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Abstract: In this communication the concept of functional materials is understood such as real modified
substrates for nanomedicine applications. Functional and modified substrates focused on microcapsules and
devices for new nanomedicine diagnosis and treatments. Cases of different materials are shown to support the
functionality strategy, as in particular chemicals, pharmacophores, and controlled nano-chemistry for the
design of nanoplatforms. Recent studies have reported hybrid inorganic/organic compositions for
biocompatible, biodegradable, and support materials added to particular physical properties such as
conductive, semiconductive, and high electromagnetic fields from the near field within the nanoscale to far-
field applications and new nano-pharmacophores and nanomedicine therapeutics. New approaches are shown
from the nano-scale to the micro- and higher sizes of substrates for improved therapeutic strategies. Micro-
capsules for biosensing and drug delivery applications were developed. In addition, we report recent and novel
research centered on implantable, portable, and wearable devices applied to future treatments.

Keywords: nanomedicine; implantable; wearable devices

1. Introduction to functional materials by a hierarchical bottom-up design from molecules
towards nanoplatforms and higher sizes of modified substrates

There is a broad spectrum of research into functional nanomaterials for varied applications.!
Research focuses on specific functions or multifunctions of nanomedicine? such as precision
medicine® by genomic approaches* or early diagnosis® for a proper drug administration. Particular
interest has been paid on the control of chemistry to manipulate chemical bonds to design new
pharmacophores” and? Mimetic synthetic membrane ligands such as coronavirus variants?, and
switch on/off molecular system to be activated by different strategies® for personalized treatments in
oncology0.

Here, a new proposal was developed by incorporating the control of the nanoscale!! looking for
functional nanoplatforms within colloidal dispersions>. Nanochemistry allowed designing
differently sized platforms in close contact and related sizes with cells and membrane components
from where controlled interactions were required.'® They were assayed on nanoplatforms to provide
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them with an aggregated value from the perspective of the life sciences.!* Therefore new research
areas were addressed. In particular we aimed at translating studies and applications in vitro and in
vivo. In view of this, we developed different functions, such as drug delivery,Error! Reference source not found.
biosensing!s, non-classical light delivery', bioimaging!?, electronics, * and quantum signaling?..
However, the factor in common and challenge was focused on how interact at the right place within
close distance to achieve the desired function. Hence, right delivery and specific function were also
of particular interest. Therefore, we added higher sizes of substrates such as patches?? and modified
substrates®® based on variable polymeric compositions** to support the mentioned properties. A
bottom-up design? was developed by a hierarchical material with different components acting in
close contact with different types of real tissues such as skin.?> Moreover, surgical procedures or
simple injections into deep tissues allowed being in close contact with the desired type of cells.?

Accordingly, the concept of nanodevices towards the bottom up of microdevices to be
incorporated by different strategies considers: i) implantable strategies by direct deposition and
contact with the targeted tissue?; ii) injections?; iii) deposition or ingestion to be adsorbed through
membranes and tissues?, in addition to other types of strategies such as the use of microcapsules®.
Itis important to underline the role of the specific functions of devices, as well as the support material
and strategy to record signalling from the mechanism developed as strategy for the targeted and
desired function. In these perspectives, in this short review, we report research on nanomaterials and
devices for nanomedicine applications to gain insight into implantable and related strategies to
activate the desired function at the right place and time within complex biological systems.

i) ..ﬁ% Chemicals, ii)
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Figure 1. Modified substrates for nano-, micro-devices, capsules for implantable and wearables
therapeutic approaches. Reprinted with permissions from A. Guillermo Bracamonte et al. 2022.

2. From the concept of nanomedicine to nano-, micro-, and higher sizes of modified substrates
for new treatments and therapeutics

The design and control of synthesis of nanoparticles allowed opening new opportunities for
fundamental research into the development of nanodevices, microdevices, and encapsulated
nanomaterials with specific functionalities.?! Similarly, nanomaterials within colloidal dispersions by
injectable administration® have aroused particular interest. Likewise, new nanomaterials and new
ways of administration are being developed. The incorporation of higher sizes of modified substrates
such as polymeric materials modified with functional systems,? nanoplatforms with switch on/off
applications* and other versatile and controllable approaches are in progress.

