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this chapter present concise summary on properties of nanoparticles,
its synthesis method, application in medical field and regulatory
challenges in application of nanotechnology for biomedical purposes.
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Pharmacokinetics.

1. INTRODUCTION

Over the past 30 to 40 years, the synthesis of novel engineered
materials, particularly nanomaterials, has increased significantly. These
materials have a wide range of applications in engineering, waste
management, sports equipment, electronics, optics, clothing, food, and
cosmetics, which cover almost all facets of daily life'. This special issue
discusses many ways that nano- and bio-technology are combined to
use innovative materials in medical field like medicine, medical
eqipments etc. There are a variety of opportunities in the medical field
due to the special properties of materials at the nanometer scale and
the ability to manipulate and tailor their physical-chemistry at the scale
where biomolecular interactions occur. These opportunities include
early detection of biomarkers, precise targeting of cells and tissues,
sophisticated drug delivery systems, staging and assessing disease, and
treatment of degenerative conditions?. At least one dimension of
engineered nanomaterials must be less than 100 nm?®. This concept is
flexible in medicine and could, for instance, refer to a nano-drug having
particles that are 200 nm or larger*. Furthermore, the word
“nanoparticle” can be used to refer to a variety of shapes that are less
than 100 nm in diameter, including organic (such as lipids, biopolymers)
and inorganic nanomaterials (such as metals, oxides, and carbon) that
are not spherical, such as cubes, stars, needles, spheroids, or designed
shapes with complex geometries. However, the synthetic method such
as the physical and chemical method used for the creation of
nanoparticles increases their environmental toxicity. Nanoparticle
formed by physical method generates lots of heat. Chemically generated
nanoparticles have drawbacks such as chemical use and self-
accumulation in an aqueous solution. Another drawback was the price
of creating synthetic nanoparticles. In addition, “green nanotechnology”
is now being considered as an alternative tool to manufacture nano-
products and processes that are capable of battling high energy
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consumption and rising environmental toxicity in order to give society

a friendly environment. By avoiding the use of hazardous chemicals in
the manufacture of nanomaterials, green nanotechnology has established
a position in the idea of a sustainable environment. It is being used to
provide affordable techniques for creating nanoparticles that do not
harm people or the environment®.
2. PROPERTIES OF NANOPARTICLES

Nanomaterials are substances with unique qualities resulting
from their tiny particle size. In many cases, the latter definition restricts
nanomaterials to grain sizes below 10 nm®. Because nanomaterials are
costly, the second definition is the more realistic one. A costly substance
without unique features is useless. Some nano-crystalline ceramic or
nano-glass materials with particle sizes under 10 nm have remarkable
physical characteristics®. These are the characteristics of single, isolated
particles, with the exception of those that pertain to grain boundaries.
In a situation where the particles contact, these unique characteristics
can be lost. Nanocomposites are required because of this occurrence.
Nanomaterials have structural characteristics that fall somewhere
between those of atoms and those of bulk materials. The properties of
materials with nanoscale dimensions are very different from those of
atoms and bulk materials, even though most microstructure materials
share characteristics with the equivalent bulk materials. At this
nanoscale, materials act differently for two reasons: Firstly, very small
particles cover more surface area than the same amount of material
crushed into a larger lump (such as when sand grains cover more surface
area than the same amount of sand in a stone). Larger surface areas can
make materials more reactive because the surface of the particle is
involved in chemical interactions. For instance, salt grains dissolve in
water much more quickly than salt rocks. Some substances, which are
often inactive in their bigger forms, may actually be more reactive at
the nanoscale. Second, as we examine materials at the nanoscale level,
the relative relevance of the various physical law’s changes, and factors
that we often overlook (such as quantum effects) become more
important, particularly at sizes smaller than 20 nm. Nanomaterials are
already recognized to have a wide range of unique properties due to
their nanoscale size. Numerous uses for nanoparticles in the field of
medicine have also been suggested as a result of their unique properties.
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2.1 MECHANICAL PROPERTIES

