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ABSTRACT 
“Nano” is derived from latin word “dwarf”. It refers to one billionth of a meter in linear 
measurement. Invention of light microscope (LM) in 1632 had magnification x 400 diameters 
revealing microorganisms in micrometer size – cell as unit of life – cellular physiology and pathology. 
Gold coated nanoshells are having silica as a core material absorb the light in the near infrared 
region (NIR) and convert it into heat (40 degree c), delivering to cancer cells like laser photo 
coagulation, a noninvasive technique. 
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INTRODUCTION 
“Nano” is derived from latin word “dwarf”. It 
refers to one billionth of a meter in linear 
measurement. The nanotechnology is used to 
refer to the creation of new objects with 
nano-scale dimension between 1 and 100 
nanometer (nm) e.g., the width of DNA 
molecule is approximate 2.5 nm, most 
proteins are in the range of 1 to 15 or 20 nm, 
the width of cell membranes is in the range of 
6-10 nm. The molecular biology these days 
takes place on nanoscale. 
 
REVIEW OF LITERATURE 
Invention of light microscope (LM) in 1632 
had magnification x 400 diameters (in my 
opinion should read as diopters in place of 
diameters), revealing microorganisms in 
micrometer size – cell as unit of life – cellular 
physiology and pathology. Invention of 
electron microscope (EM) by Ernest Ruska 
(1931) (nobel laureate, 1986) allows 
magnification of 12000 diopters followed by 

freetech EM (x 95000 diopters – identification 
of subcellular organelles – lysomes, 
peroxisomes, golgi apparatus, endoplasmic 
reticulum, mitochondria and nuclear 
components of chromosomes, lysosomal 
concept and their disorders. 
Synaptic vesicles are seen in brain (300-600A) 
which stores neurotransmitters and 
microtubules running between a nerve cell 
body and its dendrons and axons. Angstrom 
(named after a physicist Ander Jonas 
Angstrom) is 10nm. RBC is 7000nm and a 
human hair 80,000nm wide. The invention of 
scanning tunneling microscope in 1981 by 
Binig and Rohrer (Nobel prize 1986) led to 
measurement of and manipulation of 
individual atoms on a surface. Scanning  
probe microscope is a bioscientific research – 
so sensitive to detect the difference in one 
base pair in DNA hybridization. Nanoscale 
oligonucleotide arrays leader to gene 
expression research and whole of human 
genome on a single chip, avoids labelling of 
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DNA strands and simplifies the diagnosis. In 
1985 Kroto et al discovered a spherical 

backminster fullerenes compounds (60 atoms 

of carbon arranged in lattice of hexagonal and 
pentagonal specific connections like the 
surface of soccer ball (1nm in diameter) (Fig. 
1). These are used for targeted drug delivery. 
Next discovery was of carbon nanotubes or 
open ended bucky balls that have scientific 
and commercial applications. Displaying of 
units for computers and electric transmission 
system (super conducting properties). Based 
on quantum physics principle, the strength, 
electrical conductivity, melting point, colour 
and magnetic properties are affected (Thrall 
2004).1 Use of these biomolecules as 
components of electric circuits and computing 

systems permits further miniaturization with 
increased computational capacity. DNA is 
more than just the secret of life, DNA is a 
versatile component of nanoscopic structure. 
The long length can be made with a sequence 
of building blocks at will (unlike natural 
paths). DNA machines with moving part e.g. 
nano mechanical sensors, switches and 
robots. Nanotechnology is art and science of 
manipulation of atoms. These leads to useful 
materials and devices (1-100nm) (10-9), 
miniature system with novel functioning as 
nanorobots. 

