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Abstract

Nanotechnology is currently playing a critical role in electronics, biology, and medicine. Its utility can
be assessed since it includes materials that must be developed at the atomic and molecular level.
Nanospheres have been found to be reliable drug delivery systems due to their small size, and they may
be beneficial for encapsulating pharmaceuticals and permitting more accurate targeting with
controlled release. In this study, we focus on current advances in this technology for drugs and drug
delivery systems.

Keywords: Drug delivery Nanotechnology Inorganic nanoparticles Organic nanoparticles

http://pharmacologyonline.silae.it
ISSN: 1827-8620



http://pharmacologyonline.silae.it/
mailto:roaa.jad@gmail.com

PhOL Saadh, et al.

1130 (pag 1129-1135)

Introduction

Nanoparticles, like antibodies and DNA
plasmids, are organic or inorganic structures with
sizes ranging from 1 to 100 nanometers (1).
Nanotechnology has advanced significantly in
recent decades, and it is now feasible to produce,
analyze, and manipulate the functional features of
nanoparticles (2, 3). Nanobiotechnology connects
the physical and biological sciences, with nanophase
and nanostructure applications in a variety of fields,
particularly healthcare, where these objects are of
tremendous interest. Nanoparticles are affecting
medicine in a variety of ways, including
nanobiotechnology, = microfluidics,  biosensors,
medication delivery, and microarrays (4). Metal,
organic, and polymeric nanoparticles, as well as
liposomes, are often explored and can be created
for site-specific drug administration, particularly for
medicines with low solubility and absorption (5, 6).

Nanoparticles for drug delivery

Nanomaterials are one of the most
important materials used in promising applications
for drug delivery at a specific site. Nanoparticles
have a great ability to eliminate tumor growth
without causing any collateral damage by delivering
them to the tumor site with high specificity.
Therefore, nanoparticles contributed greatly to
building drug delivery systems (7, 8). Originally, they
were created as vaccination and anticancer
medication carriers (9). Then, by altering drug
biodistribution and toxicodynamics, nanoscle size
ranges may greatly improve medication delivery (10,
11) This can make in vivo distribution of a variety of
medications with significant delivery of products a
comparatively simple process. A remarkable
consequence of this technology is the modification
or functionalization of nanoparticles to carry
medications past the blood brain barrier for the
treatment of brain cancers (12, 13). Doxorubicin, for
example, does not penetrate the blood-brain
barrier. However, combining it with polysorbate 80
modified polybutylcyano acrylate nanoparticles can
significantly improve its transport to the brain.

Nanoparticle systems are important in the
development of DNA delivery vectors because of
their size, shape, and functionality (14, 15). They
have the ability to penetrate deep into tissues and

are quickly absorbed by the cells. Nano-sized
colloidal drug carriers can be considered a
breakthrough in pharmacotherapy. They can carry a
variety of medications, including anti-cancer, anti-
hypertensive, and hormones, among others (16).
Submicron colloidal particles have been employed
as nanoparticles in the administration of drugs and
in the detection of illnesses (17, 18).
Pharmacokinetics for insoluble medicines has been
expanded thanks to nanoparticles. For example, a
novel medication delivery method was created
using trans-retinoic acid nanoparticles coated with
CaC03, which produced aggregates after spray
drying. The resulting aggregates were discovered to
re-disperse in water, stimulating insulin release from
theislets (19).

Nanoparticles made of polymers

Biocompatible and biodegradable materials,
as well as a range of natural (gelatin, albumin) and
synthetic polymers, are used to create polymeric
nanoparticle (polylactides, polyalkylcyanoacrylates)
(20). Metals and semiconductor nanoparticles rely
heavily on polymers as a host material. These
nanoparticles are intended to serve as drug crriers,
delivering active compounds to their designated
targets (21, 22). In nano-composites, polymers are
filled with distributed nano-fillers (less than 100 nm)
The drug's adsorption capability is affected by
polymer hydrophobicity, nanoparticle area, and
monomer concentration (23).

