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SYSTEM FOR SELECTIVE THERMAL
INHIBITION OF THE ACTIVITY OF NERVES
AND NEURONAL STRUCTURES

FIELD OF THE INVENTION

[0001] The present invention relates in general to the field
of biomedical devices, and more precisely relates to a
system for slowing, inhibiting or blocking the activity of
nerves and neuronal structures, useful for research purposes
and for medical use by means of surgical implantation in
patients in need thereof, for example in the treatment of pain,
in the treatment of muscle spasms and epilepsy, and more
generally in the treatment of those neurological conditions
that may benefit from the modulation of the neuronal
activity through slowing, inhibiting or blocking. Such neu-
romodulation can have a transient blocking effect on nerve
activity or can restore the proper functioning of nerve
structures affected by hyperactivity.

Background of the Invention

[0002] Neuromodulation is a field of medicine that con-
sists of altering the physiological, or patho-physiological,
neuronal activity for the purpose of treating medically
relevant conditions. At least in a first approximation, neu-
romodulation can be characterised by activation or inhibi-
tion of the neuronal substrate concerned, and can for
instance be achieved by applying appropriate chemical
compounds to the structure to be modulated. However, this
approach is fraught with a number of problems and, for
clinical applications, it has now been superseded by neuro-
modulation carried out by electrical stimulation. This second
approach has the advantage that neurons already use the
movement of ions, electrically charged chemical species, to
transmit information; therefore, neurons are also easily
activated by rapid changes in an electric field.

[0003] Neuromodulation of a nerve by electrical stimula-
tion generally consists of implanting an electrode around the
nerve so that the exposed metal surfaces of the electrode face
the nerve and wrap around it; this is why such electrodes are
also called cuff’ electrodes. Neuromodulation can also be
performed by using an electrode that penetrates the tissue
and reaches the individual fascicles within the nerve, which
condition is useful for increasing the selectivity of neuro-
modulation, at the expense, however, of the invasiveness of
the implantation procedure and an increased inflammatory
response to a foreign body; such electrodes are called
intraneural. The technique of neuromodulation by electrical
stimulation on the one hand represents a successful tech-
nique, useful for treating a variety of conditions, but on the
other hand it is unable to generate neuronal substrate inhi-
bition or block the conduction of neuronal signals along
nerves. There is also a technique called Kilohertz Frequency
Alternating Current (KHFAC), which can use electrical
current to block the conduction of neuronal signals. How-
ever, this technique is burdened by several technical com-
plications that have made it unworkable in clinical practice,
although potentially effective.

[0004] To date, to the best of the Applicant’s knowledge,
there are no other approaches to inhibiting the activity of a
neuronal structure or the conduction of neuronal activation
along a nerve, let alone already developed commercial
devices that are able to carry out such treatments with
proven utility in the medical field. Therefore, the need for
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technically effective devices that can be used in clinical
practice is strongly felt in the industry.

