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ABSTRACT 

Emergence of modern nanotechnology has plethora of ideas in store for the mankind. It 
has led to the creativity without constraints for the scientific community Nanotechnology is 
uniquely promising as an early detection tool for several reasons. To successfully detect cancer 
at its earliest stages, scientists must be able to detect molecular changes even when they occur 
only in a small percentage of cells. This means the necessary tools must be extremely sensitive. 
The potential for nanostructures to enter and analyze single cells suggests they could meet this 
need. Current cancer therapy primarily involves surgery, radiation therapy, and chemotherapy. 
These methods of treatment are usually painful and kill normal cells in addition to producing 
adverse side effects. Carbon NanoTubes as drug delivery vehicles have shown potential in 
targeting specific cancer cells with a dosage lower than conventional drugs used, that is just as 
effective in killing the cells, however does not harm healthy cells and significantly reduces side 
effects Another method to detect cancer by nanotechnology in clinical research is using 
Nanoshells. A Nanoshell is a type of spherical nanoparticle consisting of a dielectric core which 
is covered by a thin metallic shell. Nanoparticle-base therapeutics have been successfully 
delivered into tumors by exploiting the enhanced permeability and retention effect, a property 
that permits nanoscale structures to be taken up passively into tumors with out the assistance of 
antibodies. 

 
 

Key words: Nanotechnology, Cancer, drug delivery. 

 INTRODUCTION 
 

What is nanotechnology? What is a nanometer? 
Nanotechnology is the creation of useful materials, devices, and systems used to 

manipulate matter at an incredibly small scale -- between 1 and 100 nanometers. A nanometer is 
one billionth of a meter - 1/80,000 the width of a human hair, or about ten times the diameter of a 
hydrogen atom.  Nanotechnology also is progressing rapidly with regard to in vivo imaging and 
therapeutics. This progress very likely will have important implications for management of the 
cancer patient in the near future. Recent improvements in engineering at the nanoscale level have 
lead to the development of a variety of new, novel nanoscale devices (quantum dots, nanoshells, 
gold nanoparticles, carbon nanotubes), which are currently under investigation. 
 

Why Nanotechnology in Cancer? 
Because of their small size, nanoscale devices can readily interact with biomolecules on 

both the surface of cells and inside of cells. By gaining access to so many areas of the body, they 
have the potential to detect disease and deliver treatment. It offers many new ideas for cancer 
treatment. The emerging roles of these new platforms for cancer imaging and therapeutics are the 
focus of this review. Two modalities have been used to target nanoparticles to tumor sites, active 
and passive targeting. Active targeting involves linking ligands to nanoparticles that are tumor 
specific. Passive targeting of nanoparticles takes advantage of size of nanoparticles and unique 
feature of tumor vasculature. In cancer therapy, targeting and localized delivery are the key  
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challenges. However, because many anticancer drugs are designed 
to simply kill cancer cells, often in a semi-specific fashion, the 
distribution of anticancer drugs in healthy organs or tissues is 
especially undesirable due to the potential for severe side effects. 
Consequently, systemic application of these drugs often causes 
severe side effects in other tissues which greatly limit the maximal 
allowable dose of the drug. In addition, rapid elimination and 
widespread distribution into non-targeted organs and tissues 
requires the administration of a drug in large quantities, which is 
often not economical and sometimes complicated due to non-
specific toxicity. This vicious cycle of large doses and the 
concurrent toxicity is a major limitation of current cancer therapy. 
In many instances, it has been observed that the patient succumbs 
to the ill effects of the drug toxicity far earlier than the tumor 
burden. 

Nanomedical approaches to drug delivery center on 
developing nanoscale particles or molecules to improve the 
bioavailability of a drug. The two Nanomedical devices that can be 
used to detect and kill cancer cells are: 
 