Literature has shown the design of lab-on particle’> and cargo-loaded nanoparticles® and
modified substrates such as patches. For instance, gene therapy was conducted by embryonic cell
modifications with CRISP (clustered regularly interspaced short paliromic repeats)®. This technique
was based on enzymatic scissors capable of modifying genetic codes by the correction of (-
thalassemia mutants related to hemoglobin production disorders®. These examples show the
particular need to administrate and facilitate different approaches and nanomaterials, such as
bioconjugated gold nanoparticles for precision nanomedicine developments as important
nanoplatforms for further modification.® Recently, a
thermo-triggered release of CRISPR-Cas9 System was developed by lipid-encapsulated gold
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nanoparticles for tumor therapy.* Despite ethical issues, this technique was shown to modify baby
born new cells with interesting results.*! Thus, here we describe the design and synthesis of cargo-
loaded nanoparticles based on diverse polymeric materials that act as a support and form part of the
therapy strategy. Different polymeric materials showed versatile properties such as poli-lactic, malic,
and galic, and related block polymers. 4

In addition, the control of the nanoscale permitted to develop studies in vivo applications in
photodynamic therapy® and related photo-stimulated phenomena in catalysis, molecular and
biostructure degradation. Error! Reference source not found. Note also the design and synthesis of chemical agents
such as photosensitizers and modified substrates with photo-active properties.*> Recent
developments of Plasmonics materials showed high-energy electromagnetic field generation and
interaction within the close surrounding.*, These effects were produced from the near field within
shorter nanoscale lengths towards the far field. However, since the control of parameters and factors
is still being sought, studies focuses on this and the photodegradation of molecules and membranes.
The increasing need to develop high-sensitive and smart responsive materials for early diagnosis and
therapeutics has opened up other research areas centered on the incorporation of nano-architectures
within solid substrates and polymeric films to be then transferred to patches, devices, and
wearables.#” Accordingly, control from the nanoscale to higher sizes of modified nano-composites
and substrates in the microscale and higher dimensions is key in the design of new technological
approaches. Further research could also lead to the miniaturization of instrumentation* and new
approaches such as implantable opto-active instruments, modified fiber optics®, fiber optic probes®,
and optrodess'with transferable knowledge to propose technology on the market as in miniaturized
endoscopes® and optical probes3.

3. Micro-capsules for biosensing and drug delivery

The concept of encapsulation in the design of microdevices and nanodevices could be
considered by a design of protected functional system at the molecular level or towards higher sizes
within a capsule®. The functional system could be developed? from a chemical sensor, optoactive
material, or related smart responsive systems applied to life sciences.”> As well it could be
contemplated Nanosensors and related Nanotechnology.’¢ The objective of this protection by
encapsulation is to prepare the functional system to respond only to the particular tissue or cell. The
encapsulation protects the device against media modifications, improving administration at the right
place. Moreover, the encapsulated material could be deposed by different ways of administrations.
Thus, microcapsules or capsules in the macro, and micro-scale could be placed in the right tissue
manually, by injection, by deposition, sticking them with adhesives films. In addition, the
microcapsule after being incorporated in a specific tissue could flow through cells across membranes,
and further distributions.’” Thus, independently of its administration or deposition, the capsule
protects, and acts as a cargo vehicle, assisting to achieve the targeted function at the right place. Thus,
the functional material then acts more efficiently than in the absence of encapsulation.

Some examples of the precise deposition of functional materials with highly sensitive properties
can also be found on the market, as in deposition by injection of optical lens on human eyes.’® By
focusing on the design and material, different inorganic/organic materials could be used when
combining inorganic salts and polymeric materials, such as thin polymeric multilayer films formed
from deposition of alternated and charged inorganic/organic multilayers.?® This method has allowed
producing multilayered assemblies of polyelectrolyte films on flat substrates from solution. This
methodology also allows affording spherical hollowed particles® that can be modified as cargo-
loaded particles with acceptable biocompatibility. Other cases include preloading particles based on
co-precipitation methods and post-loading adsorption on hollowed particles. From the pre-loading
method, pH responsive dyes® were encapsulated, acting as novel in vivo confined pH sensors in
aquatic organisms®2.