SUMMARY OF THE INVENTION

[0005] Now the inventors have found a system capable of
acting thermally on a nerve or on a neuronal structure in
general, in order to slow, inhibit or temporarily block the
neuronal activity thereof thanks to a controlled and localised
rise in temperature, obtained by converting near-infrared
light radiations or magnetic field oscillations into thermal
energy.
[0006] The localisation of this controlled heat develop-
ment effect, precisely at the nerve tissue to be treated, was
realised by the inventors thanks to the use of a matrix that
is injectable in the nerve or in the neuronal structure to be
treated or on their surface, which is additionally loaded with
plasmonic or superparamagnetic nanoparticles, respectively,
depending on whether a source of NIR radiations or a source
of alternate magnetic field is used for energy development.
[0007] The matrix incorporates the nanoparticles within it,
controlling their concentration during and after the position-
ing of the system at the target neuronal structure, preventing
the dispersion of the nanoparticles out of the target zone and
thus also possible long-term toxic effects related to the
internalisation of the nanoparticles in the surrounding cells,
while at the same time ensuring a reproducible and control-
lable heating effect.
[0008] This technical solution found by the inventors also
facilitates and eases the spatial distribution of the nanopar-
ticles during and after the implantation procedure, thus
making the positioning of the nanoparticle matrix control-
lable. In particular, the matrix comprises a suspension of
microbeads loaded with nanoparticles, where the micro-
beads are globular, sphere-like polymeric structures with
sizes ranging from 30 pm to 300 pm, i.e. larger than a cell,
but large enough for them to penetrate the nerve and diffuse
into the extracellular matrix. This size range also prevents
their internalisation within the cell cytoplasm, which is
namely an unfavourable condition that might lead to the
onset of long-term toxic effects.
[0009] An object of the invention is therefore a system for
thermally slowing, inhibiting or temporarily blocking the
activity of nerves and neuronal structures, comprising an
injectable or implantable matrix, loaded with nanoparticles,
wherein said matrix loaded with nanoparticles comprises a
liquid suspension of polymeric microbeads loaded with
nanoparticles and an external source of energy, the essential
characteristics of which are defined in the first of the
appended claims. Further important features of the system
according to the invention are defined in the claims depen-
dent on the first one.
[0010] A further object of this invention is the use of the
above-mentioned system for research purposes, to slow,
inhibit or block ex vivo the activity of a neuronal structure
previously taken from a subject, for neuroscientific research
purposes.
[0011] Still, a further object of the invention is a method
for slowing, inhibiting or blocking the activity of nerves or
neuronal structures in a subject in need thereof, comprising
the steps of:
[0012] 1) providing the aforesaid system comprising an
injectable or implantable matrix, loaded with plas-
monic or superparamagnetic nanoparticles, and an
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external source of NIR radiations or a source of alter-
nate magnetic field, respectively;
[0013] 1ii) injecting the matrix loaded with the nanopar-
ticles in the neuronal structure to be treated;
[0014] iii) placing the external energy source in a posi-
tion adjacent to the neuronal structure to be treated,
[0015] 1iv) activating the source for energy emission
long enough to slow, inhibit or block the neuronal
activity in the structure.
[0016] Other important features of the system, use and
method according to the invention are given in the following
detailed description, also with reference to the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0017] FIG. 1: schematic representation of a first embodi-
ment of the system of the invention in which a matrix of
microbeads loaded with plasmonic nanoparticles and sus-
pended in a fluid medium is injected in a nerve via syringe,
and irradiated with an external NIR laser source;

[0018] FIG. 2: schematic representation of a second
embodiment of the system of the invention in which the
suspension of microbeads loaded with plasmonic nanopar-
ticles, is injected in a nerve via syringe so as to distribute the
matrix over a surface area thereof (FIG. 2a), by suspending
these microbeads inside an adhesive material for biological
tissues, and irradiated with an external NIR laser source;
[0019] FIG. 3: schematic representation of a first embodi-
ment of the system of the invention in which a matrix of
microbeads loaded with superparamagnetic nanoparticles
and suspended in a fluid medium, is injected in a nerve via
syringe, and irradiated with an external radio frequency
source;

[0020] FIG. 4: schematic representation of a second
embodiment of the system of the invention in which a fluid
matrix loaded with superparamagnetic nanoparticles is
injected in a nerve via syringe so as to distribute the matrix
over a surface area thereof (FIG. 5a) by suspending these
microbeads inside an adhesive material for biological tis-
sues, and irradiated with an external radio frequency source;

DETAILED DESCRIPTION OF THE
INVENTION

Definitions

[0021] Within the scope of the present invention, the term
“neuronal structure” means any potential target of the pres-
ent system and method of treatment, forming part of the
nervous system; non-limiting examples of neuronal struc-
tures according to the invention are field receptors, senso-
rimotor nerves, autonomic nerves, nerve plexuses, root
ganglia of the spinal cord, autonomic ganglia, spinal cord,
brain nuclei, brain tracts and cortical structures.

