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This study is based on the approach of guiding randomly proliferated deep lying brain
tumor cells to the external surface where they could be registered and therapeutically
affected. Optical fibers coated with nutrient medium (agar) act like neuro-scaffold for
tumor cells growth orientation. Research of neuro-scaffold spectral-optical properties
was carried out by photodiagnostics method using the model sample: the brain
tissue phantom with aluminum phthalocyanine photosensitizer addition. Such neuro-
scaffolds conduct and allow obtaining optical signal from the deep with high accuracy,
comparable to direct measurement “in contact” with the tissue, that will provide
multiple phototheranostics and monitoring of processes occurring in the brain probed
area.

Optical fibers, neuro-scaffold, photodiagnostics (PD), agar (C,,H,,0,),
aluminum phthalocyanine (AIPc)

Brain neoplasms considered to be the most dangerous and difficult to treat tumors due
to their anatomical location. The new approach of such neoplasms type treatment is to
control deep-lying brain tumor random proliferation by guiding tumor to the external
surface where malignant cells could be registered and therapeutically affected without
additional surgical intervention [1]. Neuro-scaffolds based on optical fibers structurally
imitating white matter channels and blood vessels [2] seem to be promising for brain
tumor cells growth orientation [3]. Moreover, one of the new methods aimed on deep-
lying brain tumors therapy, is based on the concept, where ionizing radiation act as
the key link in the antitumor effect implementation. Radiosensitizing agents could be
used as the ionizing radiation sources for such an approach [4]. At the same time,
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ionizing radiation, propagating in the depth of the tissue, acts as a source of Vavilov-
Cherenkov radiation, whose energy can also transfer photosensitizer (PS) molecules
from the ground state to the excited one, thereby exerting a photodynamic effect
[5]. It is significant to mention, that optical-fibers neuro-scaffolds are suitable for car-
rying out subsequent photodiagnostics (PD), photodynamic therapy (PDT) and laser
hyperthermia as they conduct optical signal [6]. Laser therapy and hyperthermia for
glioblastoma multiforme are considered to be the part of a growing armamentarium
for malignant glioma treatment [7-8]. The development of user-friendly fiber-optic
toolkit, which allows obtaining spectral information during surgery and relapse obser-
vation, is very urgent [9]. To control tumor cells spreading and enhance the likelihood
of their proliferation along the neuro-scaffold to the external surface, it is suggested
to coat optical fibers with nutrient compound layer [10] (Figure 1). In this way, current
paper introduces the results of spectral-optical properties research of nutrient agar
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Figure 1: The model of nutrient coated fiber-optic neuro-scaffold implanted into the bed of tumor after
resection. Such approach will provide setting the direction of malignant cells growth from the deep to the
external surface and carrying out multiple phototheranostics of the probed area.

A system of seven silica fibers with flat tips (20 mm length and 350 pm diameter
each) lies at the basis of the developed neuro-scaffold construction of an enlarged
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scale [11-12]. The optical fibers were partially cleaned from the primary protective-
strengthening cover to provide a steady radiation output from fibers around the neuro-
scaffold perimeter. Then, the optical fibers were fastened by a polymer framework and
fixed with a biocompatible adhesive solution. After that, the fibers tips were grinded
followed by wiping of the peeled ends with a soft material to obtain a smooth, well-
treated tip surface for qualitative radiation conduction.

As agar (C,4H,,0, ) is a nutritional medium favorable for cells seeding and growing
in vitro, the oriented tumor cells proliferation improvement along the scaffolds can
be achieved by coating neuro-scaffold” optical fibers with agar compound. Melting
temperature of agar gel is 85-95° that is significant for solid coating of optical fibers in
vivo conditions.

The study of the developed neuro-complex was carried out by PD method using
the model sample: a brain tissue phantom with PS agent addition. The phantom of
following composition: 1.1% intralipid in aqueous solution repeats optical and struc-
tural properties of the brain tissue with a high accuracy. Aluminum phthalocyanine
(AIPc) molecular solution (c = 0.1 mkg/ml) was used as PS (synthesized by Organic
Intermediates & Dyes Institute (NIOPIK), Russia).

The spectral- optical neuro-scaffold properties were investigated using LESA-01
"BIOSPEC” spectrometer (Russia). The fluorescence was excited by a laser source at a
power density of ~100 mW / cm? and A = 632.8 nm wavelength, chosen in accordance
with the AlPc absorption maximum. Experimental measurements were carried out for
different conditions by fiber-optic diagnostic probe with receiving and emitting fibers
(Figure 2).

The spectral-optical properties of neuro-scaffold and adjuvant components were
investigated during the study. It was found that silica fibers, agar and the brain tissue
phantom do not show fluorescent properties on their own. During the fluorescent
signal obtaining through fiber-optic neuro-scaffold (Figure 2b), the slight decrease
of intensity (15%) was registered due to the optical losses at the junction of diag-
nostic probe and neuro-scaffold (Figure 3). After agar surface layer application on
the optical fibers structure of neuro-scaffold the fluorescent signal intensity reduced
insignificantly (Figure 2c, 3). Thus, the developed neuro-scaffold based on optical
fibers coated with nutrient agar compound contributes obtaining a fluorescent signal
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Figure 2: Scheme of the experiment in a PD mode. Direct fluorescence measurements “in contact” with the
modal sample (brain tissue phantom with AlPc addition) (a), fluorescence measurements of the modal
sample through neuro-scaffold (b), fluorescence measurements of the modal sample through neuro-
scaffold coated with agar (c).

with high accuracy, comparable to direct measurement “in contact” with the tissue
(Figure 23, 3).

The spectral-optical properties of the developed neuro-scaffold based on optical fibers
with nutrient agar coating were investigated in the framework of this study. The neuro-
scaffold structure allows obtaining a fluorescent signal from the deep with high accu-
racy, comparable to direct measurement “in contact” with the tissue. It was also found
that agar optical fibers coating does not interfere with photodiagnostics. Moreover,
it is significant to note that neuro-scaffold construction and nutrient coating are still
develop and can be varied until optimal configuration achievement. Overall, to carry
out deep-lying tumor phototheranostics by guiding tumor cells to the external sur-
face, and monitor processes occurring in the brain probed area, further studies of the
developed nutrient coated neuro-scaffolds in vivo seem to be perspective. This system
will also find application for various photosensitizers research, including organic dyes,
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Figure 3: The fluorescence spectra of modal sample (brain tissue phantom with AlPc addition) obtained
during: e direct diagnostic probe measurement; e through fiber-optic neuro-scaffold;  through fiber-optic
neuro-scaffold coated with agar.

rare-earth nanoparticles, not only for PD and PDT, but also for deep layers tempera-
ture evaluation during laser hyperthermia (for instance, with rare-earth nanocrystals
containing neodymium or dysprosium ions).
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