1. Carbon nanotubes 
2. Nanoshells 
 

Carbon Nanotubes (CNTs) 
They have unique chemical, size, optical, electrical and 

structural properties that make them attractive as drug delivery and 
biosensing platforms for the treatment of various diseases. Due to 
their nanoscale dimensions, electron transport in carbon nanotubes 
will take place through quantum effects and will only propagate 
along the axis of the tube. These electrical and structural properties 
best serve CNTs as far as biosensing is concerned because current 
changes in the CNTs can signify specific biological entities they 
are designed to detect. The fact that CNTs are small (nm scale) 
allows them to deliver smaller doses of drugs to specific disease 
cells in the body thus reducing side effects and harm to healthy 
cells unlike conventional drugs. CNTs have been observed to have 
enhanced solubility when functionalized with lipids which would 
make their movement through the human body easier and would 
also reduce the risk of blockage of vital body organ pathways. 
CNTs have been shown to exhibit strong optical absorbance in 
certain spectral windows such as NIR (near-infrared) light and 
when functionalized with tumor cell specific binding entities have 
allowed the selective destruction of disease (e.g. cancer) cells with 
NIR in drug delivery applications. The CNTs are of two types: 
SWCNT and MWCNT. Further SWCNT are made of two types: 
with end caps and without end caps. Drug encapsulation has been 
shown to enhance water solubility, better bioavailability, and 
reduced toxicity. The basic point to use drug delivery is based upon 
three facts: a) efficient encapsulation of the drugs, b) successful 
delivery of said drugs to the targeted region of the body, and c) 
successful release of that drug there. 
 

Mechanism 
Boron Neutron Capture Therapy is used in the 

treatment of cancer using substituted Carborane-Appended Water-
Soluble single-wall carbon nanotubes. In this therapy, Substituted 

carborane cages were successfully attached to the side walls of 
single wall carbon nanotubes (SWCNT) via nitrene cycloaddition. 
During base reflux, 3-membered ring of nitrene and SWCNT was 
opened to give water soluble SWCNT. Boron atoms were found to 
be more concentrated in tumor cells than in normal body cells, 
blood. Thus, making it an attractive nanovehicle for delivery of 
Boron to tumor cells for effective therapy. 
 

Selective Cancer cell destruction  
Carbon nanotubes can be used as multifunctional 

biological transporters and near-infrared agents for selective cancer 
cell destruction. The strong optical absorbance of single-walled 
carbon nanotubes (SWCNT) in these special spectra can be used 
for optical stimulation of nanotubes inside living cells to afford 
multifunctional nanotube biological transporters. They used 
oligonucleotides transported by nanotubes. The oligonucleotides 
translocated into the cell nucleus upon endosomal rupture triggered 
by NIR laser pulses. Continuous NIR radiation caused cell death 
because of excessive local heating of SWCNT in vitro. 
Selective cancer cell destruction was achieved by functionalization 
of SWCNT with a folate moiety. A folic acid molecule (Vit.) is 
placed internally in SWCNT. A cancer cell has more vitamin 
receptors than normal cells so the SWCNT laden with vitamin will 
be absorbed by cancer cells. After which continuous NIR radiation 
causes excessive local heating and thus the destruction of the tumor 
cell. CNTs as drug delivery vehicles have shown potential in 
targeting specific cancer cells with a dosage lower than 
conventional drugs used that is just as effective in killing the cells, 
however does not harm healthy cells and significantly reduce side 
effects. CNTs have an effective structure that has high drug 
loading capacity and good cell penetration quality. 
 

Advantages 
 Nanovectors for drug delivery 
 They are less harmful as nanovehicles for drugs 
 The cell uptake of these structures is quite efficient 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        

Fig.1: Carbon nanotubes 
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Nanoshells 
A Nanoshell is a type of spherical nanoparticle consisting 

of a dielectric core which is covered by a thin metallic shell 
(approximately 10–300 nm in dimension). 
Nanoshells are composed of a dielectric core, usually silica, 
surrounded by a thin metal shell, typically gold. Nanoshells rely on 
the conversion of electrical energy into light. Nanoshells have the 
ability to be tunable optically and have absorption properties that 
range from the UV to the infrared. Nanoshells are attractive 
because they offer imaging and potential therapeutic properties 
without the potential for heavy metal toxicity. Because of their 
size, nanoshells will preferentially concentrate in cancer lesion 
sites. This physical selectivity occurs through a phenomenon called 
enhanced permeation retention (EPR). The specific properties 
associated with nanoshells allow for the absorption of this directed 
energy, creating an intense heat that selectively kills the tumor 
cells. The external energy can be mechanical, radio frequency, 
optical - the therapeutic action is the same. The result is greater 
efficacy of the therapeutic treatment and a significantly reduced set 
of side effects.  
 
