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Nanotechnology promises to provide quicker, reliable and affordable tools and applications to diagnose and treat an 
array of diseases to make human lives healthier. In the present review, an effort has been made to study how 
nanotechnology can help to address them. All at once, the possible role of biocomputation, as a means to specify 
cancer drug therapy, with an aim to apply the results in clinical settings, especially the modeling of drug delivery via 
nanoparticles, has also been worked upon. Biocomputation could save lives and enhance the quality of cancer 
treatment through tailor-made therapy for each individual patient, reducing the time and costs involved. With these 
ideas in mind, a pilot study was taken to work out system-level biocomputation of tumor growth and cancer therapy. 
While re-examining the merits of nanotechnology, its application in cancer chemotherapy and its likely challenges 
in a biological setting, have also been counted. 
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1. Introduction
Nanotechnology implies to manipulation, 
precision-placement, modeling and manufacture 
of material at the nanometer scale, where one 
meter is equal to 1 billion nanometers [15]. There 
are many conservative treatments today that 
consume a lot of time and are quite expensive. 
Using nanotechnology, surgical instruments of 
fine precision and dexterity that can operate on 
the cells and even molecules - something well 
beyond today's medical technology, can be 
developed. Though the clinical arsenal for 
treatment of cancer has been significantly 
extended in recent years with the application of 
new drugs and therapeutic modalities, however, 
the three basic approaches are still in vogue - 
surgical resection, radiation and chemotherapy. 
The latter one is first and foremost directed at 
metastatic cancer, which often has a poor 

prognosis. Notwithstanding the fact that 
significant proportion of research investment is 
focused on recuperating the efficacy of 
chemotherapy, which is often considered as the 
lone hope in treating a cancer patient, the 
challenges with chemotherapy cannot be over 
sighted. These include drug resistance by tumor 
cells, toxic effects on healthy tissue, inadequate 
targeting and impaired transport to the tumor. To 
this may be added, scheduling of proper drug 
dosage and determination of optimal drug 
concentration. At last, drug release kinetics, at the 
site of tumour, is another crucial aspect of 
chemotherapy. 

2. Advantages of Nanotechnology
Cancer drug therapy, involving nanotechnology, 
offers several promising features over 
conventional drugs. Nano scale devices are two 
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orders of magnitude smaller than tumour cells, 
making it possible for them to interact directly 
with intracellular organelles and proteins. Owing 
to their molecule-like size, nano scale ‘tools’ may 
be capable of early diagnosis of disease using 
least amount of tissue, even down to a single 
malignant cell [18]. These tools may not only 
prevent disease by monitoring genetic damage, 
but also treat cells in vivo while minimizing 
interference with healthy tissue. By combining 
different kinds of nano scale tools on a single 
device, it may be possible to run multiple 
diagnostic tests simultaneously [19]. In particular, 
it is hoped that cancer drug therapy involving 
nanotechnology will be more successful in 
targeting malignant cells and sparing healthy 
tissue. In this regard, the role of nano particles, 
loaded with chemotherapeutic drugs, has been 
receiving much attention. Research and 
development in this area are expected to 
dramatically increase its importance in the days 
to come. 
 
3. Challenges of Nanotechnology  
There are limitless challenges in the handling 
nanotechnology for clinical treatment of cancer. 
First, there are basic physical issues with matter 
at such a small scale. Since matter behaves 
differently at the nano scale than it does at micro 
and macro levels, most of the science at the nano 
scale has been dedicated to basic research to 
understand how matter behaves on this scale [19]?  
Since nano materials have large surface areas 
relative to their volumes, phenomena such as 
friction are more critical than they are in larger 
systems. The small size of nano particles may 
result in significant delay or quickening in their 
intended actions. They may gather at unintended 
sites in the body or provoke unexpected immune 
system reactions. Cells may even adapt to the 
nano particles, modifying the body’s behavior in 
unforeseen ways [19]. The efficacy of nano 
particles may be adversely affected by their 
interaction with the cellular environment. For 
instance, the reticulo-endothelial system (RES) 
may clear nano scale devices, even ‘stealth’ 
versions, too rapidly for them to be effective 
because of the tendency of RES to phagocytose 

nano particles. Nano particles can be taken up by 
dendritic cells [16] and by macrophages [14]. RES 
accumulation of nanoparticles could potentially 
lead to a compromise of the immune system. On 
the other hand, larger nanoparticles may 
accumulate in larger organs, leading to toxicity 
[19]. Perhaps the biggest issue of all is that the 
physically compromised tumour vasculature may 
prevent most of the nano devices from reaching 
the target cells by vascular transport or diffusion. 
Alterations in the tumor vasculature may 
adversely affect the convection of the nano 
devices in the blood stream. Local cell density 
and other stromal features may hamper drug or 
nano device diffusion through tumour tissue.  
 
4. Chemotherapy via Nano particles  
Chemotherapy using nano particles has been 
studied in clinical trials for several years and 
numerous studies have been published in this 
regard. Two liposomally delivered drugs are 
currently on the market: daunorubicin and 
doxorubicin. These encapsulated drugs can be 
formulated to maximize their half-life in the 
circulation. 
 