 
Fig.1 Buckminster fullerene 

 
NANOTECHNOLOGY RELEVANT TO MEDICINE 
(FIG. 2) 
Biomaterials are used in orthopaedic or dental 
implants as tissue engineered products. 
Coding enhances the biocompatibility e.g. 
nanocrystalline (NC) and nanostructured (NS) 
materials. NC for drug encepsulation, bone 
replacement prosthesis e.g. artificial limbs, 
facial prosthetics, neuroprosthetics and 
implants. NS for materials provide special 
shape or functionality e.g. Quantum dots, 
dendimers, fullerenes and carbon 
nanotubules, metallic and silica nanoparticles. 
Nano and micro electromechanical system 
nems/mems, microfluidics (nl of fluids) micro-
arrays (biological assays e.g. DNA, protein cell 

and antibody e.g. Biosensors and detectors 
are to detect trace quantities of bacteria, 
airborne pathogens and lead to intelligent 
machines like respirocytes and   biovores. 
Benzene ring had 6 carbon atoms whereas 
C60 fullerenes have 60 binding sites for 
attachment of targeting antibodies along with 
chemotherapeutic agents or radioactive 
materials for the treatment of cancer. The 
shapes of such carbon nanotubules are single 
walled or multi walled for such drug delivery 
system. to DNA molecules or proteins to form 
long lived probes for diagnosis at molecular 
level, MRI immunoassays, vectors for gene 
therapy, transport vehicles for any drugs, 
vaccines etc. and for tools in cancer treatment 
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without evoking an immune response and 
having low toxicity. These are hyperbranched 
1- 5nm tree like structures having chemical 
polymer. These nanoparticles (metallic or 
gold) are good at absorbing and scattering 
light 35nm size to be sprayed on tissue biopsy 
specimen (Fig. 3 & 4). They adhere to cancer 
cells with 600% greater affinity than normal 
cells. Micrometastasis are detected by mono 
crystalline iron oxide nanoparticles (MiO2) and 
for MRI imaging of arteries and veins. 
Liposomes (50-100nm) are used for targeted 

drug delivery in treatment of cancer, 
Leishmaniasis, ophthalmic conditions. 
Polymeric micelles (10- 100nm) are used for 
water insoluble drugs at target sites. Folate 
nanoparticles have high specific affinity for 
human cancer cells and improve the uptake of 
encapsulated drugs without undesirable side 
effects and toxicity. Nano carriers can alter 
the bio-distribution and pharmacokinetics 
parameters of drugs (NK Jain, 2007).2 Physics, 
chemistry, biology and computer are the basic 
scales for this technology. 

 

 
Fig.2 Nanomaterials and nanodevices relevant to medicine 
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Fig.3 Polymeric micelies, nanocapsule quantum dots, dendrimer, liposome, ferrofluid 

 

 
Fig.4 Gold nanoparticles

 
MEDICAL APPLICATIONS 
● For new diagnostic techniques, treatment 

and repair of damaged cells and tissues. 
● Micro RNAS, control gene expression by 

binding to specific mRNAS that code for 
proteins by scanning probe microscope 
(SPM) using 3nm diameter pores. They 
silence the cancer disease related genes. 

● Improved filtration occurs with this 
technology as compared to micro pore 
filters leading to better purity, sterility 
and apyrogenicity. 

● One needs small amount of reagents by 
using these small channels and are thus 
cost effective (Reisch MS, 2007).3 

● Micro RNAs are potential therapeutic 
agents for silencing cancer disease related 
genes (Nature, Nanotechnology, 2010).4 

● The novel nano devices (Fig. 5) delive 
anticancer drugs specifically to malignant 
cells, totally avoiding normal cells 

 
QUANTUM DOTS (QD) (2-9.5 NM) 
These are semi conducting materials with 
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semi conductor core (CDSE) coated by shell 
(ZNS) to improve   the optical properties and 
solubility. These nanoparticles can be linked 
(Nalwa and Webster 2007).5 
● Delivery of drugs is by customized 

nanoparticles to diseased cells in the body 
and thus reduces the damage to healthy 
cells as in chemotherapy. 

 
OTHER FIELDS 
Electronics 
The capabilities are increased and weight and 
power consumption are reduced. 
 
Food science 
● Useful in growing and packaging of food. 

● Nanomaterials can increase the taste of 
food and its safety along with health 
benefits. 

 
Fuel cells 
The hydrogen ions produced by fuel cells such 
methanol improve the efficiency of 
membranes used in such cells. The cost of 
catalysts used in producing hydrogen gas is 
reduced. 
Other gases are separated such as oxygen 
which improves the efficiency of membranes 
of fuel cells. 
 
