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Abstract

The pharmaceutical sector is undergoing a transformation as a result of the facilitation of
ground-breaking approaches by nanotechnology for the development and manipulation of new
materials on a nanoscale level. The creation of methods that are more exact in the delivery of
pharmaceuticals is an interesting and potentially fruitful application of nanotechnology in the
pharmaceutical industry. It is possible to use nanoparticles to carry medicines specifically to
the cells or tissues where they will have the most benefit, hence reducing the likelihood that
the medicines may also cause unwanted side effects. If the bioavailability and solubility of
these pharmaceuticals were enhanced by nanoparticles, then it would be much simpler to
deliver medications that only have a very low degree of water solubility. A further potentially
fruitful application of nanotechnology is in the development of cutting-edge diagnostic
instruments for the early diagnosis of disease. In spite of the glaring advantages, questions have
been raised concerning whether or not nanoparticles are safe and whether or not the
manufacturing method can be easily scaled up. Nanotechnology, on the other hand, has the
potential to significantly improve both the efficacy and safety of pharmaceuticals and to pave
the way for the development of customised medicine. Both of these areas, however, require
additional research and development.
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1.1 The origin Nanotechnology

In the 1950s, physicist Richard Feynman gave a lecture titled "There's Plenty of Space at the
Bottom,” in which he highlighted the potential for influencing matter at the atomic and
molecular levels. The concept that would develop into nanotechnology has its roots in this talk.
It wasn't until the development of better microscopy methods in the 1980s that nanotechnology

emerged as a distinct discipline[1].

The scanning tunnelling microscope (STM) was invented in 1981 by Gerd Binnig and Heinrich
Rohrer, and it enables the observation and manipulation of individual atoms on a surface. The
scanning tunnelling microscope's capacity to "tunnel™ through solids made this outcome
attainable. Because of this breakthrough in microscopy, new high-resolution imaging
techniques may be developed, such as the atomic force microscope (AFM), which uses a tiny
probe to create an atomic-scale map of a material's surface. In the not-too-distant future, we
can anticipate the introduction of other high-resolution imaging methods. As technology
advanced, scientists were able to study and manipulate individual atoms, opening the door to a
new frontier of research: the nanoscale. Originally published in 1986, Eric Drexler's "Engines
of Creation™ is widely recognised with sparking widespread interest in nanotechnology and
proposing the concept of nanorobots, which can assemble complex structures atom by atom|[2].

New materials, sensors, and electronic devices were developed thanks to advancements in
nanotechnology throughout the 1990s and early 2000s. In 1991, scientists from IBM created
the first carbon nanotube. It is an electrically and mechanically unique substance that is also
remarkably strong and lightweight. The year 2000 marked the beginning of the era of
nanomedicine and precision drug delivery with the approval of the first nanoparticles for
medical use. Nanotechnology is a rapidly developing science that is already having significant
impacts in numerous industries, including electronics, medicine, energy, and many more.
Nanoscale materials exhibit unique characteristics, which are being studied by scientists as they
create novel methods for influencing and regulating matter at this scale. Although
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nanotechnology is still in its infancy, research and development are continuing because of the
potentially far-reaching effects it could have on civilization[3].

1.2 key concepts behind nanotechnology and nanoparticles:

Producing materials and devices with nanotechnology is a bottom-up process, meaning that
atoms and molecules are employed as building blocks. This strategy, known as the bottom-up
approach, involves building from the ground up as opposed to the top-down strategy, which

entails dismantling large materials into smaller pieces[5].

Self-assembly is a process whereby materials at the nanoscale level can form a wide range of
complex structures. This is because the physical and chemical laws that govern materials at this

scale differ from those that govern materials at the macroscopic level.

Size-dependent characteristics Nanoscale qualities are those that can only be attained by
manipulating a material to a very specific size. This suggests that a material's nanoscale
properties may be very different from its macroscopic ones. Methods from a wide range of
disciplines Engineering, physics, chemistry, biology, and materials science are only some of

the disciplines whose insights are essential to the development of nanotechnology.

In the range of one to one hundred nanometers, nanoparticles are approximately a thousand
times smaller than the width of a human hair. They differ in characteristics from their bulk
counterparts and can be built from a wide range of materials including metals, semiconductors,

and polymers.

One of the most defining features of nanoparticles is their exceptionally large surface area in
relation to their total volume. For this reason, they are able to respond to and interact with their
environment in highly unusual and creative ways, as their surface area is far greater than their
volume. Compared to smaller particles, those that are substantially larger in volume have a
much smaller surface area. For instance, research has shown that gold nanoparticles, because

of their small size, display a wide variety of intriguing optical and electrical properties[7].
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The potential for nanoparticles to traverse the body's defence mechanisms opens up a wide
range of medical uses for this form of nanotechnology. They can be directed to seek out specific
cell types or regions, and then tailored to transport therapeutic substances to those areas.
Nanoparticles may also be used as diagnostic instruments, allowing for earlier disease detection
than is now achievable with more traditional methods[8].

