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The application of nanoparticles in pharmacy opens new avenues for efficient,
Published on: 22 Dec 2023 targeted, and personalized treatment strategies, revolutionizing the way diseases are

treated and managed. The application of nanoparticles in pharmacy represents a
Published by: significant advancement in the realm of drug delivery systems and therapeutic
DrSriram Publications techniques. Nanoparticles, with their unique size-dependent properties, offer a novel
approach to overcome several challenges faced in traditional pharmaceutical methods.
Firstly, the small size of nanoparticles allows for enhanced permeability and retention
2023| All rights reserved. effect, making them ideal for targeted drug delivery. This means that drugs can be
directed specifically to the site of disease or infection, reducing systemic side effects
and improving the efficacy of the treatment. For instance, cancer therapy has greatly

EY benefited from nanoparticle drug delivery, allowing for direct targeting of tumor cells

while sparing healthy tissue. Additionally, nanoparticles can be engineered to have

Creative Commons controlled release properties. This is crucial in maintaining therapeutic drug levels in
Attribution 4.0 International | the body over extended periods, reducing the frequency of dosing and improving
License. patient compliance. This aspect is particularly beneficial for chronic diseases, where

long-term medication is required.
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INTRODUCTION

Nanoparticles in pharmaceuticals represent a significant advancement in medical technology, offering
new possibilities for drug delivery and treatment methods. These tiny particles, often ranging from 1 to 100
nanometers in size, can be engineered to carry drugs, probes, or vaccines directly to targeted areas within the
body, enhancing the effectiveness and reducing the side effects of treatments. !

One of the primary applications of nanoparticles in pharmaceuticals is in targeted drug delivery. By
designing nanoparticles that can specifically target diseased cells, such as cancer cells, the drugs can be delivered
more efficiently to the affected area, minimizing exposure to healthy cells. This precision reduces side effects and
increases the efficacy of the treatment.!
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Nanoparticles are also used in diagnostic applications. They can be designed to bind to specific
biomarkers, allowing for the early detection of diseases. This is particularly useful in the diagnosis of cancers,
where early detection can significantly improve treatment outcomes.

Additionally, nanoparticles are being explored for their use in vaccine delivery. They can be engineered
to enhance the immune response to the vaccine, allowing for smaller doses or more effective vaccinations.

The versatility of nanoparticles also extends to their composition. They can be made from a variety of
materials, including lipids, polymers, and metals, each offering different advantages in terms of stability,
biocompatibility, and controlled release of the drug.

However, the use of nanoparticles in pharmaceuticals also presents challenges. The small size of
nanoparticles raises concerns about toxicity and long-term effects in the body. Ensuring the safety and
effectiveness of these particles is crucial, requiring extensive research and clinical trials.

The application of nanoparticles in pharmaceuticals marks a transformative advancement in medical
technology, offering novel methods for drug delivery and treatment. These minuscule particles, typically ranging
from 1 to 100 nanometers, are engineered to transport drugs, probes, or vaccines directly to specific bodily sites,
thus enhancing treatment effectiveness while reducing side effects.

Nanoparticles' primary role in pharmaceuticals is targeted drug delivery. By specifically targeting
diseased cells, like cancer cells, they deliver drugs more efficiently to the affected area, sparing healthy cells. This
targeted approach mitigates side effects and improves treatment efficacy. Another significant application is in the
solubilization of poorly water-soluble drugs. Nanoparticles can increase the solubility and bioavailability of these
drugs, making them more effective. This is particularly important as a large proportion of new pharmaceutical
compounds are water-insoluble. Furthermore, nanoparticles can be used to deliver multiple drugs simultaneously.
This is particularly useful in treatments where combination therapy is required. By encapsulating different drugs
in nanoparticles, they can be delivered to the target site in a synergistic manner, potentially increasing the
treatment efficacy.?

In diagnostics, nanoparticles are instrumental for early disease detection, especially in cancer, by binding
to specific biomarkers. This early detection capability can significantly enhance treatment outcomes. Vaccine
delivery is another critical application of nanoparticles. They can be engineered to boost the immune response to
vaccines, potentially reducing dosage requirements or enhancing vaccine efficacy.

