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Abstract : Iron-based magnetic nanomaterials can transform magnetic field into local energy such as thermal , electrical and
mechanical stimulation. With the assistance of the magnetic nanoparticles, precise remote wireless regulation of neurons can
be realized by applying external magnetic field, which provides a good application prospect in both of the basic research of
neuroscience and the clinical treatment of nerve diseases. This paper reviewed the application of the magnetic nanoparticles
in magnetogenetics, magnetothermal genetics, magnetoelectric effect, magnetic field induced mechanical force and che-
momagnetic neural regulations. The stable duration and in vivo biosafety of the implanted nanomaterials, as well as the inter-
action between the nanomaterilas and cell membrane were discussed. At last, the future development of the iron-based mag-
netic nanomaterials in neural regulation was prospected.
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Fig. 1

The TPRV1 ion channel is activated by heating membrane-bound magnetic nanoparticles ( MNPs) using an alternating magnetic field %),

(a) MNPs are functionalized with NeutrAvidin, and attached to the neuronal membrane via biotinylated antibodies targeting membrane proteins;

(b) alternating magnetic field (AMF) heats the membrane-bound magnetic nanoparticles, and activates the TRPV1 channels, resulting calcium

influx; (c¢) the experimental setup combines AMF and fluorescence microscopy for in vitro studies; (d) TEM images of the magnetic nanoparti-

cles, scale bar is 100 nm; (e) from left to right : fluorescence micrographs of GCaMP6f* neurons ( green) , MNPs labeled neurons (red) , over-

lay of the GCaMP6f* and MNPs signals, transmitted light image of the same neurons, scale bar is 10 mm; (f) the change of DyLight 550 fluores-

cence intensity (red line) , temperature near the MNPs, and the GCaMP6f fluorescence signal recorded in the neuron decorated with nanoparti-

cles during AMF application
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Fig.2 Magnetoelectric (ME) nanoparticles mediate remote regulation of mouse neurons

o () PRI ME 9RO 43 24 7 1k Kt Rlsos 2K

1997, (a) schematic demonstrating two-phase magne-

toelectricity in ME nanoparticles made from magnetostrictive and piezoelectric materials that are strain-coupled, (b) schematic demon-

strating the rationale for using a large direct current (DC) magnetic field overlaid with an alternating current (AC) field to generate

optimal magnetoelectric output, (c) diagram for method of in vivo ME nanoparticles administration and wireless stimulation using an

AC and DC magnetic field
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Fig. 3 Magneto-electric induction effects of a hydrogel phantom injected iron oxide nanoparlicles[ . (a) TEM image of the y-Fe, 05 nanoparticles

and external view of the y-Fe, 05 aqueous solution (inset), (b) schematic of measurement of magneto-electric induction, (c¢) magneto-elec-

tric induction under different field frequencies, (d) the presence of the y-Fe,O; nanoparticles enhances the induced voltages
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Table 1 Magnetic nanomaterials for neuromodulation
Neuromodulation
Magnetic core Size Coating Reference
methods
TRPV4 fused paramagnetic
- — [16]
Magnetogenetic protein ferritin
modulation GFP-TRPV1 fused paramagnetic [17]
protein ferritin
Fe; 0, NPs 22 nm PEG [29]
MnFe,0, NPs 6 nm 2,3-dimercaptosuccinic acid + streptavidin / PEG-phospholipid [ 30]
Magneto-thermal CoFe,0,@ MnFe,0, NPs (12.5+1) nm Poly-isobutylene-maleic anhy-dride / Neutravidin [10]
modulation
Iron oxide NPs 10~50 nm Mouse monoclonal anti-His antibody or streptavidin [31]
Iron oxide NPs 25 nm PEG-poly ( maleic anhydride-alt-1- octadecene ) [32]
CoFe,0,@ BATiO; NPs 30 nm Glycerol mono-oleate [36]
Magneto-electrical . )
CoFe,0,@ BATiO; NPs (224+17) nm No [39]
modulation
v-Fe, 05 NPs 6~8 nm Polyglucose sorbitol carboxymethylether [13]
Iron oxide NPs (209+9) nm Starch [41]
Magneto-mechanical
Iron oxide nanodiscs 98 ~226 nm Poly( maleic anhydride-alt-1-octadecene ) [43]
modulation
Zng 4Fe, (O, NPs 25 nm Silica and monoclonal Myc antibod [44]
Chemomagnetic Fe;0, NPs 25 nm Thermally responsive liposomes [45]
modulation Fe;0, NPs (23.8+1.7) nm Poly ( sebacic acid) / poly( D, L-lactide-co-glycolide ) [46]
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