Yet, nanoparticles' microscopic size and intense chemical reactivity heighten concerns about
their possible adverse impacts on human health and the environment. Researchers are working
hard to learn more about the potential toxicity of the nanoparticles and to develop secure

methods for handling and disposing of the particles.

Nanoparticles could revolutionise several fields, from medicine to the production of electronics
to the power industry. But we need to keep digging into their characteristics and potential

ramifications to make sure they're utilised safely and responsibly[9].

1.3 Use Case of Nanotechnology and nanoparticles

Nanotechnology develops, manufactures, and manipulates nanoscale materials and
technologies. Nanometers (1ne billionth of a metre) require direct interaction with individual

atoms and molecules.

Nanotechnology creates new materials and gadgets with nanoscale characteristics. This

research could improve the medical, electrical, energy, and other sectors[2].
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e As well as being used to

e Nanoscale sensors for disease diagnostics are being developed.

e Boosting solar panels and batteries

e Strengthening and lightening materials for aerospace and transportation

e Nano coating electronics and medical equipment.

Nanotechnology keeps revealing new discoveries. Nanotechnology has significant social

impacts. The use of this advanced technology has been increasing at a rapid pace, and this is
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Figure 1. Plot shewing the increase in pharmaceutical patent/
patent applications referring to nanometre dimensions in
their text.

not surprising as it provides an efficient and advanced method to produce what we failed to
imagine could be possible earlier. The figure below shows the advancing and rapidly increasing

numbers related to the use of nanotechnology[1].

1.4 Use of Nanotechnology in pharmaceutical industry

In many ways, the medical and pharmaceutical fields stand to benefit the most from
nanotechnology, which describes the practice of developing and manipulating materials on a
small scale. Because of the possibility of developing more effective and targeted medications
and enhanced drug delivery systems, the use of nanotechnology in the manufacturing of
medicine has attracted the interest of a great number of researchers and pharmaceutical
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companies. We'll discuss the advantages and disadvantages of using nanotechnology in the
pharmaceutical industry to develop new treatments.

One of the primary uses of nanotechnology in the pharmaceutical sector is the development of
targeted medication delivery systems. When a medicine is administered in the conventional
way, it may be distributed all over the body. This may lower the effectiveness of the medicine
and may produce side effects. But, with the help of targeted drug delivery, medications can be
sent straight to the source of the issue. In addition to lowering the potential for negative effects,

this boosts the treatment's efficiency.

Nanoparticles can be used to transport medications to their target cells or tissues. The
interactions of these nanoparticles with cells and tissues can be modulated by tailoring their
size, shape, and surface charge. For instance, chemotherapeutic drugs can be delivered directly
to the tumour using nanoparticles that have been developed to exclusively target cancer cells,

sparing normal tissue as much as possible[4].

To further improve drug efficacy, nanoparticles can be used to increase drug solubility and
bioavailability. Drugs that are poorly soluble in water are famously difficult to administer and
often have reduced potency as a result. Medication distribution throughout the body can be
improved by encapsulating them in nanoparticles, which make the drugs more water-soluble.
Nanoparticles can also stop pharmaceuticals from breaking down in the body, which increases

both their bioavailability and their effectiveness[6].

Nanotechnology has promising applications in several fields, one of which is the development
of diagnostic instruments. The ability to tailor nanoparticles to preferentially bind to certain
biomolecules like proteins or DNA suggests that this technology may one day be utilised to
detect diseases in their earliest stages. Nanoparticle-based diagnostic tools show promise as a
more sensitive and accurate alternative to current medical practices. The development of a

disease and the body's response to treatment can be tracked with the help of these instruments.
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While nanotechnology has enormous promise for improving the pharmaceutical industry, there
are still several issues that need to be resolved before it can be fully put to use. One of the most
serious concerns is whether or not nanoparticles pose any health risks to humans. Nanoparticles
are so small that they can enter cells and tissues and perhaps cause harm through unexpected
interactions. Furthermore, nanoparticles may accumulate in specific organs or tissues, which

may cause long-term damage.

To ensure the safety of nanoparticle-based therapies, it is crucial to investigate how these
particles behave in the body and to establish appropriate safety guidelines. Having a firm
understanding of the nanoparticles' biocompatibility, biodistribution, and elimination from the
body is essential.

To further utilise nanotechnology in the development of pharmaceuticals, the scalability of the
production process must be addressed. Many nanoparticle-based therapies are currently
manufactured in tiny batches, which can be both time-consuming and costly. Manufacturing
technologies that are both efficient and less expensive will need to be developed to make these

medicines more widely available.

Yet, despite these caveats, the application of nanotechnology in the pharmaceutical industry
has the potential to greatly enhance the efficacy and safety of medicines and to pave the way
for the creation of innovative diagnostic devices. Because of this, scientists in the
pharmaceutical sector are presently investigating this topic.

Many pharmaceutical firms have already begun spending money on developing
nanotechnology-based medicines. Like the nanoparticle-based cancer drug Abraxane
developed by Abraxis BioScience. The chemotherapeutic drug paclitaxel is delivered to the
tumour cells in this treatment[3]. This medication has been shown to be more effective than

standard chemotherapy while causing fewer side effects.