The composition of nanoparticles varies, including lipids, polymers, and metals, each offering distinct
advantages in stability, biocompatibility, and controlled drug release.

Despite these benefits, nanoparticles in pharmaceuticals present challenges, particularly concerning
toxicity and long-term bodily effects. Ensuring their safety and efficacy is paramount, necessitating extensive
research and clinical trials.?

Overall, nanoparticle application in pharmaceuticals is a rapidly developing area with potential to
revolutionize medical treatments, presenting innovative solutions for drug delivery, diagnostics, and vaccine
development. However, it also brings new safety and ethical challenges that must be addressed.

Nanomaterials are of 8 types
e Liposomes
Polymer protein conjugates
Nanoparticles
Nanosomes
Dendrimers
Viruses as viral vector
e Polymer micelles
e Antibodies and conjugates.

In this paper we focus on nano particles

Properties of nano materials

Material reduces to nano scale can suddenly show very different properties compared to what they exhibit
on a macro scale, enabling unique application. For instance opaque substance became transparent (copper); insert
material became catalysts (platinum): insulator became conductors (silicon), these effects are due to decreased
size and increased surface area and are termed as ‘quantum size effects’>

Application of Nanotechnology

Indeed it is not possible to confine the wide range of application anticipated of this upcoming field.
However, based on the greatest potential to aid poor a panel of international experts (university of Toronto, joint
center of bio ethics), identified and ranked the top 10 application of nanotechnology. These are as fallows:
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1) energy storage, production and enhancement
2) agriculture productivity enhancement

3) water treatment and remediation

4) diseases, diagnosis and screening

5) drug delivery systems

6) food processing and storage

7) air population and remediation

8) construction

9) health monitoring

10)pest detection and control

According to Mihail (mike) Roco of the U.S. National Nanotechnology u. Initiatives of nanotechnology
development is of 4 generation. The current era, is that of passive nanostructures, materials designed to perform
one task. The second phase, which we are just entering introduced active nanostructures for multitasking; for
example actuators drug delivery devices, and sensor. The third generation is expected to begin emerging around
2010 and will feature nanosystems with thousand of interacting components. A few years after that, the first
integrated nanosystems, functioning (according to Raco) Much like a mammalian cell with hierarchical systems
with in systems, are expected to be developed.*

Application of Nanotechnology as applied to pharmacy
As stated above the pharmaceutical and health industries rank 4-5" of the top 10 application of

nanotechnology.
Pharmaceuticals applications are as listed below

1) Drug Delivery

2) Cancer Therapy

3) Nano particle targeting

4) Prolonged systemic circulation

5) Per oral absorption

6) Ocular delivery

7) DNA delivery

8) Vaccine adjustment

9) Improving wettability of poorly wettable solids.

Drug Delivery
Site-specific-targeted drug delivery is important in the therapeutic modulation of effective drug dose and

disease control. Targeted encapsulated drug delivery using nanoparticles are more effective for improved
bioavailability, minimal side effects, decreased toxicity to other organs, and is less costly.’
Nanoparticle based drug delivery is feasible in 2 forms

e Hydrophobic

e Hydrophilic states
through variable routers of administration, including oral, vascular and inhalation.

Nanoparticles have unusual properties that can be used to improve drug delivery. Where larger particles
would have been cleared from the body, cells take up these nanoparticles because of their size.

Complex drug delivery mechanisms are being developed, including the ability to get drug though cell
wall and into cells. Efficiency is important because many diseases depend upon processes within the cell can only
impeded by drugs that make their way into the cell.

Triggered response is one way for drug molecules to be used more efficiently drugs are placed in the
body and only activated on encountering a particular signal. For example, a drug with poor solubility will be
replaced by a drug delivery system, where both hydrophilic and hydrophobic environment exist, improving the
solubility. Also a drug may cause tissue damage, but with drug delivery, regulated drug release can eliminated the
problem. If a drug is cleared too quickly from the body, this could force a patient to use high doses, but with drug
delivery systems clearance can be reduced by altering the pharmacokinetics of the drug. Poor biodistribution is a
problem that can affect normal tissues through widespread distribution, but the particulates from drug delivery
system lower the volume of distribution, and reduce the effect on non-target tissue.®

Anticancer Therapy

Conventional anticancer treatments are nonspecific to target killing of tumor cells, may induce severe
systemic toxicity and produce drug resistant phenotypic growth. An exciting potential use of nanotechnology in
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cancer treatments is the exploration of tumors specific thermal scalpels to heat and burn tumors. Perkel (2004)
also reported that antibody-coated magnetic iron Nanoparticles were effective to heat and literally cook the
tumors.