Cancer treatment 

The Gold Nanoshell is shuttled into tumors by the use of 
phagocytosis where phagocytes engulf the nanoshells through the 
cell membrane to form an internal phagosome, or macrophage. 
After this it is shuttled into a cell and enzymes are usually used to 
metabolize it and shuttle it back out of the cell. These nanoshells 
are not metabolized so for them to be effective they just need to be 
within the tumor cells and photo induced cell death is used to 
terminate the tumor cells. The nanoshells have been successfully 
delivered into tumors by exploiting the enhanced permeability and 
retention effect, a property that permits nanoscale structures to be 
taken up passively into tumors without the assistance of antibodies. 
Delivery of nanoshells into the important regions of tumors can be 
very difficult. Once the nanoshells are at the necrotic center, near-
infrared illumination is used to destroy the tumor associated 
macrophages. 

Since nanoshells are easily optically tuned so that they 
absorb light in near infrared region, where there is a minimal 
optical absorption in tissue and penetration by the radiation is 
optimal for deep tissue treatments. Also prior to any illumination 
the nanoshell will be inert within the cell. This nanoshell-based 
photo thermal ablation therapy shows success in mice with tumor 
remission with rates over 90%. 
 

 
Fig.2: Nanoshells being taken in tumor cell 

In core shell particles-based drug delivery systems either 
the drug can be encapsulated or absorbed onto the shell surface. 
When it comes in contact with the biological system, it directs the 
drug. In imaging applications, nanoshells can be tagged with 
specific antibodies for diseased tissues or tumors. When these 
nanoshells are  inserted in  the  body,  they  get  attached to 
diseased cells and  can  be  imaged. Once the tumor has been 
located, it is irradiated with resonance wavelength of the 
nanoshells. This leads to localized heating of the tumor and it is 
destroyed. The power required for destroying diseased cells is 
almost half that required to kill healthy cells. The process of 
attacking the tumor, also leads to the loss of many healthy cells. 
Nanoshells offer an effective and relatively safer strategy to cure 
these ailments.  

 
Fig.3: Nanoparticles used to treat cancer 
 
Experimental Data 

The field of nanotechnology has already yielded specific 
products and proofs of principle demonstrated to be of value in 
clinical applications: 
 Liposomes are being used as drug delivery vehicles in several 

products. For example, liposomal doxorubicin is used to treat 
some forms of cancer.  

 Another recent example is work done by researchers at 
Massachusetts General Hospital, led by Ralph Weissleder, 
M.D., Ph.D., which has shown that nanoparticulate iron 
oxide particles can be used with magnetic resonance 
imaging (MRI) to accurately detect metastatic lesions in 
lymph nodes without surgery.  

 In May 2004, two companies (American Pharmaceutical 
Partners and American Bioscience) announced that the FDA 
accepted the filing of a New Drug Application (NDA) for a 
nanoparticulate formulation of the anticancer compound 
taxol to treat advanced stage breast cancer.  

 
Examples of nanotechnology in cancer research today include 
the following: 
 Nanoparticles can aid in imaging malignant lesions, so 

surgeons know where the cancer is, and how to remove it.  
 Nanoshells can kill tumor cells selectively, so patients don’t 

suffer terrible side effects from healthy cells being destroyed.  
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 Biosensors can monitor genetic changes and hyperplasia 
to prevent cancer progression.  

 Carbon nanotubes are also used to detect and selectively 
kill only the tumor cells. 

 
Future Scope 

In the near future, nanoscale devices could offer the 
potential to detect cancer at its earliest stage and simultaneously 
deliver anticancer agents to the discovered tumor. Indeed, 
nanoscale devices could be the crucial enabling technology that 
will turn the promise of personalized cancer therapy -- where a 
patient receives a drug based on the exact genetic and molecular 
characteristics of his or her particular type of cancer -- into reality. 
Nanotechnology provides opportunities to prevent cancer 
progression. We need to understand the importance of 
nanotechnology in cancer therapy. Earlier there were several 
methods to treat cancer like chemotherapy, radiation therapy and 
surgery. But all these methods have several side-effects like: 

 

 Hair loss 
 Loss of appetite and nutritional problems 
 Peripheral neuropathy 
 Diarrhea 
 Skin damage 

 

Nanotechnology has proved to be very effective in 
treating cancer and is much safer than the usual chemotherapy. 
There are several reasons that nanotechnology could help 
transform cancer research and clinical approaches to cancer care: 
 Most biological processes, including those processes leading 

to cancer, occur at the nanoscale. For cancer researchers, the 
ability of nanoscale devices to easily access the interior of a 
living cell affords the opportunity for unprecedented gains on 
both clinical and basic research frontiers.  

