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Introduction: Neuromodulation can be defined as the ability to modify neural activity patterns. The 

biomedical interest in neuromodulatory devices relies on the possibility of reestablishing “normal” 

activity in the brain when pathological patterns are detected. This idea is not novel, but recent 

scientific developments have made it more straightforward to test hypotheses related to it. Here we 

show, both in vivo and in vitro, methods on how to modulate neural activity with electrical fields. We 

also discuss other mechanisms of neural activation such as optical, acoustic, and magnetic. 

 

Materials and Methods: Microelectrode arrays can be used for cultured cells, for both recording of 

electrical activity over time, and for electrical stimulation of specific areas in culture (1-2). A similar 

substrate, needles with electrodes along their shafts, is used in vivo (3-4). We will discuss results of 

both methods, which were previously detailed in publications by our group. 

 

Results: By culturing neuronal-glial populations of cells over several months, our lab can track 

neuronal activity over time and stimulate areas that show either no activity or bursts of activity. We 

have tested charge delivery to networks that were either extremely active (spontaneously) or quiet 

(no activity). We achieved neuromodulation (defined here as a change in the reliability of neurons to 

respond to probe stimulation) for cultures when stimulating one electrode of non-active cultures, or 

up to 15 electrodes (simultaneously) in active cultures.  

 

Discussion: When cultures are already spontaneously active, it is not clear whether a single electrode 

could modulate their activity. We have measured over 100 dishes (with cultures) and, if they were 

active, the electrical activity would respond to an injection of charge through 25% of the available 

electrode sites (15 out of 60). On the other hand, for single electrode stimulation (1 out of 60), only 

the cultures that were not spontaneously bursting would respond. This possibly points to a minimum 

charge injection needed depending on the current state of the network.  Closed-loop systems will have 

to take this (current state of the neural network) into account when designing neuromodulation 

schemas, no matter which modulation method is used.  

 

Conclusion: We intend to apply the same methods used in cultures to in vivo scenarios. We believe 

that our results can be transferred to other stimulation modes (that is, non-invasive magnetic 

stimulation, as well as ultrasound stimuli and optogenetic stimulation) and can be used as baseline 

for testing the magnitude and long-term consequences of novel stimulation mechanisms.  
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