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ABSTRACT 

Nanotechnology is also the treatment of 

individual atoms, molecules, or 

compounds into structures to produce 

materials and devices with special 

properties. An application of 

Nanotechnology in various fields such as 

health and medicine is discussed in detail. 

Applications of nano particles in drug 

delivery, bioassays and assistive devices 

and tissue engineering are explained. The 

advancement in nano technology helps in 

the treatment of neuro degenerative 

disorders such as Parkinson’s disease and 

Alzheimer’s disease. Applications of nano 

technology in tuberculosis treatment, the 

clinical application of nanotechnology in 

operative dentistry, in ophthalmology, in 

surgery, visualization, tissue engineering, 

antibiotic resistance, immune response are 

discussed in this article. Nano 

pharmaceuticals can be used to detect 

diseases at much earlier stages in recent 

research. 

Keywords: Nanotechnology, Nano material, Nanomedicine, Nanopharmaceutics, Drug 

delivery, Bioassays. 

INTRODUCTION 

Nanotechnology is the new frontier of 

science and technology in Europe and 

around the world, working at the scale of 

individual molecules. Top scientists as 

well as policymakers worldwide praise the 

benefits it would bring to the entire 

society and economy: most of them insist 

on the key role research would play in the 

value-creation process to develop 

exploitable portfolios of technologies 

leading to a choice of unique applications, 

products, markets and profitable revenue 

sources. Additionally, nanotechnology is 

becoming ever more deeply embedded in 

today‟s life, so it is a critical moment for 

communicating the huge public effort 

that has been put into European research 

and its major outcomes and new 

directions, so that nanotechnology‟s 

crucial, potential opportunities and 

drawbacks for the whole society are 

properly explored and elucidated. 

Advancement in the field of 

nanotechnology and its applications to 

the field of medicines and 

pharmaceuticals has revolutionized the 

twentieth century [1]. Nanotechnology is 

science, engineering, and technology 

conducted at the nanoscale, which is 

about 1 to 100 nanometers. Nanoscience 

and nanotechnology are the study and 

application of extremely small things and 

can be used across all the other science 

fields, such as chemistry, biology, 

physics, materials science, and 

engineering. The prefix "nano" stems from 

the ancient Greek for "dwarf". In science it 

means one billionth (10 to the minus 9) of 

something, thus a nanometer (nm) is one 

billionth of a meter, or 0.000000001 

meters. A nanometer is about three to five 

atoms wide, or some 40,000 times smaller 

than the thickness of human hair. A virus 

is typically 100 nm in size. The ability to 

manipulate structures and properties at 

the nanoscale in medicine is like having a 

sub-microscopic lab bench on which you 

can handle cell components, viruses or 

pieces of DNA, using a range of tiny tools, 

robots and tubes [2]. Nanotechnology is 

also the treatment of individual atoms, 

molecules, or compounds into structures 

to produce materials and devices with 

special properties. Nanotechnology 

involve work from top down i.e. reducing 

the size of large structures to smallest 
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structure e.g. photonics applications in 

nano electronics and nano engineering, 

top-down or the bottom up, which 

involves changing individual atoms and 

molecules into nanostructures and more 

closely resembles chemistry biology. 

Nanotechnology deals with materials in 

the size of 0.1 to 100 nm; however it is 

also inherent that these materials should 

display different properties such as 

electrical conductance chemical 

reactivity, magnetism, optical effects and 

physical strength, from bulk materials as 

a result of their small size [3]. 

Nanotechnology works on matter at 

dimensions in the nanometer scale length 

(1-100 nm), and thus can be used for a 

broad range of applications and the 

creation of various types of nano 

materials and nano devices. 

History of Nanotechnology 

As is the case with many other 

disciplines, applications of 

nanotechnology (for example, in making 

steel and creating paintings) were in use 

centuries before the field was formally 

defined. Early contributors to the field 

include James Clark Maxwell (Scottish 

physicist and mathematician, 1831-1879) 

and Richard Adolf Zsigmondy (Austrian-

German chemist, 1865-1929) [4].  

Zsigmondy studied colloids (chemical 

mixtures where one substance is 

dispersed evenly throughout another) and 

looked at gold sols and other 

nanomaterials.  Other important 

contributors in the first half of the 20th 

century include Irvin Langmuir (American 

chemist and physicist, 1881-1957) and 

Katherine B. Blodgett (American physicist, 

1898-1910), the first woman to get her 

Ph.D. studying Physics at the University 

of Cambridge [5]. The earliest systematic 

discussion of nanotechnology is 

considered to be a speech given by 

Richard Feynman (American physicist, 

1918-1988) in 1959. It was titled: "There's 

Plenty of Room at the Bottom."  [5] In this 

speech Feynman discussed the 

importance "of manipulating and 

controlling things on a small scale" and 

how they could "tell us much of great 

interest about the strange phenomena 

that occur in complex situations." He 

described how physical phenomena 

change their manifestation depending on 

scale, and posed two challenges: the 

creation of a nanoomotor, and the scaling 

down of letters to the size that would 

allow the whole Encyclopedia Britannica 

to fit on the head of a pin [6]. 

