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ABSTRACT

We review our recently obtained data on the employment of Si nanoparticles as sensitizers of radiofrequency (RF) -
induced hyperthermia for mild cancer therapy tasks. Such an approach makes possible the heating of aqueous
suspensions of Si nanoparticles by tens of degrees Celsius under relatively low intensities (1-5 W/cm2) of 27 MFIz RF
radiation. The heating effect is demonstrated for nanoparticles synthesized by laser ablation in water and mechanical
grinding of porous silicon, while laser-ablated nanoparticles demonstrate a remarkably higher heating rate than porous
silicon-based ones for the whole range of the used concentrations. The observed RF heating effect can be explained in
the frame of a model considering the polarization of Si NPs and electrolyte in the external oscillating electromagnetic
field and the corresponding release of heat by electric currents around the nanoparticles. Our tests evidence relative
safety of Si nanostructures and their efficient dissolution in physiological solutions, suggesting potential clearance of
nanoparticles from a living organism without any side effects. Profiting from Si nanoparticle-based heating, we finally
demonstrate an efficient treatment of Lewis Lung carcinoma in vivo. The obtained data promise a breakthrough in the
development of mild, non-invasive methods for cancer therapy.
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1. INTRODUCTION

The ability of radio frequency (RF) radiation to heat human tissues is known for a long time. In particular, such a heating
of malignant tissues can lead to a successful partial necrosis of tumors giving a promise for successful application of RF
radiation in cancer treatment tasks [1-3]. However, in the absence of vectoring mechanism to selectively target tumors,

RF radiation-based therapy appears to be dangerous as the improvement of blood circulation under RF irradiation can
provoke a further development of tumors and their metastasis [3],

The efficiency of RF-based therapy can be significantly enhanced by using sensitizers, or properly designed absorbing
agents, which are targeted into a tumor area (actively or passively), accumulate in it, and then absorb main RF radiation
power to heat cancer cells and thus cause their selective destruction. Such an effect can be achieved by using electrically-
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conductive nanoparticles (NPs) [4-7]. Gold nanoparticles and carbon nanotubes were selected as candidates for these
tasks providing a strong absoiption of RF radiation even under relatively small concentrations of NPs of the order of 1
g/1 [5-7]. In particular, an intense source of the RF radiation with frequency of 13.6 MHz and the power of 600 W
induced heating of suspensions of gold (Au) NPs with heating rate ~20 K/sec, which resulted in considerable cell
necrosis [7], As we recently showed, similar hyperthermia effect can be achieved for weakly conductive Si
nanostructures [8]. Although a strong heating of Si nanoparticles is not explained in terms of theories based on
conductive properties of nanostructures [5], the heating effect was significant and even more pronounced than in the case
of Au nanoparticles. In particular, we were able to heat suspensions of Si nanoparticles at relatively low concentrations
(below 1 mg/mL) to temperatures above 45-50° C applying relatively low 27 MHz radiation intensities (1-5 W/cm2). We
believe that Si nanoparticles can present a much more promising object as a RF radiation sensitizer compared to other
inorganic nanomaterials. First, Si NPs are biocompatible and biodegradable, as in biological tissue they normally decay
into orthosilicic acid Si(OH)4, which is naturally excreted from the body through the urine [9], In addition, Si
nanoparticles can be prepared in pure, uncontaminated state by e.g. using methods of laser ablation in gaseous [10-13] or
aqueous [14-18] ambience, which excludes any secondary biotoxicity related to the contamination of the nanoparticle
surface. Finally, Si nanoparticles can exhibit a series of unique properties, including room temperature
photoluminescence [19,20], singlet oxygen generation under photoexcitation [21,22], infrared radiation-induced [23]
and ultrasound-induced [24] hyperthermia, which can be applied in parallel to the RF hyperthermia approach.

In this paper, we review recently obtained results on properties and conditions of employment of Si nanoparticles as
sensitizers of radio-frequency-based hyperthermia.