 The ability to simultaneously interact with proteins and 
nucleic acids at the molecular level will provide a better 
understanding of the complex regulatory patterns that govern 
the behavior of cells in their normal state as well as the 
transformation into malignant cells.  

 Nanotechnology provides a platform for integrating research 
in proteomics -- the study of the structure and function of 
proteins, including the way they work and interact with each 
other inside cells -- with other scientific investigations into 
the molecular nature of cancer.  

 
REFERENCES 
 

A. Sukhanova, L. Venteo, J.H.M. Cohen, M. Pluot, I. 
Nabiev,Annales Pharmaceutiques Françaises, Volume 64, Issue 2, 
February 2006, 125-134. 

A.D. Barker European Journal of Cancer Supplements, Volume 
4, Issue 1, 2006, 9. 

Aasgeir Helland, Hans Kastenholz Journal of Cleaner 
Production, Volume 16, Issues 8-9, May-June 2008, 885-888. 
               Adam T. Woolley Trends in Biotechnology, Volume 19, Issue 2, 
1 February 2001, 38-39. 
 

Amy Pope-Harman, Mark Ming-Cheng Cheng, Fredika 
Robertson, Jason Sakamoto, Mauro Ferrari Medical Clinics of North 
America, Volume 91, Issue 5, September 2007, 899-927. 

Andrei Mogoutov, Bernard Kahane Research Policy, Volume 
36, Issue 6, July 2007, 893-903. 

Balaji Panchapakesan, Eric Wickstrom Surgical Oncology 
Clinics of North America, Volume 16, Issue 2, April 2007, 293-305. 

Beverly A. Rzigalinski, Jeannine S. Strobl, Toxicology and 
Applied Pharmacology, Volume 238, Issue 3, 1 August 2009, 280-288. 

Bolanle Asiyanbola, Winston Soboyejo Journal of Surgical 
Education, Volume 65, Issue 2, March-April 2008, 155-161. 

C. Bauer, J. Buchgeister, R. Hischier, W.R. Poganietz, L. 
Schebek, J. Warsen Journal of Cleaner Production, Volume 16, Issues 8-9, 
May-June 2008,  910-926. 

Donald P. Harrington, Journal of the American College of 
Radiology, Volume 3, Issue 8, August 2006, 578-579. 

Douglas K.R. Robinson Technological forecasting and Social 
Change, In Press, Corrected Proof, Available online 19 September 2009. 
               Dwaine F. Emerich, Craig Halberstadt Cellular Transplantation, 
2007, 611-627 

Ernest S. Kawasaki, Audrey Player Nanomedicine: 
Nanotechnology, Biology and Medicine, Volume 1, Issue 2, June 2005, 
101-109. 
               Etgar Levy-Nissenbaum, Aleksandar F. Radovic-Moreno, 
Andrew Z. Wang, Robert Langer, Omid C. Farokhzad Trends in 
Biotechnology, Volume 26, Issue 8, August 2008, 442-449. 

Frank Alexis, June-Wha Rhee, Jerome P. Richie, Aleksandar F. 
Radovic-Moreno, Robert Langer, Omid C. Farokhzad Urologic Oncology: 
Seminars and Original Investigations, Volume 26, Issue 1, January-
February 2008, 74-85. 

G. Guetens, K. Van Cauwenberghe, G. De Boeck, R. Maes, U. 
R. Tjaden, J. van der Greef, M. Highley, A. T. van Oosterom, E. A. de 
Bruijn  Journal of Chromatography B: Biomedical Sciences and 
Applications, Volume 739, Issue 1, 28 February 2000,  139-150. 
                G. Louis Hornyak Otolaryngologic Clinics of North America, 
Volume 38, Issue 2, April 2005, 273-293. 

Gabriel A. Silva Surgical Neurology, Volume 67, Issue 2, 
February 2007, 113-116. 

George K. Stylios, Peter V. Giannoudis, T. Wan Injury, Volume 
36, Issue 4, Supplement 1, November 2005, S6-S13. 

