An In-vitro Model of Acute Epilepsy Suitable for MTS
Synchronized Repetitive Calcium Oscillations in Primary Neurons Cultured in a 384 Well-microplate

1. Introduction
Currently, many broad spectrum antiepileptic drugs (AEDs) have been discovered following phenotypic screening strategy. Such screenings usually were performed using in vivo models in rodents, involving ethical limitations
making it difficult to screen large chemical libraries. To circumvent these limitations, a neuronal cell-based assay measuring Ca2+ oscillations has been set up. Neurons cultured in high density enter into a stable firing mode
when placed in low magnesium medium, mimicking epileptiform activity. The latter translates into repetitive synchronized Ca2+ oscillations, which can be measured and quantified using a 384-well format fluorescent microplate reader. A variety of AEDs were active in this assay, even those whose mechanism of actions (MOAs) are not well defined. As expected, this assay also revealed the protective effects of modulators of ion channels, GPCRs or
transporters, suggesting it can Be also be useful for the elucidation of basic anticonvulsant MOAs.

2. Material and Methods

3. Labelling of neurons and astrocytes
DIV 7

Rat Hippocampal neurons
15000 cells/well (40µL)
+PolyD Iys, 384wells
Dissection of the embryonic
rat structures at E17-18
(hippocampus cortex)

4µL fluo-4 AM,
pluronic acid (0.02%), CaCl2 2mM,
MgCl2 3mM, BSA 3mg/ml
30µL/well

DIV10-12

DIV 10

DIV 12

4. Involvement of various ion channels and
		 receptors in Ca2+ oscillations
0,1% DMSO Vehicle

30µM GABA
GABA A agonist

100µM GABA
GABA B agonist

30µm Nimodipine
L type Ca+ channel blocker

100µM 7-CK
NMDA R antagonist

30nM TTX
Na+ channel blocker

100µM Lidocaine
Na+ channel blocker

0,3µm Adenosine
Adenosine R agonist

GFAP

1h @ 37°C

Cells were washed
once with
buffer +/-Mg2+
MAP 2

Carbamazepine
100µM

2nd injection 1st injection
Compound Compound
(optional)
Final assay volume 50µL
Ex: 480nm Em: 540nm
(FDSS/Hamamatsu)

GFAP /
MAP 2

Between 7 and 12 days in vitro, astrocytes number increases

5. Effect of antiepileptic drugs
Valproate
1µM

6. Second injection: Additional information
Phenobarbilat
100µM

RFU

Ganaxolone
1µM

Synchronized
calcium oscillations
appear after
changing the
[Mg2+]
into the wells.

Clobazam
100µM

RFU

Tiagabine
100µM

1st: GABA / 2nd: Veratridine or KCI
Carbamezepine
100µM

RFU

Lamotrigine
30µM

1st: Phenobarbital / 2nd: Veratridine or KCI

7. Quantitative Analysis

8. Phenotypic screening

Phenytoin decreases both amplitude and frequency of Ca2+ oscillations

9. Conclusion
Many broad spectrum antiepileptic drugs (AEDs) have been discovered following a phenotypic
screening strategy. Here we describe a robust and reproducible Ca2+ oscillation assay in 384-well
format. Synchronized Ca2+ oscillations induced by experimental conditions with 0.1 mM Mg2+
were measured in primary culture of embryonic hippocampal rat neurons. More than 40 references
compounds have been subjected to this assay. Our results may reveal the molecular mechanisms
mediating the effects of these compounds, such as signaling via ion channels/GPCRs, reuptake
systems, and enzymatic functions.
This assay is suitable for MTS and provides an effective way for identification of potential AEDs with

Bicuculline and picrotoxine increase amplitude and decrease

new modes of action.

frequency of Ca2+ oscillations

150 compounds
selected
IC 50
for Acute
Confirmation
28 000
Total or
775
Confirmation
in vivo
Positives
compounds  partial 
 in quadrupli-  Confirmed 

of Actives
antiepileptic
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@ 10µM
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Positives
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(MES @ 30mg/
kg ip Mouse)
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