2. EXPERIMENTAL METHODS

2.1 Fabrication and characterization of Si nanoparticles

First, we formed porous Si (por-Si) films by electrochemical etching (anodization) of heavily boron-doped crystalline
silicon (c-Si) wafers with specific resistivity of 1-10 mil-cm in HF (48%):C2H5OH solution (1:1) at the current density of
60 mA/cm2 and etching time of 60 min. The por-Si films were separated from c-Si substrates by applying a pulse of the
etching current with current density of 600 mA/cm2. The as-prepared Por-Si consisted of 5-10 nm-sized Si nanocrystals
and pores with diameter above 2 nm (mesopores). The porosity of as-prepared samples was about 70 ± 5%, as
determined by gravimetric methods. The porous silicon films were then milled in distilled deionized water by using a
planetary mill FRITSCH “Pulverisette 7 premium line” and then centrifuged in an Eppendorf Centrifuge 5424 for 1 min
at 2000 rpm. Second, we used methods of ultrashort laser ablation to fabricate ultrapure Si-based nanoparticles [16,17],
Briefly, a Si target was placed at the bottom of a glass vessel filled with 20 ml of highly deionized water (18.2 MQcm).

A 2.3 mm diameter beam of Yb:KGW femtosecond laser (Amplitude Systems [Pessac, France], 1025 nm, 480 fs, 500 pJ,
1-5 kHz) was focused with the help of a 750 mm lens onto the target surface to provide ablation of material [14,15]. The
target was moved at a scanning velocity of 0.35 mm/s in the focusing plane to obtain identical surface conditions during
the laser ablation, while the thickness of the water layer above the target was about 1 cm. Such ablation geometry
normally leads to a grey coloration of the aqueous solution after 2-5 minutes of the experiment. As the second protocol,
we employed methods of two step femtosecond laser fragmentation procedure introduced in our previous studies [15,25],
The 10 ml of NPs solution prepared by the first protocol was transferred into a glass cuvette and irradiated, in the very
center of the cuvette, by a focused laser beam of the Yb:KGW femtosecond laser (using the same focusing lens), while
the solution was stirred by a magnet to homogenize the ablation process. We used relatively low laser fluence (1 J/cm2)
to avoid the phenomenon of laser-assisted plasma breakdown of the liquid, but the radiation intensity was high enough to
ablate the suspended nanoparticles.

The size of Si NPs was determined by using a transmission electron microscope (TEM) LE0912 AB OMEGA. The
composition of surface coating of por-Si NPs was studied with a Fourier-transform infrared (FTIR) spectrometer Bruker
IFS 66v/S. Before measuring the FTIR spectra, the suspensions of Si NPs were deposited on an ATR crystal and then they
were dried in air and evacuated at 10"3Torr.

2.2. Methodology of RF experiments

The RF heating was achieved by applying a medical apparatus, which is commonly used for the RF physiotherapy, with
frequency of 27 MHz and maximal power up to 66 W. The apparatus consisted of a power source coupled to a pair of
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flat electrodes with diameter of 38 mm and varied distance between them. The RF electrical field strength between the
electrodes was measured by using a metallic antenna connected to an oscilloscope Agilent 54642A. The RF radiation
intensity calculated from the electric field strength was in good agreement with the RF power per the electrode surface
area. Temperatures of aqueous suspensions of Si NPs and pure water (for comparison) were measured using an infra-red
thermometer AND DT-633 after switching off the RF generator. To investigate the RF heating process a 20 ml glass
cuvette was filled with the aqueous suspension of NPs and it was centered between the RF electrodes spaced apart by
42 mm, allowing approximately a 6 mm air gap on either side of the cuvette. The maximum concentration of NPs in
suspensions was 1 g/1, which was estimated using the gravimetrical method. Then the 1 g/1 suspension was diluted with
distilled water to obtain different concentrations. Prior to the RF exposure, the initial temperature of each sample was
stabilized in a thermostat at 21° C. The heating rate was quantified by the value of S = AT/At, where AT is temperature
increase after the RF exposure for time At.

2.3. Methodology of in vivo tests

In vivo experiments were carried out with lung carcinoma (3LL) tumors inoculated at the left hind paw of male mice of
CBA line. The initial tumor volume before the RF treatment was about 210±30 mm3. The 0.5 ml aqueous suspensions of
por-Si or LA-Si NPs or equal volumes of sterile water were intratumorally injected and the mice were kept for 15-20 min
prior to exposure in the RF field. Then the mice were immobilized and irradiated with RF (5 W/cm2) for 2 minutes. The
corresponding reference groups of mice without the RF irradiation were also studied. All the experiments with animals
were carried out at animal facilities of the Blokhin Cancer Research Centre (Moscow, Russia) in accordance with the
Principles of Laboratory Animal Care (NIF1 publication No. 85-23, revised in 1985) and the European Convention for
the Protection of Vertebrate Animals used for Experimental and Other Scientific Purposes (Strasbourg, 18.III.1986,
revised by the amending protocol ETS 170). The use of experimental animals was approved by Scientific and Ethic
committees of the Blokhin Cancer Research Centre.
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Figure 1. Typical TEM image, Electron Diffraction pattern and size distributions of por-Si NPs (a) and LA-Si NPs (b)

