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ABSTRACT Nanotechnology provides a variety of nanoscale tools for medicine. Applications of nanotechnology for treat-
ment, diagnosis, monitoring, and control of biological systems has been referred to as nanomedicine by the 

National Institutes of Health. Research into the rational delivery and targeting of pharmaceutical, therapeutic, and diagnos-
tic agents is at the forefront of projects in nanomedicine. Cancer nanotherapeutics are rapidly progressing and are being 
implemented to solve several limitations of conventional drug delivery systems such as nonspecific biodistribution and 
targeting, lack of water solubility, poor oral bioavailability, and low therapeutic indices. Current progress in nanotechnology 
and nanomedicine has exploited the possibility of designing tumor-targeted nanocarriers able to deliver conjugates in a 
selective manner to improve the efficacy and safety of cancer imaging and therapy. Nanoparticles for cancer have been de-
signed for optimal size and surface characteristics to increase their circulation time in the bloodstream to improve the bio-
distribution of drugs which are carried in their loaded active form to cancer cells by selectively using the unique pathophysi-
ology of tumors, such as their enhanced permeability and retention effect and the tumor microenvironment. Nanoparticles 
have the ability to accumulate in cells without being recognized by P-glycoprotein, one of the main mediators of multidrug 
resistance, resulting in the increased intracellular concentration of drugs. Ultimately, integrated nanotherapeutic systems 
may prove essential to address the challenges of tumor heterogeneity and adaptive resistance to achieve efficacious treat-
ment of cancer. Today, nanotechnology and nanoscience approaches to particle design and formulation are beginning to 
expand the market for many drugs and are forming the basis for a highly profitable niche within the healthcare. The review 
article will highlight the rational therapeutic and diagnostic approaches of nanoscale vehicles and entities involved for site-
specific drug delivery and medical imaging for tumor affected cells. 

INTRODUCTION
The development of a wide spectrum of nanoscale technolo-
gies is beginning to change the foundations of disease diag-
nosis, treatment, and prevention. One of the most exciting 
aspects of healthcare research is the increasing concurrence 
between biological and the physical sciences. The emerging 
field of nanomedicine exemplifies this trend since it seeks to 
bring current advances in chemistry, physics and materials sci-
ence to bear on the diagnosis and therapy for wide range 
of diseases. These technological innovations, referred to as 
nanomedicines by the National Institutes of Health (Bethesda, 
MD, USA), have the potential to turn molecular discoveries 
arising from genomics and proteomics into widespread bene-
fit for patients (Moghimi et al., 2005). Nanomedicine is a large 
area of application, where devices such as nanoparticles, 
nanomachines, nanofibers and optical and mechanical na-
nosensors (Arciola et al., 2003) could bring fundamental ben-
efits (Moghimi et al., 2005). The unusual mechanical, optical, 
electrical and chemical behaviors of nanometer materials can 
facilitate many new strategies for more precise and safer im-
aging of diseased tissues, and for novel forms of therapeutics 
with précised sensitivity. These intriguing opportunities have 
evoked much discussion about the presumed revolutionary 
impact of nanotechnology on medicine (Juliano, 2012).

There are two broad themes regarding the impact of nano-
technology on medicine. One is in the realm of therapeutics 
and the other in diagnosis. In the therapeutics area much 
of the interest has focused on the use of nanoparticles to 
more effectively deliver drugs to the sites within cells and tis-
sues where the drugs will act in diseases like cancer where n 
numbers of targets are available. Nanoscale drug devices are 
currently being developed to deliver anticancer therapeutics 
specifically to tumors. Nanoparticles and liposomes are the 
“first generation” of these devices. Some of them have al-
ready reached the clinical practice, such as liposomal doxo-
rubicin used to treat specific forms of cancer, or liposomal 

amphotericin B used to treat fungal infections often associ-
ated with aggressive anticancer treatment (Barratt G 2003). 
Commonly, nanoparticles will target certain tissues strictly 
because of their size and/or their physico-chemical proper-
ties; but new types of intelligent nanoparticles that respond 
to an externally applied field, be magnetic, focused heat, 
or light, in ways that might make them ideal therapeutics or 
therapeutic delivery vehicles, are under examination.