[0022] The term “microbeads” is used here to refer to
beads, particles or spheres with micrometre sizes, suitable
for incorporating the nanoparticles of the system of this
invention, which can be obtained by processes known in the
state of the art. The diameter of these microbeads 1s typically
between 1 and 1000 pm.

[0023] The term “nanoparticles” is used here to refer to
particles with nanometric sizes, with a diameter typically
between 1 and 100 nm, and also having any shape, e.g.
nanospheres, nanocylinders, nanotubes, nanostars and even
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more sophisticated shapes, which can be obtained according
to processes known in the state of the art.

DETAILED DESCRIPTION

[0024] As mentioned above, this invention relates primar-
ily to a system for thermally slowing, inhibiting or blocking
the activity of a neuronal structure, comprising:

[0025] amatrix injectable in the neuronal structure to be
treated, or on the surface thereof, loaded with plas-
monic or superparamagnetic nanoparticles; and

[0026] a NIR laser source or a source of alternate
magnetic flelds targeting the aforesaid matrix loaded
with plasmonic or superparamagnetic nanoparticles
respectively, in which said matrix is represented by
polymeric microbeads. The latter are loaded with plas-
monic nanoparticles and suspended in aqueous solution
to be thus injected in the target structure.

[0027] In such a system, the thermal energy is produced
locally by the plasmonic or superparamagnetic nanopat-
ticles, which can respectively convert the NIR radiations or
the oscillations of the magnetic field of the external source
into thermal energy. After positioning the matrix containing
the nanoparticles in the neuronal structure to be treated, the
present system ensures that the conversion of the energy
absorbed by the nanoparticles into thermal energy produces
a localised and controlled rise in temperature for a targeted
action on the target neuronal structure, thus minimising the
risk of damaging surrounding tissues that do not require
treatment. Furthermore, it is noteworthy that the system of
this invention is not based on a local temperature rise thanks
to a local application of an external heat source to the tissue
to be treated, but the heat is produced from within or on the
surface of the structure, using an external energy source that
is absorbed by the implanted component alone while the
tissues are transparent to this source. In this way, it is
possible to precisely and selectively control the rise in
temperature, in order not only to achieve the desired neu-
romodulatory effect, but also to limit the exposure of unaf-
fected tissues to heat.

[0028] In one aspect of the present invention, microbeads
loaded with nanoparticles are in injectable form, which can
be positioned within the neuronal structure to be treated by
simple injection with a special syringe, without the need for
resorting to implantation surgery. In this aspect of the
invention, the concentration of microbeads to be injected
will have to be determined according to the size of the nerve
to be treated and the internal fascicles thereof, so that they
can diffuse freely within the tissue structure.

[0029] In a particular aspect of the invention where the
external source is a source of alternate magnetic fields and
the nanoparticles are superparamagnetic nanoparticles, they
have diameters of less than 50 nm, e.g. less than 30 nm, or
less than 25 nm.

[0030] For the realisation of an injectable matrix useful in
the system of the invention, use can made of microbeads,
whose sizes, for example, are between 1 and 1000 pm,
preferably between 30 and 300 um, which encapsulate the
nanoparticles and can be suspended in a fluid injection
medium, such as physiological saline solution. Optionally,
the injection medium may comprise one or more additional
compounds selected from anti-inflammatory agents, adju-
vants in wound repair, antibiotics, contrast agents or
radioopaque agents.
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[0031] Following injection, the injection medium is
absorbed by the tissues and the microbeads remain trapped
at the injection site as they are too large to be removed in the
course of biological processes. Depending on the material
with which the microbead is made, its residence time in the
nerve structure may be longer or shorter, and thanks to its
placement by injection, even very small and difficult-to-
reach regions in the neuronal structures, such as the single
nerve fascicle or a small fraction of a brain nucleus, can thus
be easily reached, ensuring a uniform and rapid diffusion of
heat within the structure targeted by the treatment.

[0032] In one aspect of the invention, the microbeads
encapsulating the nanoparticles can be advantageously
coated with anti-inflammatory agents and/or with agents
capable of reducing foreign-body reactions.