3. RESULTS AND DISCUSSION

3.1 Structural characterization

In this work, we used Si NPs prepared by mechanical milling of porous silicon (Por-Si NPs) and by laser ablation of
silicon wafer (LA-Si NPs). An advantage of the first preparation method is fast and cost-efficient production of a large
quantity of porous silicon having efficient photoluminescence at room temperature in the visible spectral range, ttowever,
a surface of por-Si NPs is contaminated by chemical agents and has to be cleaned properly to remove any residual
contaminants. In order to bare NPs without any contamination we have also used a method of fs laser ablation of silicon
wafer [14-17]. The main advantage of this method is an absence of any chemical agents and, hence, high purity of
nanoparticle surface.
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Figure 1 shows size distributions of por-Si NPs (a) and LA-Si (b) NPs, while corresponding TEM images and electron
diffraction patterns are shown in figure insets. One can see that por-Si NPs are widely dispersed with mean size around 35
nm. Moreover, a significant part of large NPs (up to 200 nrn) is also present. In contrast, LA-Si NPs possess a much
narrower size dispersion (less than 15 nm full width at half maximum) with similar value of mean size and nearly
spherical NPs shape. A periodic arrangement of reflections is clearly seen in electron diffraction patterns for both types of
Si NPs (insets of Figure 1), suggesting crystalline structure of Si NPs. According to our data, the surface of por-Si NPs is
predominantly oxidized leading to its hydrophilic properties. Surface of LA-Si NPs is oxidized due to the presence of
dissolved oxygen and can be varied by passing neutral gases (e.g., Ar) through the liquid [8,25]. For comparison, we also
used Au NPs prepared by fs laser ablation in deionized water (LA-Au NPs) according to the recipe described in [15,25].

3.2 RF radiation-induced heating of Si NPs

ime dependence of the temperature growth of aqueous solutions of por-Si and LA-Si nanoparticles and that of deionized
water under RF irradiation (5 W/cm2) is shown in Figure 2a. it is visible that the heating rate for por-Si NPs is about 10
K/min for NP concentration ~ 1 g/1, which much exceeds that one of deionized water (~ 1 K/min). On the other hand, LA-
Si NPs possess 5 K/min heating rate at much lower concentration (~ 0.05 g/1). Here, PSi NPs demonstrated a linear growth
of solution temperature under the increase of irradiation time, while for LA-Si NPs the temperature growth rate slightly
decreases after some irradiation time (~ 3 min), but still remains relatively high. The reason of this temperature saturation
is still not clear, but it can be due to a modification of the surface of LA-Si NPs during RF heating. Concentration
dependence of RF heating rate is almost linear for all types of Si NPs (Figure 2b). It is worth noting that heating rate of
LA-Si NPs is higher than of por-Si NPs of the same concentration. Thus, por-Si NPs and LA-Si NPs exhibit similar or
better heating rate compared to Au NPs, which are widely studied for cancer hyperthermia applications.
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Figure 2. (a) Time dependences of temperature of aqueous suspensions of por-Si NPs (red), LA-Si NPs (blue) and
deionized water (black) under RF irradiation; (b) concentration dependence of the heating rate of por-Si NPs (red), LA-

Si NPs (blue) and Au NPs (yellow).

3.3 Modeling of RF radiation-induced heating

The obtained results are surprising as they evidence the independence of the RF radiation-induced heating efficiency on
electrical conductivity of employed NP-based sensitizers. This conclusion contrasts with widely accepted model of
Moran et al. [5], which requires sufficient electrical conductivity of NPs to efficiently absorb RF radiation. According to
this model, the Joule heating with rate above 10 K/min can be achieved in aqueous suspensions of NPs with
concentration of 1 mg/mL under RF irradiation with intensity of 1 W/cm2 if the specific conductivity of NP material is
higher than 10"1 LlAan'. However, this situation is not consistent with our case, as such high conductivity is hardly
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possible even for Si NPs produced from highly doped crystalline Si wafers [26, 27]. Furthermore, our tests did not reveal
any remarkable difference of the temperature growth rates for LA-Si NP suspensions produced from undoped and
heavily boron-doped Si wafers. Finally, we did not observe any significant difference in temperature growth rates for
low conductive Si and highly conductive Au NPs of similar concentrations (the growth rate of Si NPs was even higher).

