CRC 1451 - Project CO1: Repetitive tDCS and a mouse model of
internal capsule stroke: effects on white matter, motor control,
plasticity, and recovery of function

Motivated by the fact that stroke induces damage beyond the primary lesion, we examined whether
cathodal transcranial direct current stimulation (tDCS) can attenuate secondary thalamic
neurodegeneration after cortical stroke in mice. Photothrombotic stroke was followed by ten days of
cathodal tDCS starting three days post-insult. Neuronal survival and neuroinflammation in the ipsilesional
thalamus were assessed four weeks later, alongside longitudinal resting-state fMRI of thalamic network
integration. In parallel, [18F]FDG-PET in healthy mice tested whether tDCS modulates subcortical glucose
metabolism. Overall, tDCS reduced thalamic glucose uptake, suppressed pro-inflammatory microglial
polarization, and rescued more than 60% of thalamic neurons from secondary degeneration. These
cellular effects were paralleled by restored thalamic network centrality and normalization of global brain
network organization, identifying remote thalamic neuroprotection as an important mechanism of tDCS-
mediated recovery.
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ARTICLE INFO ABSTRACT

Keywords: Transcranial direct current stimulation (tDCS) is a clinically promising neuromodulatory therapy, capable of
Experimental stroke promoting function and motor recovery after stroke. Beyond the primary stroke lesion, remote networks dis-
turbances, e.g., stroke-induced secondary neurodegeneration (SND), are related to long-term disabilities. Under
the hypothesis that tDCS promotes recovery by supporting neuroprotection, we investigated the effects of tDCS
on thalamic SND after stroke.

Three days after cortical stroke, induced by photothrombosis, cathodal tDCS over the lesioned cortex was
performed daily for ten days (39.6 kC/m?). SND, i.e., 1 loss, and infl: ation in the ipsilesional thal-
amus were evaluated ex vivo 28 days after stroke. Parameters of functional thalamic network integration
measured by resting-state functional magnetic resonance imaging (rs-fMRI) were conducted longitudinally. To
assess the effects of tDCS on glucose metabolism, positron emission tomography (PET) was performed after a
similar tDCS regimen in healthy mice.

Repetitive tDCS decreased the ipsilateral thalamic glucose metabolism in unlesioned animals. Four weeks after
cortical stroke, secondary glial scaring was found in the ipsilesional thalamus, its extent correlating to the
cortical lesion size (R* = 0.54, p < 0.001). Notably, while it did not affect glial scaring, tDCS reduced thalamic
neurodegeneration by over 60 % (p < 0.05), being reflected by parameters of functional thalamic integration as
assessed by rs-fMRI. Additionally, tDCS dc gulated the pro-infl y polarization of microglia.

Overall, tDCS ameliorated the stroke-induced remote SND, in parallel to mitigating sustained neuro-
inflammation. Thus, the data show that tDCS exerts previously unknown effects on remote brain regions after
stroke.
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therapeutic avenues.
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1. Introduction neuroplasticity (Joy and Carmichael, 2021).
Besides its local effects, a stroke induces profound remote changes
Except for the immediate curative treatment of cerebral ischemia within and beyond the cerebral network affected (Grefkes and Fink

within a timely window of brain tolerance, i.e., by thrombolysis or
thrombectomy, to date, therapeutic approaches to accelerate and/or
enhance recovery of function after a stroke are deemed insufficient or
compromised by unexplained variability and unknown modes of action.
Spontaneous recovery is influenced by multiple, partially overlapping
mechanisms ranging from the molecular to the systems level, with
confined temporal patterns and interchanging effects of, e.g., neuro-
genesis, neuroinflammation, angiogenesis, axonal sprouting, and

2011), which can be reliably detected across species (Blaschke et al

2021). Accordingly, the primary injury causes network-wide dysfunc-
tions, potentially leading to secondary impairment in remote areas that
may contribute to the behavioral deficits and compromise recovery of
function (Seitz et al., 1999). The thalamus is a highly interconnected hub
node and central part to many functional networks (Hwang et al., 2017),
due to widespread connections to many cortical areas (Behrens et al.,
2003) and tightly interlinked cortico-thalamo-cortical loops (Shepherd
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