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Abstract

Materials in the nanoscale range are used as diagnostic tools or to deliver therapeutic agents to specific
targeted sites in a controlled manner in the relatively new field of nanomedicine and nano delivery
systems. Through the site-specific and target-oriented delivery of precise medications, nanotechnology
offers numerous advantages in the treatment of chronic human diseases. Chemotherapeutic agents,
biological agents, immunotherapeutic agents, and other exceptional uses of nanomedicine have been
observed recently in the treatment of a wide range of illnesses. This review provides an updated overview
of recent developments in the field of nano-based drug delivery.
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1. Introduction

The term “nano” comes from ancient Greek and means “dwarf’. Nanoparticles are the
particles having nano scale dimensions lies in range between 1 nm to 100 nm and can exhibit
significantly different physical and chemical properties to their larger material counterparts. It
is observed that the therapeutic efficacy of most the drug delivery systems is highly depends
on its particle size. Owing to their very small size, nanoparticles have large surface area to
volume ratio when compared to their bulk material, such as powders, plate and sheet. This
feature enables nanoparticles to possess unexpected optical, physical and chemical properties.
The medical field, for example, utilizes nanomaterials in a variety of ways, with one major use
being drug delivery ™. Nanoparticles are widely used as drug delivery tool to provide
enhanced solubility, better bioavailability, pronounced systemic stability, high drug loading
capacity, significant blood circulation time and selective distribution in tissues with longer
residence time [?. Nanoparticles can enter cells or to be designed to bind to specific cells and
this unique property is highly utilized for the tumor cell targeting or site specific targeting
against many diseases 1. Nanoparticles exhibits small size and large surface area due to which
their solubility gets enhanced and imparts higher bioavailability. Drug loaded nanoparticles
able to cross the blood brain barrier and other epithelial barriers such as nasal olfactory
epithelium and skin ™. The most significant application of nanoparticles is that they can cross
the BBB due to their small size and used for drug targeting to the brain 6. Nanoparticles
having size smaller than 20 nm can transport paracellularly to cross the BBB and reach the
brain.

Size and shape of the nanoparticles greatly affect its pharmacokinetics inside the body. The
tissue distribution of the drug mainly depends upon its size. Smaller the size of nanoparticles
higher will be the tissue uptake L. Due to small size, the nanoparticles surface area is
comparatively high and thus improved solubility and faster drug release. Overall the size of
nanoparticles will decide the pharmacological fate. Major obstacle encountered in nanoparticle
mediated drug delivery is clearance by the reticuloendothelial system (RES). It is found that
lymphatic system remove the particles size greater than 200 nm by its activation "), In short,
size and morphological properties of nanoparticles have been investigated to control
bioavailability, decrease clearance, prolong systemic circulation and improve stability for
better therapeutic effect.

1.1 Advantages of nanoparticles in drug delivery

1.1.1 Advantages of nanoparticles in drug delivery are summarized here
e Enhancement of solubility of poorly water soluble drugs.

e Improved Bioavailability and pharmacological activity.

~ g7~


www.thepharmajournal.com
https://doi.org/10.22271/tpi.2023.v12.i11a.24365

The Pharma Innovation Journal

e  Better drug tissue distribution and deposition.

e Provide controlled and targeted drug delivery.

e Protection of drug from physical and chemical
degradation.

e Enhancement of formulation stability inside different
biological environment.

e Less toxicity and fewer side effects.

1.2 Different Types Nanoparticles Used In Drug Delivery
1.2.1 Liposomes

Liposomes are spherical shaped nano range vesicles made up
of outer phospholipid bilayer membrane with an inner
aqueous core Bl They can be used for the entrapment of
hydrophilic and hydrophobic both types of drug molecules.
Hydrophobic drugs are loaded in to lipid bilayer whereas
hydrophilic drugs can be loaded in to the aqueous core P,
Liposomes are also well compatible for the delivery of
various macromolecules such as DNA, proteins,
nutraceuticals and diagnostic or imaging agents [0,
Liposomal drug delivery systems show many advantages such
as controlled and targeted drug delivery, biocompatible and
biodegradable M. The liposomal systems are designed and
characterized by various features such as particle size, shape,
charge, type of lipid, and surface binding polymers and
ligands [, Overall liposomes offer a versatile and adaptable
drug delivery tool for enhancing the systemic efficacy and site
specific targeting of therapeutics in various disorders.
Liposomes are used as drug delivery carriers for tumor and
brain targeting as well as for topical applications.