Covalent, metallic, ionic, and other types of atom-atom bonding
determine a material’'s mechanical properties. Thus, even the finest
materials could have intrinsic weaknesses, strengths, or brittleness. In
addition to these factors, lubrication, coagulation, and surface coating
also influence the mechanical properties of NPs”. All qualities are
impacted by the presence of impurities. Materials often consist of single
crystals when their size is decreased to the nanoscale. Grain size and
material hardness are connected,there is a linear relationship between
particle size and hardness for copper in the micrometer grain size range.
It grows as grain size increases. Palladium nanoparticles and
microparticles exhibit similar findings a thorough understanding of the
fundamentals of the mechanical properties of NPs, including their elastic
modulus and hardness, movement law, friction, and interfacial adhesion,
as well as their size-dependent features, is typically necessary for
successful results in fields of medical science’. Because of this property,
it has wide applications like a polymer of nano-Ag can be used as an
effective fungicide, nano-Ag and nano-Cu canincrease the antibacterial
properties of commercial particleboard and also increases its lifespan®.
2.2 STRUCTURAL PROPERTIES

Small clusters or nanoparticles are more than mere fragments
of the larger substance. Nanomaterials can have radically distinct
structures, bonds, and bond strengths. Consider silicon crystal as an
example. Diamond structure forms when silicon crystallizes in large
quantities. Small groups of silicon atoms can be thought of as pieces of
the unit cell. However, it has been discovered that the lattice parameters
may not be the same as in bulk materials, even while some nanomaterials
with a slightly higher atom count (>50-60 atoms) may obtain bulk
crystalline atoms. Other tiny particles exhibit up to 2.3% less lattice
constant deviations than bulk crystalline materials. The crystal structure
is also significantly impacted by pressure and temperature. Small ZnS
particles were observed to change from their previously disorganized
structure to a wurtzite (hexagonal) structure when the temperature was
raised. Additionally, when the chemical capping that is frequently
utilized in the creation of nanoparticles is removed; the particles have a
tendency to cluster or agglomerate into larger particles. One of the most
crucial methods for identifying the structural characteristics of NPs is
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XRD. It provides proper information regarding the crystallinity and

phase of NPs. Through the Debye-Scherer formula, it also provides a
general concept of particle size®'2. The nanometric size makes it easy to
interact with the human body’s biological mechanisms that allow
crossing membrane pores to access new delivery sites and interact with
small proteins at different levels of DNA®™,
3. OPTICAL AND ELECTRICAL CONDUCTIVITY

Due to the importance of optical features in photocatalytic
applications, photo chemists have developed a solid understanding of
this method to explain how their photographic chemical reactions. These
descriptions are supported by the well-known Beer-Lambert Law and
fundamental lighting concepts'. These methods provide details on the
NPs’ absorption, reflectance, luminescence, and phosphorescence
characteristics. It is well known that NPs in particular Metallic and
semiconductor NPs are colored and have different properties. Hence,
optimized for applications using photos Due to their unusual optical
characteristics, which set them apart from bulk crystals significantly,
nano-crystalline systems have generated a lot of interest. Important
contributing elements include efficient energy and charge transmission
over nanoscale distances, quantum confinement of electrical carriers
within nanoparticles, and in many systems, a substantially enhanced
role of surfaces. Understanding the detailed basis of nanophotonic
characteristics is becoming more and more important with the
advancement of these materials applications. By carefully regulating
the crystal size and the chemistry of these materials surfaces, one may
finely control their linear and nonlinear optical properties. As a result,
the fabrication technique becomes crucial for the applications. With the
help of an outside stimulus like electrons, photons, or an electric field,
Iuminescence can be stimulated in various molecules or materials.
Doped or undoped semiconductor nanoparticles show enhanced
Iuminescence in comparison to their bulk counterparts. Because of this
property, they function as transducers in biosensors, providing high
electrical conductivity and optical sensitivity to a very small detection
Limit'®"”,
3.1 THERMAL PROPERTIES