BIND Therapeutics, a separate company, has developed a platform with the addition of
nanoparticles to facilitate individualised drug delivery. Accurins is a device that allows precise

targeting of specific people[6].
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1.5. Types of nanoparticles use in pharmaceutical industry

Nanoparticles are particles that are extremely small, often ranging in size from one nanometer
to one hundred nanometers. Because of their one-of-a-kind physical, chemical, and biological
features, these particles are fascinating for use in a wide variety of various spheres of research.
These properties have served as a source of inspiration for innovative drug delivery systems
developed by the pharmaceutical industry, which have improved the efficiency as well as the
safety of the administration of medication. In this section, we will talk about the vast array of

nanoparticles that can be found in the pharmaceutical sector.

1. Liposomes
Liposomes are vesicles that have a phospholipid bilayer on the outside and water on the inside.
Its exterior is formed of a phospholipid bilayer. The shape of their bodies is spherical. They
can be loaded with medications that are either hydrophilic or hydrophobic, and then they can
be administered to particular places in the body. Because of their great biocompatibility and
low toxicity, liposomes have the potential to become an effective vehicle for the delivery of
drugs. By coating them with ligands that attach themselves to certain receptors, it is possible

to direct them to a particular organ or tissue of the body.
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Figure 1.1: liposome
2. Nanoparticles made of synthetic polymers
The term "polymeric nanoparticles” can be applied to particles that are either manufactured
from biodegradable or non-biodegradable polymers. They are added to medications during the
encapsulation process so that the medications do not become metabolized in the body.
Polymeric nanoparticles can be produced in a broad variety of sizes, shapes, and surface
charges due to their versatility as a vehicle for the administration of drugs. This is made
possible by the fact that polymeric nanoparticles can be synthesized. The targeted distribution

of a substance to a particular organ or tissue can be achieved by include ligands in the
formulation that bind to the receptors of interest.
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Figure 1.2: polymer based Nanoparticles

3. Dendrimers
In the nanoscale, dendrimers are highly branched nanoscale polymers that are monodisperse
and homogeneous. Due to the fact that their surfaces include a variety of functional groups,
they are interesting possibilities for the delivery of medication. Dendrimers offer a wide variety
of possible applications, some of which include the encapsulation of drugs and the
transportation of substances through conjugation. It is possible to direct their delivery to
particular organs or tissues by coating them with ligands that bind to specific receptors and
then applying those coatings. Moreover, a number of different substances are capable of being

placed onto them.
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4. Carbon atoms encased in tiny tubes
Carbon nanotubes are extremely thin tubes that are constructed out of single-walled carbon
nanotubes. Because of the unique chemical and physical qualities that they possess, they could
be considered as a possible candidate for use in the delivery of drugs. It is possible to direct
medications, proteins, or antibodies to particular parts of the body by affixing them to carbon
nanotubes and using this method. In the realm of gene therapy, they also have the potential to

be employed as vectors.

5. Gold nanoparticles at the nanoscale
In this discussion, a "nanoparticle™ is understood to be a spherical particle, whilst "gold" is
understood to refer to a metal. Because of their unique optical and chemical features, they
present an intriguing prospect for use as a vehicle for drug delivery. By conjugating
pharmaceuticals to the surface of gold nanoparticles, it is possible to employ these particles to
transport medications to the places where they are needed. Imaging and sensing are two more
applications that may be performed with them, making them valuable diagnostic equipment.

11
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Figure 1.5: Gold Nanoparticles
6. Nanoparticle magnets
Nanoparticles consisting of magnetic materials, such as iron oxide, fall under the category of
magnetic nanoparticles. Because of their peculiar magnetic properties, they hold great promise
as a potential vehicle for the delivery of pharmaceuticals. The production of a magnetic field
makes it possible to direct magnetic nanoparticles to particular locations within the body. They

also have use in diagnostic imaging for the medical field.

12
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To sum everything up, the pharmaceutical industry's adoption of nanoparticles has brought
about a fundamental shift in the way in which patients take their prescriptions. Because of the
unique combination of their physical, chemical, and biological features, nanoparticles have the
potential to be used in a diverse array of contexts. The pharmaceutical business makes use of a
wide variety of nanoparticles, including but not limited to liposomes, polymeric nanoparticles,
dendrimers, carbon nanotubes, gold nanoparticles, and magnetic nanoparticles. These
nanoparticles have enhanced the safety profile of existing medications while also increasing
the therapeutic alternatives for use with those drugs.

13
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Chapter Two

Purpose of the study
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Purpose of the study

2.1 Purpose of the study

The pharmaceutical industry relies on nanotechnology for many reasons along with this .

Traditional medicine dose might enhance negative effects and decrease therapeutic efficacy.
Targeted drug distribution eliminates this issue. Tailored medicine administration reduces side
effects and improves efficacy. Nanoparticles deliver drugs.