[0033] Non-limiting examples of materials suitable for
realising microbeads as matrices for the present system are
elastomers, such as silicone, polyurethanes, polydimethyl-
siloxane (PDMS), polyhydroxyalkanoates, preferably
including P4HB and P3HB-co-4HB poly(ethylene-vinyl
acetate) (PEVA); elastic natural proteins such as collagen,
elastin, titin, fibrillin, abductin, silk protein, resilin; thermo-
responsive gels, such as polyoxamers; commercial formu-
lations for drug delivery, such as Eudragit®, a class of
polymethacrylate-based copolymers that includes neutral,
anionic or cationic copolymers based on methacrylic acid
and methacrylic/acrylic esters or derivatives thereof; ther-
moplastic polyesters such as polycaprolactone (PCL), poly-
lactic acid (PLA), polyglycolic acid (PGA) and copolymers
thereof; thermosetting materials such as epoxy resins and
polyimide; and lipid materials such as waxes (beeswax,
carnauba wax, jojoba wax or cetyl palmitate), fatty acids
(oleic acid, stearic acid, palmitic acid, alpha-linoleic acid) or
phospholipids (phosphatidylcholine or phosphatidyletha-
nolamine). Mixtures of the aforesaid materials are included
in the present invention, as well as the addition to the above
materials of other polymers such as polymers having the
function of stabilising, emulsifying or thickening agents.
[0034] The method for encapsulating nanoparticles in
these microbeads can be any known microencapsulation
technique, including emulsion, nanoprecipitation, coacerva-
tion, sol-gel transition, ionotropic gelation or lyophilisation.
Microfluidic devices can eventually be used in the prepara-
tions and, once the microbeads with the nanoparticles inside
have been formed, any washing and purification, and/or
sterilisation steps can be carried out.

[0035] In order to achieve anchorage to the surface of the
nerve structure, the microbeads can be dispersed within a
material that can cross-link in situ.

[0036] In another aspect of the invention, the microbeads
loaded with nanoparticles can be dispersed within an adhe-
sive and biocompatible material that, once injected and
placed in the neuronal structure to be treated, can be cured,
i.e. solidified by conforming it to the surrounding tissues,
with a chemical or physical reaction. With this type of
matrix, for example, structures suitable for carrying out the
method of this invention can be created, for example cuff-
like structures, completely or partially wrapped around a
nerve, or structures of other conceivable shapes that can
allow them to be anchored to the surface of the nerve to be
treated. The adhesion of the microbeads on the surface of the
target neuronal structure allows them to be positioned at the
nerve fascicles immediately next to the surface of the
neuronal structure to be treated. This takes advantage of the
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anchorage of the microbeads to the surface of the epineu-
rium (the layer of connective tissue that forms the outer layer
of the peripheral nerves) thanks to the presence of the
adhesive suspension medium, so as to avoid an invasive
operation in those cases in which the nerve fascicles of
interest do not require the injection of the microbeads inside
the nerve to be reached. In this way, once the microbeads are
anchored to the nerve surface and are subjected to heating by
external radiation, the heat generated spreads to the under-
lying nerve structures, acting only on certain superficial
fascicles.

[0037] Suitable polymers for realising such an adhesive
suspending medium are selected from examples in the group
consisting of medical resins, polyoxyethylene, protein glues,
e.g. fibrin-based glue, such as the commercial glue TIS-
SEL®, cyanoacrylate surgical glues such as n-butyl-2-cya-
noacrylate or 2-octyl-cyanoacrylate, and mixtures thereof.
Such glues or resins can facilitate in vivo cell adhesion of
fibroblasts and stem cells thanks to the formation of a
polymer network at the injection site. Collagen, hyaluronic
acid and other biocompatible proteins can be added to the
matrix of the system of the invention in order to increase the
integration thereof with the tissue, as well as also excipients,
such as glycerol or surfactants, to modify the viscosity of the
solution and delay the cross-linking process. In this regard,
adhesive suspending media that cross-link in vivo by mixing
two components (monomer and cross-linking agent) can
disperse the microbeads within them simply by adding them
to one of the two aforementioned elements to be inserted
into a commercial two-component syringe that allows them
to be mixed during injection. It will be necessary to vary the
concentrations and volumes of the crosslinker and monomer
solutions in order to vary the viscosity, injectability and
crosslinking time of the adhesive material, so as to allow an
efficient anchorage to the nerve surface, or to allow the
microbeads to be anchored to structures of different size. In
one aspect of the invention, the matrix of the present system
may comprise radiopaque compounds to enhance the vis-
ibility of the matrix in X-ray analysis or computed tomog-
raphy techniques; alternatively, the matrix of the present
system may comprise air bubbles included so as to enhance
visibility in ultrasound imaging techniques.