Metal NPs are known to have thermal conductivities that are
higher than fluids in solid form. For instance, copper has a thermal
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conductivity that is approximately 3000 times larger than motor oil and
700 times greater than water at ambient temperature. The thermal
conductivity of even oxides, like alumina (ALQ,), is greater than that of
water. Consequently, it is anticipated that the fluids containing
suspended solid particles will have significantly improved thermal
conductivities compared to those of traditional heat transfer fluids. The
formation of nanofluids involves distributing solid particles of
nanometric sizes in a liquid, such as water, ethylene glycol, or oils. The
properties of nanofluids are predicted to be better than those of
conventional heat transfer fluids and fluids with microscopic-sized
particles. It is preferable to use particles with a large total surface area
since heat transfer occurs at the surface of the particles. Nanofluid has
two important characteristics required for heat transfer systems: extreme
stability and ultra conductivity. Recently, nanofluid has a wide range
of applications in the biomedical industry'®. Nanofluids have been used
in nano-medicine applications as iron-based NPs can be used as
nanodrug delivery vehicles”. These fluids can also be used in cancer
treatment as they can kill the cancerous cells by producing high
temperatures around tumours without affecting nearby healthy cells®.
4. SYNTHESIS OF NANOPARTICLES

The pharmaceutical manufacturing of nanomaterials involves
two different approaches: (1) Bottom-up approaches and (2) Top-down
approaches?. Depending on how they work, how a reaction occurs, and
the protocols they use, these techniques are further divided into a
number of subclasses.

Nanoparticle [NPs)
Synthesis methods

Top-Daown Bottom-Up
Syntheses Syntheses
| |
= Mechanical milling = Spinning
¢ Chemical etching Biological synthesis = Template suppoart
+ Sputtering via bacteria, yeast, synthesis
* Laser ablation fungi, algae, plants *  Plasma or flame
+  Electro-explosion etc. epraying su,;nthes s
= Laser pyrolysis
= CVD
= Atomic or

molecular
condensation

Figure 1. Examples of common top-down and bottom-up
approaches to developing NPs*.




Tarun, T., Lata, S., Mehta, S. (2023). Unification of biosciences and nanotechnology -
properties, synthesis, application, and regulatory issues.

4.1 TOP-DOWN SYNTHESIS
This methodology starts with a bigger molecule, which broke

down into smaller components, these units were then transformed into
appropriate NPs. Examples of this approach include grinding and
milling, CVD (Chemical Vapour Deposition), PVD (Physical Vapour
Deposition), and other breakdown processes?. This method is used to
create coconut shell (CS) NPs. For this, the milling process was used,
and the raw CS powders were finely ground for various lengths of time
using ceramic balls and a well-known planetary mill. Through a variety
of characterization approaches, they were able to demonstrate the impact
of milling time on the total size of the NPs. Scherer equation calculations
showed that the size of the NP crystallites diminishes as time goes on.
They also noticed that the reddish color gradually faded away with
each hour increment due to the NPs’ decreasing size. The SEM results
confirmed the X-ray pattern, which also showed that particle size
decreased over time®. One study demonstrated the top-down
destructive synthesis of spherical magnetite nanoparticles (NPs) from
natural iron oxide (Fe,O,) ore with particle sizes ranging from 20 to 50
nm in the presence of organic oleic acid®*. It was possible to create
spherical particles of colloidal carbon with a controlled size using an
easy top-down method. The polyoxometalates (POM) were continuously
chemically adsorbed on the carbon interfacial surface as the basis for
the synthesis method. Adsorption reduced the size of the carbon black
aggregates into spherical particles with a high capacity for dispersion
and a limited size distribution®.

The micrographs also showed that the size of the carbon
particles decreased over the course of the sonication. From their bulk
crystals, a series of transition-metal dichalcogenide nanodots (TMD-
NDs) were created using a mix of grinding and sonication top-down
methods. Due to their limited size range, nearly all TMD-NDs with
diameters smaller than 10 nm exhibit exceptional dispersion®. Recently,
top-down laser fragmentation, which is a top-down method, was used
to create highly photoactive active CO,O, NPs. The intense laser beams
create NPs with good oxygen vacancies that are uniform?.