In similar work performed in arthymic mice using antibody-coated iron Nanoparticles DeNardo et al.
(2005) showed specific targeted binding to tumors and tumor necrosis within 24 hr after therapy with better
response.” The efficacy of different antibodies conjugated to NPs, including transferring and epidermal growth
factor receptor, was examined in animal studies. In cancer therapy, enzyme-meditated liposome destabilization
and specific phospholipase activation with synergistic membrane perturbing and permeability were reported to be
more effective (Andresen et al. 2004).%

Bioactive immune stimulation and Attacking integrin expressing vasculature using nanoparticles with
gas bubbles that can explode by ultrasound are two novel approaches. Delivery of drugs to the cancer site using
nanoparticles is currently being widely investigated.

Nanoparticles such as multifunctional polymers, gold nanoshells, and carbon nanotubes are also being
used as contrast agents to identify cancer, deliver drugs, and to ablate cancer cells. Nanoparticles devices hold
great promise because they can treat cancer locally, potentially without harming the rest of the body.

Devices such as micro-cantilever sensors and tiny cameras that can operate in the body are also under
development. Micro and nano devices hold promise because they can go throughout the body to find cancer.

Cancer differ with other cells in some aspects exploiting this we candestroy cancerous cells without
harming rest of the body especially when they become resistant to drug treatment.

Some characteristics of cancer that might be taken advantage of to develop simple therapies are high
pressure in the tumor (Which is why drug delivery is difficulty). High ph levels, elevated temperature, different
elasticity of the tissue, and new vasculature and blood supply.

Biosensors to measure physiological variables such as pressure, temperature pH, cell membrane and
neural potentials, and chemical and inorganic ion concentrations are considered feasible to develop and may
identify and locate cancer without the need for complex biochemistry.

Responsive biosensors may also react to the cancer by coupling to RF signals to ablate cancer cells, or
release drugs, or radiation, or to block the vasculature. Miniature sensors that operate in the body could be
developed based on electro-mechanical-systems built from Nanoparticles such as nanotubes, nanowires,
nanobelts, and nanosphere chains that have smart materials properties.

Devices that could be fabricated from responsive materials include inductors and solenoids built from
nanowires and coiled nanotubes, electronic components such as transistors, antennas, and wires, and simple
motors and pumps. Three factors must be considered to develop responsive materials as medical devices for in
vivo applications: (I) delivery; (ii) monitoring; and (iii) retrieval of the devices. It is conceivable to develop a sub-
millimeter diameter sensor device with a mm long antenna tail:

Concept in-body responsive device
Injectable wireless tumor sensor. (Image: including sensing, actuation, and power generation.

Intra Cellular Targeting

The need for antibiotics with greater intracellular efficacy led to the development of endocytosable drug
carriers including nanoparticals which mimic the entry path of the bacteria by penetrating the cells into
phagosomes and lysosomes. The objectives is to develop nanostructured smart drug delivery devices capable of
passing extra-and intracellular biological barriers. E.g.: effectiveness of ampicillin loaded polyhexylcyanoacrylate
nano particles was for salmonellosis.

Implantable Delivery System’

Nanotechnology is also opening up new opportunities implantable delivery systems in which are often
preferable to the use of injectable drugs, because the latter frequently display first-order kinetics (the blood
concentration goes up rapidly, but drops exponentially over time). This rapid rise may cause difficulties with
toxicity, and drug production of protein, as opposed to extracellular deposition, stimulates both arms of the
immune sustem.