[0038] Advantageously, in one aspect of the system of the
invention, it further comprises at least one device for mea-
suring the temperature in the neuronal structure, for example
a miniaturised device injectable or implantable with the
matrix. Optionally, the system of the invention further
comprises a control unit connected to the temperature mea-
suring device, which monitors the measured temperature,
and adjusts the intensity of the emissions of the source
accordingly so as to avoid excessive heating of the tissues
and their consequent damage.

[0039] In a particular embodiment of the system of this
invention, it is the same device for injecting the matrix that
comprises a temperature measuring element, for example a
thermocouple placed at the tip of the syringe needle. Instead
of being immediately retracted, the needle can be held in
place after injecting the matrix, and used to measure the
temperature and calibrate the external energy source to
obtain the correct heat development at the neuronal structure
to be treated.

[0040] With regard to the nanoparticles, which represent
in the system of the invention the active element for con-
verting the energy emitted by an external source into hear,
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they may be plasmonic nanoparticles, selected for example
from plasmonic nanoparticles of noble metals such as gold,
silver, palladium and platinum, or superparamagnetic nan-
oparticles, such as nanoparticles of iron oxide. The heat
produced by conversion then diffuses towards the target
tissues by flowing through the matrix in which the nanopar-
ticles are immersed. The matrix in this respect has only a
passive function, to control the placement of the nanopar-
ticles, their distribution, concentration and to prevent their
dispersion out of the target tissue.

[0041] In one embodiment, the present system comprises
at least one NIR laser source of near-infrared light radia-
tions, typically with a wavelength between 700 and 900 nm,
and plasmonic nanoparticles that, once exposed to this light
source, exhibit a significant light absorption at a particular
band of the light spectrum, which is rapidly converted into
heat and diffused to the surrounding medium. The use of a
NIR source in the present system ensures a consistent
penetration of light radiation into the biological tissues, up
to a few centimetres, without causing damage to the tissues,
as it is not absorbed by them. In addition, the present system
is safe and easily modulated thanks to the possibility of
controlling the power of the source emission and the emis-
sion mode, whether pulsed or continuous, and the fineness
and shape of the nanoparticles included in the matrix. Any
expert in the field with ordinary knowledge will be able to
effortlessly select the characteristics of the nanoparticles, in
particular shape and size, as well as the light source and its
relative parameters, to modulate the photothermal effect
within the matrix on the neuronal structure.

[0042] In one aspect of the invention, the system may
comprise several NIR sources all emitting at the same
wavelength or emitting at different wavelengths. In another
aspect of the invention, the one or more NIR sources may
emit, all or independently the one of the other, radiations in
a continuous or pulsed manner with intensity and shape of
the emitted signals that can be modulated according to the
specific requirements of the treatment. In one aspect of this
invention, the presence of several external energy sources
can be combined with the simultaneous use of several
matrices each loaded with plasmonic nanoparticles, which
absorb different wavelengths, injected or implanted at dif-
ferent points of the target structure. In such embodiments, by
changing the light radiation emitted by the external source,
it will be possible to change the heating site of the target
tissue, without changing the position of the emission source.
A more eclectic and selective system can thus be realised.
[0043] Sources of alternate magnetic fields suitable for
realising the present system may be, for example, sources
emitting at one or multiple frequencies between 10 and 300
KHz. Magnetic field oscillations can be produced in a
continuous mode or in pulses of determined lengths at
specific regular or irregular intervals, with constant or time-
varying intensity in a predetermined manner or varied in real
time.