4.2 BOTTOM-UP SYNTHESIS

This method is used in reverse to top-down method since NPs

are created from relatively simpler materials; for this reason, it is also
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known as the building-up method. Techniques like sedimentation and
reduction serve as examples in this situation. It involves spinning,
biological synthesis, green synthesis, and general chemical synthesis®.
For the photocatalytic degradation of methylene blue, they synthesized
the photoactive composite using alizarin and titanium isopropoxide as
precursors. Alizarin was chosen because of its potent ability to attach
to TiO, via its axial hydroxyl terminal groups. The XRD pattern verified
the anatase form. SEM reveals that as the temperature rises, NP size
also does so®. Using a laser irradiation top-down approach, well-
uniform monocrystalline spherical Au nanospheres have been created.
By adjusting the laser treatment time and other reaction parameters,
Liu et al. selectively convert the octahedra morphology to a spherical
shape®?®. Recently, the solvent-exchange approach has been employed
to produce limit-sized low-density lipoprotein (LDL) NPs with the aim
of delivering cancer drugs to patients. Nucleation is the bottom
technique in this procedure, and growth is the up approach. The LDL
NPs were created without the use of phospholipids and had a high level
of hydrophobicity, which is crucial for applications involving drug
delivery®. While bismuth was transformed into molten form and then
the molten drop was emulsified within the cooked diethylene glycol to
make the NPs in the top-down approach, bismuth acetate was boiled
within ethylene glycol in the bottom-up method. The NPs produced by
both procedures ranged in size from 100 nm to 500 nm™®.

The bottom-up synthesis that is green and biogenic is becoming
increasingly popular among researchers due to its viability and less
hazardous nature. These technologies, which accomplish NP synthesis
through biological systems like using plant extracts, are economical and
environmentally beneficial. The manufacture of NPs involves the
utilization of bacteria, yeast, fungi, Aloe Vera, tamarind, and even
human cells. Au NPs have been created using the biomass of wheat
and oats as well as plant and microbial extracts as reducing agents*®.
An environmentally friendly technique to create nanoparticles is by
using the biological method, which is provided as an alternative to
chemical and physical methods. Additionally, none of the expensive,
hazardous, or toxic ingredients is needed for this procedure®. Bacteria
are obvious targets in the manufacture of nanoparticles due to their
rapid development, affordable cost of culture, and ease of control and
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manipulation of the growing environment. In addition, it is well known

that several bacteria species have unique ability to suppress the toxicity
of metals or heavy metals. For these reasons, bacteria are favored since
they can produce nanoparticles both in- and ex-situ. Metal ions can be
reduced and precipitated to create nanoparticles by using reducing
agents found in bacteria, such as proteins and enzymes, and biochemical
pathways®. Algae are eukaryotic aquatic photo sites that use pigments,
proteins, carbohydrates, lipids, nucleic acids, and secondary metabolites
to break down metallic ions into nanoparticles. The synthesis of
nanoparticles that may have antimicrobial properties without generating
any toxic by-products is accomplished by adding metal solutions of the
appropriate pH and concentration to the algae extract that already exists
in an aqueous medium at a specific temperature®*’. Plants are a
promising, quick, and cost-effective way to remove metal-borne
contaminants since they have a high capacity for detoxification,
reduction, and accumulation of metals. Metallic nanoparticles with
varied morphological traits can be created both inside and outside of
cells. Extracts from plant parts including leaves, roots, and fruits are
added to a solution of metal ions to start the synthetic process. The
plant extract, which contains components including sugar, flavonoids,
proteins, enzymes, polymers, and organic acids, acts as a reducing agent

and is responsible for the bioinduction of metal ions into nanoparticles®-
42

5. BIOLOGICAL APPLICATIONS OF NANOPARTICLES

Target-specific drug delivery, molecular imaging, and other
clinical uses of nanobiotechnology are all currently being systematically
researched. These advanced bioscience applications will surely change
the fundamentals of diagnosis, therapy, water purification,
environmental impact, and illness prevention. Below are some of these
uses discussed**,