Nano scale drug delivery systems for 
chemotherapy can be either polymer based or 
lipid based. Polymers, which are usually larger 
than lipid molecules, form a solid phase, such as 
polymeric nano particles, films and pellets, while 
lipids form a liquid (or liquid crystalline phase), 
such as liposomes, cubersomes, micelles and 
other emulsions [17]. While polymer based 
systems are considered biologically more stable 
than lipid based systems, the latter are generally 
more biocompatible. Polymer based systems 
might possess good drug targeting ability because 
their uptake may be different for cells in different 
tissues. In fact, Feng & Chien (2003) have 
suggested that a combination of polymer and 
lipid based systems could combine their benefits 
and shun their respective drawbacks. An example 
of such a nano particle would be a liposomes-in-
microspheres (LIM) system, where drugs are first 
loaded into liposomes and then encapsulated into 
polymeric microspheres. This way both 
hydrophobic and hydrophilic drugs can be 
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delivered in one nano particle. The bioactivity of 
peptides and proteins would be preserved in the 
liposomes, whose stability is protected by the 
polymeric matrix.  
 
5. Biocomputation  
Biocomputation serves as a mathematical tool to 
examine the fundamental physical principles that 
affect delivery and degradation of nano particles 
in cancer treatment. It provides a better 
understanding of the interaction between 
nanotechnology and living tissue thereby saves 
time and resources by providing a coherent 
framework to predict experimental outcomes. The 
major challenge of biocomputation is to fit in 
these physical principles into a biologically 
relevant model for tangible bio-numerical 
product. It is difficult to prepare a model from 
nano particle (10−9 m) to tumor (10−3 m) scale, 
not only for the reason that matter behaves very 
differently in each, rather because simulation may 
require integration of multiple hierarchies of 
models, each differing in several orders of 
magnitude in terms of scale and qualitative 
properties. 
 
Modeling of drug delivery encompasses the 
formulation of quantitative descriptions for drug 
transport in biological systems to : i)evaluate 
feasibility of new drug delivery methods; ii) to 
estimate dose response and toxicity;  and iii) to 
speed up experimental and clinical evaluation. 
Modeling principles apply to both procedures and 
technologies. In the treatment of cancer, it is 
hoped that biocomputation will ease formulation 
of optimal treatment models that would allow 
administration strategies for chemotherapy to get 
the most out of benefit while down-sizing the side 
effects [17].  
 
Biocomputation based theoretical results could 
potentially be validated by correlation of 
numerical predictions with in vitro and in vivo 
data of a particular patient’s cancer response to 
chemotherapy. In turn, these experimentally and 
clinically validated biocomputation results may 
be employed to design tailored therapy in silico 
using computer simulations. Biocomputation of 

targeted and controlled drug delivery via nano 
particles is not only expected to offer novel 
insight into in vivo drug delivery, but also 
simulate the therapeutic effects of the delivery 
device. Since there are no encompassing 
mathematical models that can apply to all 
conceivable physical and chemical processes in 
product development, it is important to develop 
an adequate theory in view of drug delivery & 
diffusion, polymer swelling & degradation, 
osmotic, steric, magnetic, and charge effects [17].  
 
6. Discussion  
Studies embarked in the past few years acclaim 
nanotechnology to be a highly effective method 
of cancer treatment or diagnosis. However, 
speculations are going on to verify the prospects 
of nanotechnology in sure cure for cancer and 
replacing the traditional treatments such as 
chemotherapy and radiotherapy. The incredibly 
fast rate at which nanotechnology has been 
developing indicates that this speculation could 
become reality quite soon.  On 3rd March 2009, 
the Journal of Cancer Research published the 
findings of an investigation on ‘Cancer-Specific 
Transgene Expression Mediated by Systemic 
Injection of Nano particles’ [4]. Though this study 
had been carried out on mice, yet the efforts are 
on to extend these trials on human beings to make 
a sure cure for metastatic tumours.  
 
7. Conclusion  
Nanotechnology, thus, undeniably has a potential 
to be the most effective and optimum form of 
future treatment and diagnosis of cancer.  Not 
only have nanowires and cantilevers been proven 
for their capability to provide an efficient method 
of recognizing cancer biomarkers in the blood for 
different cancers, nano particle composites have 
also been developed with opposing properties 
allowing for more accurate diagnosis and location 
of cancer. Furthermore, nano shells have an 
extraordinary potential to treat malignant brain 
tumours, due to their efficacy in delivering drugs 
across the blood-brain-barrier. This was, until that 
time, one of the most challenging aspects of 
cancer treatment.   
 



The Pharma Innovation - Journal 
 

Vol. 2 No. 6 2013                                             www.thepharmajournal.com                                                   Page | 66  
 

Although, some rationally viable methods, such 
as radiotherapy and chemotherapy, are available 
for treatment of cancer, these techniques have 
their own risks. For radiotherapy, the proper 
dosage needed to cure all malignant brain 
tumours is approximately 12,000 Rads, but such a 
high dosage may be extremely neurotoxic and 
fatal. Similarly, chemotherapy has an imposing 
risks from alopecia to severe fatigue to 
ototoxicity to neutropenia and then to 
thrombocytopenia. 
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