[0044] In one aspect of the invention, the NIR source or
magnetic field source may be wearable by the patient,
included in any wearable system such as those already on the
market.

[0045] FIG. 1 schematically illustrates a system of the
invention comprising a NIR laser source 1 which emits
radiation 11 at a nerve to be treated, in which an aqueous
solution 2 in which polymeric microbeads containing plas-
monic nanoparticles 3 are dispersed have been injected by
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syringe, thus producing a photoelectric effect at the tissues
to be treated. FIG. 2 also schematically depicts a system of
the invention of this type, in which, however, the microbeads
are dispersed in a biocompatible adhesive for tissues 2'.
FIGS. 3-4 depict corresponding systems of the invention in
which the NIR laser source 1 is replaced by a source of
oscillating magnetic field 1', and the microbeads are loaded
with superparamagnetic nanoparticles 3' capable of absorb-
ing the radiofrequencies of the external field by producing a
temperature increase.
[0046] From the attached figures, it is evident how the
present system can be adaptable to any conformation and
size of the structure to be treated; moreover, the localisation
of the nanoparticles can be strongly controlled during expo-
sure to the external energy source and this represents a key
element for realising a reproducible, safe and efficient in
vivo neuromodulation method.
[0047] The system of the invention also provides for the
possibility of using superparamagnetic nanoparticles, e.g.
iron oxide and ferrites, as an active component of the matrix,
in combination with an external source of an alternate
magnetic field. This type of nanoparticle, in fact, when
exposed to a source of alternate magnetic field, produces the
conversion of the external magnetic field into heat and can
thus be used for the desired neuromodulation effect, pro-
duced here by the rise in temperature.
[0048] According to a particular embodiment of the inven-
tion, the plasmonic or superparamagnetic nanoparticles are
coated before being embedded in the matrix with a coating
that helps to prevent uncontrolled and irreversible aggrega-
tion of the nanoparticles in the matrix itself, such as a
coating with polyelectrolytes, i.e. polymers functionalised
with positively or negatively charged groups such as amine
or carboxyl groups, which keep the nanoparticles separated
thanks to surface electrostatic repulsion. Alternatively, the
coating can be made with polyethylene glycol (PEG), which,
once complexed on the surface of the nanoparticles, prevents
their aggregation due to steric bulk, or with any other
polymeric material that facilitates their dispersion in the
matrix.
[0049] According to another embodiment of this inven-
tion, in order to increase the conversion of energy from the
external source into heat, a controlled aggregation of the
nanoparticles can be wished for creating hot-spots in the
matrix at the points of contact between the particles, where
a strong increase in the local electric field occurs and thus a
higher heat production by absorption of the external energy.
In this case, the nanoparticles are not coated as described
above, but used as such.
[0050] In one embodiment, the system of the invention is
for use in a method for slowing, inhibiting or blocking the
activity of nerves or neuronal structures in a subject in need
thereof.
[0051] A further object of the present invention relates to
the use of the system of the present invention for thermally
or temporarily slowing, inhibiting blocking ex vivo the
activity of a neuronal structure previously taken from a
subject.
[0052] As mentioned above, the invention further com-
prises a medical treatment method for slowing, inhibiting or
blocking the activity of nerves or neuronal structures in a
subject in need thereof, comprising the steps of:

[0053] 1) providing the system object of the invention

comprising an injectable or implantable matrix, loaded
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with plasmonic or superparamagnetic nanoparticles,
and an external source of NIR radiations or a source of
alternate magnetic field, respectively;

[0054] i) injecting the matrix loaded with the nanopar-
ticles in the nerve or neuronal structure to be treated
and/or on the surface thereof.

