Proceedings of the 3™ World Congress on New Technologies (NewTech'17)
Rome, Italy — June 6 — 8, 2017

Paper No. ICNFA 119

ISSN: 2369-8128

DOI: 10.11159/icnfal7.119

Selectively Modified Porous Silicon Nanoparticles as Sonosensitizers
of Therapeutic Ultrasound

Andrey Sviridov', Konstantin Tamarov'?, Victor Timoshenko?, Valery Andreev

Lomonosov Moscow State University, Department of Physics
119991 Moscow, Russia

2University of Eastern Finland, Department of Applied Physics
70211, Kuopio, Finland

*National Research Nuclear University “MEPhI” (Moscow Engineering Physics Institute), International Laboratory
“BioNanophotonics”
115409 Moscow, Russia
asagittarius89@gmail.com; k.tamarov@gmail.com; victor_timoshenk@mail.ru; andreev@acs366.phys.msu.ru

Extended Abstract

One of the most actively developed methods for the therapy of some types of cancer is HIFU-surgery using high
intensity focused ultrasound [1]. For its utilization, HIFU therapy involves extremely high acoustic intensities (~ 0.1-1
kW/cm?), which may cause too negative influence on healthy tissues of a human body. HIFU surgery is limited by the USI
selectivity, which is necessary to achieve therapeutic effect relative to vast tumors and individual cells. The effectiveness
of ultrasound (USI) for biomedical purposes can be significantly improved by several substances enhancing its action, or
sonosensitizers [2]. Sonosensitizers based on porous silicon (PSi), which properties of biocompatibility [3] and
biodegradability [4] have been proved in various in vitro and in vivo experiments, can be used as such agents. The purpose
of the present work is experimental and theoretical study of thermal and cavitation effects in aqueous suspensions of
mesoporous silicon nanoparticles (PSiNPs).

The PSi films were formed by a standard method of electrochemical etching of crystalline silicon wafers. The samples
of selectively modified PSiNPs with hydrophilic outer surface and hydrophobic pore walls were fabricated using hexane as
a nano-stopper of pore oxidation and high-energy grinding of PSi films in agueous medium. TEM, DLS and IR-
spectroscopy techniques were used to determine size distributions and surface chemistry of the prepared samples.

The scheme of experimental setup used for USI measurements was as followed. A hollow cuvette filled with an
investigated sample was placed into a water tank and exposed to the field of calibrated MHz transducer. Temperature was
controlled by E-type thermocouples. The transmitted signal was detected with a sensitive hydrophone. The experiment was
automated via a program developed in the LabVIEW environment, which provided control of the generated signal and
measurement of time, signal spectrum detected by the hydrophone and temperature.

The spectrum of transmitted signal registered by the hydrophone was obtained using FFT. Besides the fundamental
harmonic, it contained multiple harmonics including the subharmonic, which is an evidence of active cavitation in the
sample. Time dependences of the main harmonic amplitudes (the half, fundamental and second ones) for the samples of
PSiNP suspensions and pure water at various USI intensities were recorded.

Average magnitudes of subharmonic for the samples of oxidized, selectively modified PSiNPs and pure water under
exposure to ultrasound of different intensities were obtained. It was revealed that the intensity threshold for the suspension
of PSiNPs was significantly lower as compared to water, while the lowest values were observed for the sample of
selectively modified SiNPs. This effect can be explained by the presence of nucleation bubbles in the porous structure of
nanoparticles, which promote the cavitation process [5].

The heating of PSiNP suspensions and pure water was measured as well. The heating of suspensions was much
stronger because of the additional absorption of ultrasonic waves by the nanoparticles [6].

The results of the above experiments were numerically verified using Gilmore-Akulichev model of cavitation bubble
dynamics [7] and heat-transfer equation in viscous medium with solid inclusions [8].
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The obtained experimental results demonstrate outstanding sonosensitizing properties of selectively modified
PSiNPs for the lowering of cavitation thresholds and initiation of USI-induced hyperthermia in aqueous media under
exposure to the therapeutic USI. These remarkable properties of biodegradable and low-toxic PSiNPs can find
applications in the sonodynamic therapy of cancer.

Authors acknowledge the financial support of this work by the Russian Scientific Foundation (grant Ne 16-13-
10145).
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