Water-insoluble medicines might hinder delivery and efficacy. Water-soluble nanoparticles
improve drug delivery. Nanoparticles prevent pharmaceutical breakdown, boosting
bioavailability and efficacy.

Diagnosed Nanoparticles can bind proteins or DNA to detect diseases early. Nanoparticle-
based diagnostics may be more precise than current medical procedures. These technologies

monitor sickness and treatment response.

Customised nanoparticles affect cellular and tissue responses for more precise medicinal
interventions. particle size, shape, and surface charge. This could make medicine delivery safer
and more effective. Precision medicine improves outcomes and reduces negative effects by

customising treatments.

Pharmaceutical nanotechnology could improve treatment efficacy and safety and offer new

diagnostic tools. Pharmaceutical R&D has yielded promising results.

15
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Chapter Three

Methodology
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3.1 Methodology

A methodological review not only supplies a framework for research operations, but it also
delivers a wide variety of procedures for the gathering and analysis of data. This is because a
methodological review provides a framework for research operations. This is due to the fact
that a methodological review gives a structure for the activities of research. This chapter
contains an in-depth discussion on the methods and applications of nanotechnology, as well as
an examination of these topics in relation to the subject of medicine. Also included in this
chapter is an overview of the implications of nanotechnology for the future of the
pharmaceutical industry. The entirety of the data that was compiled from a wide variety of
sources, including but not limited to journals, web-based search engines, and the research portal
PubMed, amongst others. This compilation was carried out from a wide range of sources. This
is an appropriate platform for learning how to improve pharmacology, and it can assist discover
some practical strategies such as targeted drug distribution, disease detection, and
identification. Also, it can assist in the discovery of some useful tactics. Also, the
pharmaceutical sector is able to expand their medication production field as a result of this,
which may be used to generate profits from this. This could be used to one's advantage in order
to benefit from this. all of the information that has been gathered after being culled from a wide
variety of study papers and websites of varying types that have been made available to the
public. As well as personal research and data collection methods have been used to come to a

conclusion.
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Chapter Four

Nanotechnology use in the treatment of

disease
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4.1Use of nanotechnology in the treatment of diseases

Nanotechnology has the potential to greatly advance our understanding of cancer and its
treatment. Cancer is a complex disease that affects millions of people throughout the world,
and despite advances in standard treatments, there is an urgent need for more efficient and
innovative approaches. Nanotechnology's ability to manipulate matter at the nanoscale level
offers novel benefits for the treatment of cancer, since it can lead to more targeted and efficient
delivery of cancer medicines to cancer cells. Nanotechnology is what allows for these benefits

to exist.

Cancer treatment:

One of the most promising uses of nanotechnology in cancer treatment is the creation of
nanocarriers to transport drugs. Cancer medicines that are too large to go into the bloodstream
can be encapsulated in nanocarriers, which can then be delivered to specific organs. This
approach may improve the efficacy of cancer treatment and reduce the harmful side effects of
standard chemotherapy by focusing on the cancer cells specifically. Nanocarrier drug delivery
has shown promising results in clinical trials, and several nanocarrier-based therapies have

been approved for the treatment of cancer.

One such way in which nanotechnology is being applied to cancer treatment is through the use
of nanosensors for the diagnosis of the disease. In order to identify specific biomolecules that
have been associated to cancer, nanosensors are used. These gadgets can be used externally or
surgically placed within the body to detect cancer at an earlier stage. This improves the chances

of a good therapeutic outcome.

Imaging using nanoparticles:

Another possible use for this technology is in cancer imaging using nanoparticles.
Nanoparticles can be engineered to transport imaging agents, facilitating the detection of cancer
cells inside the body. This can be very helpful when trying to locate cancer in inaccessible

areas, like the brain.

In addition to drug delivery, cancer detection, and cancer imaging, nanotechnology is being
studied for its potential use in the treatment of various types of cancer, such as photothermal

19
©Daffodil International University



The use case of nanotechnology and the implementation of
nanoparticles in the field of medicine

therapy and gene therapy. Nanoparticles are employed in photothermal therapy to absorb light
and convert it to heat, which can kill cancer cells. The term "photothermal treatment” describes
this method. Nanoparticles are used in gene therapy to transport genetic material to cancer cells,
where it can inhibit tumour growth or stimulate the immune system to fight the malignant

tissue.

In general, the use of nanotechnology in cancer research and treatment has the potential to
significantly enhance the field. Several nanotechnology-based cancer therapies are still in the
research and development stage, but they have shown amazing promise in improving cancer
treatment and reducing the harmful side effects of traditional chemotherapy. If research and
development efforts are maintained, nanotechnology may one day give cancer patients with

novel and more effective therapy options.

Cardiovascular disease treatment :

Cardiovascular disease and disorder Worldwide, cardiovascular disorders account for a
staggering percentage of all fatalities. Stroke and heart disease are examples of such conditions.
Nanoparticles are being studied as a potential delivery system for pharmaceuticals and gene
treatments in the treatment of cardiovascular diseases. Another application for nanoparticles is
in the development of targeted therapeutics, such as the delivery of drugs to particular cells

within the heart. These treatments showcase one potential application of nanoparticles.

