prague). The surgery lasted 
approximately 15 min, and then the animals were allowed 
to rest for one hour and after control of righting, placing 
and suckling reflexes the registration started. 

Bicuculline methiodide (BiMI, purchased from 
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Sigma-Aldrich) was dissolved in water in four different 
concentrations (0.5; 0.25; 0.125 and 0.06 mM) to have 
always the same volume of 2.5 µl for epicortical 
application. 

The animals were placed individually into 
plastic boxes. Body temperature of the three younger 
groups was maintained by means of a pad electrically 
heated to 34 °C, i.e. the temperature in the nest. EEG 

activity was amplified and digitalized at a rate of 500 Hz 
and saved on a hard disk of the system (Kaminskij, 
Prague). Bicuculline was applied after a 10-min recording 
of spontaneous EEG activity and then registration 
continued for at least 30 min. Individual age and 
concentration groups were formed by 8-10 rats. Incidence 
and latencies of two epileptic EEG phenomena were 
evaluated: focal discharges and ictal activity. 

 

 
 
Fig. 1. Incidence of epileptic phenomena. Left column – focal discharges, right column – seizures; from top to bottom – 7-, 12-, 18- 
and 25-day-old rat pups. Abscissae – four concentrations of bicuculline methiodide; ordinate – percents on animals exhibiting epileptic 
phenomena. 



2018 GABAA Receptors and Cortical Epileptic Phenomena   151  
 

 
 
Fig. 2. Latencies of epileptic phenomena. Asterisks denote a significant difference in comparison with 0.5 mM group. Number 1 in  
18- and 25-day-old rats denotes the presence of seizures in only one rat. Other details as in Figure 1. 
 
 

SigmaStat® software (SYSTAT) was used. 
Incidence of individual phenomena was statistically 
evaluated with Fisher exact test, latencies by One way 
ANOVA with subsequent pairwise comparison using 
Holm-Sidak test. Level of significance was set at 5 %. 

Focal discharges (Fig. 1) were present after three 
higher concentrations in all 7-day-old animals, the two 

high concentrations resulted in the same effect in  
12-day-old rats. These two age groups exhibited clear 
dose-response effect. Similar concentration-response 
effect was observed in 18-day-old animals, only the 
highest concentration of BiMI failed to induce epileptic 
focus in one animal. The oldest age group yielded a little 
erroneous results, the concentration-effect relation is 
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compromised by a low incidence of focal discharges in 
the 0.25 mM group. No difference in the incidence 
reached the level of statistical significance. Latencies to 
the first focal discharge exhibited an outlined decreasing 
tendency with increasing concentrations of BiMI in all 
but the youngest group (Fig. 2). The latency to the 
appearance of focal discharges was significantly longer in 
the 0.125 mM and 0.25 mM groups than that in the 
0.5 mM group. Similar significant result was found only 
with the 0.125 mM concentration in 12-day-old animals. 
The 7-day-old rats paradoxically demonstrated 
significantly longer latency after application of 0.5 mM 
BiMI than after the two low concentrations (0.06 and 
0.125 mM). 

Incidence of ictal activity (Fig. 1) was irregular 
in the 7-day-old rats. It increased with increasing BiMI 
concentration only in 12-day-old rats reaching 100 % 
incidence after the highest concentration (0.5 mM). Very 
low incidence of seizures was found in 18-day-old rats 
(3 out of 8 rats with the 0.125 mM concentration as 
a maximum). No clear-cut concentration-effect relation 
was seen in the oldest age group. None of the outlined 
difference reached the level of statistical significance. 
Latencies exhibited a tendency to a decrease with 
increasing concentration in the 12- and 25-day-old 
groups. There was not a sufficient number of data in  
18-day-old rats. There was again a paradoxical increase 
of the latency after application of the highest 
concentration of BiMI in the 7-day-old group. 
Statistically significant difference was found only 
between 0.125 mM and 0.5 mM groups. 