Nanoplatforms and microplatforms used to encapsulate smart responsive materials include: i)
varied pH sensors®; ii) multicoloured silica nanoplatforms for non-classical light generation and
delivery®; iii) enhanced pH sensing by plasmonic phenomena such as MEF.®% ¢; and iv) cargo-loaded
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nanoparticles®” leading to advanced in vivo applications®. These cases show the importance of each
part of the designed nanoarchitecture, addressing i) flow within biological fluids, ii) incorporating
into cells across membranes,® and iii) specific action activation of the targeted function” 7" (Figure 2).
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Figure 2. Schematic representation of nano-loaded micro-capsules for biosensing and drug delivery
applications using diverse functional activation strategies. Reprinted with permissions from A.
Guillermo Bracamonte et al. 2022.

4. Implantable, portable, and wearable devices from cutting-edge knowledge to future
treatments

After considering the control on the molecular scale and nanoscale towards modified substrates
with higher sizes and specific functions, it could be proposed the deposition of the device on different
tissues depending of needs in order to look for early diagnoses, biosensing and drug delivery. It is
then possible to propose new treatments from precision medicine, where fundamental research and
translational clinical applications are highly required. Material composition and biocompatibility to
avoid immune reactions to the deposed material should be viewed as a device. This device could
vary in size according to the application required. In these perspectives, it is known different
substrate materials for implantable devices and miniaturized instrumentation.” Similarly, wearable
designs such as thin slides containing highly sensitive points of contact with the tissue provide signal
tracking from biological variations.

For the design of a modified substrate for specific functions, different types of signaling such as
light, electronics, quantum, electrical properties, electromagnetic fields, thermal and chemical signals
should be considered. All controllable physical and chemical properties are of interest to transduce
through space and time. However, being able to record weak signaling or amplify them through
amplification strategies still proves challenging. And this is not as easy to achieve from the bulk of
synthetic materials or synthetic real matrixes as well. So there are a lot of work involucred that should
be developed for each design and targeted function. Moreover, it should be mentioned that this
focused interest on Nanotechnology lead later with ongoing insights and new roles of devices and
data recording In Vivo and In Real time for remote sensing, and diagnoses.” Thus, it should be
highlighted the Internet of Nano things in healthcare transformation by the cutting edge of
Technology in progress.”

Light, managing photons and their transmissions through space and time are particularly useful
to develop implantable devices. In addition, other variables should be controlled at the same time,
such as biocompatibility of the materials added. Thus, photonic phenomena should be adapted to the
desired application. Tuning photons and non-classical light should be compatible with tissues in
order to avoid immune responses. Thus, new biomaterials are currently in progress and should be
evaluated for new implantable substrates and related applications, as in signalling for biosensing and
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delivery treatments. In all these complex processes, interferences and background from tissues need
to be considered.

It is particularly interesting to develop biomaterials in search of new substrates as in tuning light
within waveguides”, transducing signalling, delivering light or even producing laser properties’.
Here, plasmonics and control of high electromagnetic fields within the near field towards the far field
are under study. 7 These enhanced properties could be generated from varied physical and chemical
properties as well as coupling varied phenomena associated. As example it could be highlighted how
it was designed a nano-bio-sensor for low concentration levels of DNA detection based on Metal
Enhanced Fluorescence (MEF) coupled to Fluorescence Resonance Energy Transfer (FRET).”s In
addition, recent studies provide insights into light coupling and transmission through the space,
addressing different photo biological receptors in unicellular microorganism, probably developed
from Bi-coloured FRET nano-emitters.”” And this is based on the effect of energy levels and
consequent properties by interaction with electromagnetic fields. The electromagnetic fields could be
generated from the molecular scale to the nanoscale varying in nature and intensity, which could also
reach the quantum level®. Thus, it could be considered that the field is so high and versatile for tuning
further Opto-active properties. Note that many of these studies were inspired from the 1946 Nobel
Prize in Physics awarded to the study of spontaneous electromagnetic fields generated from metallic
particles.®! It means that these phenomena are relatively new and still studied on the nanoscale and
beyond.

