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The Potential of Nanotechnology in Biology 

 

Abstract  

The field of nanotechnology holds many promises 
for the future. Potential applications include better 
pathogen detection, improved treatment of cancer 
and other diseases, and more efficient pesticides 
and vaccines. Forms of nanotechnology run the 
gamut from passive molecules to nano-robots; 
however most ideas are still in the experimental or 
theoretical phase. Despite this, the use of 
nanotechnology is on the increase, and is bringing 
to light the worrying lack of research into the 
dangers of nanotechnology.  

 

Introduction  

Nanotechnology is a rapidly growing area, with millions of possible applications. Although 
currently there are few real world applications, many people expect nanotechnology to 
play a large role in our lives in the future.  

According to the National Nanotechnology Initiative, nanotechnology is science, 
engineering and technology conducted at the nanometer scale (1 to 100 nm) (1). At this 
size, elements and compounds exhibit markedly different properties to normal. Two unique 
properties of nanoparticles are particularly relevant to biology: their minuscule size means 
they are more bio-available than normal particles, and they are also more reactive, due to 
their higher surface area to volume ratio (2).  

 

Applications in Medicine 

There is a vast amount of potential for nanotechnology in medicine. Applications range 
from diagnostics and insulin release to cancer 
therapy and microbe control (4).  

One commonly vaunted use of nanotechnology is a 
cure for cancer (5). Researchers from Rice 
University, Texas, have taken a step towards this 
goal by improving post surgery radiation treatment, 
intended to kill any cancerous cells remaining after 
the main tumour has been removed by surgery (6). 
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They created gold nanoparticles 
that use immune protein 
antibodies to home in on tumour 
sites and congregate around 
cancerous cells. When the 
tumour area was targeted with 
ultrashort infrared pulses, the 
heat caused nanobubbles of 
water vapour to form. The 
nanobubbles rapidly expanded 
and burst, ripping apart the 
surrounding cancer cells in the 
process. In experiments with 
mice, the survival rate was 100% 
for mice in which most of the 
cancer was able to be removed 
surgically.  

Another area that 
nanotechnology has the potential 
to shake up is pathogen 
detection. Tests for viruses or 
bacteria typically take days to 
conduct, but University of 
Toronto researchers have 
created a compact method that 
takes only 20 minutes, potentially allowing for diagnosis in the doctor’s office (7). The 
detector uses gold nanodomes bearing synthetic strands of DNA which are complementary 
to the DNA of the target pathogen. If there is any pathogen DNA present in the sample, it 
will bind to the DNA on the nanodome, pulling it off in the process. Ruthenium ions added 
to the sample move with the negatively charged DNA, drawing electrons out of the gold 
nanodome, and generating an electric current which is then detected. Currently, a single 
sensor unit is able to search for 20 different bacteria, along with the DNA signals of five 
types of antibiotic resistance.  

One well researched use of nanotechnology is the delivery of drug doses. Nanoparticles can 
be engineered to deliver regulated doses of a drug to a specific place in the body. 
Researchers from the University of California have created biocompatible, micrometer-
sized polymer tubes that react with stomach acid to generate hydrogen gas (8). This propels 
the tubes at speeds fast enough to embed themselves in the stomach wall, which the 
researchers suggest could be used to deliver treatment for stomach ulcers and other 
related diseases.  

Researchers have also developed a type of nanoparticle that can regulate blood glucose 
levels (4). Nanospheres made of a sponge-like chitosan matrix containing glucose oxidase 
enzymes and insulin are injected into the patient. When their blood glucose levels rise, the 
glucose triggers a reaction that causes the nanocapsules to release hydrogen ions. The 
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hydrogen ions then bind to strands of chitosan, where the positive charges repel each 
other. This causes large gaps to form in the matrix, allowing the insulin to escape into the 
blood stream. The insulin stimulates the liver and skeletal muscle to store excess glucose as 
glycogen. As the glucose level drops, the strands of chitosan come closer together as they 
lose the hydrogen ions. This traps any remaining insulin inside the nanocapsule, preventing 
hypoglycaemia. In studies with mice, the nanocapsules were effective at regulating blood 
glucose levels for 48 hours.  

The future potential for medical nanotechnology is enormous. Applications include 
improvements in antibiotics and vaccines, antiviral medications and treatment of brain 
damage (4). One of the more radical proposals is the idea of nano-robots, which could 
repair cells, kill pathogens, and perform surgery at the cellular level (4).  

 

Applications in Agriculture 

Nanotechnology currently plays a very minor role in agriculture, because unlike medical 
treatments, the increased profit does not generally compensate for the high costs involved 
in developing a product. Despite this, there has been an increase in the amount of research 
in this field. Potential applications in agriculture include improving pesticide, fertiliser and 
growth hormone efficiency through nanocapsule delivery, and nanosensors for detecting 
pathogens and monitoring crop growth (5).  

Nanopesticides are a relatively new field, however it is believed that the increased surface 
area of nano-sized pesticide droplets will result in greater potency, and therefore allow less 
pesticide to be used overall (9). They can also be engineered to better withstand 
environmental degradation, allowing longer lasting protection.  

Another potential area is the use of nano-based vaccines, for increased efficiency in disease 
prevention. University of Queensland researchers are in the process of developing two new 
vaccines, which have the potential to save Australian graziers up to $340 million per year 
(10). One is an effective vaccine for cattle ticks, and the other is a vaccine for bovine viral 
diarrhoea virus, bovine ephemeral fever, and cattle tick fever. Both vaccines will be single-
dose and stable at room temperature, in order to minimise costs for farmers.  

Possible future uses of nanotechnology in agriculture include delivery of fertiliser in 
nanocapsules, and nanosensors for monitoring crop growth and environmental conditions, 
or for identifying plant or animal pathogens.  

 

Possible Risks 

As with any new technology, there are potential dangers associated with nanotechnology. 
One major problem is that nanoparticles are more reactive and bioavailable than regular 
particles, which means that the toxicity of compounds is magnified at the nano scale. Only a 
handful of studies have been conducted into the health effects of exposure to 
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nanoparticles, so there is much uncertainty surrounding safety issues (3). However, animal 
studies have shown that nanoparticles can cross the blood-brain barrier, cause pulmonary 
inflammation, and interfere with cell signalling (3). These findings are quite startling, as the 
blood-brain barrier normally prevents toxins in the bloodstream from reaching the brain.  

In agriculture, there are concerns that nanopesticides may pose environmental problems 
due to their increased toxicity and slow breakdown. Nano-sized pesticide droplets are 
lighter than normal droplets, so may travel further in the wind, worsening the problem of 
spray drift. Moreover, manufacturers of nanocapsules containing already approved 
pesticides will not be required to “determine the fate of nano-formulations in the 
environment” (9), despite the fact that nanoparticles display markedly different properties 
to regular compounds. As with most other areas in nanotechnology safety, the actual risks 
of nanopesticides are still undetermined.  

Other problems could arise from the technology itself. Misdirected nanoparticles, such as 
those used in the treatment of cancer, could seriously damage organs and other tissues. 
There is also the possibility of out-of-control nano-robots, through either malicious or 
accidental actions.  

 

Conclusion 

There are many potential applications for nanotechnology, both in the near and distant 
future. Nanotechnology may completely revolutionise how we detect and treat disease, 
however there are many risks associated with the nano scale. Further studies into the 
toxicity of nanoparticles, and other risks associated with nanotechnology are required to 
ensure that nanotechnology changes our lives for the better, not for the worse.  
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