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Evaluating the predictive power of simple models of the Integrate-and-Fire-type [1] and developing systematic methods to construct such models from actual recordings has experienced a great deal of popularity in recent years [2, 3, 4, 5, 6, 7]. Several groups reported that this type of model yields accurate quantitative predictions of the activity of real neurons. Rauch and colleagues have shown that Integrate-and-Fire-type models with adaptation reliably predict the mean firing rate of cortical pyramidal cells [3]. Keat and colleagues have shown that a similar model is able to predict almost exactly the timing of spikes of neurons in the visual pathway [2]. However, the question is still open of how the predictions of Integrate-and-Fire-type models compare to the precise structure of spike trains in the cortex. Indeed, cortical pyramidal neurons are known to produce spike trains whose reliability highly depends on the input scenario [8].
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Extending and improving preexisting methodologies, our laboratory has developed a technique to extract relevant parameters from in vivo-like voltage traces [4]. The framework has been extended to deal with various types of stimulations including the increasingly popular dynamic-clamp technique [5]. Our methodology was successfully applied to actual recordings of cortical neurons (see Figure 1) and we were able to confirm and extend the results of Rauch and colleagues using a similar dataset. We found that a simple Integrate-and-Fire-type model is able to accurately predict both the subthreshold fluctuations and the exact timing of spikes within the limits imposed by the input-dependent intrinsic reliability of the neuron [9]. More specifically, we evaluated the reliability of spike timing in cortical neurons and compared it to the predictions of our model using the same quality measure and found that model predictions are always close to the best accessible prediction level.



C



Figure 1: Performances of an Integrate-and-Fire-type model as described in [9]. A. Prediction of the model (black line) is compared to the spike train of the corresponding neuron (thick white line). B. Zoom on the subthreshold regime. This panel corresponds to the first dotted zone in A (horizontal bar is 5 ms; vertical bar is 5 mV) C. Zoom on a correctly predicted spike. This panel corresponds to the second dotted zone in A (horizontal bar is 1 ms; vertical bar is 20 mV). The model slightly undershoots during about 4 ms after the spike (see [9] for further details).



midal neurons under random current injection behave very much like Integrate-and-Fire neurons including a spike-frequency adaptation process. This is a result of importance. Indeed, the Integrate-and-Fire-type models are extremely popular in large scale network studies. Our results can be viewed as a strong a posteriori



Our results suggest that layer 5 neocortical pyra-
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justification to the use of this class of model neurons. They also indicate that the picture of a neuron combining a linear summation in the subthreshold regime with a threshold criterion for spike initiation is good enough to account for much of the behavior in an in vivo-like lab setting. This should however be moderated since several important aspects were neglected in this study (see [9] for a detailed discussion). In particular, one very important aspect is that our experimental paradigm used somatic current injection. Thus, all dendritic non-linearities, including backpropagating action potentials and dendritic spikes are excluded. However, results from Larkum and colleagues suggest that similar threshold models could still be used in this context given that a multi-compartment model is considered [10]. Our results illustrate as well the importance of two features of neuronal dynamics. Firstly, like in [3], we found that adaptation is a necessary component in the model to connect between various driving regimes. Secondly, while it is relatively easy to correctly predict the subthreshold dynamics even with a simple leaky integrator, it is difficult to find an efficient criterion to decide when to elicit spikes. A threshold model as proposed by Brette and Gerstner therefore seems ideally suited to deal with these issues [6]. It includes an additional mechanism that can be tuned to model spike-frequency adaptation but that is not restricted to this specific neuronal feature [11, 12]. Moreover, the balance equation for voltage includes an exponential term as proposed by Fourcaud-Trocm´e and colleagues [13] which describes early activation of voltage-gated sodium channels. This last addition allows to model specific behaviors like delayed spike initiation and offers flexibility at the level of the threshold mechanism. Application of existing mapping techniques [4, 6] to recordings of cortical pyramidal neurons is under study at the moment.
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proposed by Brette and Gerstner therefore seems ide- ally suited to deal with these issues [6]. It includes an additional mechanism that can be tuned to model. 
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