1.2.2 Inorganic nanoparticles

These types of nanoparticles are made of metal and non -
metal substances with varied material properties and thus
have many potential medical applications . The most
commonly used metal nanomaterials are gold and silver
metals. The metal nanomaterials are shaped in to different
types of drug delivery systems such as nanotubes, nanorods,
nano-capsules and nanowires etc. The gold nanoparticles are
widely employed in tumor targeting and also in the treatment
of rheumatoid arthritis 3. Silver nanoparticles mainly
involved in antibacterial, anti-infection and anti-tumor effects
Inorganic non-metallic nanomaterials mainly include quantum
dots, iron oxide, silicon, graphe ne. The non-metallic
nanoparticles mainly employed in diagnostic and imaging
applications 4l Silicon mesoporous nanoparticles are widely
explored in drug delivery applications [, In the cosmetics
industry, titanium oxide nanoparticles are used in sunscreen to
provide UV protection. The major obstacle behind their

restricted use in clinical application is their toxicity problem
[16]

1.2.3 Polymeric nanoparticles

Polymeric nanoparticles are prepared from various types of
natural, semi-synthetic and synthetic polymers. The most
commonly used natural polymers are chitosan, sodium
alginate, gelatin, albumin etc. and synthetic polymers such as
polylactide—polyglycolide copolymers, polyacrylates and
polycaprolactones (PCL), polylactic acid (PLA), poly (lactic-
co-glycolic acid) (PLGA) are used for the preparation of the
polymeric nanoparticles - 181, The potential advantages of
natural polymers are biocompatibility and biodegradable ™.
The most widely used synthetic polymers are PLA and PLGA
due to their high tissue compatibility and thus employed in
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controlled drug delivery systems for parenteral and implants.
The polymeric nanoparticles show good stability, high drug
loading and poor leakage of drug from polymer shell. The
stable structure of polymer nanoparticles is beneficial to the
uniformity of particle size and the controlled release of drugs.
Polymeric micelles are nanosized, spherical colloidal particles
with hydrophobic interior core and hydrophilic exterior shell
[20, They are used for the solubility enhancement of poorly
water soluble drugs such as amphotericin B, propofol,
paclitaxel, and photosensitizers.

Different types of polymer used for the fabrication of
nanoparticles
(A) Natural Polymers

e Chitosan

e Gelatin

e  Sodium Alginate
e Albumin

(B) Synthetic Polymers

e Polylactide (PLA)

Poly(lactide co - glycolide) PLGA

Poly (g-caprolactone) PCL

Poly acrylates & Polymethacrylates (Eudragit)

Poly lactide- poly(ethylene glycol) PLA -PEG
Poly(lactide- co - glycolide) - poly(ethylene glycol)
PLGA -PEG

e Poly (z-caprolactone) - poly(ethylene glycol) PCL -PEG

1.2.4 Solid lipid nanoparticles

Solid lipid nanoparticles (SLNs) are lipid based submicron
colloidal carriers and found solid at room temperature. They
are used as alternative drug delivery systems over the
conventional systems such as emulsions, liposomes,
polymeric microparticles or microcapsules etc. The major
advantage of the wider use of solid lipid nanoparticles is their
high physical stability, protection of labile drug encapsulated,
controlled release and excellent tolerability. SLNs are
versatile drug delivery systems and can be given by various
routes like parenteral, oral, dermal, ocular, pulmonary and
rectal etc. 4. The highly lipophllic nature of SLNs make
them capable to cross the blood brain barrier and thus
effectively used in brain targeting of many drugs such as
doxitaxel, paclitaxel and camptothecin etc and otherwise they
cannot cross the BBB. Surface modified or ligand conjugated
SLNs are used for the brain targeting of many CNS acting
drugs 221, SLNs are also widely used in tropical drug delivery,
follicular drug delivery and epidermal drug targeting by
providing extra skin hydration effect due to occlusivity.
Tropical drug delivery for the treatment of psoriasis is highly
recommended in form of solid lipid nanoparticles 231,

1.2.5 Dendrimers

Dendrimers are synthetic, well-defined and highly branched,
mono-dispersed symmetric molecular carriers. They can
exhibit superior physicochemical and rheological properties
as compared to conventional linear polymers. Regardless of
the advancements in dendrimer research, the use of
dendrimers as drug carriers is still slightly converted into the
clinical application 4. The major potential use of dendrimes
is limited to anticancer therapy 1. The major toxicity issues
related to the restricted use are their cytotoxic and hemolytic
effects on cells and tissues 121,
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1.2.6 Quantum dots

Quantum dots are heterogeneous, semiconductor nano-
crystals structures ranging from 2 to 10 nm in diameter size.
QDs are prepared from semiconductor materials via colloidal
synthesis or electrochemistry in to colloidal nano-crystals of
different shapes. They provide adequate surface area to attach
therapeutic agents for simultaneous drug delivery and in vivo
imaging in cancer treatment. QDs are used for drug loading,
targeting, controlled release, and monitoring  of
pharmacokinetics  and  biodistribution 7. Further
advancement, fluorescent carbon quantum dots (CQDs) have
developed with the potential applications in sensing, imaging
and drug delivery applications [21,