Alzheimer’s disease treatment

Millions of people all around the world suffer with Alzheimer's disease, a neurodegenerative
disorder that causes cognitive decline. Alzheimer's disease is characterised by inflammation
and the accumulation of beta-amyloid plaques. Nanoparticles can transport medicines to the
brain, where they can lower inflammation and stop the buildup of beta-amyloid plaques.

Diabetes is a chronic disease that impairs the body's capacity to maintain healthy blood sugar
levels. The term "the sugar sickness™ is sometimes used to allude to diabetes. Nanoparticle-
based insulin delivery devices have been shown to be more efficient at controlling blood sugar
levels than conventional insulin injections. Instead of injecting insulin, you can employ a

nanoparticle-based delivery system.

Diseases caused by germs:

20
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The use of nanotechnology in the search for and development of new treatments for infectious
diseases such as viruses and bacteria is one promising field of study. Nanoparticle-based
antiviral and antibacterial medications may be more successful than current treatments because
of their smaller size and ability to penetrate cell membranes. Furthermore, nanoparticles can
be used to create more efficient and accurate diagnostic tools for the detection of infectious
disorders.

Genetic diseases:

Mutations in the genes that direct the production of specific proteins in the body are the
underlying cause of genetic illnesses, which can be handed down from generation to
generation. Genetic abnormalities can be passed down via families. Gene therapies that fix
these errors and restore the body's ability to create the missing proteins can be delivered via

nanoparticles. Nanoparticles can be used to administer these gene treatments.

In summary, the use of nanotechnology has the potential to cure or effectively treat a wide
variety of ailments. Whereas a great deal of study is still required to guarantee the safety and
efficacy of nanotechnology-based medicines, the potential benefits are huge. Nanotechnology-
based medicines have the potential to generate novel and more effective therapeutics for a
number of today's most complex diseases if research and development efforts are maintained

in the appropriate domains.
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5.1 Future prospects of nanotechnology

The field of nanotechnology has seen amazing growth over the course of the past few years,
and there is reason to be optimistic about its future. Because of its ability to affect matter on an
extremely minute scale, nanotechnology has the potential to revolutionise a wide variety of
subfields within the scientific and technological communities. The following is a list of some
of the possible future applications of nanotechnology:

The application of nanotechnology in the field of medicine may herald the beginning of a new
age in terms of the diagnostic and therapeutic options available. A more targeted distribution
of medication, which can be achieved with the assistance of nanoparticles, may result in a rise
in the effectiveness of the treatment while simultaneously lowering the risk of unwanted side
effects. In addition, nanotechnology can be utilized in the treatment of cancer in its early stages,
regenerative medicine, and gene therapy.

The ever-increasing demand for energy sources that are both sustainable and kind to the
environment is something that could be helped along by the application of nanotechnology.
Using nanoparticles as a means to improve the performance of solar cells and other forms of
energy storage systems is a win-win situation for everyone involved. Another application of
nanotechnology is the creation of innovative materials for the generation and storage of energy.
Environment: There is a possibility that nanotechnology could be used to help alleviate
environmental issues such as pollution and climate change. Nanoparticles may find use in a
variety of applications, including the cleaning of water and air as well as the enhancement of
the quality of soil. In addition, nanotechnology can be put to use in the manufacturing of brand-
new materials that are not only better for the environment but also last for a longer period of
time.

The application of nanotechnology in the realm of electronics has made it feasible to produce
electronics that are smaller, faster, and more efficient in their use of energy. The inclusion of
nanoparticles into the design of electronic devices, such as computers, cellphones, and sensors,
has the potential to improve the performance of those devices. Another use for nanotechnology
is the creation of innovative materials that can be used in the fabrication of flexible and
wearable electronic devices.

One of the potential uses of nanotechnology in agriculture is to increase crop yields while
simultaneously reducing dependency on chemical pesticides and fertilizers. Nanoparticles have
a wide range of potential applications, including the control of plant growth, the treatment of
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disease, and the delivery of nutrients. One such potential use of this technology is in the process
of preserving and protecting food through the use of packaging and nanotechnology.

During the course of the manufacturing process, nanotechnology can help in the synthesis of
new materials as well as the improvement of already established production techniques.
Nanofabrication, often known as 3D printing, and precision manufacturing are both able to
make use of nanoparticles in many applications. In addition, industries such as aerospace,
automotive, and construction can all profit from the development of new materials made
possible by nanotechnology.