Conventional chemotherapeutic agents are distributed non-
specifically in the body where they affect both cancerous and 
normal cells, thereby limiting the dose achievable within the 
tumor and also resulting in suboptimal treatment due to ex-
cessive toxicities. Molecularly targeted therapy has emerged 
as one approach to overcome the lack of specificity of con-
ventional chemotherapeutic agents (Ross et al., 2004). How-
ever, the development of cancer cell resistance can evade 
the cytotoxicity not only of conventional chemotherapeutics 
but also of the newer molecularly targeted therapeutics (Mor-
gillo et al., 2005).

Passive and active targeting strategies for Nanoparticles can 
enhance the intracellular concentration of drugs in cancer 
cells while avoiding toxicity in normal cells (Maeda, 2001 
and Allen, 2002). Furthermore, when nanoparticles bind to 
specific receptors and then enter the cell, they are usually 
enveloped by endosomes via receptor-mediated endocyto-
sis, thereby bypassing the recognition of P-glycoprotein, one 
of the main drug resistance mechanisms (Larsen et al., 2000). 
However nanoparticles offer many advantages as drug car-
rier systems but still there are many limitations to be solved 
such as poor oral bioavailability, instability in circulation, in-
adequate tissue distribution, and toxicity.

THE DISTINCTIVE CHARACTERISTICS OF NANOPARTICLES
Materials at the nanometer scale having numerous engi-
neered constructs, assemblies, architectures and particu-
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late systems often have different physical and biochemical 
properties that make nanostructures attractive for diagnostic 
and therapy applications. For example, the electronic, opti-
cal, and chemical properties of nanoparticles may be very 
different from those of each component in the bulk. At the 
nanoscale, materials behave very differently compared to 
larger scales and it is still very difficult to predict the physical 
and chemical properties of particles of such a very small size. 
Since the size of the nanoparticles is significantly smaller than 
a cell, they can deliver a large payload of drugs (Anticancer 
Drugs), contrast agents or fluorescent probe onto the sur-
face or interior of the cell (Cancerous tissue), without disrupt-
ing the normal cell homeostasis (Conti, 2006). Conventional 
surface non-modified nanoparticles are usually entangled in 
the reticuloendothelial circulation, such as the liver and the 
spleen, depending on their size and surface characteristics 
(Moghimi, 2001). The above botheration of injected nano-

particles can be controlled by adjusting their size and surface 
characteristics which are the principal parameters of nano-
particles as shown in (Table 1).

Nanoparticles can be encountered as aerosols (solids or 
liquids in air), suspensions (solids in liquids) or as emulsions 
(liquids in liquids). In the presence of certain chemicals, prop-
erties of nanoparticles may be modified. Nanoparticles are 
able to deeply penetrate tissues, going through the aperture 
of the small blood-vessel epithelial tissue. They can enter the 
systemic blood circulation without forming blood platelet 
aggregates. The reduced particle size provides high surface 
area and hence used for faster drug release. Drug delivery 
rates and particle integrity can be controlled by engineer-
ing entities which can activate by changing in the environ-
mental pH, chemical stimuli in the form of rapidly oscillating 
magnetic field or by external heat source (Drummond, 2000; 
Panyam, 2002 and Clark, 1999).

PRINCIPAL CHARACTERISTICS OF NANOPARTICLES

Size Characteristics

•	 Size	is	tunable

•	 Size	of	nanoparticles	large	enough	to	prevent	their	rapid	
leakage into blood capillaries but small enough to escape 
capture by fixed macrophages that are lodged in the reticu-
loendothelial system 

•	 Preferred	size	of	the	Nanoparticles	is	kept	up	to	100	nm	to	
reach tumor affected cells and surpass sinusoid in the spleen 
and fenestra of the Kuffer cells in the liver (150 to 200 nm) 
(Wisse, 1996) and the size of gap junction between endothe-
lial cells of the leaky tumor vasculature (100 to 600 nm) (Yuan, 
1995)

Surface Characteristics

•	 To	determine	the	life	span	and	fate	of	nanoparticles	dur-
ing circulation relating to their capture by macrophages

•	 Nanoparticles	ideally	have	a	hydrophilic	surface	to	escape	
macrophage capture

•	 Coating	the	surface	of	nanoparticles	with	a	hydrophilic	
polymer such as PEG protects them from opsonization by 
repelling plasma proteins

•	 	Nanoparticles	can	be	formed	from	block	copolymers	with	
hydrophilic and hydrophobic domains