Solar cells and batteries 

The cost of manufacturing of these gadgets 
are reduced by this technique than with 
conventional methods. The shelf life remains 
for decades and recharging of batteries is 
significantly faster. 
 
Clean water 
Nanoparticles convert the contaminated 
chemicals by chemical reaction and make it 
harmless at a lower cost. Space 
Reaching the orbit and travel in space are 
made cost effective as the space crafts are 
light weight and fuel amount is reduced. 
 
NANOSHELL ASSOCIATED PHOTOTHERMAL 
THERAPY (NAPT) 
Gold coated nanoshells are having silica as a 
core material absorb the light in the near 
infrared region (NIR) and convert it into heat 
(40 degree c), delivering to cancer cells like 
laser photo coagulation, a noninvasive 
technique. Useful in insulin dependent 
diabetes mellitus as against several daily 
injections of insulin, the patient uses a small 
ball point size infrared laser to heat the skin in 
which nanoshell polymer containing insulin 
has been injected. The heat causes the 
polymer to release a pulse of insulin 
periodically for months. 
 
MOLECULAR NANOTECHNOLOGY (MNT) 
DNA based nanomacines (nanorobots) (Fig. 4) 
come under this category, functioning as 
artificial red cells (respirocytes), artificial 

macrophages and mitochondria etc. They will 
allow performance of direct in vivo molecular 
surgery on human cells. Interestingly, human 
body itself is full of micro robots in form of 
endothelial progenitor cells (EPCS), RBC, WBC 
and fibroblasts constantly moving inside our 
bodies doing various activities like 
phagocytosis, repair of tissues, attacking 
microbes and foreign bodies, transport to 
various destinations and disposal from the 
body. Artificial white blood cell is called 
microbivore (Fig.6) - 3.4 u diameter x 2.0 u 
diameter consists of 610 billion structured 
atoms, 80 times more efficient in 
phagocytosis than macrophages. The target 
bacterium is bound to its surface in the blood 
stream like a fly on fly paper and transported 
is digested by engineered enzymes helping in 
eradicating septicemia in a few hours. 
Finally, a few words for mechanical artificial 
respirocyte (Fig. 7,8). Its shape is diamondoid 
1000 atmospheric pressure vessel with active 
pumping powered by endogenous serum 
glucose, Designed by Robert Freitas and 
delivers 236 times more oxygen to the tissue 
per unit volume than natural RBC, manages 
carbonic acidity. Gas concentration sensors 
are on the outside of device as the robot 
know when to load O2 and unload CO2 (at the 
lung) or vice versa (at the tissues). 5ml of 50% 
respirocytes saline suspension have 3 trillion 
respirocytes equal to replacement of entire 5    
litre of blood. 
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Fig.5 Structure of carbon nanotubes 

 

 
Fig. 6 Nanorobot Fig. 7 Microbivore 

 

 
Fig. 8 Respirotcyte
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ADVANTAGES OF NANOTECHNOLOGY & 
NANOMEDICINE 
● Good things can revolutionize a lot of 

electronic products, procedures and 
applications. 

● It can benefit the energy sector; batteries, 
fuel cells and solar cells can be built 
smaller and with more effectiveness. 

● The materials produced by this technique 
are stronger, durable and lighter than the 
items produced by other techniques. 

● This technology is seen as a boon as this 
can produce smart drugs, curing people 
faster without side effects as compared to 
other traditional drugs. 

● This procedure helps in tissue 
regeneration, bone repair, immunity and 
cures for diseases like diabetes, cancer 
and other debilitating diseases. 

 
DISADVANTAGES 
The negative aspects of nanotechnology and 
nanomedicine are in terms of: 
● loss of traditional farming, manufacturing 

industry and jobs and manpower. 
● Other business sectors and markets are 

the targets which get affected such as 

lowering of value of diamonds and oil due 
to non use of fossil fuels. 

● The molecular medicine will produce 
products which will reduce the value of 
diamonds which can now be mass 
produced. 

● Atomic weapons will be more accessible 
and more powerful and destructive with 
advent of nanotechnology. 

● These small nano size particles can lead to 
air pollution like asbestos particles. 

● The cost factor of nanotechnology is 
another problem, as of noe the 
technology is very expensive. 
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