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Abstract

Advances in nanotechnology has become enormously promising in the field of health
science, in developing many medical equipment. The possible effects of novel
nanomedical technology significantly improve the diagnosis and therapeutic aspects of
many diseases. Nanomaterials are being applied in operation, disease diagnosis as well as
therapy, molecular imaging, implant technology, tissue engineering, as well as a device
for efficient drug delivery, protein and gene release. In this review we discussed the utility
of nanoscience in health issues, and the knowledge from there how can be disseminated
to the educators and parents for expanding STEM (Science, Technology, Engineering and
Math) programs.
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1. Introduction

Nanotechnology is the science where the nanomaterials, generally 1-100 nanometers size, are
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exploited in designing, creation, and application of functional materials and/or devices for
modern science and technology used in health science, environmental science, energy and
electronics, etc. (Bayda et. al. 2019) The properties of many conventional materials change
when formed from nanoparticles (UnderstandingNano.com: nanoparticles 2019). This is
typically because nanoparticles have a greater surface area per weight than larger particles
which causes them to be more reactive to some other molecules (Hulla et. al. 2015).

Nanoparticles are used, or being evaluated for use, in many fields, like: In Environmental
Science, e.g. Photocatalytic copper tungsten oxide nanoparticles for break down of oil into
biodegradable compounds; Gold nanoparticles embedded in a porous manganese oxide break
down volatile organic pollutants in air; Iron nanoparticles clean up carbon tetrachloride
pollution in ground water; Iron oxide nanoparticles clean arsenic from water wells; etc.
(UnderstandingNano.com: environmental-nanotechnology, 2019).

In Electronics and Energy, Nanotetrapods studded with nanoparticles of carbon are being
used as alow cost electrodes for fuel cells. This electrode may be able to replace the
expensive platinum needed for fuel cell catalysts. Silver nanoparticle ink form the conductive
lines needed in circuit boards. Combining gold nanoparticles with organic molecules creates
a transistor known as a NOMFET (Nanoparticle Organic Memory Field-Effect Transistor).
This transistor is unusual in that it can function in a way similar to synapses in the nervous
system. A catalyst using platinum-cobalt nanoparticles is being developed for fuel cells that
produces twelve times more catalytic activity than pure platinum. The "solar steam device"
is intended to be used in the areas of developing countries without electricity (Scientific
World Info. 2020).

Most importantly, the application of nanotechnology in medicine is enormous.
Nanoparticles can be engineered to incorporate a wide variety of chemotherapeutic or
diagnostic agents, creating flexibility in their design that is not possible with other types of
selective drug delivery systems (Bharali and Mousa 2010). Here we will be discussing the
information in nanoscience as well as nanotechnology in the field of health science in terms
of early diagnosis of the disease, it’s treatment, and also the development of equipments and
medical devices to be used in medical science. (Lee and Wong 2011).

Therefore, a comprehensive national skill should be developed to form an appropriate
work-force which in combination with consumer acceptance could be a major factor for the
success of any nanotechnological approach.

A) In Medicine:

A-1) Drug delivery: Nanotechnology can help an efficient targeted drug delivery to the
diseased lesions. Engineering of the Nanoparticles may allow to incorporate different kinds
of chemotherapeutics or diagnostic agents, which is not possible in other kinds of drug
delivery systems (Bharali and Mousa 2010; Misra et. al. 2010) has shown that drug-loaded
nanoparticles can selectively target tumor cells without causing any damage to the healthy
cells.

Liposomes as a carrier have some unique advantages besides targeting, like capability to
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block the degradation of drugs and their any side effects (Knight 1981). However, low
efficiency of liposomes-mediated encapsulation, seepage of water-soluble drugs, as well as
weak stability of encapsulated drug complex, limits their use. Nanoparticles like PLGA-PEG
co-polymers, however, increase the half-life of circulating cisplatine (Avgoustakis, et al.
2002).

A-2) Biosensors that can identify the process mechanism, are made up of biological material
those are responsible for sampling and transmitting the chemical senses. (Vo-Dinh, et al.
2000; 2001; Thérenot et al. 2001; Mohanty 2001). Concerning the biological specificity the
biosensors could be developed like, Antibody/antigen based, Enzymes based (Alcala et al.
2002); Nucleic acids based (Kwakye and Baeumner 2003); cellular structures/cells based
(Kitova, et al. 2002; Kdhler, et. al 2000; Dubey and Upadhyay 2001; Degrassi et. al. 2002;
Hansen and Sorrensen 2001; Mitchell and Gu 2003).

Nanobarcodes, metallic nanobeads, quantum dots, magnetic beads, silica nanoparticles, as
well as carbon nanotubes are mostly used as a Biosensors. This is one of the example of
many implementation of nanoscience in the field of disease biology, its diagnostics and in
therapeutics, too.

A-3) Gene/Antisense therapy: Gene therapy means the correction of the defective gene
responsible for the onset of the disease or delivery of the repaired gene. Antisense strategy
modulates the disease-related gene transcription in vivo, therefore it is also considered as a
valid therapy to treat any genetic disorders. These include any carcinoma (Cunningham et. al.
2001; Rudin, et al. 2001; Morris et al. 2002; Mani, et al. 2002), including non-Hodgkin’s
lymphoma (Waters et al. 2000; Gewirtz, 1999), acute myeloid or lymphoblastic leukemia
(Marcucci, et al. 2003) as well as chronic myelogenous leukemia (CML) (Luger, et al. 2002).
However, the antisense oligonucleotides, due to having low intracellular penetrating ability
and strong nuclease activity in vivo, have restricted use as a therapeutic regiment (Loke, et al.
1989; Yakubov et. al. 1989).