In order to explain the observed RF induced heating of NPs we propose a model, which consider main Joule heat
sources related to electrical currents of ions in surrounding electrolyte [8]. The ion concentration nearby NPs is
supposed to increase because of surface charge (zeta-potential) of NPs or/and their partial dissolution in water. The latter
process is obviously more important for Si NPs in comparison with metallic ones. We have carried out simulations of the
heating rate by using numerical solution of the Poisson equation and by assuming the Boltzmann statistics for the ion
concentration dependent on the electrical potential near randomly distributed non-interacting NPs. The ion production
because of the NP dissolution was not taken into account for simplicity. On the one hand, our calculations show a week
effect of the heating due to electrical currents inside NPs. On the other hand, gold NPs and Si ones are found to exhibit
slightly different heating rates versus the electrolyte conductivity and RF frequency. The modeling allows us to
understand the experimentally observed high heating rate of aqueous suspensions of LA-Si NPs under 27 MFlz RF
irradiation [8]. The model predicts also that the heating contrast between Si NP suspension and homogeneous electrolyte
with the same electrical conductivity can be optimized by proper choice of RF frequency. Note the proposed model can
be further improved by considering both the effect ofNP dissolution and inter-polarization of NPs, which can influence
the ion concentration and then the Joule heating rate.

3.4 Dissolubility of Si NPs

The water-solubility and biodegradability of por-Si NPs is well studied in the literature (see e.g., Ref. 9 of the
manuscript). In our tests, we examined the solubility of LA-Si NPs in aqueous solutions using TEM and Raman
spectroscopy. Aqueous suspensions of LA-Si NPs with initial concentration of 0.5 g/L were diluted with physiological
solution (0.9 % NaCl) at the ratio of 1:1. The prepared mixture (1 ml) was put into a dialysis vessel, which was
introduced into large amount (5 1) of de-ionized water with fixed pH level of 7.0 at room temperature (20-22 °C). The
experiment was earned out in a dark room to avoid any photoexcitation effects.

The dissolution process was independently studied by Raman spectroscopy under the same dialysis conditions. Droplets
containing LA-Si NPs were taken from the solution at different moments after the beginning of the dissolution test,
deposited on a metal plate and dried in air. The NPs were then tested by using a micro-Raman spectrometer under
excitation with a HeNe laser at 633 nm. As shown in Fig. 3, Raman spectra of the samples exhibited a peak near 520 cm

associated with the presence of crystalline Si NPs. The position of the peak shifted from 521 cm"1 to shorter
wavenumbers (519-520 cm'1) after several days of the dissolution process: such a shift is typically attributed to the
decrease of the nanoparticle size. In this case, the size of Si nanocrystals can be estimated from the positions of Raman
peaks using the well known phonon confinement model. Results of such estimations are shown in an inset of Fig. 3. One
can see that the mean size of nanoparticles drops from 30 nm to less than 5 nm a few days after the beginning of the
experiment. It should be noted that such Raman spectroscopy cannot precisely follow the size evolution of NPs if they
become too small (< 5 nm).

i

3.5 In vitro toxicity of Si NPs

Hep2 (laryngeal cancer cells) were used for the evaluation of cytotoxicity of PSi and LA-Si NPs. The prepared aqueous
suspensions were mixed with DMEM (BioloT, Russia) in the ratio of 1:1, and then the mixtures were added to the cell
culture and were incubated for 24 h. The reference cell group was incubated in DMEM. The cell viability was evaluated
by using a hemocytometer. Living and dead cells were separated by their coloring with Trypan Blue (Paneco-ltd,
Russia). The results were statistically processed using Student’s t-test with certainty 0.95. LA-Si NPs demonstrate “zero”
toxicity and do not influence Hep2 proliferation for the whole range of NPs concentrations (< 0.06 nig/mL), while Psi
NPs demonstrate similar results until very high concentrations (0.6-0.7 mg/mL).
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Figure 3. Raman spectra of LA-Si NPs after different times of the storage in water. Relative shift of the Raman spectrum
maximum and calculated diameter of NPs are shown in inset.