In conclusion, the scope and interest of the prospective applications of nanotechnology in the
foreseeable future are both highly extensive and exciting. If research and development efforts
are sustained, nanotechnology has the potential to not only improve the quality of life that we
live, but also to solve many of the most significant challenges that the world is now facing,
provided that these efforts are maintained. On the other hand, it is absolutely necessary to
ensure that nanotechnology is produced and used in a responsible manner, taking into mind

issues relating to both safety and ethics.
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6.1 limiting factors and obstacles during the research

Although nanotechnology has the potential to improve the pharmaceutical industry, there are
still several obstacles in the way of drug production. The following are some of these

limitations:

Perils Associated with Personal Security One of the primary concerns generated by the
application of nanotechnology to the pharmaceutical industry is the safety of nanoparticles.
Nanoparticles are so small that they can enter cells and tissues and perhaps cause harm through
unexpected interactions. Furthermore, nanoparticles may accumulate in specific organs or
tissues, which may cause long-term damage[11]. Therefore, it is crucial to conduct in-depth
studies into the ways in which nanoparticles interact with the body and to propose appropriate

guidelines for maintaining public safety.

Incorporating Scalability into Production Several medications based on nanoparticles are
currently manufactured in extremely small quantities, which can be both time-consuming and
costly. The concept of scalability in manufacturing was developed with the intention of solving
this problem. Manufacturing technologies that are both efficient and less expensive will need
to be developed to make these medicines more widely available.

Challenges Presented by Regulations Since the field of nanotechnology-based pharmaceutical
development is still in its infancy, there are few regulations in place to ensure the security and
efficacy of nanoparticle-based therapies. Many difficulties arise from this situation. That's why
it's crucial to establish effective regulations and norms to guarantee these therapies are safe and
effective[12].

The use of nanotechnology in drug production can raise prices due to the specialised machinery
and materials needed for this process. Due to the high expense, these treatments may be out of

reach for some people.

Nanoparticles are notoriously ephemeral, and their properties may change several times
throughout the course of their existence. Because of this, storing and transporting nanoparticle-

based medicines can be challenging and may reduce their efficacy.
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There is still a lot about the behaviour of nanoparticles within the body that is not known,
despite the tremendous progress that has been made in the industry. This raises concerns about

our ability to predict their effects and establish reliable safety standards.

While there is no doubt that incorporating nanotechnology into the pharmaceutical industry has
the potential to greatly improve the efficacy and safety of medications, there are also a number
of limitations that must be worked with. In order to guarantee the safety and efficacy of these
treatments and the accessibility of them to those who require them, it will be crucial to solve

these limitations[13].
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7.1 Result

Nanotechnology has radically altered the pharmaceutical industry by providing new methods,
equipment, and materials for creating medicines, diagnostics, and therapies. Particles
measuring between 1 and 100 nanometers in size have special characteristics that make them
useful in healthcare. The ability to penetrate biological barriers like the blood-brain barrier is
just one example of these characteristics.

Nanotechnology has showed promise in the creation of targeted drug delivery systems, one
field of medication production. Drugs can be administered more precisely to the site of action
and with greater therapeutic efficacy if they are attached to nanoparticles. Furthermore, the
drug's release can be timed by the use of designed nanoparticles with features such as pH or

temperature sensitivity.

The creation of biosensors for the detection of disease-related biomarkers is one diagnostic
application of nanoparticles. The development of ultra-sensitive and -selective biosensors has
opened the door to early illness diagnosis.

Nanotechnology's promise has also been recognized in the field of regenerative medicine.
Growth factors and other signaling molecules can be sent to damaged tissues using

nanoparticles to speed up the healing process.

Increased therapeutic efficacy, less side effects, and enhanced diagnostic capabilities are only
few of the possible outcomes of using nanotechnology to the pharmaceutical industry.
However, other possible safety problems, such as nanoparticle toxicity and environmental
effect, need to be addressed as well. Therefore, more study is required to completely
comprehend the advantages and disadvantages of using nanotechnology in pharmaceutical

manufacturing.
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7.2 Discussion

The use of nanotechnology in medicine manufacturing has shown considerable promise in
recent years, presenting a wide range of potential benefits for the development of innovative
medications, diagnostic instruments, and therapeutic agents. This study sought to give a
complete scientific analysis of the current state of nanotechnology application in medicine

production, and to investigate its potential benefits and problems.

One of the primary advantages of adopting nanotechnology in medication production is the
ability to target certain tissues or cells with high specificity. By attaching medications or
diagnostic agents to nanoparticles, they can be administered specifically to the site of action,
decreasing systemic exposure and minimising side effects. In addition, nanoparticles can be
made to have certain features, such as pH or temperature sensitivity, allowing for controlled

release of the payload in response to specific stimuli.

Another area where nanotechnology has shown potential in medicine production is in the
creation of regenerative medicine therapy. Growth factors and other signalling molecules can
be sent to damaged tissues using nanoparticles to speed up the healing process. This method
has been demonstrated in a range of preclinical settings, including nerve regeneration and bone
healing.

However, there are also problems and potential hazards linked with the use of nanotechnology
in medication manufacture. One key problem is the potential toxicity of nanoparticles, which
might generate undesirable biological consequences if they are not carefully constructed and
evaluated. It is crucial to ensure that nanoparticles used in medication manufacture are

biocompatible, and that they do not collect in the body or trigger immunological reactions.