Table1: - size and surface characteristics of nanoparticles

RANGE OF NANOCARRIERS FOR ANTI-CANCER DIAG-
NOSTIC AND THERAPEUTIC APPROACHES
Nanocarriers are nanosized materials with numerous engi-
neered constructs, assemblies, architecture systems of di-
ameter ranging 1–100 nm that can carry multiple drugs or 
imaging agents. It is possible to achieve high ligand density 
on the surface for targeting purposes owing to their high 
surface-area-to-volume ratio (Langer, 2007). Materials at 
the nanometer scale often have different physical and bio-
chemical properties that make nanostructures attractive for 

diagnostic and therapy applications. The family of nanocarri-
ers includes polymer based nanoparticles (Polymeric Nano-
particles, Polymeric micelles and Dendrimers) , lipid-based 
carriers (liposomes), carbon nanotubes, gold nanoparticles 
(GNPs), Carbon Tubes, Magnetic Nanoparticles, Quantum 
dots, Ceramic based Nanoparticles and carbohydrate-ce-
ramic nanoparticles (Aquasomes). These nanocarriers have 
been explored for a variety of applications such as drug de-
livery, imaging, photo thermal ablation of tumors, radiation 
sensitizers and detection of apoptosis as shown in (Table 2).

Nanoparticles Characteristics Applications References

Gold Nanoparticles 
(GNPs)

- Easy Preparation
- Have low toxicity
- Attached easily to the molecules of 
biological interest (E.g. Proteins and 
Drugs)
-Accumulate easily 
 at tumor sites 

- Gold nanoparticles are emerging as 
promising agents for cancer therapy 
and are being investigated as drug 
carriers, photo thermal agents, contrast 
agents and
 radiosensitisers
-This technology might enable tracking 
of a single molecule of a drug in a cell 
or other biological samples
 - As a vector for tumor directed drug 
delivery

(Farrer et al., 
2005 and Paci-
otti et al., 2004)

Quantum dots 
(QDs)

- Nano-scale crystalline structures 
made from a variety of different com-
pounds, such as cadmium selenide 
that can transform the color of light
- Quantum dots absorb
 white light and then re-emit it a cou-
ple of nanoseconds later at a specific 
wavelength
- Greater flexibility

-These structures offer
 new capabilities for multicolor optical 
coding in gene expression studies, 
high throughput screening, and in vivo 
imaging of Cancerous tissues and cells

(Moghimi et al., 
2005)
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Dendrimers - 3-D nanoscale core-shell structures
- Highly branched macromolecules

- Conjugated with antibodies that act 
as recognition sites to kill cancer cells
- Targeted delivery of small molecular 
drugs, proteins/peptides and genes

(Choi Y 2005, 
Kukowska-La-
tallo et al., 2005 
and Yang et al., 
2006)

Polymeric micelles - usually below 50 nm in diameter
- Generally arranged in a spheroid 
structure with hydrophobic cores 
shielded from the water by a mantle
 of hydrophilic groups 

- Drugs or contrast agents may be 
trapped physically within the hydropho-
bic cores or can be linked covalently to 
component molecules of the micelle

(Moghimi et al., 
2005)

Magnetic-Fluores-
cent Nanoparticles

- Magnetic and fluorescent - In vivo imaging rapid screening
- Loco regional delivery of Chemother-
apeutic particles

(Weissleder et 
al., 2005, Jor-
dan et al., 2006 
and Alexiou et 
al., 2006)

Lipoparticles - Enable integral membrane proteins 
to be solubilized but retain their 
intact structural conformation

- To improve selective drug delivery by 
targeting tumor vasculature
- As a potential carrier to deliver a li-
pophilic antitumor drug into hepatoma 
cells
- Passive tumor targeting 

(Schmitt-Sody 
et al., 2003 and 
Lou 2005)

Nano bodies - The smallest available intact 
antigen-binding fragments harboring 
the full antigen-binding capacity of 
the naturally occurring heavy-chain 
antibodies

- Potential of a new generation of 
antibody-based therapeutics in addi-
tion to diagnostics for diseases such as 
cancer

(Revets et al., 
2005)

Table 2: Types of Nanoparticles for diagnostic and thera-
peutic applications

Polymer-based drug carriers
Polymers are the most commonly explored materials for con-
structing nanoparticle-based drug carriers. One of the earli-
est reports was described by Couvreur et al. in 1979 where 
the use for cancer therapy included the adsorption of anti-
cancer drugs to polyalkylcyanoacrylate nanoparticles.

