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Potential terahertz therapeutic strategy for the
prevention or mitigation of Alzheimer’s disease

pathology

Xinke Wang' and Yan Zhang'™

Abstract

With terahertz irradiation with a specific frequency, the fibrotic progression of (3-amyloid oligomers is suppressed,
which provides a potential therapeutic strategy for Alzheimer's disease.

Because the vibration and rotation energy levels of
numerous biomacromolecules lie within the terahertz
(THz) frequency band, THz technology is always con-
sidered a promising tool for biomedical applications'”. In
previous reports, the researchers preferred to use THz
sensing and imaging techniques for biomedical diagnosis.
By comparing THz spectra of normal and abnormal tis-
sues, the levels of liver injury and burn severity can be
accurately differentiated®*. By analyzing THz images of
tissue slices, the regions of brain tumors and the meta-
static states of lymph nodes can be exactly dis-
criminated”™’. By observing THz birefringence
phenomenon in enamel, healthy teeth and dental caries
can be clearly identified®. In recent research, the inter-
actions between THz radiation and tissues are strength-
ened by the introduction of metamaterials and the
sensitivities of THz systems are enhanced for biomedical
diagnosis”'’. These works positively prompt the devel-
opment of THz biomedical technology.

With the performance enhancements of THz radiation
sources and associated techniquesu’m, the researchers
gradually recognize that some physiological processes can
be directly intervened by THz wave, such as the accel-
eration of DNA unwinding'® and the permeability
enhancement of the voltage-gated calcium channel'®. It
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means that THz technology may be directly applied in the
treatment of pathological tissues, which undoubtedly
exploits the possibilities of THz biomedical applications.

In this issue of eLight, W. Peng and her collaborators from
Air Force Medical University, National Innovation Institute
of Defense Technology, University of Shanghai for Science
and Technology, and Peking University present a positive
effect of THz radiation for delaying the fibrotic progression
of B-amyloid (AP) oligomers'®. After being exposed to THz
radiation with a 34.88 THz central frequency, AP in the
dimethyl sulfoxide solvent shows a lower ThT fluorescence
intensity compared to the reference sample without THz
irradiation. By comparing Fourier transform infrared spectra
of the THz-loaded and reference samples, it can be seen that
the percentage content of the B-sheet stack is significantly
reduced and the fibrotic progression is slowed down in 96 h
after THz irradiation. In addition, the temperature shift of
the THz-loaded sample is also monitored, which exhibits
that the THz wave has no strong thermal effect on proteins.
Moreover, it has been demonstrated that THz wave is
harmless to normal cells by detecting the cell viability and
mitochondrial membrane potential. Through a long-time
molecular dynamic (MD) simulation, the interaction
mechanism between the THz wave and A oligomer is
revealed. The structure of the p-sheet is transformed to
more coil and bend form by the THz wave. In the meantime,
the effect also shows a pronounced frequency-dependent
characteristic. Namely, the protein system resonates with the
electromagnetic wave with a specific frequency and further
induces the dissociation force.
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Fig. 1 The presence of extracellular B-amyloid deposition remains the primary neuropathologic feature for Alzheimer’s disease diagnosis.
The amyloid deposition begins with the conversion of native monomer with more a-helix to an alternative conformation with (-sheet that self-
associates into ordered assemblies. The terahertz wave at the frequency of 34.88 THz can delay the fibrosis dynamic curve
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Overall, because amyloid deposition is a main hallmark
for neurodegenerative diseases, the work indicates that
THz technology can be utilized as a therapeutic strategy
to regulate the conformations of pathological proteins and
mitigate Alzheimer’s disease, as shown in Fig. 1. Of
course, there is much improvement room for the practical
application of this technique, such as the deeper under-
standing of the intervention mechanism, the upgrade of
the curative effect, and the optimization of the THz sys-
tem. Nevertheless, it can be anticipated that THz tech-
nology will contribute to the biomedical field as an optical
therapeutic means.
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