3.6 In vivo toxicity: effect of Si nanoparticles on the blood content

Wistar rats (male and female) of mass 150±20 g were intragastrically injected with water suspensions of por-Si and LA-
Si NPs of dose 0.7 mg/kg. Rats in the control group were similarly injected with distilled water of the same volume. The
content of the studied biochemical parameters was determined in blood plasma of experimental animals after a single or
sevenfold administration of Si NPs. The animals were sacrificed after 24 hours after the last measurement. The activity
of aminotransferase was determined by Reitman-Frankel method (ALT, AST). The activity alkaline phosphatase (ALP)
was measured by kinetic method from the increase of coloring of p-nitrophenol in diagnostic kits LaChema (Czech

Republic). The cholesterol content was determined by a kinetic method. The concentration of unconjugated and
conjugated bilirubin (UB, CB) was determined by Malloy-Evelyn method using VitalDiagnostics kits (Russia) and
biochemical analyzer Chem Well (USA). All parameters were compared for the control group and the groups injected
with NPs. Statistical analysis of the results was performed using Student's t-test.

The biochemical analysis of blood plasma of the experimental animals injected with por-Si and LA-Si NPs did not reveal
any significant changes in the blood content. The intragastric administration (single or seven-fold) of por-Si and LA-Si
NPs at the dose of 0.7 mg/kg did not significantly affect the maintenance of transaminase, alkaline phosphatase, bilirubin
and cholesterol in blood. The obtained biochemical data were the same for different rat genders. Tables 1 and 2 show the
average results of the content of individual cells markers of cytolysis (ATL and AST) during measurement of blood
plasma samples. Flere, only minor changes of the investigated parameters can be found. Comparing the data of tables 1
and 2, one can notice that a single administration of por-Si NPs induced a slight increase of aminotransferase content in
plasma. Although this effect was not significant after sevenfold administration, AST/ALT ratio increased up to 1.5 ± 0.1.

Table 1. Effect of Si NPS on the content of ALT and AST
in the rats blood plasma after a single administration

ALT, pkat/l AST, pkat/1 AST/ALT ratioRat group

Control 0.189±0.01 0.231±0.01 1.2±0.1

LA-Si 0.163±0.01* 0.21±0.01* 1.3±0.1*

Psi 0.234±0.01* 0.327±0.02* 1.4±0.1*

*P>0.05
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Table 2. Effect of Si NPS on the content of ALT and AST in the rats blood plasma after a sevenfold
administration

ALT, pkat/1 AST, pkat/1 AST/ALT ratioRat group

Control 0.252±0.01 0.288±0.01 1.1±0.1

LA-Si NPs 0.163±0.01* 0.21±0.01* 1.3±0.1*

Psi 0.174±0.01* 0.271±0.01* 1.5±0.1*

*P>0.05

Table 3. Effect of Si NPS on the content of cholesterol, bilirubin and alkaline phosphatase
in the rats blood plasma after a single administration__

Cholesterol,
mmol/1

CB, CB/UB, % ALP, U/lRat group UB,

pmol/1 pmol/1

Control 1.8±0.1 1.6±0.1 2.2±0.2 73±1.7 484±24
LA-Si NPs 2.0±0.1* 0.7±0.1* 0.8±0.1* 88±1.7* 512±25*
PSi 1.6±0.1* 1.4±0.1* 2.1±0.2* 67±1.6* 529±25*

*P>0.05

Table 4. Effect of Si NPS on the content of cholesterol, bilirubin and alkaline phosphatase
in the rats blood plasma after a sevenfold administration__

Cholesterol,
mmol/1

CB/UB, % ALP, U/lRat group CB, UB,

pmol/1 pmol/1
Control 1.9±0.1 2.5±0.2 2.8±0.2 89±1.8 489±24
LA-Si NPs 1.8±0.1* 0.9±0.1* 1.4±0.1* 64±1.6* 537*±26
PSi 1.7±0.1* 1.0±0.1* 1.3±0.1* 77±1.7* 504*±25

*P>0.05

Table 3 and 4 present data on the content of cholesterol, bilirubin and alkaline phosphatase. One can see that Si NPs did
not induce significant changes in cholesterol and bilirubin concentrations after 24 hours after single administration but
induced minor reduction after sevenfold administration, while seven-fold administration led to a slight decrease of these
parameters. The analysis of plasma samples from groups injected with por-Si and LA-Si NPs also reveals a slight
increase in alkaline phosphatase concentration.

In summary, the intragastric administration of aqueous suspensions of por-Si and LA-Si NPs into Wistar rats in dosages
0.7 mg/kg and 4.9 mg/kg does not cause any statistically significant changes in blood levels of aminotrasferases, alkaline
phosphatase, bilirubin and cholesterol.