5.1 DIAGNOSTIC DETECTION:

Most diseases are currently diagnosed through visual symptoms
appearing first, which allows medical experts to identify the patient’s
illnesses. However, the probability of a successful response to treatment
may have decreased by the time those symptoms have shown. Therefore,
the probability of finding a cure increases with earlier disease detection.
By detecting the binding of a particular antibody to the illness-related
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Figure 2: Application of nanotechnology in health care®.

target, many presently used/conventional clinical tests can identify the
presence of a molecule or an organism that causes a disease. Such tests
are often carried out by conjugating the antibodies with inorganic/
organic dyes and observing the signals inside the samples using
electronic or fluorescence microscopy. The specificity and viability of
the detection methods are frequently constrained by dyes, though.
Utilizing semiconductor nanocrystals (also known as “quantum dots”),
nanobiotechnology provides an option. Compared to normal organic
molecules, which more easily degrade, these tiny probes can resist a
substantial number of cycles of excitations and light emissions®. In gold,
both light scattering and absorption are particularly effective. The
possibility of gold nanoparticles to diagnose cancer quickly and simply
is now being explored by researchers*. The epidermal growth factor
receptor (EGFR), a protein found on the surface of many cancer cells, is
absent from healthy cells. Researchers successfully delivered and
attached gold nanoparticles to cancer cells by fusing EFGR antibodies
to the nanoparticles””. The cancer cells were found by using a field dark
microscopy apparatus as bright spots. These nanoparticles are unable
to stick to healthy cells. This makes the healthy cells look darker than
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the cancerous cells. This technology for cancer diagnosis is quicker and

less expensive than other traditional methods. According to this study,
these nanoparticles can connect to tumor cells with a strength that is
hundreds of times greater than that of ordinary healthy cells. Itis possible
to analyze various molecules using multiple probes at once since each
nanoparticle absorbs and scatters light differently depending on its
shape and size. The appealing feature of this technology is that it can be
used with just a basic optical microscope and does not require any
expensive equipment, such as sophisticated microscopes*.

5.1 INDIVIDUAL TARGET PROBES:

The medical community will continue to favor optical and
colorimetric detections regardless of the benefits of magnetic
detections. One of the companies that created methods that enable
medical professionals to optically detect the genetic material of biological
specimens is Nanosphere. The foundation of the simple-to-read test for
the presence of any certain genetic sequence consists of nanogold
particles studded with brief DNA segments. In the event that the
sequence of interest is present in the samples, it connects to
complementary DNA tentacles on numerous nanospheres to create a
visual web of gold balls. With far higher sensitivity than currently
available tests, this technique allows for or simplifies the detection of
harmful organisms and has demonstrated encouraging results in the
detection of anthrax®.

5.3 PROTEIN CHIPS: - NUTRITIONAL SNACKS

The biological phenotype of organisms in both healthy and
pathological states is mostly determined by proteins, which are a better
indicator of functionality. Proteomics is crucial for the development of
pharmaceuticals that can change signaling pathways and for the
diagnosis of disease. Protein chips can be treated with chemical groups
or tiny protein modules that can bind only to proteins with a certain
structural or biochemical pattern®. Agilent, Inc. and Nano Ink, Inc. are
two companies that are active in this application field at present. Agilent
prints oligos and entire cDNAs at the nanoscale onto glass slides to
create microarrays using a non-contact ink-jet technology. Dip-pen
nanolithography (DPN) technology is used by Nano Ink to construct
structures at the nanoscale®'.
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5.4 SPARSE CELL DETECTION: -