Drugs «can be introduced to the
polymerization process and entrapped inside the
nanoparticle polymer network. Nanotechnology can
help with medication bioavailability issues. Nano-
scale cavities containing liposomes or encapsulated
polymers can be constructed to promote
medication absorption and bioavailability of
hydrophobic pharmaceuticals (paclitaxel or 5-
fluorouracil), metabolizing drugs at optimum rates
for intended therapeutic impact in target tissues
(24). Polymers, albbumin, and liposomes can all be
used to make nano capsules (25). There are
numerous polymers that can be used to make
nanoparticles. Synthetic ~ polymers include
polylactide—polyglycolide copolymers, polyacrylates,
and polycaprolactones, among others, whereas
natural polymers include albumin, gelatin, alginate,
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collagen, and chitosan (26). Polylactides and
poly (DL-lactide-co-glycolide) polymers are largely
researched for drug delivery because they undergo
hydrolysis upon implantation and create biologically
suitable fragments (27).

It is obvious that chemical conjugation of
medicines with different polymers affords potential
to boost their activity. The created amphiphilic N-(2-
hydroxy)-propyk3-trimethylammonium-chitosan-
cholic acid polymers by covalently attaching cholic
acid and glycidyl trimethyl ammonium chloride to
chitosan, which then self-assembled into
nanoparticles in  phosphate-buffered  saline.
Doxorubicin  might be encased in these
nanoparticles, which would then be easily up taken
and released into the cytoplasm by breast cancer
(MCF-7) cells (28, 29). The construct a drug carrier
with active paclitaxel targeting using folic acid-
conjugated chitosan-polylactide copolymers. MCF-7
breast cancer cells that express the folic acid
receptor were used to confirm the targeting
property (30). The manufacture of a quatemized
poly (propylene imine) dendrimer of generation-3,
QPPI (G3) as a drug carrier for the weakly soluble
anti-inflammatory medication nimesulide was
documented in one study, and the drug's solubility
was improved Ibuprofen-containing encapsulated
nanoscaled emulsion with viscosity —modifiers
carbopol 934, 940, and ultrez 10 (31, 32). The
researches studied influence of silica nanoparticles
on a-amylase activity. Park and his colleagues. Also,
adriamycin nanoparticles based on glycol chitosan
are useful for prolonged and selective adriamycin
administration, with lower c¢ytotoxicity than
adriamycin alone (33). To develop successful
formulations of nanoparticles, diffusion
characteristics, biodegradation and drug release
must be considered to achieve effective therapeutic
capabilities (Figure 1) (34).

Inorganic nanoparticles

In biomedical applications, nanoparticles
provided essential multifunctional platforms.
Nanoparticles with unique features, such as silica
nanoparticles, quantum dots metal nanoparticles,
and lanthanide nanoparticles, can be used for a
variety of bio-analysis applications (35). Metal
nanoparticles such as quantum dots and lanthanide

nanoparticles have distinct features that may be
used in a variety of bio-analysis applications (36). A
nanoparticle is vital not only for indicating
medication distribution, but also for confirming
target delivery. Nanomedicine must be tracked from
the systemic to the subcellular level. There are many
fluorescent markers available however,
nanoparticles offer the benefit of improving
fluorescent markers not only for medical imaging
and diagnostic applications, but also for in vivo
imaging of cancers and other disorders [37].

As example, generated Fe304 nanocrystals
on uniform dye doped mesoporous silica
nanoparticles to be employed as a contrast agent in
magnetic resonance imaging with doxorubicin
loaded in the pores. This device has a lot of potential
as magnetic resonance and fluorescence imaging
probes, and doxorubicin was successfully
administered to tumor locations while maintaining
its anticancer effectiveness. Histidine is found in
magnetic silica nanoparticles coated with cyan
protein which are used in drug delivery systems and
fluorescence imaging or as drug carriers and are also
widely used in biological research (38). Iron oxide
and gold nanoparticles are the most widely used
among the nanoparticles (39).