Another challenge is the potential environmental impact of nanoparticles employed in
pharmaceutical manufacture. As nanoparticles are widely used in consumer products and
medical devices, they may find their way into the environment and have unforeseen

implications on ecosystems and human health.
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Overall, this study illustrates the possible benefits and limitations related with the use of
nanotechnology in medication production. While there are still many unanswered concerns and
uncertainties, it is obvious that nanotechnology has the potential to change the field of medicine
and enhance patient outcomes. Further research is needed to fully understand the benefits and
hazards connected with the use of nanotechnology in medicine production, and to generate safe

and effective nanomedicine products.

7.3 Conclusion

The application of nanotechnology in drug production could significantly alter how we
approach illness detection, treatment, and prevention. Nanoparticles can be engineered to have
specific characteristics, allowing for more precise drug delivery and better imaging and
diagnostic tools. The ability to alter and control the properties of these particles at the nanoscale

provides new avenues for creating more efficient and safer pharmaceuticals.

The use of nanotechnology in the production of medications has the potential to significantly
improve the industry, but there are still a number of limitations and challenges that must be
overcome. Some of these include worries about toxicity, trouble with complying with
regulations, and moral dilemmas. Extensive study and testing, as well as the creation of suitable
regulations to govern their implementation, are necessary to ensure the safety and efficacy of

these technologies[7].

The use of nanotechnology in the pharmaceutical industry is a rapidly expanding field with
enormous promise to improve healthcare outcomes. There have been several encouraging
advances in this area thanks to the pharmaceutical industry's extensive investment in R&D. As
long as money and time are put into exploring the potential of nanotechnology in the
pharmaceutical industry, new and exciting uses of this field of study will emerge in the years

to come[4].

31
©Daffodil International University



The use case of nanotechnology and the implementation of
nanoparticles in the field of medicine

Chapter Eight

©Daffodil International University

32



The use case of nanotechnology and the implementation of
nanoparticles in the field of medicine

Reference

1. Mashaghi S, Jadidi T, Koenderink G and Mashaghi A: Lipid nanotechnology. Int J Mol
Sci. 14:4242-4282. 2013.PubMed/NCBI View Avrticle : Google Scholar
Sim, S., & Sim, S. (2021).
2. Nanotechnology and its use in imaging and drug delivery (Review). Biomedical
Reports, 14, 42. https://doi.org/10.3892/br.2021.1418:
3. Paul Chapman (2005) Nanotechnology in the pharmaceutical industry, Expert Opinion
on Therapeutic Patents, 15:3, 249-251, DOI: 10.1517/13543776.15.3.249

4. A passion for nanotechnology in medicine: Black in Nanotech Week cofounder Olivia

Geneus on inspiring new nanoscientists &ndash; Physics World. (2020, December 3).

Physics World. https://physicsworld.com/a/a-passion-for-nanotechnology-in-

medicine-black-in-nanotech-week-cofounder-olivia-geneus-on-inspiring-new-

nanoscientists/

5. Rahman, M. M., Islam, M. R., Akash, S., Harun-Or-Rashid, M., Ray, T. K,
Rahaman, M. S., Islam, M., Anika, F., Hosain, M. K., Aovi, F. I., Hemeg, H. A.,
Rauf, A., & Wilairatana, P. (2022, September). Recent advancements of
nanoparticles application in cancer and neurodegenerative disorders: At a glance.
Biomedicine & Pharmacotherapy, 153, 113305.
https://doi.org/10.1016/j.biopha.2022.113305

6. TEM for Nanoparticles | Nanoparticle Analysis | Thermo Fisher Scientific - US.

(n.d.). TEM For Nanoparticles | Nanoparticle Analysis | Thermo Fisher Scientific
- US. https://www.thermofisher.com/us/en/home/materials-science/automated-
nanoparticle

7. hao, K., Singha, S., Clemente-Casares, X., Tsai, S., Yang, Y., & Santamaria, P. (2014,
December 23). Nanoparticle-Based Immunotherapy for Cancer. ACS Nano, 9(1), 16—
30. https://doi.org/10.1021/nn5062029

8. Nanotechnology | NIOSH | CDC. (2020, March 27). Nanotechnology | NIOSH | CDC.
https://www.cdc.gov/niosh/topics/nanotech/default.html#:~:text=Nanotechnology %620
15%20the%20manipulation%?200f,%2C%20energy%2C%20materials%20and%20ma

nufacturing.

33
©Daffodil International University


http://www.ncbi.nlm.nih.gov/pubmed/23429269
http://dx.doi.org/10.3390/ijms14024242
http://scholar.google.com/scholar_lookup?title=Lipid%20nanotechnology
https://doi.org/10.3892/br.2021.1418
https://physicsworld.com/a/a-passion-for-nanotechnology-in-medicine-black-in-nanotech-week-cofounder-olivia-geneus-on-inspiring-new-nanoscientists/
https://physicsworld.com/a/a-passion-for-nanotechnology-in-medicine-black-in-nanotech-week-cofounder-olivia-geneus-on-inspiring-new-nanoscientists/
https://physicsworld.com/a/a-passion-for-nanotechnology-in-medicine-black-in-nanotech-week-cofounder-olivia-geneus-on-inspiring-new-nanoscientists/
https://doi.org/10.1016/j.biopha.2022.113305
https://www.thermofisher.com/us/en/home/materials-science/automated-nanoparticle
https://www.thermofisher.com/us/en/home/materials-science/automated-nanoparticle
https://doi.org/10.1021/nn5062029

The use case of nanotechnology and the implementation of
nanoparticles in the field of medicine

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.
20.