[0055] iii) placing the external energy source in a posi-
tion adjacent to the neuronal structure to be treated,

[0056] iv) activating the source for energy emission
long enough to slow, inhibit or block the neuronal
activity in the structure.

[0057] The speed at which the matrix and the nanopar-
ticles loaded therein are injected, also determines the dis-
tribution of the nanoparticles themselves in the tissues,
which may be more or less diffused for higher or lower
injection speeds, respectively.

[0058] The injection of the compound dispersed into bio-
compatible tissue adhesive can advantageously be carried
out using double-barrelled syringes, one loaded with the
fluid matrix still to be cured and the other with the curing
agent, to be injected together to facilitate mixing.

[0059] The injection of the matrix loaded with the nan-
oparticles can be guided with the aid of imaging techniques
combined with the addition of radioopaque or contrast
agents to the matrix.

[0060] The system of this invention can be used to be
surgically implanted in patients in need of a treatment to
inhibit or block, permanently or temporarily, a neuronal
structure; in particular embodiments, as described above, the
system of this invention does not require surgical implan-
tation, but the matrix with the nanoparticles can simply be
injected and distributed in the area to be treated. This avoids
resorting to traditional neuromodulation devices, which are
intraneural electrodes and require invasive surgery for
implantation, especially for certain parts of the nervous
system that are more difficult to reach, with dissection of the
nerve from the surrounding tissue to allow the device to
attack the nerve and therefore also risks of damages to the
surrounding tissues.

[0061] A simple syringe for the injection of the matrix
allows instead the present system to be used without the
need to resort to surgery, with a much smaller burden on the
patient and also on health and medical personnel.

[0062] Compared to traditional intraneural -electrode
implants or similar devices, the present system also has the
advantage of reducing the possible reactions of the organism
to foreign bodies when a device is implanted in the human
body, such as fibrous encapsulation or accumulation of giant
cells around the implant. These phenomena are also particu-
larly important for the efficiency of the system: encapsula-
tion, in fact, increases the distance between electrodes and
target structures and the impedance at the tissue-electrode
interface, which consequently increases the amount of
energy required to modulate neuronal activity. With the
present system, therefore, fibrous encapsulation is reduced
and with it the postoperative complications for the patient
and the durability of the neuromodulatory action.

[0063] The present system reduces the invasiveness
towards the patient because the external source delivers
energy wirelessly, without the need for conductive wires,
which would increase the risk of the body’s reaction to
foreign bodies, bacterial infections and breakage of conduc-
tive cables. In the present system, neuromodulation is pet-
formed by means of a photothermal effect, which transfers
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the energy emitted by the external source to the target nerve
in the form of heat. In even minimally invasive known
systems, such as injectable polymer electrodes, the presence
of a filament that from the electrode reaches a subcutaneous
area in the patient’s body creating a conductive path is
always required in order for the energy to flow preferentially
in the patient’s body along this path. All this is neither
necessary nor useful in the present system, which therefore
has for various reasons a very minimal invasiveness for the
patient.

[0064] This system and the treatment method based on the
use thereof in patients in need thereof, are effective in the
effect of slowing, inhibiting or blocking the neuronal activity
in nerves and other structures, and at the same time safe, as
they can guarantee a localised and selective effect, without
risk of damages to tissues and structures adjacent to the one
being treated. This is also very useful because we are talking
about neuronal structures, which by their nature are complex
structures, in which several nerve fibres may be closely
adjacent but it may be required to act on the activity of only
one of the fibres or part thereof.

[0065] Finally, the system of this invention using a NIR
laser source and plasmonic nanoparticles does not comprise
conductive materials, therefore it has no MRI compatibility
issues that are of concern in the case of patients wearing
permanent neuromodulation implants.

[0066] The present invention has been described herein
with reference to a preferred embodiment. It is to be
understood that there may be other embodiments that relate
to the same inventive nucleus, all falling within the scope of
protection of the claims provided below.