Polymeric nanoparticles (polymer-drug conjugates)
Polymers such as albumin, chitosan, and heparin occur natu-
rally and have been a material of choice for the delivery of 
oligonucleotides, DNA, protein as well as drugs. Another 
studies conducted by Gradishar et al., 2005 revealed that 
nanoparticle formulation of paclitaxel in which serum albu-
min was included as a carrier to synthesize nanometer-sized 
albumin bound paclitaxel (Abraxane] which has been applied 
in the clinic for the treatment of metastatic breast cancer. 
Abraxane has also been evaluated in clinical trials involving 
many other cancers including non–small-cell lung cancer and 
advanced non-hematologic malignancies (Green et al., 2006 
and Nyman et al., 2005). Among synthetic polymers such as 
N-(2-hydroxypropyl) - methacrylamide copolymer (HPMA), 
polystyrene-maleic anhydride copolymer, polyethylene gly-
col (PEG), and poly-L-glutamic acid (PGA), PGA was the first 
biodegradable polymer to be used for conjugate synthesis 
(Li C, 2002). 

Polymeric micelles
Micelles are formed in solution as aggregates in which the 
component molecules (e.g., amphiphilic AB-type or ABA-
type block copolymers where A and B are hydrophobic and 
hydrophilic components. They are generally arranged in a 
spheroidal structure with hydrophobic cores shielded from 
the water by a mantle of hydrophilic groups. These dynamic 
systems are usually below 50 nm in diameter and are used 
for the systemic delivery of water-insoluble drugs. Anticancer 
Drugs or contrast agents may be trapped physically encapsu-
lated within the hydrophobic cores or can be linked covalent-
ly to component molecules of the micelle (Sahoo and Lab-
hasetwar 2003 and Moghimi et al., 2005). The first polymeric 
micelle formulation of paclitaxel, Genexol-PM (PEG-poly (D, 

L-lactide)-paclitaxel), is a cremophor- free polymeric micelle-
formulated paclitaxel (Kim, 2004). 

Dendrimers
A dendrimer is a synthetic polymeric macromolecule of na-
nometer dimensions, composed of multiple highly branched 
monomers that emerge radially from the central core mole-
cule and growth occurs in an outward direction by a series of 
polymerisation reactions. Hence, precise control over size can 
be achieved by the extent of polymerisation, starting from a 
few nanometers. Cavities in the core structure and folding of 
the branches create cages and channels. Monodisperse size, 
modifiable surface functionality, multivalency, water solubility 
and available internal cavity make them attractive for antican-
cer drug delivery. Polyamidoamine dendrimer, the dendrimer 
most widely used as a scaffold, was conjugated with cisplatin, 
a chemotherapeutic drug (Malik, 1999).

Lipid-based drug carriers
Lipid-based carriers have attractive biological properties in-
cluding general biocompatibility, biodegradability, isolation 
of drugs from the surrounding environment and the ability to 
entrap both hydrophilic and hydrophobic drugs. The proper-
ties of lipid-based carriers such as their size, charge and sur-
face functionality can easily be modified by surface chemistry 
(Langer, 2007).

Liposomes
Liposomes are spherical, self-closed structures formed by 
one or several concentric lipid bilayers with inner aqueous 
phases. Liposomes are classified into three basic types based 
on their size and number of bilayers including Multilamellar 
vesicles (MUVs) that consist of several lipid bilayers sepa-
rated from one another by aqueous spaces. On the other 
hand both small unilamellar vesicles (SUVs) and large unila-
mellar vesicles (LUVs) consist of a single bilayer surrounding 
the entrapped aqueous space (Moghimi et al., 2005). Cur-
rently, several kinds of cancer drugs have been applied to this 
lipid-based system using a variety of preparation methods. 
Among them liposomal formulations of the anthracyclines 
doxorubicin (Doxil, Myocet) and daunorubicin (DaunoXome) 
are approved for the treatment of metastatic breast cancer 
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and AIDS-related Kaposi’s sarcoma (Markman, 2006; Rivera, 
2003 and Rosenthal, 2002).

Carbon Nanotubes
Carbon nanotubes are carbon cylinders composed of ben-
zene rings acting as sensors for detecting DNA and protein, 
diagnostic devices for the discrimination of different proteins 
from serum samples and carriers to deliver vaccine or pro-
tein (Bianco et al., 2005 and Kwangjae, 2008). The diameter 
and the length of single-walled nanotubes may vary between 
0.5–3.0 nm and 20–1000 nm, respectively. Carbon nanotubes 
can be made water soluble by surface functionalization. Mo-
lecular and ionic migration through carbon naotubes can oc-
cur, thus offering opportunities for fabrication of molecular 
sensors and electronic nucleic acid sequencing. Carbon na-
notubes can cross the cell membrane as ‘nanoneedles’ with-
out perturbing or disrupting the membrane and localize into 
cytosol and mitochondria (Moghimi, 2005).