Plasmonic devices and enhanced photodetectors, the basis of new technology, have also been
developed, in addition to new strategies in remote switch on/off laser-based applications and
miniaturized instrumentation such as Light-Emitting Devices (LEDs), related OLEDs, and new
Plasmonics OLEDS (P-OLED) joined to mini-Optical set ups or within reduced sizes of pre-designed
structures. These are new developments of biomaterials with biodegradable properties for
biophotonics and implantable applications 8, such as flexible bioelectronic devices from conductive
polymer based on living materials.$

In addition to control photons, the development of nano-electronics and improved electrical
signalling is under study to record weak signals from tissues as in term implants with highly sensitive
sensors and implants having wireless myoelectric sensors in their re-innervation sites after targeted
muscle reinnervation (TMR). 3* The TMR amplifies the electrical activity of nerves at the stump of
amputees by redirecting them in remnant muscles above the amputation. This signaling could be
collected and transduced to prosthetics. This technology is based on highly sensitive surface electrode
developments using implanted systems. This is a higher level of signal transductions from molecular
transductions and electrical signals. Thus, signal was transduced from confined molecular levels
towards longer lengths and scales, affording long-term implants of intramuscular sensors and nerve
transfers for wireless control of robotic arms in above-elbow amputee.

Other highly sensitive implants and portable devices were reported from neuroscience such as
neurophotonics, neuroimaging, and neuromedicine, in addition to portable miniaturized
instrumentation at different levels; such as mini-microscopes and mini-endoscopes. Then, higher
sized approaches and instruments for Bioimaging afforded to get connections between neurons in
vivo®; from where, ion, molecular and neurotransmitter detections were recorded by a proper
combination of miniaturized optical set-ups and molecular sensors, labellers, and nano-platforms.s
Therefore, it was even scaled up the applications to replace the upper part of the human skull with a
biocompatible, re-chargeable re-fillable, and re-cleanable electrical/molecular device to safely and
effectively treat and/or cure severe and currently intractable brain disorders®”

Nano-chemistry and new modified substrates could lead to implantable approaches and
wearable designs. Research into biosensing in cells for molecular targeting and tracking, as well as
ions and neurotransmitters detections.®® Then, if this level of signal transduction is amplified,
enhanced or improved by some strategy through space and time, and ideally by multimodal imaging
approaches, it could lead to new technology. Examples of technology already developed and placed
on the market, include portable PCR chips®, lab on-particles for early diagnosis of SARS CoV 2%, and


https://doi.org/10.20944/preprints202308.1090.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 August 2023 d0i:10.20944/preprints202308.1090.v1

next-generation Sequencing(NGS)”' technology. The perspective of developments is particularly
stimulating in this multidisciplinary research field (Figure 3).

Multi-cellular organism

Figure 3. Schematic representation of different device applications within variable sizes: a) Nano-
device placed on uni-cellular micro-organism; and b) multifunctional micro-and higher sizes of
devices interacting with a specific multi-cellular organism or tissue for i) multi-modal energy delivery
modes, ii) multi-photon delivery, and iii) drug delivery based on variable design of modified
substrates. Reprinted with permissions from A. Guillermo Bracamonte et al. 2022.

5. Conclusions and perspectives

In this communication we discussed the design of new substrates for devices focused on
implantable and wearable applications. From the concept of functional materials towards the control
of the nanoscale we have shown the development of applications such as nanodevices and
microdevices. Many of these new nanomaterials could be incorporated in substrates improving
performance. In addition, we have discussed the concept of microencapsulation to protect functional
materials against interferences and biological media. This showed to be an especially interesting
approach to activate functions at the targeted right place and time. Therefore, it arouses interest in
biosensing such as pH in cells in vivo and in drug delivery applications. The combination of
biocompatible materials and controlled physical and chemical properties could develop particular
functions. Plasmonics and coupled phenomena have been shown to enhance signalling, thermal
activations, and laser properties. Likewise, developments of implantable technology based on
biocompatible photonic substrates.®> % In addition, electrical signalling detection and molecular
tracking applied to tissues and organs as in biological event detections to generate bioimaging, early
diagnosis, and also to optimize mechanical movements by prosthesis. Hence, there is a broad
spectrum of needs and interests that should be addressed by the next generation of therapeutics and
new precision medicine accessed through implantable devices and encapsulated multi-functional
therapeutic nano- and micromaterials.®
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