For example, cancer cells, lymphocytes, fetal cells, and HIV-
infected T cells are examples of sparse cells that are rare and
physiologically different from their surrounding cells in normal
physiological conditions. However, it is difficult to identify and then
isolate these sparse cells. Nanobiotechnology presents new opportunities
for advancement in this field. Scientists have created nanosystems that
are capable of identifying and isolating these sparse cells. This method
utilizes or benefits from the special qualities of sparse cells, which can
be seen in variations in deformation, surface charges, and affinity for
particular receptors and/ or ligands. For instance, cells can be precisely
sorted according to surface charge by introducing electrodes into
microchannels. Additionally, they can be sorted utilizing biocompatible
surfaces that have precisely sized nanopores. Currently, the Cornell
University Nano-Biotechnology Center (NBTC) is utilizing these
technologies to create potent diagnostic tools for the isolation and
identification of numerous diseases®.

5.5 APPLICATIONS IN DRUGS DELIVERY: -

The development of novel nanodevices that can be used in a
wide range of physical, biological, biomedical, and pharmaceutical
applications, as well as nano-sized inorganic particles of either simple
or complex nature is becoming increasingly important>**. Therapeutic
nanoparticles can be administered to specific places, even those that
are difficult for conventional medications to access. If a treatment can,
for instance, be chemically linked to a nanoparticle, it can then be
directed to the site of the disease or infection by radio or magnetic signals.
These nanodrugs may also be programmed to “release” only in the
presence of particular molecules or in response to outside signals (such
as infrared heat). Based on their optical characteristics, NPs are chosen
to produce effective contrast for biological and cell imaging applications
as well as for photothermal therapeutic applications. Many medications,
whose poor bioavailability prevents oral administration, will now be
able to be used in treatment utilizing nanotechnology®. Agents that
undergo degradation or denaturation when exposed to high pH are
protected by nano-formulations, which also extend half-life via
increasing retention of the effects of a medication bio-adhesion-based
synthesis®”. The transfer of antigens for immunization is another
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widespread application of nanotechnology®*. Recent developments in

encapsulation and the creation of appropriate animal models have
shown that microparticles and nanoparticles can improve
immunization®. The advantages of the nanostructures in drug delivery
include the following: (a) drug distribution that can be achieved by
various physical damages to tissues®. (b) By concentrating the drug
dose in the target area with the help of nanomaterials, ordinary drug
losses will be reduced® (c) Nanosystem efficiency in agitated tissues is
enhanced by improved microvascular permeability in tumors, leading
to improved retention and transport Enhanced permeability and
retention-like extravasation of nanoparticles from the vasculature into
tuberculosis granulomas in zebrafish and mouse models®. (d)
Nanosystems are capable of suppressing tumors and inflammatory
tissues preferentially®. Formulation and characterization of nano
liposomal 5-fluorouracil for cancer nano therapy. () Nanomaterials are
able to cross the blood-brain barrier, demonstrating their potential for
use in the treatment of brain cancer®. (f) Drug-loaded nanoparticles
alter cellular transport in biological engineering and science, enhancing
the efficacy of drug delivery while reducing the risk of adverse
consequences®. Advances in oral nano-delivery systems for colon
targeted drug delivery in inflammatory bowel disease: selective
targeting to diseased vs healthy tissue. Nanodiamonds may be used as
fluorescent biomarkers for the detection of many diseases, including
Alzheimer’s disease®”. Functionalization of stable fluorescent
nanodiamonds toward reliable detection of biomarkers for Alzheimer’s
disease

5.7 BIOMOLECULAR ENGINEERING APPLICATION: -

The supply of bioactive molecules is constrained by the cost
and time associated with traditional biomolecule design. Techniques
for nanoscale assembly and synthesis offer an alternative to conventional
approaches. Due to the ability to conduct chemical and biological
reactions on solid substrates as opposed to conventional solution-based
procedures, improvements can be made. Utilizing a solid substrate
typically results in less waste and far more exact biomolecule
manipulation. Engines, a company based in Waltham, Massachusetts,
invented the field of biomolecular engineering. The company created
engineered genomic operating systems that produce programmable
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biomolecular machines using organic and inorganic building blocks.
These biomolecule machines have a wide range of commercial
applications, including those for biosensors, chemical synthesis and
processing, bioelectronic devices and materials, nanotechnology,
functional genomics, and drug discovery.