Gregory Morose Journal of Cleaner Production, In Press, 
Corrected Proof, Available online 14 October 2009. 

H Banerjee Nanomedicine: Nanotechnology, Biology and 
Medicine, Volume 2, Issue 4, December 2006, 276. 

J.D. Driskell, R.A. Tripp, Clinical Microbiology Newsletter, 
Volume 31, Issue 18, 15 September 2009, 137-144. 

James R. Baker, Jr Brent B. Ward, Thommey P. Thomas 
Clinical and Translational Science, 2009, 123-135. 

James S. Murday, Richard W. Siegel, Judith Stein, J. Fraser 
Wright, Nanomedicine: Nanotechnology, Biology and Medicine, Volume 
5, Issue 3, September 2009, 251-273. 

Jerome C. Glenn Technological Forecasting and Social Change, 
Volume 73, Issue 2, February 2006, 128-137. 

John E. Mata, Leslie A. Dyal, Margorie E. Slauson, James E. 
Summerton, Christiane Loehr, Arhie Reid Tyson, Rosita Rodriguez-
Proteau, Scott B. Gustafson, Nanomedicine: Nanotechnology, Biology and 
Medicine, Volume 3, Issue 4, December 2007, 297-305. 

John H. Phan, Richard A. Moffitt, Todd H. Stokes, Jian Liu, 
Andrew N. Young, Shuming Nie, May D. Wang Trends in Biotechnology, 
Volume 27, Issue 6, June 2009, 350-358. 



Journal of Applied Pharmaceutical Science 01 (03); 2011: 25-29 

 

Jonathan Wood Materials Today, Volume 7, Issue 9, September 
2004, 12. 

Jonathan Wood Materials Today, Volume 8, Issue 11, 
November 2005, 20. 

Jonathan Wood, Materials Today, Volume 8, Issue 6, June 2005, 
16. 

Katarzyna Bogunia-Kubik, Masanori Sugisaka Biosystems, 
Volume 65, Issues 2-3, 5 March 2002, 123-138. 

Kelly Y. Kim Nanomedicine: Nanotechnology, Biology and 
Medicine, Volume 3, Issue 2, June 2007, 103-110. 

Kewal K. Jain Clinica Chimica Acta, Volume 358, Issues 1-2, 
August 2005, 37-54. 

L. Reijnders Journal of Cleaner Production, Volume 14, Issue 2, 
2006, 124-133. 

Lijie Zhang, Thomas J. Webster Nano Today, Volume 4, Issue 
1, February 2009, 66-80. 

Lyndon Gommersall, Iqbal S. Shergill, Hashim U. Ahmed, 
Dickon Hayne, Manit Arya,Hitendra R.H. Patel, Makoto Hashizume, 
Inderbir S. Gill European Urology, Volume 52, Issue 2, August 2007, 368-
375. 
               Manfred Johannsen, Andreas Jordan, Peter Wust, Stefan A. 
Loening, European Urology, Volume 53, Issue 4, April 2008,860. 

Mark Ming-Cheng Cheng, Giovanni Cuda, Yuri L Bunimovich, 
Marco Gaspari, James R Heath, Haley D Hill, Chad A Mirkin, A Jasper 
Nijdam, Rosa Terracciano, Thomas Thundat, Mauro Ferrari,Current 
Opinion in Chemical Biology, Volume 10, Issue 1, February 2006, 11-19. 

MaryAnn Foote Biotechnology Annual Review, Volume 13, 
2007, 345-357. 

Michael A. Horton, Abid Khan Nanomedicine: Nanotechnology, 
Biology and Medicine, Volume 2, Issue 1, March 2006, 42-48. 

Michael Heller, Michael J. Heller Nanomedicine: 
Nanotechnology, Biology and Medicine, Volume 2, Issue 4, December 
2006, 301. 

Michael Siegrist, Nathalie Stampfli, Hans Kastenholz, Carmen 
Keller Appetite, Volume 51, Issue 2, September 2008,  283-290. 

Mihail C Roco Current Opinion in Biotechnology, Volume 14, 
Issue 3, June 2003, 337-346. 

Nesli Sozer, Jozef L. Kokini Trends in Biotechnology, Volume 
27, Issue 2, February 2009, 82-89. 