Gold, copper, and silver nanoparticles are
characterized by the presence of surface plasmons,
so they absorb light in the visible region, allowing
the analysis of size-dependent light absorption using
surface plasmon resonance (SPR). Many unique
features of gold nanoparticles and nanorods have
been investigated for possible applications in
biomolecular detection (40). Gold nanoparticles, as
approved by the FDA, offer specific benefits over
other metallic particles in terms of biocompatibility
and non-cytotoxicity, and might potentially be used
as a preferred carrier for drug administration. Amino
acids and proteins can be coupled using these
nanoparticles (41). More significant is the fabrication
of gold nanoparticles and their functionalization
with organic molecules in order to interact with any
physiological ~ system.  These  functionalized
nanoparticles are a viable drug delivery option as
well as indicators for treatment resistance in cancer
cells (42).

Insulin  administration by nasal route,
increased antibacterial effect against E. coli strains,
and ciprofloxacin  conjugated with  gold
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nanoparticles for increase activity and for
better drug release. Also, the gold nanoparticles out
of natural gellan gum used for the delivery of
doxorubicin  hydrochloride and proved that
doxorubicin  could be loaded onto gold
nanoparticles successfully. On the other hand,
developed a very precise assessment of biological
activity using a well-specified gold drug nanoparticle
method (43). The Fe304 and gold as the core was
used, three paclitaxel-conjugated nanoparticles
were created. These conjugated nanomaterials
provide a new class of anticancer therapeutic
prospects. The production and functionalization of
gold nanoparticles have been studied by our group
(44)-

Gold nanoparticles have been functionalized
with several anticancer medications for target drug
delivery as well as as reducing and capping agents
for gold nanoparticle production. As a result, the
applications are quite diverse and suitable for
releasing a variety of physiologically active
compounds. According to our recent research, Au
NPs-Au NRs complexes can also be employed to
further bind medicines and biomolecules for
possible targeted drug delivery (45). According to
our findings, surface modification can improve the
stability of Au NRs, and Au NRs can be used as
multiplex biosensors. The creation of nanoparticles
for bio-sensing and tailored drug delivery for cancer
therapies was our main emphasis. We used a unique
chemical linking process to create folic acid and
doxorubicin-tagged nanoparticles, and we tagged
folic acid and doxorubicin on distinct planes of the
nanorods. The nanorods in this arrangement have
the ability to target cancer cells extremely
specifically and deliver a cancer treatment with
great efficiency. This system's biological activity is
being investigated and will be reported on Particle
size, surface charge, surface functionality, as well as
optical and magnetic characteristics, may all be
measured during nanoparticle characterization. the
formation of nanoparticles indicated using the UV-
Vis—NIR absorption spectra to detect surface
plasmon resonance. the nanoparticles size was
determined using transmission electron microscopy
(TEM) and scanning electron microscopy (SEM). The
zeta potential of a particle is used to determine
nanoparticle colloidal stability and also provides a
full picture of total charges. Furthermore, it can aid

in the formulation of more stable nanoparticles by
providing information on the impact of different
parameters such as pH, additive concentration, and
medium ionic strength on it (46). Recently, silver
nanoparticles used as antiviral therapeutic agent by
inhibit virus entry in to the host cell and inhibit RNA
synthesis against influenza H5N1, HQN2, H5N1, HON2,
Peste des petits ruminant’s virus and SARS-Cov-2.
This combination makes it difficult to adapt to the
virus, which helps reduce resistance to infection as
shown in figure 2 (4550). Moreover, silver
nanoparticles become very active against both gram
positive and gram-negative bacteria (figure 2) (51).
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FIGURE 1. Nanotechnology in Drug Delivery

FIGURE 2. Antimicrobial mechanism of silver nanoparticles.
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