21.

22.

23.

24,

25.
26.

What Is Nanotechnology? | National Nanotechnology Initiative. (n.d.). What Is
Nanotechnology? | National Nanotechnology Initiative.
https://www.nano.gov/nanotech-101/what/definition

ShieldSquare Captcha. (n.d.). ShieldSquare Captcha.
https://iopscience.iop.org/journal/0957-4484

Nanotechnology. (n.d.). Nanotechnology.

https://education.nationalgeographic.org/resource/nanotechnology

Nanotechnology | Manufacturing, Food Processing, & Atoms. (n.d.). Encyclopedia

Britannica. https://www.britannica.com/technology/nanotechnology

Nanotechnology - an overview | ScienceDirect Topics. (n.d.). Nanotechnology - an
Overview | ScienceDirect Topics. https://doi.org/10.1016/j.envpol.2007.06.00
Bhushan, B. (2017). Handbook of Nanotechnology (3rd ed.). Springer.

Chen, X., Mao, S. S. (Eds.). (2019). Handbook of Nanomaterials for Industrial
Applications. Elsevier.

Drexler, E. (2013). Radical Abundance: How a Revolution in Nanotechnology Will
Change Civilization. Basic Books.

Evans, P. G., Chapple, W. S. (2015). Nanotechnology: Principles and Practices.
Wiley.

Ferry, D. K. (2017). Quantum Mechanics: An Introduction for Nanoscience and
Nanotechnology. CRC Press.

Gao, Y. (2018). Nanotechnology: Fundamentals and Applications. CRC Press.

Gao, Y., Li, J. (Eds.). (2020). Nanomaterials for Energy Conversion and Storage
Devices. Springer.

Geim, A. K., Novoselov, K. S. (2010). The rise of graphene. Nature Materials, 9(10),
726-736.

Greenbaum, E. (2016). Nanotechnology Demystified. McGraw-Hill Education.
Hirsch, A. (2010). The era of carbon allotropes. Nature Materials, 9(10), 791-793.
Huang, J., Zhu, Y., Yang, X., Cao, J. (2015). Nanomaterials: Synthesis, Properties
and Applications. CRC Press.

lijima, S. (1991). Helical microtubules of graphitic carbon. Nature, 354(6348), 56-58.
Kagan, C. R., Mitzi, D. B., Dimitrakopoulos, C. D. (Eds.). (2015). Organic
Electronics: Materials, Processing, Devices and Applications. CRC Press.

34

©Daffodil International University


https://iopscience.iop.org/journal/0957-4484
https://education.nationalgeographic.org/resource/nanotechnology
https://www.britannica.com/technology/nanotechnology
https://doi.org/10.1016/j.envpol.2007.06.006

27

28.

29.

30.

31.

32.

33.

34.

The use case of nanotechnology and the implementation of
nanoparticles in the field of medicine

. Kumar, C. S. S. R. (Ed.). (2015). Nanomaterials for Medical Diagnosis and Therapy.

Elsevier.

Lu, Y., Chen, W. (Eds.). (2017). Graphene-based Materials: Science and Technology.
CRC Press.

Ma, M., Zhang, H., Liu, Y. (2018). Nanomaterials in Energy Conversion and Storage.
Springer.

McEvoy, N., Corrigan, D. K. (2018). Nanotechnology in the Agri-Food Sector:
Implications for the Future. Academic Press.

Mirkin, C. A. (2016). Programming the Assembly of Two- and Three-Dimensional
Architectures with DNA and Nanoparticles. Angewandte Chemie International
Edition, 55(26), 7382-7391.

Nanoscale Science, Engineering and Technology Subcommittee. (2011). National
Nanotechnology Initiative Strategic Plan. Retrieved from
https://www.nano.gov/sites/default/files/pub_resource/2011 nni_strategic_plan.pdf
Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D., Zhang, Y., Dubonos, S. V.,
Firsov, A. A. (2004). Electric field effect in atomically thin carbon films. Science,
306(5696), 666-669.

Park, S. J., Kang, S. M. (Eds.). (2019). Nanotechnology and Functional Materials for

Engineers. Springer.

35

©Daffodil International University


https://www.nano.gov/sites/default/files/pub_resource/2011_nni_strategic_plan.pdf
https://www.nano.gov/sites/default/files/pub_resource/2011_nni_strategic_plan.pdf
https://www.nano.gov/sites/default/files/pub_resource/2011_nni_strategic_plan.pdf