Otilia M. Koo, Israel Rubinstein, Hayat Onyuksel 
Nanomedicine: Nanotechnology, Biology and Medicine, Volume 1, Issue 
3, September 2005, 193-212. 

P. Couvreur, R. Gref, K. Andrieux, C. Malvy Progress in Solid 
State Chemistry, Volume 34, Issues 2-4, July 2006, 231-235. 

P.O. Iyuke, M. Cross, S.E. Iyuke, H.J. Potgieter Education for 
Chemical Engineers, Volume 2, Issue 1, 2007, 56-67. 

Pengju G. Luo, Fred J. Stutzenberger, Advances in Applied 
Microbiology, Volume 63, 2008, 145-181. 

R.R. Allison, H.C. Mota, V.S. Bagnato, C.H. Sibata 
Photodiagnosis and Photodynamic Therapy, Volume 5, Issue 1, March 
2008, 19-28. 

 
 
 
 
 
 
 
 
 

Reha Artan, Ayşegül Tepe European Journal of Mechanics - 
A/Solids, Volume 27, Issue 3, May-June 2008, 469-477. 
                Ronald N. Kostoff, Raymond G. Koytcheff, Clifford G.Y. Lau 
Technological Forecasting and Social Change, Volume 74, Issue 9, 
November 2007, 1733-1747. 

Russ Zajtchuk, Disease-a-Month, Volume 45, Issue 11, 
November 1999, 453-495. 

Ruth Lyddy, Information Resources in Toxicology (Fourth 
Edition), 2009,  321-328. 

S. Guo, P. Guo Nanomedicine: Nanotechnology, Biology and 
Medicine, Volume 2, Issue 4, December 2006, 293-294. 

S.K. Sahoo, S. Parveen, J.J. Panda Nanomedicine: 
Nanotechnology, Biology and Medicine, Volume 3, Issue 1, March 2007, 
20-31. 

S.M. Moghimi, T.L. Andresen Molecular Immunology, Volume 
46, Issues 8-9, May 2009, 1571-1572. 

Sanjeeb K. Sahoo, Fahima Dilnawaz, S. Krishnakumar Drug 
Discovery Today, Volume 13, Issues 3-4, February 2008, 144-151. 
                Shangxian Gao, Chenghu Liu, Shoufang Qu, Jing Song, Jianfeng 
Li, Pin Zhang, Qun Wang, Chun Guo, Fei Gao, Lining Zhang International 
Immunopharmacology, Volume 7, Issue 10, October 2007, 1334-1342. 

Sharon M. Nickols-Richardson Journal of the American Dietetic 
Association, Volume 107, Issue 9, September 2007, 1494-1497. 
                Shihua Jin, Vinod Labhasetwar Urologic Clinics of North 
America, Volume 36, Issue 2, May 2009, 179-188. 

Susanna Priest, What Can Nanotechnology Learn From 
Biotechnology?, 2008, 221-234. 

T. N. Khoperia Microelectronic Engineering, Volume 69, Issues 
2-4, September 2003, 384-390. 

T.J. Meade European Journal of Cancer Supplements, Volume 6, 
Issue 12, October 2008, 148. 

T.L. Bergman, A. Faghri, R. Viskanta International Journal of 
Heat and Mass Transfer, Volume 51, Issues 19-20, September 2008, 4599-
4613. 
               Vaibhav Saini, Vladimir P. Zharov, Christopher S. Brazel, David 
E. Nikles, Duane T. Johnson, Maaike Everts Nanomedicine: 
Nanotechnology, Biology and Medicine, 2, 2006, 200-206. 

Valesca P. Retèl, Marjan J.M. Hummel, Wim H. van Harten 
Molecular Oncology, Volume 3, Issues 5-6, December 2009, 394-401 
               Vinod Labhasetwar Current Opinion in Biotechnology, Volume 
16, Issue 6, December 2005, 674-680. 

Vuk Uskoković Technology in Society, Volume 29, Issue 1, 
January 2007, 43-61. 

Won Hyuk Suh, Kenneth S. Suslick, Galen D. Stucky, Yoo-Hun 
Suh Progress in Neurobiology, Volume 87, Issue 3, February 2009, 133-
170. 
                 Zhiping Zhang, Si-Shen Feng, Biomaterials, Volume 27, Issue 
2, January 2006, 262-270. 
 
 
 
 
 
 
 