The term 'nanotechnology' was used first 

by the Japanese scientists Norio 

Taniguchi (1912-1999) in a 1974 paper on 

production technology that creates 

objects and features on the order of a 

nanometer.  The American engineer K. 

Eric Drexler (b. 1955) is credited with the 

development of molecular 

nanotechnology, leading to nanosystems 

machinery manufacturing [7]. The 

invention of scanning tunneling 

microscope in the 1980s by IBM Zurich 

scientists and then the atomic force 

microscope allowed scientists to see 

materials at an unprecedented atomic 

level. The availability of more and more 

powerful computers around this time 

enabled large scale simulations of 

material systems using supercomputers.  

These studies provided insight into 

nanoscale material structures and their 

properties. The complementary activities 

of modeling and simulation, atomic scale 

visualization and characterization, and 

experimental synthesis activities fueled 

nanoscale research activities in the 1980s 

[8]. In the late 1990s and early 2000s 

almost all industrialized nations created 

nanotechnology initiatives, leading to a 

worldwide proliferation of 

nanotechnology activities. In the U.S., the 

Office of Science and Technology Policy 

(OSTP) established an Interagency 

Working Group on Nanotechnology (IWGN) 

consisting of representatives from 

various government agencies including 

the U.S. Air Force, the U.S. Navy and 

NASA. The IWGN, working with academia 

and industry, created the U.S. National 

Nanotechnology Initiative (NNI). Canadian 

institutions include the National Institute 

of Nanotechnology (NINT) in Alberta, five 

(5) research institutes of the National 
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Research Council in Ontario and the 

NanoQuebec consortium [9]. Significant 

progress was obtained by IBM in 1990 

when a team of physicists had spelled out 

the letters "IBM" using 35 individual 

atoms of xenon. Another breakthrough 

came in 1985 with the discovery of new 

shapes for molecules of carbon, known as 

the buckyball, which are round and 

consist of 60 carbon atoms. This led to 

the discovery of a related molecular 

shape known as the carbon nanotube in 

1991. Carbon nanotubes are still one of 

the most promising areas of 

nanotechnology as they are about 100 

times stronger than steel but just a sixth 

of the weight; they have unusual heat and 

conductivity characteristics [10]. In 

parallel, studies of semiconductor 

nanocrystals led to the development of 

quantum dots, whose properties are 

between those of bulk semiconductors 

and discrete molecules. Activities in 

France include the SCS cluster in Sophia 

Antipolis, the Systematic cluster in the 

Paris region, and the global micro-

nanotechnology cluster Minalogic in 

Grenoble. Among the initiatives in 

Germany is the German Government's 

Nano-initiative, which includes NanoMobil 

(for the automobile industry); NanoLux 

(for the optical industry); NanoFab (for 

the electronics industry); Nano for Life 

(for life science industries); and Nano in 

Production (for nano materials 

production) [11]. Activities in Japan have 

been led by MEXT (Ministry of Education, 

Culture, Sports, Science and Technology) 

and METI (Ministry of Economy, Trade and 

Industry).  Among their many projects is 

the creation of the Nanotechnology 

Researchers Network. The network 

provides support to nanotechnology 

research of universities and private 

organizations, by making advanced and 

large-scale equipment owned by public 

organizations and certain universities -- 

such as high-voltage electron microscopes 

and nanofabrication facilities -- available 

for use by general researchers throughout 

Japan. The major focus of research across 

the world continues to be research on 

nanoscale properties, synthesis of 

materials and characterization, and 

application development to create useful 

devices and processes and reap economic 

benefits [12].  There is growing 

recognition of the importance of 

educating future scientists and engineers 

about this emerging field, as well as 

address safety and health aspects of 

nanomaterials. 

Applications of Nanotechnology 

They are different fields that find 

potential applications of nanotechnology, 

but one of interest is on health and 

medicine. 

