o o ° The critical reason for these consequences is that brain damage commonly results in extensive tissue loss and
W I re I ess C h q rg I n g - m e d I q te d the barrier to tissue regeneration following injury to the central nervous system. However, a long-lasting repair
response occurs angiogenesis and neurogenesis into the damaged tissue in the brain is problematic. Following

o ® ° trauma cavity, no extracellular matrix supports cell infiltration into the lesion or physically supports a growing

q n g |° g e n es I s q n d n erve re p q Ir tissue. A large influx of microglia, macrophages and the activation of highly reactive astrocytes, which release
pro-inflammatory response and lead to further glial scarring and neuronal death in the peri-trauma area which

° results in cerebral atrophy (brain shrinkage) occurring in the motor/sensory cortex. These inflammation and
by q d q ptq b I e m I C ro p oro U S glial scarring that impede brain tissue repair, so stimulating angiogenesis and recovery of brain function remain
challenging. Currently, hydrogels for brain repair after trauma injury is an emerging treatment option.

hYd rO g e IS Endogenous signals, such as nitric oxide (NO) and electrons, induce multifaceted physiological functions in

the regulation of cell fate as well as vascular and neuronal systems. However, clinical difficulties exist due to

Professor Shang-Hsiu Hu the short half-life of NO and the lack of tools to spatiotemporally drive gas release and electrical stimulation.
shhu@mx.nthu.edu.tw

N
o
N
N
\
N
(@}
N
w
z
2
o
z
>
—
—
)
z
Q)
T
c
>
c
Z
<
m
2
%]
5
=<
7
)
O
)
m
o
O]
2
=

Additionals, we propose a "magnetoelectric massager" strategy based on alternating magnetic field (AMF)-
triggered on-demand NO release and electrical stimulation to restore brain function in traumatic brain injury. The
NO and electron transport system was constructed as a metal-organic framework (MOF)-derived molybdenum
carbide octahedron (MoCx-Cu) and an NO donor (S-nitrosoglutathione, GSNO), which was embedded in an
implantable silk in a microneedle. Under AMF irradiation, eddy currents on conductive MoCx-Cu induced NO
release from GSNO through electrical stimulation, thereby significantly promoting the differentiation and growth
of neural stem cell (NSC) synapses. A combined strategy of in vivo traumatic brain injury allows NO and electrical
stimulation-mediated inhibition of inflammation, angiogenesis, and neuronal interrogation.
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