The multiple covalent functionalizations on the sidewall or 
tips of carbon nanotubes allow them to carry several mol-
ecules at once, and this strategy provides a fundamental 
advantage in the treatment of cancer. For an example, the 
anticancer drug (methotrexate) has been covalently linked to 
carbon nanotubes with a fluorescent agent FITC (Bianco et 
al., 2005). 

Magnetic-drug targeting
Magnetic drug targeting offers a unique opportunity to treat 
malignant tumors loco-regionally. In 2006 Alexiou et al. have 
treated squamous cell carcinoma in vivo with the injection 
of magnetic nanoparticles called ferrofluids bound to mi-
toxantrone, as a chemotherapeutic agent which was locally 
induced to concentrate by means of a magnetic field. The 
intra-tumoral accumulation of the magnetic particles can be 
additionally be visualized by means of MRI (Alexiou et al., 
2006 and Conti, 2006).

Ceramic-based nanoparticles
Ceramic based nanocarriers posses extensive potential and 
applications in photodynamic cancer therapy (PCT) in the 
field of Oncology. PCT is based on the principal that light-
sensitive species can be preferentially localized in tumor tis-
sues upon systemic administration. In 2003 in vitro studies 
by Roy et al. shown that silica based nanoparticles carrying 
the water-insoluble photosensitizing anticancer drug-dye, 
2-devinyl-2-(1-hexyloxyethyl) pyropheophorbide (HPPH), 
were taken up by the tumor infected cells and the resulting 
light irradiation results in significant cell death (Roy, 2003). 
Aquasomes also called the carbohydrate-ceramic nanopar-
ticles are spherical 60–300 nm particles used for anticancer 
drug and antigen delivery. The particle core is composed 
of nanocrystalline calcium phosphate or ceramic diamond 
and is covered by a polyhydroxyl oligomeric film. Anticancer 
Drugs and antigens are then adsorbed on to the surface of 
these particles (Kossovsky, 1996).

NANOPARTICLES FOR TUMOR IMAGING
There are many approaches which are generally used for 
labeling or encapsulating radionuclides on nanocarriers in-
cluding labeling nanocarriers by encapsulation, nanocarrier 
surface labeling, nanocarrier surface labeling of bioconju-
gates, Incorporation into the lipid bilayer, after-loading of 
the aqueous phase of the nanocarriers (Ting G et al., 2009). 
The main concept behind the after-loading methods is that it 
provides higher labeling efficiencies (>90%) and the greatest 
in vivo stability for radionuclides used for nuclear imaging 
(Mitra et al., 2006 and Hamoudeh et al., 2008). Liposomes 
are spherical bilayers of small phospholipid vesicles which 
spontaneously form when water is added to a dried lipid mix-
ture. The ability to modify the surface of nanocarriers permits 
improvement in the pharmacokinetics, bioavailability, toxicity 
and customization of nanocarrier formulations for particular 
tumor imaging agents (Huwyler, 2008).

Delivery of 99mTc, 111In, 67Ga radionuclides is done by li-
posomes for gamma-imaging for Multitude diagnostics of 
tumor, infection, inflammation, and lymphoscintigraphy 
(Phillips, 1999 and Kleiter, 2006). Liposome labeled with ra-
dionuclide 111In for gamma/SPECT imaging used for Clinical 
biodistribution, PK and imaging, studies of breast, head and 
neck, glioma and lung cancer patients (Harrington, 2001). 
The other form of liposome known as Immunoliposome was 
labeled with 111In for gamma imaging was applied for the 
111In-liposome-2C5 (mAb) nucleosome-specific monoclonal 
2C5 targeting delivery vehicles for tumor visualization of mu-
rine lewis lung carcinoma and human HT-29 tumors (Elbay-
oumi et al., 2006 and Erdogan et al., 2006). Perfluorocarbon 
nanoparticles are labeled with 111In for active targeting and 
gamma imaging of targeted tumor angiogenesis of αvα3-
integrin in Vx-2 rabbit tumors (Hu et al., 2007). On the other 
hand the Carbon Nanotubes are labeled with 111In for Active 
targeting and gamma or SPECT imaging for Multifunctional 
targeted delivery with functionalized and bioconjugated 
111In-DOTA-CNT-Rituximab nanoconstructs (McDevitt et al., 
2007). Quantum dot Nanoparticles are labeled with 64Cu for 
active targeting and bifunctional PET/NIRF imaging applied 
for tumor angiogenesis PET/NIRF imaging for dual-functional 
targeted delivery with amine functionalized 64Cu-DOTA-
QD-VEGF (Chen et al., 2008).