5.8 NANOTECHNOLOGY IN DENTAL CARE:

One of the most widespread oral disease-related conditions in
the world, dental caries is highly expensive®. Dental-related solutions
derived from nanotechnology aim to reduce or even completely
eradicate the clinical impact of caries by improving the remineralization
process and managing biofilm growth®. Antibacterial resins may be
used in restorative and orthodontic dentistry in clinical settings®. These
resins could be employed as bracket or branked bonding materials in
orthodontics and as filling or denture base materials in restorative
dentistry®. Therefore, a technique for adding AgNPs to acrylic resin
denture-base materials was devised to enhance their physico-mechanical
properties and antibacterial effects”. Dental materials and implants are
more susceptible to contamination and subsequent colonization
processes because the mouth cavity is an active ecosystem that is
typically populated by a variety of pathogenic bacteria™. The inclusion
of silver-based nano systems inside adhesive resins’>”*, orthodontic
cements””, and dental composite have shown promise in terms of better
antibacterial activity.

The following is a list of the different benefits of nanotechnology in
biological applications:

e Nanoparticles employed in biotherapeutics can be utilized in
blood-brain barrier (BBB) medicine delivery, brain tissue
engineering, and cellular and molecular imaging”.

e Nanoparticles can easily change their shape and size to adapt
to drug absorption”.

e The pharmacokinetic strategies of drug molecules, such as bio
distribution and bioavailability, have been shown to be
particularly useful in nanoscale drug delivery processes. Rugs
are released in a precise and effective manner, including tissue-
specific drug delivery with a reduction in adverse effects™.

e Enhancing drug absorption, increasing water solubility and
dissolving, and avoiding enzymatic degradation are all benefits
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of nano-carrier-based oral pharmaceutical delivery™.

e For the progress of biosensors in many cancer kinds,
nanomaterials that have excellent thermal, mechanical, optical,
& and electrical properties are on the horizon®.
e Because they are neutral and biodegradable, protein-based
nanostructures are widely used in biotherapeutics to
encapsulate active chemicals.
e The efficiency of anticancer medicines is increased while side
effects are decreased by targeted delivery, which involves
coupling pharmaceuticals with tumor-specific receptors and
antibodies or other cell surface markers®.
e Due to the similarities between the sizes and structures of
nanoparticles and those of biological components and
structures, they are frequently used in in vitro biomedical
research.
e In comparison to traditional medication administration,
nanoscale drug delivery results in a greater drug concentration
at the target site®>.
6. REGULATORY CHALLENGES OF APPLICATION OF
NANOTECHNOLOGY FOR BIOMEDICAL PURPOSE:
6.1 NANOMEDICINES IN THE PHARMACEUTICAL MARKET: -

Nanomedicines have been successfully introduced into clinical
practice over the last few decades, and ongoing advances in
pharmaceutical research are producing more sophisticated ones that
are now being tested in clinical trials. In the European Union, the
nanomedicine market is composed of nanoparticles, nanocrystals,
nanoemulsions, liposomes, polymeric-protein conjugates, and nano
complexes®.
6.2 MARKET ACCESS AND PHARMACOECONOMICS

After a nanomedicine receives marketing authorization, there
is a long road ahead before it is used in clinical practice in all
EU countries. This is because drug pricing and reimbursement decisions
are made at the individual level in each EU member state®. The
multidisciplinary process of Health Technology Assessment (HTA) is
being developed in order to provide patients access to medicines. HTA
generates information about medicine safety, effectiveness, and cost-
effectiveness to assist health and political decision-makers®.
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Pharmacoeconomics studies are currently playing an important role
prior to the commercialization of nanomedicines. They use indicators
such as quality-adjusted life expectancy years and hospitalization to
assess both the social and economic importance of the added therapeutic
value. The EUnetHTA was established to harmonize and improve the
introduction of new medicines into clinical practice in order to provide
patients with novel medicines. The primary goal of EUnetHTA is to
create decisive, relevant, and transparent information to assist HT As in
EU countries. Currently, EUnetHTA is working on Joint Action 3 until
2020, with the main goal of “defining and implementing a sustainable
model for scientific and technical cooperation in health.” 8.

