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Development of an experimental paradigm to investigate the effect of tTIS on neurotransmitter levels

Non-invasive brain stimulation (NIBS) techniques offer a powerful tool to modulate brain function and have been implemented for the treatment of a variety of neurological disorders (Lefaucher, et al., 2014; Kesikburun, 2022). However, until recently NIBS have been limited to targeting superficial layers of cortex due to their steep depth-focality trade-off (Deng et al., 2013; Nurmi et al., 2021). The development of transcranial temporal interference stimulation (tTIS) has, for the first time, allowed for the non-invasive stimulation of deep brain regions (Grossman, et al., 2017).
Recent studies have demonstrated a plethora of effects arising from tTIS applied to different brain regions. Theta-burst tTIS applied to the striatum was seen to enhance motor learning in healthy older adults (Wessel, Beanato, et al., 2023). 80Hz tTIS applied to the striatum affected reinforcement learning (Vassiliadis et al. 2024). Yang, et al (2024) demonstrated alleviated motor symptoms of Parkinson’s patients by applying 130Hz tTIS to the globus pallidus interna. Applying 130Hz pulse-width modulated tTIS to the hippocampus of epilepsy patients was shown to decrease fast ripples in the hippocampus of epilepsy patients (Acerbo, et al 2022).
As a novel technique in the field of NIBS, the underlying mechanisms of tTIS remain not completely understood. One key missing link is the effect of tTIS on neurotransmission, such as GABA-/Glutamate-ergic, which can help to elucidate the mechanisms underpinning its function and thus improve future applications of tTIS. Systems neuroscience technologies such as Magnetic resonance spectroscopy (MRS), an imaging technique which allows for the quantification of neurotransmitter levels in a given region of interest (Hangel, et al., 2022; Mangia, et al., 2008) or TMS/TMS-EEG technologies that allow to determine intracortical neurotransmitter systems (e.g., Harquel et al. 2024, Heise et al. 2013). As such, they provide useful technologies which different properties that allow in-vivo in humans to investigate the neurotransmitter dynamics underpinning the behavioural effects that arise from tTIS. 
Assignment
Your task is to develop an experimental paradigm which will allow to determine the effects of tTIS on a specific population of neurotransmitters in a deep brain region of your choosing by using MRS. There must be a behavioural correlate of this application of tTIS so employ an appropriate task which can be incorporated into a tTIS-MRS experimental design. 
Challenges
To understand what frequency and pattern of TI will best modulate your target region, consider the neuronal populations present and what stimulation parameters past studies used.
To identify a behavioural task which can be performed inside the MRI scanner and will elicit a behavioural effect related to your region of interest.
To understand which neurotransmitters are most abundant in your target region, and which are most relevant to the behavioural outcome you’re looking at (note which can be detected by MRS).
Design an experimental paradigm which combines a task, a type of tTIS, and MRS measurements that will effectively probe a behavioural output linked to your target 
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