Development of a bifunctional polyaspartic acid-coated na-
notargeted iron oxide molecular probe for PET and magnetic 
resonance imaging (MRI) of tumor integrin-αvα3 expression 
was reported by Lee et al. and this bifunctional 64Cu-DOTA-
IO-RGD nanotargeted molecular imaging approach may al-
low for earlier tumor detection and may provide insight into 
the molecular mechanisms of cancer (Lee et al., 2008).

GENERATIONS OF NANOCARRIERS
Nanocarriers encounter numerous barriers en route to their 
target, such as mucosal barriers and non-specific uptake 
(Alonso, 2004). There are three generations of nanocarriers. 
Firstly, the passive targeting which is rapidly trapped in the 
recticuloendothelial system (RES) organs (e.g. liver and/or 
spleen). Secondly, the second generation of pegylated na-
nocarriers (passive targeting), which can evade the RES of 
the liver and spleen and enjoys a prolonged circulation in 
the blood through the enhanced permeability and retention 
(EPR) effect in leaky tumor tissues. Lastly, the active targeting 
that has a bioconjugated surface modification using specific 
antibodies or peptides to actively targeted specific tumor or 
tissues (Ting et al., 2009). General features of tumors include 
leaky blood vessels and poor lymphatic drainage. Whereas 
free drugs may diffuse nonspecifically, a nanocarrier can es-
cape into the tumor tissues via the leaky vessels by the EPR 
effect. 

Passive Targeting by Nanoparticles
Nanoparticles that satisfy the size and surface characteristics 
requirements as mentioned above for escaping reticuloen-
dothelial system capture have the ability to circulate for long-
er times in the bloodstream and a greater chance of reach-
ing the targeted tumor tissues. The unique pathophysiologic 
characteristics of tumor vessels enable macromolecules to 
selectively accumulate in tumor tissues (Maeda, 2001). One 
of the most important characteristics of the tumor cells are 
fast-growth and demand the recruitment of new vessels 
(neovascularization) or rerouting of existing vessels near the 
tumor mass to supply them with oxygen and nutrients for 
their growth. This result in imbalance of angiogenic regula-
tors which makes tumor vessels highly disorganized and di-
lated with numerous pores showing enlarged gap junctions 
between endothelial cells and compromised lymphatic drain-
age (Carmeliet, 2000). By the virtue of the above features 
called the enhanced permeability and retention helps to ac-
cumulate the nanoparticles with molecular weight above 50 
kDa in the interstitial spaces in the tumor tissues. Fast-grow-
ing, high proliferative cancer cells show a high metabolic rate 
and the supply of oxygen and nutrients is usually not suf-
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ficient for them to maintain the homeostasis and it produces 
a unique microenvironment surrounding tumor cells, which is 
different from that of normal cells. 

Active targeting by Nanoparticles
A binary conjugate drug delivery system comprises of poly-
mer-drug conjugate that depends only on passive targeting 
mechanisms have intrinsic limitations to its specificity. One 
approach suggested to overcome these limitations is the 
inclusion of a targeting ligand or antibody in polymer-drug 
conjugates (Allen, 2002). Initially direct conjugation of an an-
tibody to a drug was attempted but in clinical trials conduct-
ed so far reveals that such early antibody-drug conjugates 
have failed to show superiority as a targeted delivery tool for 
the treatment of cancer (Tolcher et al., 1999). The number 
of the anti-cancer drug molecule loaded or conjugated with 
the antibody is very limited to preserve its immune recog-
nition. The recent development of liposomes and polymers 
as drug delivery carriers increases the potential number of 
drugs that can be conjugated to targeted nanoparticles with-
out compromising their targeting affinity relative to earlier 
antibody-drug conjugates. Taking advantage of the technol-
ogy, targeting moieties and drugs many recently developed 
active targeting drug conjugates use a ternary structure com-
posed of a ligand or antibody as a targeting moiety, a poly-
mer or lipid as a carrier, and an active chemotherapeutic drug 
(Kwangjae et al., 2008). 