The key ingredient of polynucleotide vaccines, DNA, can be produced cheaply and has much better
storage and handling properties than the ingredients of the majority of protein-based vaccines. Hence,
polynucleotide vaccines are set to supersede many conventional vaccines particularly for immunotherapy.
However, there are several issues related to the delivery of polynucleotide which limit their application. These
issues include efficient delivery of the polynucleotide to the target cell population and its localization to the
nucleus of these cells.

Nanoparticles loaded with plasmid DNA could also serve as an efficient sustained release gene delivery
system due to their rapid escape from the degradative endo-lysosomal compartment to the cytoplasmic
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compartment. This gene delivery strategy could be applied to facilitate bone healing by using PLGA nanoparticles
containing

Topical Delivery

Nano Markets also suggests that nanomaterials provide a unique opportunity for rapid topical Delivery
of active compounds. Given their very small size, nanoparticles are able to enter human tissues and cells quickly
and companies such as Novavax have already developed regulated topical systems that take advantage of the
unique properties of micellar nanoparticles. Erapeutic genes such as bone morphogenic protein.

Improving bioavailability

Liposomes, “fat bodies” in Greek, have been known within the scientific community for decades. Indeed,
the normal human digestion of fats includes our bodies making these bioavailable by encapsulating them in
liposomes (150nm) or emulsifying them in even smaller micelles (<50 nm). Since 1960’s liposomes have been
recognized as safe and effective carriers of biologically active ingredients to specific targets with a variety of
therapeutic applications. Because liposomes are uniquely versatile, they have been long been safely utilized in
such diverse applications as pharmaceuticals, cancer therapy, gene manipulation, and cosmetics.

Nano crystal is another method designed to improve the delivery of poorly water-soluble drugs by
transforming them into nanometer sized particles, typically less than 1000 nm in diameter, which are produced by
milling the drug substance using a proprietary wet-milling technique. The NanoCrystal particles of the drug are
stabilized against agglomeration by surface adsorption of select stabilizers. The results is an aqueous dispersion
if the drug substance that behaves like a solution, a “Nano Crystal Colloidal Dispersion” which can be processed
into finished-dosage forms.'’

This device could be delivered and injected into the body to receive, sense, and transmit limited
information about physiological varuables that could identify a tumor.

Ton flux propulsion might provide mobility of the device. On a smaller scale, micron size electronic responsive
particles could circulate in the blood stream and receive wireless signals to release drugs, or heat to kill cells, or
vibrate to clean arteries and report their location as the sensor circulation in the body.

A still simpler responsive-material approach is to use micron size particles functionalized with antibodies
to capture cancer cells in the blood, or the particles could sample fluids from certain areas of the body based on
capillarity.

Concept in-body responsive device

Circulating magnetic microsphere with antibodies to capture cancer cells for examination outside the
body. (Image: Prof.Schulz)
The sensor or functionalized particles would be magnetically removed from the blood and analyzed to identify
metastasis potential.

Sunscreens and Cosmetics

Nanosized titanium dioxide and zinc oxide are currently used in some sunscreens, as they absorb and
reflect ultraviolet (UV) rays and yet are transparent to visible light and so are more appealing to the consumer.
Nanosized iron oxide is present in some lipsticks as a pigment but it is our understanding that it is not used by the
European cosmetics sector. The use of Nanoparticles in cosmetics has raised a number if concerns about consumer
safety.!!

Medical Implants

Current medical implants, such as orthopedic implants and heart valves, are made of titanium and
stainless steel alloys, primarily because they are biocompatible.

Unfortunately, in some cases these metal alloys may wear out within the lifetime of the patient.
Nanocrystalline zirconium oxide (zircinia) is hard, wear resistant, bio-corrosion resistant and bio-compatible. It
therefore presents an attractive alternative material for implants. It and other nanoceramics can also be made as
strong, light aero gels by sol-gel techniques. Nanocrystalline silicon carbide is a candidate material for artificial
heart valves primarily because of its low weight, high strength and intertness.'?

Nanoparticles For Gene Delivery

Polynucleotide vaccines work by delivering genes encoding relevant antigens to host cells. Where they
are expressed, producing the antigentic protein within the vicinity of professional antigen presenting cells to
initiate immune response. Such vaccines produce both humoral and cell0mediated immunity because
intracellular.'?
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