Development of either phenomenon evaluated 
(focal discharges and seizures) is irregular. There is an 
outlined tendency to a decrease of the incidence of focal 

discharges with age indicating the highest sensitivity of 
cerebral cortex to convulsant action of BiMI in the  
7-day-old group. There was no developmental tendency 
in the incidence of seizures. On the other hand, the 
youngest age group (7-day-old rat pups) exhibited longer 
latencies of both phenomena after application of the 
highest concentration of BiMI than after lower 
concentrations. A hypothetical explanation might be in 
a presence of a part of cortical neurons still possessing 
GABA-induced depolarization therefore the highest 
concentration of bicuculline antagonizes not only  
GABA-elicited hyperpolarization but also depolarization. 
Depolarizing action of GABA was demonstrated up to 
postnatal day 5 in hippocampus (Ben-Ari 2014); the 
cortical development is approximately parallel to 
development of hippocampus (Kirmse et al. 2011). 
Another explanation might be in very strong  
GABA-induced depolarization so that many neurons are 
no longer able to generate action potentials. Immaturity 
of the neocortical connections should be also taken into 
account (Luhmann et al. 2014). Future experiments must 
show if some of these hypothetical explanations is right. 

It is possible to conclude that neither focal 
discharges nor seizures can be taken as a reliable index of 
cortical sensitivity to GABAA receptor antagonist 
bicuculline. 
 
Conflict of Interest 
There is no conflict of interest. 
 
Acknowledgements 
This study was funded from a collaborative US-Czech 
grant No. LH15032 and by a project No. RVI 67985823 
of the Academy of Sciences of Czech Republic. 

 
References 
 
AYALA GF, DICHTER M, GUMNIT RJ, MATSUMOTO H, SPENCER WA: Genesis of epileptic interictal spikes. 

New knowledge of cortical feedback systems suggests a neurophysiological explanation of brief paroxysms. 
Brain Res 52: 1-17, 1973. 

BEN-ARI Y: The GABA excitatory/inhibitory developmental sequence: a personal journey. Neuroscience 279:  
187-219, 2014. 

BERNÁŠKOVÁ K, MAREŠ P: Similar effects of lamotrigine and phenytoin against cortical epileptic foci in immature 
rats. Physiol Res 59: 113-119, 2010. 

CURTIS DR: Bicuculline, GABA and central inhibition. Proc Aust Assoc Neurol 9: 145-153, 1973. 
EDER HG, JONES DB, FISHER RS: Local perfusion of diazepam attenuates interictal and ictal events in the 

bicuculline model of epilepsy in rats. Epilepsia 38: 516-521, 1997. 
KIRMSE K, WITTE OW, HOLTHOFF K: GABAergic depolarization during early cortical development and 

implications for anticonvulsive therapy in neonates. Epilepsia 52: 1532-1543, 2011. 



2018 GABAA Receptors and Cortical Epileptic Phenomena   153  
 

LUHMANN HJ, KIRISCHUK S, SINNING A, KILB W: Early GABAergic circuitry in the cerebral cortex. Curr Opin 
Neurobiol 26: 72-78, 2014. 

MACDONALD RL, BARKER JL: Pentylenetetrazol and penicillin are selective antagonists of GABA-mediated  
post-synaptic inhibition in cultured mammalian neurones. Nature 267: 720-721, 1977. 

MAREŠ P, BERNÁŠKOVÁ K, KUBOVÁ H: An antagonist of GABA-B receptors potentiates activity of cortical 
epileptic foci. Physiol Res 61: 325-329, 2012. 

SOUKUPOVÁ S, MIKOLÁŠOVÁ R, KUBOVÁ H, MAREŠ P: New model of cortical epileptic foci in freely moving 
developing rats. Epilepsy Res 15: 27-33, 1993. 

VAN HARTESVELDT C, PETIT TL, ISAACSON RL: Epileptogenic effects of several penicillins and  
penicillin-related compounds in rat neocortex. Epilepsia 16: 449-455, 1975. 

 
 
 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