Engineered nanoparticles can be used for delivery of the correct gene, or antisense RNA or
SiIRNA for the gene-related diseases. The advantages of using polymer-DNA complex vectors,
in which polymer of 25-300 nm in diameter wrap around the DNA to protect it and improves
the cell transfection efficiency.

A-4) Administration of DNA Vaccines: Nanoparticles if can be bound up with inactive virus
then can be used as an alternative to injectable vaccines to increase the immune response.
Scientists are investigating the efficacy of nanotechnology-based skin patch against West
Nile Virus and Chikungunya virus (Prow et al. 2010).

Genetic immunization with DNA vaccines (Ulmer et. al. 1996; Dubensky et. al. 2000). have
many advantages over conventional vaccines because of their increased stability, lack of
infection possibilities associated with attenuated viral vaccines, the capacity of packaging
multiple antigens in the same plasmid, as well as their ability to express cellular immune
responses humoral as well as cellular, both.
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B) In Cell Biology

Nanotechnology can be utilized to create an artificial cells, tissues as well as organs. Cell
therapy for diabetes, liver disease, kidney failure is being done by implantation of
encapsulated normal and active cells or genetically engineered cells. Artificial cells can also
be used for drug delivery (Orive et al. 2003; Chang 2003).

C) Nanotechnology: Bench to Community

Nanomaterials are being consumed in our daily lives in different ways, often without the
consumer knowledge. A strong social supports and consumer awareness can further develop
the vast use of nanotechnology.

Our mission as educators are to instill and arouse students’ curiosity in learning the future
frontier science. The knowledge of Nanoscience could be integrated in the school science
curricula as early as preschool through higher education. Some of the topics that could be
included are origins of nanotechnology, associated challenges about nanotechnology for
educational implementation, examination of currently available school activities, types of
current product applications, about the ethical issues related to nanotechnology,
recommendations for educational policy along with teaching approaches and practical
implications of nanotechnology.

C-1) In Secondary Education

Due to the expansion of nanoscience, there is now necessity to integrate the concepts of
nanotechnology in the school curriculum that are both relevant and meaningful to the
students (Ghattas and Caryer 2012).

Few such key categories that are important in high school science education are: the origins
of nanotechnology; their implications; challenges and ethical issues integrating educational
curriculum.

In a study by Pelleg (2011) reported on a program that aimed to expose high school students
to nanotechnology. They developed a series of nanotechnology modules for an introductory
engineering elective course in an urban public magnet high school. The fellows in the
program implemented the unit in two classrooms during the 2009-2010 school year. The unit
introduced students to some of the key concepts of nanotechnology. Among those included
the relative magnitude of a nanometer, surface area to volume ratio, and nanoscale
characterization. Before introducing this unit, the students only had perceptions about
nanotechnology that were shaped by popular culture, movies, and video games. However,
after learning about this unit, the post-test results indicated a shift in the students' conceptions
of nanotechnology. Therefore, this unit could be used as a model for inserting a
nanotechnology focused unit into a high school classroom. This unit meets core curriculum
standards as required by state governments.

Similarly, in another study by Lin (2015) a human resources development program was
implemented as one of the nanotechnology incubation projects in Taiwan for the sixth grade
school children in four schools. The concepts in nanotechnology included ‘Nanophenomena
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in the natural world’; ‘Nanomaterials and their scaling effects’; and ‘Definition,
characteristics, and applications of nanotechnology.” The result indicated positive change
related to nanotechnology concepts for more than 30% of students.

C-2) In Developing Countries

Several developing countries are very active now-a-days in  promoting
nanotechnology-related approaches to build up their economical growth as well as in health
science area (Court et. al. 2004). In India, Panacea Biotech (New Delhi, India:
http://www.panacea-biotec.com/products/products.htm) is using muco-adhesive nanoparticles
in conducting a novel drug delivery research. Dabur Research Foundation (Ghaziabad, India)
is conducting a Phase-1 clinical trials of anti-cancer drug paclitaxel delivery using
nanoparticles (Bapsy et al. 2004). The number of patent applications from China on
nanotechnology ranks third in the world, where United States and Japan are the first two
(NBIC 2018). In Brazil, the projected budget in 2004-2007 for the development of
nanoscience is about $25 millions. Three institutes, and many networks, including more than
300 scientists are working there on nanotechnology (Salamanca-Buentello et. al. 2005).

The South African Nanotechnology Initiative (SANI. 2014) is a national organization of
academic researchers working on the development of nanophase catalysts, nanowires,
nanofilters and nanotubes. Other developing countries, such as Thailand, Philippines, Chile,
Argentina, and Mexico, are also pursuing nanotechnology-based science (Court et. al. (2004).

C-3) Public acceptance

Unfortunately nanoscience, in developing countries, raises many ethical issues, like to accept
genetically modified foods. Introducing health products created using nanotechnology require an
experienced professional in that area, but nay be lacking in a developing countries (The Royal
Society and Royal Academy of Engineering Nanoscience and Nanotechnologies: Opportunities and
Uncertainties, 2004). Even the developed countries sometimes face many challenges like ethical,
environmental and equities that are obstructing the scientific advances of nanotechnology. In fact,
acceptance of nanotechnology-based products, depends on how it is being used as end products.

2. Conclusion

In conclusion, the expectations of nanoscience in the area of health and medicine are though
high, however, the safety of nanomedicine(s) should be explained well. Further, concurrent
application of nanotechnology in other fields, like diagnostics, development of molecular
research tools should also be explored.
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