1. A system for thermally and temporarily slowing, inhib-
iting or blocking the activity of a neuronal structure, com-
prising:

amatrix injectable in said neuronal structure to be treated,

loaded with plasmonic or superparamagnetic nanopat-
ticles; and

a NIR laser source or a source of alternate magnetic field

whose emissions target said matrix loaded with plas-
monic or superparamagnetic nanoparticles respec-
tively, wherein said matrix comprises a suspension of
microbeads loaded with nanoparticles.

2. The system of claim 1, wherein said plasmonic nan-
oparticles are nanoparticles of noble metals.

3. The system of claim 1, wherein said superparamagnetic
nanoparticles are nanoparticles of iron oxide or ferrites.

4. The system of claim 1, wherein said nanoparticles are
coated with PEG and/or with polyelectrolytes.

5. The system of claim 1, wherein said microbeads are
made with elastomers such as silicone, polyurethane, polydi-
methylsiloxane (PDMS), polyhydroxyalkanoates; poly(eth-
ylen-vinyl acetate) (PEVA); elastic natural proteins such as
collagen, elastin, titin, fibrillin, abductin, silk proteins, resi-
line; thermoresponsive gels, such as poloxamers; polymeth-
acrylate-based copolymers; thermoplastic polyesters such as
polycaprolactone (PCL), polylactic acid (PLA), polygly-
colic acid (PGA) and copolymers thereof; thermosetting
materials such as epoxy resins and polyimide; and lipid
materials, such as waxes, fatty acids or phospholipids; and
mixtures thereof.

6. The system of claim 1, wherein said matrix loaded with
nanoparticles is dispersed in a suspension comprising a
biocompatible adhesive material with a viscosity such that it
can be injected.
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7. The system of claim 6, wherein said biocompatible
adhesive material is selected from the group consisting of
medical resins, polyoxyethylene, protein glues, such as
fibrin-based glue, surgical cyanoacrylate glues, such as
n-butyl-2-cyanoacrylate or 2-octyl-cyanoacrylate, and mix-
tures thereof.

8. The system of claim 1, wherein said matrix loaded with
nanoparticles comptises radiopaque compounds and/or air
bubbles included se as to enhance the visibility of the matrix
in imaging techniques.

9. The system of claim 1, further comprising a device for
measuring the temperature in said neuronal structure and,
optionally, a control unit linked to said device to which the
measurement of temperature is transmitted.

10. The system of claim 9, wherein said device for
measuring the temperature is a miniaturised device inject-
able or implantable with said matrix.

11. The system of claim 9, wherein said control unit is
configured to monitor said measurement of the temperature
and to control accordingly the intensity of said emissions of
the source.

12. A method for thermally and temporarily slowing,
inhibiting or blocking the activity of neuronal structures in
a subject in need thereof, comprising:

1) providing the system of claim 1 comprising an inject-
able or implantable matrix, loaded with plasmonic or
superparamagnetic nanoparticles, and an external
source of NIR radiations or a source of alternate
magnetic field;
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ii) injecting the matrix loaded with the nanoparticles in
the nerve or neuronal structure to be treated and/or on
the surface thereof;

iil) placing the external energy source in a position
adjacent to the neuronal structure to be treated; and

iv) activating the source for energy emission long enough
to slow, inhibit or block the neuronal activity in the
structure.

13. A method for thermally and temporarily slowing,
inhibiting or blocking ex vivo the activity of a neuronal
structure previously taken from a subject, comprising:

1) providing the system of claim 1 comprising an inject-
able or implantable matrix, loaded with plasmonic or
superparamagnetic nanoparticles, and an external
source of NIR radiations or a source of alternate
magnetic field;

ii) injecting the matrix loaded with the nanoparticles in
the neuronal structure to be treated and/or on the
surface thereof;

iil) placing the external energy source in a position
adjacent to the neuronal structure to be treated; and

iv) activating the source for energy emission long enough
to slow, inhibit or block the neuronal activity in the
structure.

14. The system of claim 1, wherein said nanoparticles are

metallic nanoparticles and suspended in an injectable solu-
tion.
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