Biomedicine and health care 

Drug delivery 

Nanotechnology promises to impact 

medical treatment in multiple ways. First, 

advances in nanoscale particle design and 

fabrication provide new options for drug 

delivery and drug therapies. More than 

half of the new drugs developed each year 

are not water-soluble, which makes their 

delivery difficult. In the form of 

nanosized particles, however, these drugs 

are more readily transported to their 

destination, and they can be delivered in 

the conventional form of pills [13]. More 

important, nanotechnology may enable 

drugs to be delivered to precisely the 

right location in the body and to release 

drug doses on a predetermined schedule 

for optimal treatment. The general 

approach is to attach the drug to a 

nanosized carrier that will release the 

medicine in the body over an extended 

period of time or when specifically 

triggered to do so. In addition, the 

surfaces of these nanoscale carriers may 

be treated to seek out and become 

localized at a disease site for example, 

attaching to cancerous tumours [14]. One 

type of molecule of special interest for 

these applications is an organic 

dendrimer. A dendrimer is a special class 

of polymeric molecule that weaves in and 

out from a hollow central region. These 

spherical “fuzz balls” are about the size 

of a typical protein but cannot unfold like 

proteins. Interest in dendrimers derives 

from the ability to tailor their cavity sizes 
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and chemical properties to hold different 

therapeutic agents. Researchers hope to 

design different dendrimers that can 

swell and release their drug on exposure 

to specifically recognized molecules that 

indicate a disease target. This same 

general approach to nanoparticle-directed 

drug delivery is being explored for other 

types of nanoparticles as well. Another 

approach involves gold-coated nanoshells 

whose size can be adjusted to absorb 

light energy at different wavelengths. In 

particular, infrared light will pass through 

several centimetres of body tissue, 

allowing a delicate and precise heating of 

such capsules in order to release the 

therapeutic substance within. 

Furthermore, antibodies may be attached 

to the outer gold surface of the shells to 

cause them to bind specifically to certain 

tumour cells, thereby reducing the 

damage to surrounding healthy cells [15]. 

Bioassays 

A second area of intense study in 

nanomedicine is that of developing new 

diagnostic tools. Motivation for this work 

ranges from fundamental biomedical 

research at the level of single genes or 

cells to point-of-care applications for 

health delivery services. With advances in 

molecular biology, much diagnostic work 

now focuses on detecting specific 

biological “signatures.” These analyses 

are referred to as bioassays [16]. 

Examples include studies to determine 

which genes are active in response to a 

particular disease or drug therapy. A 

general approach involves attaching 

fluorescing dye molecules to the target 

biomolecules in order to reveal their 

concentration. 

Another approach to bioassays uses 

semiconductor nanoparticles, such as 

cadmium selenide, which emit light of a 

specific wavelength depending on their 

size. Different-size particles can be 

tagged to different receptors so that a 

wider variety of distinct colour tags are 

available than can be distinguished for 

dye molecules. The degradation in 

fluorescence with repeated excitation for 

dyes is avoided. Furthermore, various-

size particles can be encapsulated in latex 

beads and their resulting wavelengths 

read like a bar code [17]. This approach, 

while still in the exploratory stage, would 

allow for an enormous number of distinct 

labels for bioassays. 

Another nanotechnology variation on 

bioassays is to attach one half of the 

single-stranded complementary DNA 

segment for the genetic sequence to be 

detected to one set of gold particles and 

the other half to a second set of gold 

particles. When the material of interest is 

present in a solution, the two attachments 

cause the gold balls to agglomerate, 

providing a large change in optical 

properties that can be seen in the colour 

of the solution [18]. If both halves of the 

sequence do not match, no agglomeration 

will occur and no change will be 

observed. Approaches that do not involve 

optical detection techniques are also 

being explored with nanoparticles. For 

example, magnetic nanoparticles can be 

attached to antibodies that in turn 

recognize and attach to specific 

biomolecules. The magnetic particles then 

act as tags and “handlebars” through 

which magnetic fields can be used for 

mixing, extracting, or identifying the 

attached biomolecules within microlitre- 

or nanolitre-sized samples. For example, 

magnetic nanoparticles stay magnetized 

as a single domain for a significant 

period, which enables them to be aligned 

and detected in a magnetic field. In 

particular, attached antibody–magnetic-

nanoparticle combinations rotate slowly 

and give a distinctive magnetic signal. In 

contrast, magnetically tagged antibodies 

that are not attached to the biological 

material being detected rotate more 

rapidly and so do not give the same 

distinctive signal [19]. Microfluidic 

systems, or “labs-on-chips,” have been 

developed for biochemical assays of 

minuscule samples. Typically cramming 

numerous electronic and mechanical 

components into a portable unit no larger 

than a credit card, they are especially 

useful for conducting rapid analysis in 

the field. While these microfluidic 
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systems primarily operate at the 

microscale (that is, millionths of a metre), 

nanotechnology has contributed new 

concepts and will likely play an increasing 

role in the future. For example, separation 

of DNA is sensitive to entropic effects, 

such as the entropy required to unfold 

DNA of a given length. A new approach to 

separating DNA could take advantage of 

its passage through a nanoscale array of 

posts or channels such that DNA 

molecules of different lengths would 

uncoil at different rates. Other 

researchers have focused on detecting 

signal changes as nanometre-wide DNA 

strands are threaded through a nanoscale 

pore. Early studies used pores punched in 

membranes by viruses; artificially 

fabricated nanopores are also being 

tested. By applying an electric potential 

across the membrane in a liquid cell to 

pull the DNA through, changes in ion 

current can be measured as different 

repeating base units of the molecule pass 

through the pores [19]. Nanotechnology-

enabled advances in the entire area of 

bioassays will clearly impact health care 

in many ways, from early detection, rapid 

clinical analysis, and home monitoring to 

new understanding of molecular biology 

and genetic-based treatments for fighting 

disease. 

