Background: Angelman syndrome (AS) is a debilitating neurogenetic disorder caused by a lack of expression of the maternal 15q11-q13 chromosome region containing the UBE3A gene. AS is, characterized by severe developmental delays, speech impairment, gait ataxia, sleep disturbances, epilepsy, and a unique behavioral phenotype. AS patients require lifelong care and support, resulting in a significant socioeconomic burden on the healthcare system, their families, and caregivers. Currently, there is are no AS-specific systematic treatments, and the available treatment therapies are symptomatic and fail to address the underlying etiological basis of AS.is symptomatic with no therapy that addresses AS underlying etiology. The hippocampus is one of the primary brain regions affected in AS mice, leading to substantial hippocampal-dependent cognitive and behavioral deficits. This research proposal aims to assess transcranial direct current stimulation (tDCS) as a novel therapeutic approach to treating AS by using valid preclinical models. Based on our ongoing effort to delineate the pathophysiology of AS etiology, we found that the inactivation of the Ube3a gene in the brain of the AS mice model mice results inleads to aberrant neuronal excitability and alterations in the cellular and metabolism, calcium metabolism, and mitochondrial abnormalities in the hippocampus. 
[bookmark: _Hlk109743420][bookmark: _Hlk109743883]tDCS is a non-invasive, painless brain stimulation treatment that uses employs a direct electrical currents to stimulate specific brain partsregions. tDCS treatment alters both the neuronal excitability and the glucose metabolism in the tDCS-targeted brain regions beyond the actual stimulation time. In our behavioral experiments, tDCS stimulations rescued some of the deficits evident in AS mice. We have previously shown that intrinsic and extrinsic excitability and activity-dependent calcium dynamics are aberrant dysregulated in thein AS mice hippocampal CA1 pyramidal neurons and of AS model mice and that normalization of those aberrations correlated with rescuing AS hippocampal deficits. Based on our studies, we propose that tDCS stimulation targeting the affected brain regions in AS these mice can correct the this aberrant excitability and restore the metabolic homeostasis of the neurons in the AS hippocampus. However, while our preliminary studies demonstrate the potential of tDCS to as a means of treating treat brain regions that are affected in AS mice, the cellular mechanism responsible for those beneficial effects or the persistence of the tDCS treatment is stillremains unknown. This gap in knowledge continues to hamper the more widespread clinical utilization of tDCS-based therapeutic strategies.gap prevents tDCS from becoming a standard treatment approach.  
[bookmark: _Hlk109826405]Hypothesis/Objective: We hypothesize that the weak direct current applied during tDCS treatment alters the cellular and bioenergetic metabolism, and  and that those changes in turn affect neuronal excitability. We postulate that those changes effects account for the observed improvements in are the reasons for improving the AS-related behavioral parameters after tDCS treatment. For this reason, the main objective of this research proposal is to delineate the cellular mechanisms by which tDCS executive executes its beneficialry effect and define the duration of the tDCS effect at the metabolic, physiological, and behavioral levels. To test these hypotheses, we propose the following Specific Aims:
Specific Aims: 1. To delineate the effects of tDCS on behavioral phenotypes of wild-type (WT) and Angelman syndrome (AS) mice modelAS model mice. 2. To examine the metabolic effects of tDCS on WT and AS mice. 3. To correlate the metabolic effects of tDCS with its effects on intrinsic and extrinsic excitability.
Study Design: In this study, we will utilize the a murine model of AS that recapitulates many of the features of AS and AS mice model, which recapitulated many features of AS deficits and has been used in several preclinical studies. To this end, w We will usee will use 8 to 12-week-old AS and WT mice for these studies. The mice will be surgically implanted with a custom-made tDCS electrode. After recovery, the mice will be treated with tDCS (150 A for 20 min) or sham between over one to five consecutive days (dependent on the specific experiment being performedAim). The immediate effect of tDCS on metabolism will be studied by injecting these mice with 13CC13-labeled glucose before prior to the application of tDCS. Immediately following stimulation, applying the tDCS. Immediately after the stimulation, different brain regions will be harvested and subjected to 13C NMR metabolomics. This approach will enable us to explore the dynamic /kinetics of brain metabolism upon exposure to the weak direct current generated during the tDCS treatment. As forTo assess the long-lasting effect of tDCS on the brain, the mice will be subjected to five consecutive tDCS treatments, and behavioral studies will be performed at different time points post-treatment (one day, one week, and one month). This approach will allow us to determine the duration of the treatment's effect on behavior. Upon completion of the behavioral studies, different brain regions will be subjected to 1H NMR metabolomics and electrophysiologicaly analyseis. 1H NMR metabolomics will be used to study the duration over which brain metabolic activity is impacted following the brain's metabolism is affected post the tDCS treatment. The elElectrophysiologicaly studies will be performed to study the long-lasting changes in excitability changes and to establish the durability of those changes. determine the duration those changes last. The brain tissue will be examined at all the a range of different time points to determine whether tDCS treatment has any residual effect on the brain tissue.   	Comment by Editor: If the model has a longer official name, it may be worth mentioning here if space perimits.
Impact: This Rather than merely serving as an incremental advance, the proposed project is not a mere incremental study but suggestshas the potential to reveal a truly novel biological insight into the effects of neurostimulation effects on neuronal metabolism and physiology. Successful completion of this study will set lay the foundation for the use of tDCS in AS patients and other ASD patients. Establishing tDCS as a supportive treatment for AS/ASD patients will mitigate enableeffects such as cognitive enhancement or alleviating the alleviation of aggression, thus significantly impacting the lives of these patients,  that will significantly impact the lives of the affected individuals, their caretakers, and close family members.
Innovation: To the best of our knowledge, this study is the first to address the metabolic mechanism that governs the alleviation of AS cognitive/behavioral deficits due tofollowing tDCS treatment. We will examine correlations between long-lasting changes in excitability in different brain regions in these AS mice with  correlate the long-lasting excitability modifications in the relevant distinct brain regions in AS mice with the neuronal metabolism, physiology, and behavior following the tDCS treatment. This information project thus is represents an essential milestone in turning the translation of tDCS into a treatment approach strategy accepted by the clinical community.  