3.7 Results of in vivo RF treatment tests

Fig. 4 shows dependences of the tumor volume for different groups of animals related to the tumor volume of intact mice
(sterile water was intratumorally injected). The 0.5 mL aqueous suspensions of Si-based NPs or equal volumes of sterile
water were intratumorally injected and the mice were kept for 15-20 min prior to exposure in the RF field. Then the mice
were immobilized and irradiated with RF for 2 minutes. Results of the treatment were quantified by the evolution of the
total volume occupied by tumor cells. Flere, the inhibition of tumor growth was calculated using the following formula:

-H)Inhibition 100%, (1)

where V and V0 are the averaged tumor volumes for the experimental and reference groups of mice, respectively. The
positive value of inhibition indicates the suppression of tumor growth, while the negative one signifies that the average
volume for the exposed group of mice was larger than that for the reference group. As shown in Figure 4, a slight
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inhibition of the tumor growth takes place under the action of RF radiation alone, which is consistent with previous
studies [1-3]. However, our experiments showed that the combined action of PSi NPs and RF excitation can drastically
amplify the effect leading to a much stronger inhibition of the tumor growth. Furthermore, as follows from Fig. 4, the
efficiency of one time treatment is so high that the average volume of tumor at the 3-rd day after the combined action
(1-160 mm3) becomes smaller than that volume at the very beginning (day 0) of experiment (V„ = 210 mm3). In fact, it
means that even without any special optimization of the therapy procedure we achieved a partial elimination of the
tumor. Here, laser-ablated NPs provides even more pronounced inhibition of tumor growth after the action of RF
radiation (V=130 mm3) and this effect can be observed under much lower number and concentration of NPs (0.2 mL at
0.4 mg/mL compared to 0.5 mL at 1 mg/mL in the case of PSi NPs). Furthermore, we recorded quite different temporal
evolution of tumor inhibition after RF treatment using laser-ablated and PSi NPs sensitizers. Here, the maximal tumor
inhibition for LA-Si NPs is observed much later (6-7th days compared to the 3rd day for PSi NPs). These data illustrate a
different character of the interaction laser-ablated NPs with biological systems.

The obtained results unambiguously show that Si-based nanoparticles can serve as efficient sensitizers for tasks of RF-
induced cancer therapy, resulting not only in the inhibition of the tumor growth, but also in its elimination. As shown in
Fig. 2c, the efficiency of heating by using Si-based sensitizers appears to be comparable or better than in the case of Au-
based NPs. In real cancer treatment procedure, Si-based nanoparticles can be targeted actively, by using proper
antibodies, or passively, but profiting from the enhanced permeability and retention (EPR) effect consisting in natural
capability of NPs to preferably accumulate in tumors [28], Here, depending on type of tumor and concrete treatment
task, one can select nanoparticles with proper characteristics (size, shape, surface oxidation) and additional
functionalities (fluorescence etc). Laser-ablated NPs look especially promising for these tasks as they do not contain any
residual contaminant on their surface [17,18], exhibit ideal round shape, controlled mean size and low size-dispersion
contributing to their better delivery and uptake in vivo.
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Figure 4. Inhibition of the tumor growth after the following treatments: 2 min treatment of tumor area by RF irradiation
with the intensity of 2 W/cm2 (yellow); injection of por-Si NPs (0.5 mL, l mg/mL) followed by 2 min RF irradiation

treatment (red); injection of suspension of LA-Si NPs with doses of 0.2 mL and concentration of 0.4 mg/mL followed by
2 min RF irradiation treatment (blue).

4. SUMMARY

We reviewed recently obtained results on the development of novel cancer treatment modalities based on the
employment of Si nanoparticles as sensitizers of RF radiation-induced hyperthermia. The hyperthermia effect was
observed for Si-based nanoparticles produced by both milling of porous silicon and ultraclean laser-ablative growth and
was explained by local currents in the electrical double layer near NP surface. In vivo experiments showed that silicon
nanoparticles excited by the RF radiation of relatively low intensity not only strongly inhibited the growth of carcinoma

Proc. of SPIE Vol. 9737 97370A-8

Downloaded From: http://proceedings.spledigitallibrary.org/ on 03/17/2016 Terms of Use: http://spiedigitallibrary.org/ss/TermsOfUse.aspx



tumor, but also lead to the decrease of tumor volume. Profiting from potential biodegradability of Si-based
nanosensitizers and their prominent optical properties, the proposed RF radiation-based therapy approach looks
extremely promising for hyperthermia or/and combined therapy of cancer.
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