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            Abstract
The nervous system is vulnerable to perturbations during specific developmental periods. Insults during such susceptible time windows can have long-term consequences, including the development of neurological diseases such as epilepsy. Here we report that a pharmacological intervention timed during a vulnerable neonatal period of cortical development prevents pathology in a genetic epilepsy model. By using mice with dysfunctional Kv7 voltage-gated K+ channels, which are mutated in human neonatal epilepsy syndromes, we demonstrate the safety and efficacy of the sodium-potassium-chloride cotransporter NKCC1 antagonist bumetanide, which was administered during the first two postnatal weeks. In Kv7 currentâ€“deficient mice, which normally display epilepsy, hyperactivity and stereotypies as adults, transient bumetanide treatment normalized neonatal in vivo cortical network and hippocampal neuronal activity, prevented structural damage in the hippocampus and restored wild-type adult behavioral phenotypes. Furthermore, bumetanide treatment did not adversely affect control mice. These results suggest that in individuals with disease susceptibility, timing prophylactically safe interventions to specific windows during development may prevent or arrest disease progression.
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                    Figure 1: Altered hippocampal excitability and structure induced by Kv7 channelopathy.[image: ]


Figure 2: Abnormal spontaneous in vivo network activity in neonatal mutants.[image: ]


Figure 3: Bumetanide treatment does not affect neurocognitive development of healthy mice.[image: ]


Figure 4: Timed bumetanide treatment normalizes in vivo unit and network activity.[image: ]


Figure 5: Prophylactic bumetanide treatment during a vulnerable window protects against behavioral hyperactivity.[image: ]


Figure 6: Bumetanide treatment restores hippocampal structure and reduces neuroinflammation and abnormal ECoG events.[image: ]
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