Assistive devices and tissue engineering 

Another biomedical application of 

nanotechnology involves assistive devices 

for people who have lost or lack certain 

natural capabilities. For example, 

researchers hope to design retinal 

implants for vision-impaired individuals 

[20]. The concept is to implant chips with 

photodetector arrays to transmit signals 

from the retina to the brain via the optic 

nerve. Meaningful spatial information, 

even if only at a rudimentary level, would 

be of great assistance to the blind. Such 

research illustrates the tremendous 

challenge of designing hybrid systems 

that work at the interface between 

inorganic devices and biological systems. 

Closely related research involves 

implanting nanoscale neural probes in 

brain tissue to activate and control motor 

functions. This requires effective and 

stable “wiring” of many electrodes to 

neurons. It is exciting because of the 

possibility of recovery of control for 

motor-impaired individuals [20]. Studies 

employing neural stimulation of damaged 

spinal cords by electrical signals have 

demonstrated the return of some 

locomotion. Researchers are also seeking 

ways to assist in the regeneration and 

healing of bone, skin, and cartilage for 

example, developing synthetic 

biocompatible or biodegradable 

structures with nanosized voids that 

would serve as templates for regenerating 

specific tissue while delivering chemicals 

to assist in the repair process. At a more 

sophisticated level, researchers hope to 

someday build nanoscale or microscale 

machines that can repair, assist, or 

replace more-complex organs [21]. 

Recent Projects 

Magnetic nanocontainers to be injected 

into the bloodstream for combined 

hyperthermia and controlled drug release 

are one of nanotechnology‟s most 

interesting top developments [16]. 

Ovarian cancer, women‟s fourth worst 

killer, is considered to be a highly 

significant tumour model by MAGNIFYCO 

(Magnetic nanocontainers for combined 

hyperthermia and controlled drug release, 

because it can be reached by a local 

injection. The magnetic containers are 

attracted by a specific magnetic force 

(such as an alternated magnetic field or a 

radiofrequency) and produce heat locally; 

whenever this force is absent they behave 

as if their magnetic memory was simply 

not there [18]. This very important 

property is crucial when it comes to 

concentrating the magnetic containers in 

a specific region of the body for carrying 

out hyperthermia. Tumour cells are more 

sensitive to heat and therefore a 

hyperthermic effect will kill them. The 

local heat also triggers the controlled 

release of the drug by „overcooking‟ the 

nanocontainer. So far there has been a 

very strong interaction within the project 

between the partners developing the 

nanoparticles and the groups working on 
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the drugs and on the techniques designed 

to attach human antibody fragments to 

the surface of the functionalised 

nanocontainers to be delivered selectively 

to ovarian cancer cells. Several types of 

these nanocontainers are being tested and 

developed [12]. Among these, some new 

iron oxide-based magnetic nanoparticles 

will be associated to self-assembled 

peptides and engineered tobacco 

mosaicovirus. Some are more 

hydrophobic and some more hydrophilic; 

indeed, the drugs are calibrated on the 

different nanocontainer types and their 

surfaces [10]. A year into the project, no 

immunogenic response or other adverse 

effects has been recorded. This raises the 

expectation that much tinier quantities of 

drugs will be required. There is a clear 

industrial involvement in the project: a 

partner, Magforce, aims to bring the 

scientific achievements onto the market 

[21]. 

CONCLUSION 

Nanotechnology have increased surface 

area and nano scale effects, hence used as 

a promising tool for the advancement of 

drug and gene delivery, biomedical 

imaging and diagnostic biosensors. Nano 

materials have unique physicochemical 

and biological properties as compared to 

their larger counterparts. The properties 

of nano materials can greatly influence 

their interactions with bio molecules and 

cells, due to their peculiar size, shape, 

chemical composition, surface structure, 

charge, solubility and agglomeration. For 

example, nano particles can be used to 

produce exceptional images of tumor 

sites; single walled carbon nanotubes, 

have been used as high-efficiency 

delivery transporters for biomolecules 

into cells. There is a very bright future to 

nano technology, by its merging with 

other technologies and the subsequent 

emergence of complex and innovative 

hybrid technologies. 
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