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Neuronal networks grown on microelectrode arrays (MEAs) exhibit The aim was to establish an in vitro screening assay to predict The presented phenotypic screening approach using the MEA and Phenotypic Screening with MEA-Neurochips
phenotypic fingerprints defined by their distinct spike train pat- either pro-convulsive or sedative effects in a concentration- NeuroProof classification technology allows predicting, both, seda-
, . . .. . i i . . . Neuronal Phenotypic Multiparametric Pattern
terns. NeuroProof’s spike train analysis includes calculation of >200 dependent manner to screen test compound libraries very early tive and pro-convulsive side effects of test compounds. : : . L
L _ , L , , . . ) . o . . Cell Culture Multichannel Recording Data Analysis Recognition
parameters describing this spontaneous electrical activity with in drug discovery. We compared the acute functional fingerprints Validation was performed by testing multiple compounds and sort-
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respect to general activity, burst structure, pattern regularity and induced in 28-div-old primary cortex neuronal networks treated ing into classes.
network synchronization. Application of test compounds leads to with increasing concentrations of The analysis is flexible to user requirements by using reference com-
substance specific changes in these spike train patterns in a concen- (1) known sedative drugs vs. activity-reducing drugs pounds with known positive or negative effects for calibration.
tration dependent matter. (2) known pro-convulsive vs. activity-increasing compounds. Importantly, increasing the number of classifier compounds
Novel compounds often fail during development due to non- increases the predictability as more phenotypic modes of action
tolerable side effects. Binding assays deliver data on off-targets and Two artificial neuronal networks were trained with these calibra- are included into the analysis.
indicate putative side effects, however do not verify effects in a com- tion data from therapeutically-relevant concentrations to build
Primary murine cell culture: Network spike trains and single Over 200 descriptors at baseline and Data base with functional fingerprints
plex arrangement of cells. Therefore compounds might be with- classifiers separating the respective classes for both questions Thus, we present a novel scalable, functional high content in vitro - rontal cortex heuron action potential compound treatment of over 100 basic and cinically
- Hippocampus - General activity compounds
drawn from further development without examining their real phys- whichis based on identifying best-describing parameters. screening method to predict sedative or pro-convulsive side effect j g”p‘iig[aggr 1/DRG oyneronization
iological effects. Hence, there is a need for predictive tests uncover- We validated the two classifiers using fingerprints from com- properties of test compounds. Neuronal human Stem Cells - Burststructure
ing side effects early during preclinical development. pounds known to exhibit or lacking the side effects. ‘ ’ ‘ ‘
Disease related brain High resolution of spatio- Specific in vitro assays Similarity and
.. . . . . tissue culture temporal network with optimized differentiation from
Predicting sedative properties using known sedative and inhibitory drugs Predicting pro-convulsive properties using pro-convulsants and excitatory Acute and chronic activity patterns compound or disease  known compound effects
compound induced disease related parameter Combination therapy
- o _ o _ rescue models selection
For the classifier calibration the 5 inhibitory (on MEA in vitro) but clinically not sedating drugs and 5 clinically sedating drugs were selected. All For the classifier calibration 3 excitatory (on MEA in vitro) and 3 state-of-the-art pro-convulsive compounds were selected. All compounds
compounds show inhibition of spike rate at clinically-relevant concentrations (boxes). The aim was to establish a classifier based on these show increase of spike rate. Selected concentrations (boxes) were used for further analysis. The aim was to establish a classifier based on
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Figure 1: Selection of compounds: Functional concentration-response data for 3 state-the-art pro-convulsive compounds and three excitatory compounds. Boxes indicate —+— Orexin A0 M . _ _ MUItlparamEtrlc CharaCterlzatlon Of Neuronal Network ACtIVIty
selected concentrations used for classification. et 2 Figure 3: TOP LEFT: Functional concentration-response data for 3 state-the-art
A pro-convulsive compounds and three excitatory compounds. Boxes indicate
g selected concentrations used for classification. TOP RIGHT: native activity of Read out:
- i 0 0 cortical neuronal networks are affected by compounds. At 5 uM, picrotoxin e Extracellular action potentials on a single neuron and network activity level
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, , o o | | s / \ 2 uM NMDA increase activity but not synchronicity. Left: Feature chart for the 6 e Spatio-temporal activity changes as well as synchronicity and oscillation in time scales of spikes and bursts
We aimed to select diverse drugs with different modes of action in Drugs with known sedation E ’ /ﬂ\; compounds at selected excitatory concentrations (and DMSO): all compounds
order to reduce the bias for one specific mode. Propofol exhibits a Arkira E71E00) oo (£055£04)  Companl(E06 €07 G (072206 Zogan((£081£01 7 increase general activity (spike rate = parameter 1, arrow) but the two classes Each specific spike train is described by 200 parameters in 4 categories:
completely distinct mode compared to the other four drugs as it e B ¥ B > B ™ B B o . show opposite effects at multiple parameters from the different activity-
: : . - . v describing categories. Especially bursting strength, regularity and synchronicity ..
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Figure 2: Calibration: the training of the classifier was performed for every drug against the remaining drugs: e.g. for Amisulpride, the other 4 inhibitor drugs and the 5 sedating SO : 10% 60 S“fe”ta”i" 41 no 1 nM-100 nM 3 O.sa.llatlon . o 4 Synchronization
drugs were used to train the classifier followed by the test of amisulpride: in this case 100 % of the amisulpride datasets were sorted into the inhibitory group. Values PIOCONVUISIVE 25% o7 Wortmannin 8 w0 10uM-20 uM Variation over time as an indicator for the Variation within the network as an indicator for the
correlép.onlddtot"ﬁdata_ls_ﬁts cIasIS|f.|edh|nto elt:etrhgroup(;..?hlf a;:.alt\]/sw mdm:tets., stat;;tlcarllcertslntcy.f_\lalldatl.o:: :cNe usedthe Clasi'f'fﬁr to afndalyze!nter:a(ljr.eiertehnce ddatssets from Figure 4: Calibration: Compound-specific classification of into either pro-convulsive or excitatory category. All 6 compounds were classified correctly using data from Strength of the oscillation; in addition e.g. Gabor strength of the synch ronization; in addition e.g. simplex
our clinical database. The analysis shows whether and if, at which concentrations the phenotypic finger prints for every concentration of drugs is sorted into the sedative group. <pik F , , : 0 P , . e . . : S o ,
. _ _ - ) o R _ ) o ) ) pike rate-increasing concentrations (see Figure 3 TOP Left). Values correspond to '% datasets classified into either group'. Validation: We used the classifier to analyze function parameters fitted to autocorrelograms svnchronization. percent of units in svnchronized burst
Drugs with sedatlve_propertles were classified as seda’Flve W|th|n.the|r clmlcall_y-relevant conce_ntratolon (green). The estimated clinical/therapeutic concentrations were compounds which increase spike rate by >10%. All compounds but Enkephaline were classified as excitatory which coresponds to literature (pubmed search compound y P Y
calculated based on literature data on plasma concentration and brain/plasma ratio from humans (if available) or rodents. name + pro-convulsive). However, Enkephalineisindeed a pro-conculsive neuropeptide (see recent article by Clynen et al. 2014, Mol. Neurobio. 50(2)*).
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