Antigens have various receptors present on the surface as 
particularly most suitable for tumor-specific targets (Allen, 
2002). The antigen receptors should have the several proper-
ties like uniqueness, expressed homogeneously on all target-
ed tumor cells and the specific antigen receptors should not 
be circulated in the blood circulation. Internalization of the 
conjugated nanoparticles is by receptor-mediated endocyto-
sis. Tumor-specific ligands or antibodies on the nanoparticles 
bind to cell-surface receptors which trigger internalization of 
the nanoparticles into the cell through endosome. As a pH 
value in the interior of the endosome becomes acidic, the 
drug is released from the nanoparticles and goes into the cy-
toplasm. Drug-loaded nanoparticles bypass the P-glycopro-
tein efflux pump not being recognized when the drug enters 
cells, leading to high intracellular concentration.

THE FUTURE OF NANOMEDICINES FOR CANCEROUS 
CELLS
In present day scenario, physicians must chiefly rely on the 
body’s ability to repair it but if this fails external efforts may 
be useless. The component parts of human cells cannot be 
placed exactly where they should be and restructure them 
as they should be to ensure a healthy state of life. There are 
no such tools for working precisely and with three-dimen-
sional control at the molecular level other than Nanotech-
nology. Today, nanotechnology and nanoscience approaches 
to particle design and formulation are beginning to expand 
the market for many drugs and are forming the basis for a 
highly profitable niche within the healthcare. As described 

by Robert A. Freitas Jr. one of the ultimate future nanomedi-
cine tools is the medical Nanorobot. A robot approximately 
the size of a bacterium, composing of many thousands of 
molecule-size mechanical parts perhaps resembling macro-
scale gears, bearings, and ratchets, possibly composed of a 
strong diamond-like material. A nanorobot will need motors 
to make things move, and manipulator arms or mechanical 
legs for dexterity and mobility. It will have a power supply for 
energy, sensors to guide its actions, and an onboard com-
puter to control its behavior. A nanorobot that would travel 
through the bloodstream must be smaller than the red cells 
in our blood tiny enough to squeeze through even the nar-
rowest capillaries in the human body. Medical nanorobotics 
holds the greatest promise for curing cancer and extending 
the human health span. 

One of the examples of medical nanorobot is “microbivore” 
which could act as an artificial mechanical white cell, seek-
ing out and digesting unwanted pathogens including bac-
teria, viruses, or fungi in the bloodstream. Once inside, the 
microbe is minced and digested into amino acids, mononu-
cleotides, simple fatty acids and sugars in just minutes. These 
basic molecules are then harmlessly discharged back into the 
bloodstream through an exhaust port at the rear of the de-
vice. A complete treatment might take a few hours.When the 
nanorobotic treatment is finished, the doctor broadcasts an 
ultrasound signal and the nanorobots exit the body through 
the kidneys, to be excreted with the urine in due course. Re-
lated nanorobots could be programmed to quickly recognize 
and digest even the tiniest aggregates of early cancer cells.

In the present state of Nanotechnology the Nanorobots is 
skepticism. To actually build them, a new technology is to 
be created called molecular manufacturing. Molecular man-
ufacturing is the production of complex atomically precise 
structures using positionally controlled fabrication and as-
sembly of nanoparts inside a nanofactory, much like cars 
are manufactured on an assembly line. Together with the 
progression of nanoscale drug delivery systems, advances 
in nanoscale imaging suggest the potential for the develop-
ment of multifunctional nanoparticles that may facilitate the 
realization of individualized cancer therapy. Many aspects of 
the Nanomedicines are to be focused which includes suc-
cessful targeting strategies, extracellular and intracellular 
drug release rates in different pathologies, interaction with 
biological milieu, such as opsonization, and other barriers to 
the target site like anatomical, physiological, immunological 
or biochemical, targeting cell specific surface markers and 
targeting tumor vasculature. Similar to combination drug 
strategies that may be personalized to optimize treatment 
options where in the near future may be presented which 
could lead to improved therapeutic outcomes and reduced 
costs. The future of nanomedicine will depend on rational 
design of nanotechnology materials and tools based around 
a detailed and thorough understanding of the biological pro-
cesses rather than the forcing applications of some materials 
currently in business.
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