6.3 NANOMEDICINES AND NANOSIMILARS:

Nanomedicine includes medical products that are both
biological and non-biological. Biological nanomedicines are derived
from biological sources, whereas non-biological complex drugs (NBCD)
are derived from non-biological sources, with the active principle
consisting of various synthetic structures®. Several parameters must be
demonstrated in order to introduce a generic medicine into the
pharmaceutical market, as described elsewhere. A more comprehensive
analysis that goes beyond plasma concentration measurement is
required for both biological and non-biological nanomedicines. A
stepwise comparison of bioequivalence, safety, quality, and efficacy in
comparison to reference medicine is required, which leads to therapeutic
equivalence and, ultimately, interchangeability®.

7. FUTURE PROSPECT

The promise of advanced breakthroughs in robotics,
communications, genetics, and medicine served as an encouragement
for the development of nanotechnology. However, this method creates
many of the same challenges as any new technology, such as issues
with toxicity and the effect of nanomaterials on the environment¥. Even
if there are various disagreements, this technology offers great hope for
the future. By taking a significant part in a variety of biomedical
applications, such as medication administration, gene therapy,
molecular imaging, biomarkers, and biosensors, it may result in
innovations. Target-specific medication therapy and early illness
diagnosis and treatment techniques are two of these applications that
are the main research goals at the moment®. Output, methane content,
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and biocomposting. In order to increase the yield of methane produced

through AD procedures, it is necessary to gain more in-depth insights
into the impacts of NPs on the microbial population and waste digestion
process. Due to the complicated microbial population, studying
commercial scale is extremely complicated. Due to their high volume
ratio and potential for excessive reactivity, NPs are suitable for a variety
of reactions. As a result, NP types and concentrations should be altered
or adjusted according to the effects observed in commercial production.
As a result, NPs in bio-composting research produce nutrient-rich
compost that is stable and mature by international standards. One of
the most important future technologies is nanotechnology, which has
the potential to solve some of the world’s most pressing problems,
including shortages of water and pollution, energy shortage and
demand, wellness and health maintenance, agricultural productivity,
and biodiversity management. Various governmental and scientific
organizations control nanotechnology, as they do with other new
technologies, to maximize advantages and reduce potential hazards.
Most governments provide voluntary laws, directives, or guidelines
when a new technology emerges with unknown concerns, but once
thorough research is finished, governmental restrictions become
necessary to reduce any potential problems connected with the
technology. Similar actions were taken in relation to nanotechnology
before and after 2010, which marks the technology’s emergence and
widespread application, respectively®.
8. CONCLUSION

We provided a thorough overview of Nanoparticles their
synthesis, physiochemical properties, and applications in this chapter.
Because of their small size and large surface area, Nanoparticles are a
good choice for a variety of applications. Although there are many uses
for NPs, their unrestrained use and discharge into the environment pose
some health risks that should be taken into account in order to make
their use more convenient and environmentally acceptable. The creation
of novel drugs as well as the reformulation of current ones has been
helped by the expansion of nanomedicine research. Some of the
modifications that nanotechnology introduces in medications include
changes in toxicity, solubility, and bioavailability profiles. At some time,
these developments’ consequences will be so pervasive that they will
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likely have an impact on almost every area of science and technology.

There are numerous applications for nanobiotechnology in medicine.

Drug delivery systems are just one example of an innovation that

represents the beginning of something new. Nanotechnology has the

potential to one day heal many diseases for which there is currently no
treatment.
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