1.2.7 Fullerenes

Fullerenes, a carbon allotrope also called as “bulky balls”.
They are being investigated for drug transport of antiviral
drugs, antibiotics and anticancer agents 2% 3,

1.2.8 Nanotubes

Carbon nanotubes are tubular structures like a sheet of
graphite rolled into a cylinder capped at one or both ends by a
buckyball. Nanotubes are used as drug delivery tool in gene
therapy B%. Carbon nanotubes are also being developed in
order to be used in processes such as the addition of
antibodies to the nanotubes to create bacteria sensors %32,

1.3 Mucoadhesive Nanoparticles

Mucoadhesive novel drug delivery systems have been
extensively evolved in recent years due their important role in
drug targeting. In various studies, the potential of various
novel delivery systems such as liposomes, niosomes,
inclusion complexes, microspheres, polymeric nanoparticles,
solid lipid nanoparticles, nanostructure lipid particles, etc. in
resolving the problem associated with topical delivery of
drugs has been widely explored 3. Nanoparticle based drug
delivery systems represent a stable new advanced approach
with minimum side effects, therapeutically effective and have
excellent potential for site-specific targeted drug delivery 4.
Among various innovative drug delivery technologies,
mucoadhesive nanoparticles has been extensively used in
current research work due to their dual application as limiting
the clearance by increasing the viscosity of a drug formulation
and also by increasing the contact time through mucoadhesive
linkage between the dosage form and mucosa will result in an
enhanced bioavailability at the target site [, Mucoadhesive
polymers are favorable agents for the design and development
of controlled drug delivery systems at the target site. The
topical delivery of drugs absorbed through the skin or
mucosal lining directly get in to the blood circulation and thus
it by-pass first pass metabolism and also keep away from
enzymatic degradation in the gastrointestinal track and overall
increases the bioavailability and minimizes the side effects of
the drugs °1. The mucoadhesive phenomenon of the polymers
or mechanism of mucoadhesion is generally based on the
different chemical interactions such as hydrogen bonding and
ionic linkages between the mucoadhesive polymer and
biological membranes or mucosal tissues.

In the design and formulation of novel topical dosage forms,
various type of drug delivery tools are utilized for the
improvement in the bioavailability of poorly water soluble
drugs that are otherwise less affective after topical
administration. Many studies have reported that are
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supporting the use of nanoparticles for a wide range of
benefits including topical delivery of the various drugs.
Nanoparticles have some unique physicochemical properties
due their nanosize such as increase in water solubility and
absorption of drugs through biological membranes.
Mucoadhesive nanoparticles offer the many advantages over
the conventional drug delivery systems such as proper
attachment or binding with the mucosa increase the retention
of the dosage form at the target site, improves drug
penetration and also delivery of drugs to less approachable
sites including the GI tract, upper nasal cavity, buccal and
vaginal cavities 7). There are so many mucoadhesive
polymer used for the fabrication of mucoadhesive drug
delivery such as chitosan, thiolated chitosan, PLGA etc.
Chitosan is biodegradable and mucoadhesive semi synthetic
polymer derived from the naturally occurring chitin present in
the exoskeleton of many crustaceans. In different studies it is
reported that chitosan has also some antifungal effect, as it
can inhibit hyphal growth and spore germination of the
various fungi 38,

Mucoadhesive nanoparticles have been widely investigated
for the topical delivery of many antimicrobial and antifungal
drugs using chitosan as the mucoadhesive polymer which
improves the bioavailability of the drugs at the target site.

1.3.1 Advantages of Mucoadhesive Nanopatrticles

e Improved drug bioavailability.

o  Site specific drug delivery.

e  Rapid systemic absorption.

e More rapid onset of therapeutic action.

Prolonged intimate contact with underlying mucosa.
To improve the uptake of poorly soluble drugs.
Less amount of dose required.

e Ease of termination of therapy.

e  Decrease drug resistance.

e  Less side effects and low toxicity.
e  Better patient compliance.

2. Conclusion

This review addresses recent developments in nanomedicines,
encompassing both new and old drug delivery technologies
and innovative diagnostic approaches. A variety of nano-scale
materials, such as nanorobots and nanosensors, have been
described. These materials can be used for diagnosis, precise
delivery to targets, sensing, or activating materials in real-
time systems. |Initially, the main goals of using
nanotechnology in medicine were to improve the drugs'
solubility, absorption, bioavailability, and controlled release.
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